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			ABSTRACT

		

		
			The reproductive performance of Egyptian buffalo might be determined by genetic variants, but it is also affected by environmental factors. The possible action of L-carnitine (LC) on the maturation of Egyptian buffalo oocytes has not been determined yet. This study aims to estimate the effects of supplementing LC on the in-vitro fertilization (IVF) of Egyptian buffaloes. We evaluated blastocyst and apoptosis rates in order to substantiate the potential development of cumulus oocytes–complexes (COC) and determine the effect of LC in reducing the occurrence of apoptosis under in vitro maturation (IVM) conditions for buffalo blastocysts. The tissue culture media included a control culture medium and other three LC supplemented media (2, 3 or, 4 mM LC). All LC treatments had higher COCs percentages at the metaphase II (MII) compared to the control group. The 2 Mmol LC treatment had the highest percentage of oocytes maturation rate at metaphase ΙΙ (47%) compared to the control group (33.3%). The same treatment had a higher percentage of cleaved embryos (75.4% vs 64.9%) and blastocyst rates (43,4% vs. 31,5%, respectively). Furthermore, the same 2 Mmol LC treatment had a lower apoptotic rate of blastocyst compared to the control group (35,8% vs 58,3%). In conclusion, LC could increase the maturation and blastocyst rates of oocytes and reduce apoptosis in Egyptian buffalo embryos.
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			Introduction

			With a population in excess of 4 million Egyptian buffalo heads, this particular species produces a large volume of milk in numerous countries, such as Egypt. On a national estimate, this animal produces nearly %70 of the annual dairy produce in Egypt, making it one of the most valuable livestock (Abou-Bakr, 2009; Eldawy et al., 2021).

			Several physiological characteristics determine a lower reproductive performance for Egyptian buffalo including silent ovulation, delayed maturity, breeding seasonality, prolonged generation interval, low conception rate, low population of primordial follicles, and inactivated ovaries. These problems cause low efficiency of reproductive performance.

			Biotechnological applications such as in vitro embryonic production (IVEP) can accelerate genetic improvement in livestock (Mostagir et al., 2019). Both in vitro fertilization (IVF), and in vitro maturation (IVM) of oocytes are applied to improve reproductive efficiency, and genetic potential in other Bovidae species (Shi et al., 2007). For instance, IVM and IVF techniques have been developed in cattle to produce embryos. Many studies are designed to estimate different parameters responsible for oocyte maturation, fertilization and subsequently embryonic development. There are some crucial factors affecting in vitro production of embryos including culture media type, media supplementations, and seasons of the year, (Samad and Raza, 1999; Sovernigo et al., 2017). The poor embryonic in vitro culture development is major problems recorded by investigators in buffaloes. In vitro oocyte maturation is a significant element in the in vitro production system. The success of embryo production mainly depends on development rates of in vitro oocyte maturation. Therefore, many studies have been conducted to enhance the efficiency of in vitro oocyte maturation (Bennemann et al., 2018; Bezerra et al., 2021). 

			In vitro production embryos possess limited quality compared to their in vivo-produced counterparts. Oocyte quality is the main regulator to blastocyst rate, whereas embryo quality is affected by culture factors (Rizos et al., 2002; Ghanem, 2015). For instance, in vitro production of embryo depends on ambient gases, incubating temperature, protein content, growth promoting factors and other handling processes (Sovernigo et al., 2017; Stamperna et al., 2021). For instance, oxidative stress results from the unbalanced amount of reactive oxygen species (ROS) and antioxidants. Many factors increase ROS production, reduce availability of antioxidants or both actions. Oxidative stress leads to limited oocyte maturation and embryo’s growth (Sovernigo et al., 2017; Zhang et al., 2021). Also, energy production pathways in mitochondria consume the most cellular oxygen sources and are the main origin of ROS (Mishra et al., 2016). 

