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Abstract

:

In vitro fertilization (IVF) technologies have great potential in the preservation of endangered species. In the current study, an IVF experiment was carried out to evaluate whether reproductive technologies are suitable for Kazakh Whiteheaded cattle, aimed at preserving this breed whose population has reduced drastically over the last thirty years. The reproduction characteristics of Kazakh Whiteheaded cows were compared to Aberdeen Angus cows. Transvaginal ultrasound-guided ovum pick up sessions were carried out followed by in vitro embryo production and embryo transfer and pregnancy diagnosis. The total and viable oocytes per OPU procedure were 12.8 ± 1.18 and 8.7 ± 0.85 for the Aberdeen Angus breed, and 8.8 ± 1.04 and 6.2 ± 0.83 for the Kazakh Whiteheaded breed. Similarly, the mean number of cleaved oocytes and morula/blastocyst stage embryos produced by OPU/IVF were 4.8 ± 0.49 and 1.4 ± 0.15 for the Aberdeen Angus breed, and 2.4 ± 0.46 and 0.18 ± 0.05 for the Kazakh Whiteheaded breed (p ≤ 0.02). From fifty Kazakh Whiteheaded donor animals, 2585 oocytes were aspirated following six ovum pick up sessions. One thousand eight hundred and seventy-six (72.5%) oocytes were chosen for maturation and were further fertilized. The number of embryos cleaved was 720 (38.3% out of oocytes fertilized) on day four post-fertilization. Of these cleaved embryos, 56 (7.5%) developed into the late morula/blastocyst stage on day seven post-fertilization, averaging 1.12 embryos per donor animal. Pregnancy was detected in 12 recipients; 4 healthy calves have been born to date. The outcomes of our study have demonstrated that reproductive technologies can be applicable in preserving the endangered Kazakh Whiteheaded cattle. The findings in this report will enhance knowledge of the reproductive characteristics of endangered domestic animals and help develop sophisticated reproductive protocols for animals with unique reproductive mechanisms.
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1. Introduction


In the past 40 years, in vitro embryo production (IVEP) has developed significantly, allowing an increase in the reproductive efficiency of animals with superior genetic merit [1] and the maintenance of the population of endangered species. In vitro fertilization (IVF) has a direct impact on the efficiency of food production and also has great potential for increasing the reproductive efficiency of cattle with economical value [2]. In Kazakhstan, the Kazakh Whiteheaded breed population has decreased dramatically over the last 30 years. The reduction in reproductive efficiency and productivity of dairy and beef animals has mainly been associated with the collapse of the Soviet Union, which resulted in the shutting down of breeding programs, the outflow of specialists and the emergence of transboundary diseases [3,4,5]. The Kazakh Whiteheaded is the main beef breed in Kazakhstan [6] and was bred in the mid-1930s, having high value traits such as disease resistance, 100% unaided calving, thermal adaptation and adaptability to thrive on poor pasture. Kazakh Whiteheaded cattle were obtained by crossing local Kazakh and Kalmyk cows with Hereford bulls in 1950 [7].



These reproductive technologies are of importance in the preservation of endangered wild or domestic species and breeds [8,9]. The application of assisted reproductive technologies (ART) to regain genetically superior and endangered cattle populations in situ and ex situ has been considered for more than thirty years [10,11]. Breeding live animals under in situ management has great potential in conservation biology [12]. However, this conservation method has drawbacks associated with small population size and inbreeding, which can result in genetic drift [12,13] as well as in lower embryo yields and early embryonic death in endangered breeds [14,15].



This study aimed to investigate the suitability of IVF technology for the preservation and future propagation of the Kazakh Whiteheaded breed.




2. Materials and Methods


2.1. Animal Ethics


The experiment was conducted in accordance with national and international laws based on the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes guidelines [16]. The protocol was approved by the Committee on the Ethics of Animal Experiments of the Saken Seifullin Kazakh Agrotechnical University (permit number: 1607/111).




2.2. Cattle


Non-pregnant, cycling (n = 50) Kazakh Whiteheaded and Aberdeen Angus (n = 50) cows of approximately 48 months of age with high genetic merit were utilized for a species preservation program. The study was conducted from July to October 2020. Animals were maintained on fenced grass (Agropyron cristatum) pastures and mineral concentrates were provided ad libitum. Prior to experiment commencement, animals were examined for the presence of any reproductive abnormalities using rectal palpation and ultrasonography. Donor animals were not hormonally prepared for ovum pick up (OPU) sessions according to Pontes, Silva, Basso, Rigo, Ferreira, Santos, Sanches, Porcionato, Vieira, Faifer, Sterza, Schenk, Seneda [17]. Briefly, the rectal contents were removed and the perineal area was thoroughly cleaned with tap water and 70% ethanol. Animals were administered 4 mL of epidural anesthesia 2% lidocaine (Hospira, Inc., Lake Forest, IL, USA) to reduce peristalsis.




