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Aim. To study the effect of different concentrations of ethylene glycol and glycerin in equilibration and vitrifi cation 
solutions on 1) the viability and further development of frozen-thawed bovine ovarian cumulus-oocyte complexes 
(COCs), cryopreserved by vitrifi cation method, 2) on the effectiveness of inseminating mature oocytes, obtained from 
them, and 3) on the formation of embryos. Methods. Biotechnological, cryobiological, morphological, cytogenetic, 
and statistical methods, as well as methods of statistical data processing were used in the research. Results. The results 
of experimental studies on the effect of different concentrations of ethylene glycol and glycerin in the equilibration 
solution during cryopreservation of bovine ovarian COCs (n = 502) on their viability and further development after 
freezing-thawing are presented. We also show the results of the comparative analysis of cryoresistant properties of 
bovine ovarian COCs (n = 560) using different concentrations of ethylene glycol and glycerin, as cryoprotectants, in 
the vitrifi cation solution in terms of the viability and maturation of the oocytes, which originated from these COCs, 
up to metaphase II of meiosis. A comparative analysis of the application of ethylene glycol and glycerol in differ-
ent concentrations for the equilibration and vitrifi cation solutions in cryopreserving bovine ovarian COCs (n = 220) 
demonstrated a relationship between the level of concentration of these cryoprotectants and the number of embryos 
after in vitro insemination of mature gametes, obtained from these frozen-thawed COCs. Conclusions. It was found 
that the use of 25 % ethylene glycol and 5 % glycerin in the equilibration solution and 10 % ethylene glycol and 40 % 
glycerin in the vitrifi cation solution during cryopreservation of bovine ovarian COCs ensures lower toxicity of these 
solutions and promotes more effi cient (up to 14.3 %) formation and development of embryos after in vitro insemina-
tion of mature gametes, obtained from these COCs. 
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INTRODUCTION

The preservation of genetic diversity should be a 
global priority in animal breeding (Baschenko M et 
al, 2017; Polupan Y et al, 2017). However, current 
methods of preserving in situ are extremely expensive. 
Therefore, the efforts of many scientists are aimed at 
elaborating a reliable method of cryopreserving oo-
cytes, ovicells and creating cryobanks of gametes 
(Mara L et al, 2013). The vitrifi cation of ovarian so-

called cumulus-oocyte complexes (COCs) is a simple 
and cheap method of preserving biodiversity of the ani-
mal gene pool on the cellular level under the impact of 
low temperatures (Jennifer R et al, 2011). The success 
of cryopreserving largely depends on cryoprotectants, 
protecting the cells from the negative effect of low tem-
peratures and ensuring the transition of the liquid into 
the glassy form and thus preserving the cells in a vi-
able state (Mahmoud KGM et al, 2010; Satish Kumar 
et al, 2013; El-Shahat KH et al, 2014; Arcarons N et 
al, 2019).© P. A. TROTSKYI, O. V. SHCHERBAK, I. M. LYUTA, 2020
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Cryoprotectants include biochemical substances, 
which play the role of water stabilizers and promote 
prevention or reduction of changes, occurring during 
the cryopreservation of biological objects. Current 
opinions about the selection of cryoprotectants are di-
vided. It is noteworthy that bio-objects manifest dif-
ferent cryoresistance depending on the application of 
cryoprotectants (Petrushko M, 2017). The understand-
ing of the impact of cryoprotectants on the viability and 
further development of frozen-thawed cells requires 
the study on the effect of preservation modes and the 
composition of the preserving medium which would 
ensure high viability of the cells and their further de-
velopment in vitro (Abdel-Gawad E et al, 2016; Qian 
AR et al, 2019).

The method of cryopreservation and storing at low 
temperatures is selected individually for each biologi-
cal object. Its effi ciency requires the elaboration of op-
timal cryopreservation conditions, selection and study 
of the impact of cryoprotectants on a cell. In the work 
(Jennifer R et al, 2012) the authors studied the impact 
of cryoprotectants, used during the vitrifi cation, and the 
time of thawing bovine ovarian COCs on the viability 
and further development of embryos.

