
ABSTRACT
The article presents the results of assessing reproductive biotechnology for cattle breeding. The issues of obtaining genetic material 
from bulls-producers and oocytes from donor cows, for their further cultivation and obtaining embryos, in order to replicate highly 
productive offspring from valuable animals, are considered. Oocyte production was analyzed in three different ways: puncture, 
section, and aspiration. A total number of 156 oocyte-cumulus complexes (OCCs) were collected out of 40 ovaries by puncture – 50 
pcs, section - 47 pcs, and aspiration – 59 pcs. The results showed that puncture and section gave significantly higher total OCCs 
per an ovary (4.16 and 4.0, respectively) than aspiration (3.68), but a higher number of normal (grade A and B) OCCs per an ovary 
was observed with aspiration (2.5) than with puncture (1.82) and section (2.00). During aspiration, oocyte-cumulus complexes were 
collected from the surface of follicles with a diameter of 3 to 8 mm using a needle. During puncture, all surfaces were pierced with a 
hypodermic needle; during section, incisions were made along the entire ovarian surface with a scalpel, that is, all sizes of superficial 
follicles were collected. OCCs were divided into 4 classes based on cumulus and nucleus cells: grade A - oocytes completely surrounded 
by cumulus cells; Grade B - oocytes partially surrounded by cumulus cells; Grade C - oocytes not surrounded by cumulus cells; and 
grade D - degeneration observed in both oocyte and cumulus cells. Grades A and B were considered normal, while grades C and D 
were considered to be damaged. The obtained oocytes were cultured and fertilized in vitro, which means that their fertilization with 
sperm occurred under artificially maintained optimal conditions outside the body. Normal fertilization results are zygote formation with 
male and female pronuclei (PN). As a result of the conducted fertilization of 251 mature oocytes, 142 fertilizations were successful, 
which amounted to 56.57%.

KEY WORDS: Biotechnology, Cryopreservation, Embryo transplantation 
technology in vitro, Oocyte and Sperm.

INTRODUCTION

An essential factor contributing to the successful development 
of the livestock industry is the good reproductive 
performance of heifers, cows and bulls. For a breeding 
bull, an effectiveness indicator of reproductive capabilities 
is its sperm ability to fertilize an oocyte. Sperm products 
are usually purchased at livestock breeding enterprises 
specializing in breeding servicing bulls. At such enterprises, 
breeders conduct a comprehensive assessment and work 
to improve the economically useful qualities of animals. 
Sperm products are obtained from bulls that have passed the 
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assessment and received permission for use in accordance 
with the technologies provided by the enterprise (Luno et al. 
2014; Morrell and Wallgren 2014; Iqbal et al. 2016; Alm-
Kristiansen et al. 2018; Gorelik et al. 2021).

When obtaining semen, it is important to comply with all 
technological conditions, since the quality indicators are 
influenced by many factors, which include feeding and 
keeping bulls, hygiene of semen collection, composition 
of diluents, methods of freezing and thawing, and other 
factors. Sperm products obtained from breeding bulls are 
usually delivered to livestock enterprises frozen in liquid 
nitrogen (granules, pies). The use of artificial insemination 
and the development of cryopreservation technologies made 
it possible to obtain numerous offspring from a single sire 
(Luno et al. 2014; Morrell and Wallgren 2014; Iqbal et al. 
2016). The biological characteristics of cows determine the 
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bearing period of one calf during the year, which, in contrast 
to bulls-producers, is a limiting factor for replicating highly 
productive heifers from highly productive cows. Most 
farms raise and evaluate cows and heifers independently 
at all technological stages (Alm-Kristiansen et al. 2018; 
Gorelik et al. 2021).

In this connection, they have the opportunity to form 
groups of animals according to the desired phenotype and 
genotype, timely conduct a comprehensive assessment 
of the animal, including its productive potential and 
reproductive abilities, and, based on the data obtained, 
make a decision on its further use (Gritsenko 2016; Mostek 
et al. 2017; Chalova et al. 2020; Gorelik et al. 2021). The 
development of reproductive biotechnology in animal 
husbandry has made it possible to obtain many offspring 
from one highly productive cow within one year. This 
became possible thanks to the use of such methods as in 
vivo and in vitro embryo transplantation technology, as well 
as cryopreservation of genetic material (sperm, oocytes, 
embryos). 