2.3. Ovum Pickup Procedure (OPU)


Follicular aspiration was carried out according to the protocol described by Gimenes, Ferraz, Fantinato-Neto, Chiaratti, Mesquita, Sá Filho, Meirelles, Trinca, Rennó, Watanabe, Baruselli [18]. Cattle were restrained in a chute and oocyte collection was performed by a single technician using a portable real-time ultrasound scanner (Aloka SSDV 500; Aloka, Tokyo, Japan) with a 7 MHz convex array transducer fitted in a plastic intravaginal probe and a stainless steel guide. Each cow from the given breed was subjected to 6 OPU sessions at 10 day intervals. Visible follicles were punctured using a disposable 16-gauge needle (Supelco Inc., Bellefonte, PA, USA) connected to a 50 mL conical tube (Thermo Fisher Scientific, Waltham, MA, USA) via 2 mm id, 120 cm length silicon circuit tube and aspirated by a vacuum system set at 13–15 mL of water/min. Following aspiration, follicular aspirates were transported to the laboratory for further IVEP manipulations.




2.4. In Vitro Embryo Production (IVEP)


Prior to in vitro maturation (IVM), cumulus-oocyte complexes (COC) were morphologically classified utilizing an inverted stereomicroscope according to the protocol based on Leibfried, First [19]. The oocytes with at least one cumulus cell layer were considered grade I and II oocytes and were used for IVF, while cells exhibiting atretic or degradation features were discarded.



Approximately 300 grade I and II oocytes were washed in tissue culture maturation medium (TCM-199- HEPES, Thermo Fisher Scientific, MA, USA) supplemented with 10% fetal calf serum in the presence of antibiotics gentamicin (50 μg/mL), sodium pyruvate (22 mg/mL), and amikacin (83.4 mg/mL). Groups of 30 washed COCs were then cultured for 24 h, 5% CO2 in 100 µL drops of IVM medium covered by mineral oil (Sigma–Aldrich, St. Louis, MO, USA). The experiment was run in six replicates and mean values were calculated.



Following IVM, matured COCs were rinsed in PBS and transferred to in vitro fertilization Tyrode-lactate-pyruvate (IVF-TALP) solution (Sigma–Aldrich, St. Louis, MO, USA) supplemented with sodium pyruvate (22 mg/mL), amikacin (83.4 mg/mL), fatty acid-free bovine serum albumin (6 mg/mL), and 70 μL of a solution of PHE (0.5 µM penicillamine, 0.25 µM hypotaurine, and 25 μM epinephrine).



Fresh semen obtained from Kazakh Whiteheaded sires (n = 2) was purified in 90–45% Isolate gradient (Irvine Scientific, Santa Ana, CA, USA), diluted in Tyrode medium supplemented with heparin (10 mg/mL), centrifuged at 200× g for 30 min, and then examined using AndroVision® software (Minitube, Smythesdale, Australia) for sperm motility and concertation. Ejaculate with final concentration of 2 × 106 live spermatozoa per mL and motility level no less than 90% was used for IVF. Matured oocytes were fertilized in oil-covered 100 µL microdrops in groups of up to 25.



Following IVF, presumptive zygotes had their cumulus cells stripped by washing in TCM-199 HEPES culture medium. Groups of 9–12 presumptive zygotes were then transferred into synthetic oviduct fluid-bovine embryo 2 (SOF-BE2, Sigma, St. Louis, MO, USA) in 100 μL volume micro drops and covered with mineral oil followed by incubation at 39 °C in the presence of 5% CO2 in the air. Presumptive zygotes were observed once a day or every other day for the presence of embryo development. Classification of developmental stages of the embryos was carried out in accordance with the International Embryo Transfer Society criteria [20].




