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Abstract

The global burden of genitourinary diseases is increasing worldwide, highlighting the
need to identify new approaches for their prevention and treatment. In this context,
polyphenols, isothiocyanates derived from plants of the Brassicaceae and Moringaceae
botanical families, along with their natural sources, represent promising strategies, as they
exhibit several health-promoting properties, including antioxidant, anti-inflammatory,
and anti-fibrotic effects. However, a comprehensive overview of their benefits in the
genitourinary system is currently unavailable. In this paper, we performed a systematic
review of the literature by searching two scientific databases (MEDLINE and Scopus). A
total of 27 preclinical studies and 16 clinical studies were included. Many studies have
investigated the efficacy of isolated polyphenols in animal models of genitourinary
diseases, as well as extracts or foods typically rich in polyphenols in humans,
demonstrating potential benefits in the management of lithiasis, hyperoxaluria,
prostatitis, benign prostatic hyperplasia, glomerulonephritis, vaginal dysbiosis, vaginosis,
cystitis, and urinary tract infections. In contrast, few studies have examined isolated
isothiocyanates, probably because their pharmacological role has only recently been
recognized, and the results have been inconsistent. Further high-quality research is
needed to confirm the preliminary evidence on polyphenols and to clarify the biological
effects of isothiocyanates and their natural sources in this field.

Keywords: polyphenols; isothiocyanates; genitourinary diseases; preclinical studies;
clinical studies

1. Introduction

Genitourinary pathological conditions represent a growing global health threat,
posing significant challenges not only for affected individuals, but also for caregivers and
healthcare professionals [1-3]. In 2021, there were approximately 110 million prevalent
cases of genitourinary diseases in Europe, 52 million in high-income North America, 28
million in Central Latin America, 6 million in Southern Latin America, 33 million in high-
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income Asia Pacific, and 4 million in Australasia [4]. In Europe, recent projections also
suggest that the burden of genitourinary diseases will continue to rise over the next
decade, especially among the elderly population [4]. This highlights the need to accelerate
access to care, increase the perceived importance of these pathological conditions among
healthcare professionals, and explore novel approaches for their management.

The most common noncancerous genitourinary diseases include, but are not limited
to, urinary incontinence, cystitis, benign prostatic hyperplasia (BPH), urinary tract
infections (UTIs), and lithiasis [3]. They not only have a significant impact on quality of
life and social well-being [5-7] but, if left untreated or undertreated, they can increase the
risk of developing various complications, including organ dysfunction [8,9] and
genitourinary cancers [10-12]. Moreover, many of these diseases require recurrent
antibiotic treatments, leading to a dramatic increase in developing antibiotic resistance
[13,14]. In this scenario, the discovery of novel pharmacological and/or nutraceutical
strategies is urgently needed.

In recent decades, particular attention has been given to many natural compounds
with potential effects in the prevention and treatment of recurrent and chronic
genitourinary pathological conditions. Among these, polyphenols, which can be found in
plants [15] but also in microbial sources such as algae [16], have been extensively studied
in both preclinical and clinical settings [17-28]. Based on their chemical structure,
polyphenols can be categorized into two main groups (flavonoids and non-flavonoids),
that can be further divided into several subgroups [29,30]. One of the most investigated is
resveratrol, a stilbene primarily found in Vitis vinifera L. (grape) [31-33]. However, many
other compounds have demonstrated promising health-promoting properties, including
naringenin (from Citrus fruits, such as oranges and bergamot), quercetin (mainly from
Malus domestica Borkh., apple; Solanum licopersicum L., tomato; and Allium cepa L., onion),
and epigallocatechine-3-gallate (EGCG, from Camellia sinensis L., green tea) [34-37]. The
growing interest in this class of natural compounds is not limited to the prevention and
treatment of genitourinary diseases but also extends to cardiovascular diseases [17-19],
neurological disorders [20-22], cardiometabolic diseases [23-25], type 2 diabetes [26], and
cancer [27,28]. It is important to note that foods and extracts rich in polyphenols exhibit
the same beneficial properties as isolated compounds [38—41], suggesting their key role in
promoting biological effects.

Another class of particular interest is isothiocyanates (ITCs), which are derived from
the hydrolysis of the corresponding glucosinolates (GLs), a reaction catalyzed by the plant
enzyme myrosinase and, to a lesser extent, by sulfur-reducing bacteria in the human gut
[30,42]. ITCs exert beneficial properties in multiple systems, including the cardiovascular
system [43-46] and the central nervous system [47,48]. These effects may be at least partly
attributed to the ability of natural ITCs to slowly release hydrogen sulfide (H:S), a
gasotransmitter with health-promoting properties [49-51], whose biosynthesis is reduced
during aging or under disease conditions [52]. Notably, vegetables and plant extracts
particularly rich in GLs, such as Brassica oleracea L. (broccoli) and Eruca sativa Mill. (rocket
salad or arugula), have also shown beneficial effects in both preclinical and clinical studies
across a range of pathological conditions, including hypertension, type 2 diabetes,
cardiovascular and metabolic diseases, gastrointestinal disorders, and cancer [43,53-64].

To date, the effects of polyphenols and ITCs in the prevention and treatment of
genitourinary diseases remain poorly investigated. The potential pharmacological role of
these natural compounds is attributed to their antioxidant, anti-inflammatory, anti-
fibrotic, and antimicrobial properties [65-68]. These mechanisms could modulate key
pathogenic processes associated with aging, metabolic disorders, chronic inflammation,
lifestyle factors, and microbial infections, all of which may contribute to the development
of genitourinary pathological conditions [69-73] (Figure 1). However, the available
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studies on polyphenols and ITCs in this field are highly heterogeneous in terms of the
animal model used and the patient population examined. The aim of this systematic
review is to summarize current knowledge and identify areas of research that remain
unexplored. While a relatively large number of preclinical studies have focused on the
potential efficacy of isolated compounds in animal models of genitourinary pathologies,
very few clinical trials have investigated their effects on genitourinary health in humans.
Therefore, to provide a comprehensive overview of the existing evidence, clinical studies
focusing on extracts or foods typically rich in polyphenols or GLs were also examined.
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Figure 1. Schematic representation of the hypothesized mechanisms by which isothiocyanates (ITCs)
and polyphenols could prevent and manage genitourinary diseases. From left to right: aging,
lifestyle factors, metabolic disorders, and microbial infections may contribute to the development
of genitourinary pathological conditions. ITCs and polyphenols could modulate key pathogenic
processes by exerting antimicrobial, anti-fibrotic, anti-inflammatory and antioxidant effects. The
horizontal red arrows represent the consequences of exposure to risk factors associated with
genitourinary diseases, while the vertical red arrow with prohibition symbols indicates the

inhibitory effects of polyphenols and ITCs.

2. Methods

This systematic review followed the PRISMA guidelines. No protocol was prepared,
and the review was not registered in a public database.

2.1. Search Strategy

MEDLINE (via Pubmed) and Scopus databases were searched for articles published
up to 15 July 2025. The search strategy (Supplementary Materials S1) included a term
related to the compounds of interest and another related to the pathological condition
under study. These two terms were combined using the Boolean operator “AND”.

2.2. Inclusion Criteria

Preclinical in vivo studies evaluating the efficacy of sub-chronic or chronic treatments
(lasting at least one week) with isolated polyphenols or ITCs in rodent models of
genitourinary diseases were included in the systematic review. Rodent models (mice and
rats) were selected because of their high anatomical similarity to humans [74,75]. Priority
was given to in vivo studies due to their greater potential for translation into clinical
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practice compared to in vitro studies, which lack physiological complexity and do not take
biokinetics into account [76].

Clinical studies were included if they assessed the efficacy of isolated polyphenols
and/or ITCs, or of extracts or foods typically rich in polyphenols or GLs, in patients with
genitourinary diseases or in healthy individuals, provided that the results were related to
genitourinary health.

2.3. Exclusion Criteria

Reviews (both narrative and systematic), meta-analyses, studies reporting previously
published data, abstracts, editorials, letters to the editor, case reports, and articles pub-
lished in languages other than English were excluded.

2.4. Selection of Studies

Rayyan, a web-based screening tool [77], was used to perform the systematic review.
Duplicates were removed, and titles and abstracts were screened to categorize records as
irrelevant or potentially eligible. The full texts of the potentially eligible studies were re-
trieved or requested directly from the corresponding author, if unavailable. The entire
process was conducted independently by two authors (E.P. and A.M.). Any disagree-
ments were discussed and resolved with a third author (V.C.).

The study selection process is shown in Figure 2. A total of 4967 and 4694 records
were identified from MEDLINE and Scopus, respectively. After the removal of duplicates,
9028 titles and abstracts were screened. Of these, 8832 records were excluded and 7 po-
tentially eligible full texts were requested from the corresponding authors but could not
be retrieved. Therefore, 189 articles were assessed for eligibility. Among these, 146 records
were excluded for the following reasons: (i) preclinical data already published (N = 2); (ii)
evaluation of acute treatments in rodents (N = 2); (iii) assessment of polyphenolic extracts
in combination with extracts not typically rich in polyphenols (N = 2); (iv) preclinical stud-
ies on animal models not of interest (N = 137); (v) clinical studies on patients with BPH or
cancer patients, without distinction between patient populations (N = 1); or (vi) clinical
studies on dietary interventions with non-standardized portion sizes (N = 1). At the end
of the screening process, 27 preclinical studies and 16 clinical studies were included in the
systematic review.
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Figure 2. PRISMA flow diagram. Symbol legend: * no distinction between patient populations.

2.5. Data Extraction

Data were extracted independently by two authors (E.P. and A.M.) using a standard-
ized Microsoft Excel (version 2025) spreadsheet, which included predefined fields for each
variable of interest. For preclinical studies, the extracted data included: (a) rodent model;
(b) compound; (c) daily dosage and administration route; (d) number of animals; (e)
length of treatment; (f) main results (efficacy and inefficacy); and (g) histological exami-
nation findings. For clinical studies, extracted information included: (a) study design; (b)
population characteristics; (c) number of patients, age, and percentage of men; (d) com-
pound/extract/food; (e) daily dosage, administration route, dosage form, and follow-up
duration; and (f) main results. The primary outcome was genitourinary health (e.g.,
changes in functional parameters or in the expression of specific biological markers). Ad-
ditional data on systemic oxidative stress and inflammatory markers were also extracted.
Results were reported descriptively, with no formal synthesis, data transformations, or
imputations performed. Missing or unclear data were not assumed or estimated, and all
data were reported as presented in the original studies. Any discrepancies between the
two authors were resolved by discussion and, when necessary, consultation with a third
author (V.C.).

3. Results and Discussion
3.1. Preclinical Studies

Out of the 27 preclinical studies included, 24 focused on polyphenols [78-101], while
three evaluated the potential benefits of ITCs in rodent models of genitourinary patholog-
ical conditions [102-104] (Figure 3). Among polyphenols, the most investigated com-
pound was resveratrol [79,83-85,91,93,94,98,99], followed by EGCG [89,92,97,101] and
quercetin [82,89]. As concerns ITCs, sulforaphane was examined in two studies [103,104],
while phenethyl ITC was assessed in only one article [102].

https://doi.org/10.3390/ijms27041660
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Figure 3. Isolated compounds investigated in preclinical studies included in the systematic review.
The histograms show the number of studies on isothiocyanates (ITCs) and polyphenols (a) and the
number of studies on the most frequently investigated polyphenols (i.e., those evaluated in more

than one study) (b). The table shows the number of studies focusing on specific ITCs (c).

Figure 4 shows the number of studies categorized by rodent models of genitourinary
pathological conditions. Studies on polyphenols focused on nephrolithiasis, urolithiasis,
or hyperoxaluria [80-82,84,88-91,96], followed by prostatitis [83,86,93,94,98,99], BPH
[78,79,95,101], glomerulonephritis [85,92,97], and cystitis [87,100]. The three studies on
ITCs focused on BPH [102], glomerulonephritis [103], and urinary incontinence [104].

