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The evaluation of biofunctional sperm parameters can explain some cases of idiopathic male infertility. Among these, sperm DNA fragmentation (fDNA) is the most studied biofunctional sperm parameter. Mitochondrial membrane potential (MMP) correlates positively with sperm motility, the evaluation of sperm apoptosis by flow cytometry allows us to identify a population of spermatozoa not recognizable at the optical microscopy and finally, lipid peroxidation (LP) and mitochondrial superoxide levels measurements are rational oxidative stress indices. Male age seems to affect sperm concentration and sperm fDNA. For these reasons, this study was undertaken to evaluate the correlation, if any, between male age and biofunctional sperm parameters evaluating their possible impact on fDNA. To accomplish this, MMP, degree of chromatin compactness, sperm apoptosis/vitality, fDNA, LP, and mitochondrial superoxide levels were evaluated by flow cytometry in a cohort of 874 men. A significant negative correlation was found between age and the percentage of alive spermatozoa (r = -0.75, p < 0.05). The percentage of spermatozoa with low MMP (L-MMP) correlated positively with the percentage of spermatozoa with abnormal chromatin compactness (r = 0.24, p < 0.05). Spermatozoa with abnormal chromatin compactness and L-MMP correlated negatively with the percentage of alive spermatozoa (r = 0.83, p < 0.05) and positively with spermatozoa with PS externalization (r = 0.13, p < 0.01). The percentage of alive spermatozoa correlated negatively with both the percentage of spermatozoa with PS externalization (r = 0.24, p < 0.01) and of the spermatozoa with fDNA (r = 0.10, p < 0.05). Spermatozoa with PS externalization correlated positively with the percentage of spermatozoa with fDNA (r = 0.09, p < 0.05). Spermatozoa with LP correlated positively with the percentage of spermatozoa with increased mitochondrial superoxide (r = 0.11, p < 0.01) In conclusion, these findings in a large number of men suggest that age, mitochondrial damage, and alteration of chromatin compactness could activate the apoptotic cascade which could result in an increased fDNA rate.




Keywords: spermatozoa, sperm DNA fragmentation, sperm apoptosis, male age, sperm mitochondrial membrane potential, sperm lipid peroxidation, alive spermatozoa



Introduction

Biofunctional sperm parameters can alter conventional sperm parameters and can explain some cases of idiopathic male infertility (1).

Sperm DNA fragmentation (fDNA) is the most studied biofunctional sperm parameter to ensure normal fertilization, embryo development, and implantation (2). Physiologically, sperm DNA breaks up during spermiogenesis to allow chromatin reorganization. When DNA is complexed with protamine is very stable and it becomes resistant to digestive enzymes. McPherson and Longo observed the presence of damaged DNA strands and proposed that the breaks could be due to an incorrect replacement of histones with protamine (3). These cuts are then repaired by the topoisomerases II or, after fertilization, by the oocyte repair machinery. In this regard, the degree of chromatin compactness is another biofunctional sperm parameter that allows us to ascertain sperm damage due to DNA immaturity.

Among the causes of fDNA, some are reversible and the improvement of this parameter could be fundamental not only for natural pregnancies but also for patients requiring assisted reproductive techniques (ART) for their infertile condition. A recently published meta-analysis showed a negative impact of fDNA on ICSI outcomes (4). Other studies have shown that the percentage of sperm fDNA correlates with conventional sperm parameters, but this association is not very strong, indicating that sperm fDNA could independently predict “semen quality” (5).

Mitochondrial membrane potential (MMP) evaluation is another important marker of sperm mitochondrial function that correlates positively with sperm motility (6). The evaluation of sperm apoptosis/viability allows us to identify a population of spermatozoa that have already initiated the first steps of the apoptotic cascade not recognizable at the optical microscopy. Finally, lipid peroxidation (LP) and mitochondrial superoxide levels measurements are sensible oxidative stress indices, as previously described in systemic diseases, such as diabetes mellitus (7, 8). Nevertheless, oxidative membrane damage does not always cause significant intracellular response, according to the adaptation capacity of the organism that is influenced by different elements of susceptibility (e.g., previous antioxidant therapy) (9).

