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Resveratrol-Based Multivitamin Supplement Increases Sperm Concentration and Motility
in Idiopathic Male Infertility: A Pilot Clinical Study

INTRODUZIONE: L'infertilita maschile riflette una varieta di differenti meccanismi patogenetici,
anche se nella maggior parte dei casi, la causa é idiopatica (circa 30%). |l resveratrolo € un
polifenolo che promuove l'attivita mitocondriale grazie a I'attivazione della SIRT1. In diversi modelli
animali il resveratrolo ha mostrato effetti positivi sui mitocondri e sul potenziale di membrana.
Dato che lattivita mitocondriale € importante per la funzionalita spermatica, il resveratrolo
potrebbe essere una molecola utile nel migliorare i parametri seminali.

SCOPO: Valutare gli effetti di GENANTE®, un integratore a base di resveratrolo 150 mg in pazienti
affetti da infertilita idiopatica.

DISEGNO DI STUDIO: Studio pilota prospettico a centro singolo. Venti pazienti hanno assunto
GENANTE® (compressa orale ogni 12 ore), e sono stati seguiti fino a 6 mesi e valutati tramite;
esame clinico, spermiogramma, determinazioni ormonali e ultrasuoni scrotali e prostatici.

RISULTATI: Il trattamento con GENANTE® migliora significativamente i parametri dello
spermiogramma; motilita (48,3% *+ 13,8 contro 59,0% + 12,8, p = 0,0001) e concentrazione
(22,6x106/ml + 9,5 vs. 25,7x106/ml + 8,1, p = 0,0001) dopo 3 e 6 mesi di trattamento.

CONCLUSIONE: | risultati suggeriscono che agire sul processo metabolico ed energetico con un
preparato a base di resveratrolo (GENANTE®) migliora i parametri seminali e puo pertanto
contrastare condizioni di subfertilita/infertilita maschile.
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Abstract: Background. It is known that a multitude of factors may lead to male factor infertility, but
still, in the majority of cases, the cause remains largely idiopathic, reflecting poor understanding of
the basic process of spermatogenesis and the mechanisms involved. Resveratrol is a polyphenol
compound that displays several cellular aspects mainly associated with SIRT1-pathway activation
and promotion of mitochondrial enhancer activities. In several animal models, resveratrol has
shown positive effects on mitochondria and membrane potential. This could explain effects on
sperm concentration and motility. The aim of this study is to evaluate the effects on the semen
parameters of GENANTE®, a multivitamin supplement containing 150 mg of resveratrol/day, in
patients with idiopathic infertility. Methods. This was a prospective single center clinical study.
Twenty patients took a multivitamin supplement based on 150 mg of resveratrol (GENANTE®), in
the form of an oral tablet every 12 h, and were followed up at 1, 3, and 6 months after treatment.
Pre- and post-treatment evaluation included history, clinical examination, semen analysis,
hormonal determinations, and scrotal and prostatic ultrasound. Results. Our preliminary pilot
study demonstrated that the multivitamin supplement based on resveratrol improves sperm
motility (48.3% =+ 13.8 vs. 59.0% + 12.8, p = 0.0001) and concentration (22.6x10¢/m" + 9.5 vs.
25.7x10¢/mL + 8.1, p = 0.0001) after 3 and 6 months of treatment in men with idiopathic infertility.
Conclusion. Our data suggest that targeting the metabolic and energetic pathways involved in
spermatogenesis and mitochondrial activity could lead to potential effects and counteract
subfertility/infertility in men through a mitochondria dynamics mechanism. Trial registration
number: ClinicalTrials.gov registration identifier: NCT03864198, registered on 1 January 2019.

Keywords: resveratrol; male infertility;-mitochondrial activity

1. Introduction

Infertility is defined as the inability to achieve spontaneous pregnancy after at least one year of
regular, unprotected sex [1]. Infertility affects 15-20% of couples [2]. A male factor is estimated to be
present in approximately 50% of cases, with sole responsibility in 30% of cases and a co-contributing
female factor in 20% of cases [3]. Male infertility may include the abnormal semen parameters
(oligozoospermia, asthenozoospermia, teratozoospermia) or a combination of all three (oligo-
astheno-teratozoospermia), or azoospermia [4]. The causes of male infertility can be divided into four
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main areas (endocrine and systemic disorders, primary testicular defects in spermatogenesis, sperm
transport disorders), including idiopathic infertility which affects up to 25% of patients [4]. Idiopathic
male infertility is clinically diagnosed after excluding all other known causes of infertility.

Semen quality has often been used as an indirect measure of male infertility. This includes
examination of sperm count, motility, and morphology. The majority, 80%, of altered parameters
accounting for low sperm concentration are associated with a decrease in sperm motility
(asthenozoospermia) and spermatozoa with normal morphology [5]. Whether there is a deterioration
of semen quantity or quality is controversial [6,7]. However, there seems to be a clear trend toward a
decline in sperm quality in our society [8]. There have been several explanations for this phenomenon.
They include environmental stress, a modern lifestyle, infection, and/or chemicals that may alter the
endocrine system. The result is a steady decline in male reproductive potential [9].

It is also known that in most infertile men who have abnormalities in sperm count, morphology,
and/or motility, there is no identifiable cause [4]. Numerous nutritional [10-14] and medical
interventions (hormonal therapies that modulate the hypothalamic-pituitary-testicular axis) have
been used to treat male idiopathic infertility [2]. However, the management of these patients remains
challenging. This is primarily due to the large numbers of various products and the conflicting
evidence from individual trials. Most of the studies on infertility treatment, both in vitro and in vivo,
have focused on oxidative stress mechanisms [15-17]. The oxidative stress mechanism could cause:
lipid peroxidation, with alteration of membrane fluidity and permeability, which results in a decrease
of sperm motility and in a reduction of sperm interaction with the oocyte; protein modification which
causes a reduction of ATP production; or sperm DNA fragmentation [16].

In particular, the focus has been on increasing seminal antioxidant capacity, reducing the
production of reactive oxygen species (ROS), stabilizing sperm chromatin (through zinc-based
molecules), and inducing sperm capacitation (functional maturation of the spermatozoa). By contrast,
few studies have centered on other mechanisms involved in metabolism, mitochondrial energy, and
metabolism/mitochondrial function, which has recently emerged as one of the important factors in
infertility physiopathology [18,19].

Resveratrol, trans-3,5,4-trihydroxystilbene, is a polyphenol compound present in grapes,
peanuts, berries, and wine [13]. It is a phytoalexin whose biological function is to protect the plant in
case of parasitic attack or environmental stress [14]. Scientific reports have identified a wide variety
of characteristics of this molecule. This includes anti-inflammatory, cardioprotective, anticancer,
antimicrobial, antiaging, and antioxidant effects [20]. Resveratrol is also the most potent natural
compound that activates sirtuin 1 (SIRT 1), the most-conserved mammalian NAD+-dependent
protein, and a member of the family of sirtuins, which may account for its many metabolic benefits
in humans [20].

Recent studies in animal models have demonstrated that resveratrol has a positive effect on the
hypothalamic—pituitary—gonad axis, as well as blood testosterone levels, sperm production, and
sperm motility [21,22]. Furthermore, resveratrol may decrease germ cell apoptosis [18,23]. An animal
study with resveratrol and lycopene in post-thaw bull sperm demonstrated that resveratrol offered
high mitochondrial activity, sperm motility, and DNA integrity [24]. It improved DNA integrity and
sperm parameters in streptozotocin-nicotinamide-induced type 2 diabetic rats [25]. In vitro treatment
with 15uM/mL of resveratrol on human sperm revealed that it has the capability to counteract the
detrimental effects of benzo-a-pyrene exposure on sperm motility, abnormal chromatin compactness,
lipid peroxidation, and mitochondrial superoxide [26]. Resveratrol can protect the quality of the
mitochondria and increase its membrane potential [27], an effect that possibly accounts for the
positive effect on sperm motility and explains the improvement of total and progressive sperm
motility.