10— /3 ITCs
1 Polyphenols
(] 8
2
T 6
R od
(]
- i ﬁ
Z
i D
od L ]
T T T T T T
2 @ N IR <
\0‘\ ’b\& QQ ,0(& 9’6"\ 0‘(‘0
> X Q Y Xy
o o e @) O
QQ Q( o(\ o(‘
N o
‘\* 0‘\) &
< & )
o (o) >
@ ) &
3 D
i
&
)
O
NG
\\‘o
R

Figure 4. Rodent models of genitourinary pathological conditions used in preclinical studies in-
cluded in the systematic review. The histograms show the number of studies on polyphenols (or-
ange bars) and isothiocyanates (ITCs; green bars), stratified by rodent models of genitourinary dis-

eases. Other abbreviations: BPH, benign prostatic hyperplasia.

The main characteristics and findings of the preclinical studies included in the sys-
tematic review are reported in Tables 1 and S1 and summarized in the following sections.
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Table 1. Summary of the main findings of the preclinical and clinical studies on isolated polyphe-

nols, polyphenol-rich extracts, products, or foods included in the systematic review. Further details

are provided in Tables S1 and S2. Symbols: *, gallic acid/ellagic acid/protocatechuic acid/pyrogallic

acid; # standardized in polyphenols; | decreased; 1 improved.

Polyphenol/
Extract/Product/Food

N. of Studies

Main Findings

Preclinical studies (rodent models of genitourinary diseases)

Resveratrol

EGCG

Quercetin
Protocatechuic acid

Rutin
Curcumin

Epicatechin
Piperine
Oligonol

Rosmarinic acid

Combinations of cit-
ric acid + polyphe-
nols *
Unspecified green tea
polyphenol

Diosmin

Caffeic acid

Pterostilbene

Resveratrol

Cranberry extract *

Cranberry juice *

} Kidney injury in nephrolithiasis; | hyperoxaluria;
| histological alterations in prostatitis; | inflamma-
tion, oxidative stress, and
prostate weight in BPH; | glomerulonephritis
| Kidney injury in nephrolithiasis; | inflammation,
oxidative stress, and prostate weight in BPH; | glo-
merulonephritis
| Kidney injury in nephrolithiasis
| Inflammation, oxidative stress, and prostate
weight in BPH
| CaOx levels in urolithiasis
| CaOx levels in urolithiasis
| Renal CaOx deposition and renal injury score in
nephrolithiasis
| Glomerulonephritis
} Prostatic histological alterations in prostatitis
| Oxidative stress, inflammation, bladder weight,
and/or
urothelial thickness in cystitis

| Renal CaOx deposition and renal injury score in
nephrolithiasis

| Hyperoxaluria

} Inflammation, oxidative stress, and prostate
weight in BPH
| Kidney injury in nephrolithiasis
| Oxidative stress, inflammation, bladder weight,
and/or
urothelial thickness in cystitis
Clinical studies
| Symptom severity in patients with chronic inflam-
matory prostatitis and multiple symptoms and signs
of prostatic fibrosis; no effect on prostate volume in
men with metabolic syndrome
} UTIs recurrence in children with a history of re-
current UTIs;
1 urinary bacterial anti-adhesion activity in healthy
adults
Restored the vaginal microbiota in postmenopausal
women
with vaginal dysbiosis; 1 urinary bacterial anti-ad-
hesion activity
in healthy adults
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Sweetened dried
cranberries

Green tea
polyphenols

Japanese green tea *

Pomegranate extract *

Whole tomato extract
#
Cymbopogon olivieri
extract *

Wax propolis

Hydroxytyrosol,
Tea Tree Oil, Tabebuia
avellanedae cortex
extract, and Juglans
regia L. leaf extract *
Combination of
resveratrol and fer-
mented soy from

| UTlIs incidence and recurrence in women with a
history of UTIs
Improved micro-/macroalbuminuria status and uri-
nary albumin-to-creatinine ratio in patients with di-
abetes
1 CaOx monohydrate forms (from mixed mono- and
dihydrate forms) in patients with nephrolithiasis
} CaOx supersaturation in individuals with
recurrent calcium-containing stones
1 Quality of life and | PSA levels in patients with
BPH

| Signs and symptoms of bacterial vaginosis
| Candida albicans growth in women with vaginal

candidiasis

} Clinical symptoms and 1 quality of life in women
with
recurrent vulvovaginal candidiasis

} Vaginal dryness and bladder symptoms in meno-
pausal women

Glycine max L. seeds *
Castanea sativa Mill.,
Serenoa repens (W.

Bartram) Small, and 1 | UTISs recurrence in nephropathic patients with re-

.. current UTTs
Vaccinium macrocar-

pon Ait. extracts *

3.1.1. Polyphenols
e Nephro/urolithiasis and hyperoxaluria

Nine studies investigated the potential efficacy of isolated polyphenols in rodent
models of nephro/urolithiasis or hyperoxaluria. As concerns experimentally induced
nephrolithiasis, a 24-day oral treatment with epicatechin administered in drinking water
(200 mg/L) significantly reduced renal calcium content, increased creatinine urinary levels,
and decreased urinary calcium, phosphorus, and pH. However, no significant effects were
observed on diuresis, crystal deposition, urinary oxalate and magnesium levels, or renal
phosphorus and magnesium content. These findings suggest that while epicatechin may
alleviate kidney injury, it does not directly affect crystal accumulation or promote their
elimination [81].

A 5-week oral treatment with quercetin (10 mg/kg/day) significantly reduced urinary
oxalate (but not calcium), plasma urea, plasma oxalate, and circulating malondialdehyde
(MDA) levels, a marker of oxidative stress. Histological analysis revealed that quercetin
induced a mild reduction in glomerular vessels congestion, mononuclear cell infiltration,
and narrowing of tubular lumens, particularly in the proximal tubules, although no sta-
tistical analysis was performed [82]. In another study, a 13-day oral treatment with quer-
cetin (10 mg/kg/day), EGCG (150 mg/kg/day), or their combination significantly reduced
urea, creatinine, calcium, uric acid, phosphorus, potassium, and chloride levels in both
urine and serum of rats with nephrolithiasis. In addition, polyphenols decreased catalase
(CAT) activity and lipid peroxidation (LPO) in the kidney. Histological analysis showed
that quercetin and EGCG restored kidney histoarchitecture by reducing crystals deposits
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and tubular dilation, although no statistical analysis was performed [89]. An 8-week oral
treatment with caffeic acid (20 and 40 mg/kg/day) at the highest dose significantly in-
creased urinary volume in rats with experimentally induced nephrolithiasis. In addition,
both doses enhanced urinary citrate excretion and reduced oxalate excretion, thereby po-
tentially reducing the risk of stone formation. Histological analysis revealed that treat-
ment with caffeic acid restored the normal renal architecture and cleared crystal deposits
from the renal tubules, although no statistical analysis was reported for these findings.
Notably, these effects were observed whether caffeic acid was administered concurrently
with the nephrolithiasis inducer glycol from day 1 or initiated from week 4 [96]. A 5-week
oral treatment with resveratrol (10 mg/kg/day) led to a significant decrease in urinary and
plasma oxalate, plasma urea, and circulating MDA levels. Histological analysis showed a
reduction in renal tissue alterations (i.e., congestion of glomerular vessels in the cortex
and medulla, mononuclear cell infiltration, and narrowing of the tubular lumen, particu-
larly in the proximal tubules), although no statistical analysis was performed. No signifi-
cant differences were observed in serum or urinary calcium levels [91]. Finally, a 6-day
intraperitoneal treatment with combinations of citric acid and either gallic acid, ellagic
acid, protocatechuic acid, or pyrogallic acid in rats with nephrolithiasis markedly reduced
renal calcium oxalate (CaOx) deposition and renal injury score, as well as blood urea and
serum creatinine levels. However, no statistical analysis was carried out [88]. Overall,
these results suggest the potential benefits of quercetin, EGCG, resveratrol, caffeic acid,
and hydroxybenzoic acid derivatives (such as gallic acid, ellagic acid, protocatechuic acid,
or pyrogallic acid) in alleviating kidney injury and reducing stone formation in rodent
models of nephrolithiasis. Furthermore, quercetin, resveratrol and EGCG may also miti-
gate oxidative stress. However, future studies using rigorous statistical analyses are
needed to confirm these findings.

Only one study has examined the effects of polyphenols in a rodent model of uro-
lithiasis, demonstrating that a 28-day oral treatment with rutin (20 mg/kg/day) or curcu-
min (60 mg/kg/day) significantly lowered urinary and renal CaOx levels, as well as serum
creatinine, LPO, and the number of CaOx deposits in the kidneys. Histological analysis
revealed that both polyphenols reduced kidney damage and interstitial fibrosis with
dense eosinophilic infiltration, although no statistical analysis was performed. Regarding
potentially undesirable effects, curcumin, but not rutin, led to a reduction in urine volume
[80].

As concerns hyperoxaluria, a 21-day oral treatment with resveratrol (5 and 10
mg/kg/day) significantly reduced the number of urinary CaOx crystals and induced a
marked, dose-dependent increase in the renal expression of the antioxidant enzymes glu-
tathione peroxidase (GPx), CAT, and superoxide dismutase (SOD). In addition, resvera-
trol significantly lowered circulating MDA levels [84]. Similarly, a 4-week oral treatment
with an unspecified green tea polyphenol (10, 30, and 300 mg/kg/day) significantly re-
duced the ethylene glycol-induced upregulation of renal protein expression of the antiox-
idant transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2), as well as its
downstream targets heme oxygenase-1 (HO-1) and NAD(P)H: quinone oxidoreductase 1
(NQOL), but only at the highest dose. Histological analysis showed a dose-dependent de-
crease in kidney swelling and inhibition of stone formation. The highest dose restored the
basic shape of the kidney and renal tissue architecture, with glomeruli appearing normal
and intact, although statistical analysis was not performed [90]. Therefore, resveratrol and
green tea polyphenols appear to be effective in counteracting oxidative stress and reduc-
ing stone formation in rodent models of hyperoxaluria, but further high-quality studies
are required to confirm these findings.

. Prostatitis

https://doi.org/10.3390/ijms27041660
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Six studies examined the effects of isolated polyphenols in various rodent models of
prostatitis. A 10-day oral treatment with resveratrol (10 mg/kg/day) significantly reduced
fibrosis, inflammatory cell infiltration [83,93,99], and the levels of the pro-inflammatory
markers interleukin (IL)-6, IL-18, and tumor necrosis factor-a (TNF-a) in prostate tissue
[93]. In addition, resveratrol improved overactive bladder symptoms by reducing bladder
maximum capacity, residual urine volume, and maximum voiding pressure [83,98,99].
Histological analysis revealed a reduction in prostatic epithelial height, reorganization of
the bladder detrusor muscle layer, as well as a decrease in diffuse inflammation, collagen
accumulation, and glandular lumen diameter in the prostates of treated rats, although no
statistical analysis was performed [83,99]. A higher dose of resveratrol (20 mg/kg/day for
10 days, orally) also reduced inflammatory cell infiltration, fibrosis and the levels of pro-
inflammatory markers (i.e., IL-1p and TNF-a) in the prostate, probably by decreasing the
expression of the pro-inflammatory transcription factor nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) and increasing that of the anti-inflammatory and
antioxidant enzyme sirtuin 1 (SIRT1) [94]. Finally, a 4-week oral treatment with oligonol
(60 mg/kg/day) significantly increased the activity of the antioxidant enzyme GPx in both
plasma and prostatic tissue of rats with prostatitis. Histological analysis revealed that ol-
igonol reduced the presence of inflammatory cells in the glandular lumina, decreased the
severity of inflammation, and improved the morphology of epithelial and stromal cells
[86]. These findings suggest that resveratrol and oligonol may counteract inflammation
and potentially prevent histological alterations in rodent models of prostatitis. However,
future studies using rigorous statistical analyses are needed.

