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			Abstract | There are several types of antioxidants which can be use in buffalo semen preservation. The current study was performed to study the influence of antioxidants viz., Coenzyme Q10 (CoQ10), L-Carnitine (LC), or N-Acetyl-Cysteine (NAC) added to the extender of buffalo semen on freezability and fertility of spermatozoa. Semen of Egyptian buffalo bulls (n=5) were pooled and extended with tris (1:10) without addition of antioxidant (E1), or with antioxidants i.e., 0.03 mM CoQ10 (E2), 3.0 mM LC (E3), and 1.0 mM NAC (E4). Then the diluted semen was frozen at -196ºC in liquid nitrogen. Results showed that the progressive motility, livability, membrane integrity, and head-head agglutination percentages increased, while sperm abnormality and acrosomal damage decreased by all antioxidant supplements (P<0.05), being the best for E2. Pregnancy rate was higher (P<0.05) for buffalo cows inseminated with semen of E2 and E4 (81.8% for each) versus 72.7 and 63.6% for E3 and E1, respectively. In conclusion, tris-egg yolk extender supplemented with 0.03 mM CoQ10 can improve sperm characteristics of cryopreserved semen and increase pregnancy rate of inseminated buffalo cows. 
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			Introduction

			 

			During the semen cryopreservation process, the characteristics of mammalian spermatozoa decreased because of the subject of spermatozoa to different stresses like the cold shock which may lead to damage of the mitochondria, plasma membrane, and acrosome membrane of sperm cells (Smith et al., 2011; Perteghella et al., 2017; Zhang et al., 2019). In bull semen, the abundance of unsaturated fatty acids in the sperm plasma membrane causes its exposure to oxidation, leading to damage of the sperm membrane, DNA fragmentation, and reduced enzyme activity (Kadirvel et al., 2009; El-Regalaty, 2017), consequently reduces motility and livability of spermatozoa (Asadpour et al., 2012; Gualtieri et al., 2014). Comparing to cattle, the buffalo semen is highly affected by cryopreservation damage during freeze-thawing processes in terms of reducing its fertilization ability (Andrabi, 2009), and decreasing the conception rate of buffaloes (Guthrie and Welch, 2012).

			 

			The antioxidants are compounds that could decrease the harmful effects of oxidative stress on spermatozoa during the sperm preservation process. Antioxidants have a scavenging role for reactive oxygen species (ROS) that produced from lipid peroxidation (LPO) by improving the viability and fertilizability potential of buffalo spermatozoa (Lone et al., 2018). 

			Coenzyme Q10 (CoQ10) is a redox lipid that is naturally distributed in the membrane of mitochondria in all cells and the blood of mammalians (Pindaru et al., 2015), and its high concentration provide an antioxidant role by a direct action against LPO and DNA fragmentation of cryopreserved human spermatozoa (Talevi et al., 2013). Several studies indicated that CoQ can stimulate cell growth, inhibit apoptosis, and control the channels of its membrane (Crane, 2002). Most of the CoQ10 concentration in sperm was found in mitochondria located in the mid-piece of sperm (Mancini et al., 2005). It is used in extenders of bovine semen during cryopreservation to enhance sperm function (Hussein, 2018).

			 

			As a natural essential amino acid, L-Carnitine (LC) is synthesized from methionine and lysine. It has an important role in energy production in the matrix of cell mitochondria and it is needed for long-chain fatty acids oxidation in cell mitochondria (Foster, 2004). In males, LC was found with high concentration in epididymis (Matalliotakis et al., 2000) and secreted in seminal plasma. The LC has a critical role on sperm energy metabolism (Ng et al., 2004), and it could be used in semen cryopreservation to improve post-thawed human sperm quality (Banihani et al., 2014).

			 

			N-Acetyl-Cysteine (NAC) is a chemical compound certified for medicinal use (Fischer and Ganellin, 2006). It is described as an antioxidant and free radical scavenger (Dodd et al., 2008) that prevents oxidative stress, because it participates in glutathione (GSH) synthesis (Rushworth and Megson, 2014).

			 

			The present work was performed to investigate the influence of supplementation of semen buffalo-extender with antioxidants Co Q10, LC, or NAC on freezability and fertilizing ability of spermatozoa.

			 

			Materials and methods

			 

			Ethical Statement

			The ethical policies have been adhered to and the appropriate ethical review committee approval have been received. EU standards for the protection of animals used for scientific purposes and feed legislation (2010/63/EU) were followed in this study.

