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To date, infertility affects 10% to 15% of couples worldwide. A male factor is estimated to account for up to 50% of cases. Oral supplementation with antioxidants could be helpful to improve sperm quality by reducing oxidative damage. At the same time, there is a growing interest in the literature on the use of testicular sperm in patients with high DNA fragmentation index (DFI). This narrative review aims to evaluate the effectiveness of supplementation of oral antioxidants in infertile men with high DFI compared to testicular sperm retrieval. The current evidence is non-conclusive because of serious risk of bias due to small sample sizes and statistical methods. Further large well-designed randomised placebo-controlled trials are still required to clarify the exact role of these to different therapeutic approaches.
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1 Introduction

Male infertility accounts for approximately 20-30% of all infertility cases; however, together with female factor infertility it contributes to at least 50% (1). Semen analysis, performed according to World Health Organization (WHO) guidelines, is the gold standard investigation in this field; in particular, in semen analysis the volume, sperm concentration, total sperm count, progressive and total motility and viability are assessed (2).

However, these traditional parameters show relatively poor value in predicting the fertilizing capacity of spermatozoa and reproductive outcomes; indeed, conventional semen analysis does not completely reflect sperm competence (3).

For this reason, in recent years, researches for better diagnostic methods which could predict more precisely male reproductive outcomes resulted in a focus on sperm DNA fragmentation (SDF) (4). Over the past two decades, it has been suggested that the assessment of sperm nuclear DNA integrity is a more objective parameter than conventional semen analysis in evaluating sperm quality. SDF can be defined as any chemical change in the normal structure of the DNA that can affect the genetic material in the form of single or double strand breaks (2). High sperm DNA damage has been reported to associate with reduced fertilization potential, abnormal embryonic development and a worse pregnancy outcome. However, since the degrees of sperm DNA damage was significantly different between fertile and infertile men, it seems reasonable that the utilization of sperm DNA damage can be used as a new potential fertility predictor (5).

Morphological defects have been associated with elevated DNA fragmentation or with alteration of chromosomal structure, aneuploidy and incomplete chromatin maturation and aneuploidy, but not always basal features of the sperm valuation can predict an alteration of double strand DNA (2).

There is evidence supporting the presence of a higher degree of sperm DNA damage in infertile men than in fertile ones (6). This is particularly relevant in an era where Assisted Reproductive Technologies (ART) are commonly employed and where the selection of higher quality spermatozoa could be performed (7). Indeed the 6th WHO laboratory manual for the examination and processing of human semen manual in 2021 dedicates a broader section to the topic of DNA fragmentation than the previous versions. However, despite a large number of studies, there is no consensus on whether or not measuring sperm DNA fragmentation is a predictive and/or prognostic factor for a man’s fertility potential. Furthermore, interlaboratory variation and lack of standardization limit the clinical usefulness of sperm DNA fragmentation (5).

Aetiology of sperm DNA damage is multi-factorial and not completely clear. Oxidative stress and reactive oxygen species (ROS) are considered well-known damaging factors to sperm and responsible for the disruption of the prooxidant-antioxidant balance (8).

An imbalance between ROS production and antioxidant capacity results in increased sperm exposure to ROS, which through multiple pathways - including sperm lipid peroxidation, abortive apoptosis and DNA damage – plays a critical role in altering sperm function (9). Elevated levels of ROS can also affect the passage of sperm via seminiferous tubules and epididymis (10).

The generation of seminal ROS could be attributed to genital tract infection or inflammation, varicocele, testicular torsion and cryptorchidism. Other factors include male aging, exposure to toxic or antiblastic substances, smoking, alcohol abuse (10, 11). Fort these reason, different strategies have been proposed to decrease ROS production and increase antioxidant capacity: these approaches go from lifestyle changes to antioxidant therapies (12). For this reason, antioxidants represent an adjuvant treatment in such cases, avoiding further damage caused by ROS and independently from their antioxidant properties, the activities of these molecules have been widely investigated and described.

On the other hand, in infertile men undertaking ART cycles, a strategy proposed in order to overcome DNA damage associated with the passage of sperm through the seminiferous tubules and epididymis is the use of testicular sperm extraction (TESE) (13). The significantly lower incidence of DNA damage in testicular retrieved spermatozoa with respect to ejaculated ones, supported the clinical role of this procedure in patients diagnosed with high SDF (14).

Although the fertilization ability of sperm with elevated SDF may not be impaired, multiple recent meta-analyses suggested its role in affecting embryo development, implantation, and pregnancies in both natural and assisted reproduction (15). Moreover, even if SDF is prevalent among men with abnormal ejaculate parameters, it has been proposed to be related to infertility also in normozoospermic individuals, becoming an important additional test in male infertility work-up and a promising biomarker in basic and clinical andrology (16).

For this reason, the focus of this review is to examine the different therapeutical strategies to overcome sperm DNA damage in infertile men undertaking ART cycles.




2 Materials and methods

The present review is based on a bibliographic search performed in November 2022, in PubMed, Google Scholar and Cochrane Library, of studies published in English using the following terms or text strings: sperm DNA fragmentation, sperm DNA integrity, sperm DNA damage, SDF, DNA Fragmentation Index (DFI), reactive oxygen species (ROS) levels, antioxidant, TESE, testicular sperm retrieval, sperm DNA in testicular sperm.




3 Findings



3.1 Antioxidant therapy

Antioxidant therapy could be useful in reducing general oxidative stress and has been considered for oral supplementation and introduced into clinical practice for the treatment of male infertility (13).

The main antioxidants include Coenzyme Q10, L-Carnitine, Zinc, Vitamin D, Vitamin E, N -Acetyl-Cysteine. Principal studies are summarized in Table 1.

	a) The potential role of Coenzyme Q10 (CoQ10) on male fertility and sperm DNA fragmentation was widely investigated (39). CoQ10 is a constituent of mitochondrial membrane, involved in the lipid and DNA oxidation. It has a specific role in inhibition of superoxide production, even in the sperm membrane (17, 18, 39).




Table 1 | Antioxidants and their mechanism of action.



Several studies have reported that low level of CoQ10 could be associated with worse sperm quality and high sperm DNA damage. In 2015 some authors treated patients with low-grade varicocele (I grade) with multivitamins and CoQ10. After treatment, patients showed an average relative reduction of 22.1% in sperm DNA fragmentation and an improvement in terms of total number of sperm cells (19).

Similarly, Nadjarzadeh et al. found out a significant positive correlation between CoQ10 concentration and normal sperm morphology, catalase and SOD (P < 0.001), concluding that three-month supplementation with CoQ10 in infertile men can attenuate oxidative stress in seminal plasma and improve semen parameters and antioxidant enzymes’ activity (20).

A recent prospective study involving 93 infertile males with a history of failed IVF/ICSI compared with 10 healthy male volunteers as controls concluded that a 3-month lifestyle’s intervention program added to antioxidant therapy reduces oxidative stress and DFI (21).

These finding are in line with the results of a recent randomized controlled trial on 65 infertile men treated with CoQ10 therapy for 3 months: this study highlighted a statistically significant improvement in seminal basal parameters and DFI compared with 40 fertile men (40). In a recent review Lucignani et al. concluded that the effect of CoQ10 and its improving role on semen parameters and sperm DFI, even in single administration or in couple with melatonin, resulting in an ameliorated FR in in IVF/ICSI (41).

Further in-depth interventions are needed to reveal the exact mechanism of action of CoQ10 and to determine the appropriate standardized dose and duration of CoQ10 supplementation in the treatment of specific male infertility cases. Additional evidence is needed to further support the treatment of male infertility with melatonin supplementation.

This improvement was also demonstrated in in-vitro incubation of semen with CoQ10: sperm incubated with CoQ10 resulted in a significant increase in the sperm parameters. A significant difference in the percentage of the DNA fragmentation, sperm apoptosis, oxidative sperm test and sperm mitochondrial activity registered (22).

Therefore, supplementation with CoQ10 decreases SDF, improves semen quality and seminal antioxidant capacity. However, more well-performed and wide RCT on the positive role of CoQ10 are needed to clarify the potential improvement of this approach, especially in oligo-asthenozoospermic patients.

	b) L-carnitine (LC) is a hydrophilic amino acid derived from the amino acid lysin and its main role is to facilitate and increase the entry of long-chain fatty acids into the mitochondria. It is produced in the epididymis and it is transported to spermatozoa, where it increases sperm motility (23, 24). Furthermore, LC has also antioxidant activity both in vitro and in vivo reducing oxidative stress that causes DNA damage (24).



As Coenzyme Q10, L-Carnitine incubation allows to improve sperm quality during, before and after cryopreservation in oligospermic patients (22). It’s crucial to know that during cryopreservation, the oxidative stress mediates mitochondrial dysfunction. In frozen-thawed semen, staining with C11-BODIPY581/591 revealed that the sperm mid-piece is most affected by oxidative stress, followed by the tail plasma membrane and least peroxidation in the head region (25). The mitochondrial dysfunction directly alters the inner or outer mitochondrial membrane, damages mitochondrial DNA or results in the loss of the dense sheath around the mitochondria. However, it indirectly exaggerates nuclear DNA fragmentation and affects production of specific mitochondrial proteins which are coded by nuclear genome (26).

Regarding oral supplementation, in a prospective, randomised, double-blind, placebo-controlled clinical trial, Micic et al. enrolled 175 males (19-44 years) with idiopathic oligoasthenozoospermia and primary infertility (27). These patients received a combination of L‐carnitine and L‐acetylcarnitine with micronutrients vs. placebo for 3 and 6 months. The authors pointed out a statistically significant improvement in terms of sperm volume, progressive motility and vitality after 6 months compared to the beginning. Moreover, the sperm DNA fragmentation index significantly decreased compared to baseline.