e BPH

Four studies demonstrated that sub-chronic and chronic treatment with isolated pol-
yphenols is effective in rodent models of BPH. A 2-week oral treatment with resveratrol
(100 mg/kg/day) significantly reduced prostate weight, hyperplasia, prostate contractility
ex vivo, and reactive oxygen species (ROS) production [79]. A 28-day oral treatment with
protocatechuic acid (40 mg/kg/day) significantly decreased prostate weight and reduced
oxidative stress and inflammatory markers in prostatic tissue, including myeloperoxidase
(MPO) activity, LPO, and MDA and nitric oxide (NO) levels. In addition, it lowered sys-
temic inflammatory markers in the blood, such as MPO activity and levels of NO, IL-1f3
and TNF-a, suggesting both localized and systemic anti-inflammatory effect. The activity
of the antioxidant enzyme SOD was significantly increased, whereas that of glutathione-
S-transferase (GST) remained unchanged in the prostate tissue at the end of treatment.
Histological examination, although not statistically analyzed, indicated a reduction in
prostatic hyperplasia, with no significant effects on other histopathological features in the
BPH model [78]. A 4-week oral treatment with EGCG (50 and 100 mg/kg/day) significantly
decreased androgen and estrogen receptor expression in prostatic tissue and exhibited
anti-inflammatory and antioxidant effects. Specifically, EGCG: (i) reduced prostatic MDA
levels and increased the activities of SOD, CAT and GPx, as well as levels of glutathione
(GSH) and total thiols; (ii) lowered ILs and TNF-a levels, and cycloxigenase-2 (COX-2)
activity; (iii) ameliorated prostatic epithelial-mesenchymal transition and reduced mark-
ers of angiogenesis and fibrosis, including vascular endothelial growth factor (VEGF) and
transforming growth factor-f3 (TGF-f), respectively. Histological examination showed a
reduction in prostatic morphological changes (i.e., epithelial cells expansion, papillary
protuberances, and collagen deposition), although no statistical analysis was performed
[101]. Finally, a 28-day oral treatment with diosmin (20 and 40 mg/kg/day) dose-de-
pendently reduced LPO and xanthine oxidase (XO) activity, as well as MDA and uric acid
levels in prostatic tissue. In addition, treatment with diosmin led to an increase in prostatic
levels of CAT, GST, GPx, glutathione reductase (GR), and GSH, accompanied by a signif-
icant decrease in serum prostate-specific antigen (PSA) levels. Histological analysis
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showed a reduction in epithelial thickening and lumen area, as well as an increase in the
number of papillary fronds. However, statistical analysis was not performed, and future
studies are required to confirm these preliminary findings [95].

e  Glomerulonephritis

Three studies investigated the effects of polyphenols in rodent models of glomerulo-
nephritis. Two of these focused specifically on EGCG. In one study, a 3-week oral treat-
ment (25 and 50 mg/kg/day) significantly reduced serum creatinine, proteinuria and mor-
tality rate. In addition, EGCG ameliorated renal injury, as evidenced by improvements in
glomerular damage, crescent formation, and tubulointerstitial injury. EGCG also reduced
renal infiltration of inflammatory cells (i.e., macrophages and lymphocytes) and exhibited
antioxidant effects by increasing renal GSH levels, reducing both renal and urinary MDA
levels, and enhancing the expression of the antioxidant proteins Nrf2, glutamate-cysteine
ligase catalytic subunit (GCLC), glutamate-cysteine ligase modifier subunit (GCLM),
SIRT1 and GPx, but not HO-1, in the kidney [97]. In another study, a 15-day oral treatment
with EGCG (50 mg/kg/day) significantly reduced proteinuria, serum creatinine levels, his-
topathological alterations, and renal injury, as indicated by improvements in the glomer-
ulonephritis score, crescent formation, and tubulointerstitial injury score. EGCG also de-
creased macrophage and lymphocyte infiltration in the kidney. The anti-inflammatory ef-
fect was partly mediated by reduced expression of MPO and inducible nitric oxide syn-
thase (iNOS) in the kidney, as well as by lower levels of total NO metabolites in both
kidney and urine. Finally, EGCG attenuated oxidative stress by reducing MDA and hy-
drogen peroxide (H202) levels and by enhancing renal GPx expression and CAT activity.
However, no significant effects were observed on nitrosative stress in kidney tissue. No-
tably, EGCG also reduced proteinuria, serum creatinine levels, and mortality when treat-
ment was initiated on day 7 following the induction of glomerulonephritis [92].

One study focused on the effects of a 3-week oral treatment with resveratrol or pip-
erine (40 mg/kg/day) in mice with glomerulonephritis. Both polyphenols significantly re-
duced albuminuria and serum creatinine levels, and urinary uric acid excretion. In addi-
tion, they promoted antioxidant effects by increasing renal GSH levels and SOD activity
(both compounds), as well as CAT activity (piperine only), and by reducing thiobarbituric
acid reactive substances (TBARS). Finally, resveratrol and piperine decreased serum uric
acid and blood urea nitrogen levels, further supporting their potential role in ameliorating
kidney damage under glomerulonephritis conditions [85].

e  Cystitis

Only two studies focused on the potential efficacy of polyphenols in rodent models
of cystitis. A 3-day oral treatment with rosmarinic acid (50 mg/kg/day) significantly in-
creased the micturition interval and reduced urothelial thickness, prostaglandin E2 re-
lease, levels of inflammatory markers (i.e., IL-6), and MPO activity in the bladder. How-
ever, no significant changes were observed in micturition volume or bladder weight [87].
In another study, a one-week oral treatment with pterostilbene (10, 20 and 40 mg/kg/day)
dose-dependently lowered bladder bleeding, histopathological scores, edema, pain, and
inflammation (as indicated by decreased levels of IL-1f3, IL-18, and NOD-like receptor
family, pyrin domain containing 3-NLRP3—inflammasome components in bladder tis-
sue). These anti-inflammatory effects were supported by histological evidence of reduced
inflammatory cell infiltration. Pterostilbene also decreased bladder weight and the blad-
der weight-to-body weight ratio. Finally, it attenuated oxidative stress by lowering MDA
levels and upregulating the expression of antioxidant proteins HO-1, SOD, and Nrf2 in
bladder tissue [100]. Taken together, these preliminary findings indicate that polyphenols
may exert beneficial effects in rodent models of cystitis, in part by reducing oxidative
stress and inflammation.
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3.1.2.ITCs

One study examined the effects of a 3-week oral treatment with phenethyl ITC (12
umol/rat/day) in a rodent model of BPH. The isolated ITC reduced prostate weight and
hyperplasia and showed a trend toward decreased androgen receptor expression and tes-
tosterone-mediated cell cycle progression. However, histological examination revealed
persistent increase in the nucleus-to-cytoplasm ratio, along with the presence of vesicular
nuclei, prominent nucleoli, and vacuolated cytoplasm in the prostatic tissue of phenethyl
ITC-treated rats [102].

Two preclinical studies evaluated the potential beneficial effects of sulforaphane in
rodent models of other genitourinary diseases. One study reported that a 16-week intra-
peritoneal treatment with sulforaphane (1 mg/kg/day) significantly reduced the urinary
albumin/creatinine ratio, glomerular volume, and kidney damage in a mouse model of
glomerulonephritis [103]. The other study demonstrated that a 30-day intraperitoneal
treatment with sulforaphane (0.5 mg/kg/day) significantly increased peak voiding pres-
sure and micturition interval, lowered MDA levels, and enhanced the activity of GPx and
SOD in the urethra of female rats with urinary incontinence. In addition, sulforaphane
reduced cell apoptosis in the urethral sphincter and normalized urethral sphincter muscle
histology and collagen content, although no statistical analysis was performed [104]. Due
to the limited number of studies on ITCs and the absence of statistical analysis for some
outcomes, further research is warranted to confirm these preliminary findings and to bet-
ter elucidate the potential role of ITCs in the treatment of genitourinary pathological con-
ditions.

3.1.3. Summary

Currently available preclinical evidence on the beneficial effects of isolated polyphe-
nols and ITCs in the treatment of genitourinary pathological conditions remains limited.
Although these natural compounds have demonstrated promising anti-inflammatory and
antioxidant properties that could help counteract local and systemic damage, histological
analyses—which are essential for evaluating the effects on tissues and drawing definitive
conclusions—are often not accompanied by statistical analyses.

In summary, the preliminary findings of the studies included in this systematic re-
view suggest potential effects of: (i) quercetin, EGCG, caffeic acid, and resveratrol in ame-
liorating kidney injury in rodent models of nephrolithiasis; (ii) rutin and curcumin in re-
ducing CaOx levels under urolithiasis conditions; (iii) resveratrol and green tea polyphe-
nols in alleviating hyperoxaluria; (iv) oligonol and resveratrol in preventing histological
alterations in rodent models of prostatitis; (v) resveratrol, protocatechuic acid, diosmin,
and EGCG in reducing inflammation, oxidative stress, and prostate weight in experimen-
tally induced BPH; (vi) EGCG, resveratrol, and piperine in alleviating glomerulonephritis;
and (vii) rosmarinic acid and pterostilbene in counteracting oxidative stress and inflam-
mation, as well as in reducing bladder weight and/or urothelial thickness in rodent mod-
els of cystitis (Tables 1 and S1).

Very few preclinical studies have focused on isolated ITCs, demonstrating that
phenethyl ITC produced inconclusive effects in rodent models of BPH, while sul-
foraphane potentially alleviated glomerulonephritis and urinary incontinence in mice and
rats. However, further high-quality studies are needed to confirm these preliminary find-
ings.

3.2. Clinical Studies

No study has investigated the effects of ITCs or their natural sources in patients with
genitourinary diseases. In contrast, 12 clinical studies have examined isolated polyphe-
nols and polyphenol-rich extracts or products. These include cranberry juice [105-107],
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cranberry extract (derived from the whole fruit [106], leaves [107], or unspecified plant
parts [108]), whole tomato extract [109], fermented soy (from Glycine max L. seeds) com-
bined with resveratrol [110], Cymbopogon olivieri extract (derived from the whole plant)
[111], wax propolis extract [112], a mixture of extracts from Castanea sativa Mill., Serenoa
repens (W. Bartram) Small, and Vaccinium macrocarpon Ait. [113], green tea bags [114], pom-
egranate extract (derived from the whole fruit) [115], and a mixture of Tea Tree Oil,
Tabebuia avellanedae cortex extract, Juglans Regia L. leaf extract, and hydroxytyrosol [116].
In addition, three studies investigated the potential efficacy of supplementation with iso-
lated compounds (green tea polyphenols [117] and resveratrol [118,119]), while only one
study assessed the effects of a food product (i.e., sweetened dried cranberries) [120] (Fig-
ure 5a).

As concerns the genitourinary diseases investigated, studies on plant extracts or
products focused on vaginal dysbiosis/vaginosis [105,111,112,116], UTIs [108,113], neph-
rolithiasis or urolithiasis [114,115], menopausal complaints [110], and BPH [109]. Studies
on isolated compounds assessed diabetes-associated albuminuria [117] and prostatitis
[119], while the only one study on foods examined the effects of sweetened dried cranber-
ries in patients with UTIs [120]. Finally, three studies did not include patients with geni-
tourinary pathologies but evaluated genitourinary outcomes in healthy individuals
[106,107] or in people with metabolic syndrome [118] (Figure 5b).
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Figure 5. Summary of the clinical studies included in the systematic review. The histograms show
the number of studies investigating plant extracts/products, isolated compounds, or foods (a) and
the number of studies on plant extracts/products (green bars), isolated compounds (light blue bars)
and foods (yellow bar), stratified by genitourinary diseases (b). Symbol legend: * assessment of gen-
itourinary outcomes in healthy individuals or in people with metabolic syndrome. Abbreviations:

BPH, benign prostatic hyperplasia; UTIs, urinary tract infections.

The main findings of the clinical studies included in the systematic review are shown
in Tables 1 and S2 and summarized in the following sections.