It should be noted that the toxicity of penetrating 
cryoprotectants also affects cryoresistant properties 
of animal COCs prior and after cryopreservation. The 
toxicity of each cryoprotectant is determined using the 
results of insemination, and data on embryonic devel-
opment, chromosome breakages and parthenogenetic 
activation of oocytes (Edyta A et al, 2011).

The re sult of the application of COCs cryopreserva-
tion is also affected by other factors, for instance, the 
type of a container, wherein this process is conducted 
(Khalil W et al, 2014), and the diversity of COC nature 
(Ortiz-Escribano N et al, 2016).

Beside s cryopreservatives, a great role in cryopreser-
vation of gametes is attributed to modifying the cul-
tivation of bovine cumulus-oocyte complexes prior to 
cryopreservation, which includes clarifying the role of 
specifi c components of cultivation media and studying 
their properties and optimal concentrations (Spricigo 
JF et al, 2017, Arcarons N et al, 2017, Arcarons N et 
al, 2019).

The method of vitrifi cation is widely used to cryopre-
serve the reproductive cells of mammals. However, the 
effi ciency of applying this method to COCs of animals 
requires optimization of each technological stage. The 
understanding of the impact of cryopreservation fac-

tors on the cells may lead to the elaboration of optimal 
vitrifi cation methods which would improve the viabil-
ity indices of frozen-thawed gametes. The cryopreser-
vation of oocytes by vitrifi cation using cryoprotectants 
provides for storing gametes for rather a long time, en-
suring the viability of cells after freezing-thawing.

Different concentrations of cryoprotectants are used 
in the composition of the equilibration and vitrifi cation 
solutions to ensure high viability of gametes during the 
cryopreservation of COCs, since it promotes higher 
viscosity of the solution without forming intracellular 
crystals thus preventing irreversible damage during the 
cryopreservation. At present, many cryoprotectants are 
used during the cryopreservation of COCs to protect 
female gametes, including dimethylsulfoxide, glyc-
erin, polyethylene glycol, methanol, propylene glycol, 
ethylene glycol, saccharose, etc. (Wani NA et al, 2004, 
Mahmoud KGM et al, 2010, El-Shahat KH et al, 2014, 
Benjamin P, 2015). The selection of such cryoprotec-
tants as ethylene glycol and glycerin for the experi-
mental studies on cryopreservation of bovine COCs is 
conditioned by the fact that their application is most 
common among researchers, working with COCs and 
bovine embryos (Jennifer R et al, 2012, Satish Kumar 
et al, 2016, Abdel-Gawad EMM et al, 2016); relative 
simplicity of their preparation and use of equilibra-
tion and vitrifi cation solutions for the procedure of 
saturation and removal of cryoprotectants and positive 
experimental results on the application of these cryo-
protectants while freezing-thawing and further devel-
oping bovine embryos at the pre-implantation stages, 
obtained both in vivo and in vitro. 

A wide spectrum of cryoprotectant concentrations 
in the vitrifi cation solution is currently used in the ex-
perimental studies on cryopreservation of both bovine 
embryos and COCs (Ortiz-Escribano N et al, 2016, 
Micenyk АС et al, 2019). The most common method 
is the application of a certain concentration of cryo-
protectants in the equilibration or vitrifi cation solu-
tions. The selection of cryoprotectant concentration is 
conditioned by different response of reproductive cells 
thereto. The effect depends both on temperature and 
the degree of permeability of the plasmatic membrane 
for this cryoprotectant. Thus, the  studies were aimed at 
comparative analysis of the impact of the increase in 
the concentrations of ethylene glycol and the decrease 
in the concentrations of glycerin in the equilibration 
(30 %) and vitrifi cation (50 %) solutions on the via-
bility of bovine frozen-thawed COC which had been 
cryopreserved by the vitrifi cation method for the pur-
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pose of further use of the study results in the system of 
reproductive technologies.