These data were strongly in line with another recent open, prospective, randomized trial involving 114 men after microsurgical varicocelectomy (MVE) (28). These patients received a complex of acetyl-L-carnitine, L-carnitine fumarate and alpha-lipoic acid after surgery vs. placebo. The efficacy was proved after 3 months by testing standard semen parameters and the level of sperm DNA fragmentation. To measure oxidative stress the authors used the level of free oxygen radicals, highlighting how it significantly decreased (86%) in the treated group compared to the placebo. Therefore, a deeper decrease in DNA fragmentation was seen in the treated patients compared to the placebos (21.5% vs. 3.6%).

	c) The positive effects of zinc on semen parameters have been known for some time and have been documented in clinical studies. Zinc has a membrane-stabilizing and antioxidant activity and maintains sperm viability by inhibiting DNAases (42).



In 1998, Omu et al. randomly divided 100 men with asthenozoospermia into two groups: 250 mg twice daily zinc therapy vs. placebo (43). Treatment lasted 3 months and patients were tested after 6 months. Sperm parameters, antisperm antibodies (ASAs), sex hormones and cytokines (interleukin-4 – IL-4) were evaluated before and after treatment. The authors registered a significant improvement in sperm quality in terms of sperm count and progressive motility and a reduction in the incidence of ASAs. IL-4 was statistically higher after zinc therapy (P<.02), proving the anti-inflammatory effect of this therapy (29).

In 2008 the same authors randomized forty-five men with asthenozoospermia into four therapy groups: zinc only or in combination with vitamin A or E vs. non-therapy control group. They demonstrated that zinc therapy, alone or in combination with vitamins, was associated with improved sperm parameters and with reduced oxidative stress and sperm DNA fragmentation index (DFI) (30).

Moreover, in 2017 Isaac and colleagues reported that supplementing zinc oxide nanoparticles in sperm cryopreservation medium minimizes the freeze-thaw-induced damage to spermatozoa (31).

In 2013, Raigani investigated the improvement of sperm function in 83 subfertile oligoasthenoteratozoospermic (OAT) men in a 16-week intervention randomised, double-blind clinical trial with daily treatment of folic acid (5 mg day) and zinc sulphate (220 mg day), versus placebo. In the zinc sulphate/placebo group, sperm chromatin integrity analysis showed a significant reduction in chromatin abnormality (45.5 ± 13.2 vs 40.2 ± 18.3) (P = 0.048) (32).

In 2022, Dadgar et al. randomized men with idiopathic infertility, dividing them into four groups: pentoxifylline, zinc, pentoxifylline + zinc, and placebo. In the zinc and zinc + pentoxifylline groups, an improvement in terms of morphology and sperm DNA fragmentation was observed after 3 months of therapy (44).

	d) Vitamin supplementation is also considered a valid therapy for reducing oxidative stress in patients with high DFI, in particular vitamins D, E and C.



Vitamin D is considered an important micronutrient with many biological effects and its deficiency has become an emerging epidemic over the last decade (33). According to evidence, vitamin D levels seem to be greater in fertile men compared to infertile ones (45). Some authors have hypothesized that vitamin D could have a relevant role in spermatogenesis, acquisition of sperm motility, and endocrine functions improving male fertility overall (46, 47).

Taheri Moghadam et al. (48) evaluated the influence of vitamin D on the survival and integrity of fertile sperm after cryopreservation: motile and viable sperm concentration was substantially higher in treated groups; however, morphological analysis did not show any remarkable change. Similarly, vitamin D strongly reduced lipid peroxidation values through Tunel test and markers of apoptosis were considerably lower in treated groups (P-value<0.05).

Deng XL et al. showed that 3 months integration with both Vitamin D and calcium in infertile patients with OAT strongly increased sperm progressive motility and pregnancy rate in the treated group (34). Moreover, vitamin D deficiency was linked to an increase in sperm DNA fragmentation even in animal studies (35).

Despite this positive theoretical association, there is not a general consensus on the improvement in semen parameters of treated patients. In a randomized, controlled trial, Banks et al. (49) reported that semen parameters and sperm DNA fragmentation did not statistically differ between men with vitamin D deficiency and men with normal vitamin D values. In addition, the clinical pregnancy rates and live birth rates were comparable between therapy and placebo. Likewise, in a cross-sectional study, Rubal confirmed these results, evaluating sperm parameters and DFI in patients with vitamin D deficiency (defined as serum level <20 ng/mL), insufficiency (as 20-30 ng/mL), and abundance (as >30 ng/mL). Comparing the three groups, there was no significant difference in sperm concentration, motility and overall morphology. There was no significant difference in DFI among the vitamin D deficient (17.6%), insufficient (17.4%), and replete (19.5%) groups (50). Likewise, in a case control study, Güngör included 58 infertile men with unexplained infertility and 50 matched fertile men. As expected, DNA damage was found to be significantly higher in the unexplained infertile group (p<0.002), while there was a negative and significant correlation between vitamin D levels and sperm DNA damage (p<0.001). In the logistic regression analysis, serum vitamin D > 20 ng/mL led to an improvement in fertility outcome. In the fertile group, there was no significant correlation between vitamin D levels and sperm DNA damage and other sperm parameters (51).

Also, the effects of vitamin E and its use as an antioxidant are among the topics of interest in the treatment of male infertility. Vitamin E is an organic fat-soluble substance; it is present above all in cell membranes (33). It has the ability to reduce hydroxyl radicals, lowering lipid peroxidation caused by ROS to plasma membranes (36). Some studies have reported a prominent relationship between the levels of vitamin E in seminal plasma and the sperm motility. Furthermore, it was observed that it is more common for infertile patients to have lower levels of vitamin E compared to fertile men (37). Indeed, Comhaire et al. (38) reported a significant reduction in seminal ROS levels in patients treated with a combined therapy of 180 mg vitamin E and 30 mg b-carotene in idiopathic infertile men.

Regarding vitamin C (ascorbic acid), its concentration is almost 10 times higher in the semen plasma than in the blood serum and it neutralizes hydroxyl, superoxide, and peroxide radicals (52). It has been shown that the addition of vitamin C (and vitamin E) to the semen of men with normozoospermia and asthenozoospermia reduces the degree of SDF caused by ROS (37). Greco et al. (53) assessed the utility of 1 g vitamin C plus 1 g vitamin E daily for 2 months vs. placebo in 64 patients with unexplained infertility and elevated levels of DFI. The authors identified significant reduction in the percentage of DFI in the treatment group.

Moreover, Akmal et al. achieved an improvement in total sperm count, motility, and morphology after the administration of vitamin C in the dose of 2000 mg/day (54).

We previously cited the study in which Omu et al. (30) assessed the advantage of daily vitamin E (20 mg), vitamin C (10 mg) and zinc (400 mg) for 3 months on 45 men with low motility. As already reported, the authors confirmed the positive association between this multiple therapy and the reduction of oxidative stress on spermatogenesis, in terms of DFI and basal sperm features. The authors focused the research also in the microscopic modification of the sperm DNA integrity, demonstrating that zinc deficiency was significantly associated (p<0.005) with abnormality of the tail and defect of the flagella and defect of microtubular couples in about 32–34% of the patients with zinc deficiency compared to 12–16% in the treated sample and to control groups.

	e) N-acetyl-L-cysteine (NAC) is derived from the amino acid L-cysteine, which has a scavenger activity (55). Thus, it is able to improve glutathione (GSH) levels during oxidative stress (56). NAC is one of the most powerful and commonly used antioxidants, as it is often prescribed in the treatment of various diseases, such as respiratory infections, heart diseases, and epilepsy (57). These antioxidant properties of NAC were also reported in the context of its influence on germ cell survival. In-vitro studies have also demonstrated a significant decrement in ROS levels and an improvement in sperm motility after sample incubation with NAC (58).



In a prospective clinical trial, Barekat et al. (59) included 35 infertile men with varicocele randomly divided into control (n=20) and NAC (n=15) groups. The authors assessed semen parameters and oxidative stress before and three months after varicocelectomy. A significant decrease in the percentage of abnormal semen parameters, DNA fragmentation and oxidative stress were assessed in treated group compared to control.

In 2019 Jannatifar (58) investigated the role of supplementation with NAC on the sperm quality, integrity of DNA chromatin, and levels of ROS in infertile patients. The authors administered oral therapy composed by 600mg/day of NAC to 50 infertile men with asthenoteratozoospermia. The treatment lasted for 3 months and the results were compared with pre-treatment status. After treatment, patients’ sperm count and motility increased significantly and, at the same time, abnormal morphology and DNA fragmentation index showed significant decreases compared to pre-treatment levels (p < 0.05).

Furthermore, a double-blind, placebo-controlled trial randomized 468 infertile men with idiopathic oligo-asthenoteratospermia (60). The study’s populationwas divided into 4 grous: 200 microg selenium/day (116 patients), 600 mg N-acetyl-cysteine/day (118 patients), both (selenium plus N-acetyl-cysteine - 116 patients) placebo (control group of 118 patients). The treatments lasted 26 weeks and the semen tests were repeated after a 30-week treatment-free period. The authors documented a significant and statistically strong correlation between the blood level of selenium and N-acetyl-cysteine and the features of sperm quality in terms of sperm concentration (r = 0.67, p = 0.01), motility (r = 0.64, p = 0.01), and normal morphology (r = 0.66, p = 0.01).

Furthermore, sperm incubation with NAC seems to play a defensive role in a dose-dependent way in the alterations of seminiferous tubule of the spermatozoa and also inhibiting the death of the sperm precursor, as demonstrated by Erkkila et al. in 1998 using light and electronic microscopy.

We summarized the principle cited studies in Table 2.