3.2.1. Vaginal Dysbiosis/Vaginosis

A total of four studies investigated the effects of polyphenol extracts or products in
patients with vaginal dysbiosis/vaginosis. One study was a double-blind, randomized,
placebo-controlled, cross-over trial that focused on a 15-day supplementation with cran-
berry juice (8 fl oz/day, standardized in polyphenols) in postmenopausal women. Cran-
berry juice had minimal effect on the vaginal microbiota in women with Lactobacillus-
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dominated microbiota, but preserved key bacteria (i.e., Firmicutes and Actinobacteria) in
women with more diverse microbiota. In women with dysbiosis, cranberry juice replaced
the highly abundant Streptococcus with Firmicutes and Actinobacteria, suggesting a positive
effect on the restoration of the microbiota [105]. In a double-blind randomized controlled
trial (RCT), topical treatment of women with bacterial vaginosis using vaginal capsules
containing Cymbopogon olivieri extract (500 mg/day for one week, standardized in poly-
phenols, derived from the whole plant) markedly reduced the percentage of patients with
vaginal burning, itching, malodor, abundant discharge, and pH > 4.5. Moreover, Cymbopo-
gon olivieri extract lowered the positive whiff test and the number of clue cells, indicating
beneficial effects against bacterial vaginosis. Notably, these effects were comparable to
those of the reference compound, the antibiotic metronidazole (control) [111]. In another
RCT, topical treatment of women with vaginal candidiasis using wax propolis (5.0%) from
Tetragonula sp. (one vaginal ovule/day for one week) inhibited the growth of Candida albi-
cans, with no significant difference between the intervention group and the control group
(the antifungal nystatin). Importantly, the number of dropouts due to infections was com-
parable between groups. However, the masking procedure was unknown and the wax
propolis was not standardized in polyphenols, which introduced a potential risk of bias
[112]. Finally, a 3-month oral supplementation with Micotirosolo® (a commercial product
particularly rich in hydroxytyrosol, but also containing Tea Tree Oil, Tabebuia avellanedae
cortex extract, and Juglans regia L. leaf extract) in women with recurrent vulvovaginal can-
didiasis reduced clinical symptoms and vaginal signs, including pruritus, burning, itching,
dryness, vulvar erythema, vaginal discharge, tenesmus, and dyspareunia. In addition,
Micotirosolo® enhanced the patientes impression of global improvement, with 85% of pa-
tients reporting being “very much better”. However, the study was a single-arm clinical
trial, and the daily dose of the commercial polyphenol-rich product was unknown. This
could affect the overall methodological quality of the study [116].

3.2.2. UTIs

Three clinical trials examined the effects of polyphenol extracts or polyphenol-con-
taining foods in children and adult patients with UTIs. One was a controlled clinical study
focused on a mixture of Castanea sativa Mill., Serenoa repens (W. Bartram) Small, and Vac-
cinium macrocarpon Ait. extracts, standardized in polyphenols, in nephropathic patients
with recurrent UTIs. The intervention group received one capsule/day (6.21 mg of poly-
phenols/day) for 6 weeks, while the control group was not treated. Oral supplementation
with the extract mixture reduced erythrocyte sedimentation rate in males and leukocytes
in the urinary sediment in both males and females. The intervention also significantly re-
duced urinary bacterial flora in males and prevented recurrence of UTIs in the entire pop-
ulation. In terms of systemic effects, the polyphenol-containing extract reduced free oxy-
gen radical levels and improved defense against oxygen free radicals in males, but not in
females [113]. In a double-blind RCT, oral supplementation with cranberry extract syrup
(Urell®, ~5.6 mg/kg/day of cranberry extract, standardized in polyphenols) in children
aged 1 month to 13 years with a history of recurrent UTIs, followed for up to 1 year, re-
sulted in an UTI rate similar to that observed in the control group receiving the antibiotic
trimethoprim (35.0% vs. 28.0% in children under 1 year, and 26.0% vs. 35.0% in children
over 1 year, respectively). In addition, children receiving Urell® showed a percentage of
multidrug-resistant bacteria in urine cultures comparable to that of the control group (22.9%
vs. 33.3%). In both groups, recurrent UTIs were mainly caused by Escherichia coli. Notably,
cranberry syrup administration was associated with high urinary levels of hy-
droxycinnamic and hydroxybenzoic acids [108], which have been shown to inhibit bacte-
rial biofilm formation and reduce surface hydrophobicity in previous studies [121,122].
Finally, daily consumption of sweetened dried cranberries (42 g/day) for 2 weeks by
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women with a history of UTIs reduced the incidence and delayed the recurrence of UTIs
[120]. The daily dosage of polyphenols was unknown. However, since 100 g of fresh cran-
berries contain 150-400 mg of polyphenols, depending on the cultivar, and the drying
process reduces the weight of cranberries by about 4-5 times, it can be assumed that 42
g/day of dried cranberries could provide 63-168 mg of polyphenols per day [123].

3.2.3. Nephro-/Urolithiasis

Two clinical trials investigated the effects of polyphenol extracts or polyphenol-con-
taining beverages in patients with lithiasis. One trial was a cross-over study conducted in
patients with CaOx kidney stones, who consumed two varieties of tea (i.e., Japanese green
tea and South Africa herbal tea, both standardized in polyphenols) for 30 days (125
mL/day). The results showed that Japanese green tea reduced urine sodium, potassium,
and brushite supersaturation, while South Africa herbal tea decreased urine volume.
Crystal morphology shifted from mixed CaOx mono- and dihydrate to monohydrate after
tea ingestion. No significant changes were observed in urinary and plasma oxidative
stress biomarkers, such as TBARS [114]. The other study was a single-arm clinical trial
that aimed to evaluate the potential effects of a commercially available pomegranate ex-
tract (POMx™, standardized in polyphenols, from the whole fruit) in recurrent calcium-
containing stone formers. Participants received POMx™ capsules (1 g/day) for 3 months.
Daily supplementation led to an increase in urinary levels of calcium, sodium, chloride,
and magnesium, and showed a trend toward a reduction in CaOx supersaturation. In ad-
dition, POMx™ increased the activity of serum paraoxonase 1 (PON1), an antioxidant en-
zyme that plays a central role in multiple pathological conditions, including kidney dis-
ease [124,125]. However, the increase in PON1 activity was not accompanied by a reduc-
tion in urinary and plasma biomarkers of oxidative stress and inflammation, such as
TBARS, urinary 8-hydroxy-deoxyguanosine (8-OHdG), and C-reactive protein (CRP)
[115].

3.2.4. Other Genitourinary Pathological Conditions

A double-blind, placebo-controlled RCT investigated the effects of Equopausa®, a
commercial product standardized in polyphenols and composed of fermented soy (from
Glycine max L. seeds) and resveratrol, in menopausal women with vaginal dryness and
bladder symptoms. Participants received Equopausa® tablets (200 mg/day of fermented
soy and 25 mg/day of resveratrol) for 3 months. Daily supplementation led to a marked
decrease in the number of women experiencing mild bladder symptoms and moderate
vaginal dryness compared to the placebo group (13.3% vs. 63.3% and 13.3% vs. 89.9%,
respectively) [110].

Another study focused on patients with diabetes-associated albuminuria. It was a
double-blind, placebo-controlled RCT in which participants received EGCG, epigallocat-
echin, and/or epicatechin (~800 mg of EGCG/day, orally) for 3 months. At the end of the
follow-up period, green tea polyphenols reduced both micro- and macroalbuminuria and
the urinary albumin-to-creatinine ratio compared to placebo. A significant percentage of
patients experienced an improvement in their albuminuria status (19.0% in the interven-
tion group vs. 0.0% in the control group). Finally, green tea polyphenols reduced circulat-
ing levels of the pro-inflammatory marker TNF-a but had no effect on blood CRP or uri-
nary 8-isoprostane, a marker of oxidative stress [117].

Regarding BPH, only one double-bind, placebo-controlled RCT examined the effects
of polyphenol extracts in this patient population. A 2-month oral supplementation with
whole tomato extract standardized in polyphenols (5 g/day) reduced the International
Prostate Symptom Score (IPSS), as well as urination frequency and urgency. In addition,
it improved quality of life and showed a trend toward a reduction in PSA levels,
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particularly in patients with basal levels greater than 10 ng/mL. However, no significant
changes were observed in free PSA concentrations or the free/total PSA ratio [109].

One placebo-controlled RCT (with unknown masking) was conducted in patients
with chronic inflammatory prostatitis and multiple signs and symptoms of prostatic fi-
brosis. Participants received resveratrol tablets (dose unknown) daily for 2 months. The
results showed a decrease in both the National Institutes of Health—Chronic Prostatitis
Symptom Index (NIH-CPSI) score and the total IPSS compared to placebo. Moreover,
resveratrol reduced the number of patients with severe symptoms (IPSS > 20), increased
the expressed prostate secretion (EPS) volume after prostate massage, and decreased the
number of white blood cells in EPS or post-massage urine [119].

3.2.5. None

Three studies focused on individuals without genitourinary diseases but investi-
gated the effects of isolated polyphenols or polyphenol extracts on genitourinary out-
comes. One was a double-blind, placebo-controlled RCT, which demonstrated that a 4-
month supplementation with trans-resveratrol tablets (75 or 500 mg/day) in men with
metabolic syndrome reduced concentrations of androstenedione, dehydroepiandros-
terone, and dehydroepiandrosterone-sulphate at the highest dose, suggesting a potential
effect in preventing BPH. However, trans-resveratrol did not alter the levels of sex steroid
hormones, prostate volume, or circulating PSA levels [118]. In a double-blind, random-
ized, cross-over trial, acute supplementation (3 h) with a cranberry leaf extract beverage
(15.2 oz) or low-calorie cranberry juice (16.0 0z) in healthy adults promoted the anti-ad-
hesive activity of urinary bacteria compared to placebo, indicating potential benefits for
the prevention of UTIs, but had no effect on urinary creatinine excretion. In addition, low-
calorie cranberry juice increased circulating GSH levels and serum SOD activity, and re-
duced IL-4 levels. However, no changes were observed in other antioxidant or anti-in-
flammatory markers following acute administration [107]. Finally, a cross-over study
(with masking unknown) demonstrated that oral supplementation with AZO® cranberry
extract (1600 mg/day, standardized in polyphenols, from the whole fruit) or Ellura® cran-
berry juice extract (265 mg/day, standardized in polyphenols) in healthy volunteers was
effective in reducing urinary bacterial adhesion. Notably, the juice extract product (Ellura®)
showed significantly higher activity compared to the whole berry product (AZO®) [106].

3.2.6. Summary

The results of clinical trials conducted on isolated polyphenols or polyphenol-rich
extracts, products, or foods (Tables 1 and S2) have partially confirmed those of preclinical
studies. For example, consumption of Japanese green tea, standardized for polyphenols,
led to a change in crystal morphology from mixed forms of CaOx mono- and dihydrate to
monohydrate forms in patients with nephrolithiasis, while a commercially available pom-
egranate extract (POMx™) reduced CaOx supersaturation in individuals with recurrent
calcium-containing stones. However, unlike what was observed with isolated polyphe-
nols in rodent models, neither green tea nor POMx™ had significant effects on markers of
oxidative stress.

Regarding prostate disorders, supplementation with tomato extract improved qual-
ity of life and reduced PSA levels in patients with BPH, while resveratrol was effective in
reducing symptom severity in patients with chronic inflammatory prostatitis.

Promising results have also been observed in women with vaginal dysbiosis or vagi-
nosis, where (i) cranberry juice consumption restored the vaginal microbiota; (ii) Cymbopo-
gon olivieri extract ameliorated signs and symptoms of bacterial vaginosis, with effects su-
perimposable to those of the reference compound metronidazole; (iii) wax propolis re-
duced the growth of Candida albicans; (iv) Micotirosolo® (a commercial product
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particularly rich in hydroxytyrosol) lowered clinical symptoms and improved quality of
life; and (v) Equopausa® a commercial product standardized in polyphenols and com-
posed of fermented soy, from Glycine max L. seeds, and resveratrol, reduced vaginal dry-
ness and bladder symptoms in menopausal women.