			 

			Animals and collection of semen

			In this study, Egyptian buffalo bulls (n=5) ranged from 400 to 450 kg live body weight and averaged 4 years of age were used as semen donors. These animals were chosen from herd of El-Gemmezah Animal Production Experimental Station, Animal Production Research Institute (APRI), Egypt. The bulls were fed on ration composed of 4 kg concentrate fed mixture, 3 kg clover hay and 4 kg rice straw according to NRC (2001).

			 

			During a semen collection of eight weeks, semen was taken at 8 a.m., twice/week, and an artificial vagina (IMV, France) was used. 

			 

			The collected ejaculates were immediately transported at water bath (37oC) to the Animal Physiology laboratory for evaluating and cryopreservation. Ejaculates with or more than 70% mass motility were used in this study. Semen mass motility was determined as a percentage of spermatozoa wave motion in drop of semen placed on glass slide.

			 

			Experimental semen extenders

			All ejaculates were pooled and extended in Tris-extender with four levels of supplementation. The base extender used in this experiment was Tris-egg yolk (TEY). It contained Tris (0.325 g), citric acid (1.675 g), glucose (0.75 g), and antibiotics (streptomycin, 0.005 g and lincomycin, 0.25 g) in 100 ml distilled water. Fresh egg yolk (10% v:v) and glycerol (7%) were added to 83 ml of TEY. Semen was diluted with different supplementations at a rate of 1:10 with spermatozoa concentration of 20x106 per 0.25 ml. The Tris-extenders used were without supplementation (E1), while E2 was supplemented with 0.03 mM CoQ10 (C9538: Sigma Aldrich Co. St. Louis, Mo, USA), E3 with 3.0 mM LC (Roche Diagnostics GmbH, Mannheim, Germany), and E4 with 1.0 mM NAC (A7250: Sigma Aldrich Co. St. Louis, MO, USA). Levels of antioxidant supplementation were chosen according to Saeed et al. (2016) and Hussein (2018) in bovine semen.

			 

			Cryopreservation of semen

			The medium-sized French straws (0.25 ml) were used to load the semen extended with extenders of different supplements. The straws were sealed with polyvinyl alcohol powder, and cooled (5oC) for 4 h as an equilibration period, then all straws were exposed for 10 min to vapor of liquid nitrogen (LN, -196oC), and then the straws were plunged into LN for a storage period of 4 weeks. 

			 

			Evaluation of semen

			The percentages of individual motility (Salisbury et al., 1978), livability and abnormality (Barbas, and Mascarenhas, 2009), acrosomal damage (Chowdhury et al., 2014), and membrane integrity of spermatozoa estimated by hypo-osmotic swelling test (HOS-t) were determined in post-thawed semen. Spermatozoa exhibited curled tails in response to HOS-t (50 mOsm/l) for 30 min were used to calculate the percentage of membrane integrity according to El-Sherbieny (2004). The percentage of the agglutination of head to head was also determined according to Senger and Saacke (1976).

			 

			Table 1: Sperm characteristics in post-thawed buffalo semen as affected by type of antioxidants. 

			
				
					
					
					
					
					
					
					
				
				
					
							Treatment groups
							Sperm characteristics (%)
					

					
							Progressive motility
							Sperm livability
							Sperm abnormality
							Acrosomal damage
							Membrane integrity
							HHA
					

					
							
							E1

						
							
							48.33±1.06c

						
							
							54.58±1.16c

						
							
							35.75±1.51a

						
							
							34.33±1.04a

						
							
							56.83±0.90b

						
							
							46.08±0.43d

						
					

					
							
							E2

						
							
							60.75±1.51a

						
							
							65.50±1.13a

						
							
							24.33±1.09b

						
							
							26.17±1.16b

						
							
							65.25±0.87a

						
							
							59.75±0.39a

						
					

					
							
							E3

						
							
							55.00±1.15b

						
							
							61.83±0.98b

						
							
							26.17±1.05b

						
							
							26.92±1.07b

						
							
							64.42±0.91a

						
							
							54.42±0.34c

						
					

					
							
							E4

						
							
							58.92±1.68a

						
							
							64.33±1.02ab

						
							
							25.75±1.07b

						
							
							24.75±0.95b

						
							
							66.33±0.98a

						
							
							57.08±0.31b

						
					

				
			

			

			Means in the same column for each factor with different superscripts differ significantly (P<0.05).

			E1: Control; E2: Coenzyme Q10 (0.03 mM); E3: L-Carnitine (3.0 mM); E4: N-Acetyl-cysteine (1.0 mM).

			HHA: Head to head agglutination. 

			 

			Table 2: Enzyme and total antioxidant activity in post-thawed buffalo semen as affected by type of antioxidants.

