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W N e

Abstract: Background: Varicocele still today represents a common cause of infertility in young men.
The treatment strategy remains a surgical approach such as scleroembolization; however, the complete
restoration of spermatic parameters afterward requires an average of six or more months to fully
regain optimal seminal parameters. Recently, many studies have demonstrated the beneficial effects
of Resveratrol in male fertility, given its potential anti-inflammatory, antiapoptotic, and mitochondrial
effects. Therefore, Resveratrol-based nutraceuticals could be promising as an adjuvant to mitigate
subfertility in patients with varicocele. Methods: In the present study, we retrospectively analyzed
the effects of the administration of a Resveratrol-based nutraceutical after the scleroembolization
procedure. The improvement of sperm quality in terms of number, motility, and morphology were
considered to be the study’s main endpoints. A spreadsheet program was used for data analysis,
and a p-value of <0.05 was considered significant. Results: We found a statistically significant
improvement in the spermatic parameters (sperm count and total motility) and an increase in normal
sperm after only 4 months of treatment. The supplementation with a Resveratrol-based nutraceutical
associated with the surgical procedure showed encouraging results if compared to data from a control
group and the results reported in the literature linked to scleroembolization practice alone. In fact,
there was a clear improvement in the seminal parameters at 4 months. Conclusions: This suggests
the positive impact of the Resveratrol-based nutraceutical in synergizing with scleroembolization in
reducing the time needed to fully recover sperm function.
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1. Introduction

Varicocele represents the most common correctable cause of infertility in young men [1].
A varicocele is clinically defined as an abnormal dilation and enlargement of the scrotal
venous pampiniform plexus. The incidence of varicocele is approximately 15-20% when
considering the entire male population but increases to 40% when considering infertile
males [2], indicating a strong connection between clinically significant varicocele and male
infertility. Indeed, although not usually accompanied by painful symptoms, varicoceles are
clinically significant, as they are the most commonly identified cause of abnormal semen
analysis, including low sperm count, reduced sperm motility, and increased abnormal
sperm morphology. However, the specific mechanism by which varicocele affects sperm
production, structure, and function remains uncertain, despite several theories.

As depicted in the EAU Guidelines for “Sexual and Reproductive Health” [3], the
treatment of choice remains a surgical strategy for patients with clinical varicocele and
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altered semen parameters. To date, many surgical methods are available for the treatment
of varicocele, such as scleroembolization and microsurgical subinguinal varicocelectomy.
No clear data indicate the best surgical treatment, but we know that it could improve
the symptoms and sperm parameters, offering recurrence rates of less than 4%. It is well
known that varicocele repair significantly improves both natural and in vitro fertilization
procedures and live birth and pregnancy rates, as well as sperm count, total and progressive
motility, morphology, and DNA fragmentation rates. In general, after varicocelectomy;,
up to 70% of patients have improved sperm quality, with an average of a minimum
of two spermatogenic cycles [4] and spontaneous pregnancy occurring between 6 and
12 months [5]. However, the degree of restoration of the seminal parameters and fertility
after varicocelectomy is known to vary according to the ages of patients. Specifically, ado-
lescents between 15 and 19 years of age have a complete recovery of the ability to conceive,
with a 100% pregnancy rate within the first year of marriage [6], while improvement in
the seminal parameters may include only 50% of adults (>19 years of age) undergoing
varicocelectomy [7].

Several studies in the literature have previously described the role of inflammation in
the pathogenesis of varicocele by describing the state of testicular and sperm inflammation
in animal models, particularly in mice, as well as in men with varicocele, with or without
alterations in the seminal parameters [5]. In this context, according to the varicocele
pathophysiology, a group of cytosolic receptors called nucleotide oligomerization domain
(NOD)-like receptor family pyrin domain containing 3 (NLRP3) inflammasomes may be
also involved in this mechanism [8]. It is worth noting that, from a mechanistic point of
view, oxidative stress and testicular apoptosis are also believed to play significant roles [9].

Recently, both clinical [10-12] and preclinical [13-15] studies have demonstrated that
botanical derivatives like Resveratrol (trans-3,5,4' -trihydroxystilbene), a naturally occurring
polyphenolic molecule found in several plants, such as Polygonum cuspidatum and the seeds
of grapes, peanuts, blueberries, bilberries, and cranberries, can have a positive effect
on sperm quality and can be useful in numerous chronic pathologies. Indeed, several
in vivo and in vitro studies have demonstrated that this compound has anti-inflammatory,
antioxidant [16,17], and antiapoptotic properties [18].

From a mechanistic point of view, these actions depend on different pathways; among
them, Resveratrol is involved in the activation of antioxidant enzymes, such as catalase and
superoxide dismutase, having a crucial role in the lipid damage of human spermatozoa [19].
Furthermore, Resveratrol shows an anti-inflammatory activity by the inhibition of COX2
and NF-KB [20] and protects cells from DNA damage and apoptosis by modulating anti-
and proapoptotic mediators, leading to an increase in sperm vitality, sperm DNA integrity,
and an improvement in oxidative stress [21].

Moreover, Resveratrol can improve mitochondrial activity and trigger a series of
molecular mediators able to affect cellular metabolic mechanisms [22]. Resveratrol also
plays a role in calcium signaling cascades and in modulating the mitochondrial intrinsic
apoptotic pathway.