Despite these insights, the effect of resveratrol supplementation on male infertility has not yet
been explored.

The aim of this study was to evaluate the effects of a nutraceutical based on resveratrol,
(GENANTES®, a twice-a-day multivitamin supplement containing 150 mg of resveratrol, vitamin D,
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B6, B12, and folic acid) on the semen parameters of patients with idiopathic infertility. The primary
outcome was to evaluate the semen parameters before and after 1, 3, and 6 months of treatment.

2. Material and Methods

This was a prospective single center study. The project was accepted by the local ethics
committee and registered on clinicaltrials.gov (NCT03864198). We included idiopathic infertile male
patients. The inclusion criteria were as follows: age 18-50 years and patients with oligozoospermia
(<5 million spermatozoa/mL) and/or with asthenozoospermia (<32% progressive motile
spermatozoa) e/o in accordance with WHO criteria [28]. The following patients were excluded:
patients with azoospermia; patients who smoked and/or used drugs, or had taken drugs with proven
fertility toxicity; patients with a history of consumption of alcohol; those who were exposed to any
environmental or occupational toxic substances, including radiation, intensive cell-phone use or heat
(patients who claimed to have a mobile phone in their front pocket for at least 5 h, for at least 10
min/h); patients who had epididymitis, epididymo-orchitis or orchitis secondary to mumps, bacterial
infections, or sexually transmitted diseases; patients with a history of cryptorchidism, previous
testicular torsion, genitourinary anomalies, alterations of the epididymis or deferens, and/or inguinal
surgery; patients with hormonal alterations. The reason for exclusion was the causal relationship of
these conditions with the deterioration of fertility [29-31].

The pretreatment evaluation included a patient history; clinical examination; semen analysis;
hormonal determination (follicle-stimulating hormone (FSH), luteinizing hormone (LH), total
testosterone, estradiol, prolactin, and 25-OH-Vitamin D3); a scrotal ultrasound to exclude signs of
obstruction (e.g., dilatation of rete testis, enlarged epididymis with cystic lesions, or absent vas
deferens), signs of testicular dysgenesis (e.g., non-homogeneous testicular architecture and
microcalcifications), or testis tumors; and a prostatic transrectal ultrasound to exclude distal
obstruction and any male accessory gland infection [32,33].

Hormonal assessments were performed in the same laboratory, and their evaluation was based
on reference ranges for normal men provided by the laboratory measuring the samples.

In our laboratory, normal ranges were: prolactin 3.46-19.40 ng/mL; FSH 0.95-11.95 mUI/mL, LH
1.14-8.75 mUI/mL; total testosterone 10-20 years: 18.5-48.3 pg /mL, 20-30 years: 19.5-51.7 pg/mL, 30—
50 years: 16.1-47.9 pg/mL, >50 years 12.1-39.6 pg/mL; estradiol 11-44 pg/mL; 25-OH-Vitamin D3 <20
ng/mL deficiency, 2029 ng/mL insufficient, 30-100 ng/mL sufficient. All assessments were certified
(certified quality system UNI EN ISO 9001:2015).

Laboratory testing of testosterone to determine diurnal variation was carried out with two
morning samples (7.00 a.m. and 11.00 a.m.). Prolactin levels are influenced by several factors, such as
pick-up time (the prolactin secretion has a circadian rhythm, with high levels in the night and low
during the day). However, since it was not possible to do so during sleep, dosage was carried out
during the day, with three samples taken at intervals of 10-30 min. Estradiol, FSH, and LH were
assayed by one sample.

Scrotal and transrectal ultrasounds were performed by the same urologist.

Patients were prescribed a multivitamin supplement (trademark GENANTE®, S&R Farmaceutici
S.p.A. Bastia Italy). It consisted of REVIFAST® (160 mg), trans-resveratrol (102 mg), Vitamin B6 (1.4
mg), Vitamin B 12 (2.5 mg), Vitamin D (25 mcg), and Extrafolate S® (400 mcg). They received an oral
tablet every 12 h, for a total of 2 tablets a day, for a daily consumption of 150 mg of resveratrol.

REVIFAST?® is the trade name of a new ingredient based on resveratrol that is supported by a
magnesium hydroxide matrix at the concentration of 30% w/w [34]. Resveratrol is known to have low
solubility in water and good membrane permeability and accordingly is a class 2 molecule by
pharmaceutical classification, and therefore, it is poorly bioavailable [34]. Furthermore, it is known
to have a fast metabolism that converts it to glucuronide and sulfate compounds.

Extrafolate S® is the biologically active form of folic acid. This allows it to bypass any
polymorphisms of the tetrahydrofolate methylene (MTHFR) gene reductases responsible for reduced
enzyme activity of MTHFR.
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All patients were followed at 1, 3, and 6 months after treatment with Genante© using the same
pretreatment flow chart. Scrotal and transrectal ultrasounds were performed during follow up to rule
out de novo pathologies.

All patients signed an informed consent form explaining the nature of the study and the
possibility of treatment failure.

Statistical Analysis

With the enrolment of 20 patients, p = 0.05, and the use of the X2 test, the study was estimated to
have an 80% power rejection of the null hypothesis that Genante® does not change the seminal
parameters in infertile patients. The power of the study was calculated using PS Power and Sample
Size ver. 3.0, 2009. Continuous variables were presented as median values, and categoric data were
presented as absolute or relative frequencies. Statistical analysis was performed using the Wilcoxon
Signed Rank test to compare the variables, and the x2 test and McNemar test for categorical data. All
calculations were performed using IBM-SPSS® version 22.0 (IBM Corp., Armonk, New York, NY,
USA, 2013). A two-sided p-value < 0.05 was considered significant.

3. Results

Between January 2019 and June 2019, 20 patients, with idiopathic infertility according to WHO
criteria, underwent treatment with Genante® in our tertiary urological center. The demographic and
clinical characteristics of the included patients are shown in. Table 1.

Table 1. The demographic and clinical characteristics of patients.

Patients 20
Age (mean * SD) 30.9 £ 3.28
BMI (mean + SD) 279+14
Married n (%) 10 (50)
Erectile Dysfunction n (%) 0 (0)
Male hyopogonadism n (%) 0 (0)
Oligozoospermia n (%) 0 (0)
Asthenozoospermia n (%) 6 (30)
Teratozoospermia n (%) 7 (35)
Oligoasthenozoospermia n (%) 7 (95)
Oligoteratozoospermia 1 (%) 0 (0)
Asthenoteratozoospermia n (%) 0 (0)
Oligosthenoteratozoospermia 1 (%) 0 (0)
Normal scrotal ultrasound 20 (100)
Normal prostatic transrectal ultrasound 20 (100)
FSH mlU/mL (mean + SD) 4.60+1.3
LH mlU/mL (mean + SD) 3.87+1.8
Total Testosterone nmol/L (mean + SD) 14.89 + 0.3
Estradiol pg/mL (mean + SD) 252+21
Prolactin ng/mL (mean + SD) 11.17+1.9

25-OH-Vitamin D3 ng/mL (mean + SD) 55.8+2.8

FSH: follicle-stimulating hormone. LH: luteinizing hormone.

Half of the patients were married; the other half had stable relationships, but they were not
married. The most frequent sperm abnormality among the included patients was
oligoasthenozoospermia (95%). At pretreatment, all patients had normal transrectal prostatic
ultrasounds and scrotal ultrasounds.

After six months of treatment, the laboratory assessment showed a statistically significant
improvement in total sperm count (41.5 x 10%/ejaculate + 22.1 vs. 48.2 x 10¢/ejaculate + 22.4, p = 0.002),



J. Clin. Med. 2020, 9, 4017

5 of 10

sperm concentration (22.6 x 10¢/mL + 9.5 vs. 25.7105/mL + 8.1, p = 0.0001), total motility (48.3 + % + 13.8
vs. 59.0 + % + 12.8, p = 0.0001), and progressive motility (20% vs. 90%, p = 0.0001) (Table 2 and Figure

1).