However, many of the studies so far cited do not consider the age of the male patients. This aspect is of fundamental relevance because couples are trying to conceive at an increasingly advanced age than in the past. The correlation between age and sperm fDNA has been well studied, however, some aspects remain controversial. Male age seems to affect significantly sperm parameters, such as sperm concentration and sperm fDNA (10). Men older than 40 years have a higher rate of sperm fDNA (sperm fDNA index of >10%) compared to men aged <40 years (11). A retrospective study (2013–2016 years) evaluated the correlation between sperm DNA integrity and male age in 654 infertile patients: men aged ≥35 years have increased sperm fDNA rate independently of conventional sperm parameters (12). Another study indicates a statistically significant increase only after 45 years of age (13). Kaarouch and colleagues reported increased fDNA, chromatin decondensation, and sperm aneuploidy rates in the group of men with advanced age (≥ 40 years) and that the paternal age influences ART outcomes, such as canceled embryo transfers, clinical pregnancy, and increased miscarriage (14). However, other studies have not confirmed the influence of age on sperm fDNA and in achieving pregnancy (15, 16).

Therefore, this study aimed to analyze the correlation between male age and biofunctional sperm parameters and to evaluate, for the first time, their possible impact that can result in fDNA. To accomplish this, biofunctional sperm parameters (mitochondrial function, degree of chromatin compaction, cellular apoptosis, and oxidative stress) were evaluated in a large cohort of men aged 18 to 55 years to investigate possible intracellular pathways that may alter sperm fDNA.



Patients and Methods


Patient Selection

The study was conducted on 874 unselected men, aged between 18 and 55 years (35.1 ± 8.2 years). This study was approved by the Ethics Committee of the University Teaching Hospital of “Policlinico-Vittorio Emanuele”, University of Catania, (Catania, Italy). All methods were performed by following the more relevant guidelines (17, 18) and regulations. All participants were asked to sign their informed consent.



Experimental Design

Each man enrolled in this study underwent to semen analysis. Semen samples were collected by masturbation after 3–5 days of sexual abstinence. After 30 min of liquefaction at 37°C, they were washed with PBS and immediately acquired by flow cytometry for the evaluation of biofunctional sperm parameters. The latter included: mitochondrial membrane potential (MMP) evaluation, degree of chromatin compactness, sperm apoptosis/vitality evaluation, fDNA assessment, lipid peroxidation (LP), and mitochondrial superoxide levels determination, as previously reported (7). The same procedures were undertaken at the same laboratory for these studies despite different populations being used (1, 7).



Cytofluorimetric Analysis

Cytofluorimetric analysis was performed using flow cytometer CytoFLEX (Beckman Coulter Life Science, Milan) equipped with two argon lasers and six total fluorescence channels (four 488 nm and two 638 nm). We used the FL1 detectors for green (525 nm), FL2 for orange (585 nm), and FL3 for red (620 nm) fluorescence; 100,000 events (low velocity) were measured for each sample and analyzed by the software CytExpert 1.2.



Evaluation of the Mitochondrial Membrane Potential

MMP was evaluated using the lipophilic probe 5,5’,6,6’-tetrachloro-1,1’,3,3’tetraethyl-benzimidazolylcarbocyanine iodide (JC-1, DBA s.r.l, Milan, Italy). An aliquot containing 1x106/ml of spermatozoa was incubated with JC-1 in the dark, for 10 min, at a temperature of 37°C. At the end of the incubation period, the cells were washed in PBS and analyzed. JC-1 penetrates selectively in mitochondria existing in monomeric form, emitting at 527 nm (giving a green fluorescence for cells with low MMP (L-MMP), while after excitation at 490 nm and based on the membrane potential, JC-1 forms aggregates emitting at 590 nm (cells with normal or high MMP with a double fluorescence, green and orange). Negative control was obtained omitting fluorescence from the reaction mixture, while the addition of carbonyl cyanide 3-chlorophenylhydrazone can be used to confirm that the JC-1 response is sensitive to changes in membrane potential.