			L-carnitine (LC) is a molecule which boosts fatty acids movement to the mitochondria through for ATP production. Thus, LC possesses a vital action in lipid metabolism. Furthermore, LC protects the live cells through free-radical-scavenger, and different anti-apoptotic mechanisms (Kononov et al., 2020; Bucktrout et al., 2021). Adding LC in maturation or culture media improves oocyte’ maturation of oocytes Sovernigo et al. (2017).

			Cumulus cells and oocytes possess limited capacity to biosynthesize L-carnitine from precursor amino acids as they lack the metabolic machinery (Montjean et al., 2012; Xu et al., 2018). There are many trials that evaluated the effects of LC during IVM in different animal species including mouse (Paczkowski et al., 2014), porcine (You et al., 2012), ovidea (Reader et al., 2015; Mishra et al., 2016), bovine (Giorgi et al., 2016; Sovernigo et al., 2017), and Chinese swamp buffaloes (Xu et al., 2018). While, the possible action of LC on oocyte maturation of Egyptian buffalo cows is not determined. 

			The herein study aims to evaluate the effects of supplementing LC on the IVF of Egyptian buffaloes. L-carnitine could improve the embryonic developmental rate and decrease the apoptotic rate during in vitro maturation of oocyte.

			Materials and Methods

			This current trial was carried out under the Seminar Ethical Committee of Animal Production Department, Faculty of Agriculture, Kafrelshiekh University (No. 2018-11-47-1-SHO).

			Unless otherwise indicated, we acquired chemicals from Sigma Chemical Company, MO, USA. 

			Experimental design

			The herein study included determination of developmental potential of cumulus oocytes–complexes (COCs) IVM and to evaluate the blastocyst formation of cleaved embryos resulting from IVF under the effect of LC. Then, we investigated the effect of LC, added to the IVM medium, in reducing apoptosis in buffalo blastocysts by the terminal-deoxynucleotidyl transferasemediated dUTP nick-end labelling (TUNEL) method.

			Ovary collection and oocyte selection 

			Ovaries were collected from adult Egyptian buffaloes at local abattoir at Menoufia Governorate. After slaughter, the ovaries were transferred within 3-4 h to the laboratory in a thermos contains Dulbecco’s phosphate buffered saline (DPBS), at temperature ranging from 35 to 37 ºC.

			In the laboratory, extraneous tissues were removed and ovaries were washed several times with warmed sterile distilled water and gently dried with paper towels. Oocytes were recovered from follicles 2-8 mm in diameter by aspiration technique, using 10 mL disposal plastic syringe attached to 18-gauge needle. 

			The syringe contents were placed in a 15 mL falcon tube and submerged in a water bath at 38 °C for 10 min to settle. Later, the follicular fluid (supernatant) was slightly removed, and the sedimentation of follicular granulose cells and oocytes was gradually transferred to a 60 mm sterile plastic petri dish for further studies.

			The aspirated oocytes were counted and washed several times with (TL-HEPES washing medium) under a stereomicroscope and were sorted into four grades, based on compaction, the number of cumulus cell layers, and homogeneity of ooplasm according to Gupta et al. (2001). 

			Briefly, grade A: oocytes with compact cumulus cells ≥ 3 layers with homogenous ooplasm COCs. Grade B: oocytes with compact 1 to 2 layers of cumulus cells with less homogeneity ooplasm. Grade C: oocytes with expanded cumulus cells (expanded). Grade D: oocytes completely devoid of cumulus cells (denuded oocytes) with heterogeneous ooplasm. We only selected Grade A oocytes for in vitro maturation.