Table 2 | Principal studies for antioxidant(s) treatment, for Sperm DNA fragmentation.






3.2 Testicular sperm retrieval and sperm DNA damage

In assisted reproductive techniques (ART), damage in spermatozoa DNA was ascribed as being responsible for reduced rates of fertilization, impaired embryo development and higher rates of early pregnancy loss (9, 61).

Therefore, in infertile men undertaking ART cycles, a strategy proposed in order to bypass DNA damage that occurred during the passage through the seminiferous tubules and epididymis was the use of testicular sperm.

By comparing the incidence of DNA fragmentation in ejaculated versus testicular sperm, this incidence was found to be significantly lower in the testicular samples (4.8 ± 3. % versus 23.6 ± 5.1% (14) and 39.7% ± 14.8 versus 13.3% ± 7.3 (62).

A prospective study enrolling a total of 147 couples undergoing IVF-ICSI cycles and in which the male partner was diagnosed with oligospermia and high SDF, a significantly lower DNA fragmentation index (DFI) was detected in testicular sperm with respect to ejaculated one (8.3% in testicular sperm versus 40.7% in ejaculated sperm). Moreover, also a significant improvement in the percentage of live birth and of miscarriage following the procedure was observed, with a relative risk for miscarriage of 0.29 and of 1.76 for live birth (63).

The degree of sperm DNA fragmentation was directly linked with pregnancy outcomes: in couples who failed previous cycles of IVF-ICSI and where the male partner was diagnosed with elevated TUNEL-positive ejaculated sperm, the employment of testicular sperm for ICSI increased the rate of live birth and pregnancy by 50% (64).

In addition, using testicular sperm instead of ejaculated one for ICSI improves pregnancy outcomes also in patients with normal range conventional sperm parameters and high DFI, with an observed clinical pregnancy of 13% vs 8% (p value 0.045) and an ongoing pregnancy of 12% vs 6% (p value 0.023) (65).

In this respect, also superior quality evidence studies documented a higher clinical pregnancy and live birth rate in ICSI cycles in which testicular sperm of men with confirmed post-testicular SDF was used (66). However, patients of the two compared groups (testicular versus ejaculated ICSI) were not randomized, determining a selection bias. Moreover, a major limitation of this study is the exclusion of relevant factors - as maternal age, infertility duration or number of oocytes retrieved – which might influence the ICSI outcome.

The significant association between the degree of SDF and adverse pregnancy outcomes was suggested by a recent meta-analysis, which demonstrated that couples with unexplained recurrent miscarriage showed higher degree of SDF than couples without this condition (67).

In the light of this data, some authors proposed to use TESE to reduce SDF, improving the obstetric outcomes. TESE was demonstrated to be superior to other interventions investigated - as PICSI or IMSI - in improving pregnancy outcomes in patients with high seminal SDF (68). However, it is of relevance to note that if on one side the ICSI outcomes amelioration linked to the employment of testicular sperm positively affected clinical pregnancy and implantation rates, fertilization rate did not change significantly (14, 69).

In contrast to the studies presented above which are in favor of a positive correlation between TESE and an improvement in clinical pregnancy rate, live birth rate and miscarriage rate, conflicting data which did not demonstrate any significant difference in these pregnancy outcomes between ejaculated versus testicular ICSI exist (70).

Notwithstanding the lower degree of DNA damage, sperm retrieval from testis may be associated with a higher rate of aneuploidy: in fact, comparing the ejaculated and the testicular spermatozoa obtained from the same patients, a twofold increase in total aneuploidy was demonstrated in testicular spermatozoa with respect to ejaculated ones, with a higher rate of aneuploidy for chromosomes 18, 21, X and Y (71); however, current evidence did not demonstrate a greater risk of malformations in embryos obtained through this technique (72). Furthermore, despite the improvements brought using testicular sperm for ICSI, surgical sperm retrieval represents an invasive procedure and, therefore, it is associated with potential complications as persistent pain, swelling, infection and hydrocele (73). In patients who underwent TESE, ultrasounds performed 3 months after the procedure showed intratesticular hematomas in 80% of cases (74).

In addition, testicular devascularization and tissue over-removal in large-volume conventional TESE can determine a decrease in serum testosterone, which may eventually become permanent (75, 76).

In conclusion, in the light of the available data, testicular ICSI should be preferred in men with significant SDF with history of recurrent ICSI failures and when other measures to correct SDF causes have failed (66).

We have summarized the main cited studies in Table 3 below.


Table 3 | Testicular sperm retrieval for high sperm DNA fragmentation.







4 Discussion

In the last decades significant progress has been made in reproductive medicine. Unfortunately, numerous basic, clinical, and scientific questions in male fertility have still remained unanswered (77).

This is symptomatic of an ‘andrological ignorance’: in contrast with the female counterpart, for whom there are multiple effective options for both infertility and contraception, the treatments for males are lacking (78).

In fact, in the early 1950s, a series of investigations on the quality of human semen was published, paving the way for the first hints of modern andrology (2).

From 1992, after the birth of the first ICSI-conceived child, the ‘use and abuse’ of this technique has significantly increased, and treatments are used even when no male problem is present. So, ICSI treatment ironically took over: its success has moved research attention on the female factor, shifting the focus from the diagnosis and treatment of male infertility.

Nonetheless, the spermatozoa heavily participate in the genetic, epigenetic, and cellular generation of the embryo. On the basis of this assumption, sperm expression in ART techniques has led to a growing interest, as it has been additionally suggested by the identification of the fertilization rate as a key indicator of the IVF laboratory’s performance and as a novel indicator for cumulative live birth rate (79).

Given these considerations, since 1980, the WHO has published other five editions of the manual containing standardized methods for testing semen (WHO 1987, 1992, 1999, 2010, 2021), bringing the matter as close as possible to other already standardized laboratory diagnostic practices (80–84).

As already described, one of the most recent tests introduced on male fertility and sperm fertilization ability is the sperm DNA fragmentation test. Sperm DNA damage can be defined as any chemical change in the normal structure of the DNA (2). Among these changes of the genetic material, sperm DNA fragmentation (sDF) is one of the most common disturbances. In the early 1980s, the correlation between sperm DNA fragmentation and infertility was introduced, and SCSA(sperm chromatin structure analysis) was performed as the first DNA fragmentation test (85).

To date, several tests have been developed to evaluate sperm DNA fragmentation: Sperm Chromatin Dispersion test (SCD), TUNEL (TdT-mediated dUTP nick-end labeling), and Comet Assay. TUNEL and Comet Assay directly assess DNA damage, while SCSA and SCD measure DNA fragmentation after a denaturation process; furthermore, the use of flow cytometry in TUNEL and SCSA allows a low intra-operator variability, differently from the SCD test which can be affected by the laboratorist’s experience. Unfortunately, all these tests remain complex, expensive, and not equally distributed in every laboratory (2).

The principal mechanisms most clearly associated with DNA damage are oxidative stress, defective chromatin formation of seminal DNA, and apoptosis, but very often it is difficult to define the ‘primum movens’.

Reactive oxygen species (ROS) are produced during normal cellular metabolism and they are essential for normal sperm activity (like capacitation, acrosome reaction, and fertilization) (86). Oxidative stress happens when the production of ROS overlaps the natural antioxidant capacity, leading to cellular insults: excess of ROS affects the cell membrane, invalidating sperm motility and the ability to fertilize oocytes, and also damages DNA (33). Furthermore, spermatozoa are particularly vulnerable to oxidative stress because of their small cytoplasm and limited antioxidant protection.

Sperm chromatin defect could be quantified by acid denaturation by acridine orange and sperm apoptosis by light and electron microscopy. Apoptosis could be determined through morphological criteria (uniform nuclear basophilia with condensation of chromatin or fragmentation of the nucleus into basophilic masses) using microscopy (43) that highlight abnormality of the tail, with hypertrophy and hyperplasia of the flagella, defects of the microtubular doublets in patients with high ROS level and antioxidant deficiency as already described for zinc and NAC.

In 2004 Moustafa et al. (87) have demonstrated that the sperm going to apoptosis, is strongly correlated to ROS level in the ejaculate and this mechanism is more frequent in patients with high level of DFI than in healthy donor patients. Epifluorescent microscopy is a useful tool for studying seminal DNA alterations as well as the electron microscope.

These findings are in line with other studies who found many information such as chromatin, plasma and acrosome membrane structure by electron microscopy. Aydin et al. (88) demonstrated alteration of the acrosome integrity in smoker patients and disruption of the neck region and tail in the freeze/thawed sperm.

There is a growing scientific interest in the mechanisms of containment and self-selection of altered spermatozoa. One of this molecular process still under study concerns cellular autophagy.

For years, the researchers reported the apoptosis like the only mechanisms of planned death cell. In the last studies, autophagy was also described as another process: it seems that it is triggered in response to several insult like heat, radiation, genotoxic substances (exogenous sources) and development of ROS (endogenous sources); this induced a DNA damage that give rise to little cytoplasmic organelles agglomerated in vesicles (called autophagosome) that will be degraded by autolysosome. This programmed cell death seems to be crucial for physiological maturation of spermatogonia and subsequent embryo development avoiding final maturation of stem cells with high level of fragmented DNA (89, 90).

Indeed, unhealthy lifestyle features, including smoking, obesity and poor diet, as well as environmental factors like pesticides and pollution can contribute to develop high oxidation levels. For this reason, a recommended diet requires the supplementation of vegetables and fruits, whole-grain, and fibre-rich products (10).

Furthermore, cross-sectional studies show that a sedentary lifestyle is associated with low semen quality, whereas self-reported increased physical activity appears to be associated with increased motility and total sperm count, also for a reduction of general oxidative stress thanks to sporting activity (91). An unhealthy diet characterized by an excessive intake of saturated fats and a high glycaemic index could directly lead to an enhanced oxidative stress (92–94).