Freezing and storage of genetic material in liquid nitrogen 
is the most important method of animal reproductive 
biotechnology, however, the quality indicators of frozen 
and then thawed biomaterials suffer greatly, which 
significantly reduces the successful fertilization rates. For 
example, frozen-thawed spermatozoa, due to poor quality 
characteristics, often remain incapable of fertilizing an 
ovum. Some oocytes and embryos die during freezing and 
thawing (Kumar et al. 2016; Naresh 2016; Murphy et al. 
2018; Nongbua et al. 2018; Tkachev et al. 2020b Gorlik 
et al 2021).

For these reasons, research to improve the quality of 
cryopreserved genetic material is being carried out by 
scientists around the world. Despite the fact that many 
positive points have already been achieved, this factor 
of reproduction requires a study and a scientifically 
grounded proposal to livestock breeders to increase fruitful 
inseminations using various technologies (Kumar et al. 2016; 
Naresh 2016; Murphy et al. 2018; Nongbua et al. 2018). 
There are two main types of embryo cryopreservation: slow 
freezing and vitrification. Slow freezing is an older method. 
In this case, the embryo is placed in an environment with 
a cryoprotectant, glycerin, or ethylene glycol, packed in a 
plastic straw and cooled at a rate of 0.50 per minute to -70 
(Tkachev et al. 2020b).

Then the straw is touched with tweezers soaked in liquid 
nitrogen - seeding is carried out (freezing water in the 
embryo), slowly cooled to -350, and then transferred into 
liquid nitrogen, and freezing is completed to -1960. The 
disadvantage of this method is the formation of ice crystals 
both in the embryo itself and in the environment around the 
embryo. Ice crystals damage the membranes and membranes 
of the embryo, causing its death both during freezing and 
thawing (Youngs 2011; Konc et al. 2014). Cryoprotectants 
used in variable speed freezing are designed to prevent 
intracellular crystallization by osmotic dehydration of 
frozen water and replacing intracellular water with a 
cryoprotective solution. The degree of dehydration depends 

on the duration of cooling or the temperature reached before 
the embryos are immersed in liquid nitrogen. The type of 
cryoprotectant and the cooling rate determine the way the 
embryos thaw (Niemann 1991; Asgari et al. 2012; Do et al. 
2016; Tkachev et al. 2020a).

Vitrification is usually achieved by placing the embryos 
in a very high (5-6M) concentration of cryoprotectant 
solution, followed by rapid cooling (> 2000°C/min) in 
liquid nitrogen. Vitrification is based on the ability of 
highly concentrated aqueous solutions of cryoprotectants 
to be cooled to very low temperatures. At low enough 
temperatures, the solution becomes very viscous so that it 
solidifies into an amorphous glass without the formation 
of ice crystals. Vitrified embryos should be stored at a 
temperature not exceeding -130°C. Above this temperature, 
the solution may become crystalline, which can damage 
the embryos. To avoid this damage, vitrified embryos 
must always be stored at temperatures below –130°C, and 
thawing must be done very quickly to avoid crystallization 
(Díez et al. 2012; Do and Taylor-Robinson 2020). 

Currently, much attention is focused on the study of genetic 
material and preparations for compliance with their quality 
standards, including the study of oocytes obtained by 
different methods. For the successful development of animal 
husbandry with the introduction of modern biotechnological 
methods of reproduction, it is important, along with the 
assessment of bulls by the quality of the offspring and the 
qualitative characteristics of sperm, to study the qualitative 
characteristics of oocytes obtained by different methods 
(Andrabi and Maxwell 2007; Borunova et al. 2017; Tkachev 
and Tkacheva 2017; Do and Taylor-Robinson 2020).

It has been proven that the cytophysical state of the 
gametal cells of the donor cow directly affects the state and 
development of embryos. Therefore, it becomes important 
to assess the biological characteristics of oocytes obtained 
both during aspiration from the follicles of donor cows and 
during removal from the ovaries of slaughter animals. With 
the development of modern reproductive biotechnology, 
it has become possible to evaluate oocytes that have been 
fertilized and cultured at different stages of development. 
According to the available data, there are significant 
morphological variations among oocytes, which can affect 
the ability to develop and the potential ability of the embryo 
to implant (Sirard and Blondin 1996; Andrabi and Maxwell 
2007; Sprícigo et al. 2015; Iwasaki et al. 2018; Aguila et 
al. 2020).