			
				
					
					
					
					
					
				
				
					
							Treatment groups
							Enzyme activity (IU/l)
							
							Total antioxidant 

							activity (mmol/l)

						
					

					
							AST
							ALT
							LDH
					

					
							
							E1

						
							
							35.83±1.26a

						
							
							26.84±1.11a

						
							
							299.92±7.34a

						
							
							1.40±0.39d

						
					

					
							
							E2

						
							
							21.82±0.83b

						
							
							18.17±0.95c

						
							
							231.58±5.39c

						
							
							3.02±0.11a

						
					

					
							
							E3

						
							
							22.50±1.01b

						
							
							19.25±1.09bc

						
							
							242.00±4.26c

						
							
							2.16±0.05c

						
					

					
							
							E4

						
							
							23.92±0.92b

						
							
							21.16±0.84b

						
							
							257.42±4.15b

						
							
							2.58±0.96b

						
					

				
			

			

			Means in the same column for each factor with different superscripts differ significantly (P<0.05).

			AST: Aspartate transaminase. ALT: Alanine transaminase. LDH: Lactic dehydrogenase.

			E1: Control; E2: Coenzyme Q10 (0.03 mM); E3: L-Carnitine (3.0 mM); E4: N-Acetyl-cysteine (1.0 mM).

			 

			Seminal plasma enzymes and total antioxidant activity

			Activity of aspartate (AST) and alanine (ALT) transaminases (Schmidt and Schmidt, 1963), and lactic dehydrogenase (LDH, Howell et al., 1979) was estimated in the seminal plasma of semen after thawing. As well, total antioxidant activity (TAA) was determined (Koracevic et al., 2001). Enzymes and TAA activities were determined using spectrophotometer (Jenway, 6405UV/Vis, England) by commercial kits (Salucea, Netherlands).

			 

			Fertility trial

			Total of 54 sexually mature buffaloes were intra muscularly injected with Estrumate (3 ml/animal, PGF2α, Essex Animal Health Friesoythe, Germany) for estrous synchronization. Estrus was observed within 24-72 h after the 1st or 2nd Estrumate injection. A total of 44 animals were synchronized out of 54 treated buffaloes came in heat were used for fertility trail. These buffaloes were randomly allotted to 4 groups (11 animals in each) and were artificially inseminated with semen extended with different extenders (four extenders). On the day of artificial insemination (AI), semen straws were thawed using filled plastic AI gun close to the cervix. All inseminations were done by the same inseminator. About 45-50 days post-AI, all inseminated animals were palpated via the rectum for pregnancy diagnosis.

			 

			Statistical analysis

			The obtained data were processed by version 20 of the IBM SPSS analysis program (2011) using the repeated measurement model with one-way ANOVA to study the effect of supplementation on different sperm characteristics. The results were presented as means ± SE. Multiple range Test of Duncan (1955) was used to test the differences, being significant among means at P<0.05. Pregnancy rate of buffaloes in different treatment groups were analyzed using the x2 test.

			 

			Results

			 

			Sperm characteristics post-thawing

			After thawing, sperm characteristics, including progressive motility, livability, abnormality, acrosome damage, membrane integrity, and head-head agglutination percentages were better (P<0.05) with all types of antioxidants than in control, being the best for extender with CoQ10, followed by NAC and finally LC (Table 1).

			 

			Activity of enzymes and total antioxidants in seminal plasma post-thawing

			After thawing, seminal activity of AST, ALT, and LDH were lower (P<0.05) with all types of antioxidants than with control, particularly, in with E2. However, total antioxidant levels increased (P<0.05) in the seminal plasma of all types of antioxidants than in control, being the highest in E2 (Table 2). 

			 

			 

			Fertility rate

			Pregnancy rate of buffalo-cows inseminated with post-thawed semen with the experimental extenders (Figure 1) showed that semen extended with both 0.03 mM CoQ10 and 1.0 mM of NAC supplementation had higher pregnancy rate (9/11, 81.8% for each) than those inseminated by semen supplemented with 3 mM of LC (8/11, 72.7%). Finally, the lowest pregnancy rate was recorded for the control group, being 63.6% (7/11). 

			 

			[image: 11160.png] 

			Figure 1: Effect of supplemented extender with different antioxidants on pregnancy rate.

			E1: Control; E2: CoQ10 (0.03 mM); E3: LC (3.0 mM); E4: NAC (1.0 mM).

			 

			Discussion

			 

			During the cryopreservation process, with the cellular respiration of spermatozoa, a great amount of reactive oxygen species (ROS) was produce resulting in a decrease in endogenous antioxidants levels (O’Flaherty, 2014). Under these conditions, the human sperm motility and fertilizability were negatively affected in term of increasing the number of abnormal sperm cells (Sikka, 2004) and immature spermatozoa with DNA damage (Aitken et al., 2010). 