Heavy alcohol consumption is responsible for oxidative stress generation and can induce damage on male reproduction. It can affect male fertility by reducing sperm count, motility and spermiogenesis quality, and inducing morphological abnormalities in sperm (95); ethanol significantly increases the rate of DNA fragmentation in sperm (96) and evidence exists on the role of ethanol as toxin for Leydig cells (97).

One of the main players of the pathological mechanisms at the base of impaired fertility in heavy drinkers is acetaldehyde, which, by interacting with proteins and lipids, triggers ROS generation; the consequent oxidative stress is responsible for an altered spermiogenesis (98).

Ethanol may act not only at the testicular level, but also on the endocrine system, altering the hypothalamic–pituitary–testicular (HPT) axis (99–101).

Nevertheless, the dose-dependent and duration-dependent damages induced by ethanol on male fertility are still controversial. A recent study demonstrated how normal sperm parameters are recovered 3 months after the stop of alcohol intake (102).

In addition, alcohol consumption limited to a period of 4 to 7 weeks may not negatively affect sperm parameters (103, 104).

Regarding antioxidants’ protective roles against ROS-induced damage, their use seems to reduce sperm DNA fragmentation when compared to placebo. Thus, antioxidants could represent an adjuvant treatment in such cases, avoiding further damage caused by ROS (105).

In this context, the improvement of the patient’s antioxidant defences may be important as the excessive generation of ROS in determining the redox balance. In order to address this problem, antioxidant supplementation has been investigated in the treatment of male infertility, but the literature has been invalidated by the lack of data in terms of statistical quality of the studies and sizes of studied populations. However, due to the wide range of antioxidants on the market and the frequent mixing of the different molecules in the same pill, it is difficult to understand the role of each individual component in terms of improving the DFI before and after treatment: collectively, results of antioxidant interventions remain equivocal, and the comparison of the studies is restricted by differences in baseline characteristics, periods of intervention, and methods to evaluate the outcomes.

The most recent Cochrane meta-analysis in 2019 included 5 trials with a variety of antioxidants with a total of 254 subjects, and highlighted that men treated with antioxidants had 5% lower DNA fragmentation (CI) (33). The metanalysis indicates that the current evidence on use of antioxidants in sub-fertile men is inconclusive due to the low quality of the evidence. Nevertheless, despite low-quality evidence, increased live birth rates in case of antioxidant intervention were reported; thus, there is a need for more well-conducted studies in the field of antioxidants (33).

In addition to use in-vivo, some authors investigated the effects of antioxidant-supplemented sperm culture media and its power to reduce DNA damage. Some studies have reported that, enriching the freezing medium with various antioxidants (e.g., vitamin E, glutathione, l-cysteine, l-carnitine, various amino acids, SOD, and others) ameliorates sperm parameters (e.g., motility, viability, DNA integrity, acrosomal reaction, and membrane integrity) and reduces the production of ROS during thawing techniques (106).

Other antioxidant therapy like resveratrol or lycopene seems to have a powerful anti-tumoral, antioxidant, anti-inflammatory and anti-apoptotic properties. This molecule displays a wide range of action modulating various processes like immune responses, autophagy and cellular differentiation (25). The biological characteristics of these molecules have made it possible to extend the indication for their use also to patients with seminal pathologies both per os treatment (107) and in vitro seminal fluid (108) with statistically significant improvements, albeit to be confirmed in larger and more representative studies.

In recent years, the use of testicular sperm recovery has become more frequent. As already explained, testicular sperm could have lower levels of DNA damage and better DNA integrity than ejaculated sperm. Esteves et al. (72) reported that testicular sperm has three-to-five times fewer fragmentated DNA compared to ejaculated sperm. Afterwards, these data were confirmed by several studies.

The main reason why andrologist surgeons offer the testicular retrieval of sperm to sub-fertile male patients without azoospermia is to increase the chances of live births, in an effort to avoid any possible DNA damage to the sperm during the passage through the reproductive tract.

Better reproductive outcomes were observed in patients whose testicular sperm was used for ICSI, even though the use of antioxidant therapies did not reduce the levels of sperm DNA damage. The birth rate reported in the ICSI group that used testicular sperm was higher, while the relative risk for miscarriage was lower compared to patients who used ejaculated sperm (71).

However, there is currently insufficient evidence to guide a clinical decision. To help clinicians making the right choice, future studies should use a randomized design, avoiding selection bias. It would also be useful to standardize the definition of high or normal DFI by adopting universal criteria for classifying patients with commonly used and accessible tests. Furthermore, it cannot be excluded that the prognostic value of sperm DFI on the outcome of ART techniques is partially biased by the quality of the oocyte and its ability to repair DNA damage (109).

Despite the documented association between male infertility and DFI, this topic remains controversial. In fact, the routine use of sperm DNA fragmentation assays is not recommended by American Society of Reproductive Medicine (ASRM) in the assessment of infertile couples, due to the lack of statistically sufficient evidence supporting the association between DNA fragmentation and II level ART procedures (Practice Committee of the American Society for Reproductive Medicine, 2013). Still, this recommendation may not address couples affected by recurrent pregnancy loss or with history of multiple IVF cycles failure.

Finally, some doubts have been raised about the use of testicular sperm concerning genetic and epigenetic risks on the embryos (69). Nonetheless, retrospective collections of data on infants born from sperm of obstructive and non-obstructive azoospermic men did not show any significant difference in short-term outcomes as well as in the rate of congenital malformations in ICSI progeny from testicular sperm (70).

In summary, to date, many studies have assessed treatments for patients with high DFI. However, the two alternatives are very different, both in terms of psychological acceptance by the patient and in terms of healthcare costs. In fact, if, on one side antioxidants bring no adverse effects, on the other surgical sperm retrieval represents an invasive procedure and, therefore, it is associated with potential complications.

To our knowledge, there are no clinical studies that randomized patients by comparing the results of assisted reproduction techniques after treatment with oral antioxidants vs the use of testicular sperm, that could be helpful to introduce the most valid therapeutic choice.





Author contributions

MR: Conceptualization, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing; FC: Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing. DS: Conceptualization, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing. AB: Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing. EA: Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing. SC: Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing. PL-S: Conceptualization, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Visualization, Writing - original draft, Writing - review & editing. All authors contributed to the article and approved the submitted version.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Agarwal, A, Mulgund, A, Hamada, A, and Chyatte, MR. A unique view on male infertility around the globe. Reprod Biol Endocrinol (2015) 13:37. doi: 10.1186/s12958-015-0032-1

2.WHO laboratory manual for the examination and processing of human semen. 14 th edition. Cambridge, UK: Cambridge University Press (1999).

3. Sigman, M, Baazeem, A, and Zini, A. Semen analysis and sperm function assays: what do they mean? Semin Reprod Med (2009) 27(2):115–23. doi: 10.1055/s-0029-1202300

4. Oehninger, S, and Ombelet, W. Limits of current male fertility testing. Fertil Steril (2019) 111(5):835–41. doi: 10.1016/j.fertnstert.2019.03.005

5. Caliskan, Z, et al. Evaluation of sperm DNA fragmentation in male infertility. Andrologia (2022) 54(11):e14587. doi: 10.1111/and.14587

6. Agarwal, A, Sharma, RK, Nallella, KP, Thomas, AJ, Alvarez, JG, and Sikka, SC. Reactive oxygen species as an independent marker of male factor infertility. Fertil Steril (2006) 86(4):878–85. doi: 10.1016/j.fertnstert.2006.02.111

7. Zini, A, San Gabriel, M, and Baazeem, A. Antioxidants and sperm DNA damage: a clinical perspective. J Assist Reprod Genet (2009) 26(8):427–32. doi: 10.1007/s10815-009-9343-5

8. Wagner, H, Cheng, JW, and Ko, EY. Role of reactive oxygen species in male infertility: An updated review of literature. Arab J Urol (2018) 16(1):35–43. doi: 10.1016/j.aju.2017.11.001

9. Aitken, RJ, and De Iuliis, GN. Origins and consequences of DNA damage in male germ cells. Reprod BioMed Online (2007) 14(6):727–33. doi: 10.1016/S1472-6483(10)60676-1

10. Ilacqua, A, Izzo, G, Emerenziani, GP, Baldari, C, and Aversa, A. Lifestyle and fertility: the influence of stress and quality of life on male fertility. Reprod Biol Endocrinol (2018) 16(1):115. doi: 10.1186/s12958-018-0436-9

11. Albani, E, Castellano, S, Gurrieri, B, Arruzzolo, L, Negri, L, Borroni, EM, et al. Male age: negative impact on sperm DNA fragmentation. Aging (Albany NY) (2019) 11(9):2749–61. doi: 10.18632/aging.101946

12. Agarwal, A, Virk, G, Ong, C, and du Plessis, SS. Effect of oxidative stress on male reproduction. World J Mens Health (2014) 32(1):1–17. doi: 10.5534/wjmh.2014.32.1.1

13. Aguilar, C, Meseguer, M, García-Herrero, S, Gil-Salom, M, O'Connor, JE, and Garrido, N. Relevance of testicular sperm DNA oxidation for the outcome of ovum donation cycles. Fertil Steril (2010) 94(3):979–88. doi: 10.1016/j.fertnstert.2009.05.015

14. Greco, E, Scarselli, F, Iacobelli, M, Rienzi, L, Ubaldi, F, Ferrero, S, et al. Efficient treatment of infertility due to sperm DNA damage by ICSI with testicular spermatozoa. Hum Reprod (2005) 20(1):226–30. doi: 10.1093/humrep/deh590