Successful fertilization of oocytes and in vitro production of 
embryos depends on the quality and maturity degree of the 
oocytes upon receipt. The cumulus cells (CC) surrounding 
the oocyte play a key role in the maturation of oocytes and 
are known to supply nutrients, energy substrates, and / or 
messenger molecules for oocyte development (Vanderhyden 
et al. 1990; Prokofiev et al. 1992; Otoi et al. 1997). The 
CC concentration is highly dependent on the efficiency 
of oocyte collection. Several methods are used to collect 
oocytes from slaughterhouse ovaries of farm animals. A 
number of studies have been carried out to compare the 
effectiveness of methods for collecting oocytes from cattle 
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(Ka̧tska 1984; Rizos et al. 2002; Bilodeau-Goeseels 2012; 
Do and Taylor-Robinson 2020).

Material and Methods

Under the research performed, the study used three methods 
for obtaining oocytes: puncture, section and aspiration for 
cultivation and in vitro fertilization of cow oocytes. The 
cow ovaries were collected from a local slaughter station 
and stored in a collection tube containing 0.9% saline in a 
thermos at 25-30°C. Each ovary was treated individually 
and the OCC was collected in one of the following three 
ways.

Puncture: the ovaries were placed in a Petri dish containing 
5 ml of OCC’s collection medium, held with forceps, and 
the entire surface of the ovary was punctured with an 18G 
hypodermic needle. Section: the ovaries were placed in a 
Petri dish containing 5 ml of OCC’s collection medium, 
held with tweezers. The incisions were made over the entire 
surface of the ovary using a scalpel blade. Aspiration: visible 
follicles were aspirated using an 18G hypodermic needle 
attached to a sterile 5 ml disposable syringe containing 2 
ml of collection medium. The medium, together with the 
collected OCCs, was then transferred to a 35 mm Petri 
dish. When collecting the OCC by puncture and cutting, 
the ovary was completely immersed in the medium. In 
all three methods, the Petri dishes were left at rest for 5 
minutes, which allowed the OCC to settle. Excess medium 
was removed with a syringe without disturbing the oocytes 
at the bottom of the Petri dish.

Petri dishes were then examined under an inverted 
microscope and the total number of collected OCCs was 
counted. OCCs were divided into 4 classes based on cumulus 
and nucleus cells: grade A - oocytes completely surrounded 

by cumulus cells; Grade B - oocytes partially surrounded 
by cumulus cells; Grade C - oocytes not surrounded by 
cumulus cells; and grade D - degeneration observed in both 
oocyte and cumulus cells. Grades A and B were considered 
as normal, while grades C and D were considered to be 
damaged (Khandoker et al. 2001; Khandoker et al. 2005; 
Khandoker et al. 2012). Follicular fluid was collected 
from all categories of morphologically healthy superficial 
follicles by aspiration using a 10 ml syringe with a 19G 
needle. The following criteria were applied to assess the 
follicle quality: good - uniform bright appearance, extensive 
and very fine vascularization and no free-floating particles 
in the follicular fluid, and atresic - loss of translucency, 
slightly or dull grayish and/or opaque appearance and free-
floating particles in the follicular fluid. At each collection, 
the liquid from each follicle was combined, centrifuged 
2 times at 3000 rpm for 30 minutes. The supernatant was 
collected and filtered through a 45 mm millipore filter and 
heated at 65°C for 1 hour.

Results and Discussion

The results of obtaining OCC by three different methods 
are presented in Table 1. A total number of 156 oocyte-
cumulus complexes were collected out of 40 ovaries by 
puncture – 50 pcs, section – 47pcs, and aspiration – 59pcs 
(Table 1). The results showed that puncture and section gave 
significantly higher total OCCs per an ovary (4.16 and 4.0, 
respectively) than aspiration (3.68); but a higher number of 
normal (grade A and B) OCCs per an ovary was observed 
with aspiration (2.5) than with puncture (1.82) and sections 
(2.00) (Table 1). During aspiration, OCC was collected from 
the surface of follicles with a diameter of 3 to 8 mm using 
a needle. During puncture, all surfaces were pierced with 
a hypodermic needle; during section, incisions were made 
along the entire ovarian surface with a scalpel, that is, all 
sizes of superficial follicles were collected.