The improvement of all the parameters was recorded previously at 1 and 3 months, with a

progressive increase over time (Table 2). Sperm morphology, volume, and PH were not changed after

treatment. The hormonal determinations were rather stable during follow-up (Table 3). The scrotal

and transrectal prostate ultrasounds continued to be in the normal range.
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Figure 1. The laboratory assessment after six months of treatment. Data presented as + SD. Significant

differences between control and treated cells are denoted as * (p <0.05). (A): change in the total number

of spermatozoa in six months. (B): change in the sperm concentration in six months. (C): change in

the total motility (PR+NP) in six months. (D): Change in progressive motility in six months.

Table 2. Semen parameters at baseline 1, 3, and 6 months after recruitment.

Parameters Baseline 1Month 3 Months 6 Months p-Value
Normal Viscosity 1 (%) 20 (100) 20 (100) 20(100) 20 (100) nd
Complete Fludification n (%) 11(100) 11(100) 11(100) 11(100) nd
PH (mean + SD) 81+0.1 8.0+0.3 8.0+0.2 8.0+0.3 0.219
Semen volume (mL, mean + SD) 36+0.7 3.61+£06 3.61+0.5 3.7+£0.5 0.525
Total sperm number (10¢/ejaculate, 415+ 44.4 + .
mean + SD) m1 4 47.7+214 482+224  0.002
1 6
Sperm concentration (10mL, ) ¢\ 95 237192  245:91 25781  0.0001%
mean + SD)
Total motility (PR + NP, % mean + 48.3 + 51.1+ "
SD) 13.8 128 55.7+12.7 59.0+12.8 0.0001
Progressive motility (PR>32% 31 57 353471 402+109 483112 00001
mean + SD)
Sperm morphology (normal
forms%) 14 (66.7) 14 (66.7) 14 (66.7) 14 (66.7) nd

PR: progressive motility. NP: non-progressive motility. nd: not determined * (p < 0.05).
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Table 3. Hormonal evaluation at baseline 1, 3, and 6 months after recruitment.

Parameters Baseline 1 Month 3 Months 6 Months P
Value

FSH mlU/mL (mean + SD) 460+13 462+12 461+15 461+17 0.9

LH mlU/mL (mean + SD) 387+18 3.85+13 387+14 3.88+14 0.87
Total Testosterone nmol/L (mean + 14.89 + 14.84 + 14.82 + 14.87 + 0.9

SD) 0.3 0.7 0.2 0.2

Estradiol pg/mL (mean + SD) 252+21 258+24 255+23 256+2.0 0.86
Prolactin ng/mL (mean + SD) 11597 * 113: * 11;; * 11f29 * 0.9

25-OH-Vitamin D3 ng/mL (mean +
SD)

FSH.: follicle-stimulating hormone. LH: luteinizing hormone.

55.8+2.8 551+22 557+24 554+21 0.9

4. Discussion

Itis known that a multitude of factors may lead to male factor infertility; however, in the majority
of cases, the cause remains largely idiopathic, which reflects a poor understanding of the basic
process of spermatogenesis and the mechanisms involved [19].

Sperm density may be influenced more by many nutraceuticals or micronutrients, such as
vitamin D, B and folic acid, while limited nutrients influence sperm motility. Folic acid is known to
increase sperm density significantly following three months of folic acid supplementation to patients
with oligospermia or asthenospermia [35]. By contrast, no statistical correlations were found between
seminal plasma vitamin B6 level and sperm motility, sperm count, or semen volume [36]. Folate and
B12 are not correlated with any semen parameters [37] but are known to modulate homocysteine.
Vitamin D demonstrates a direct and positive relationship between serum vitamin D level and overall
semen quality, male reproductive potential, and testosterone levels [38] and may enhance sperm
motility by promoting the synthesis of ATP through the cAMP/PKA pathway [39]. However, in the
literature, controversial data exist regarding vitamin D status and reproductive parameters [40], and
thus, the role of vitamin D in male fertility is still debated.

Our study shows that a resveratrol-based multivitamin treatment increases the concentration of
sperm cells and motility, which suggests an improvement in both the spermatogenesis process and
fertilization potential. The process of spermatogenesis comprises the differentiation of the primordial
germ cells into spermatogonia, followed by the production of primary and secondary spermatocytes,
spermatids, and ultimately highly specialized mature spermatozoa [41]. Sertoli cells (S5Cs) play a key
role in spermatogenesis by providing the essential physical support for developing germ cells and
ensuring that they have the appropriate nutrients, energy sources, hormones, and growth factors.

In fact, spermatogenesis is highly dependent on energy metabolism [42] and glycolytic
metabolism, as the lactate produced by the Sertoli cells is the major substrate of germ cells [43]. The
mitochondria of the isolated germ cells produce ATP potentially, at close to a maximal rate.
Spermatogenesis, therefore, may be extremely sensitive to compounds which interfere with
mitochondrial energy metabolism and respiratory control. Any alteration in the regulation of these
cells’ metabolic behavior may compromise the normal development of spermatogenesis and,
consequently, male fertility [42,43]. It has been proposed that mitochondria also play a role in this
degenerative process of the sperm, thereby assuring that good quality meiotic products enter the
process of spermatogenesis to yield quality mature sperm [19]. Interestingly, resveratrol was
demonstrated to increase the mitochondrial number (mitogenesis) and activity (ATP concentration)
in several cell types, such as muscle cells [20] and granulosa cells [44]. Resveratrol improves
mitochondrial function by activating sirtuin 1 (SIRT1) [20]. SIRT 1 is related to multiple age-
associated diseases due to its capacity to deacetylate histones and non-histone proteins, such as tumor
protein p53 (p53), kB-gene binding nuclear factor (NF-«xB), heat shock factor 1 (HSF1), forkhead box
transcription factor, class O (FOXOs), and peroxisome proliferator-activated receptor y (PPARY)
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coactivator-1 (PGC-1). Thus, it can regulate the cell’s biology, metabolism, and fate at various levels
[45]. Therefore, sirtuins play an important role in a broad spectrum of biological processes. Their
regulation of glycolytic metabolism and mitochondrial energy metabolism-respiratory control not
only increases their physiological relevance to the testicular environment [46]; however, it also
suggests that these metabolisms control sperm functionality and thus male reproductive health.
Further studies are required to conclusively demonstrate if this effect on males occurs in male gamete
cells during resveratrol treatment and if it is dependent on the SIRT-1 pathway.

Mitochondrial activity is also critical for mature sperm cells as it is correlated with sperm
motility, an important factor for the penetration of the cumulus cells and zona pellucida of the oocyte
[23]. In mature sperm, mitochondria cover the axosome and the associated dense fibers of the
midpiece, via oxidative phosphorylation (OXPHOS), which increases the production of adenosine
triphosphate (ATP) [18]. The inner mitochondrial membrane includes several complexes (electron
transfer chain, ETC), which transport electrons derived from the oxidation of dihydroflavine-adenine
dinucleotide (FADH2) and the nicotinamide adenine dinucleotide (NADH). In this process, an
osmotic proton gradient is generated across the inner mitochondrial membrane and is subsequently
used by the ATP synthase to phosphorylate adenosine diphosphate (ADP) to ATP. OXPHOS-derived
ATP seems to be important for sperm motility [18]. The expression of several sperm mitochondrial
proteins, including ETC complexes [47], may be altered in asthenozoospermic patients [23,48]. Many
different ETC inhibitors have been shown to negatively affect sperm motility [49], both in humans
[49,50] and in engineered mice [51]. Interestingly, there is a strong correlation with inner
mitochondrial membrane potential (DP) and spermatic motility. In this context, the increase of
motility observed in our study due to resveratrol treatment may be associated with this incremented
mitochondrial membrane potential and metabolic activity. Mitochondria, in the mid-piece of mature
mammalian spermatozoon, are fundamental for the creation of energy which is useful for sperm
movement [19], and mtDNA genetic defects may compromise sperm physiology, and, in particular,
motility [19]. Multiple mtDNA rearrangements are associated with decreased sperm motility [52]. In
addition, the reduction of energy production may induce meiotic arrest during spermatogenesis [19].

