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ABSTRACT
In this study, two experiments were conducted to study the effect of both the follicle size and the cryoprotectants
dimethyl sulfoxide (DMSO) and ethylene glycol (EG) on the main phases of nuclear maturation (Experiment I),
cleavage stages and embryo quality (Experiment II) of Awassi sheep oocytes. Follicles were classified into two
groups: small follicles (SF) (1-2 mm) and large follicles (LF) (> 2 mm). Oocytes were vitrified in three solutions: A
(30% DMSO), B (30% EG) and C (15% DMSO and 15% EG). In Experiment I, the resulting vitrified-thawed oocytes
in solution C achieved the best rates after the control group (fresh), respectively as the rates of maturation, germinal
vesicle (GV), metaphase II(M-II), arrest, and lyses were 85.71% (P = 0.04), 8.33% (P = 0.02), 72.92% (P = 0.04); LF
group, 15.25% (P = 0.04), and 5.08% (P = 0.04); SF group, respectively. In Experiment II, the same group of oocytes
achieved the best rates after the control group, as the rates of fertilization, cleavage, 2-16 cell, Type3, blastocyst, and
Type1 embryos were 63.28% (P = 0.001), 57.46% (P = 0.001), 40.38% (P = 0.04), 38.46% (P = 0.04); LF group,
30.00% (P = 0.01), and SF group 36.67% (P = 0.001), respectively, while the vitrified-thawed oocytes in A solution
(SF group) reached the highest rate of Type 2 embryo quality (58.06%; P = 0.01). No significant differences were
noticed in the germinal vesicle breakdown (GVBD), metaphase I (M-I) and morula stage. Vitrification of oocytes
obtained from follicles with a diameter of more than 2 mm in a cocktail solution of DMSO (15%) and EG (15%) led
to a significant increase in the yield and quality of the resulting sheep embryos.
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Introduction
Within the scope of cryopreservation
techniques in all cell lines, the process of oocyte
cryopreservation is just as important as freezing
early embryos, as this procedure is one of the most
important solutions to overcome the problem of
storing the massive harvest of oocytes obtained