			In vitro maturation

			In the herein study, we used TCM-199 as basic tissue culture which contained 10% (v/v) fetal calf serum (FCS) and 50 µg/mL gentamycin. We added Gentamycin with PMSG 20 IU /mL, LH 10 µg/mL, 1µg/mL Ε2 (17β-estradiol) and 50 μg/mL gentamicin (control medium). The media pH was adjusted at 7.2-7.3 and osmolarity at 280-300 mOsm/kg and filtered by 0.22 μm Millipore filter (control medium). The control maturation medium was supplemented with 2, 3 or, 4 mM LC as indicated by Held-Hoelker et al. (2017) and Knitlova et al. (2017). Three droplets (50 µL in size) of prepared media placed into sterile disposable plastic Petri dishes (3.5 cm in diameter) and covered with sterile mineral oil, the Petri dishes were incubated in CO2 incubator at 38.5 °C, 5% CO2 and 95% relative humidity for at least 1 h for equilibration. Oocytes were matured in vitro for 24 h in maturation medium droplets.

			 

			Assessment of nuclear maturation

			Matured oocytes were denuded, fixed in for examining the rate of nuclear maturation. After maturation, the cultured oocytes of each group were directly denuded by repeated pipetting for 2 min. The denuded oocytes were washed two times in washing medium, loaded on glass slide, and were covered by a slip. Then, the slides were transferred into fixation solution (3 Ethanol: 1 Glacial acetic acid v/v) for overnight. Oocytes were stained with 1 % orcein in 45 % glacial acetic acid and examined under phase contrast microscope according to Faheem et al. (2011). Briefly, we sorted matured oocytes into germinal vesicle (GV), metaphase I (MI). Also, we sorted and considered immature oocytes with a nuclear membrane in germinal vesicle stage. Finally, we sorted and considered mature, metaphase II oocytes with a metaphase plate and a first polar body.

			In vitro fertilization (IVF) and culture (IVC)

			Three droplets (50 µL in volume) of prepared IVF-TALP media were placed into sterile disposable plastic Petri dishes (3.5 cm in diameter) and covered with sterile mineral oil. Petri dish was incubated in CO2 incubator at 38.5 °C, 5% CO2 and 95% relative humidity at least 1 h for equilibration before used. We performed IVF according to Imai (2006). Briefly, at the end of IVM, matured oocytes were rinsed three times without damage cumulus cells in TL- HEPES medium and twice in fertilization medium (IVF-TALP). Then 8-10 oocytes were pipetted in each droplet). After that 2-3 µL of sperm suspension were added to achieve a final concentration in the micro droplet of 1.5×106/mL. Co-culture of oocytes and sperm in fertilization media was conducted for 22 h at 38.5 °C, 5 % CO2 in air with 95% relative humidity. At the end of insemination, putative zygotes were completely denuded from cumulus cells and spermatozoa by gentle pipetting with a fine glass pipette in pre-incubated IVC medium. Groups of 15–20 embryos were separately placed in culture drops. Fertilized oocytes were placed into another 4 well Petri dish containing 0.05 mL per well of TCM–199 medium supplemented with 22 µL/mL Na- pyruvate, 3mg/mL BSA, 10µL/mL NEAA (100 X), 20 µL/mL EAA (50X) and 50 µL/mL gentamycin sulphate (culture medium) and covered with sterile mineral oil and incubated at 38.5 °C and 5% CO2 with 95% humidity. Half of the medium was replaced every 48 h with the same medium. We calculated the cleavage rates and blastocyst formation rates on day 7 from the total numbers of oocytes that were subjected to IVF.