It is unlikely that this is an increase in the expected number of mitochondria as the number of
mitochondria is highly dependent on the neck volume of sperm cells. The beneficial effect of
resveratrol agrees with the inverse correlation of mtDNA; in fact, mtDNA would be advantageous to
developing spermatozoa [19], but not in mature sperm cells. Oligozoospermic and
asthenozoospermic men have sperm containing significantly elevated levels of mtDNA [53],
prompting the hypothesis of an optimal threshold for spermatozoa. Since the energy metabolism is
important in both spermatogenesis and oxidative phosphorylation, it has been suggested as a
determinant of sperm motility and functionality.

We are aware that this study may have some limitations. One is related to its small sample size
and study design as a prospective clinical study. The second is the lack of evaluation of the impact of
redox status in the effects observed since mitochondrial ETC promotes the production of ROS [18].
Balanced ROS levels are required for sperm motility, capacitation, the acrosome reaction,
hyperactivation, and fertilization ability [27], so we can assume that ROS levels are inside of
physiological range; however, further studies will be able to address the specific role of ROS in
resveratrol’s effects in promoting a better spermatic performance. The strengths of our study include
the use of a supplement with a highly bioavailable form of resveratrol (REVIFAST™) with an
increased pharmacokinetic profile [34]. It can bridge the gap between the interesting in vitro effects
that are otherwise not possible in vivo.

5. Conclusions

In conclusion, GENANTE® improves the concentration and motility of sperm in idiopathic male
infertility. This study also confirms that, taken together, the possibility of targeting the metabolic and
energetic mechanisms involved in spermatogenesis and sperm motility with a promising molecule
such as resveratrol could provide clinical benefits. However, a deeper understanding of the specific
mechanisms involved is essential and further studies are needed to confirm our hypothesis.
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Abbreviations
ADP phosphorylate adenosine diphosphate
ATP production of adenosine triphosphate
DP mitochondrial membrane potential
ETC electron transfer chain

FADH2  dihydroflavine-adenine dinucleotide
FOXOs forkhead box transcription factor, class O

FSH follicle-stimulating hormone
HSF1 heat shock factor 1
LH luteinizing hormone

MTHFR  polymorphisms of the tetrahydrofolate methylene
NADH nicotinamide adenine dinucleotide

NF-kB kB gene binding nuclear factor

OXPHOS oxidative phosphorylation

PPARYy peroxisome proliferator-activated receptor y
SIRT1 sirtuin 1
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ABSTRACT

Background: Resveratrol display’s positive effects on follicle growth and development in pre-
clinical studies while there is scantly information from clinical trials. The aim of this study was to
evaluate the biological and clinical impact of a resveratrol-based multivitamin supplement on
intracytoplasmatic sperm injection (ICSI) cycles.

Methods: A randomized, single-center controlled trial conducted at the University Center of
Assisted Reproductive Technologies involving 101 women infertile women undergoing ICSI
cycles was conducted. A pretreatment with a daily resveratrol based nutraceutical was adminis-
tered to the Study Group; Control Group received folic acid. The primary outcomes were the
number of developed mature follicles (>16 mm), total oocytes and MIl oocytes recovered, the
fertilization rate and the number of cleavage embryos/blastocysts obtained. Secondary end-
points were the duration and dosage of gonadotropins, the number of embryos for transfer,
implantation, biochemical, clinical pregnancy rates, live birth and miscarriage rates.

Results: A significantly higher number of oocytes and MIl oocytes were retrieved in the Study
Group than in Control Group (p=.03 and p=.04, respectively). A higher fertilization rate
(p=.004), more cleavage embryos/patient (p=.01), blastocytes/patients (p=.01) and cryopre-
served embryos (p=.03) were obtained in the Study Group. No significant differences in bio-
chemical or clinical pregnancy, live birth, and miscarriage rates were revealed, but a trend to a
higher live birth rate was revealed in the Study Group.

Conclusions: A 3 months period of dietary supplementation with a resveratrol-based multivita-
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min nutraceutical leads to better biological effects on ICSI cycles.
Trial registration number: ClinicalTrials.gov registration identifier: NCT04386499

Introduction

In recent years, the demand for assisted reproductive
technologies (ART) is constantly increasing, with more
women encountering challenges with fertility. The
reproductive capacity of the couple declines with age
[1] and female aging is known to be associated with
an impairment of the ART procedure’s outcome, with
a worsening of number and quality of oocytes, a
reduced embryo quality and an increased incidence
of miscarriages and embryo aneuploidy [2].
Chromosomal abnormalities depend on spindle
instability, telomere shortening, chromosome misalign-
ment, and mitochondrial dysfunction [3,4]. The mech-
anism of oocyte aneuploidy is not proven, but an

energy-dependent mechanism is supposed to play a
major role in oocyte development [5]. The production
of energy for the metabolic requirements of the
oocyte is provided solely by mitochondria and the
oocyte has the largest number of mitochondria and
mitochondrial DNA (mtDNA) copies of any cell [6].
During its maturation, the number and functionality of
mitochondria increases rapidly, to prepare for the
energy expenditure associated with the early stages of
embryonic development [7]. Aged and unfertilized
oocytes are frequently associated with loss of mito-
chondrial function, mainly due to mtDNA mutations
and deletions [8].

The energy metabolism and production of adeno-
sine  triphosphate (ATP) occurs through the
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mitochondrial respiratory chain and this is a require-
ment at various stages of female gametogenesis [9].
ATP production in the follicle is impaired in older
women and it has been demonstrated that embryo
implantation potential is correlated with the ATP con-
tent of the embryo [5]. Granulosa cells (GC) have a
critical role in regulating ovarian development and
function by cross-talk signaling and crucial energetic
support for the oocyte [10].

In a recent research, we showed that resveratrol, a
natural polyphenolic compound, detected in a variety
of plants, foods, and drinks, such as grapes, nuts, cran-
berries, and red wine, stimulates mitochondrial num-
ber (mitochondrial biogenesis) in GC and increase
intracellular ATP levels [11] probably through the
expression of the Silent Information Regulator 1
(SIRT1), the mammalian homolog of Sir2 (Silent infor-
mation regulator 2) in yeast, a NAD-dependent deace-
tylase sirtuin [12]. All these mechanisms are reflected
in better resistance to apoptosis and increased energy
availability [13]. Resveratrol also modifies the electro-
physiological properties by promoting resting mem-
brane depolarization associated to the ultra-rapidly
activating, slowly inactivating potassium current (IKur)
currents reduction in h-GCs [11]. A vital interplay
between oocytes and their associated GC occurs dur-
ing follicular growth from the arrested primordial fol-
licle stage to the ovulatory stage [14,15]. It is well
established that oocyte development is highly
dependent on molecular interactions with somatic
cells [16], which provide the oocyte with nutrients
that sustain basal metabolic activity and signals that
regulate its differentiation [17]. Thus, resveratrol may
also improve ovarian functioning and oocyte develop-
ment via energy metabolism crosstalk between GCs
and the oocyte, opening the possibility for treatment
of infertile women undergoing ART cycles [18,19]. A
protection against the reduction of fertility with aging
in mice has been already indicated: long-term-oral
administration of resveratrol improves healthy follicle
number, telomere length, and telomerase activity, as
well as oocyte quantity and quality [4,20]. We also
reported that a resveratrol-based multivitamin supple-
ment enhances spermatic parameters in men affected
by idiopathic infertility [21,22]. Effects of resveratrol on
human oocytes maturation, fertilization, and embryo
development can be studied only during ART proce-
dures; however, no specific trial has been yet con-
ducted reporting this information. We, therefore,
designed a randomized trial, with the aim to evaluate
the biological and clinical effects of a resveratrol-

based multivitamin supplement in women undergoing
intracytoplasmatic sperm injection (ICSI) cycles.