from females that are genetically superior and
destined for slaughter due to the expiration of their
productive period. In fact, the process of oocyte
cryopreservation has gone through several stages,
starting from programmed slow freezing, down
to vitrification (JAVED et al., 2011). Whether in
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the case of producing embryos in vitro without
freezing, or in the presence of freezing, the concept
of the developmental competence of oocytes plays
a specific and essential role in the levels of in vitro
production. In the freezing scenario of mammal
oocytes, and according to the morphological
structure of the oocytes, their size and components,
there are some basic indicators that seem specific
to the survival of the oocytes and their viability
following freezing. Among these indicators are
cryodamage to the oocytes' spindle, zona pellucida,
DNA injury, and embryonic aneuploid (RAJU et
al., 2007). As a promising prospect for all cell lines,
the vitrification method has become completely
dominant. Vitrification is based on several principles,
including a high concentration of cryoprotectant
agents (CPAS) and variable rates of time in the
equilibrium and freezing stages. In order to raise the
positive efficiency of vitrification in the viability and
survivability of early embryos and oocytes, several
practical methods have emerged, perhaps the most
important of which is preservation by the Open
Pulled Straw (OPS) (VAJTA et al., 1997; GRIZELJ
et al., 2009), the Closed Pulled Straw (CPS)
(VAJTA et al., 1998), electron microscope grids
(MARTINO et al., 1996), cryotops (KUWAYAMA
and KATO, 2000), cryoloops (LANE et al., 1999),
and minimum drop size methods (YAVIN and
ARAV, 2001). Most theories related to vitrification
aim to study the interrelationships of CPAS, their
chemical properties, and behaviour in cells. Due
to the chemical and molecular properties of both
DMSO and EG, these two agents were welcomed
with open arms into the freezing world. Both agents
are characterized by high permeability and small
molecules that have the ability to bind with water
molecules. limiting the amount of intracellular and
extracellular water, which protects the intracellular
organelles (PRENTICE and ANZAR, 2011).
In Syria, the pure Awassi sheep breed constitutes
a basic mainstay of the economy due to its excellent
meat characteristics, and many countries have been
keen to import it for various breeding purposes. In
view of the importance of this breed, there was a
need recently to establish a genetic bank in order
to preserve its valuable genetic resources. Herein,
the current study aimed to evaluate the viability,
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survivability and nuclear maturation of vitrified
Awassi sheep oocytes, derived from different
follicle sizes by using the cryoprotectants: DMSO,
and EG, and their participation in an equal ratio (1:1)
in addition to studying the subsequent development
stages and quality of the resulting early embryos.
Material and methods
Oocyte recovery. Ovaries of Awassi ewes
were collected during summer and fall months
(breeding season) from local slaughterhouses in
Aleppo and Damascus Cities. The ovaries were
kept in Dulbecco’s Phosphate Buffer Saline
(DPBS) and transported immediately (about 1 h)
to the reproductive biotechnology laboratory of
the Animal Production Department at the Faculty
of Agriculture in Aleppo City (Fig. 2). To ensure
the largest possible number of collected oocytes,
cumulus - oocyte complexes (COCs) were collected
by aspiration and slicing methods as follows: for
each group of follicles, the aspiration method was
performed by aspirating the whole follicular fluid
from follicles through a sterile 18-g needle attached
to a 5 mL syringe containing a sterile saline
solution. Afterword, the slicing method was applied
to the same follicles from which the follicular fluid
was aspirated using a surgical blade. The dissected
follicles were washed in a Petri dish several times
with Tissue Culture Medium - 199 (TCM-199)
supplemented with heparin. Next, COCs obtained
in both ways were placed together in a Petri dish.
Experimental design.The study included two
basic experiments as follows:
Experiment I. This experiment was concieved
to study the nuclear maturation of oocytes treated
with different concentrations of cryoprotectants
following vitrification, in addition to the control
group. The nuclear maturation included the passage
of the oocytes in four phases: GV, GVBD, M-I and
M-II.
Experiment II. In this experiment, all vitrifiedthawed oocytes were used to evaluate the
subsequent stages of development, including the
IVF and cleavage stages, in addition to studying the
embryo quality.

Vet. arhiv 91 (5), 483-493, 2021

O. Mardenli et al.: The effect of follicle size and cryoprotectants on nuclear maturation and early embryonic development of
vitrified - thawed Awassi sheep oocytes (Ovis aries)