Assessment of the Degree of Chromatin Compactness

An aliquot of 1x106 spermatozoa was incubated with LPR DNA-Prep Reagent containing 0.1% potassium cyanate, 0.1% NaN3, non-ionic detergents, saline, and stabilizers (Beckman Coulter, IL, Milan, Italy) for cell membrane permeabilization, in the dark, at room temperature for 10 min and then further incubated with Stain DNA-Prep Reagent containing 50 µg/ml of propidium iodide (PI) (<0.5%), RNase A (4 KUnitz/ml), <0.1% NaN3, saline, and stabilizers (Beckman Coulter, IL, Milan, Italy) in the dark at room temperature. Flow cytometry analysis was performed after 30 min, by FL3 detector: the greater the fluorescence emitted, the greater the binding points inside the double helix indicate a worse chromatin compactness.



Evaluation of Sperm Apoptosis/Vitality

The signal of early apoptosis is the phosphatidylserine (PS) externalization on the outer cell surface. The assessment of PS externalization was performed using annexin V, the protein that binds selectively to PS in the presence of calcium ions, FITC-labeled. When the cell membrane is also damaged the intracellular passage of the propidium iodide (PI) takes place. Therefore, marking simultaneously the cells with annexin V and PI, we distinguished three different cell populations: viable cells, cells in early apoptosis, and cells in late apoptosis. Staining with annexin V and PI was obtained using a commercially available kit (Annexin V-FITC Apoptosis, Sigma Chemical).

An aliquot containing 0.5 × 106/ml was suspended in 0.5 ml of buffer containing 10 µl of annexin V-FITC and 20 µl of PI and incubated for 10 min in the dark. After incubation, the sample was analysed immediately by the detectors FL-1 (FITC) and FL3 (PI).



Assessment of DNA Fragmentation

The evaluation of fDNA was performed by the TUNEL method. This uses the TdT (Terminal deoxynucleotidyl Transferase), an enzyme that polymerizes, at the level of DNA breaks, modified nucleotides conjugated to a fluorochrome. The TUNEL assay was performed by using a commercially available kit (Apoptosis Mebstain kit, Beckman Coulter, Milan). To obtain a negative control, TdT was omitted from the reaction mixture; the positive control was obtained pretreating spermatozoa (about 0.5 × 106) with 1 mg/ml of deoxyribonuclease I, not containing RNAse, at 37°C for 60 min before staining. The reading was performed by flow cytometry using the FL1 detector.



Evaluation of Lipid Peroxidation

The probe BODIPY (581/591) C11 was used for LP evaluation by flow cytometry. It is incorporated into cell membranes and responds to the attack of free oxygen radicals changing its spectrum of emission from red to green. This displacement of the emission is shown by the flow cytometer, which provides an estimate of the degree of peroxidation.

About 2 × 106 of spermatozoa were incubated with 5 mM of the probe for 30 min in a final volume of 1 ml. After washing with PBS, flow cytometry analysis was conducted using the FL1 and FL2 detectors (19).



Measurement of Mitochondrial Superoxide

Mitochondrial superoxide levels were detected by the MitoSOX red mitochondrial superoxide indicator (20). It penetrates the mitochondria and it is quickly oxidized by superoxide anion (not from other free radicals) becoming highly fluorescent with signal detection.



Statistical Analysis

The Kolmogorov-Smirnov test was used to evaluate whether each variable had a Gaussian distribution. Non-parametric tests were then used because the variables were not normally distributed. Each variable was evaluated according to the quartiles of age, and the results are reported as medians and interquartile ranges. The Spearman correlation analysis was used to investigate the association between age and bio-functional sperm parameters and among all the bio-functional sperm parameters evaluated in this study. The software SPSS 23.0 for Windows (SPSS Inc., Chicago, USA) was used. A p-value lower than 0.05 was considered statistically significant.




Results

The median and interquartile range of each biofunctional sperm parameter evaluated in the 874 men enrolled in this study are reported in Table 1.


Table 1 | Bio-functional sperm parameters in all men studied.



A significantly negative correlation was found between the age of the men and the percentage of alive spermatozoa (r = -0.75, p < 0.05) (Figure 1A). Accordingly, we found that the first quartile of the percentage of alive spermatozoa based on the men’s age (min, 2.9; max, 92.9) was statistically significantly lower (p < 0.01) than the fourth quartile (min, 2.4; max, 95.8). Also, we found that age correlated negatively with the percentage of spermatozoa with LP (r = -0.26, p < 0.01) (Figure 1B).