			Evaluation of apoptosis in blastocysts by TUNEL method

			We determined the numbers of inner cell masses (ICM) and trophectoderm (TE) cells and assessed apoptosis with TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) labeling of nuclei as depicted by Fouladi-Nashta et al. (2005) with slight modifications. In brief, blastocysts were treated with 0.2% (v/v) Triton X-100 for 20 s at 38.5°C, and phosphate buffer solution (PBS) and 0.02 mg/ mL polyvinyl pyrrolidone (PBS-PVP) with 3mg/ mL propidium iodide (PI) for 5 min at 38.5°C. Embryos were washed twice in PBS-PVP and then treated with PBS-PVP with 4% (w/v) paraformaldehyde and 0.01 mg/mL Hoechst 33258 for 5 min at room temperature. Embryos were washed twice in PBS-PVP and treated with PBS containing 0.1% (v/v) Triton X-100 and 0.1% (w/v) sodium citrate for 5 min on ice. Then, such embryos were washed twice in PBSPVP and incubated in a 15µL microdrop of TUNEL reaction mixture (containing enzyme solution and label solution in 1: 9 v/v ratio) according to the manufacturer’s instructions for 45 min at humectation in the dark. Embryos were washed in PBS-PVP medium, carefully mounted on glass slides in a glycerol-based antifade solution (Molecular Probes, Eugene, OR, USA), flattened by coverslips, and examined under UV light first with excitation at 330–385 nm and emission at 420 nm to visualize ICM/TE cell nuclei. Then the samples were examined with excitation of 480 nm and emission at 510 nm using an epifluorescence microscope (Eclipse E-600; Nikon) to evaluate TUNEL positive cell nuclei. Cleavage rates, blastocyst rates and incidence of apoptosis in blastocysts were recorded by Abramoff et al. (2004), Huang et al. (2019).

			Statistical analysis

			All data were analyzed using ASSISTAT software (version 7.7, beta freeware) to carryout statistical analysis. The mean between groups for maturation, embryonic development and embryonic apoptotic cells were compared by analysis of variance (ANOVA). Data was presented in the percentage form as relation with total oocytes cultured. Percentage values were arcsine-transformed before analysis. p < 0.05 was considered as significant. The post-hoc test was performed according to Duncan (1955). 

			Yijk = µ + Ti + eijk

			Where µ: general mean; Yijk: observations; Ti: treatments type effects (LC concentrations), eijk: error.

			RESULTS

			The descriptive statistics of evaluated traits are depicted in Supplementary Table S1. The effect of LC concentration on in vitro oocyte maturation at different stages is depicted in Table I and Figure 1. The results indicated that all LC treatments had higher percentages of oocytes of maturation rate undergoes at metaphase I and ΙΙ, compared to the control group. The treatment of 2 mM LC had the highest percentages of oocytes undergo metaphase ΙΙ (maturation rate) 47.1% compared to the control 33.3% (p<0.01). This result indicated that 2 mM LC improved the maturation rate of Egyptian buffalo.

			The result of the effect of LC on in vitro maturation and embryonic development of L-carnitine during both maturation and post-fertilization medium is shown in Table III. The higher percentage of fertilization rates was observed in 2 and 3mM of L-carnitine treatments (p<0.01). These data indicated that the treatments of 2 or 3mM of LC to maturation medium enhanced the fertilization rate (75.4 and 70.3%) compared to the control group (64.9%).
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			Fig. 1. Nuclear maturation. (A) Fresh oocyte where first polar body was extruded in previtilline space (metaphase II). (B) Oocyte stained by orcein stain and showed that chromosomes at metaphase II.

			[image: ]

			Fig. 2. Morula stage embryo. The formed embryos were examined using stereomicroscope after seven days of culture by inverted microscope for kinetic cleavage stage (blastocyst stages).

			Table I. Effect of L-carnitine concentrations on in vitro maturation of Egyptian buffalo oocytes.

			
				
					
					
					
					
					
					
					
				
				
					
							
							L-carnitine (Mm)

						
							
							Total incubated oocytes (n)

						
							
							Maturation phases

						
					

					
							
							GV

							n (% ± SEM)

						
							
							GVBD

							n (% ± SEM)

						
							
							M1

							n (% ± SEM)

						
							
							M11

							n (% ±SEM)

						
							
							DEG

							n (% ±SEM)

						
					

					
							
							Control

						
							
							117

						
							
							15(12.82±1.77)b

						
							
							18(15.38±2.11)b

						
							