Method 		  Puncture 	 Section 	Aspiration 

                         Number of ovaries	 12	 12	 16
Total number of OCCs	 n	 50	 47	 59
	 n per an ovary	 4.16	 4.00	 3.68
Grade А	 n	 17	 16	 32
	 n per an ovary	 1.41	 1.33	 2.0
Grade B	 n	 5	 8	 8
	 n per an ovary	 0.41	 0.67	 0.5
Grade C	 n	 8	 6	 5
	 n per an ovary	 0.67	 0.50	 0.31
Grade D	 n	 20	 18	 14
	 n per an ovary	 1.67	 1.50	 0.87

Table 1. Obtaining oocyte-cumulus complexes (OCC) by different 
methods

Thus, the smaller number of OCCs collected by the 
aspiration method in this experiment may be due to the fact 
that aspiration did not receive OCCs from small follicles 
and some follicles that are deeply embedded in the ovarian 
cortex. Puncture and section techniques generate more 

residuals, which can interfere with microscopic retrieval 
of oocytes and also require more washing than aspiration. 
As a result, the amount of OCC was removed from the 
cumulus cells due to repeated washing and, ultimately, 
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resulted in fewer normal OCCs compared to aspiration at 
the last observation (Chalova et al. 2020).

The result of the study is that aspiration of vesicular follicles 
with a diameter of 3 to 8 mm using an 18G hypodermic 
needle is the best method, a simple and effective way to 
extract morphologically normal oocyte-cumulus complexes 
from bovine ovaries. To obtain embryos, the method of 
oocyte aspiration from bovine ovaries with their subsequent 
cultivation, fertilization and cryopreservation was used. 
The ovaries were collected from local slaughterhouses 
and stored in a collection tube containing 0.9% saline in 
a thermos at 25-30°C. Each ovary was treated with three 
washes in Dulbecco's phosphate buffered saline (DPBS) 
and two washes in OCC collection medium (DPBS + 4 
mg/ml of BSA + 50 IU/ml of penicillin). A total number 
of 134 ovaries from 67 cows were processed. The result of 
obtaining oocyte-cumulus complexes (OCC) is presented 
in Table. 2.

At present, there have not been developed the technologies 
for in vitro cultivation of bovine oocytes, which allow 
obtaining a sufficiently high yield of embryos. Oocyte 
maturation in vitro is subdivided into nuclear and 
cytoplasmic processes. Nuclear maturation includes 
resumption of meiosis and progression to the metaphase-II 
stage. Cytoplasmic maturation encompasses many cellular 
processes that must be completed in order for oocytes 
to be fertilized and develop into normal embryos and 
offspring. The rates of maturation and fertilization depend 
on the quality of oocytes, the sufficiency and efficiency 
of the environment, and the optimization of incubation 
conditions.

OCC of normal quality was cultured in TCM-199 medium 
(Sigma Chemicals, USA) supplemented with 2.5% BSA 
and 10% follicular fluid for 27 hours. After maturation, 
the degree of expansion of cumulus cells was determined 
under a microscope at 10-fold magnification as level-1: 
small expansion of the OCC; level-2: moderate expansion 
of the OCC, and level-3: significant expansion of the OCC. 
After that, half of the mature OCCs were taken from each 
drop, and oocytes were taken from the cumulus cells. Then 
the oocytes were placed on a glass slide covered with a 
cover slip (fixed with acetoethanol (acetic acid: ethanol, 
1:3), stained with 1% acetoorcein) and examined under 
an inverted microscope at high magnification (100x) 
with immersion oil. The level of nuclear maturation was 
assessed. The assessment of oocyte maturation by the 
expansion of cumulus cells is presented in Table 3. As 
can be seen from the table, after 27 hours of cultivation, 
74.42% of the oocytes matured to the stage of fertilization 
(Chalova et al. 2020).

The results of assessing the indicators of the oocyte nuclear 
maturation are presented in Table 4. After 27 hours of 
cultivation, 91.85% of oocytes-initiated meiosis, and 
71.51% of oocytes reached the metaphase II stage. Thus, 
this method of OCC cultivation made it possible to achieve 
maturation of more than 70% of oocytes.

Method 		  Aspiration

                   Number of ovaries		  134
Total number of OCCs	 n	 485
	 n per an ovary	 3.62
Grade А	 n	 268
	 %	 55.25
	 n per an ovary	 2.0
Grade B	 n	 76
	 %	 15.67
	 n per an ovary	 0.57
Grade C	 n	 51
	 %	 10.52
	 n per an ovary	 0.38
Grade D	 n	 90
	 %	 18.56
	 n per an ovary	 0.67

Table 2. The result of obtaining oocyte-cumulus complexes 
(OCC)

Indicator             	Expansion degree of cumulus cells
	L evel 3	L evel 2	L evel 1	 Total