Figure 1 | Scatterplot of the correlations between age of the men enrolled in this study and the percentage of alive spermatozoa (A) and between age and the percentage of spermatozoa with lipid peroxidation (B).



Table 2 shows the significant correlations among the biofunctional sperm parameters. The percentage of spermatozoa with L-MMP correlated positively with the percentage of spermatozoa with abnormal chromatin compactness and with spermatozoa with PS externalization. A significant negative correlation was found between spermatozoa with L-MMP and the percentage of alive spermatozoa. Spermatozoa with abnormal chromatin compactness correlated negatively with the percentage of alive spermatozoa and positively with the percentage of spermatozoa with PS externalization. The percentage of alive spermatozoa correlated negatively with both the percentage of spermatozoa with PS externalization and in late apoptosis and of the spermatozoa with fDNA. Spermatozoa with PS externalization correlated positively with the percentage of spermatozoa with fDNA. Spermatozoa in late apoptosis correlated positively with the percentage of spermatozoa with PS and with fDNA and negatively with alive spermatozoa. Spermatozoa with LP correlated positively with the percentage of spermatozoa with increased mitochondrial superoxide. Finally, all the other correlations were not statistically significant (data are not shown).


Table 2 | Spearman correlation analyses among bio-functional sperm parameters.





Discussion

The results of this study confirmed that advancing the male age is associated with decreased sperm viability. At the same time, the percentage of alive spermatozoa correlated negatively with the percentage of spermatozoa in early apoptosis and in late apoptosis, as predictable, and with fDNA rate. Furthermore, early apoptosis indicated as the percentage of spermatozoa with PS externalization showed a direct correlation with the rate of fDNA. These findings lead us to speculate that sperm apoptosis could be the source of fDNA and that age is also involved in this phenomenon, as we will discuss below.

In addition, the percentage of spermatozoa in early apoptosis was directly correlated with an alteration of sperm chromatin compactness and MMP, whereas no correlation was found between mitochondrial function or chromatin damage and fDNA. Therefore, both abnormal chromatin compactness and L-MMP could contribute to increasing sperm apoptosis rate and consequently the rate of fDNA. The increased percentage of spermatozoa with L-MMP is related to an increased rate of spermatozoa with abnormal chromatin compactness, indicating that mitochondrial damage can alter sperm DNA even without fragmenting it. A recent study conducted on patients with diabetes mellitus (DM) showed that type 1 DM damages the mitochondrial function and impairs sperm motility but has no effects on fDNA, whereas type 2 DM with its inflammatory conditions and the increased oxidative stress leads to reduced sperm viability and an increase in the rate of sperm fDNA rate (7). Other studies on these biofunctional sperm parameters have shown that fDNA occurs only if sperm apoptosis is triggered first (21–23). This condition is confirmed even after a specific treatment that improves the MMP without acting on sperm apoptosis and fDNA (24) and not only in spermatozoa but also in somatic cells, such as epithelial cells (25). Recent evidence confirms a role of PS in fertilization and in sperm:egg fusion (26). In addition, the apoptosis rate must probably exceed a given threshold to trigger fDNA because low percentages of spermatozoa in early apoptosis do not always end up with DNA fragmentation. This suggests that apoptosis is the trigger and not the consequence of fDNA. Furthermore, the increase in the number of spermatozoa with abnormal chromatin compactness does not directly correlate with fDNA. This can be explained by the fact that another mechanism, such as the apoptotic cascade, must be activated to induce DNA fragmentation.

Our study showed that age is associated with a decreased percentage of viable spermatozoa. The latter correlated negatively with fDNA; this is supported by other studies that have reported similar observations without however investigating its mechanism (10, 27). Muratori and colleagues reported also similar data using a different experimental design and methods to assess the degree of the sperm chromatin immaturity (evaluated by an excess of residual histones) and sperm apoptosis (evaluated by caspase activity and cleaved polyADP-ribose polymerase) (28).