							31(26.49±2.07)b

						
							
							39 (33.33±2.09)b

						
							
							14 (11.96 ±1.17)

						
					

					
							
							2mmol

						
							
							136

						
							
							12 (8.82±1.98)b

						
							
							13 (9.95±2.27)b

						
							
							33 (24.26±2.66)a

						
							
							64 (47.05±2.18)a

						
							
							14 (10.29±2.35)

						
					

					
							
							3mmol

						
							
							137

						
							
							14 (10.21±1.53)a

						
							
							15 (10.94±2.40)a

						
							
							55 (40.14±2.92)b

						
							
							44 (32.11±2.33)b

						
							
							9 (6.56±2.09)

						
					

					
							
							4mmol

						
							
							137

						
							
							26 (18.97±1.47)b

						
							
							23(16.78± 1.49)ab

						
							
							36 (26.27±1.66)b

						
							
							41 (29.92±2.75)b

						
							
							11 (8.02±1.82)

						
					

					
							
							p-value

						
							
							
							< 0.001

						
							
							0.052

						
							
							< 0.001

						
							
							< 0.001

						
							
							0.442

						
					

				
			

			GV, germinal vesicle; GVBD, germinal vesicle breakdown; M1, metaphase 1; M II, Metaphase II; DEG, Degenerated. 

			a b and c means denoted within the same column with different superscripts are significantly different (p<0.05).

			Data in Table II and Figure 2 revealed that the highest fertilization rate was noted in 2mM L-carnitine (75.4%), followed by 3mM (70.3%), 4mM (64%) and the control group (64.9%) (p<0.0001). All treated groups had higher developmental rate of oocytes following IVF compared to the control group (Table III). At the blastocyst stage, the treatment of 2mM L-carnitine had the higher developmental competence than those of 3, 4mM and control (43.5, 39.2 and 37.5% vs. 20.5 %; p<0.01).

			Blastocyst stage was increased in all LC treated groups (43.4 and 39.2% vs control 31.5%; p<0.05) as depicted in Table III. However, the percentage of apoptotic one was higher in the control (58.3%) than the treated groups (35.8, 51.5 and 57.1%) as depicted in Table IV.

			Table II. Effect of LC concentrations on fertilization rate of Egyptian buffalo oocytes.

			
				
					
					
					
					
				
				
					
							
							L-carnitine

							(Mm)

						
							
							Total incubated oocytes (n)

						
							
							Cleaved oocytes (n) 

						
							
							Fertilization rate 

							(Means±SEM)  %

						
					

					
							
							Control

						
							
							117

						
							
							76 

						
							
							(64.95±0.45) c

						
					

					
							
							2

						
							
							122

						
							
							92 

						
							
							(75.40±0.95) a

						
					

					
							
							3

						
							
							145

						
							
							102 

						
							
							(70.34±0.77) b

						
					

					
							
							4

						
							
							125

						
							
							80 80 

						
							
							(64±0.74) c

						
					

					
							
							p-value

						
							
							
							<

						
							
							< 0.001

						
					

				
			

			a, b and c means denoted within the same column with different superscripts are significantly different (p<0.001).

			DISCUSSION

			In this study, supplementation LC during IVM led to increase maturation rate of oocytes. Furthermore, LC improved both cleavage and blastocysts rates, and greatly affected total number of blastocysts. 