			The current study was conducted to reveal the fact of either antioxidants are against lipid peroxidation and oxidative stress in farm animal spermatozoa (Shoae and Zamiri, 2008; Tariq et al., 2015). Therefore, the main goal of the current study was to determine the effect of antioxidant properties of CoQ10, LC, and NAC in buffalo semen extender on maintaining the freezability and fertilizing ability. In this context, the obtained results showed clear significant improvement in all sperm parameters thawing as affected by dilution of semen in all extender types, being the best with 0.03 mM CoQ10 (E2), followed by 1.0 mM of NAC (E4) and finally 3 mM of LC (E3). Harmoniously, several studies indicated the role of CoQ10 as a bio-energetic and an antioxidant to reduce generation of ROS in sperm mitochondria then stabilizing its membrane potential, and increasing the production of ATP (Mancini and Balercia, 2011). In addition, CoQ10 preserves spermatozoa from DNA fragmentation (Talevi et al., 2013). The present results concerning improving post-thawed sperm characteristics in E3 (LC) are in agreement with Abdel-Khalek et al. (2015) in Friesian bulls. In this respect, Mazzilli et al. (1999) indicated a clear correlation between the content of LC in sperm and the motility, thus, it can be an indicator of the life span of sperm motility. Also, El-Raey et al. (2016) reported that LC significantly improved the motility and viability of post-thawed buffalo bull spermatozoa. The marked reduction in acrosomal damage in E2 (CoQ10) is in association with the decrease in the activity of AST, ALT, and LDH (El-Harairy et al., 2011; Borah et al., 2015). Semen with perfect quality can be characterized by the reduction in AST, ALT, and, LDH levels (Taha et al., 2000). Also, it was reported a significant improvement in the quality of post-thawed buffalo semen as affected by different levels of CoQ10 addition (Saeed et al., 2016). The LC stabilizes mitochondrial membranes (Liu et al., 2002) that protect spermatozoa from apoptosis via reducing the oxidative stress, and preserve the cell plasma membrane that maintains AST, ALT and LDH enzymes from leakage out of sperm (Liu et al., 2004).

			 

			The present results revealed that the addition of 0.03 mM CoQ10 or 1.0 mM of NAC to buffalo semen improved the pregnancy rate by 28.62% as compared to control semen along with an improvement rate by 14.31% with 3 mM of LC addition than controls. The remarkable increase in pregnancy rate of buffalo cows inseminated with CoQ10 (E2) was explained by Greco et al. (2005), who mentioned that antioxidants treatment for male reduced the free radical that induce sperm DNA fragmentation which may increase the pregnancy rate. The addition of LC to frozen buffalo semen improved its fertilization rate (El-Raey et al., 2016) that may be associated with the increase in ATP production in spermatozoa besides its antioxidant role that protects DNA in spermatozoa from damage (Sun et al., 1997). In addition, the NAC had an important role in GSH production and scavenge the free radicals that increase the sperm antioxidant capacity (Dattilo et al., 2016), then increasing the pregnancy rate (Barekat et al., 2016). Also, antioxidants properties of NAC can reduce the semen viscosity that important for improving the fertility and pregnancy rate (Verit et al., 2009). According to the fact, GSH production was affected by NAC treatment as a source of L-cysteine (Rushworth and Megson, 2014), it is clear to note that the significant improvement in spermatozoa characteristics in E4 (NAC) compared to control (E1) was in relation with the roles of NAC as ROS scavenger (Patel et al., 2016; Koohestanidehaghi et al., 2020) and cell apoptosis preserver (Dhouib et al., 2016).

			 

			 

			Conclusion

			 

			In conclusion, the supplementation with natural antioxidants, CoQ10, and LC or NAC as synthetic antioxidants can improve the buffalo bull semen quality. Addition of CoQ10 to buffalo semen extender at a level of 0.03 mM showed promising results to enhance post-thawing sperm characteristics reflecting a high fertility.

			 

			Acknowledgements

			 

			The authors thank the El-Gemmezah Animal Production Experimental Station, APRI, Egypt for allowing animals used in this study. 

			 

			conflict of interest

			 

			The authors declare no conflicts of interest.

			 

			authors contribution

			 

			Wafa, W.M., El-Nagar, H.A. and Hussein, Y.S., contributed to design the experimental work, performed the sample preparations for laboratory analysis and collected data, Saeed, A.M., helped in wrote the first draft of the manuscript. Wafa, W.M., conducted the statistical analyses and critically revised the manuscript.

			 

			References

			 

			
					•	Abdel-Khalek E, Zaghlool HK, Gabr, Sh A (2015). Performance and semen traits of Friesian bulls administrated with free L-Carnitine as metabolic regulator. Asian J. Anim. Sci. 9: 13-24. https://doi.org/ HYPERLINK «https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3923%2Fajas.2015.13.24»10.3923/ajas.2015.13.24.