The effects of aging on the decline of conventional sperm parameters (motility, morphology, and concentration) over time seem to be related to an alteration of steroidogenesis and increased oxidative stress (29). Advanced age is associated with epidemiological changes of the main systemic diseases which in turn can contribute to the deterioration of the semen quality. On the other hand, it is known that alterations of testicular function are often overlooked in aging because, due to an erroneous belief, testicular dysfunctions are not taken into account despite their great relevance for the serious systemic consequences. It is widely demonstrated that poor semen quality is the mirror of low quality of life and a reduced survival rate, as shown by studies analyzing the comorbidity indices (30). Alterations of sperm parameters can reflect a progressive dysfunction of Sertoli cells, which, by paracrine action, can alter the function of Leydig cells with consequent hypotestosteronemia (31). It is therefore time to consider that male hypogonadism may initially begin with an isolated Sertoli cell dysfunction that manifests as low sperm quality (32).

The present study did not show a correlation between age and increased oxidative stress indices (LP and mitochondrial superoxide levels). We used BODIPY (581/591) C11 as a sensitive marker of membrane LP by flow cytometry, regardless of whether it is activated by superoxide anion, or any other type of oxygen free radical. The positive correlation between LP and mitochondrial superoxide confirms the sensitivity of this assay. We found a statistically significant improvement in LP with advancing age. This finding seems to be in contrast with data reported elsewhere (29). However, it is necessary to take into account the great intra and interindividual variability of these parameters also in consideration of confounding factors, such as, for example, the use of supplements with antioxidant properties so widespread in our society (33). Furthermore, it should be noted that men enrolled in this study had an average age of 35.1 ± 8.2 years with an age range of 18-55 years, therefore younger than the studies that showed an increase in oxidative stress over time (29). The evaluation of the biofunctional sperm parameters as a marker of aging can be a very useful tool in the clinical practice for two reasons. First, to intercept the intracellular modifications that explain the progression of cell damage using a multi-parametric system and, secondly, to identify the altered sperm parameter to prescribe the most appropriate treatment (prokinetics, antioxidants, etc.) and evaluate the response regarding the improvement of the sperm parameter altered even before the clinical response becomes evident.

Finally, the results of this study add an important element in the pathophysiology of DNA damage. The advancing age of the male patient correlating with the increased apoptosis rate, which damages later the other biofunctional sperm parameters (mitochondrial damage and alteration of chromatin compactness), could increase in fDNA. Thus, the results of this study suggest evaluating fDNA to evaluate sperm fertilizing capability, especially in those couples undergoing ART cycles, as also suggested by specific guidelines (34). We suggest also to evaluate the other biofunctional sperm parameters since if on the one hand, they contribute to increasing the apoptosis rate, they can however already cause damage to the conventional sperm parameters as previously reported (1). Some altered parameters, such as MMP for example, if identified on time, are reversible and respond to a targeted treatment to avoid the consequent onset of apoptosis. Further studies are needed to understand the mechanisms and specific treatment to use in this category of patients.

In conclusion, the results of this study suggest that it is very important to take into account the contemporary evaluation of the biofunctional sperm parameters described. This to allow us to grasp subclinical elements and nuances that would go unnoticed through the conventional seminal fluid analysis or the evaluation of single biofunctional sperm parameter. Adult men should maintain a good quality of the conventional and biofunctional sperm parameters even if they do not have reproductive aims as a test of adequate functionality of the hypothalamic-pituitary-testicular axis and therefore of general health.



Data Availability Statement

The datasets presented in this article are not readily available because of patient confidentiality and participant privacy. Requests to access the datasets should be directed to Rosita A. Condorelli: rosita.condorelli@unict.i



Ethics Statement

The studies involving human participants were reviewed and approved by Division of Endocrinology “Policlinico G. Rodolico” Teaching Hospital–Catania University. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

RC and SV: conceptualization and draft preparation. FB, AA, and LM: methods. AA, RC and AC: revision of the text. All authors contributed to the article and approved the submitted version.