MATERIALS AND METHODS
Bovine ovarian COCs were the object of the experi-

mental study, using ethylene glycol (33068 “Fluka”) 
and glycerol (G 2025 “Sigma”). These were obtained 
by cutting visible antral follicles by a sterile blade, 
washing them with Dulbecco’s medium, taking them 
with Pasteur’s pipette, and estimating their morpholog-
ical features with a microscope (МБС-9 USSR). COCs 
with dense or partially puffy cumulus and with oocytes 
of homogeneous fi ne grained ooplasm and undamaged 
transparent envelope were used for further study. Pri-
or to freezing, n = 1282 COCs were treated with the 
equilibration solution (10 min), then transferred into 
the vitrifi cation solution (30 s). The cryopreservation 
of bovine COCs was done in transparent 0.25 ml straws 
(ART.NR: 13407/3010 “Minitube”). The equilibration 
and vitrifi cation solutions were prepared on Dulbecco’s 
phosphate-buffered saline (D 5773 “Sigma-Aldrich”) 
with the addition of 20 % bovine blood serum (F 7524 
“Sigma”), previously inactivated at 56 °С for 30 min. 
The removal of cryoprotectants after thawing COCs 
was done by transferring them into the solution of
1.0 M saccharose for 10 min. The cryopreservation of 
bovine COCs and the removal of cryoprotectants was 
conducted by the improved method of S. I. Kovtun et 
al., 2010) (Kovtun et al, 2010).

Then COCs were washed with medium 199 (М 
2520 “Sigma-Aldrich”) three times, estimated by 
the morphological features, and transferred into 1 ml 
of the medium for maturing. It was used to cultivate 
COCs in four-well plates for 27 h at the temperature of
38.5 °С in the atmosphere with 5 % СО2 in the air in the 
drops of medium 199 with 10 % previously inactivated 
bovine blood serum, 2.5 μg/ml of follicle-stimulating 
hormone, 1.0 μg/ml estradiol, 2.5 IU/ml luteinizing 
hormone, 2.0 mM sodium pyruvate, 2.92 mM calcium 
lactate, 40 μg/ml gentamicin (Kovtun et al, 2010).

After in vitro cultivation of COCs, ovicells were sub-
jected to cytogenetic analysis to study the impact of 
different concentrations of ethylene glycol and glycerin 
in the equilibration (n = 502) and vitrifi cation (n = 560) 
solutions. The cytogenetic preparations were prepared 
by the method of Tarkowski A.K. (Tarkowski A, 1966) 
and stained with 2.0 % Giemsa (32884 “Fluka”) stain-
ing and studied with the microscope (Jenaval “Carl 
Zeiss”). After maturing in vitro, the remaining (n =
= 316.) ovicells, obtained from native (control group) 
(n = 96) and frozen-thawed (n = 220) COCs, were sub-

jected to the insemination in vitro using frozen-thawed 
bull semen. The capacitation of sperm cells was done 
using heparin (100 un/ml) by the method of Parrish et 
al (Parrish J et al, 1989). The ovicells were inseminated 
in vitro with frozen-thawed bull semen in the concen-
tration of 1–5 × 107 spermia per 1 ml. The simultaneous 
incubation of ovicells and sperm cells was done in the 
thermostat at 38.5 °С in the atmosphere with 5 % СО2 
in the air in the drops of Fert-TALP medium (Parrish 
J et al, 1988). After 12–18 h of simultaneous incuba-
tion of sperm cells and ovicells, possible zygotes were 
washed from sperm cells which had stuck to the trans-
parent envelope and transferred to CDM medium for 
further cultivation.

The cytogenetic preparations of the embryos, ob-
tained after inseminating the ovicells in vitro, were 
prepared by the method of Ushijima М et al (1988) 
(Ushijima М et al, 1988). The statistical processing of 
the data was conducted by the method of G. F. Lakin 
(1990) using criterion χ2 using the software package 
×7, version 2.0.0.9.