Materials and methods
Study design

This randomized, single-blind, controlled, single-center,
experimental study was performed at the Center of
Assisted Reproductive Technologies, University of
Perugia, Perugia, Italy, from January 2019 to March
2020. The study design was in accordance with the
Helsinki Declaration, conforms to the Committee on
Publication Ethics (COPE) guidelines. The study proto-
col was approved by the local Ethical Committee and
that of the Aziende Sanitarie della Regione Umbria
(n.15188/18/AV) on 20 December 2018 and retrospect-
ively registered in the ClinicalTrials.gov Protocol
Registration System (identifier: NCT04386499). The
study was conducted according to the CONSORT
guidelines [23]. All participating patients signed an
approved informed consent.

We enrolled patients diagnosed with infertility with
the following inclusion criteria: aged 18-42 years, body
mass index (BMI) 18-30 kg/mz, normal thyroid function
and normal blood parameters, regular uterine cavity
evaluated by hysterosalpingography or hysteroscopy.

Women were excluded if they had one of the fol-
lowing conditions: couples with severe male factor,
women with primary or secondary ovarian failure or
who adhered to the Bologna criteria [24], which meant
to satisfy at least two of the following features:
advanced maternal age (> 40years), a previous poor
ovarian response (<3 oocytes with a conventional
stimulation protocol), an abnormal ovarian reserve test
(antral follicle count <7 or anti-Mullerian hormone
<1.1 ng/mL); patients with inaccessible ovaries, ovarian
cyst >20 mm, sactosalpinx, heterologous fertilization,
significant systemic disease or other situations unsuit-
able for ovarian stimulation.

Randomization

All patients were randomized for no treatment
(Control Group) and for treatment with resveratrol
(Study Group) with a 1:1 ratio, via a sealed envelope
with random numbers generated by a computer. The
principal investigator generated the random allocation,
enrolled patients and assigned patients to interven-
tion. Participants were not blinded to the group
assignment. The physicians and embryologists
involved in the oocyte retrieval and embryo transfer



were blinded to the group assignments of the partici-
pants in the trial.

Intervention

Folic acid 400pg/day was orally delivered to the
Control Group patients while the Study Group
received a nutraceutical (2 daily capsules) containing a
formulation of sustained resveratrol (Resv@MDH,
trademark Revifast® [25,26] and pure resveratrol for a
total resveratrol amount of 150mg), folic acid
(400 mcg), vitamin D (25 mcg), vitamin B12 (2.5 mcg),
and vitamin B6 (1.4mg) (GENANTE™, S&R
Farmaceutici, Bastia Umbra PG, Italy). Both treatments
were started 3 months before the initiation of ovarian
stimulation for ICSI procedures and were maintained
until the oocyte pick-up.

Ovarian stimulation was carried out using a GnRH
antagonist protocol. Gonadotropins, human highly
purified FSH (Fostimon®, IBSA, Lugano, Switzerland),
human FSH and LH (Meropur®, Ferring Italia, Milano,
Italy) from menstrual cycle day 2 or 3, with a daily
dose ranging from 150 to 375 Ul, were administered.
Type and dosage of gonadotropins were decided
according to endocrinological patient’s features, ovar-
ian reserve, and results of previous attempts. From
day 5, determinations of estradiol (E2) and progester-
one (P) levels with follicular ultrasound monitoring
were conducted to evaluate the ovarian response and
follicular development. According to this, gonadotro-
pins dose was daily adjusted.

Oocyte maturation was induced with 10,000 Ul of
human chorionic gonadotropin (hCG) (Gonasi HP®,
IBSA, Lugano, Switzerland) when at least two domin-
ant follicles of 18 mm were found. Patients with more
than eight follicles with a diameter >16 mm were
administered a subcutaneous (SC) injection with nee-
dle and syringe of 02mg of GnRH agonist
(Decapeptyl, Ferring ltaly, Milano, Italy) to reduce the
risk of ovarian hyperstimulation syndrome (OHSS). In
these cases, a segmental approach with a “freeze all”
strategy and a delayed transfer was planned.
Transvaginal ultrasound-guided follicle aspiration was
performed 34-36 h after trigger.

The maturation status of the oocytes was recorded
according to ESHRE 2012 guidelines [27]. A high-
quality oocyte, metaphase Il (MIl), was defined as a
round, normal-sized oocyte with one regular polar
body in the perivitelline space, homogeneous ooplasm
without irregularities, and appropriate thickness of the
zona pellucida [27]. The standard ICSI procedure was
performed using ejaculated sperm from male partner.
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All embryos were evaluated starting on day 2 and
at the following days according to published criteria
[28]: Veeck grades A, B, C, or D. Luteal phase was sup-
ported with 50 mg/day of natural, intramuscular pro-
gesterone (Prontogest®, IBSA, Lugano, Switzerland) or
800 mg/day micronized progesterone (Progeffik®, Effik
Italia, Milano, Italy) and maintained until the day of
hCG measurement (14 days after embryo transfer) or
the evidence of a clinical pregnancy, in case of posi-
tive result. Embryo-transfer was performed between
days 3 and 5 following the oocyte pick-up depending
on the patient and embryo characteristics. In older
women with one or two developing embryos and in
women with difficulty to develop a blastocyst demon-
strated in a previous attempt, a day 3 transfer was
preferred. In all other cases, a day 5 transfer was per-
formed. Only embryo-transfer from fresh cycles were
considered. Beta hCG was done for the detection of
pregnancy. Clinical pregnancy was established by the
presence of a gestational sac, an embryo pole and
heart activity by transvaginal ultrasound examination.

Primary and secondary outcomes

Primary outcomes were the number of developed
mature follicles (>16 mm), total oocytes, MIl oocytes
recovered, fertilization rate, number of cleavage
embryos/blastocysts obtained, and the number of
available embryos for cryopreservation. Secondary out-
comes were duration and dosage of gonadotropins,
number of embryos per transfer, implantation, bio-
chemical, clinical pregnancy rates, live birth rate and
miscarriage rate.

Statistical analysis

A minimum number of subjects calculation (https://
clincalc.com/stats/SampleSize.aspx) was performed
with a level of 0.05, our sample size yielded sufficient
power to detect at least a 20% difference between
groups in the primary outcome with over 80% power
(=0.2) and an estimated variability of parameter
with SD of <30%. Reproductive outcomes were com-
pared between the Resveratrol treated group (Study
Group) and Control group with a post hoc calculation
analysis. To evaluate differences between nonparamet-
ric variables which are expressed as frequencies and
percentages, we used Chi-square with Yates' correc-
tion factor. Reproductive outcomes were compared
between the Study group and Control group. An
intention-to-treat analysis (ITT) of clinical results on
the whole allocated population was performed. The
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[ Enrollment ]

Assessed for eligibility (n=111)

Excluded (n=12)
+ Not meeting inclusion criteria (n=11)

»| + Declined to participate (n=1)

Randomized (n=99)

!

, [

Allocation ]

Resveratrol Group
Allocated to intervention (n=49)
+ Received allocated intervention (n=44)
+ Did not receive allocated intervention (give
reasons) (n=5)*

Control Group
Allocated to intervention (n=50)
+ Received allocated intervention (n=50)
+ Did not receive allocated intervention (give
reasons) (n=0)*

l [

Follow-Up ]

.

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=4)**

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

[ Analysis ]

A

Analysed (n=40)
+ Excluded from analysis (give reasons) (n=0)

* lost after allocation

** discontinued the treatment before ovarian stimulation

Analysed (n=50)
+ Excluded from analysis (give reasons) (n=0)

Figure 1. CONSORT flow diagram. Diagram depicts patient enrollment, allocation to different groups (Control and Study Group),

follow-up, and analysis.

analyses included also all randomized and exposed
women, except for the analyses of fertilization, cleav-
age embryos, blastocytes, and cryopreserved embryos
which are based on patients with at least one oocyte
retrieved following ICSI procedure. Analyses were per-
formed using Origin 61version. Statistical significance
was defined as a two-sided p value of <.05 and are
presented as mean xstandard error (SE). Student’s t-
test was used for normally or near-normally distrib-
uted data.