This in vitro evidence is corroborated by in vivo preclinical studies on rat models, high-
lighting the promising use of Resveratrol as a nutraceutical substance adjuvant to mitigate
subfertility in varicocele [8,21,23]. As an example, Mendes et al. demonstrated that Resvera-
trol partially reduces testicular apoptosis and reverses alterations in the sperm motility and
promotes mitochondrial activity and DNA integrity [23], as well as improves the oxidative
status and sperm vitality [21]. According to the obtained results, Hajipour et al. [8] suggested
that Resveratrol might be an adjuvant therapeutic option in patients with varicocele by virtue
of decreasing inflammatory events and apoptosis in varicocele-induced rats.

In recent years, only preliminary human clinical research has indicated that nutritional
interventions based on Resveratrol can significantly counteract male infertility [10]. All these
data suggest the possibility of improving varicocele clinical manifestations and recovery
of the seminal parameters by reducing oxidative, inflammatory, and proapoptotic stimuli.
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Moreover, it corroborates the potential use of Resveratrol in managing impaired male fertility
and varicocele (Figure 1) and suggests the need for extensive studies in this regard.
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Figure 1. Mechanism of action of Resveratrol in the management of varicocele.

In this context, in this retrospective study, the effects of a nutraceutical containing Resver-
atrol and magnesium dihydroxide (trademark Revifast®), vitamin B12, vitamin B6, vitamin D,
and folic acid were evaluated on the spermatic function after surgical scleroembolization.

The purpose of this study is to investigate whether Resveratrol-based nutraceutical
therapy in association with varicocele repair can improve the clinical practice in terms of
timing and extent of recovery of the seminal parameters and what impact it may have
on fertility.

2. Materials and Methods

This retrospective, controlled study was conducted at the Reproduction Center “Gen-
esi” in association with “Villa Sofia-Cervello” Hospital of Palermo between 2021 and 2023.
Patients were admitted to our institution with a diagnosis of bilateral or left-side varicocele
and treated with transcatheter percutaneous scleroembolization or through the basilic vein
or the right femoral vein.

As the normal clinical practice, antibiotic therapy with 4-5 days of I generation
cephalosporin was suggested at discharge. Patients eligible for analysis in the study
group were chosen from those who received daily supplementation with 150 mg of Resver-
atrol and magnesium dihydroxide (trademark Revifast®, Prolabin&Tefarm, Perugia, Italy),
2.5 ug of vitamin B12, 1.4 mg of vitamin B6, 25 ug of vitamin D, and 400 pg of folic acid
(two tabs of nutraceutical /day for 4 months), while control patients were chosen between
those who did not receive any nutraceutical supplementation.

Inclusion criteria: According to the registry of men submitted to scleroembolization,
men with grade II or grade III bilateral and left-side varicocele on physical evaluation after
standing for 5 min [24] were considered potentially eligible for the retrospective study,
which was restricted to patients seeking consultation at the included center.

Exclusion criteria: According to clinical guidelines, men with known causes for male
subfertility other than varicocele, such as cryptorchidism, treated cancer, surgery of the
scrotum and of the genital tract, or hypogonadotropic hypogonadism, were excluded from
varicocele repair. Azoospermic men were also excluded from the study.

This retrospective analysis was restricted to patients preliminary submitted in our
institution to CDU to confirm a bilateral or left-side varicocele by the occurrence of a
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continuous left SVR before undergoing a retrograde or anterograde phlebography of the
internal spermatic vein and scleroembolization. Clinical examination of the genitals, CDU,
and laboratory tests were performed at baseline and at 4 months after the surgical procedure.
In total, data from 86 patients (mean age 30.12 £ 7.21) were collected for the study group
and 20 patients (mean age 26.49 + 5.92) for the control group.

Variables and outcomes: Patients” data at baseline were complete with an anthropo-
metric assessment, including weight, height, and body mass index (BMI). As the usual
clinical practice, blood samples were collected in the early morning for determination of
the follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone (T), and
prolactin. Semen analyses were performed in our institutions according to the WHO cri-
teria (2010) [25], and ejaculates were collected through masturbation in both centers by a
certified seminologist after 3-5 days of sexual abstinence. All participants considered for
the statistical analysis (N = 56) had at least two semen analyses at baseline and at 4 months,
provided that no fever, no genital tract infection, and no major trauma or surgical proce-
dures occurred between the two examinations. As the normal clinical practice, following
the EAU Guidelines [3], if the semen analysis was abnormal according to the WHO criteria,
a second analysis was performed (reporting the result as the mean + SD). The semen
parameters included the total spermatozoa (10°), total sperm motility (%), forward sperm
motility (%), non-forward sperm motility (%), and normal sperm morphology (%).

The primary study outcome was the improvement of sperm quality in terms of number,
motility, and morphology. The secondary outcomes obtained were pregnancy (%) and the
resolution of SVR after repair.

Scrotal ultrasonography: All patients underwent an evaluation with EchoColor-
Doppler both before the intervention and after 3-4 months during the follow-up.

Varicocele repair: The surgical procedure we used to treat varicocele was transcatheter
percutaneous scleroembolization, a radiologic technique [26], in which the access employed
is by the right common femoral vein after local anesthesia or through the basilic vein.