RESULTS

The results of using different concentrations  of eth-
ylene glycol and glycerin in the equilibration solution 
while cryopreserving bovine ovarian COCs are pre-
sented in Figure 1. In the experiment variants A-E we 
used gradual increase in the concentration of ethylene 
glycol from 5 to 25 % and respective decrease in the 
concentration of glycerin from 25 to 5 % from the total 
volume of the equilibration solution. The experiment 
variant K served as control, where native COCs were 
cultivated in vitro. 

The results of experimental studies demonstrated that 
the use of 25 % ethylene glycol and 5 % glycerin in 
the equilibration solution during COCs cryopreserva-
tion led to a 16.1 % increase (p < 0.01) in the number 
of cells which matured to the metaphase-2 of meiosis 
and the 13.6 % decrease (p < 0.05) in the number of 
cells with chromosome breakage compared to the vari-
ant with 5 % ethylene glycol and 25 % glycerin. Thus, 
at the stage of saturating COCs with the equilibration 
solution, it is advisable to use ethylene glycol in higher 
concentration compared to glycerin to increase their 
cryoresistant properties (preservation) during the cryo-
preservation.

The results of comparing the impact of increasing the 
concentration of ethylene glycol in the vitrifi cation so-
lution from 10 up to 40 % and decreasing the concen-
tration of glycerin from 40 down to 10 % respectively 
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during the cryopreservation of bovine ovarian COCs 
on the percentage of oocytes which matured to meta-
phase-2 and the percentage of those with chromosome 
breakage are presented in Figure 2.

The comparative analysis of the application of cryo-
protectants in the vitrifi cation solution demonstrated 
that cryoresistance of the gametes of cows was higher 
in group A, where 10 % ethylene glycol and 40 % glyc-
erin were used, which is evident in the increased num-
ber of ovicells that matured to metaphase-2 of meiosis 
(Fig. 3) (up to 65.6 %) (p < 0.05) and the decreased 
number of ovicells with chromosome breakage (down 
to 27.8 %). In group B, where the composition of the 
vitrifi cation solution was 20 % ethylene glycol and 
30 % glycerin, 63.8 % matured to the stage of meta-
phase-2 of meiosis, and the number of ovicells with 
chromosome breakage was 25.5 %. In group E, where 
the composition of the vitrifi cation solution was 25 %
ethylene glycol and 25 % glycerin, these numbers were 
59.1 and 29.5 % respectively, and in group D with
30 % ethylene glycol and 20 % glycerin – 55.2 and
31.3 % respectively. In group E, when the content of 
ethylene glycol was increased up to 40 % and the con-
tent of glycerin was decreased down to 10 %, the num-
ber of ovicells that matured to metaphase-2 decreased 
(down to 50.5 %) (p < 0.05) and the number of ovicells 
with chromosome breakage increased (up to 33.3 %).

The results of experiments on in vitro inseminating 
bovine frozen-thawed ovicells, which had matured in 
vitro and had then been cryopreserved using two se-
lected concentrations of ethylene glycol and glycerin 
that demonstrated the highest and lowest cryoprotec-
tive effect in our studies, are presented in Table.

It was determined that in group А, where the equili-
bration solution contained 5 % ethylene glycol + 25 % 
glycerin, and the vitrifi cation solution – 40 % ethylene 
glycol + 10 % glycerin, the total index o f zygote (Fig. 
4) division after insemination in vitro and further cul-
tivation for 96 h was 6.5 %. As for group B, where the 
equilibration solution contained 25 % ethylene glycol 
+ 5 % glycerin, and the vitrifi cation solution – 10 % 
ethylene glycol + 40 % glycerin, zygote division was 
observed in 14.3 % cases. In control group К, where 
native bovine ovarian COCs were used for maturing 
and inseminating in vitro, the index of division for in-
seminated zygotes was 40.6 %.