15. Agarwal, A, Majzoub, A, Baskaran, S, Panner Selvam, MK, Cho, CL, Henkel, R, et al. Sperm DNA fragmentation: A new guideline for clinicians. World J Mens Health (2020) 38(4):412–71. doi: 10.5534/wjmh.200128

16. Santi, D, Spaggiari, G, and Simoni, M. Sperm DNA fragmentation index as a promising predictive tool for male infertility diagnosis and treatment management - meta-analyses. Reprod BioMed Online (2018) 37(3):315–26. doi: 10.1016/j.rbmo.2018.06.023

17. Salvio, G, Cutini, M, Ciarloni, A, Giovannini, L, Perrone, M, and Balercia, G. Coenzyme Q10 and male infertility: A systematic review. Antioxid (Basel) (2021) 10(6):874. doi: 10.3390/antiox10060874

18. Banihani, SA. Effect of coenzyme Q. Biomolecules (2018) 8(4):119. doi: 10.3390/biom8040119

19. Gual-Frau, J, Abad, C, Amengual, MJ, Hannaoui, N, Checa, MA, Ribas-Maynou, J, et al. Oral antioxidant treatment partly improves integrity of human sperm DNA in infertile grade I varicocele patients. Hum Fertil (Camb) (2015) 18(3):225–9. doi: 10.3109/14647273.2015.1050462

20. Nadjarzadeh, A, Shidfar, F, Amirjannati, N, Vafa, MR, Motevalian, SA, Gohari, MR, et al. Effect of Coenzyme Q10 supplementation on antioxidant enzymes activity and oxidative stress of seminal plasma: a double-blind randomised clinical trial. Andrologia (2014) 46(2):177–83. doi: 10.1111/and.12062

21. Humaidan, P, Haahr, T, Povlsen, BB, Kofod, L, Laursen, RJ, Alsbjerg, B, et al. The combined effect of lifestyle intervention and antioxidant therapy on sperm DNA fragmentation and seminal oxidative stress in IVF patients: a pilot study. Int Braz J Urol (2022) 48(1):131–56. doi: 10.1590/s1677-5538.ibju.2021.0604

22. Chavoshi Nezhad, N, Vahabzadeh, Z, Allahveisie, A, Rahmani, K, Raoofi, A, Rezaie, MJ, et al. The Effect of L-Carnitine and Coenzyme Q10 on the Sperm Motility, DNA Fragmentation, Chromatin Structure and Oxygen Free Radicals During, before and after Freezing in Oligospermia Men. Urol J (2021) 18(3):330–6.

23. Abdelrazik, H, Sharma, R, Mahfouz, R, and Agarwal, A. L-carnitine decreases DNA damage and improves the in vitro blastocyst development rate in mouse embryos. Fertil Steril (2009) 91(2):589–96. doi: 10.1016/j.fertnstert.2007.11.067

24. Menchini-Fabris, GF, Canale, D, Izzo, PL, Olivieri, L, and Bartelloni, M. Free L-carnitine in human semen: its variability in different andrologic pathologies. Fertil Steril (1984) 42(2):263–7. doi: 10.1016/S0015-0282(16)48024-6

25. Simas, JN, Mendes, TB, Fischer, LW, Vendramini, V, and Miraglia, SM. Resveratrol improves sperm DNA quality and reproductive capacity in type 1 diabetes. Andrology (2021) 9(1):384–99. doi: 10.1111/andr.12891

26. Tiwari, S, Dewry, RK, Srivastava, R, Nath, S, and Mohanty, TK. Targeted antioxidant delivery modulates mitochondrial functions, ameliorates oxidative stress and preserve sperm quality during cryopreservation. Theriogenology (2022) 179:22–31. doi: 10.1016/j.theriogenology.2021.11.013

27. Micic, S, Lalic, N, Djordjevic, D, Bojanic, N, Bogavac-Stanojevic, N, Busetto, GM, et al. Double-blind, randomised, placebo-controlled trial on the effect of L-carnitine and L-acetylcarnitine on sperm parameters in men with idiopathic oligoasthenozoospermia. Andrologia (2019) 51(6):e13267. doi: 10.1111/and.13267

28. Gamidov, SI, Ovchinnikov, RI, and Popova, AY. Double-blind, randomized placebo-controlled study of efficiency and safety of complex acetyl-L-carnitine, L-carnitine fumarate and alpha-lipoic acid (Spermactin Forte) for treatment of male infertility. Urologiia (2019) 4):62–8. doi: 10.18565/urology.2019.4.61-68

29. Beigi Harchegani, A, Dahan, H, Tahmasbpour, E, Bakhtiari Kaboutaraki, H, and Shahriary, A. Effects of zinc deficiency on impaired spermatogenesis and male infertility: the role of oxidative stress, inflammation and apoptosis. Hum Fertil (Camb) (2020) 23(1):5–16. doi: 10.1080/14647273.2018.1494390

30. Omu, AE, Al-Azemi, MK, Kehinde, EO, Anim, JT, Oriowo, MA, and Mathew, TC. Indications of the mechanisms involved in improved sperm parameters by zinc therapy. Med Princ Pract (2008) 17(2):108–16. doi: 10.1159/000112963

31. Isaac, AV, Kumari, S, Nair, R, Urs, DR, Salian, SR, Kalthur, G, et al. Supplementing zinc oxide nanoparticles to cryopreservation medium minimizes the freeze-thaw-induced damage to spermatozoa. Biochem Biophys Res Commun (2017) 494(3-4):656–62. doi: 10.1016/j.bbrc.2017.10.112

32. Raigani, M, Yaghmaei, B, Amirjannti, N, Lakpour, N, Akhondi, MM, Zeraati, H, et al. The micronutrient supplements, zinc sulphate and folic acid, did not ameliorate sperm functional parameters in oligoasthenoteratozoospermic men. Andrologia (2014) 46(9):956–62. doi: 10.1111/and.12180

33. Smits, RM, Mackenzie-Proctor, R, Yazdani, A, Stankiewicz, MT, Jordan, V, and Showell, MG. Antioxidants for male subfertility. Cochrane Database Syst Rev (2019) 3:CD007411. doi: 10.1002/14651858.CD007411.pub4

34. Deng, XL, Li, YM, Yang, XY, Huang, JR, Guo, SL, and Song, LM. Efficacy and safety of vitamin D in the treatment of idiopathic oligoasthenozoospermia. Zhonghua Nan Ke Xue (2014) 20(12):1082–5.

35. Merino, O, Sánchez, R, Gregorio, BM, Sampaio, FJ, and Risopatrón, J. Effects of diet-induced obesity and deficient in vitamin D on spermatozoa function and DNA integrity in sprague-dawley rats. Biomed Res Int (2018) 2018:5479057. doi: 10.1155/2018/547905

36. Keskes-Ammar, L, Feki-Chakroun, N, Rebai, T, Sahnoun, Z, Ghozzi, H, Hammami, S, et al. Sperm oxidative stress and the effect of an oral vitamin E and selenium supplement on semen quality in infertile men. Arch Androl (2003) 49(2):83–94. doi: 10.1080/01485010390129269

37. Rolf, C, Cooper, TG, Yeung, CH, and Nieschlag, E. Antioxidant treatment of patients with asthenozoospermia or moderate oligoasthenozoospermia with high-dose vitamin C and vitamin E: a randomized, placebo-controlled, double-blind study. Hum Reprod (1999) 14(4):1028–33. doi: 10.1093/humrep/14.4.1028

38. Comhaire, FH, Christophe, AB, Zalata, AA, Dhooge, WS, Mahmoud, AM, and Depuydt, CE. The effects of combined conventional treatment, oral antioxidants and essential fatty acids on sperm biology in subfertile men. Prostaglandins Leukot Essent Fatty Acids (2000) 63(3):159–65. doi: 10.1054/plef.2000.0174

39. Alahmar, AT, Calogero, AE, Singh, R, Cannarella, R, Sengupta, P, and Dutta, S. Coenzyme Q10, oxidative stress, and male infertility: A review. Clin Exp Reprod Med (2021) 48(2):97–104. doi: 10.5653/cerm.2020.04175

40. Alahmar, AT, Calogero, AE, Sengupta, P, and Dutta, S. Coenzyme Q10 improves sperm parameters, oxidative stress markers and sperm DNA fragmentation in infertile patients with idiopathic Oligoasthenozoospermia. World J Mens Health (2021) 39(2):346–51. doi: 10.5534/wjmh.190145

41. Lucignani, G, Jannello, LMI, Fulgheri, I, Silvani, C, Turetti, M, Gadda, F, et al. Coenzyme Q10 and melatonin for the treatment of male infertility: A narrative review. Nutrients (2022) 14(21):4585. doi: 10.3390/nu14214585

42. Aitken, RJ, and Clarkson, JS. Cellular basis of defective sperm function and its association with the genesis of reactive oxygen species by human spermatozoa. J Reprod Fertil (1987) 81(2):459–69. doi: 10.1530/jrf.0.0810459

43. Omu, AE, Dashti, H, and Al-Othman, S. Treatment of asthenozoospermia with zinc sulphate: andrological, immunological and obstetric outcome. Eur J Obstet Gynecol Reprod Biol (1998) 79(2):179–84. doi: 10.1016/S0301-2115(97)00262-5

44. Dadgar, Z, Shariatzadeh, SMA, Mehranjani, MS, and Kheirolahi, A. The therapeutic effect of co-administration of pentoxifylline and zinc in men with idiopathic infertility. Ir J Med Sci (2022) 192:431–9. doi: 10.1007/s11845-022-02931-0

45. Halicka, HD, Zhao, H, Li, J, Traganos, F, Studzinski, GP, and Darzynkiewicz, Z. Attenuation of constitutive DNA damage signaling by 1,25-dihydroxyvitamin D3. Aging (Albany NY) (2012) 4(4):270–8. doi: 10.18632/aging.100450

46. de Angelis, C, Galdiero, M, Pivonello, C, Garifalos, F, Menafra, D, Cariati, F, et al. The role of vitamin D in male fertility: A focus on the testis. Rev Endocr Metab Disord (2017) 18(3):285–305. doi: 10.1007/s11154-017-9425-0

47. Lorenzen, M, Boisen, IM, Mortensen, LJ, Lanske, B, Juul, A, and Blomberg Jensen, M. Reproductive endocrinology of vitamin D. Mol Cell Endocrinol (2017) 453:103–12. doi: 10.1016/j.mce.2017.03.023

48. Taheri Moghadam, M, Asadi Fard, Y, Saki, G, and Nikbakht, R. Effect of vitamin D on apoptotic marker, reactive oxygen species and human sperm parameters during the process of cryopreservation. Iran J Basic Med Sci (2019) 22(9):1036–43.