			The grade A cumulus expansion was significantly increased after adding 2 mM LC maturation medium. During this maturation Phase, oocytes are sensitive to oxidative stress (Natarajan et al., 2010; Mario et al., 2022), which can be avoided by using antioxidants. In the current study, adding 2mM/mL LC to maturation medium increased the maturation rate. Placidi et al. (2022) indicated that LC decreases reactive oxygen species (ROS) level in maturation medium. This result agrees with some previous studies (Wu et al., 2011; You et al., 2012). LC possesses an antioxidative action and removes many free radicals (Gülçin, 2006; Placidi et al., 2022). The protective effects of LC reduce ROS intracellular levels, that lead to protect micro-organelles such as mitochondria (You et al., 2012; Placidi et al., 2022). Additionally, LC boosts β-oxidation of fatty acids and ATP generation (Jeulin, 1996; McCann et al., 2021). Such oxidation assists both nuclear and cytoplasmic maturation and leads to oocyte developmental competence (Dunning and Robker, 2012). In the herein study, proportion of oocytes was higher in LC treatments at MII stage. Furthermore, LC decreased degenerated oocytes rate. Thus, adding LC during IVM had an obvious impact on nuclear maturation by enhancing both meiotic competence and cytoplasmic maturation biological processes. All nuclear, cytoplasmic and molecular maturation stages of oocyte can markedly affect developmental competence and embryo quality (Sirard et al., 2006; Elgebaly et al., 2022).

			Lorenzo et al. (1994) and Kumar et al. (2020) reported that the cumulus expansion is related to fluctuation of gonadotropins, steroids, secretions of the oocyte, growth factors, and unidentified compounds, in bovine oocytes. As, most authors we used the LC during IVM process, and we did not repeatedly add LC during in vitro culture (Ghanem, 2015; Knitlova et al., 2017). In the same way, our results agree with Knitlova et al. (2017) who indicated that the embryo production rate is increases by adding 2.5 mM of LC from meiotically more competent oocytes. In mouse, LC supplementation improves developmental competence oocytes in terms by improving metabolism of fatty acids (Ghanem, 2015; Knitlova et al., 2017).

			Table III. Effect of L-carnitine concentrations added to maturation medium on embryonic development of Egyptian buffalo oocytes.

			
				
					
					
					
					
					
					
				
				
					
							
							L-carnitine (mM)

						
							
							Total cleaved oocytes (n)

						
							
							Developmental stage

						
					

					
							
							4 cells

							n (% ± SEM)

						
							
							8-16 cells

							n (%± SEM)

						
							
							Morula

							n (% ± SEM)

						
							
							Blastocyst

							n (%± SEM)

						
					

					
							
							Control

						
							
							76

						
							
							11(14.47±0.9)

						
							
							11(14.47±1.91)

						
							
							19(25±2.00)

						
							
							24 (31.57±2.34)c

						
					

					
							
							2

						
							
							92

						
							
							12(13.04±1.26)

						
							
							11(11.95±1.10)

						
							
							18(19.56±1.95)

						
							
							40(43.47±2.19)a

						
					

					
							
							3

						
							
							102

						
							
							17 (16.66±0.97)

						
							
							18(17.64±1.47)

						
							
							18(17.64±1.60)

						
							
							40(39.21±1.88)ab

						
					

					
							
							4

						
							
							80

						
							
							14(17.50±0.90)

						
							
							16 (20.0±2.21)

						
							
							18 (22.5±1.60)

						
							
							30(37.5±0.74)b

						
					

					
							
							p-value

						
							
							
							0.289

						
							
							0.324

						
							
							0.631

						
							
							< 0.001

						
					

				
			

			a b and c means denoted within the same column with different superscripts are significantly different (p<0.001).

			Table IV. Effect of L-carnitine concentrations on embryonic and apoptotic blastocysts.

			
				
					
					
					
				
				
					
							
							L-carnitine (Mm)

						
							
							number of blastocysts (n)

						
							
							Apoptotic blastocysts 

							n (% ± SEM)

						
					

					
							
							control

						
							
							24 

						
							
							14 (58.33±0.17)

						
					

					
							
							2

						
							
							39 

						
							
							14 (35.89±0.167)

						
					

					
							
							3

						
							
							33 

						
							
							17 (51.51±0 .26)

						
					

					
							
							4

						
							
							28 

						
							
							16 (57.14± 0.22)

						
					

					
							
							p-value

						
							
							
							0.083

						
					

				
			

			These effects were not observed in the current investigation. the origin of LC is related to the variation between mouse and buffalo (LC hydrochloride, or LC inner salts) (Knitlova et al., 2017). Such discrepancies are sometimes related differences in quality of oocytes. In the herein investigation, LC was used in maturating COCs of buffalo at early- stage embryos.