A final potential application of polyphenol-rich extracts or products lies in the pre-
vention and treatment of recurrent UTIs in both children and adults. A mixture of extracts
of Castanea sativa Mill., Serenoa repens (W. Bartram) Small, and Vaccinium macrocarpon Ait.
prevented the recurrence of UTIs, while supplementation with a cranberry extract syrup
resulted in a UTI rate comparable to that observed in the trimethoprim-treated control
group. In addition, daily consumption of sweetened dried cranberries has been found to
reduce the incidence and delay the recurrence of UTIs (Tables 1 and S2).

4. Conclusions

This systematic review paves the way for new potential uses of isolated polyphenols
or polyphenol-rich extracts/products in the management of common genitourinary dis-
eases, with a particular focus on the treatment of bacterial vaginosis and vaginal dysbiosis
in women, as well as on the prevention of the recurrence of UTIs in both adults and chil-
dren.

This work has several limitations. First, many of the extracts or products tested in the
included studies were not standardized for polyphenol content, and some clinical trials
were open-label or single-arm studies, introducing a potential risk of bias that should not
be underestimated when interpreting the results. In addition, the risk of bias of the pri-
mary studies was not assessed, and a statistical data synthesis was not performed due to
the high heterogeneity of animal models, patient populations, and outcomes. Future stud-
ies focusing on isolated compounds or standardized formulations and employing robust
study designs are needed to confirm the preliminary evidence on polyphenols and to clar-
ify the biological effects of ITCs and their natural sources in this field.
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BPH Benign prostatic hyperplasia

CaOx Calcium oxalate

CAT Catalase

COX-2 Cycloxigenase-2

CRP C-reactive protein

EGCG Epigallocatechine-3-gallate

EPS Expressed prostate secretion

GCLC Glutamate-cysteine ligase catalytic subunit
GCLM Glutamate-cysteine ligase modifier subunit
GLs Glucosinolates

GPx Glutathione peroxidase

GR Glutathione reductase

GSH Glutathione

GST Glutathione-S-transferase

HO-1 Heme oxygenase-1

IL Interleukin

iNOS Inducible nitric oxide synthase

IPSS International Prostate Symptom Score
ITCs Isothiocyanates

LPO Lipid peroxidation

MDA Malondialdehyde

MPO Myeloperoxidase

NF-«xB Nuclear factor kappa-light-chain-enhancer of activated B cells
NIH-CPSI National Institutes of Health-Chronic Prostatitis Symptom Index
NLRP3 NOD-like receptor family, pyrin domain containing 3
NO Nitric oxide

NQO1 NAD(P)H:quinone oxidoreductase 1

Nrf2 Nuclear factor erythroid 2-related factor 2
PON1 Paraoxonase 1

PSA Prostate-specific antigen

RCT Randomized controlled trial

ROS Reactive oxygen species

SIRT1 Sirtuin 1

SOD Superoxide dismutase

TBARS Thiobarbituric acid reactive substances
TGF-3 Transforming growth factor-3

TNF-a Tumor necrosis factor-a

UTIs Urinary tract infections

VEGF Vascular endothelial growth factor

XO Xanthine oxidase

References

1.  Coyne, K.S.; Wein, A.; Nicholson, S.; Kvasz, M.; Chen, C.I.; Milsom, I. Comorbidities and personal burden of urgency urinary
incontinence:A systematic review. Int. J. Clin. Pract. 2013, 67, 1015-1033. https://doi.org/10.1111/ijcp.12164.

2. Morris, AR,; Ho, M.T.; Lapsley, H.; Walsh, J.; Gonski, P.; Moore, K.H. Costs of managing urinary and faecal incontinence in a
sub-acute care facility: A “bottom-up” approach. Neurourol. Urodyn. 2005, 24, 56—62. https://doi.org/10.1002/nau.20079.

3.  Brady, S.S.; Bavendam, T.G.; Bradway, C.K.; Conroy, B.; Dowling-Castronovo, A.; Epperson, C.N.; Hijaz, A.K.; Hsi, R.S.; Huss,
K.; Kim, M,; et al. Noncancerous genitourinary conditions as a public health priority: Conceptualizing the hidden burden. Urol-
ogy 2022, 166, 39-49. https://doi.org/10.1016/j.urology.2021.08.040.

4. Zhang, Z.; Zhu, Y.; Zhao, F.; Li, S.; Dong, W.; Chen, W.; Liu, L.; Xie, Y.; Zhang, Y.; Zeng, X,; et al. Burden disparities of genito-
urinary diseases among adults aged 55 and older in Europe: Trends from 1990 to 2021 and projections to 2030: A cross-sectional
study. Int. ]. Surg. 2025, 111, 4362-4376. https://doi.org/10.1097/]S9.0000000000002527.

5. Ginkel, C.V; Martens, F.; Scholtes, M.; Heesakkers, ].; Janssen, D.A.W. Quality of life and treatment modalities in patients with
interstitial cystitis: The patientseperspective. Healthcare 2024, 12, 466. https://doi.org/10.3390/healthcare12040466.

6. Park, S; Ryu, ] M.; Lee, M. Quality of life in older adults with benign prostatic hyperplasia. Healthcare 2020, 8, 158.

https://doi.org/10.3390/healthcare8020158.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 19 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Newlands, A.F.; Kramer, M.; Roberts, L.; Maxwell, K.; Price, J.L.; Finlay, K.A. Evaluating the quality of life impact of recurrent
urinary tract infection: Validation and refinement of the Recurrent UTI Impact Questionnaire (RUTIIQ). Neurourol. Urodyn.
2024, 43, 902-914. https://doi.org/10.1002/nau.25426.

Keddis, M.T.; Rule, A.D. Nephrolithiasis and loss of kidney function. Curr. Opin. Nephrol. Hypertens. 2013, 22, 390-396.
https://doi.org/10.1097/MNH.0b013e32836214b9.

Hayes, B.W.; Choi, H-W.; Rathore, A.P.S,; Bao, C.; Shi, J.; Huh, Y.; Kim, M.W.; Mencarelli, A.; Bist, P.; Ng, L.G,; et al. Recurrent
infections drive persistent bladder dysfunction and pain via sensory nerve sprouting and mast cell activity. Sci. Immunol. 2024,
9, eadi5578. https://doi.org/10.1126/sciimmunol.adi5578.

Jansaker, F.; Li, X.; Sundquist, K. Acute cystitis and subsequent risk of urogenital cancer: A national cohort study from Sweden.
BM] Public Health 2025, 3, e002495. https://doi.org/10.1136/bmjph-2024-002495.

Dai, X.; Fang, X.; Ma, Y.; Xianyu, J. Benign prostatic hyperplasia and the risk of prostate cancer and bladder cancer: A meta-
analysis of observational studies. Medicine 2016, 95, €3493. https://doi.org/10.1097/MD.0000000000003493.

Sun, L.M.; Lin, C.L,; Liang, J.A.; Liu, S.H.; Sung, F.C.; Chang, Y.J.; Kao, C.H. Urinary tract infection increases subsequent urinary
tract cancer risk: A population-based cohort study. Cancer Sci. 2013, 104, 619-623. https://doi.org/10.1111/cas.12127.
Juralowicz, E.; Bartoszko-Tyczkowska, A.; Tyczkowska-Sieron, E.; Kurnatowska, I. Etiology and bacterial susceptibility to an-
tibiotics in patients with recurrent lower urinary tract infections. Pol. Arch. Intern. Med. 2020, 130, 373-381.
https://doi.org/10.20452/pamw.15284.

Ku, ].H.; Tartof, S.Y.; Contreras, R.; Ackerson, B.K.; Chen, L.H.; Reyes, .A.C.; Pellegrini, M.; Schmidt, J.E.; Bruxvoort, K.J. Anti-
biotic resistance of urinary tract infection recurrences in a large integrated US healthcare system. J. Infect. Dis. 2024, 230, e1344—
e1354. https://doi.org/10.1093/infdis/jiae233.

Zagoskina, N.V.; Zubova, M.Y.; Nechaeva, T.L.; Kazantseva, V.V.; Goncharuk, E.A.; Katanskaya, V.M.; Baranova, E.N;
Aksenova, M.A. Polyphenols in plants: Structure, biosynthesis, abiotic stress regulation, and practical applications (Review).
Int. ]. Mol. Sci. 2023, 24, 13874. https://doi.org/10.3390/ijms241813874.

Nabil-Adam, A.; Ashour, M.L.; Tamer, T.M.; Shreadah, M.A.; Hassan, M.A. Interaction of Jania rubens polyphenolic extract as
an antidiabetic agent with a-amylase, lipase, and trypsin: In vitro evaluations and in silico studies. Catalysts 2023, 13, 443.
https://doi.org/10.3390/catal13020443.

Behl, T.; Bungau, S.; Kumar, K.; Zengin, G.; Khan, F.; Kumar, A.; Kaur, R.; Venkatachalam, T.; Tit, D.M.; Vesa, C.M.; et al.
Pleotropic effects of polyphenols in cardiovascular system. Biomed. Pharmacother. 2020, 130, 110714. https://doi.org/10.1016/j.bi-
opha.2020.110714.

Testai, L.; Piragine, E.; Piano, L; Flori, L.; Da Pozzo, E.; Miragliotta, V.; Pirone, A.; Citi, V.; Di Cesare Mannelli, L.; Brogi, S.; et
al. The Citrus flavonoid naringenin protects the myocardium from ageing-dependent dysfunction: Potential role of SIRT1. Oxid.
Med. Cell Longev. 2020, 2020, 4650207 . https://doi.org/10.1155/2020/4650207.

Wan, S.; Luo, J.; Zhu, Y.; An, P.; Luo, Y.; Xing, Q. The effect of antioxidant polyphenol supplementation on cardiometabolic risk
factors: A systematic review and meta-analysis. Nutrients 2024, 16, 4206. https://doi.org/10.3390/nu16234206.

Piragine, E.; De Felice, M.; Germelli, L.; Brinkmann, V.; Flori, L.; Martini, C.; Calderone, V.; Ventura, N.; Da Pozzo, E.; Testai, L.
The Citrus flavanone naringenin prolongs the lifespan in C. elegans and slows signs of brain aging in mice. Exp. Gerontol. 2024,
194, 112495. https://doi.org/10.1016/j.exger.2024.112495.

Caruso, G.; Torrisi, S.A.; Mogavero, M.P.; Currenti, W.; Castellano, S.; Godos, ].; Ferri, R.; Galvano, F.; Leggio, G.M.; Grosso, G.;
et al. Polyphenols and neuroprotection: Therapeutic implications for cognitive decline. Pharmacol. Ther. 2022, 232, 108013.
https://doi.org/10.1016/j.pharmthera.2021.108013.

Carrillo, J.A.; Arcusa, R.; Xandri-Martinez, R.; Cerda, B.; Zafrilla, P.; Marhuenda, ]. Impact of polyphenol-rich nutraceuticals on
cognitive function and neuroprotective biomarkers: A randomized, double-blind, placebo-controlled clinical trial. Nutrients
2025, 17, 601. https://doi.org/10.3390/nu17040601.

Barik, S.K; Sengupta, S.; Arya, R.; Kumar, S.; Kim, ].J.; Chaurasia, R. Dietary polyphenols as potential therapeutic agents in type
2 diabetes management: Advances and opportunities. Adv. Nutr. 2025, 16, 100346. https://doi.org/10.1016/j.advnut.2024.100346.
Flori, L.; Piragine, E.; Spezzini, J.; Citi, V.; Calderone, V.; Martelli, A. Influence of polyphenols on adipose tissue: Sirtuins as
pivotal players in the browning process. Int. ]. Mol. Sci. 2023, 24, 9276. https://doi.org/10.3390/ijms24119276.