After a limited fluoroscopy to minimize radiation exposure to patients, the spermatic
venous incompetence at its origin from the renal vein was confirmed. The catheter was
inserted in the spermatic vein and the tip placed between the distal internal spermatic
vein and the pampiniform plexus. The reflux in the pampiniform plexus was verified by
fluoroscopy during the Valsalva maneuver, with a wide visualization of the pampiniform
plexus. After protection of the testis by hand pressure on the left pampiniform plexus, we
used from 1 to 3 vials of lauromacrogol 400 (Atossiclerol 3%).

Post-procedure care: As the usual clinical practice, patients were observed for 1 h after
the procedure before discharge. They were advised to rest for 72 h, avoiding Valsalva pres-
sure. After 30 days, the success of the procedure was determined by clinical examination
and CDU recording of a retrograde flow. We deemed that the scleroembolization procedure
was effective if the complete absence of reflux in the spermatic vein was recorded by CDU
in the standing position after varicocelectomy. CDU was repeated after 3 months to confirm
the results.

Statistical analysis: A spreadsheet program was used for data analysis. All continu-
ous variables were examined for normality with the D’ Agostino—Pearson test. Normally
distributed variables were expressed as the mean =+ standard deviation (SD). The t-test
or the Mann-Whitney test was used for comparison as appropriate. Qualitative variables
were expressed as the number and proportions and were compared to the chi-square test or
Fisher’s exact test as appropriate. All the collected variables and outcomes were compared
between the baseline and Ty in a bivariate analysis.

3. Results

Retrospective data were collected from 86 patients relative to the period between 2021
and 2023 in two Sicilian andrological or reproductive centers. The demographic and clinical
characteristics of the included patients are shown in Table 1.
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Table 1. Demographic data of the study patients at baseline.

Parameters Study Group
Age 3012 +7.21
Height (cm) 174.72 + 427
Weight (Kg) 79.69 + 7.77
BMI (Kg/m?) 26.09 £ 2.24
Smoking (%) i7255// ((}r,;s))
Varicocele Dubin (1-3) (%) zggg;/z ((B:g:: ?2);
Anatomic variants (%) 18213;(3;:) ((}r];s))
Bilateral varicocele (%) 4.44%
Left-side varicocele (%) 94.44%
Right-side varicocele (%) 1.11%
Intraoperative adverse events (iAEs) (%) * 1.11%
Coil (%) 5.56%
Glue (%) 37.97%
LH 4.01 £1.40
FSH 446 +2.24
Prolactin 12.34 £+ 16.63
Testosterone (T) 5.22 +3.48
Sperm Total Number (x 10°) 18.03 + 10.59
Sperm Total Motility 1791 £9.29
Forward Motility 12.93 +13.71
Non-Forward Motility 6.84 - 7.31
Immobility 79.12 £ 16.42
Normal Morphology 392 £2.04
Leucocytes < 1 mld (%) 7.78%

Data are reported as n (%) or mean + SD, as appropriate. * iAE: swelling of the inguinal canal, pain, and
of embolism.

The laboratory assessment after 4 months of post-surgical treatment with a nutraceuti-
cal containing Resveratrol and magnesium dihydroxide (trademark Revifast®), vitamin B12,
vitamin B6, vitamin D, and folic acid (two tabs/day for 4 months) showed a statistically
significant improvement in the total sperm count (32.30 + 20.60 x 10%/ejaculate vs. baseline
1803 £+ 1059 x 10°/ejaculate, 91% average increase), total motility
(17.91 4 9.29 x 10°/ejaculate vs. 31.75 + 16.34 x 10°/ejaculate, 75% average increase), and
an increase in normal morphology (p = 0.000000242, 64.6% average increase) (Table 2 and
Figure 2). These results can be compared to retrospective data collected from 20 control
patients with Dubin varicocele II or III who did not receive post-surgical nutraceutical
treatment (baseline demographic data in Supplementary Table S1). Table 3 shows a non-
significant increase in the total sperm count (mean increase 12%, p = 0.43), total sperm
motility (mean increase of 15%, p = 0.43), and normal morphology (mean increase of 15%,
p = 0.39) after 4 months post-scleroembolization. To be noted, these mean increases are
markedly smaller than the significant increases observed in the study group treated with
the Resveratrol-based nutraceutical (Table 2). In the study group, a significant % resolution
of varicocele detected by Doppler post-scleroembolization (95%) was observed, as well
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as an overall spermiogram improvement (82%) and spontaneous pregnancies (16%) at
6 months after scleroembolization (Table 4). The pregnancy rate at 6 months was 16%,
considering the complete study group, but in only 17 patients was this desired, leading
to a 70% pregnancy rate among the desired pregnancy group (Table 4). Compared to the
control patients, the Resveratrol treatment led to a significant number of patients in which
the overall spermiogram improved (82% study group vs. 50% control group, p = 0.00166)
(Table 4).

Table 2. Outcome comparison of the study group at baseline and 4 months.

4 months

Baseline Average
Outcome Study Group (1 = 56) Study Group Increase % P
(n = 56)
Sperm Total 18.03 + 10.59 32.30 + 20.60 91% 0.000011
Number (x10°) ' ' ' . ’ .

Sperm TOtal 17.91 +£9.29 31.75 + 16.34 75% 0.000000296

Motility

Normal 3.92 +2.04 6.45 + 2.80 64.6% 0.000000242
Morphology

Data are reported as the average increase (%) or mean + SD, as appropriate.

60.00
EBTO =4 months
50.00
40.00
p=0.000011
p=0.000000296

30.00 ==

20.00

10.00 p=0.000000242 I

0.00 =

Total Sperm Motility Normal Morphology Sperm Total Number (x10°)
Figure 2. Improvements of the semen parameters at 4 months. Data are reported as the mean =+ SD.