DISCUSSION
Our studies showed that the ratio of ethylene glycol 

and glycerin concentrations (as cryoprotectants) in the 
equilibration solution affects the viability of frozen-

thawed COCs, determined by the indices of the number 
of ovicells, matured to metaphase-2 of meiosis, and the 
number of those with chromosome breakage. The com-
parison of different schemes of using the cryoprotec-
tants under investigation determined that the decrease 
in the concentration of ethylene glycol to 10 % and the 
increase in the concentration of glycerin to 40 % in 
the total volume of the vitrifi cation solution led to the
15.1 % increase in viable bovine oocytes, which had 
matured to metaphase-2 of meiosis.

Some researchers demonstrate that the cryopreserva-
tion of bovine ovarian COCs using different concentra-
tions of cryoprotectants has its impact on the develop-
ment of embryos, obtained after in vitro insemination 
of frozen-thawed ovicells of cows, which matured in 

Fig. 1. The impact on survival of different concentrations 
of ethylene glycol and glycerin in the equilibration solution 
while cryopreserving bovine ovarian COCs on the percent-
age of oocytes, which matured to metaphase -2, and the per-
centage of those with chromosome breakage

Fig. 2. The impact of using different concentrations of eth-
ylene glycol and glycerin in the vitrifi cation solution while 
cryopreserving bovine ovarian COCs on the percentage of 
oocytes, which matured to metaphase-2, and the percentage 
of those with chromosome breakage
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vitro. However, Abdel-Gawad and Zhou demonstrated 
the impact of the combination of different cryoprotec-

tants in the vitrifi cation medium while freezing ma-
ture oocytes which could also affect the maturation of 
thawed bovine ovarian COCs (Abdel-Gawad EMM et 
al, 2016; Zhou XL et al, 2010). To en hance the viability 
of frozen-thawed COCs, some researchers cultivate the 
cells with substances, increasing their cryoresistance, 
prior to cryopreservation (Spricigo JF et al, 2017; Ar-
carons N et al, 2017). However, for us, the optimiza-
tion of cryopreservation processes for bovine COCs 
means searching for simple methods of direct immers-
ing straws with biomaterial into liquid nitrogen. Tak-
ing into consideration the data, obtained by us on the 
cryopreservation of bovine ovarian COCs with differ-
ent concentrations and combinations of ethylene glycol 
and glycerin in the vitrifi cation solution, we believe 
that the combination of these two cryoprotectants en-
sures high cryoprotective properties which, in its turn, 
promotes more comprehensive maturation of thawed 
oocytes and thus provides for their advantage. This as-
sumption is confi rmed in the articles (Abdel-Gawad 
EMM et al, 2016; Micenyk АС et al, 2019), which 
demonstrate the increase in the level of maturation and 
insemination of frozen-thawed oocytes, which matured 
in vitro, after the complex of cryoprotectants has been 
used in the vitrifi cation solution. The results of our 
studies on the impact of cryoprotectants while freezing 
immature COCs of cows in the vitrifi cation solution are 
in good agreement with the data, obtained by Chaves 
DF et al, 2017. However, while cryopreserving mature 
COCs, the authors of these articles obtained more em-
bryos after vitrifi cation as compared to cryopreserva-
tion of immature COCs.

Thus, the use of different concentrations of such 
cryoprotectants as ethylene glycol and glycerin in the 
equilibration and vitrifi cation solutions ensure both high 
cryoprotective properties and lower toxicity of the equil-

Fig. 3. Air-dried preparation of bovine frozen-thawed oocyte 
in metaphase-2

The results of cultivating the in vitro inseminated frozen-thawed ovicells of cows, which had been cryopreserved using two 
sets of concentrations of ethylene glycol and glycerin which gave the highest and the lowest cryoprotective effect in our 
hands

Note: EG – ethylene glycol, G – glycerin. a : b – p<0.05; a : c; b : с – p < 0.001.