					•	Aitken RJ, De Iuliis GN, Finnie JM, Hedges A, McLachlan RI (2010). Analysis of the relationships between oxidative stress, DNA damage and sperm vitality in a patient population: development of diagnostic criteria. Hum. Reprod., 25: 2415-2426. https://doi.org/10.1093/humrep/deq214.

					•	Andrabi SMH (2009). Factors affecting the quality of cryopreserved buffalo (Bubalus bubalis) bull spermatozoa. Reprod. Dom. Anim., 44: 552-569. https://doi.org/10.1111/j.1439-0531.2008.01240.x.

					•	Asadpour R, Jafari R, Tayefi-Nasrabadi H (2012). The effect of antioxidant supplementation in semen extenders on semen quality and lipid peroxidation of chilled bull spermatozoa. Iranian Journal of Veterinary Research, Shiraz University. 13 (3): 40.

					•	Banihani S, Agarwal A, Sharma R, Bayachou M (2014). Cryoprotective effect of l-carnitine on motility, vitality and DNA oxidation of human spermatozoa. Andrologia. 46(6): 637-641. https://doi.org/10.1111/and.12130.

					•	Barbas JP, Mascarenhas RD (2009). Cryopreservation of Domestic Animal Sperm Cells. Cell Tissue Banking. 10: 49-62. https://doi.org/10.1007/s10561-008-9081-4.

					•	Barekat F, Tavalaee M, Deemeh MR, Bahreinian M, Azadi L, Abbasi H, Rozbahani S, Nasr-Esfahani MHA (2016). Preliminary Study: N-acetyl-L-cysteine Improves Semen Quality following Varicocelectomy. Int. J. Fertil. Steril. 2016 Apr-Jun, 10(1):120-6. https://doi.org/10.22074/ijfs.2016.4777.

					•	Borah S, Xi L, Zaug AJ, Powell NM, Dancik GM, Cohen SB, Costello JC, Theodorescu D, Cech TR (2015). TERT promoter mutations and telomerase reactivation in urothelial cancer. Science. 347:1006-1010. https://doi.org/10.1126/science.1260200.

					•	Chowdhury S, Das S, Gupta T, Sana D, Bose S (2014). Evaluation of frozen semen by acrosomal integrity and sperm concentration - two vital quality parameters of male fertility in bovines. Explor. Anim. Med. Res., 4(1): 101-107.

					•	Crane F (2002). Biochemical Functions of Coenzyme Q10. J. American College Nutrit. 20: 591-8. https://doi.org/10.1080/07315724.2001.10719063.

					•	Dattilo M, Ettore C, Ménézo Y (2016). Improvement of gamete quality by stimulating and feeding the endogenous antioxidant system: mechanisms, clinical results, insights on gene-environment interactions and the role of diet. J. Assist Reprod. Genet., 33(12): 1633-1648. https://doi.org/10.1007/s10815-016-0840-z.

					•	Dhouib I.E, Jallouli M, Annabi A, Gharbi N, Elfazaa S, Lasram MM (2016). A minireview on N-acetylcysteine: An old drug with new approaches. Life Sci. 151: 359-363. https://doi.org/10.1016/j.lfs.2016.03.003.

					•	Dodd S, Dean O, Copolov DL, Malhi GS, Berk M (2008). N-acetylcysteine for antioxidant therapy: pharmacology and clinical utility. Expert Opin. Biol. Ther., 8(12): 1955-1962. https://doi.org/10.1517/14728220802517901.

					•	Duncan DB (1955). Multiple Range and Multiple F. Test Biometrics. 11: 1-42. https://doi.org/10.2307/3001478.

					•	El-Harairy MA, Laila N Eid, Zeidan AEB, Abd El-Salaam AM, El-Kishk MAM (2011). Quality and fertility of the frozen-thawed bull semen as affected by the different cryoprotectants and glutathione levels. J. American Sci. 7(5): 791-801. https://doi.org/ HYPERLINK «http://www.dx.doi.org/10.7537/marsjas070511.112»10.7537/marsjas070511.112.

					•	El-Raey M, Badr MR, Assi MM, Rawash ZM (2016). L-carnitine enhancing roles on buffalo semen freezability, ultrastructure and fertilizing potentials. Assiut Vet. Med. J., 62: 163-173. https://search.emarefa.net/detail/BIM-683643.

					•	El-Regalaty HAM (2017). Effects of Cryopreservation of Buffalo and Bovine Spermatozoa on Sperm DNA Damage and Early Embryonic Development. J. Animal and Poultry Prod., Mansoura Univ., 8 (7): 167-172. https://doi.org/10.21608/jappmu.2017.45843.