Table 3. Outcome comparison of the control group at baseline and 4 months.

. 4 months
Outcome Baseline Control Grou Average
Control Group (n = 20) P Increase % P
(n=20)
Sperm Total o
Number (><106) 16.45 + 8.38 19.50 £+ 9.81 12% 0.43

Sperm Total 38.00 & 17.85 42.37 £ 16.40 15% 0.43

Motility

Normal 61.69 & 31.73 70.79 = 23.90 15% 0.39
Morphology

Data are reported as the average increase (%) or mean =+ SD, as appropriate.
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Table 4. Improvements (%) and outcomes after scleroembolization and treatment with the nutraceutical.

Outcome (n = 86) (n =20) p
Resolution of varicocele detected by Doppler o o
post-scleroembolization 7 (%) 1 82 (95%) 18 (90%) 0.6926
Improvement of spermiogram 7 (%) 1 70 (82%) 10 (50%) 0.00166
14 (16% on total number) 1 (5% on total)
o/ 2
Spontaneous pregnancy 1 (%) (70%; desired n = 17) (20%; desired n = 5) 0.13230

Data are reported as 1 (%). 1 Outcome evaluated at 4 months. 2 Outcome evaluated at 6 months.

Furthermore, comparing these retrospective results with other trials evaluating the
impact of scleroembolization practice alone at 6 months [7,27], the Resveratrol-based
nutraceutical treatment intervention associated with surgical scleroembolization analyzed
in this retrospective study clearly shows an interesting improvement in terms of sperm
quality and recovery time of normal sperm parameters in just 4 months, so as to justify
further investigation of this association to clinical practice (Table 5).

Table 5. Improvements (%) after scleroembolization at 4 and 6 months.

%Incr (4 Months) %Incr (6 Months) %Incr (6 Months)

0,
Outcome Italiano et al. 2024 D’Andrea et al. 2019 [27] Mancini et al. 2019 [7] A (%)
0 o o —388.2 [27]
Sperm Total Number 91% 479.2% 122.3% —313[7]
Sperm Total Motility 75% - 6.8% +68.2 [7]
Normal Morphology 64.6% 42.9% 59.6% +2+157[%7]

Data are reported as the average increase (%) of the sperm total count, sperm total motility, and normal morphology.
Patients” demographic data [7,27]: Age (years) = 35.0 (30.8-39); left varicocele grade II or III Dubin at physical
examination and a continuous left-side SVR > 3 cm/s at scrotal CDUS, submitted to VR by retrograde internal
spermatic vein embolization. D’Andrea et al. 2019 [27]. Age (years) = 16.6 (13-19); left varicocele grade II or II
Dubin with Tanner stage 3-5. Mancini et al. 2019 [7].

4. Discussion

The impact of varicocele on sperm production and fertility is well known, and many
mechanisms have been proposed to be involved in the pathophysiology. Inflammation,
apoptosis, and oxidative stress all impact the seminal parameters and are all altered by
varicocele. Many recent studies have shown that Resveratrol can impact the seminal
parameters and affect fertility overall.

Indeed, in subfertile men, varicocele is associated with oxidative sperm damage
and sperm DNA fragmentation, which are hypothesized to contribute to subfertility [28].
Treatment with Resveratrol is associated with decreased oxidative stress, inflammation,
and sperm DNA fragmentation [19,20] and thus increases the likelihood of pregnancy and
could be useful in improving the clinical parameters even in patients with more difficult
recovery from surgery.

A recent pilot clinical study showed a significant increase in the number, concentration,
and motility of spermatozoa among idiopathic infertile men [10]. Other studies have
also shown biological benefits of Resveratrol in infertile women undergoing ICSI-IVF
procedures [29], possibly by promoting mitochondrial biogenesis in granulosa cells [30].

Although the exact mechanism of Resveratrol remains to be understood in the sper-
matogenesis process, the possible anti-inflammatory and antiapoptotic effects could surely
impact the seminal parameters. Noteworthy are the mitochondrial effects promoted by
Resveratrol. It has been clearly demonstrated that the mitochondrial membrane potential
and function is strictly related to sperm motility [28], and there is also evidence from other
studies that Resveratrol affects the molecular mechanisms by which calcium signaling



J. Clin. Med. 2024, 13, 2925

8of 11

impacts the functional outcomes in granulosa cell metabolism and mitochondrial biogen-
esis and that these mechanisms may impact follicle maturation [30]. Therefore, we can
assume that Resveratrol may also similarly impact Sertoli cells, which contribute to normal
spermatogenesis, mainly due to their influence on the nutrient supply, maintenance of cell
junctions, and assist in gametic cell mitosis and meiosis.

However, only further preclinical studies will be able to highlight the complexities of
sperm differentiation and how Sertoli cell modulation by Resveratrol may contribute to
promoting healthy spermatogenesis and possibly also correct mitochondrial dysfunction
and a decline in sperm motility during the spermatogenesis process.

All these considerations are interesting, because mitochondria also control many
crucial functions of spermatozoa, providing the energy needed for their motility and
ensuring a minimum concentration of reactive oxygen species, which, in the physiological
range, contribute to sperm maturation, capacitation, and acrosome reaction. On the other
hand, functional or structural dysfunction at the level of sperm mitochondria generates an
overproduction of reactive oxygen with consequent oxidative stress and impaired energy
production, leading to sperm DNA damage, decreased sperm motility, and worsening of
the semen parameters and thus reduced male fertility. These aspects underline the pivotal
role of mitochondria in male fertility [31].