Results

A total of 111 patients were initially considered eli-
gible for the study. Twelve patients were excluded
due to the presence of exclusion criteria (severe male
factor or patients who adhered to Bologna criteria)and
99 were randomized. Forty-nine patients were allo-
cated in the Study Group, while 50 in the Control
Group. In total, five women were lost after allocation
and four patients discontinued the pretreatment
before starting the ovarian stimulation (all in the

Study Group) (Figure 1). No statistical differences were
found in the general characteristics of the patients,
likewise the two groups were not significantly differ-
ent even considering the different ovarian stimulation
protocol, where preparations with FSH-only or human
menopausal gonadotropins were used (Table 1).

Table 2 shows the outcomes of ovarian stimulation
for both Groups. A not statistically significant longer
stimulation was required for the Study Group (p =.06).
There were no statistically significant differences in the
total gonadotropins dosage used in the ovarian stimu-
lation protocol. At the end of the hormonal treatment
a trend to a higher number of leading follicles was
shown in the Study Group (p=.13), with a significant
increase of retrieved oocytes (p=.03) and MII oocytes
(p=.04) in the Study group compared to the control
group were found. A higher fertilization rate (p =.004),
significantly more cleavage embryos, blastocysts
(p =.01) were obtained and more embryos were cryo-
preserved (p =.03) for patient in the Study Group than
in the Control Group. The two groups were similar
regarding implantation, biochemical, clinical



Table 1. Patient demographic data, ovarian reserve and
stimulation characteristics in the Control and Study groups.

Control Study Group
Group (+ SE) (£SE) p

Patients (n.) 50 40
Age (n.) 36.6+0.6 36.1+£0.6 .62
BMI (kg/m?) 220+0.6 23.6+0.7 .07
AMH (ng/mL) 28+03 34+04 .36
AFC (n) 10.8+0.8 11.4+038 24
Basal FSH (mIU/mL) 76+04 79+04 .66
Type of gonadotropin

h-HP-FSH / r-FSH 27 (54%) 23 (57%) 74

FSH + LH (n) (%) 23 (46%) 17 (43%)

Values are expressed as mean+ SE or numbers. BMI: Body Mass Index;
AMH: anti-Mullerian hormone; AFC: antral follicle count; FSH: follicle stim-
ulating hormone; h-HP FSH: human highly purified follicle-stimulating
hormone; r-FSH: recombinant follicle-stimulating hormone, LH: luteiniz-
ing hormone.

Table 2. Gonadotropins, follicles and oocytes in the Control
and Study groups.

Control Group Study Group

(n=150) (n=40) p
Days of stimulation 10.5+£0.2 11.2£0.3 .06
Gonadotropins (IU) 2693.4+1414 24806+131.6 .27
Estradiol levels at the day of 2790.3+567.3  2272.8+3786 47
hCG (pg/mL)
Number of follicles 94+0.6 10.9+0.8 A3
(>16 mm)
Oocytes retrieved 7.1+£04 8.7+0.7 .03
Ratio follicles/ oocytes retrieved 0.77 £0.02 0.82+0.03 24
MII oocytes 49+04 6.4+0.6 .04

Values are expressed as mean + SE.

pregnancy rate, live birth, and miscarriage rate. A
trend to a higher live birth rate was revealed in the
Study Group. No adverse secondary effects for the
pretreatment protocol or severe OHSS were observed
in any of the two groups, but a trend in the reduction
of delayed transfer (due to a “freeze all” strategy to
prevent OHSS) (2.6% versus 10.6%) was observed in
the Study Group (Table 3).

Discussion

This study demonstrated that a pretreatment with a
resveratrol based multivitamin dietary supplement is
able to provide better biological effects in ICSI proce-
dures. The group of patients who received this supple-
mentation developed a higher number of oocytes,
more mature oocytes, with a higher fertilization rate.
A higher number of cleavage embryos and blastocysts
were also obtained leading to more cryopreserved
embryos. Probably due to the small sample size, no
significant differences in clinical data (biochemical,
clinical pregnancy, live birth, and miscarriage rate)
were revealed in the two study groups; however, we
could expect a greater cumulative pregnancy rate in
the Study Group. Results reported in our study have
been achieved with the association of a 3 month
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pretreatment with resveratrol to the ovarian stimula-
tion protocol. This pretreatment period of 3 months
was based on the average duration of oogenesis in
which oocytes go through the early stages of matur-
ation in the ovary [29]. These results were similar to
those obtained in an in vitro maturation (IVM) study,
showing that resveratrol, at 1.0 um in culture medium,
significantly enhanced oocyte maturation and fertiliza-
tion as well as the formation of blastocysts in mice
[30]. There are many beneficial effects of resveratrol
on humans, including antiaging, antioxidant, anti-
inflammatory, insulin-sensitizing, cardioprotective, vas-
odilating, and anti-neoplastic  properties  [31].
Important emerging evidence in human reproduction
indicate that resveratrol has potential positive effects
in older women, PCOS, endometriosis, and uterine fib-
roids [32], but no reports have been published regard-
ing the effects of resveratrol on oocytes and embryos,
with clinical results, during ART procedures.

Only two very recent studies have been published
until today evaluating effects of resveratrol on follicles,
oocytes and embryos in humans, but they are not
comparable with our analysis [19,33]. Ochiai et al. eval-
uated the impact of resveratrol supplementation on
pregnancy outcomes in ET cycles, fresh or vitrified-
warmed. Data on the effects of resveratrol on ovarian
response after stimulation for oocyte retrieval were
not collected, as only results regarding the effect on
ET have been reported [19]. The outcome showed that
resveratrol supplementation was strongly associated
with a decrease in clinical pregnancy rate. In that
study resveratrol was continued during the luteal
phase of the treated cycle and the negative effect was
probably due to adverse effects on decidualization of
the endometrium, caused by the resveratrol-induced
suppression of decidual senescence and deacetylation
of significant genes for decidualization [19]. The same
group also analyzed the effects of resveratrol in pri-
mary culture of human endometrial stromal cells dem-
onstrating its interference with the reprogramming of
the retinoic acid signaling pathway and remodeling of
the endometrium [34]. It is well known that decidual
change in the endometrium may cause implantation
failure and recurrent miscarriage [35]. Considering that
the half-life of resveratrol is 9-10h [36], as affirmed by
Ochiai et al. [19] it is sufficient to administer resvera-
trol before and during ovarian stimulation, and to dis-
continue the intake at the day of oocyte pick up to
avoid adverse effects on endometrium. In our trial,
resveratrol was given exactly during that period of
time and this could explain the different clinical results
obtained. However, further clinical studies are required
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Table 3. Embryos and pregnancies in the Control and Study groups.

Control Group

Study Group

(n=50) (n=40) p
Fertilization rate 64.6% (210/325) 75.4% (230/305) .004
Fertilized oocytes/patient 44404 57+04 .01
Cleavage rate 94.1% (208/210) 96.5% (222/230) .08
Cleavage embryos/patient 42+04 57+04 .01
Blastocysts/patient 2.3+0.3 (89/38) 3.5+0.3 (104/30) .01
Transferred embryos/patient 1.8+0.1 1.9+0.1 3
Embryos transferred day 3 39% (31/79) 27% (20/74) 1
Embryos transferred day 5 61% (48/79) 73% (54/74) b
Cryopreserved embryos/patient 1.1+£0.21 1.5+03 .03
Implantation rate 25.3% (20/79) 24.3% (18/74) .96
Biochemical pregnancy rate (BPR) 42.8% (18/42) 43.2% (16/37) .84
BPR (transfer day 3) 40.0% (6/15) 44.4% (4/9) .83
BPR (transfer day 5) 44.4% (12/27) 42.9% (12/28) 9
Clinical pregnancy rate (CPR) 40.5% (17/42) 37.8% (14/37) .99
Clinical pregnancy rate (CPR) 34.0% (17/50) 28.6% (14/49) .56
CPR (transfer day 3) 33.3% (5/15) 33.3% (3/9) .99
CPR ( transfer day 5) 44.4% (12/27) 39.3% (11/28) .70
Live birth rate (LPR) 30.9 % (13/42) 35.1 % (13/37) .87
Live birth rate (LBR)® 26.0 % (13/50) 26.5 % (13/49) .95
LBR (transfer day 3) 13.3% (2/15) 22.2% (2/9) 57
LBR (transfer day 5) 40.7% (11/27) 39.3% (11/28) 91
Delayed transfer rate 10.6% (5/47) 2.6% (1/38) 31
Delayed transfer rate® 10.0% (5/50) 2.0% (1/49) A
Miscarriage rate 23.5% (4/17) 21.4% (3/14) 77
Miscarriage rate® 8.0% (4/50) 6.1% (3/49) 71

Values are expressed as mean + SE or percentages (numbers in parenthesis).