Expe-
riment 

variants

Solutions Insemi-
nated 

ovicells, 
n

Embryos, found at the stage of cell

equilibration vitrifi cation 2–4 5–8 9–16 total

EG, 
% G,% EG, 

% G, % n % n % n % n %

А
B
К

5
25
0

25
5
0

40
10
0

10
40
0

108
112
96

3
3
6

2.8 ± 1.6
2.7 ± 1.5
6.3 ± 2.5

3
7
10

2.8 ± 1.6
6.3 ± 2.3
10.4 ± 3.1

1
6
23

0.9 ± 0.9
5.3 ± 2.1
23.9 ± 4.3

7
16
39

6.5а ± 2.4
14.3b ± 3.3
40.6c ± 5.0

Fig. 4. A bovine embryo obtained after maturing and in vitro 
inseminating a bovine frozen-thawed oocyte
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ibration and vitrifi cation solutions which, in its turn, 
promotes obtaining up to 14.3 % embryos after in vitro 
insemination of the mature oocytes of thawed COCs.

CONCLUSIONS

The appl ication of 25 % ethylene glycol and 5 % 
glycerin in the equilibration solution promoted the in-
crease in the number of viable frozen-thawed gametes 
up to 63.6 % and the decrease in the number of cells 
with chromosome breakage down to 22.7 %.

It was determined that the application of the com-
bination of cryoprotectants in the equilibration (25 %
ethylene glycol and 5 % glycerin) and vitrifi cation
(10 % ethylene glycol and 40 % glycerin) solutions en-
sures less toxicity of these solutions during the cryo-
preservation of COCs and leads to the 14.3 % increase 
(p < 0.05) in the number of embryos, obtained after in 
vitro insemination of thawed gametes.
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та використання ооцит-кумулюсних комплексів 

корів у системі репродуктивних технологій
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Мета. Вивчити вплив використання різних концентра-
цій етиленгліколю і гліцерину в еквілібраційному та
вітрифікаційному розчинах на життєздатність та подаль-
ший розвиток деконсервованих ооцит-кумулюсних комп-
лексів (ОКК) корів, що були кріоконсервовані методом 

вітрифікації; на результативність запліднення отри-
маних з них дозрілих ооцитів; на утворення ембріонів. 
Методи. При проведенні досліджень були використані 
біотехнологічні, кріобіологічні, морфологічні, цитогене-
тичні, а також методи статистичної обробки даних. 
Результати. Наведено результати експериментальних 
досліджень із вивчення впливу різних концентрацій ети-
ленгліколю і гліцерину в еквілібраційному розчині при
кріоконсервуванні ОКК корів (n = 502) на їх життє-
здатність і подальший розвиток після деконсервації. 
Проведено порівняльний аналіз кріорезистентних влас-
тивостей ОКК корів (n = 560) при використанні різ-
них концентрацій етиленгліколю і гліцерину в якості 
кріопротекторів у вітрифікаційному розчині на життє-
здатність та дозрівання до метафази-2 мейозу отрима-
них з цих ОКК ооцитів. Порівняльний аналіз вико-
ристання різних концентрацій етиленгліколю і гліце-
рину в еквілібраційному та вітрифікаційному розчинах
при кріоконсервуванні ОКК корів (n = 220) виявив 
взаємозв’язок між рівнем концентрації цих кріопротек-
торів та кількістю отриманих зародків після запліднення
in vitro одержаних з цих ОКК дозрілих гамет. Висновки. 
Встановлено, що використання 25 % етиленгліколю і
5 % гліцерину в еквілібраційному та 10 % етиленгліколю 
і 40 % гліцерину у вітрифікаційному розчинах при 
кріоконсервуванні ОКК корів забезпечує меншу токсич-
ність цих розчинів та сприяє більш ефективному до
14,3 % формуванню та розвитоку ембріонів поза ор-
ганізмом після запліднення in vitro одержаних з цих
ОКК дозрілих гамет. 

Ключові слова. Oоцит-кумулюсний комплекс корів,
кріоконсервування, етиленгліколь, гліцерин, еквілібра-
ційний розчин, вітрифікаційний розчин, дозрівання in 
vitro, ембріон. 
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