2.5. Embryo Transfer and Pregnancy Diagnosis


Nine Kazakh red steppe crossbred cows and four Aberdeen Angus cows were used as surrogates. The experiment was run in triplicates, giving in total 27 and 12 transfers in Kazakh red steppe crossbred cows and Aberdeen Angus cows, respectively. A total of 78 embryos developed into the late morula/blastocyst stage were transferred into the recipient animals. Preparation of recipient animals was performed following a fixed-time embryo transfer (FTET) protocol described by Pontes, Silva, Basso, Rigo, Ferreira, Santos, Sanches, Porcionato, Vieira, Faifer, Sterza, Schenk, Seneda [17], which is shown in Figure 1. The experiment was run in triplicates. For estrus synchronization, on day 0 each cow received an intravaginal progesterone device (CIDR, Pfizer, Auckland, New Zealand) and 2 mg of estradiol benzoate. All cows received 300 IU of equine chorionic gonadotropin (eCG), 150 µg of d-cloprostenol, and 1 mg of estradiol cypionate (Pfizer, New York, NY, USA) on day 8 immediately following progesterone implant removal. Fresh embryos were transplanted on day 17 post estrus synchronization protocol commencement. Each recipient animal received two embryos transferred non-surgically into the uterine horn, ipsilateral to the CL. Recipient animals were thoroughly examined for the presence of corpus luteum (CL) in the ovaries utilizing ultrasonography (Aloka SSD 500 with 7 MHz convex array transducer; Tokyo, Japan). Cows with CL greater or equal to 13 cm in diameter were accepted for ET.



The first session of pregnancy evaluation was performed with ultrasound on days 26–29 following embryo transfer (designated Day 30). Pregnant recipients were subjected to ultrasonography for pregnancy confirmation on day 60 and day 90, respectively.




2.6. Data Analysis


Data were analysed with GraphPad Prism, Version 9.0 (San Diego, CA, USA) and Microsoft Excel software. A value of p ≤ 0.05 was designated statistically significant. For each variable of interest, descriptive statistics were generated. Data are presented as the mean ± SEM number of oocytes and embryos obtained from donors submitted to OPU/IVP. All variables were assessed using 2-way ANOVA and Sedak multiple comparison tests to define significant differences between groups.





3. Results


In vitro fertilization data obtained from Kazakh Whiteheaded preservation experiments are demonstrated in comparison to Aberdeen Angus breed in Table 1. In total, 2585 and 3854 oocytes were aspirated from Kazakh Whiteheaded and Aberdeen Angus donor animals. Each cow was exposed to six OPU sessions at 10-day intervals.



The mean number of recovered oocytes (12.8 ± 1.18 vs. 8.8 ± 1.04), viable oocytes (8.7 ± 0.85 vs. 6.2 ± 0.83), cleaved oocyte yield (4.8 ± 0.49 vs. 2.4 ± 0.46), and embryos that reached Morula/blastocyst stage (1.4 ± 0.15 vs. 0.18 ± 0.05) per procedure was significantly greater (p ≤ 0.02) in the Aberdeen Angus than in the Kazakh Whiteheaded cows.



Overall, in six OPU sessions, the total number of recovered COCs, the number of viable oocytes, the number of cleaved oocytes, and the morula/blastocyst ratio were higher in the Aberdeen Angus group (p < 0.01) than in the Kazakh Whiteheaded group (Table 1). However, the overall proportion of viable oocytes was higher in the Kazakh Whiteheaded (1876/2585 (72.5%)) than in the Aberdeen Angus donor animals (2642/3864 (68.3%)). Additionally, in per-session comparison, almost all variables were significantly higher in the Aberdeen Angus group (p < 0.0001) than in the Kazakh Whiteheaded group (Figure 2).



In Kazakh Whiteheaded cows, the number of oocytes acquired per cow OPU session varied from 3 to 22. Viable oocytes were evaluated for maturation and were subsequently fertilized. The number of embryos cleaved was 720 (38.3% out of oocytes fertilized) on day 4 post-fertilization. Of these cleaved embryos, 56 (7.5%) developed into the late morula/blastocyst stage on day 7 post-fertilization, averaging 1.12 (2%) embryos per donor animal. Twelve recipients were diagnosed pregnant on day 30 post-fertilization by ultrasonography whereas, on day 90, pregnancy was confirmed in five cows. Four calves were successfully delivered by the end of the gestation period, whereas one cow aborted in the late second trimester.



In Aberdeen Angus cows, nine recipients were diagnosed pregnant on day 30 post-fertilization by ultrasonography. These animals carried their full-term pregnancies and delivered live calves by the end of gestation.