*The statistical analysis was made on the intent-to-treat (ITT) population (Ctrl = 50 and Study Group = 49, for details see

Figure 1).

to establish optimal doses and periods of resveratrol
intake while preventing adverse effects on implant-
ation, and pregnancy as also suggested in a recent
review [37].

The second clinical trial conducted by Bahramrezaie
et al. determined the effect of resveratrol on the
angiogenesis pathway specifically on the expression of
VEGF and hypoxia-inducible factor (HIF) 1 genes in GC
of PCOS patients who underwent an ART treatment
[33]. According to the results, significant higher rates
of  high-quality oocytes (81.93+£10.81  versus
69.13+18.71; p .002) and high-quality embryos
(89.80+11.53 wversus 78.83+23.04; p .024) were
obtained in the resveratrol group [33].

Several hypotheses coming from basic research
could explain the positive effects of resveratrol on
oocytes. In regard of the oocyte aging, indeed, recent
studies demonstrated that resveratrol effects GCs and,
moreover, the ovarian physiology. Specifically, resvera-
trol induces GCs proliferation through activation of
the PI3K pathway and promotes primordial follicle
activation [38]. Compared to untreated tissues, a
higher proportion of growing follicles has been
reported after human ovarian tissue are cultured in
the presence of resveratrol [38,39]. The activation of
SIRT1 would be a key therapeutic action needed to
ameliorate oocyte competence in oxidative stress-
mediated ovarian aging [40,41]. Resveratrol is a natural

activator of sirtuins able to upregulate the production
of SIRT1 in response to oxidative stress [42] and,
therefore, its administration may compensate for the
physiologic decrease of SIRT1 expression in aged
oocytes. In vitro studies showed that resveratrol
decreases DNA damage, indeed is clearly evident that
its addition in culture may have beneficial effects on
the ovarian tissue because DNA damage was only
15.2% in those follicles cultured in 2uM resveratrol
versus 55.2% in not enriched culture medium [43].
Regarding animals, in aged mice resveratrol also
improved the number of follicles [4]. Resveratrol also
effects vascular endothelial growth factor (VEGF), a
potent inducer of angiogenesis and vascular perme-
ability that plays a crucial role in ovarian folliculogene-
sis [44-47].

There are some limitations in our study. First the
small sample size of population considered for the
analysis. Second, we evaluated only patients who com-
pleted the treatment with a fresh transfer. Frozen-
thawed ET cycles were not considered and therefore
we did not calculate cumulative pregnancy rates per
patient. Furthermore, two different protocols of ovar-
ian stimulation were used, with LH or without LH,
according to the endocrinological patient’s features
and to the results of previous attempts, and although
a bivariate analysis demonstrated that the two groups
were well balanced, this may represent a possible



bias. Regarding gonadotropins, we decided to admin-
ister a tailored-dosage to optimize the outcome of the
ovarian stimulation: this customized choice may also
represent a potential bias of the study.

Conclusions

In conclusion, the treatment with a resveratrol-based
multivitamin supplement in infertile patients, before
and during ovarian stimulation in ICSI cycles, seems
promising to ameliorate the biological patterns related
to ovarian aging by enhancing the quality of oocytes
and embryos. This study showed no significant differ-
ences in the clinical and chemical pregnancy rates by
the addition of a resveratrol-base multivitamin supple-
mentation. However, the number of cryopreserved
embryos was significantly higher in the Study Group
and this may predicted a greater cumulative preg-
nancy rate from frozen embryos. This is the first
randomized, clinical trial and further studies could
contribute to reinforce these conclusions.
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Idiopathic Premature Ovarian Insufficiency
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Abstract

Premature ovarian insufficiency (POI) is a clinical syndrome defined by loss of ovarian activity before the age of 40 years and
is characterized by menstrual disturbance, follicle stimulating hormone (FSH) concentration above 40 IU/I and infertility. In
some patients the best option is to conceive spontaneously since many treatment strategies remain unsuccessful or involve
eggs donation. In this case report series, we describe the effects of a resveratrol-based multivitamin supplement containing
trans-resveratrol, folic acid, vitamin B6, B12 and D, in six women with poor prognosis of pregnancy due to POI and evaluate
the achievement of desired conception.

These women, aged less then 40 years, suffered from menstrual irregularities, anovulation and infertility. They all had normal
karyotype, and no history of ovarian surgery, radiation exposure or chemotherapy. Blood test showed at least two values of
FSH above 40 IU/L.

Four out of six patients with POI conceived after 3-6 months of a resveratrol-based multivitamin supplement, ultimately giving
birth to a full-term baby. Regular menstrual cycle was restored in all patients after two to four months the start of treatment. In
conclusion the treatment with a resveratrol-based supplement improved menstrual regularity and suggest a useful potential of
this supplementation in some cases of POL

Keywords: infertility, resveratrol, menstrual irregularity, POI

Introduction

Premature Ovarian Insufficiency, also known as primary ovarian insufficiency, is charac-

terized by premature depletion or dysfunction of ovarian follicle (1), with irregular men-

ses (intermittent or unpredictable) before the age of 40. There is no unanimous consensus

on what the correct criteria are for identifying POI in adolescent, and delay in diagnosis is

common (1). Despite the description of different genetic, immune and iatrogenic factors

of POL the etiology in most cases of this disease are unexplained. POI is characterized

by the presence of oligo/amenorrhea in association with menopausal serum level of FSH

above 40 IU/l and must be distinguished from natural premature menopause character-

ized by serum level of FSH very high (between 16 and 134 IU/L), estradiol very low (less

than 20 pg/ml), permanent amenorrhea and absence of ovulatory cycles. POI occurs in

approximately 1-2% of women aged under 40 years and in 0.1% of women aged under 30

years that present abnormal bleeding pattern (3). Clinical symptoms are similar to pre-

Dipartimento di Scienze Biomediche per la Salute - mature menopause, including hot flashes, night sweats, vaginal dryness, irritability, dif-
Universita degli Studi di Milano. UOC di Ostetricia ficult on concentration (3). Five to ten percent of women with POI manage to conceive
¢ Ginecologia, RO Macedonio Mellont = ASST spontaneously while no women affected by premature menopause can conceive naturally.
The diagnosis of POI is psychologically devastating in reproductive-aged women be-
DOI: 10.2478/ebj-2022-0005 cause of deleterious impact on fertility. As long as ovulation is extremely rare and un-
predictable in women with POI and none of the ovulation induction regimens have been
Creative Commons Attribution-NonCommercial. shown to be effective, treatment strategies are lacking. Successful pregnancy with assisted
NoDerivs 4.0 License. reproductive technology (ART) rarely occurs in POI patients and the most successful
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method remains eggs donation, with important ethical limita-
tions (3,4).