Cryoprotectants
determination.
Oocytes
were subjected to vitrification using three levels
(solutions) of cryoprotectants (A, B and C) in
addition to the control group which was without
treatment or freezing (Fresh), noting that each
solution was composed of two parts: an equilibrium
solution (A: 1.5 mL DMSO; B: 1.5 mL EG; C:
0.75 mL DMSO + 0.75 mL EG) and a vitrification
solution (A: 3 mL DMSO; B: 3 mL EG; C: 1.5 mL
DMSO + 1.5 mL EG). Only 0.5 M sucrose was
added to ES, so the volume of each solution was
finally 10 mL.
Follicle diameter determination. Follicle
diameters were measured using a ruler and they
were divided into two main groups: SF : 1 - 2 mm
(small follicles); LF: > 2 mm (large follicles).
Oocytes cryopreservation. The oocytes were
vitrified as described previously by GHORBANI
et al. (2012) with minor modifications. Briefly, the
oocytes were subjected to ES by keeping them for
8-10 minutes at moderate room temperature (the
equilibrium stage), and they were then transferred
to VS for exactly 1 minute (the vitrification stage).
During that time (1 minute), every 6-8 oocytes were
put into straw (0.25 mm) which was closed securely
using special devices and plunged immediately into
liquid nitrogen. The oocytes were left in liquid
nitrogen for seven days (156 hours).
Oocyte thawing (rewarming). Frozen oocytes
were thawed in two steps, as described previously by
GHORBANI et al. (2012) with minor modifications,
as follows: in order to remove the cryoprotectants,
the oocytes were transferred into two successive
baths containing decreasing concentrations of
sucrose and a fixed concentration of fetal calf serum
(FCS) ( 20% FCS +1 M sucrose; 20% FCS +0.5
M sucrose), supplemented with TCM-199, so the
volume was finally 10 mL of each solution. The
oocytes were placed into the first solution at room
temperature (22-25 oC) for 1 min, then transferred
to the second solution for 3 min before they were
placed in TCM-199 for an additional 5 min. The
oocytes were then cultured in 500 mL of TCM-199
at 38.8 oC in the presence of 5% CO2, 5% O2 and
90% N2 at 100% humidity.
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Oocyte nuclear maturation monitoring.
Vitrified-thawed and fresh oocytes were placed on
glass slides, covered with a cover slip, fixed with
aceto-ethanol (acetic acid: ethanol 1:3, V/V), and
stained with 1% aceto-orcein. After drying, the
slides were examined under an inverted microscope
at high magnification (300× magnifications) with
immersion in oil, to investigate the GV, GVBD,
M-I and M-II stages (Fig. 1).
In vitro maturation (IVM). Following
vitrification, IVM was performed as described
previously by SALVADOR et al. (2011) with minor
modifications. Briefly, COCs were matured in
TCM-199 supplemented with 0.255 mM sodium
pyruvate, 10% heat-treated estrus cow serum, 5 µg/
mL FSH, 25 mM Hepes and 100 µM cysteamine.
The oocytes were incubated for 27 h at 39 °C in
5% CO2 and 95% air. Following incubation, the
maturation rate was evaluated by observation of the
first polar body under the microscope.
Sperm preparation and in vitro fertilization
(IVF). Following maturation, presumptive COCs
were denuded of the surrounding cumulus cells
by transferring to 2 mL Hepes- Tyrode’s Albumin
Lactate Pyruvate (Hepes -TALP), vortexed for
1 min, and washed three times in Hepes - TALP,
supplemented with 2% bovine serum albumin
(BSA), and twice in IVF-TALP. The oocytes were
subjected to Fertil-TALP (250 μL). The fertilization
medium (TALP) was supplemented with a final
concentration of 10 μg/mL heparin-sodium salt,
500 μM epinephrine and 250 μM penicillamine.
Frozen-thawed Awassi ram semen was prepared
for IVF according to SALVADOR et al. (2011)
with minor modifications. Briefly, after thawing in
a water bath at 38 °C for 30 seconds, the straws
were emptied into a centrifuge tube with 4 mL of
Hepes-TALP medium. Next, the resulting aliquot
of sperm pellet was resuspended (1:1) with HepesTALP medium. 2 mL of Hepes-TALP medium
were added to 50 µL of aliquots of spermatozoa.
Following swimming-up, 0.5 mL of the sperm
suspension was collected and centrifuged at 200
x g for 10 min. The resulting sperm pellet was
resuspended with heparin, containing (100 µg/mL)
Hepes-TALP medium, and incubated for 45 min
at 38.5 oC. The sperm concentration was assessed
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Fig. 1. The four phases of nuclear maturation of Awassi sheep oocytes in Experiment-I (A:GV; B:GVBD; C:M-I;
D:M-II).

Fig. 2. An Awassi sheep ovary containing follicles with different sizes (A), Awassi sheep COCs in GV stage (B),
GVBD stage (C), IVF (D) and cleavage stages (E:different stages of blastomeres; F: morula and blastocyst stages)
(Experiment-II).