The Resveratrol-based nutraceutical studied in this clinical trial also contained magne-
sium, vitamin D, vitamin B6, vitamin B12, and folic acid, nutraceutical substances that may
have an impact on the semen parameters.

As an example, the literature has reported the positive effects of vitamin B12 on sperm
quality in terms of improved sperm number and sperm motility and reduced sperm DNA
damage [32]. Folic acid is also reported to significantly increase sperm density in patients
with oligospermia or asthenospermia [33]. On the contrary, so far, no statistical correlations
have been found between the amount of seminal plasma vitamin B6 and the seminal
parameters [34]. Moreover, vitamin D is also directly implicated in ameliorating the semen
quality and sperm motility, male reproductive potential, and testosterone levels [35,36].
Probably, this is due to the ability of vitamin D to promote the synthesis of ATP through
the cAMP/PKA pathway [36]. However, to date, the role of vitamin D and other vitamins
in male fertility still remains debated [34,37].

This present pilot retrospective trial shows an overall statistically significant spermiogram
improvement in just 4 months and an increase in the spontaneous pregnancy rate after
scleroembolization, clearly demonstrating the added benefit of a nutraceutical approach
based on Resveratrol and vitamins in clinical practice.

The combined treatment led to a significant average increase in the total sperm number,
total motility, and morphology that was not significant in the control patients. However,
a strict comparison between the study group and control group could not be evaluated,
considering that not all the demographic baseline data were homogeneous (Supplementary
Table S1). It is interesting to note that, if you consider the sperm total number, starting
from comparable baseline values (18.03 £ 10.59 in the study group vs. 16.45 £ 8.38 in
the control group, p = 0.63), only a significant increase was found for the study group
(Tp: 18.03 4= 10.59, Ty4: 32.30 & 20.60, p = 0.000011 vs. To: 16.45 £ 8.38, T4: 19.50 = 9.81 in
the control group, p = 0.43) (Tables 2 and 3).

It is interesting to note that this combined approach allows restoring the semen
parameters in a shorter time with respect to the average time reported as the normal
practice (generally, more than 6 months). Furthermore, in support of this, one can consider
the outcomes obtained in studies evaluating the impact of scleroembolization practice
alone [7,27]. It is important to point out that the seminal parameter values derived from the
work of Mancini [7] and D’ Andrea [27] and used for the comparison were taken at 6 months
from the groups with positive outcomes in scleroembolization practice (disappearance
of left spermatic vein reflux (SVR)), which would therefore reasonably have had better
restoration of the seminal parameters than the groups with a persistent SVR at the scrotal
color-Doppler ultrasound (CDU) after varicocele repair. Therefore, these results clearly
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show the interesting improvement of the seminal parameters at 4 months rather than those
reported in the literature at 6 months [27] and, in some cases, even to a greater extent
(Table 5). In particular, the average increase in the sperm parameters at 4 months from the
present work was interestingly better with respect to the average increase in the sperm
parameters in the works of Mancini [7] and D’Andrea [27] at 6 months in terms of the
sperm total motility (75% increase vs. 6.8% increase; see Table 5) and normal morphology
(64.6% increase vs. 42.9% and 59.6% increases; see Table 5). On the contrary, there is not a
better result in terms of the average increase (%) of the sperm total number (91% increase
vs. 479.2% and 122.3% increases; Table 5).

Moreover, in support of this, the results reported by the EAU Guidelines 2024 [3]
regarding the surgical resolution of varicocele depicted significant improvements in terms
of the pregnancy rates and total sperm count found between T0 and T12 [38] and also
significative differences in sperm motility and normal sperm morphology between scle-
roembolized and untreated patients [39] at 6 or 12 months, showing how time is important
for a complete recovery.

Considering these obtained results, this study may suggest that nutraceutical therapy
based on Resveratrol and vitamins in combination with varicocele repair may have a
positive effect on the sperm quality and recovery time of normal sperm parameters, with a
beneficial effect on the couple’s fertility.

This study, however, does have some limitations. The study is a pilot retrospective
study, meaning it lacks blinding and randomization. A comparison with a small control
group of 20 patients with Dubin II and III varicocele who did not receive any post-surgical
nutraceutical treatment was evaluated; however, it was not possible to effectively compare
all the variables, because not all baseline data were homogeneous between the two groups
(Supplemental Table S1). Changes in the semen parameters were evaluated at 4 months
after varicocele repair, while a second observation time might have been of interest in better
evaluating the recovery of the parameters. Furthermore, a follow-up at 6 months after
varicocele repair to obtain the pregnancy rate might be too short to properly assess the
outcome and could be extended in a future work. Further prospective placebo-controlled
studies could confirm the role of Resveratrol-based nutraceuticals in improving clinical
practice in terms of timing and the extent of recovery of the seminal parameters in men
with clinical varicocele submitted to varicocelectomy and can assess the true extent of this
synergistic approach.