Recent studies have demonstrated the beneficial effects of
resveratrol in humans. Resveratrol has been reported to de-
crease oxidative stress and attenuate inflammation, and these
mechanisms may account for many of its health benefits. Im-
portant evidence is also emerging in the field of human repro-
duction indicating that resveratrol has potential positive effects
in older women, PCOS, endometriosis, uterine fibroids and
menopause (5). Concerning the oocyte aging, recent research
have demonstrated that resveratrol is effective on granulosa
cells and impacts positively on the ovarian physiology. Specifi-
cally, resveratrol induces granulosa cells proliferation through
activation of the PI3K pathway and promotes primordial folli-
cle activation (6). Compared to untreated tissues, a higher pro-
portion of growing follicles in human ovarian tissue culture in
the presence of resveratrol has been reported (6,7). However,
recently conflicting findings on the actions of resveratrol on
decidualization of human endometrial stromal cells (HESCs)
have been published.
veratrol inhibits decidual transformation of primary cultured
HESCs (8) while Mestre Citrinovitz et al. showed that resver-
atrol enhances decidualization of HESCs in culture (9). Nev-
ertheless, because of the lack of robust data, more studies are
required to verify these effects.

Furthermore in premature ovarian failure (POF) animal
models, resveratrol effectively improved the ovarian function
and the productive capacity of FGSCs via relieving oxidative
stress and inflammation and a mechanism involving the hh sig-

Ochiai et al. demonstrated that res-

naling pathway, suggesting that resveratrol is a potential agent
against POF (10).

Case Report Series

In this case report series, we describe the effects of a resvera-
trol-based multivitamin supplement containing trans-resvera-
trol (150mg /day in two administrations), folic acid, vitamin B6,
B12 and D for at least 60 days, in 6 infertile women, with poor
prognosis of pregnancy due to POIL, with particular attention to
the resumption of regular menstrual flow and/or the achieve-
ment of spontaneous conception, during an observation period
of 12 months. None of the patients observed could access ART
procedures because of an insufficient ovarian reserve whereas
every partner has normal seminal test. When POI was diag-
nosed, all six patients had FSH level above 40 UI/L, irregular
menses, normal karyotype, no history of ovarian surgery, radi-
ation exposure or chemotherapy, and a BMI < 30 kg/m2.

Hereafter the description of the individual 6 cases.

Case 1
A 35-year-old female who was diagnosed with POI when she
was 34, at the time of the first visit reported vasomotor symp-
toms, night sweats and being in amenorrhea for six months.
The FSH serum level was 39,5UI/L.

After starting resveratrol supplementation, at the second
visit two months later, she reported that her period has re-

sumed about six weeks after starting treatment and that vaso-
motor symptoms and night sweats have disappeared. The FSH
serum level in early follicle fase was 13UI/L.. She continued the
treatment and returned for a check-up visit after 10 months in
which she reported that she was back in amenorrhea. A trans-
vaginal ultrasound was performed and a gestational sac with
a viable embryo was recognized. She delivered a healthy full-
term baby.

Case 2

A 29-year-old woman presented to our clinic with a 6-month
history of oligo-amenorrhea and no vasomotor symptoms or
night sweats. Laboratory blood tests performed while the pa-
tient was in amenorrhea revealed an elevated serum FSH level
(38 TU/1) and AMH 0.01 ng/ml. She was given a diagnosis of
POIL. Since the patient wished to become pregnant it was sug-
gested to her that egg donation or IVF were her best option to
have a child. She chose to attempt conception with her own
rather than using donor eggs. She started resveratrol-based
multivitamin supplementation and her period was restored af-
ter 40 days of treatment. Three months later she conceived a
baby naturally, without the need for assisted reproductive tech-
nology. This was confirmed by serial serum beta HCG mea-
surements. The pregnancy proceeded uneventfully until the
35th week of gestation when she developed gestational hyper-
tension. The baby was born at 39 weeks and 4 days of gestation,
without any serious complications.

Case 3

A 38-years-old patient presented to our clinic reporting that
she had been in amenorrhea for 8 months, with vasomotor
symptoms and night sweats, and that she wished to become
pregnant. She was diagnosed with POI and treated with vari-
ous hormonal regimens coupled with close ultrasound follicle
monitoring. She referred that she had very few ovulatory cycles
over the last 2 years. Her serum FSH value at the moment of
diagnosis was 55 IU/L. After about 4-months of treatment with
resveratrol-based supplement her period resumed. The serum
ESH level decreased to 18 IU/L. She continued to have men-
strual bleeding every 60 days, but unfortunately, she was unable
to get pregnant.

Case 4

A 39-years-old patient presented to our clinic reporting oli-
go-amenorrhea over the last 2 years and 4 years of infertility.
Laboratory blood tests performed at the age of 37, revealed
FSH serum level of 45 IU/L and AMH 0.02 ng/ml. The patient
reported to have undergone several hormone replacement cy-
cles and ovulation induction cycles and even an unsuccessful
trial of intrauterine insemination (IUI) over the last 3 years.
She said she was on the waiting list for eggs donation, thus we
decided to start a resveratrol-based multivitamin supplemen-
tation. Four months after starting the treatment she began to
menstruate regularly (every 40days), the serum FSH level de-
creased to 12,2 TU/L and she was able to conceive after eight
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months of treatment with resveratrol-based multivitamin sup-
plementation and delivered a healthy baby after 38 weeks of
gestation.

Case 5

A 34-year-old patient came to our observation reporting that
she had not menstruated for three months. Her female hor-
mone panel showed serum FSH level of 49IU/mL and AMH of
0,01 ng/ml. Seven-weeks after starting the treatment with res-
veratrol-based supplement she reported having started men-
struating again and a FSH serum level that was decreased to 16
IU/L. She was monitored for one year and her menstrual cycle
appeared regularly every 32.4 +4 days, but unfortunately, she
was unable to get pregnant.

Case 6

A 30-year-old patient with an 8-month history of amenor-
rhea and a previous diagnosis of POI at age of 28 presented
to our clinic, manifesting her maternity desire. We confirmed
diagnosis of POI (FSH value 40,8IU/L) and treated her with
a resveratrol-based multivitamin supplement. After about 6
months of treatment her menstrual cycle appeared regularly
every 30.4+3.8 days and the FSH value decreased to 11I1U/L.
This patient underwent to close ultrasound follicle monitoring;
spontaneous ovulation occurred and the resulting pregnancy
was confirmed by serum HCG and ultrasonography performed
28 days after ovulation. She delivered a healthy baby after 38
weeks of gestation.

Discussion
Several regimens have been employed in the setting of POI

Table 1. Summary of POI women

Case 1 Case 2
Age of POI diagnosis 34 29
Age at menarche 12 11
Age at 1n1t1'f11 .VlSlt to our 35 29
clinic
FSH UI/Ij at diagnosis 39.8 13
(medium value)
FSH UI/L
13 15
early follicular fase
M
enées /DAYS 55 39
(medium value)
Treatments:
Resveratrol-based multi + +
supplement
Method for pregnancy Spontaneous  Spontaneous

39 wks, female
3455g

40 wks, female

P t
regnancy outcome 3900g

to restore menses and to achieve pregnancy however none
have been proven to be effective (11,12). Oocyte donation is
the most frequent suggested route of treatment in order to get
pregnant, nevertheless this practice is not yet available in many
countries. There is also no evidence that assisted reproduc-
tive technology (ART) without oocyte/embryo donation may
improve pregnancy rate of POI patients without any other in-
fertility factors within a spontaneous ovulatory cycle (11,12).
Analysis of the six cases presented herein revealed restoration
of menstrual cycle flow in all the patients after supplementation
with resveratrol for at least 2 months Moreover four out of six
patients with a diagnosis of POI successfully conceived spon-
taneously without the need of assisted reproductive technolo-
gies. Only one preclinical study, conducted on animal models,
discussed the opportunity of resveratrol supplementation for
women with premature ovarian insufficiency (10). The poten-
tial pitfall of this present case report is the lack of homogenous
classifications of the POI population and the little number of
cases. We are aware that case reports cannot decide a thera-
peutic management but certainly these findings can be useful
to pave the way for new treatment hypotheses especially in this
selected population (POI) whose treatment is not yet univer-
sally defined. Further studies are required to verify these possi-
ble beneficial effects of resveratrol observed in this limited case
series.
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