					•	El-Sherbieny MAS (2004). Physiological study on farm animals. Ph D. Thesis, Faculty of Agriculture, Mansoura University, Egypt.

					•	Fischer J, Ganellin CR (2006). Analogue-Based Drug Discovery. Weinheim: Wiley-VCH. p. 544. https://doi.org/10.1002/3527608001.

					•	Foster DW (2004). The role of the Carnitine system in human metabolism. Ann. N. Y. Acad. Sci., 1033: 1-16. https://doi.org/10.1196/annals.1320.001.

					•	Greco E, Iacobelli M, Rienzi L, Ubaldi F, Ferrero S, Tesarik J (2005). Reduction of the incidence of sperm DNA fragmentation by oral antioxidant treatment. J. Androl., 26: 349-353. https://doi.org/10.2164/jandrol.04146.

					•	Gualtieri R, Barbato V, Fiorentino I, Braun S, Rizos D, Longobardi S, Talevi R (2014). Treatment with zinc, D-aspartate, and coenzyme Q10 protects bull sperm against damage and improves their ability to support embryo development. Theriogenology. 82: 592-598. https://doi.org/10.1016/j.theriogenology.2014.05.028.

					•	Guthrie HD, Welch GR (2012). Effects of reactive oxygen species on sperm function. Theriogenology. 78: 1700-1708. https://doi.org/10.1016/j.theriogenology.2012.05.002

					•	Howell BF, McCune S, Schaffer R (1979). Lactate-to-pyruvate or pyruvate-to-lactate assay for lactate dehydrogenase: a re-examination. Clin. Chem., 25(2): 269-272. https://doi.org/10.1093/clinchem/25.2.269.

					•	Hussein YS (2018). Cryoprotective efficacy of local Friesian bull’s spermatozoa using Tris-extender enriched with natural or synthetic antioxidants. Egyptian J. Anim. Prod., 55(1): 1-6. https://doi.org/10.21608/EJAP.2018.93248.

					•	IBM Corp. Released (2011). IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY, IBM Corp. https://doi.org/1016/B978-0-12-815764-0.00027-7.

					•	Kadirvel G, Satish K, Kumaresan A (2009). Lipid peroxidation, mitochondrial membrane potential and DNA integrity of spermatozoa in relation to intracellular reactive oxygen species in liquid and frozen-thawed buffalo semen. Anim. Reprod. Sci., 114(1-3): 125-134. https://doi.org/10.1016/j.anireprosci.2008.10.002.

					•	Koohestanidehaghi Y, Torkamanpari M, Shirmohamadi Z, Lorian K, Vatankhah M (2020). The effect of cysteine and glutamine on human sperm functional parameters during vitrification. Andrologia. 00: e13870. https://doi.org/10.1111/and.13870.

					•	Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V (2001). Method for the measurement of antioxidant activity in human fluids. J. Clin. Pathol. 54(5): 356-361. https://doi.org/10.1136/jcp.54.5.356.

					•	Liu J, Head E, Gharib AM, Yuan W, Ingersoll RT, Hagen TM, Cotman CW, Ames BN (2002). Memory loss in old rats is associated with brain mitochondrial decay and RNA/DNA oxidation: Partial reversal by feeding acetyl-L-carnitine and/or R-alpha lipoic acid. Proc. Natl. Acad. Sci. 19, 99 (4), 2356-2361. https://doi.org/10.1073/pnas.261709299.

					•	Liu J, Head E, Kuratsune H, Cotman CW, Ames BN (2004). Comparison of the Effects of L-Carnitine and Acetyl-L-Carnitine on Carnitine Levels, Ambulatory Activity, and Oxidative Stress Biomarkers in the Brain of Old Rats. Ann NY Acad. Sci. 1033: 117-131. https://doi.org/10.1196/annals.1320.011.

					•	Lone S, Prasad J, Ghosh S, Das G, Balamurugan B, Verma M (2018). Study on correlation of sperm quality y parameters with antioxidant and oxidant status of buffalo bull semen during various stages of cryopreservation. Andrologia.  50(4): e12970. https://doi. org /10.1111/and.12970.

					•	Mancini A, Balercia G (2011). Coenzyme Q10 in male infertility: physiopathology and therapy. Biofactors, 37: 374-380. https://doi.org/10.1002/biof.164.

					•	Mancini A, Milardi D, Conte G, Festa R, De Marinis L, Littarru GP (2005). Seminal antioxidants in humans: preoperative and postoperative evaluation of coenzyme Q10 in varicocele patients. Hormon Metab. Res. 37: 428. https://doi.org/10.1055/s-2005-870232.