Boccellino, M.; DeAngelo, S. Anti-obesity effects of polyphenol intake: Current status and future possibilities. Int. J. Mol. Sci.
2020, 21, 5642. https://doi.org/10.3390/ijms21165642.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 20 of 25

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Abdou, HM.; Elmageed, G.M.A.; Hussein, HK.; Yamari, I.; Chtita, S.; El-Samad, L.M.; Hassan, M.A. Antidiabetic effects of
quercetin and silk sericin in attenuating dysregulation of hepatic gluconeogenesis in diabetic rats through potential modulation
of PI3K/Akt/FOXO1 signaling: In vivo and in silico studies. J. Xenobiot. 2025, 15, 16. https://doi.org/10.3390/jox15010016.
Singaravelan, N.; Tollefsbol, T.O. Polyphenol-based prevention and treatment of cancer through epigenetic and combinatorial
mechanisms. Nutrients 2025, 17, 616. https://doi.org/10.3390/nu17040616.

Ahmed, Z.S.0.; Khan, E.; Elias, N.; Elshebiny, A.; Dou, Q. Updated review on natural polyphenols: Molecular mechanisms,
biological effects, and clinical applications for cancer management. Biomolecules 2025, 15,  629.
https://doi.org/10.3390/biom15050629.

Durazzo, A.; Lucarini, M.; Souto, E.B.; Cicala, C.; Caiazzo, E.; Izzo, A.A.; Novellino, E.; Santini, A. Polyphenols: A concise over-
view on the chemistry, occurrence, and human health. Phytother. Res. 2019, 33, 2221-2243. https://doi.org/10.1002/ptr.6419.
Narra, F.; Piragine, E.; Benedetti, G.; Ceccanti, C.; Florio, M.; Spezzini, J.; Troisi, F.; Giovannoni, R.; Martelli, A.; Guidi, L. Impact
of thermal processing on polyphenols, carotenoids, glucosinolates, and ascorbic acid in fruit and vegetables and their cardio-
vascular benefits. Compr. Rev. Food Sci. Food Saf. 2024, 23, e13426. https://doi.org/10.1111/1541-4337.13426.

Farhan, M.; Rizvi, A. The pharmacological properties of red grape polyphenol resveratrol: Clinical trials and obstacles in drug
development. Nutrients 2023, 15, 4486. https://doi.org/10.3390/nu15204486.

Wijekoon, C.; Netticadan, T.; Siow, Y.L.; Sabra, A.; Yu, L.; Raj, P.; Prashar, S. Potential associations among bioactive molecules,
antioxidant activity and resveratrol production in Vitis vinifera fruits of North America. Molecules 2022, 27, 336.
https://doi.org/10.3390/molecules27020336.

Springer, M.; Moco, S. Resveratrol and its human metabolites-effects on metabolic health and obesity. Nutrients 2019, 11, 143.
https://doi.org/10.3390/nu11010143.

Salehi, B.; Mishra, A.P.; Nigam, M.; Sener, B.; Kilic, M.; Sharifi-Rad, M.; Fokou, P.V.T.; Martins, N.; Sharifi-Rad, J. Resveratrol:
A double-edged sword in health benefits. Biomedicines 2018, 6, 91. https://doi.org/10.3390/biomedicines6030091.

Shin, ].H.; Shin, S.H. A comprehensive review of naringenin, a promising phytochemical with therapeutic potential. J. Microbiol.
Biotechnol. 2024, 34, 2425-2438. https://doi.org/10.4014/jmb.2410.10006.

Salehi, B.; Machin, L.; Monzote, L.; Sharifi-Rad, J.; Ezzat, S.M.; Salem, M.A.; Merghany, R.M.; El Mahdy, N.M,; Kilic, C.S,; Sytar,
O.; et al. Therapeutic potential of quercetin: New insights and perspectives for human health. ACS Omega 2020, 5, 11849-11872.
https://doi.org/10.1021/acsomega.0c01818.

Alam, M,; Gulzar, M.; Akhtar, M.S.; Rashid, S.; Zulfareen; Tanuja; Shamsi, A.; Hassan, M.I. Epigallocatechin-3-gallate therapeu-
tic potential in human diseases: Molecular mechanisms and clinical studies. Mol. Biomed. 2024, 5, 73.
https://doi.org/10.1186/s43556-024-00240-9.

Martelli, A.; Flori, L.; Gorica, E.; Piragine, E.; Saviano, A.; Annunziata, G.; Di Minno, M.N.D.; Ciampaglia, R.; Calcaterra, L;
Maione, F.; et al. Vascular effects of the polyphenolic nutraceutical supplement Taurisolo® Focus on the protection of the endo-
thelial function. Nutrients 2021, 13, 1540. https://doi.org/10.3390/nu13051540.

Richter, C.K,; Skulas-Ray, A.C.; Gaugler, T.L.; Meily, S.; Petersen, K.S.; Kris-Etherton, P.M. Effects of cranberry juice supple-
mentation on cardiovascular disease risk factors in adults with elevated blood pressure: A randomized controlled trial. Nutrients
2021, 13, 2618. https://doi.org/10.3390/nu13082618.

Kiyimba, T.; Yiga, P.; Bamuwamye, M.; Ogwok, P.; Van der Schueren, B.; Matthys, C. Efficacy of dietary polyphenols from
whole foods and purified food polyphenol extracts in optimizing cardiometabolic health: A meta-analysis of randomized con-
trolled trials. Adv. Nutr. 2023, 14, 270-282. https://doi.org/10.1016/j.advnut.2023.01.002.

Curtis, P.J.; van der Velpen, V.; Berends, L.; Jennings, A.; Feelisch, M.; Umpleby, A.M.; Evans, M.; Fernandez, B.O.; Meiss, M.S.;
Minnion, M.; et al. Blueberries improve biomarkers of cardiometabolic function in participants with metabolic syndrome-results
from a 6-month, double-blind, randomized controlled trial. Am. J. Clin. Nutr. 2019, 109, 1535-1545. Correction in Am. ]. Clin.
Nutr. 2019, 110, 1262. https://doi.org/10.1093/ajcn/nqy380.

Angelino, D.; Dosz, E.B.; Sun, J.; Hoeflinger, ].L.; Van Tassell, M.L.; Chen, P.; Harnly, ] M.; Miller, M.].; Jeffery, E.H. Myrosinase-
dependent and -independent formation and control of isothiocyanate products of glucosinolate hydrolysis. Front. Plant Sci.
2015, 6, 831. https://doi.org/10.3389/fpls.2015.00831.

Martelli, A.; Piragine, E.; Citi, V.; Testai, L.; Pagnotta, E.; Ugolini, L.; Lazzeri, L.; Di Cesare Mannelli, L.; Manzo, O.L.; Bucci, M.;
et al. Erucin exhibits vasorelaxing effects and antihypertensive activity by H:S-releasing properties. Br. J. Pharmacol. 2020, 177,
824-835. https://doi.org/10.1111/bph.14645.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 21 of 25

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Gorica, E.; Piragine, E.; Mengozzi, A.; Cappelli, F.; Duranti, E.; Masi, S.; Virdis, A.; Testai, L.; Pagnotta, E.; Righetti, L.; et al. The
H:>S-donor Erucin modulates SIRT1 and rescues obesity-induced vascular dysfunction in human vessels. Biomed. Pharmacother.
2025, 189, 118238. https://doi.org/10.1016/j.biopha.2025.118238.

Ciccone, V.; Piragine, E.; Gorica, E.; Citi, V.; Testai, L.; Pagnotta, E.; Matteo, R.; Pecchioni, N.; Montanaro, R.; Di Cesare Mannelli,
L.; et al. Anti-inflammatory effect of the natural H2S-donor erucin in vascular endothelium. Int. . Mol. Sci. 2022, 23, 15593.
https://doi.org/10.3390/ijms232415593.

Silva-Palacios, A.; Ostolga-Chavarria, M.; Sanchez-Garibay, C.; Rojas-Morales, P.; Galvan-Arzate, S.; Buelna-Chontal, M.;
Pavon, N.; Pedraza-Chaverri, J.; Konigsberg, M.; Zazueta, C. Sulforaphane protects from myocardial ischemia-reperfusion dam-
age through the balanced activation of Nrf2/AhR. Free Radic. Biol. Med. 2019, 143, 331-340. https://doi.org/10.1016/j.freeradbio-
med.2019.08.012.

Hou, T.T.; Yang, H.Y.; Wang, W.; Wu, Q.Q.; Tian, Y.R;; Jia, ].P. Sulforaphane inhibits the generation of amyloid-beta oligomer
and promotes spatial learning and memory in Alzheimere disease (PS1V97L) transgenic mice. J. Alzheimers Dis. 2018, 62, 1803
1813. https://doi.org/10.3233/JAD-171110.

Lee, S.; Choi, B.R; Kim, J.; LaFerla, F.M.; Park, ]. H.Y.; Han, ].S.; Lee, KW.; Kim, J. Sulforaphane upregulates the heat shock
protein co-chaperone CHIP and clears amyloid-beta and tau in a mouse model of Alzheimere disease. Mol. Nutr. Food Res. 2018,
62, €1800240. https://doi.org/10.1002/mnfr.201800240.

Shahid, A.; Bhatia, M. Hydrogen sulfide: A versatile molecule and therapeutic target in health and diseases. Biomolecules 2024,
14, 1145. https://doi.org/10.3390/biom14091145.

Wang, B.; Wen, Y.; Tang, Y.; Li, M. Hydrogen sulfide protects against hippocampal neuronal apoptosis in aged rats with post-
operative  cognitive dysfunction by promoting m6A methylation. Neurosci. Lett. 2025, 868, 138405.
https://doi.org/10.1016/j.neulet.2025.138405.

Pan, L.L.; Qin, M,; Liu, X.H.; Zhu, Y.Z. The role of hydrogen sulfide on cardiovascular homeostasis: An overview with update
on immunomodulation. Front. Pharmacol. 2017, 8, 686. https://doi.org/10.3389/fphar.2017.00686.

Piragine, E.; Malanima, M.A.; Lucenteforte, E.; Martelli, A.; Calderone, V. Circulating levels of hydrogen sulfide H2S in patients
with  age-related diseases: @A  systematic review and meta-analysis.  Biomolecules 2023, 13, 1023.
https://doi.org/10.3390/biom13071023.

Citi, V.; Piragine, E.; Pagnotta, E.; Ugolini, L.; Di Cesare Mannelli, L.; Testai, L.; Ghelardini, C.; Lazzeri, L.; Calderone, V.;
Martelli, A. Anticancer properties of erucin, an H2S-releasing isothiocyanate, on human pancreatic adenocarcinoma cells (AsPC-
1). Phytother. Res. 2019, 33, 845-855. https://doi.org/10.1002/ptr.6278.

Sundaram, M.K,; R, P.; Haque, S.; Akhter, N.; Khan, S.; Ahmad, S.; Hussain, A. Dietary isothiocyanates inhibit cancer progres-
sion by modulation of epigenome. Semin. Cancer Biol. 2022, 83, 353-376. https://doi.org/10.1016/j.semcancer.2020.12.021.
Langston-Cox, A.G.; Anderson, D.; Creek, D.]J.; Palmer, K.R.; Marshall, S.A.; Wallace, E.M. Sulforaphane bioavailability and
effects on blood pressure in women with pregnancy hypertension. Reprod. Sci. 2021, 28, 1489-1497.
https://doi.org/10.1007/s43032-020-00439-5.

Piragine, E.; Calderone, V. Pharmacological modulation of the hydrogen sulfide (Hz2S) system by dietary (H2S)-donors: A novel
promising strategy in the prevention and treatment of type 2 diabetes mellitus. Phytother. Res. 2021, 35, 1817-1846.
https://doi.org/10.1002/ptr.6923.

Mohamadi, N.; Baradaran Rahimi, V.; Fadaei, M.R.; Sharifi, F.; Askari, V.R. A mechanistic overview of sulforaphane and its
derivatives  application in diabetes and its complications. Inflammopharmacology 2023, 31, 2885-2899.
https://doi.org/10.1007/s10787-023-01373-z.

Bello, I.; Smimmo, M.; déEmmanuele di Villa Bianca, R.; Bucci, M.; Cirino, G.; Panza, E.; Brancaleone, V. Erucin, an (H2S)-releas-
ing isothiocyanate, exerts anticancer effects in human triple-negative breast cancer cells triggering autophagy-dependent apop-
totic cell death. Int. . Mol. Sci. 2023, 24, 6764. https://doi.org/10.3390/ijms24076764.