5. Conclusions

A Resveratrol-based nutraceutical therapy combined with surgical scleroembolization
may lead to improved seminal parameters and may reduce the time needed to fully
recover sperm function. The exact mechanisms are still poorly understood; perhaps,
the improvement of oxygenation is due to surgical repair together with the impact of
Resveratrol on cellular metabolism and could create a positive effect in restoring the
physiological process of spermatogenesis. Altogether, these effects may contribute to
reduce the time needed to fully recuperate sperm function, benefiting the fertility potential
of couples.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jecm13102925/s1: Table S1: Control patient’s demographic data
at baseline.

Author Contributions: All authors listed have made a substantial, direct, and intellectual contribution
to the work. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable. The study is considered a retrospective trial,
and the National Code on Clinical Trials has declared that ethics approval is not necessary for real
retrospective studies [40].


https://www.mdpi.com/article/10.3390/jcm13102925/s1
https://www.mdpi.com/article/10.3390/jcm13102925/s1

J. Clin. Med. 2024, 13, 2925 10 of 11

Informed Consent Statement: Patient consent was waived due to due the retrospective study design.

Data Availability Statement: Data supporting the reported results are available upon request. To
request the data, contact the corresponding author of the article.

Conflicts of Interest: The authors declare that this research was conducted in the absence of any
commercial or financial relationships. R.G.I. and G.C. are employees of S&R Farmaceutici S.p.A.

References

1.  Huyghe, E.; Methorst, C.; Faix, A. Varicocéle et infertilité masculine [Varicocele and male infertility]. Prog. Urol. 2023, 33, 624-635.
[CrossRef]

2. Leslie, S.W,; Sajjad, H.; Siref, L.E. Varicocele. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

3. EAU Guidelines. In Proceedings of the EAU Annual Congress, Paris, France, 5-8 April 2024; ISBN 978-94-92671-23-3.

4. Pazir, Y,; Erdem, S,; Cilesiz, N.C.; Kadioglu, A. Determination of the time for improvement in semen parameters after varicocelec-
tomy. Andrologia 2021, 53, €13895. [CrossRef]

5. Cayan, S.; Erdemir, E; Ozbey, L; Turek, PJ.; Kadioglu, A.; Tellaloglu, S. Can varicocelectomy significantly change the way couples
use assisted reproductive technologies? J. Urol. 2002, 167, 1749-1752. [CrossRef]

6.  Salzhauer, EEW,; Sokol, A.; Glassberg, K.I. Paternity after adolescent varicocele repair. Pediatrics 2004, 114, 1631-1633. [CrossRef]
[PubMed]

7.  Mancini, M.; Carrafiello, G.; Melchiorre, E.; Pelliccione, F.; Andreassi, A.; Mantellassi, G.; Ahmed Said, Z.; Pecori Giraldi, E;
Banderali, G.; Folli, F. Early varicocelectomy by percutaneous scleroembolization improves seminiferous tubules spermatozoa
release in the adolescent phase of testicular growth. Andrologia 2019, 51, €13286. [CrossRef] [PubMed]

8. Hajipour, E.; Jalali Mashayekhi, F.; Mosayebi, G.; Baazm, M.; Zendedel, A. Resveratrol decreases apoptosis and NLRP3 complex
expressions in experimental varicocele rat model. Iran. . Basic Med. Sci. 2018, 21, 225-229. [PubMed]

9. Freni, J.; Pallio, G.; Marini, H.R.; Micali, A.; Irrera, N.; Romeo, C.; Puzzolo, D.; Mannino, F; Minutoli, L.; Pirrotta, I.; et al. Positive
Effects of the Nutraceutical Association of Lycopene and Selenium in Experimental Varicocele. Int. |. Mol. Sci. 2023, 24, 13526.
[CrossRef] [PubMed]

10. Iliano, E.; Trama, F.; Zucchi, A.; Iannitti, R.G.; Fioretti, B.; Costantini, E. Resveratrol-Based Multivitamin Supplement Increases
Sperm Concentration and Motility in Idiopathic Male Infertility: A Pilot Clinical Study. J. Clin. Med. 2020, 9, 4017. [CrossRef]
[PubMed]

11.  Simas, ].N.; Mendes, T.B.; Fischer, L.W.; Vendramini, V.; Miraglia, S.M. Resveratrol improves sperm DNA quality and reproductive
capacity in type 1 diabetes. Andrology 2021, 9, 384-399. [CrossRef]

12.  Ferramosca, A.; Lorenzetti, S.; Di Giacomo, M.; Lunetti, P.; Murrieri, F; Capobianco, L.; Dolce, V.; Coppola, L.; Zara, V. Modulation
of Human Sperm Mitochondrial Respiration Efficiency by Plant Polyphenols. Antioxidants 2021, 10, 217. [CrossRef]

13. Bahmanzadeh, M.; Goodarzi, M.T.; Rezaei Farimani, A.; Fathi, N.; Alizadeh, Z. Resveratrol supplementation improves DNA
integrity and sperm parameters in streptozotocin-nicotinamide-induced type 2 diabetic rats. Andrologia 2019, 51, e13313.
[CrossRef] [PubMed]

14.  Alshehri, ES. Resveratrol Ameliorates Vancomycin-Induced Testicular Dysfunction in Male Rats. Medicina 2023, 59, 486. [CrossRef]
[PubMed]

15. Kaeoket, K.; Chanapiwat, P. The Beneficial Effect of Resveratrol on the Quality of Frozen-Thawed Boar Sperm. Animals 2023, 13,
2829. [CrossRef] [PubMed]

16. Pervaiz, S.; Holme, A.L. Resveratrol: Its biologic targets and functional activity. Antioxid. Redox Signal. 2009, 11, 2851-2897.
[CrossRef] [PubMed]