					•	Matalliotakis I, Koumantaki Y, Evageliou A, Matalliotakis G, Goumenou A, Koumantakis E (2000). L-carnitine levels in the seminal plasma of fertile and infertile men: correlation with sperm quality. Int. J. Fertil. Womens Med. May-Jun; 45(3): 236-240. PMID: 10929687.

					•	Mazzilli F, Rossi T, Ronconi C, Germini B, Dondero F (1999). Intra-spermatic L-carnitine and survival of sperm motility. Minerva Ginecol. 51: 129-134. PMID: 10379149.

					•	Ng CM, Blackman MR, Wang C, Swerdloff RS (2004). The role of carnitine in the male reproductive system. Ann. N. Y. Acad. Sci., 1033: 177-188. https://doi.org/10.1196/annals.1320.017.

					•	NRC, National Research Council (2001). Nutrient requirements of dairy cattle 7th Rev. Ed., National Academy Press, Washington, D.C.

					•	O’Flaherty C (2014). The Enzymatic Antioxidant System of Human Spermatozoa. Adv. Androl. Vol. 2014, 1-15. https://doi.org/ HYPERLINK «https://doi.org/10.1155/2014/626374»10.1155/2014/626374.

					•	Patel HA, Siddiquee GM, Chaudhari DV, Suthar VS (2016). Effect of different antioxidant additives in semen diluent on cryopreservability (−196°C) of buffalo semen. Veterinary World. 9(3): 299-303. https://doi.org/10.14202/vetworld.2016.299-303.

					•	Perteghella S, Gaviraghi A, Cenadelli S, Bornaghi V, Galli A, Crivelli B, Vigani B, Vigo D, Chlapanidas T, Faustini M, Torre ML (2017). Alginate encapsulation preserves the quality and fertilizing ability of Mediterranean Italian water buffalo (Bubalus bubalis) and Holstein Friesian (Bos taurus) spermatozoa after cryopreservation. J. Vet. Sci., 18(1): 81-88.

					•	Pindaru LP, Cenariu M, Pall E, Groza IȘ (2015). Effects of coenzyme q10 on sperm viability during storage of boar semen at 17°c. Scientific Works. Series C. Vet. Med. Vol. LXI (2). ISSN 2065-1295. 32-36.

					•	Rushworth GF, Megson I.L (2014). Existing and potential therapeutic uses for Nacetylcysteine: the need for conversion to intracellular glutathione for antioxidant benefits. Pharmacol Ther., 141(2): 150-9. https://doi.org/10.1016/j.pharmthera.2013.09.006.

					•	Saeed AM, El-Nagar Nagar HA, Wafa WM, Hussein YS (2016). Effect of Coenzyme Q-10 as an antioxidant added to semen extender during cryopreservation of buffalo and cattle semen. J. Anim. Poult. Prod., Mansoura Univ., 7(11): 403-408. https://doi.org/10.21608/JAPPMU.2016.48748.

					•	Salisbury GW, Van- Demark NL, Lodge JR (1978). Extenders and extension of unfrozen semen. In: Physiology of Reproduction and Artificial Insemination of Cattle. 2nd Ed., W.H. Freemen and Company, San Francisco, USA, pp., 473-474. PMCID: PMC1789639.

					•	Schmidt E, Schmidt FW (1963). Enzym. Biol. Clin. 3: 1. https://doi.org/10.1159/000458044.

					•	Senger PL, Saacke RG (1976). Serum induced head to head agglutination of bovine spermatozoa. J. Reprod. Fert. 47: 215-219. https://doi.org/10.1530/jrf.0.0470215.

					•	Shoae A, Zamiri MJ (2008). Effect of butylated hydroxytoluene on bull sperm frozen in egg yolk-citrate extender. Anim. Reprod. Sci., 104: 414-418. https://doi.org/10.1016/j.anireprosci.2007.07.009.

					•	Sikka SC (2004). Role of oxidative stress and antioxidants in andrology and assisted reproductive technology. J. Androl., 25: 5-18. https://doi.org/10.1002/j.1939-4640.2004.tb02751.x.

					•	Smith GD, Motta EE, Serafini P (2011). Theoretical and experimental basis of oocyte vitrification. Reprod. Biomed. Online. 23, 298-306. https://doi.org/10.1016/j.rbmo.2011.05.003.

					•	Sun JG, Jurisicova A, Casper RF (1997). Detection of deoxyribonucleic acid fragmentation in human sperm: correlation with fertilization in vitro. Biol. Reprod., 56, 602-607. https://doi.org/10.1095/biolreprod56.3.602.