References

1. Condorelli, RA, Calogero, AE, Russo, GI, and La Vignera, S. From spermiogram to bio-functional sperm parameters: When and why request them? J Clin Med (2020) 9:E406. doi: 10.3390/jcm9020406

2. Zhao, J, Zhang, Q, Wang, Y, and Li, Y. Whether sperm deoxyribonucleic acid fragmentation has an effect on pregnancy and miscarriage after in vitro fertilization/intracytoplasmic sperm injection: a systematic review and meta-analysis. Fertil Steril (2014) 102:998–1005. doi: 10.1016/j.fertnstert.2014.06.033

3. McPherson, SM, and Longo, FJ. Localization of DNase I-hypersensitive regions during rat spermatogenesis: stage-dependent patterns and unique sensitivity of elongating spermatids. Mol Reprod Dev (1992) 31:268–79. doi: 10.1002/mrd.1080310408

4. Osman, A, Alsomait, H, Seshadri, S, El-Toukhy, T, and Khalaf, Y. The effect of sperm DNA fragmentation on live birth rate after IVF or ICSI: a systematic review and meta-analysis. Reprod BioMed Online (2015) 30:120–27. doi: 10.1016/j.rbmo.2014.10.018

5. Agarwal, A, Cl, C, and Esteves, SC. Should we evaluate and treat sperm DNA fragmentation? Curr Opin Obstet Gynecol (2016) 28:164–71. doi: 10.1097/GCO.0000000000000271

6. Troiano, L, Granata, AR, Cossarizza, A, Kalashnikova, G, Bianchi, R, Pini, G, et al. Mitochondrial membrane potential and DNA stainability in human sperm cells: a flow cytometry analysis with implication for male infertility. Exp Cell Res (1998) 241:384–93. doi: 10.1006/excr.1998.4064

7. Condorelli, RA, La Vignera, S, Mongioì, LM, Alamo, A, and Calogero, AE. Diabetes mellitus and infertility: Different pathophysiological effects in type 1 and type 2 on sperm function. Front Endocrinol (Lausanne) (2018) 9:268. doi: 10.3389/fendo.2018.00268

8. Koppers, AJ, De Iuliis, GN, Finnie, JM, McLaughlin, EA, and Aitken, RJ. Significance of mitochondrial reactive oxygen species in the generation of oxidative stress in spermatozoa. J Clin Endocrinol Metab (2008) 93:3199–207. doi: 10.1210/jc.2007-2616

9. Hamilton, TR, de Castro, LS, Delgado Jde, C, de Assis, PM, Mesquita, LP, Maiorka, PC, et al. Induced lipid peroxidation in ram sperm: semen profile, DNA fragmentation and antioxidant status. Reproduction (2016) 151:379–90. doi: 10.1530/REP-15-0403

10. Pino, V, Sanz, A, Valdés, N, Crosby, J, and Mackenna, A. The effects of aging on semen parameters and sperm DNA fragmentation. JBRA Assist Reprod (2020) 24:82–6. doi: 10.5935/1518-0557.20190058

11. Rosiak-Gill, A, Gill, K, Jakubik, J, Fraczek, M, Patorski, L, Gaczarzewicz, D, et al. Age-related changes in human sperm DNA integrity. Aging (Albany NY) (2019) 11:5399–411. doi: 10.18632/aging.102120

12. Guo, LY, Zhou, H, Liu, M, Li, Q, and Sun, XF. Male age is more critical to sperm DNA integrity than routine semen parameters in Chinese infertile males. Andrologia (2020) 52:e13449. doi: 10.1111/and.13449

13. Deenadayal Mettler, A, Govindarajan, M, Srinivas, S, Mithraprabhu, S, D4, E, and Mahendran, T. Male age is associated with sperm DNA/chromatin integrity. Aging Male (2019) 9:1–8. doi: 10.1080/13685538.2019.1600496

14. Kaarouch, I, Bouamoud, N, Madkour, A, Louanjli, N, Saadani, B, Assou, S, et al. Paternal age: Negative impact on sperm genome decays and IVF outcomes after 40 years. Mol Reprod Dev (2018) 85:271–80. doi: 10.1002/mrd.22963

15. Winkle, T, Rosenbusch, B, Gagsteiger, F, Paiss, T, and Zoller, N. The correlation between male age, sperm quality and sperm DNA fragmentation in 320 men attending a fertility center. J Assist Reprod Genet (2009) 26:41–6. doi: 10.1007/s10815-008-9277-3

16. Nijs, M, De Jonge, C, Cox, A, Janssen, M, Bosmans, E, and Ombelet, W. Correlation between male age, WHO sperm parameters, DNA fragmentation, chromatin packaging and outcome in assisted reproduction technology. Andrologia (2011) 43:174–9. doi: 10.1111/j.1439-0272.2010.01040.x

17. World Health Organization. WHO Laboratory Manual For the Examination and Processing of Human Semen. 5th edition. Cambridge, UK: Cambridge University Press (2010).