49. Banks, N, Sun, F, Krawetz, SA, Coward, RM, Masson, P, Smith, JF, et al. Male vitamin D status and male factor infertility. Fertil Steril (2021) 116(4):973–9. doi: 10.1016/j.fertnstert.2021.06.035

50. Azizi, E, Naji, M, Shabani-Nashtaei, M, Aligholi, A, Najafi, A, and Amidi, F. Association of serum content of 25-hydroxy vitamin D with semen quality in normozoospermic and oligoasthenoteratozoospermic men. Int J Reprod BioMed (2018) 16(11):689–96.

51. Güngör, K, Güngör, ND, Başar, MM, Cengiz, F, Erşahin, SS, and Çil, K. Relationship between serum vitamin D levels semen parameters and sperm DNA damage in men with unexplained infertility. Eur Rev Med Pharmacol Sci (2022) 26(2):499–505.

52. Majzoub, A, and Agarwal, A. Systematic review of antioxidant types and doses in male infertility: Benefits on semen parameters, advanced sperm function, assisted reproduction and live-birth rate. Arab J Urol (2018) 16(1):113–24. doi: 10.1016/j.aju.2017.11.013

53. Greco, E, Iacobelli, M, Rienzi, L, Ubaldi, F, Ferrero, S, and Tesarik, J. Reduction of the incidence of sperm DNA fragmentation by oral antioxidant treatment. J Androl (2005) 26(3):349–53. doi: 10.2164/jandrol.04146

54. Akmal, M, Qadri, JQ, Al-Waili, NS, Thangal, S, Haq, A, and Saloom, KY. Improvement in human semen quality after oral supplementation of vitamin C. J Med Food (2006) 9(3):440–2. doi: 10.1089/jmf.2006.9.440

55. Zafarullah, M, Li, WQ, Sylvester, J, and Ahmad, M. Molecular mechanisms of N-acetylcysteine actions. Cell Mol Life Sci (2003) 60(1):6–20. doi: 10.1007/s000180300001

56. Rushworth, GF, and Megson, IL. Existing and potential therapeutic uses for N-acetylcysteine: the need for conversion to intracellular glutathione for antioxidant benefits. Pharmacol Ther (2014) 141(2):150–9. doi: 10.1016/j.pharmthera.2013.09.006

57. Ciftci, H, Verit, A, Savas, M, Yeni, E, and Erel, O. Effects of N-acetylcysteine on semen parameters and oxidative/antioxidant status. Urology (2009) 74(1):73–6. doi: 10.1016/j.urology.2009.02.034

58. Jannatifar, R, Parivar, K, Roodbari, NH, and Nasr-Esfahani, MH. Effects of N-acetyl-cysteine supplementation on sperm quality, chromatin integrity and level of oxidative stress in infertile men. Reprod Biol Endocrinol (2019) 17(1):24. doi: 10.1186/s12958-019-0468-9

59. Barekat, F, Tavalaee, M, Deemeh, MR, Bahreinian, M, Azadi, L, Abbasi, H, et al. A preliminary study: N-acetyl-L-cysteine improves semen quality following varicocelectomy. Int J Fertil Steril (2016) 10(1):120–6.

60. Safarinejad, MR, and Safarinejad, S. Efficacy of selenium and/or N-acetyl-cysteine for improving semen parameters in infertile men: a double-blind, placebo controlled, randomized study. J Urol (2009) 181(2):741–51. doi: 10.1016/j.juro.2008.10.015

61. Robinson, L, Gallos, ID, Conner, SJ, Rajkhowa, M, Miller, D, Lewis, S, et al. The effect of sperm DNA fragmentation on miscarriage rates: a systematic review and meta-analysis. Hum Reprod (2012) 27(10):2908–17. doi: 10.1093/humrep/des261

62. Moskovtsev, SI, Jarvi, K, Mullen, JB, Cadesky, KI, Hannam, T, and Lo, KC. Testicular spermatozoa have statistically significantly lower DNA damage compared with ejaculated spermatozoa in patients with unsuccessful oral antioxidant treatment. Fertil Steril (2010) 93(4):1142–6. doi: 10.1016/j.fertnstert.2008.11.005

63. Esteves, SC, Sánchez-Martín, F, Sánchez-Martín, P, Schneider, DT, and Gosálvez, J. Comparison of reproductive outcome in oligozoospermic men with high sperm DNA fragmentation undergoing intracytoplasmic sperm injection with ejaculated and testicular sperm. Fertil Steril (2015) 104(6):1398–405. doi: 10.1016/j.fertnstert.2015.08.028

64. Mehta, A, Bolyakov, A, Schlegel, PN, and Paduch, DA. Higher pregnancy rates using testicular sperm in men with severe oligospermia. Fertil Steril (2015) 104(6):1382–7. doi: 10.1016/j.fertnstert.2015.08.008

65. Pabuccu, EG, Caglar, GS, Tangal, S, Haliloglu, AH, and Pabuccu, R. Testicular versus ejaculated spermatozoa in ICSI cycles of normozoospermic men with high sperm DNA fragmentation and previous ART failures. Andrologia (2017) 49(2):e12609. doi: 10.1111/and.12609

66. Esteves, SC, Roque, M, Bradley, CK, and Garrido, N. Reproductive outcomes of testicular versus ejaculated sperm for intracytoplasmic sperm injection among men with high levels of DNA fragmentation in semen: systematic review and meta-analysis. Fertil Steril (2017) 108(3):456–467.e1. doi: 10.1016/j.fertnstert.2017.06.018

67. Dai, Y, Liu, J, Yuan, E, Li, Y, Shi, Y, and Zhang, L. Relationship among traditional semen parameters, sperm DNA fragmentation, and unexplained recurrent miscarriage: A systematic review and meta-analysis. Front Endocrinol (Lausanne) (2021) 12:802632. doi: 10.3389/fendo.2021.802632

68. Bradley, CK, McArthur, SJ, Gee, AJ, Weiss, KA, Schmidt, U, and Toogood, L. Intervention improves assisted conception intracytoplasmic sperm injection outcomes for patients with high levels of sperm DNA fragmentation: a retrospective analysis. Andrology (2016) 4(5):903–10. doi: 10.1111/andr.12215

69. Arafa, M, AlMalki, A, AlBadr, M, Burjaq, H, Majzoub, A, AlSaid, S, et al. ICSI outcome in patients with high DNA fragmentation: Testicular versus ejaculated spermatozoa. Andrologia (2018) 50(1):e12835. doi: 10.1111/and.12835

70. Alharbi, M, Hamouche, F, Phillips, S, Kadoch, JI, and Zini, A. Use of testicular sperm in couples with SCSA-defined high sperm DNA fragmentation and failed intracytoplasmic sperm injection using ejaculated sperm. Asian J Androl (2020) 22(4):348–53.

71. Moskovtsev, SI, Alladin, N, Lo, KC, Jarvi, K, Mullen, JB, and Librach, CL. A comparison of ejaculated and testicular spermatozoa aneuploidy rates in patients with high sperm DNA damage. Syst Biol Reprod Med (2012) 58(3):142–8. doi: 10.3109/19396368.2012.667504

72. Esteves, SC, and Agarwal, A. Reproductive outcomes, including neonatal data, following sperm injection in men with obstructive and nonobstructive azoospermia: case series and systematic review. Clinics (Sao Paulo) (2013) 68 Suppl 1:141–50. doi: 10.6061/clinics/2013(Sup01)16

73. Esteves, SC, Miyaoka, R, Orosz, JE, and Agarwal, A. An update on sperm retrieval techniques for azoospermic males. Clinics (Sao Paulo) (2013) 68 Suppl 1:99–110. doi: 10.6061/clinics/2013(Sup01)11

74. Carpi, A, Menchini Fabris, FG, Palego, P, Di Coscio, G, Romani, R, Nardini, V, et al. Fine-needle and large-needle percutaneous aspiration biopsy of testicles in men with nonobstructive azoospermia: safety and diagnostic performance. Fertil Steril (2005) 83(4):1029–33. doi: 10.1016/j.fertnstert.2004.09.027

75. Ramasamy, R, Yagan, N, and Schlegel, PN. Structural and functional changes to the testis after conventional versus microdissection testicular sperm extraction. Urology (2005) 65(6):1190–4. doi: 10.1016/j.urology.2004.12.059

76. Carpi, A, Sabanegh, E, and Mechanick, J. Controversies in the management of nonobstructive azoospermia. Fertil Steril (2009) 91(4):963–70. doi: 10.1016/j.fertnstert.2009.01.083

77. Carrell, DT, and De Jonge, CJ. The troubling state of the semen analysis. Andrology (2016) 4(5):761–2. doi: 10.1111/andr.12257

78. Barratt, CLR, De Jonge, CJ, and Sharpe, RM. 'Man Up': the importance and strategy for placing male reproductive health centre stage in the political and research agenda. Hum Reprod (2018) 33(4):541–5.