					•	Taha TA, Abdel-Gawad EI, Ayoub MA (2000). Monthly variations in some reproductive parameters of Barki and Awassi rams throughout 1 year under subtropical condition.2: Biochemical and enzymatic properties of seminal plasma. Anim. Sci., 71: 325. https://doi.org/10.1017/S135772980005517X.

					•	Talevi R, Barbato V, Fiorentino I, Braun S, Longobardi S, Gualtieri R (2013). Protective effects of in vitro treatment with zinc, daspartate and coenzyme q10 on human sperm motility, lipid peroxidation and DNA fragmentation. Reprod. Biol. Endocrinol. 11: 81. https://doi.org/10.1186/1477-7827-11-81.

					•	Tariq M, Khan MS, Shah MG, Nisha AR, Umer M, Hasan SM, Rahman A, Rabbani I (2015). Exogenous antioxidants inclusion during semen cryopreservation of farm animals. J. Chem. Pharmaceut. Res. 7(3): 2273-2280. ISSN : 0975-7384 CODEN (USA).

					•	Verit A, Savas M, Yeni E, Erel O (2009). Effects of N-acetylcysteine on Semen Parameters and Oxidative/Antioxidant Status. Urology. 74: 73-6. https://doi.org/10.1016/j.urology.2009.02.034.

					•	Zhang X, Lu X, Li J, Xia Q, Gao J, Wu B (2019). Mito-Tempo al-leviates cryodamage by regulating intracellular oxidative metabolism in spermatozoa from asthenozoospermic patients. Cryobiology. 91: 18–22.  https://doi.org/10.1016/j.cryob iol.2019.11.005.

			

		

	OEBPS/image/785.png
OPEN 8 ACCESS Journal of Animal Health and Production

Research Article )

Gheck for
updates.

Effect of Different Antioxidant Sources Added to Buffalo Semen
Extender During Cryopreservation on Freezability and Fertility of
Buffalo Spermatozoa

WateL M. Wara*, HAMDY A. EL-NAGAR, YASER S. HUsSEIN, AYMAN M. SAEED

Animal Production Research Institute, Agricultural Research Center, Dokki, Giza, Egypt.

Abstract | There are several types of antioxidants which can be use in buffalo semen preservation. The current study
was performed to study the influence of antioxidants viz., Coenzyme Q10 (CoQ10), L-Carnitine (LC), or N-Acetyl-
Cysteine (NAC) added to the extender of buffalo semen on freezability and fertility of spermatozoa. Semen of
Egyptian buffalo bulls (n=5) were pooled and extended with tris (1:10) without addition of antioxidant (E1), or with
antioxidants i.e.,0.03 mM CoQ10 (E2),3.0 mM LC (E3),and 1.0 mM NAC (E4). Then the diluted semen was frozen
at -196°C in liquid nitrogen. Results showed that the progressive motility, livability, membrane integrity, and head-
head agglutination percentages increased, while sperm abnormality and acrosomal damage decreased by all antioxidant
supplements (P<0.05), being the best for E2. Pregnancy rate was higher (P<0.05) for buffalo cows inseminated with
semen of E2 and E4 (81.8% for each) versus 72.7 and 63.6% for E3 and E1, respectively. In conclusion, tris-egg yolk
extender supplemented with 0.03 mAZ CoQ10 can improve sperm characteristics of cryopreserved semen and increase
pregnancy rate of inseminated buffalo cows.
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INTRODUCTION (Asadpour et al., 2012; Gualtieri et al., 2014). Comparing
to cattle, the buffalo semen is highly affected by cryopres-
During the semen cryopreservation process, the char-  ervation damage during freeze-thawing processes in terms
acteristics of mammalian spermatozoa decreased be-  of reducing its fertilization ability (Andrabi, 2009), and
cause of the subject of spermatozoa to different stresses ~decreasing the conception rate of buffaloes (Guthrie and
like the cold shock which may lead to damage of the mi- Welch, 2012).
tochondria, plasma membrane, and acrosome membrane
of sperm cells (Smith et al., 2011; Perteghella et al., 2017; The antioxidants are compounds that could decrease the
Zhang et al., 2019). In bull semen, the abundance of un- harmful effects of oxidative stress on spermatozoa during
saturated fatty acids in the sperm plasma membrane causes  the sperm preservation process. Antioxidants have a scav-
its exposure to oxidation, leading to damage of the sperm enging role for reactive oxygen species (ROS) that pro-
membrane, DNA fragmentation, and reduced enzyme duced from lipid peroxidation (LPO) by improving the vi-
activity (Kadirvel et al, 2009; El-Regalaty, 2017), con-  ability and fertilizability potential of buffalo spermatozoa

sequently reduces motility and livability of spermatozoa (Lone et al., 2018).
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