18. Veldhoen, M. Guidelines for the use of flow cytometry. Immun Inflammation Dis (2017) 5:384–5. doi: 10.1002/iid3.207

19. Thuwanut, P, Axnér, E, Johanisson, A, and Chatdarong, K. Detection of lipid peroxidation reaction in frozen-thawed epididymal cat spermatozoa using BODIPY(581/591) C11. Reprod Domest Anim (2009) 44(Suppl 2):373–6. doi: 10.1111/j.1439-0531.2009.01453.x

20. Barbonetti, A, Vassallo, MR, Di Rosa, A, Leombruni, Y, Felzani, G, Gandini, L, et al. Involvement of mitochondrial dysfunction in the adverse effect exerted by seminal plasma from men with spinal cord injury on sperm motility. Andrology (2013) 1:456–63. doi: 10.1111/j.2047-2927.2013.00077.x

21. Calogero, A, Polosa, R, Perdichizzi, A, Guarino, F, La Vignera, S, Scarfia, A, et al. Cigarette smoke extract immobilizes human spermatozoa and induces sperm apoptosis. Reprod BioMed Online (2009) 19:564–71. doi: 10.1016/j.rbmo.2009.05.004

22. 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). doi: 10.3390/jcm8040561

23. Condorelli, RA, La Vignera, S, Giacone, F, Iacoviello, L, Mongioì, LM, Li Volti, G, et al. Nicotine effects and receptor expression on human spermatozoa: Possible neuroendocrine mechanism. Front Physiol (2017) 8:177. doi: 10.3389/fphys.2017.00177

24. Condorelli, RA, La Vignera, S, Bellanca, S, Vicari, E, and Calogero, AE. Myoinositol: does it improve sperm mitochondrial function and sperm motility? Urology (2012) 79:1290–5. doi: 10.1016/j.urology.2012.03.005

25. Nazarparvar-Noshadi, M, Ezzati Nazhad Dolatabadi, J, Rasoulzadeh, Y, Mohammadian, Y, and Shanehbandi, D. Apoptosis and DNA damage induced by silica nanoparticles and formaldehyde in human lung epithelial cells. Environ Sci Pollut Res Int (2020) 27:518592–6015. doi: 10.1007/s11356-020-08191-8

26. Rival, CM, Xu, W, Shankman, LS, Morioka, S, Arandjelovic, S, Lee, CS, et al. Phosphatidylserine on viable sperm and phagocytic machinery in oocytes regulate mammalian fertilization. Nat Commun (2019) 10:4456. doi: 10.1038/s41467-019-12406-z

27. Vagnini, L, Baruffi, RL, Mauri, AL, Petersen, CG, Massaro, FC, Pontes, A, et al. The effects of male age on sperm DNA damage in an infertile population. Reprod BioMed Online (2007) 15:514–9. doi: 10.1016/S1472-6483(10)60382-3

28. Muratori, M, Tamburrino, L, Marchiani, S, Cambi, M, Olivito, B, Azzari, C, et al. Investigation on the origin of sperm DNA fragmentation: role of apoptosis, immaturity and oxidative stress. Mol Med (2015) 21:109–22. doi: 10.2119/molmed.2014.00158

29. Almeida, S, Rato, L, Sousa, M, Alves, MG, and Oliveira, PF. Fertility and sperm quality in the aging male. Curr Pharm Des (2017) 23:4429–37. doi: 10.2174/1381612823666170503150313

30. Eisenberg, ML, Li, S, Behr, B, Pera, RR, and Cullen, MR. Relationship between semen production and medical comorbidity. Fertil Steril (2015) 103:66–71. doi: 10.1016/j.fertnstert.2014.10.017