			Furthermore, excessive LC concentration may decrease lipid density which leads developmental se biological processes (Sutton-McDowall et al., 2012). Hashimoto (2009) and Somfai et al. (2011) recorded that LC improves the meiotic performance of oocytes throughout retardation the apoptosis of granulosa cells. In this study, adding LC boosted blastocyst formation its character as LC treatments had a higher total cell count. Therefore, LC was enhanced embryonic progress rather completion of 1st meiosis. 

			The results of the present study showed that the LC affects the cleavage rate and the 4-cell embryo stage, and this finding in agreement with previous reports by Held-Hoelker et al. (2017) and Zolini et al. (2019). Also, adding LC during IVM boosted the current blastocysts rate. On the other hand, Held-Hoelker et al. (2017) added 2.5 mM of LC had no remarkable effect on the embryonic production rate during in vitro culture. In our study, the LC led to improve embryo development rates d. This result is similar to Ghanem (2015), who found a significant increase in embryo production rates using LC at 1.5 mM during in vitro culture. Almost trials used LC during IVM, but they did not repeatedly add LC during in vitro culture (Phongnimitr et al., 2013; Takahashi et al., 2013; Ghanem, 2015; Knitlova et al., 2017; Zolini et al., 2019). Phongnimitr et al. (2013) found that 0.6 mg/mL of LC enhanced the blastocyst production rate. While, no available trials were performed in transferring produced embryos into recipient bovine under LC supplementation. Our finding of improving blastocyst in the 2mM L-carnitine group agrees with the results of Agarwal et al. (2018) in mice, while Zolini et al. (2019), found unclear differences between treatment with 0.75mM LC compared to a control group during the whole in vitro culture. Our data disagree with Carrillo-Gonzalez et al. (2019) who found no effect for L-carnitine in maturating medium on embryonic developmental rate. 

			In the current study, blastocyst rates of LC treatments had higher values (43.4, 39.2 and 37.5% respectively) compared to the values indicated by Rasmussen et al. (2013) (30%) and Cavalieri et al. (2018) (37%). On a different trend, LC had a similar a blastocyst rate to that indicated by Pontes et al. (2009). We found that 2 mM of LC enhanced the embryonic rate production in oocytes from small follicles (<5 mm).

			While, oocytes derived from medium follicles (6-10 mm) and sorted as meiotically more competent had no significant difference (Knitlova et al., 2017). In our investigation, the inclusion criteria to follicle diameter were ranged from 2 to 8 mm, according to Knitlova et al. (2017). The blastocyst rate in 2Mm treatment (43.4%) is higher than the results of Ghanem (2015) (22.5%), Phongnimitr et al. (2013) (25.1%), and Knitlova et al. (2017) (group <5 mm = 25.8%). Thus, LC treatments improved oocytes with high developmental competence. This improvement was limited with oocytes with high competence properties. 