Testai, L.; Pagnotta, E.; Piragine, E.; Flori, L.; Citi, V.; Martelli, A.; Mannelli, L.D.C.; Ghelardini, C.; Matteo, R.; Suriano, S.; et al.
Cardiovascular benefits of Eruca sativa mill. defatted seed meal extract: Potential role of hydrogen sulfide. Phytother. Res. 2022,
36, 2616-2627. https://doi.org/10.1002/ptr.7479.

Choi, J.; Jang, Y.; Paik, H.G.; Ha, M.H.; Kwon, ]J. Gastroprotective effects of aqueous extracts of broccoli stems on acute injury
in rats: A comprehensive evaluation of gastric function and inflammatory responses. Medicina 2025, 61, 89.
https://doi.org/10.3390/medicina61010089.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 22 of 25

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Mueller, K.; Blum, N.M.; Mueller, A.S. Examination of the anti-inflammatory, antioxidant, and xenobiotic-inducing potential of
broccoli extract and various essential oils during a mild DSS-induced colitis in rats. ISRN Gastroenterol. 2013, 2013, 710856.
https://doi.org/10.1155/2013/710856.

Piragine, E.; Petri, D.; Giometto, S.; Martelli, A.; Lucenteforte, E.; Calderone, V. Potential effects of Alliaceae and Brassicaceae
edible plants on blood glucose levels in patients with type 2 diabetes: A systematic review and meta-analysis of clinical trials.
Pharmacol. Res. 2022, 185, 106519. https://doi.org/10.1016/j.phrs.2022.106519.

Mirmiran, P.; Bahadoran, Z.; Golzarand, M.; Zojaji, H.; Azizi, F. A comparative study of broccoli sprouts powder and standard
triple therapy on cardiovascular risk factors following H.pylori eradication: A randomized clinical trial in patients with type 2
diabetes. ]. Diabetes Metab. Disord. 2014, 13, 64. https://doi.org/10.1186/2251-6581-13-64.

Piragine, E.; Malanima, M.A.; Ceccanti, C.; Guidi, L.; Martelli, A.; Lucenteforte, E.; Calderone, V. Alliaceae versus Brassicaceae for
dyslipidemia: State of the art and future perspectives. Systematic review and meta-analysis of clinical studies. Phytother. Res.
2024, 38, 5765-5781. https://doi.org/10.1002/ptr.8350.

Rahman, M.M.; Rahaman, M.S,; Islam, M.R;; Rahman, F.; Mithi, F.M.; Alqahtani, T.; Almikhlafi, M.A.; Alghamdi, S.Q.; Al-
ruwaili, A.S.; Hossain, M.S,; et al. Role of phenolic compounds in human disease: Current knowledge and future prospects.
Molecules 2021, 27, 233. https://doi.org/10.3390/molecules27010233.

Olayanju, J.B.; Bozic, D.; Naidoo, U.; Sadik, O.A. A comparative review of key isothiocyanates and their health benefits. Nutri-
ents 2024, 16, 757. https://doi.org/10.3390/nu16060757.

De Rossi, L.; Rocchetti, G.; Lucini, L.; Rebecchi, A. Antimicrobial potential of polyphenols: Mechanisms of action and microbial
responses— A narrative review. Antioxidants 2025, 14, 200. https://doi.org/10.3390/antiox14020200.

Romeo, L.; Iori, R.; Rollin, P.; Bramanti, P.; Mazzon, E. Isothiocyanates: An overview of their antimicrobial activity against
human infections. Molecules 2018, 23, 624. https://doi.org/10.3390/molecules23030624.

Xu, Z.; Elrashidy, R.A.; Li, B.; Liu, G. Oxidative stress: A putative link between lower urinary tract symptoms and aging and
major chronic diseases. Front. Med. 2022, 9, 812967. https://doi.org/10.3389/fmed.2022.812967.

Yang, X.; Lan, M,; Yang, J.; Xia, Y.; Han, L.; Zhang, L.; Fang, Y. Targeting modifiable risks: Molecular mechanisms and popula-
tion burden of lifestyle factors on male genitourinary health. Int. J. Mol. Sci. 2025, 26, 9698. https://doi.org/10.3390/ijms26199698.
Kuma, A.; Kato, A. Lifestyle-related risk factors for the incidence and progression of chronic kidney disease in the healthy
young and middle-aged population. Nutrients 2022, 14, 3787. https://doi.org/10.3390/nu14183787.

Han, Y.; Liu, Z.; Chen, T. Role of vaginal microbiota dysbiosis in gynecological diseases and the potential interventions. Front.
Microbiol. 2021, 12, 643422. https://doi.org/10.3389/fmicb.2021.643422.

Ruta, F.; Pribac, M.; Mardale, E.; Suciu, S.; Maior, R.; Bogdan, S.; Avram, C. Associations between gut microbiota dysbiosis and
other risk factors in women with a history of wurinary tract infections. Nutrients 2024, 16, 1753.
https://doi.org/10.3390/nu16111753.

Brunet, A. Old and new models for the study of human ageing. Nat. Rev. Mol. Cell Biol. 2020, 21, 491-493.
https://doi.org/10.1038/s41580-020-0266-4.

Ruberte, ].; Schofield, P.N.; Sundberg, ].P.; Rodriguez-Baeza, A.; Carretero, A.; McKerlie, C. Bridging mouse and human anato-
mies; A knowledge-based approach to comparative anatomy for disease model phenotyping. Mamm. Genome 2023, 34, 389—-407.
https://doi.org/10.1007/s00335-023-10005-4.

Saeidnia, S.; Manayi, A.; Abdollahi, M. From in vitro experiments to in vivo and clinical studies; Pros and cons. Curr. Drug
Discov. Technol. 2015, 12, 218-224. https://doi.org/10.2174/1570163813666160114093140.

Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A web and mobile app for systematic reviews. Syst. Rev.
2016, 5, 210. https://doi.org/10.1186/s13643-016-0384-4.

Akanni, O.0.; Owumi, S.E.; Olowofela, O.G.; Adeyanju, A.A.; Abiola, O.].; Adaramoye, O.A. Protocatechuic acid ameliorates
testosterone-induced benign prostatic hyperplasia through the regulation of inflammation and oxidative stress in castrated rats.
J. Biochem. Mol. Toxicol. 2020, 34, €22502. https://doi.org/10.1002/jbt.22502.

Calmasini, F.B.; de Oliveira, M.G.; Alexandre, E.C.; Silva, F.H.; Tavares, E.B.G.; Andre, D.M.; Zapparoli, A.; Antunes, E. Obesity-
induced mouse benign prostatic hyperplasia (BPH) is improved by treatment with resveratrol: Implication of oxidative stress,
insulin sensitivity and neuronal growth factor. |. Nutr. Biochem. 2018, 55, 53-58. https://doi.org/10.1016/j.jnutbio.2017.12.009.
Ghodasara, J.; Pawar, A.; Deshmukh, C.; Kuchekar, B. Inhibitory effect of rutin and curcumin on experimentally-induced cal-
cium oxalate urolithiasis in rats. Pharmacognosy Res. 2010, 2, 388-392. https://doi.org/10.4103/0974-8490.75462.

Grases, F.; Prieto, R.M.; Fernandez-Cabot, R.A.; Costa-Bauza, A.; Tur, F.; Torres, ].]J. Effects of polyphenols from grape seeds on
renal lithiasis. Oxid. Med. Cell Longev. 2015, 2015, 813737. https://doi.org/10.1155/2015/813737.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 23 of 25

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Guzel, A.; Yunusoglu, S.; Calapoglu, M.; Candan, I.A.; Onaran, I.; Oncu, M.; Ergun, O.; Oksay, T. Protective effects of quercetin
on oxidative stress-induced tubular epithelial damage in the experimental rat hyperoxaluria model. Medicina 2021, 57, 566.
https://doi.org/10.3390/medicina57060566.

He, Y.; Zeng, H.; Yu, Y.; Zhang, |.; Liu, Q.; Yang, B. Resveratrol improved detrusor fibrosis induced by mast cells during pro-
gression of chronic prostatitis in rats. Eur. J. Pharmacol. 2017, 815, 495-500. https://doi.org/10.1016/j.ejphar.2017.10.017.

Hong, S.H.; Lee, H.].; Sohn, E.J.; Ko, H.S.; Shim, B.S.; Ahn, K.S.; Kim, S.H. Anti-nephrolithic potential of resveratrol via inhibition
of ROS, MCP-1, hyaluronan and osteopontin in vitro and in vivo. Pharmacol. Rep. 2013, 65, 970-979.
https://doi.org/10.1016/s1734-1140(13)71078-8.

Kakalij, RM.; Kumar, B.D.; Diwan, P.V. Comparative evaluation of nephroprotective potential of resveratrol and piperine on
nephrotic BALB/c mice. Indian. ]. Pharmacol. 2016, 48, 382-387. https://doi.org/10.4103/0253-7613.186215.

Kim, D.S,; Lee, E.J.; Cho, K.S.; Yoon, S.J.; Lee, Y.H.; Hong, S.J. Preventive effects of oligomerized polyphenol on estradiol-in-
duced prostatitis in rats. Yonsei Med. ]. 2009, 50, 391-398. https://doi.org/10.3349/ym;.2009.50.3.391.

Kitamura, N.; Yamamoto, Y.; Yamamoto, N.; Murase, T. Rosmarinic acid ameliorates HCl-induced cystitis in rats. PLoS ONE
2023, 18, e0288813. https://doi.org/10.1371/journal.pone.0288813.

Li, S.; Zhou, D.; Zhu, Z; Tan, X.; Tang, W.; Gong, J. Boosting inhibition performance of natural polyphenols for the prevention
of calcium oxalate kidney stones through synergistic cooperativity. Commun. Mater. 2023, 4, 67. https://doi.org/10.1038/s43246-
023-00393-0.

Li, Y; Li, X.;; Hussain, S.A.; Daddam, J.R.; Chen, Z. Therapeutic effect of epigallocatechin-3-gallate and quercetin on renal stone
formation in rats. Pakistan ]. Zool. 2024, 53, 1015-1021. https://doi.org/10.17582/journal.pjz/20230425090416.

Li, Z.; Chang, L.; Ren, X.; Hu, Y.; Chen, Z. Modulation of rat kidney stone crystallization and the relative oxidative stress path-
way by green tea polyphenol. ACS Omega 2021, 6, 1725-1731. https://doi.org/10.1021/acsomega.0c05903.

Oksay, T.; Yunusoglu, S.; Calapoglu, M.; Aydin Candan, I.; Onaran, I.; Ergun, O.; Ozorak, A. Protective impact of resveratrol in
experimental rat model of hyperoxaluria. Int. Urol. Nephrol. 2017, 49, 769-775. https://doi.org/10.1007/s11255-017-1534-x.

Peng, A.;Ye, T.; Rakheja, D.; Tu, Y.; Wang, T.; Du, Y.; Zhou, J.K,; Vaziri, N.D.; Hu, Z.; Mohan, C.; et al. The green tea polyphenol
epigallocatechin-3-gallate ameliorates experimental immune-mediated glomerulonephritis. Kidney Int. 2011, 80, 601-611.
https://doi.org/10.1038/ki.2011.121.

Qian, X.; Gu, Z.; Guan, W.; Qj, J.; Xu, D. Resveratrol could attenuate prostatic inflammation in rats with oestradiol-induced
chronic prostatitis. Andrologia 2021, 53, e14004. https://doi.org/10.1111/and.14004.

Song, Z.; Jin, C.; Bian, Z.; Liang, C. Radial extracorporeal shock wave therapy combined with resveratrol derivative alleviates
chronic nonbacterial prostatitis in rats. Inflammation 2023, 46, 584-597. https://doi.org/10.1007/s10753-022-01757-3.