17.  Gusman, J.; Malonne, H.; Atassi, G. A reappraisal of the potential chemopreventive and chemotherapeutic properties of resveratrol.
Carcinogenesis 2001, 22, 1111-1117. [CrossRef]

18.  Mongioi, L.M,; Perelli, S.; Condorelli, R.A.; Barbagallo, F.; Crafa, A.; Cannarella, R.; La Vignera, S.; Calogero, A.E. The Role of
Resveratrol in Human Male Fertility. Molecules 2021, 26, 2495. [CrossRef] [PubMed]

19. Wang, A.W.; Zhang, H.; Ikemoto, I.; Anderson, D.J.; Loughlin, K.R. Reactive oxygen species generation by seminal cells during
cryopreservation. Urology 1997, 49, 921-925. [CrossRef]

20. de Sa Coutinho, D.; Pacheco, M.T; Frozza, R.L.; Bernardi, A. Anti-Inflammatory Effects of Resveratrol: Mechanistic Insights. Int.
J. Mol. Sci. 2018, 19, 1812. [CrossRef] [PubMed]

21. Mendes, T.B; Simas, J.N.; Fischer, L.W.; Paccola, C.C.; de Oliva, S.U.; Vendramini, V.; Miraglia, S.M. Resveratrol benefits on sperm
DNA, chromatin structure and reproductive outcomes of varicocelized rats. Andrologia 2022, 54, e14417. [CrossRef]

22. Park, S.J.; Ahmad, E; Philp, A.; Baar, K,; Williams, T.; Luo, H.; Ke, H.; Rehmann, H.; Taussig, R.; Brown, A.L.; et al. Resveratrol
ameliorates aging-related metabolic phenotypes by inhibiting cAMP phosphodiesterases. Cell 2012, 148, 421-433. [CrossRef]

23. Mendes, T.B.; Paccola, C.C.; de Oliveira Neves, EM.; Simas, ].N.; da Costa Vaz, A.; Cabral, R.E.; Vendramini, V.; Miraglia, S.M.
Resveratrol improves reproductive parameters of adult rats varicocelized in peripuberty. Reproduction 2016, 152, 23-35. [CrossRef]
[PubMed]

24. Dubin, L.; Amelar, R.D. Etiologic factors in 1294 consecutive cases of male infertility. Fertil. Steril. 1971, 22, 469-474. [CrossRef]

[PubMed]


https://doi.org/10.1016/j.purol.2023.09.003
https://doi.org/10.1111/and.13895
https://doi.org/10.1016/S0022-5347(05)65192-0
https://doi.org/10.1542/peds.2003-0625-F
https://www.ncbi.nlm.nih.gov/pubmed/15574626
https://doi.org/10.1111/and.13286
https://www.ncbi.nlm.nih.gov/pubmed/30983022
https://www.ncbi.nlm.nih.gov/pubmed/29456821
https://doi.org/10.3390/ijms241713526
https://www.ncbi.nlm.nih.gov/pubmed/37686330
https://doi.org/10.3390/jcm9124017
https://www.ncbi.nlm.nih.gov/pubmed/33322606
https://doi.org/10.1111/andr.12891
https://doi.org/10.3390/antiox10020217
https://doi.org/10.1111/and.13313
https://www.ncbi.nlm.nih.gov/pubmed/31179568
https://doi.org/10.3390/medicina59030486
https://www.ncbi.nlm.nih.gov/pubmed/36984488
https://doi.org/10.3390/ani13182829
https://www.ncbi.nlm.nih.gov/pubmed/37760229
https://doi.org/10.1089/ars.2008.2412
https://www.ncbi.nlm.nih.gov/pubmed/19432534
https://doi.org/10.1093/carcin/22.8.1111
https://doi.org/10.3390/molecules26092495
https://www.ncbi.nlm.nih.gov/pubmed/33923359
https://doi.org/10.1016/S0090-4295(97)00070-8
https://doi.org/10.3390/ijms19061812
https://www.ncbi.nlm.nih.gov/pubmed/29925765
https://doi.org/10.1111/and.14417
https://doi.org/10.1016/j.cell.2012.01.017
https://doi.org/10.1530/REP-16-0025
https://www.ncbi.nlm.nih.gov/pubmed/27069006
https://doi.org/10.1016/S0015-0282(16)38400-X
https://www.ncbi.nlm.nih.gov/pubmed/4398669

J. Clin. Med. 2024, 13, 2925 11 0f 11

25.

26.

27.

28.

29.

30.

31.
32.
33.

34.

35.

36.

37.

38.

39.

40.

World Health Organization. WHO Manual for the Standardized Investigation and Diagnosis of the Infertile Couple; Cambridge
University Press: Cambridge, UK, 2010.