Number of   n	 128	 32	 5	 172
OCC            %	 74.42	 18.61	 6.97	 100

Table 3. Evaluation of oocyte maturation by expansion 
of cumulus cells

Indicator 		      Nuclear maturation of oocytes	 Total
		  Diplotene 	Metaphase	 Metaphase	
			   I	 II
Number of	 n	 14	 35	 123	 172
OCC
	 %	 8.15	 20.34	 71.51	 100

Table 4. Assessment of oocyte nuclear maturation

As a result of the oocyte cultivation the stage of fertilization, 
251 mature oocytes were obtained. Fertilization of prepared 
oocytes. In vitro fertilization means that the oocytes’ 
fertilization with sperm has occurred under artificially 
maintained optimal conditions outside the uterus of 
the animal. For successful in vitro fertilization, bovine 
spermatozoa need to undergo a stage of capacitation in order 
to carry out an acrosome reaction to penetrate the oocyte 

membrane and fusion with the oocyte plasma membrane. 
Normal fertilization results in the formation of zygotes 
with male and female pronuclei (PN). In order to fertilize 
the remaining matured OCCs, a fertilization medium was 
prepared and its pH was adjusted to 7.8 on the day of use. 
Sampels with frozen bullseed were thawed in a water 
bath at 37°C for 30-40 seconds. The concentration was 
approximately 250 μl thawed semen per 1 ml capacitation 
medium. Capacitation medium consisted of modified 
Tyrode's medium, without calcium ions. After incubation for 



one hour, the upper layer of the medium with a volume of 
0.5-0.8 ml, containing most of the motile spermatozoa, was 
removed from the tube and washed twice by centrifugation 
at 500 g for 7-10 minutes (Chalova et al. 2020).

After 15 min incubation with heparin (200 μg/ml), the 
suspension was diluted to a concentration of 50 million 
spermatozoa per ml. Then, droplets were prepared for 
insemination, covered with mineral oil and kept in a 
CO2 incubator for 4-5 hours for pre-incubation. Then the 
remaining half of the matured OCC (the other half was 
used to assess the maturation of nuclei) was transferred into 
each of the sperm drops and incubated for 5 hours in an 
incubator at 38.5°C with 5% CO2 in humidified air. After 5 
h incubation, several OCCs from each drop were separated 

from cumulus cells by repeated pipetting and fixed on a 
glass slide with acetoethanol (acetic acid: ethanol, 1: 3 v/v) 
and stained with 1% acetoorcein (Gorelik et al. 2021).

After drying, the slides were examined at high magnification 
(100x) using immersion oil to observe the formation 
of pronuclei: the presence of a male (PN) and female 
pronucleus (PN) - normal fertilization; an oocyte with 
one PN, asynchronous PN development / parthenogenetic 
activation, or one PN was hidden by lipid droplets and 
an oocyte with more than two PNs - polyspermia. For 
fertilization, 251 oocytes were selected from experiments 
on methods of oocyte elution. The results of in vitro 
fertilization are presented in Table 5. As a result, 56.57% 
of mature oocytes were fertilized. 142 zygotes were sent for 
cryopreservation for further study (Gorelik et al. 2021).

Indicator 	 Normal 	 1 pronucleus,	 Polyspermia
	 fertilization	 lack of fertilization	 (more than	 Total
		   or parthenogenesis	 3 pronuclei) 	

n	 142	 85	 24	 251
%	 56,57	 33,86	 9,57	 100

Table 5. Results of In vitro fertilization

Thus, the use of modern reproductive biotechnological 
methods in animal husbandry makes it possible to increase 
the offspring number produced by highly productive cows 
and outstanding bulls-producers. Our research on the 
reproductive biotechnology application to replicate highly 
productive animals and increase the number of cattle 
showed good results. It is important to note that oocytes can 
be obtained both by cows’ aspiration using OPU technology 
and at slaughter stations after slaughtering highly productive 
cows culled for various reasons. In this regard, it becomes 
necessary to study the development of oocytes and embryos 
at all stages of growth and development (Chalova et al. 
2020).

Conclusion

The findings of the present study highlight an urgent issue 
for future researchers is the development and creation of 
nutrient media and optimal cultivation conditions, close 
to natural, both for oocytes and for embryos, which will 
increase the percentage of oocyte and high quality embryo 
yield. In addition, further development, improvement 
and implementation of in vitro embryo transplantation 
technology will allow maintaining and increasing the 
number of animals used not only in the industry of the agro-
industrial complex, but it will also be useful when working 
with rare and endangered animal species.
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