Vafa, A.; Afzal, SM.; Barnwal, P.; Rashid, S.; Shahid, A.; Alpashree; Islam, ].; Sultana, S. Protective role of diosmin against
testosterone propionate-induced prostatic hyperplasia in Wistar rats: Plausible role of oxidative stress and inflammation. Hum.
Exp. Toxicol. 2020, 39, 1133-1146. https://doi.org/10.1177/0960327119889655.

Yasir, F.; Wahab, A.T.; Choudhary, M.I. Protective effect of dietary polyphenol caffeic acid on ethylene glycol-induced kidney
stones in rats. Urolithiasis 2018, 46, 157-166. https://doi.org/10.1007/s00240-017-0982-1.

Ye, T.; Zhen, J.; Du, Y.; Zhou, ] K,; Peng, A.; Vaziri, N.D.; Mohan, C.; Xu, Y.; Zhou, X.J. Green tea polyphenol epigallocatechin-
3-gallate restores Nrf2 activity and ameliorates crescentic glomerulonephritis. PLoS ONE 2015, 10, e0119543.
https://doi.org/10.1371/journal.pone.0119543.

Yu, Y,; Jiang, J.; He, Y.; Wang, W.; Shen, C.; Yang, B. Resveratrol improves urinary dysfunction in rats with chronic prostatitis
and suppresses the activity of the stem cell factor/c-Kit signaling pathway. Mol. Med. Rep. 2017, 16, 1395-1400.
https://doi.org/10.3892/mmr.2017.6721.

Zeng, H.;He, Y.; Yu, Y.; Zhang, ].; Zeng, X.; Gong, F.; Liu, Q.; Yang, B. Resveratrol improves prostate fibrosis during progression
of urinary dysfunction in chronic prostatitis by mast cell suppression. Mol. Med. Rep. 2018, 17, 918-924.
https://doi.org/10.3892/mmr.2017.7960.

Zhang, J.; Wang, J.; Wang, X,; Yan, Z.; Meng, L.; Zhang, Y. Pterostilbene reduces cyclophosphamide-induced interstitial cystitis
by facilitating Nrf2 activation and suppressing the NLRP3 inflammasome pathway. Int. ]. Mol. Sci. 2025, 26, 5490.
https://doi.org/10.3390/ijms26125490.

Zhou, J.; Lei, Y.; Chen, J.; Zhou, X. Potential ameliorative effects of epigallocatechin-3-gallate against testosterone-induced be-
nign prostatic hyperplasia and fibrosis in rats. Int. Immunopharmacol. 2018, 64, 162-169. https://doi.org/10.1016/j.in-
timp.2018.08.038.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 24 of 25

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Beklemisheva, A.A.; Feng, J.; Yeh, Y.A.; Wang, L.G.; Chiao, ].W. Modulating testosterone stimulated prostate growth by
phenethyl isothiocyanate via Spl and androgen receptor down-regulation. Prostate 2007, 67, 863-870.
https://doi.org/10.1002/pros.20472.

Lu, Y.; Zhang, Y.; Lou, Y.; Cui, W.; Miao, L. Sulforaphane suppresses obesity-related glomerulopathy-induced damage by en-
hancing autophagy via Nrf2. Life Sci. 2020, 258, 118153. https://doi.org/10.1016/j.1fs.2020.118153.

Wan, X,; Liu, C; Chen, Y.B.; Gu, M,; Cai, Z.K.; Chen, Q.; Wang, Z. Sulforaphane treatment of stress urinary incontinence via the
Nrf2-ARE pathway in a rat model. Cell Physiol. Biochem. 2017, 44, 1912-1922. https://doi.org/10.1159/000485880.

Al Othaim, A.; Marasini, D.; Carbonero, F. Impact of cranberry juice consumption on gut and vaginal microbiota in postmeno-
pausal women. Food Front. 2021, 2, 282-293; Correction in Food Front. 2023, 4, 542. https://doi.org/10.1002/£{t2.76.

Howell, A.B.; Dreyfus, ].F.; Chughtai, B. Differences in urinary bacterial anti-adhesion activity after intake of cranberry dietary
supplements  with  soluble versus insoluble proanthocyanidins. .  Diet.  Suppl. 2022, 19, 621-639.
https://doi.org/10.1080/19390211.2021.1908480.

Mathison, B.D.; Kimble, L.L.; Kaspar, K.L.; Khoo, C.; Chew, B.P. Consumption of cranberry beverage improved endogenous
antioxidant status and protected against bacteria adhesion in healthy humans: A randomized controlled trial. Nutr. Res. 2014,
34, 420-427. https://doi.org/10.1016/j.nutres.2014.03.006.

Uberos, |.; Rodriguez-Belmonte, R.; Rodriguez-Pérez, C.; Molina-Oya, M.; Blanca-Jover, E.; Blanca-Jover, E.; Narbona-Lopez, E.;
Mufioz-Hoyos, A. Phenolic acid content and antiadherence activity in the urine of patients treated with cranberry syrup (Vac-
cinium macrocarpon) vs. trimethoprim for recurrent urinary tract infection. J. Funct. Foods 2015, 18, 608-616.
https://doi.org/10.1016/j.jff.2015.08.009.

Cormio, L.; Calo, B.; Falagario, U.; Iezzi, M.; Lamolinara, A.; Vitaglione, P.; Silecchia, G.; Carrieri, G.; Fogliano, V.; Iacobelli, S.;
et al. Improvement of urinary tract symptoms and quality of life in benign prostate hyperplasia patients associated with con-
sumption of a newly developed whole tomato-based food supplement: A phase II prospective, randomized double-blinded,
placebo-controlled study. J. Transl. Med. 2021, 19, 24. https://doi.org/10.1186/s12967-020-02684-3.

Davinelli, S.; Scapagnini, G.; Marzatico, F.; Nobile, V.; Ferrara, N.; Corbi, G. Influence of equol and resveratrol supplementation
on health-related quality of life in menopausal women: A randomized, placebo-controlled study. Maturitas 2017, 96, 77-83.
https://doi.org/10.1016/j.maturitas.2016.11.016.

Esmaili, M.; Sarhadynejad, Z.; Salari, Z.; Dehesh, T.; Lashkarizadeh, M.; Tajadini, H.; Kamali, M. Effect of Cymbopogon olivieri-
based herbal vaginal product on bacterial vaginosis. Rev. Assoc. Med. Bras. 2024, 70, e20231788. https://doi.org/10.1590/1806-
9282.20231788.

Farida, S.; Sahlan, M.; Rohmatin, E.; Adawiyah, R. The beneficial effect of Indonesian propolis wax from Tetragonula sp. as a
therapy in limited vaginal candidiasis patients. Saudi ]. Biol. Sci. 2020, 27, 142-146. https://doi.org/10.1016/j.sjbs.2019.06.010.
Noce, A.; Di Daniele, F.; Campo, M.; Di Lauro, M.; Pietroboni Zaitseva, A.; Di Daniele, N.; Marrone, G.; Romani, A. Effect of
hydrolysable tannins and anthocyanins on recurrent urinary tract infections in nephropathic patients: Preliminary data. Nutri-
ents 2021, 13, 591. https://doi.org/10.3390/nu13020591.

Rodgers, A.; Mokoena, M.; Durbach, I.; Lazarus, ].; de Jager, S.; Ackermann, H.; Breytenbach, I.; Okada, A.; Usami, M.; Hirose,
Y.; etal. Do teas rich in antioxidants reduce the physicochemical and peroxidative risk factors for calcium oxalate nephrolithiasis
in humans? Pilot studies with Rooibos herbal tea and Japanese green tea. Urolithiasis 2016, 44, 299-310.
https://doi.org/10.1007/s00240-015-0855-4.

Tracy, C.R,; Henning, ].R.; Newton, M.R.; Aviram, M.; Bridget Zimmerman, M. Oxidative stress and nephrolithiasis: A compar-
ative pilot study evaluating the effect of pomegranate extract on stone risk factors and elevated oxidative stress levels of recur-
rent stone formers and controls. Urolithiasis 2014, 42, 401-408. https://doi.org/10.1007/s00240-014-0686-8.

Zullo, M.A; Schiavi, M.C.; Di Pinto, A.; Prata, G.; Scudo, M.; Luffarelli, P.; Oliva, C. Efficacy and safety of oral administration
of a product based on hydroxytyrosol as preventive therapy for recurrent vulvo-vaginal candidosis: A prospective observa-
tional pilot study. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 7427-7432. https://doi.org/10.26355/eurrev_202007_21911.

Borges, C.M.; Papadimitriou, A.; Duarte, D.A.; Lopes de Faria, ].M.; Lopes de Faria, J.B. The use of green tea polyphenols for
treating residual albuminuria in diabetic nephropathy: A double-blind randomised clinical trial. Sci. Rep. 2016, 6, 28282.
https://doi.org/10.1038/srep28282.

Kjaer, T.N.; Ornstrup, M.].; Poulsen, M.M.; Jorgensen, ].O.; Hougaard, D.M.; Cohen, A.S.; Neghabat, S.; Richelsen, B.; Pedersen,
S.B. Resveratrol reduces the levels of circulating androgen precursors but has no effect on testosterone, dihydrotestosterone,
PSA levels or prostate volume. A 4-month randomised trial in middle-aged men. Prostate 2015, 75, 1255-1263.
https://doi.org/10.1002/pros.23006.

https://doi.org/10.3390/ijms27041660



Int. ]. Mol. Sci. 2026, 27, 1660 25 of 25

119.

120.

121.

122.

123.

124.

125.

Vicari, E.; Arancio, A.; Catania, V.E.; Vicari, B.O.; Sidoti, G.; Castiglione, R.; Malaguarnera, M. Resveratrol reduces
inflammation-related prostate fibrosis. Int. ]. Med. Sci. 2020, 17, 1864-1870. https://doi.org/10.7150/ijms.44443.

Burleigh, A.E.; Benck, SM.; McAchran, S.E.; Reed, ].D.; Krueger, C.G.; Hopkins, W.J. Consumption of sweetened, dried cran-
berries may reduce urinary tract infection incidence in susceptible women-A modified observational study. Nutr. ]. 2013, 12,
139. https://doi.org/10.1186/1475-2891-12-139.

Davila-Avina, J.; Gil-Solis, C.; Merino-Mascorro, J.; Garcia, S.; Heredia, N. Phenolics with bactericidal activity alter motility and
biofilm formation in enterotoxigenic, enteropathogenic, and enterohemorrhagic Escherichia coli. Foodborne Pathog. Dis. 2020, 17,
568-575. https://doi.org/10.1089/fpd.2019.2766.

Pathoor, N.N.; Ganesh, P.S.; Anshad, A.R.; Gopal, R.K; Ponmalar, E.M.; Suvaithenamudhan, S.; Rudrapathy, P.; Shankar, E.M.
3-Hydroxybenzoic acid inhibits the virulence attributes and disrupts biofilm production in clinical isolates of Acinetobacter bau-
mannii. Eur. ]. Clin. Microbiol. Infect. Dis. 2025, 44, 653-669. https://doi.org/10.1007/s10096-024-05009-0.

Narwojsz, A.; Tanska, M.; Mazur, B.; Borowska, E.J. Fruit physical features, phenolic compounds profile and inhibition activities
of cranberry cultivars (Vaccinium macrocarpon) compared to wild-grown cranberry (Vaccinium oxycoccus). Plant Foods Hum. Nutr.
2019, 74, 300-306. https://doi.org/10.1007/s11130-019-00737-7.

Samouilidou, E.C.; Liaouri, A.; Kostopoulos, V.; Nikas, D.; Grapsa, E. The importance of paraoxonase 1 activity in chronic kid-
ney disease. Ren. Fail. 2024, 46, 2376930. https://doi.org/10.1080/0886022X.2024.2376930.

Shunmoogam, N.; Naidoo, P.; Chilton, R. Paraoxonase (PON)-1: A brief overview on genetics, structure, polymorphisms and
clinical relevance. Vasc. Health Risk Manag. 2018, 14, 137-143. https://doi.org/10.2147/VHRM.S165173.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms27041660