4. Discussion


The use of in vitro fertilization technology has become popular and has been in high demand worldwide following the successful birth of the first IVF calf in 1981 [21]. To our knowledge, this is the first attempt at using IVF technology in Kazakh Whietheaded cattle. In recent years, the embryo transfer industry has achieved significant results in improving livestock production [22].



The application of the ex situ program for the conservation of oocytes, spermatozoa, and embryos has a significant advantage, allowing their development to be resumed at the desired time [23,24]. Contreras, Galina, and Chenoweth [25] reported that cryoconservation has a low-efficiency due to the high risk of damaging reproductive materials. For this reason, our initial research mainly focused on the production of embryos and birth rates. However, the importance of cryoconservation on Kazakh Whiteheaded embryos remains relevant and needs to be evaluated in future experiments.



On the contrary, applying current improvements in conservation biology, the semen of desired sires can be stored using the vitrification method [26]. Even though semen conservation has cost- and quality-related benefits, there are limitations related to herd regeneration, as it demands time-consuming evaluation of another breed over several generations by backcrossing [10]. In line with these considerations, the preservation of threatened breeds using embryos is promising and one generation is adequate to regain breeding [27]. Due to a scarcity of literature on Kazakh Whiteheaded cows, their response to in vivo and in vitro ET needs to be further investigated. Initially, for embryo production, the MOET protocol was used based on Pontes, Nonato-Junior, Sanches, Ereno-Junior, Uvo, Barreiros, Oliveira, Hasler, and Seneda [28]. However, this method has been inefficient for inducing superovulation due to a meagre response to treatment and therefore was not used for embryo collection. The superovulation protocol suitable for the Kazakh Whiteheaded cow is under evaluation.



In Kazakh Whiteheaded cows, the average number of transferable embryos per animal was lower than those published by Ratto, Peralta, Mogollon, Strobel, Correa [29], Pontes, Silva, Basso, Rigo, Ferreira, Santos, Sanches, Porcionato, Vieira, Faifer, Sterza, Schenk, and Seneda [17], and Bousquet, Twagiramungu, Morin, Brisson, Carboneau, and Durocher [30], accounting for 1.12, 1.8, 2.1, and 4.7, respectively. This could be explained by the large oocytes yield due to the application of exogenous hormones in their study. However, this was not evaluated in our study. In the present study, variables of the first two OPU sessions had not differed between breeds. However, we observed a significant decrease in the number of oocytes obtained in the following OPU session in Kazakh Whiteheaded cows. A similar pattern was observed in Aberdeen Angus groups, with a slight decrease. This observation is in agreement with the finding reported by Monteiro, Batista, Vieira, Bayeux, Accorsi, Campanholi, Dias, Souza, and Baruselli [31]. Viana [32] reported that a decrease in the number of oocytes aspirated could be because of repeatable ovarian punctures with a needle during consecutive OPU. They assume that multiple punctures performed in animals with many follicular developments may result in ovarian damage and weaken its performance.



The average number of oocytes recovered per OPU session (n = 8.8) from Kazakh Whiteheaded cows was lower than that recovered from the Aberdeen Angus breed (12.8) and those reported by Pontes, Silva, Basso, Rigo, Ferreira, Santos, Sanches, Porcionato, Vieira, Faifer, Sterza, Schenk, and Seneda [17] and Viana [33]. These authors reported collecting on average 17.1 and 18.8 oocytes per OPU session, respectively. Additionally, the highest number of viable oocytes per OPU session in Kazakh Whiteheaded cows constituted (n = 10) cells per animal, which is peculiar in comparison to those published by Pontes, Silva, Basso, Rigo, Ferreira, Santos, Sanches, Porcionato, Vieira, Faifer, Sterza, Schenk, and Seneda [17]. In their large-scale in vitro embryo production program, Gir cows yielded (n = 12.1) viable oocytes per OPU session.



On the contrary, the average proportion of viable oocytes was higher in Kazakh Whiteheaded cows (73.5%) when compared to the Aberdeen Angus breed (67.8%) and others to Gir (70.9%), Nellore (68.6%), and Holstein (53.8%) breeds, respectively [17,18]. Moreover, other large-scale commercial programs using Nellore cattle reported a similar result to our study, demonstrating a viable oocytes rate of 75% [34]. Furthermore, the cleavage and blastocyst rates of the Kazakh Whiteheaded cattle (Table 1) are significantly lower than those of the Nellore and Holstein cattle 18.



In general, we demonstrated some similarities with the other works mentioned above, except for inferior cleavage and blastocyst rates, which resulted in a low birth rate in Kazakh Whiteheaded cows.