31. La Vignera, S, Condorelli, RA, Cannarella, R, Cimino, L, Mongioi’, L, Duca, Y, et al. Testosterone levels after treatment with urofollitropin in infertile patients with idiopathic mild reduction of testicular volume. Endocrine (2019) 66:381–5. doi: 10.1007/s12020-019-01983-0

32. Bhasin, S, Brito, JP, Cunningham, GR, Hayes, FJ, Hodis, HN, Matsumoto, AM, et al. Testosterone Therapy in Men With Hypogonadism: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab (2018) 103:1715–44. doi: 10.1210/jc.2018-00229

33. Sessa, F, Messina, G, Russo, R, Salerno, M, Castruccio Castracani, C, Distefano, A, et al. Consequences on aging process and human wellness of generation of nitrogen and oxygen species during strenuous exercise. Aging Male (2020) 23:14–22. doi: 10.1080/13685538.2018.1482866

34. Agarwal, A, Majzoub, A, Esteves, SC, Ko, E, Ramasamy, R, and Zini, A. Clinical utility of sperm DNA fragmentation testing: practice recommendations based on clinical scenarios. Transl Androl Urol (2016) 5:935–50. doi: 10.21037/tau.2016.10.03



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.

Copyright © 2020 Condorelli, La Vignera, Barbagallo, Alamo, Mongioì, Cannarella, Aversa and Calogero. 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/fendo-11-558374-g001.jpg
<

40

Age (years)

20

-0.26; p<0.01

r=

888R8RLRBRS

(%) eozoreussads eny

.

(%) uonepxosad pidy wiads

10

Age (years)





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Bio-Functional Sperm Parameters: Does Age Matter?

      

        		

          Introduction

        



        		

          Patients and Methods

        

          		

            Patient Selection

          



          		

            Experimental Design

          



          		

            Cytofluorimetric Analysis

          



          		

            Evaluation of the Mitochondrial Membrane Potential

          



          		

            Assessment of the Degree of Chromatin Compactness

          



          		

            Evaluation of Sperm Apoptosis/Vitality

          



          		

            Assessment of DNA Fragmentation

          



          		

            Evaluation of Lipid Peroxidation

          



          		

            Measurement of Mitochondrial Superoxide

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2020.558374_cover.jpg
, frontlers
n Endocrinology

Bio-Functional Sperm Parameters:
Does Age Matter?





OEBPS/Images/table1.jpg
io-functional sperm parameters

Low mitochondbial mermbrane potentl ()
Chromatin compactness (%)

Aive spermatozoa (%)

cary apoplosis spermatozoa (%)

Lato apoptosis spermatozoa (%)

Sperm DNA ragmentaton (%)

Lipid peroxidation (%)

Sperm mitochondrial superoxide (%)

Ecdis o Showes as. iaci and e ile oS I Direnilieoss.

Values.

ar4 (41
222 (108)
690253
1323
36(84)
2068
22(29)
43913





OEBPS/Images/table2.jpg
Parameter 1

Spermatozoa with low mitochondia membxana potental (%)

Spermatozoa with abnormal chvomati compactngss (%)
Aive spematozoa (%)

Spermatozoa with phosphatidiserne extemalzation (%)
Lato apoptosis spermatozoa (%)

Spermatozoa with ipid peroscaton ()

Parameter 2

‘Spermatozoa with abrorml chvomati compaciness (56
Ao spematozoa ()

‘Spermatozoa with phosphatidisedne extemaization (%)
Ao spematozoa (%)

‘Spematozoa with phosphatidyiseine exemaization (%)
‘Spermatozoa with phosphatdyiseino extemaizaton (%)
‘Spermatozoa with fragmented ONA (%)

‘Spermatozoa with fragmented DNA (%)

Advo spemmatozoa ()

‘Spermatozoa with phosphatiyiseine extemaization (%)
‘Spermatazoa with fragmented DNA (%)

‘Spermatozoa withincreased mitochondsil superoxdo ()

T50 oo G o whe Baaed oo tis aalt 556 SRl Pa AL B b

‘Corretation coefficient

12024, <00001(0 = 729

013, p < 00011
-024,p<001
-0.10,p< 001
£=009.p <0006 (2=813)
£=-036,p < 0,001 (= 695
=052, p <0001 = 695)
£=052,p <0001 (1= 695)
£=0.11,p <001 (1=656)