79. Franco, JG, Petersen, CG, Mauri, AL, Vagnini, LD, Renzi, A, Petersen, B, et al. Key performance indicators score (KPIs-score) based on clinical and laboratorial parameters can establish benchmarks for internal quality control in an ART program. JBRA Assist Reprod (2017) 21(2):61–6. doi: 10.1016/j.fertnstert.2017.07.282

80. Organization, WH. Laboratory manual of the WHO for the examination of human semen and sperm-cervical mucus interaction. Ann Ist Super Sanita (2001) 37(1):I–XII, 1-123.

81. Edizione, T. WHO laboratory manual for the examination of human seminal fluid and the interaction of sperm with cervical mucus. Ann Ist Super Sanita (1993) 29 Suppl 2:1–98.

82. World Health Organization DoRHaR. WHO Laboratory Manual for the Examination and Processing of Human Semen, Fifth edition ed. 978 92 4 154778 9, Vol. Vol. 1. (2010). p. 287.

83. Organization, WH. WHO Laboratory Manual for the Examination and Processing of Human Semen. 6th ed. Geneva: World Health Organization (2021).

84. Organization, WH. WHO Laboratory Manual for the Examination and Processing of Human Semen, 5th ed. (2010).

85. Evenson, DP. Sperm chromatin structure assay (SCSA®). Methods Mol Biol (2013) 927:147–64. doi: 10.1007/978-1-62703-038-0_14

86. Martins da Silva, SJ. Male infertility and antioxidants: one small step for man, no giant leap for andrology? Reprod BioMed Online (2019) 39(6):879–83. doi: 10.1016/j.rbmo.2019.08.008

87. Moustafa, MH, Sharma, RK, Thornton, J, Mascha, E, Abdel-Hafez, MA, Thomas, AJ, et al. Relationship between ROS production, apoptosis and DNA denaturation in spermatozoa from patients examined for infertility. Hum Reprod (2004) 19(1):129–38. doi: 10.1093/humrep/deh024

88. Aydin, MS, Senturk, GE, and Ercan, F. Cryopreservation increases DNA fragmentation in spermatozoa of smokers. Acta Histochem (2013) 115(4):394–400. doi: 10.1016/j.acthis.2012.10.003

89. Musson, R, Gąsior, Ł, Bisogno, S, and Ptak, GE. DNA damage in preimplantation embryos and gametes: specification, clinical relevance and repair strategies. Hum Reprod Update (2022) 28(3):376–99. doi: 10.1093/humupd/dmab046

90. Guo, Y, Ma, Y, Zhang, J, Jiang, S, Yuan, G, Cheng, J, et al. Alteration in autophagy gene expression profile correlates with low sperm quality. Reprod Biol (2021) 21(4):100546. doi: 10.1016/j.repbio.2021.100546

91. Gualtieri, R, Kalthur, G, Barbato, V, Longobardi, S, Di Rella, F, Adiga, SK, et al. Sperm oxidative stress during in vitro manipulation and its effects on sperm function and embryo development. Antioxid (Basel) (2021) 10(7):1025. doi: 10.3390/antiox10071025

92. Janevic, T, Kahn, LG, Landsbergis, P, Cirillo, PM, Cohn, BA, Liu, X, et al. Effects of work and life stress on semen quality. Fertil Steril (2014) 102(2):530–8. doi: 10.1016/j.fertnstert.2014.04.021

93. Jurewicz, J, Hanke, W, Sobala, W, Merecz, D, and Radwan, M. The effect of stress on the semen quality. Med Pr (2010) 61(6):607–13.

94. Zorn, B, Auger, J, Velikonja, V, Kolbezen, M, and Meden-Vrtovec, H. Psychological factors in male partners of infertile couples: relationship with semen quality and early miscarriage. Int J Androl (2008) 31(6):557–64. doi: 10.1111/j.1365-2605.2007.00806.x

95. La Vignera, S, Condorelli, RA, Balercia, G, Vicari, E, and Calogero, AE. Does alcohol have any effect on male reproductive function? A review of literature. Asian J Androl (2013) 15(2):221–5. doi: 10.1038/aja.2012.118

96. Doostabadi, MR, Hassanzadeh-Taheri, M, Asgharzadeh, M, and Mohammadzadeh, M. Protective effect of vitamin E on sperm parameters, chromatin quality, and DNA fragmentation in mice treated with different doses of ethanol: An experimental study. Int J Reprod BioMed (2021) 19(6):525–36. doi: 10.18502/ijrm.v19i6.9374

97. Van Thiel, DH, Gavaler, JS, Cobb, CF, Santucci, L, and Graham, TO. Ethanol, a Leydig cell toxin: evidence obtained in vivo and in vitro. Pharmacol Biochem Behav (1983) 18 Suppl 1:317–23. doi: 10.1016/0091-3057(83)90193-4

98. Muthusami, KR, and Chinnaswamy, P. Effect of chronic alcoholism on male fertility hormones and semen quality. Fertil Steril (2005) 84(4):919–24. doi: 10.1016/j.fertnstert.2005.04.025

99. Hadi, HA, Hill, JA, and Castillo, RA. Alcohol and reproductive function: a review. Obstet Gynecol Surv (1987) 42(2):69–74. doi: 10.1097/00006254-198702000-00001

100. Kuller, LH, May, SJ, and Perper, JA. The relationship between alcohol, liver disease, and testicular pathology. Am J Epidemiol (1978) 108(3):192–9. doi: 10.1093/oxfordjournals.aje.a112611

101. Anderson, RA Jr., Willis, BR, Oswald, C, and Zaneveld, LJ. Partial reversal of ethanol-induced male reproductive pathology following abstinence. Alcohol Alcohol (1985) 20(3):273–86.

102. Sermondade, N, Elloumi, H, Berthaut, I, Mathieu, E, Delarouzière, V, Ravel, C, et al. Progressive alcohol-induced sperm alterations leading to spermatogenic arrest, which was reversed after alcohol withdrawal. Reprod BioMed Online (2010) 20(3):324–7. doi: 10.1016/j.rbmo.2009.12.003

103. Ricci, E, Noli, S, Ferrari, S, La Vecchia, I, Cipriani, S, De Cosmi, V, et al. Alcohol intake and semen variables: cross-sectional analysis of a prospective cohort study of men referring to an Italian Fertility Clinic. Andrology (2018) 6(5):690–6. doi: 10.1111/andr.12521

104. Acevedo, B, Sanchez, M, Gomez, JL, Cuadros, J, Ricciarelli, E, and Hernández, ER. Luteinizing hormone supplementation increases pregnancy rates in gonadotropin-releasing hormone antagonist donor cycles. Fertil Steril (2004) 82(2):343–7. doi: 10.1016/j.fertnstert.2004.03.020

105. De Luca, MN, Colone, M, Gambioli, R, Stringaro, A, and Unfer, V. Oxidative stress and male fertility: role of antioxidants and inositols. Antioxid (Basel) (2021) 10(8):1283. doi: 10.3390/antiox10081283

106. Ko, EY, Sabanegh, ES, and Agarwal, A. Male infertility testing: reactive oxygen species and antioxidant capacity. Fertil Steril (2014) 102(6):1518–27. doi: 10.1016/j.fertnstert.2014.10.020

107. Cannarella, R, Calogero, AE, Condorelli, RA, Giacone, F, Mongioi', LM, and La Vignera, S. Non-hormonal treatment for male infertility: the potential role of Serenoa repens, selenium and lycopene. Eur Rev Med Pharmacol Sci (2019) 23(7):3112–20.

108. Alamo, A, Condorelli, RA, Mongioì, LM, Cannarella, R, Giacone, F, Calabrese, V, et al. Environment and male fertility: effects of Benzo-α-Pyrene and resveratrol on human sperm function in vitro. J Clin Med (2019) 8(4):561. doi: 10.3390/jcm8040561

109. Meseguer, M, Santiso, R, Garrido, N, García-Herrero, S, Remohí, J, and Fernandez, JL. Effect of sperm DNA fragmentation on pregnancy outcome depends on oocyte quality. Fertil Steril (2011) 95(1):124–8. doi: 10.1016/j.fertnstert.2010.05.055




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Romano, Cirillo, Spadaro, Busnelli, Castellano, Albani and Levi-Setti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table3.jpg
Participants

Design

SDF
testing
method

Interventions

Outcome

SDF rate in testicular vs ejaculated
sperm.