In this study, we have demonstrated that Kazakh Whiteheaded cows had lower COC production rates, IVP efficiency, and morula/blastocyst development rates in comparison to Aberdeen Angus cows. These could be explained by the potential genetics of the breed [29] and potential influence of hybrid vigor on the embryos from Angus cows compared to the purebred embryos from Kazakh Whitehead cows.



As we mentioned earlier in this paper, no references were available regarding IVF application in Kazakh Whiteheaded cattle. Considering that the pregnancy rate was low concerning the number of aspirated oocytes, we infer that this phenomenon may be a peculiarity of Kazakh Whiteheaded cattle; however, due to the importance of the breed, further research must be carried out to improve IVEP rates. Although the efficiency of reproductive biotechnologies may vary significantly and is generally considered low [10], the method itself plays a crucial role for species recovery programs, and for long-term genetic and demographic sustainability [11,35].
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Figure 1. The protocol used for synchronization in recipient animals for fixed-time embryo transfer (FTET). EB: estradiol benzoate, P4: progesterone, eCG: equine chorionic gonadotropin, PGF2α: prostaglandin (d-cloprostenol), and EC: estradiol cypionate. 
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Figure 2. Per-session comparison of the number of cumulus oocyte complexes (COC) aspiration, viable COC, cleaved COC, and embryo production efficiency in Kazakh Whiteheaded (black bars) and Aberdeen Angus breeds (red bars). Asterisk over bars demonstrated degree of significance, where * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001; ns = not significant. 
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Table 1. Data obtained from IVF experiment in Kazakh Whiteheaded and Aberdeen Angus breeds.
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Variables

	
Kazakh Whiteheaded Breed, OPU Sessions, (n = 50 Individuals)

	
Aberdeen Angus Breed, OPU Sessions, (n = 50 Individuals)

	
Mean ± SEM Number of Oocytes and Embryos Obtained




	
1

	
2

	
3

	
4

	
5

	
6

	
1

	
2

	
3

	
4

	
5

	
6






	
Number of oocytes aspirated/mean per animal

	
646/

12.9 ± 7.4

	
512/

10.2 ± 4.8

	
412/

9.5 ± 10.3

	
341/

6.8 ± 2.7

	
366/

7.3 ± 3.4

	
308/

6.1 ± 2.5

	
732/

14.6 ± 5.5

	
510/

10.2 ± 5.2

	
882/

17.6 ± 5.7 *

	
577/

11.5 ± 4.9 *

	
506/

10.1 ± 4.5 *

	
657/

13.1 ± 5.4 *

	
21.6 ± 1.1

6449




	
Number of viable oocytes/mean per animal

	
503/

10 ± 6.5

	
333/

6.6 ± 4.0

	
215/

4.3 ± 2.6

	
306/

6.1 ± 2.5

	
231/

4.6 ± 2.6

	
288/

5.7 ± 2.3

	
512/

10.24 ± 4.9

	
357/

7.14 ± 3.8

	
617/

12.3 ± 5.2 *

	
375/

7.5 ± 3.3 *

	
354/

7.08 ± 3.4 *

	
427/

8.5 ± 3.8 *

	
14.9 ± 2.7

4518




	
Number of cleaved oocytes/mean per animal

	
188/

3.7 ± 3.2

	
191/

3.8 ± 3.2

	
63/

1.2 ± 1.4

	
114/

2.2 ± 1.8

	
93/

1.8 ± 1.7

	
71/

1.4 ± 1.2

	
286/

5.72 ± 4.3

	
200/

4.00 ± 2.3

	
346/

6.9 ± 2.4 *

	
210/

4.2 ± 2.1 *

	
186/

3.7 ± 1.9 *

	
239/

4.7 ± 2.0 *

	
7.2 ± 0.8

2187




	
Morula/blastocyst stage embryos on day 7

	
18/

0.3 ± 0.5

	
14/

0.2 ± 0.5

	
6/

0.1 ± 0.3

	
11/

0.2 ± 0.4

	
0/

0.00 ± 0.00

	
7/

0.1 ± 0.4

	
86/

1.72 ± 1.6 *

	
60/

1.2 ± 1.0 *

	
104/

2.0 ± 1.4 *

	
63/

1.2 ± 1.0 *

	
56/

1.1 ± 0.9 *

	
72/

1.4 ± 0.9 *

	
1.58 ± 0.08

497








* 2-way ANOVA and Sedak multiple comparison tests.
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