Halpern, J.; Mittal, S.; Pereira, K.; Bhatia, S.; Ramasamy, R. Percutaneous embolization of varicocele: Technique, indications,
relative contraindications, and complications. Asian J. Androl. 2016, 18, 234-238. [PubMed]

D’Andrea, S.; Barbonetti, A.; Castellini, C.; Nolletti, L.; Martorella, A.; Minaldi, E.; Giordano, A.V.; Carducci, S.; Necozione, S.;
Francavilla, F; et al. Left spermatic vein reflux after varicocele repair predicts pregnancies and live births in subfertile couples. J.
Endocrinol. Investig. 2019, 42, 1215-1221. [CrossRef] [PubMed]

Barbagallo, F.; La Vignera, S.; Cannarella, R.; Aversa, A.; Calogero, A.E.; Condorelli, R.A. Evaluation of Sperm Mitochondrial
Function: A Key Organelle for Sperm Motility. J. Clin. Med. 2020, 9, 363. [CrossRef] [PubMed]

Gerli, S.; Della Morte, C.; Ceccobelli, M.; Mariani, M.; Favilli, A.; Leonardi, L.; Lanti, A.; Iannitti, R.G.; Fioretti, B. Biological
and clinical effects of a resveratrol-based multivitamin supplement on intracytoplasmic sperm injection cycles: A single-center,
randomized controlled trial. J. Matern. Fetal Neonatal Med. 2022, 35, 7640-7648. [CrossRef] [PubMed]

Ragonese, F.; Monarca, L.; De Luca, A.; Mancinelli, L.; Mariani, M.; Corbucci, C.; Gerli, S.; lannitti, R.G.; Leonardi, L.; Fioretti, B.
Resveratrol depolarizes the membrane potential in human granulosa cells and promotes mitochondrial biogenesis. Fertil. Steril.
2021, 115, 1063-1073. [CrossRef] [PubMed]

Moraes, C.R.; Meyers, S. The sperm mitochondrion: Organelle of many functions. Anim. Reprod. Sci. 2018, 194, 71-80. [CrossRef]
Banihani, S.A. Vitamin B12 and Semen Quality. Biomolecules 2017, 7, 42. [CrossRef]

Xie, C.; Ping, P; Ma, Y.; Wu, Z.; Chen, X. Correlation between methylenetetrahydrofolate reductase gene polymorphism and
oligoasthenospermia and the effects of folic acid supplementation on semen quality. Transl. Androl. Urol. 2019, 8, 678-685.
[CrossRef]

Banihani, S.A.; Aljabali, S.M. Seminal plasma vitamin B6 levels in men with asthenozoospermia and men with normal sperm
motility, a measurement using liquid chromatography with tandem mass spectrometry. Andrologia 2020, 52, €13556. [CrossRef]
[PubMed]

Ciccone, LM.; Costa, E.M.; Pariz, ].R.; Teixeira, T.A.; Drevet, ] R.; Gharagozloo, P.; Aitken, R.].; Hallak, J. Serum vitamin D content
is associated with semen parameters and serum testosterone levels in men. Asian J. Androl. 2020, 23, 52-58.

Jueraitetibaike, K.; Ding, Z.; Wang, D.-D.; Peng, L.-P; Jing, J.; Chen, L.; Ge, X.; Qiu, X.-H.; Yao, B. The effect of vitamin D on sperm
motility and the underlying mechanism. Asian J. Androl. 2019, 21, 400—407.

Rudnicka, A.; Adoamnei, E.; Noguera-Velasco, J.A.; Vioque, ].; Caiizares-Herndndez, F; Endiola, J.; Jergensen, N.; Chavarro,
J.E.; Swan, S.H.; Torres-Cantero, A.M. Vitamin D status is not associated with reproductive parameters in young Spanish men.
Andrologia 2020, 8, 323-331. [CrossRef]

Fallara, G.; Capogrosso, P; Pozzi, E.; Belladelli, F.; Corsini, C.; Boeri, L.; Candela, L.; Schifano, N.; Deho, F.; Castiglione, F.; et al.
The Effect of Varicocele Treatment on Fertility in Adults: A Systematic Review and Meta-analysis of Published Prospective Trials.
Eur. Urol. Focus 2023, 9, 154-161. [CrossRef] [PubMed]

Agarwal, A.; Cannarella, R.; Saleh, R.; Boitrelle, F; Giil, M.; Toprak, T.; Salvio, G.; Arafa, M.; Russo, G.I.; Harraz, A.M.; et al.
Impact of Varicocele Repair on Semen Parameters in Infertile Men: A Systematic Review and Meta-Analysis. World |. Men’s Health
2023, 41, 289-310. [CrossRef]

Kirag, ES. Is Ethics Approval Necessary for all Trials? A Clear But Not Certain Process. Mol. Imaging Radionucl. Ther. 2013, 22,
73-75. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(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://www.ncbi.nlm.nih.gov/pubmed/26658060
https://doi.org/10.1007/s40618-019-01042-5
https://www.ncbi.nlm.nih.gov/pubmed/30955179
https://doi.org/10.3390/jcm9020363
https://www.ncbi.nlm.nih.gov/pubmed/32013061
https://doi.org/10.1080/14767058.2021.1958313
https://www.ncbi.nlm.nih.gov/pubmed/34338114
https://doi.org/10.1016/j.fertnstert.2020.08.016
https://www.ncbi.nlm.nih.gov/pubmed/33487442
https://doi.org/10.1016/j.anireprosci.2018.03.024
https://doi.org/10.3390/biom7020042
https://doi.org/10.21037/tau.2019.11.17
https://doi.org/10.1111/and.13556
https://www.ncbi.nlm.nih.gov/pubmed/32129519
https://doi.org/10.1111/andr.12690
https://doi.org/10.1016/j.euf.2022.08.014
https://www.ncbi.nlm.nih.gov/pubmed/36151030
https://doi.org/10.5534/wjmh.220142
https://doi.org/10.4274/Mirt.80664

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