			Programmed cell death involves many signs including cellular shrinkage, condensation of chromatin, membrane damage, and other indications (Mevorach et al., 2010). There are many other factors that can cause cell apoptosis including chromosomal abnormalities (Levy, 2001; Yang et al., 2021), imbalance of growth factors (Hardy and Spanos, 2002; Nguyen et al., 2021), reactive oxygen species and suboptimal culture conditions (Fabian et al., 2005). Therefore, suboptimal in vitro culture conditions may lead to embryonic cell death. The rate of apoptotic cells in embryos is utilized to estimate embryo quality (Otoi et al., 1999; de Camargo et al., 2022). Anywhere, the impact of LC to promote higher oocyte character indicates low apoptotic rates in embryos. Addition of antioxidants during IVM (Fakruzzaman et al., 2015) or IVC (Ghanem, 2015) reduces the number of apoptotic cells in blastocysts. A higher incidence of apoptosis is related to fragmentation arrest of embryos, as embryos with a lower incidence of apoptosis and higher number of cells are more likely to alive and to develop (Yoneda et al., 2004; Veshkini et al., 2018). Hassan et al. (2022) indicated that LC declines apoptotic rates that induced by mitochondria under both in vivo and in vitro cases. Li et al. (2021) and Pillich et al. (2005) found that L-carnitine is not only stabilizing mitochondrial membranes, but also can improve the energy source to the organelle and protect cells against incidence of apoptosis. In our study, supplementation of 2mM of LC reduced the apoptotic rate in blastocysts of buffalo using IVM medium. 

			This study needs further comprehensive in measuring oxidative stress and antioxidant enzymes. Further investigations are required to study the molecular mechanisms of LC in oocyte maturation, and the embryonic development.

			Conclusion

			Based on the current results, adding LC during in vitro oocyte maturation with concentration of 2mM could enhance the cumulus expansion. Furthermore, LC could increase blastocyst rates of oocytes and reduced the apoptosis in embryos of Egyptian buffalo. 
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ABSTRACT

The reproductive performance of Egyptian buffalo might be determined by genetic variants, but it is also
affected by environmental factors. The possible action of  -carnitine (LC) on the maturation of Egyptian
buffalo oocytes has not been determined yet. This study aims to estimate the effects of supplementing
LC on the in-vitro fertilization (IVF) of Egyptian buffaloes. We evaluated blastocyst and apoptosis rates
in order to substantiate the potential development of cumulus oocytes—complexes (COC) and determine
the effect of LC in reducing the occurrence of apoptosis under in vitro maturation (IVM) conditions
for buffalo blastocysts. The tissue culture media included a control culture medium and other three
LC supplemented media (2, 3 or, 4 mM LC). All LC treatments had higher COCs percentages at the
metaphase II (MII) compared to the control group. The 2 Mmol LC treatment had the highest percentage
of oocytes maturation rate at metaphase II (47%) compared to the control group (33.3%). The same
treatment had a higher percentage of cleaved embryos (75.4% vs 64.9%) and blastocyst rates (43,4% vs.
31,5%, respectively). Furthermore, the same 2 Mmol LC treatment had a lower apoptotic rate of blastocyst
compared to the control group (35,8% vs 58,3%). In conclusion, LC could increase the maturation and
blastocyst rates of oocytes and reduce apoptosis in Egyptian buffalo embryos.
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inactivated ovaries. These problems cause low efficiency

of reproductive performance.

ith a population in excess of 4 million Egyptian

buffalo heads, this particular species produces

a large volume of milk in numerous countries, such as

i i is animal produces nearly

%70 of the annual dairy produce in Egypt, making it one

of the most valuable livestock (Abou-Bakr, 2009; Eldawy
etal.,2021).

Several physiological characteristics determine a
lower reproductive performance for Egyptian buffalo
including silent ovulation, delayed maturity, breeding
seasonality, prolonged generation interval, low conception
rate, low population of primordial follicles, and

Biotechnological applications such as in vitro
embryonic production (IVEP) can accelerate genetic
improvement in livestock (Mostagir ef al., 2019). Both
in vitro fertilization (IVF), and in vifro maturation (IVM)
of oocytes are applied to improve reproductive efficiency,
and genetic potential in other Bovidae species (Shi ef al.,
2007). For instance, IVM and IVF techniques have been
developed in cattle to produce embryos. Many studies
are designed to estimate different parameters responsible
for oocyte maturation, fertilization and subsequently
embryonic development. There are some crucial factors
affecting in vitro production of embryos including culture
media type, media supplementations, and seasons of the
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