Greco et al., 18 couples Case-control
TUNEL TESE and TESA Fertilizati te, cl te,
2005 (14) > 2 1CSI failure with ejaculated sperm study UNEL assay SEiand TES ertilization rate, cleavage rate
implantation rate, clinical
pregnancy rate
Moskovtsev 12 infertile men vfith. high DNA damage despite Prospective TUNEL assay TESE SDF rate in testicular vs ejaculated
et al, 2010 (62) antioxidant therapy cohort study sperm
Moskovtsev 8 infertile men with high DNA damage despite Prospective TUNEL assa SDF rate in testicular vs ejaculated
et al, 2012 (71) antioxidant therapy cohort study 2 sperm and sperm aneuploidy rate
Mehta etal, 24 Oligospermic men who filed > ART cycles using Retrospedive ‘ SDF rate in testicular vs ejaculated
2015 (64) ejaculated sperm with TUNEL-positive proportion > i i TUNEL assay Micro-TESE sperm
7% CPR in the testicular sperm group
SDF rate in testicular vs ejaculated
Esteves et al., o . . Prospective sperm.
2015 (63) 147 oligospermic men with > 30% SDF cohort study SCD TESE and TESA Clinical pregnancy, miscarriage
rate and live birth rate
Pabuccu et al., 71 normozoospermic men with DFI > 30% and who  Retrospective scp TESA Fertilization rate, implantation rate,
2016 (65) failed = 2 ART cycles cohort CPR, OPR
—— - - Fertilization rate, CPR,
A B 1924 men with SDF > 30% SHCIPEERYS SCIT implantation rate, miscarriage rate,
2016 (68) cohort
LBR
Fertilizati te, loss,
Arafa et al, 36 men with high SDF with a previous failed Prospective R RSt
- SCD TESA Clinical pregnancy rate and live
2017 (69) ejaculated sperm-ICSI cycle cohort study %
birth rate
Alharbi et al., 52 nonazospermic men with SDF > 15% and >30% Retrospective s .
2020 (70) that had T-ICSI after > 1 Ej-ICSI cohort e TEA CRR; miscartiige rateiand LBR





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        High sperm DNA fragmentation: do we have robust evidence to support antioxidants and testicular sperm extraction to improve fertility outcomes? a narrative review

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        



        		

          3 Findings

        

          		

            3.1 Antioxidant therapy

          



          		

            3.2 Testicular sperm retrieval and sperm DNA damage

          



        



        



        		

          4 Discussion

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2023.1150951_cover.jpg
& frontiers | Frontiers in Endocrinology

High sperm DNA fragmentation: do we have
robust evidence to support antioxidants and
testicular sperm extraction to improve
fertility outcomes? a narrative review





OEBPS/Images/table1.jpg
Molecule

Definition

Effect on sperm

Supporting
Studies

Coenzyme
Q10

L-carnitine

Zinc

Vitamin D

Constituent of
mitochondrial membrane

Hydrophilic amino acid
derived from amino acid
lysin

Divalent metal

Fat-soluble vitamin

Inhibition of superoxide production

Promotion of the entry of long-chain fatty
acids into mitochondria

Catalytic action of copper/zinc-superoxide
dismutase, stabilization of membrane structure

Inhibition of lipid peroxidation

DNA fragmentation reduction and increase in
sperm cells numeber and quality

Improvement of sperm volume, progressive
motility and vitality; reduction of SDF

Improvement of sperm paramenters and
reduction in the incidence of antisperm
antibodies

Increase in sperm progressive motility and
reduction in SDF

(17-21)

(21-23)

(24-28)

(29-33)

Vitamin E

N-acetyl-L-
cysteine

Fat-soluble vitamin

Modified amino acid derived

from L-cysteine

Reduction of hydroxyl radicals and lipid
peroxidation

Scavenger of free radicals, improves glutathione
(GSH) levels

Improvement in sperm motility and reduction
in SDF

Improvement of sperm parameters, reduction in
SDF

(26, 34, 35)

(36-38)





OEBPS/Images/table2.jpg
Participant

Interventions

Treatment
period

Josep Gual-
Frau
(2015) (19)

Nadjarzadeh
(2013) (20)

Humaidan
(2022) (21)

Alahmar
(2021) (40)

Nezhad
(2021) (22)

Micic (2019)
7).

Gamidov
(2019) (28)

Omu 1998
(43)

Omu (2008)
(30)

Raigani
(2013) (32)

Dadgar
(2022) (44)

Banks (2021)
(49)

Gungor

Taheri
Moghadam
(2019) (48)

Deng (2014)
(33)

Combhaire
(2000) (38)

Greco (2005)
(53)

Barekat
(2016) (59)

Jannatifar
(2019) (58)

Safarinejad
(2009) (60)

Infertile grade I varicocele
patients

Infertile men with idiopathic
oligoasthenoteratozoospermia

Infertile males with
a history of failed IVF/ICSL

infertile patients with
idiopathic OA vs fertile men

Semen was collected from
oligospermic men

infertile men with idiopathic
oligoasthenoteratospermia

infertile men with
oligoasthenoteratospermia,
underwent to microsurgical

varicocelectomy

men with idiopathic
asthenozoospermia

forty-five men with
asthenozoospermia

Subfertile
oligoasthenoteratozoospermic
(OAT) men

men with idiopathic infertility

Men with idiopathic OAT

men with unexplained
infertility

Fertile men

men with idiopathic
oligoasthenozoospermi

Idiopathic infertile men

men with unexplained
infertility and an elevated (>
or = 15%) percentage of
DNA-fragmented
spermatozoa in the ejaculate

Prospective clinical trial
included infertile men with
varicocelectomy randomly

divided into control and NAC
groups

infertile men with
asthenoteratozoospermia

infertile men with idiopathic
oligo-asthenoteratospermia

no

yes

no

no

Yes

Yes

yes

yes

yes

yes

no

no

yes

no

yes

yes

yes

yes

Multavitamins with CoQ10

200 mg daily of CoQ10 vs placebo

Diet and exercise, combined with oral
antioxidant (multivitamins, coQ10,
omega-3, and oligo-elements).

CoQI0 at the dose of 200 mg/d orally

The samples of each individual were
divided and incubated with different
anti-oxidant vs placebo

L-carnitine and L-acetylcarnitine with
micronutrients

Complex of acetyl-L-carnitine, L-
carnitine fumarate and alpha-lipoic
acid after surgery vs placebo

250 mg twice daily zinc therapy for 3
months vs no therapy

four therapy groups: zinc only: n =
11; zinc + vitamin E: n = 12 and zinc
+ vitamins E + C: n = 14 for 3
months, and non-therapy control
group: n =8

daily treatment of folic acid (5 mg
day) and zinc sulphate (220 mg day),

four groups: pentoxifylline, zinc,
pentoxifylline + zinc, and placebo

vitamin formulation including
vitamin D 2,000 IU daily or placebo

correlation between vit D levels and
sperm DNA damage

integrity of fertile sperm after
cryopreservation with vitamin D
supplementation

oral VD 200 1U/d and calcium 600
mg/d; while the latter administered
oral vitamin E 100 mg and vitamin C
100 mg

oral antioxidants (N-acetyl-cysteine
or vitamins A plus E) and essential
fatty acids (FA)

Daily administration of 1 g vitamin C
+1 g vitamin E vs placebo

three tablets of NAC (200 mg daily)

NAC (600 mg/d)

200 microg selenium orally daily
(selenium group of 116), 600 mg N-
acetyl-cysteine orally daily (N-acetyl-

cysteine group of 118), 200 microg
selenium plus 600 mg N-acetyl-
cysteine orally daily (selenium plus

N-acetyl-cysteine group of 116)

3 mo

3 mo

3 mo

3 mo

3 mo vs 6 mo
vs placebo

3 mo

3 mo

16 weeks

3 mo

6 mo

3 mo

6 mo

2 mo

3 mo

3 mo

26 weeks

Total numbers of sperm cells were increased.
Sperm DNA integrity in grade I varicocele
patients may be improved by oral antioxidant
treatment.

Supplementation with CoQ10 in OAT infertile
men can attenuate oxidative stress in seminal
plasma and improve semen parameters and
antioxidant enzymes activity.

A personalized lifestyle and antioxidant
intervention could improve fertility of subfertile
couples through a reduction in DFI.

CoQ10 supplementation for three months could
improve semen parameters, oxidative stress
markers and reduce
SDF in infertile men with idiopathic OA

Antioxidant treatments significantly reduced the
number of ROS + in the pre and post freezing
groups.

Antioxidants also reduced the percentage of
DNA fragmentation and protamine deficiency
in pre-and post-freezing.

Sperm volume, progressive motility and vitality
and sperm DFI significantly improved after 6
months compared to baseline.

Improvement of basic sperm parameters (sperm
concentration and motility) and a decrease in
the level of sperm DNA fragmentation in the

short term.

Sperm parameters, circulating antisperm
antibodies, sex hormones and T helper
cytokines were evaluated before and after
treatment for the two groups

zinc therapy alone or in combination with
vitamin were associated with improved sperm
parameters with less oxidative stress and sperm
DNA fragmentation index (DFI).

Sperm chromatin integrity increased
significantly in subfertile men receiving only
zinc sulphate treatment (P = 0.048)

A significant improvement in term of
morphology and sperm DNA fragmentation
was observed.

Semen parameters and DFI were not
statistically significantly different between men
with vitamin D deficiency and men with 25
(OH)D levels 220 ng/mL. In addition, clinical
pregnancy and live birth rates were similar.

There was a negative and significant correlation
between vit D levels and sperm DNA damage
(p<0.001). serum vit D > 20 ng/mL led to an

improvement in fertility outcome

ROS and lipid peroxidation values were
dramatically reduced by vitamin D as well as
TUNEL and Annexin assay for apoptosis were
considerably lower in treated groups (P-
value<0.05).

Vitamin D and calcium in oligo-
asthenozoospermia infertile men significantly
increased sperm progressive motility and rate of
pregnancy in the intervention group

The treatment significantly reduced ROS,
increased the Acrosome Reaction, the
proportion of polyunsaturated FA of the
phospholipids, and sperm membrane fluidity.

the percentage of DNA-fragmented
spermatozoa was markedly reduced (P <.001) in
the antioxidant treatment group after the
treatment (9.1 +/- 7.2) as compared with the
pretreatment values (22.1 +/- 7.7)

Percentage of protamine deficiency and DNA
fragmentation significantly differed between the
NAC and control groups

Patients’ sperm count and motility increased
significantly; DNA fragmentation and
protamine deficiency showed significant
decreases compared to pre-treatment levels
(P < 0.05). Hormonal profile improvement was
associated with lowered FSH and LH levels and
increased amount of testosterone (P <0.05)

The authors observed a significant positive
correlation between the selenium and N-acetyl-
cysteine concentrations, and mean sperm
concentration (r = 0.67, p = 0.01), sperm
motility (r = 0.64, p = 0.01) and percent normal
morphology (r = 0.66, p = 0.01).