in a haemocytometer to give a final concentration
of 3×109 sperms /mL. The resulting spermatozoa
were added to each fertilization well to obtain a
final concentration of 1.5×106 spermatozoa/mL.
The fertilization stage lasted 17 h under 5% CO2
in air with maximum humidity (>95%) of 38.5 oC.
Following incubation, the resulting zygotes were
rinsed with Phosphate Buffer Saline (PBS) and
subjected to microscopic examination in order to
investigate the second polar body (Fig. 2).
In vitro culture (IVC). Zygotes were transferred
into the culture wells and cultured in TCM-199
under mineral oil in a humidified atmosphere of 5%
CO2, 5% O2 and 90% N2 at 38.5 oC for six days
(SILVA et al., 2010) (Fig. 2).
Embryo grading. According to their external
appearance, the embryos were classified into three
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main groups, according to WINTNER et al. (2017)
with some modifications, as follows:
Type 1: embryonic cells largely of equal size; no
fragmentation seen.
Type 2: embryonic cells of equal size; minor
fragmentation only.
Type 3: embryonic cells of equal or unequal
size; fragmentation is moderate to severe.
Reagents. The chemicals used were from Sigma
Chemical Co (St. Louis, USA) unless otherwise
mentioned.
Statistical analysis. Pearson’s Chi-square of
contingency tables and the exact Fisher test were
used to analyze the data (IVM, lyses, arrest, IVF,
cleavage stages, and embryo type) between the
groups of vitrification cryoprotectants solutions
and follicle size classes using SAS, 14.3 software
package (2017).
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Results
Experiment-I (Oocyte nuclear maturation).
A significant difference (P = 0.04) was noticed in
the IVM rates, as the vitrified-thawed oocytes in
C solution within the SF and LF groups achieved
the highest values compared with the other treated
groups, and were second after the control group
(84.75% and 85.71% respectively). Also, by being
second after the control group, the oocytes in that
group achieved the lowest values of arrest and
lyses (P = 0.04) compared with the other treated
groups, where the values of arrested oocytes within
the SF and LF groups were 15.25% and 14.29%
respectively, while the rates of lyses were 5.08%
and 5.36% respectively (Table 1).

Across the two follicles groups, the rates of
vitrified-thawed oocytes in C solution which was
stopped at the GV stage significantly decreased
(P = 0.02) compared with the other treated
groups (12.00% and 8.33%, SF and LF groups
respectively), noting that the oocytes in the control
group achieved the lowest values (6.52% and
6.25% ; SF and LF groups respectively). Down to
the M-II, the previous group of oocytes (C solution)
were second after the control group, achieving the
values of 68.00% and 72.92% (SF and LF groups)
respectively (P = 0.04) (Table 2).

Table 1. Rates of IVM, arrest and lyses of vitrified-thawed Awassi sheep oocytes in different levels of DMSO and
EG in addition to the control group
Treatment
Control
A1
B2
C3

Follicle
size (mm)
SF4
LF5
SF
LF
SF
LF
SF
LF

Incubated
oocytes (No.)
50
50
60
61
60
59
59
56

Matured oocytes*
No.
46
48
46
47
47
46
50
48

%
92.00a
96.00a
76.67b
77.05b
78.33b
77.97b
84.75a,b
85.71a,b

Arrest*
No.
4
2
14
14
13
13
9
8

%
8.00a
4.00a
23.33b
22.95b
21.67b
22.03b
15.25a,b
14.29a,b

Lyses*
No.
1
0
8
7
6
8
3
3

%
2.00a, b
0.00b
13.33c
11.48a, c
10.00a, c
13.56c
5.08a,b,c
5.36a,b,c

Each subscript letter denotes a subset of treatment categories whose column proportions do not differ significantly from each other
at the 0.05 level; * - P ꞊ 0.04; 1 - DMSO; 2 - EG; 3 - DMSO+EG; 4 - small follicle(1-2 mm); 5 - large follicle (>2 mm).

Table 2. Rates of nuclear maturation stages of vitrified-thawed Awassi sheep oocytes in different levels of DMSO
and EG in addition to the control group

Treatment
Control
A1
B2
C3

Follicle
Matured
size (mm) oocytes (No.)
SF4
46
5
LF
48
SF
46
LF
47
SF
47
LF
46
SF
50
LF
48

GV**
No.
%
3
6.52a
3
6,25a
11
23.91b
11
23.40b
11
23.40b
6
13.04a,b
6
12.00a,b
4
8.33A

Nuclear maturation phase
GVBD
M-I
No.
%
No.
%
3
6.52
4
8.70
1
2.08
3
6.25
2
4.35
6
13.04
3
6.38
5
10.64
2
4.26
6
12.77
3
6.52
7
15.22
4
8.00
6
12.00
5
10.42
4
8.33

No.
36
41
27
28
28
30
34
35

M-II*
%
78.26a,b
85.42b
58.70c
59.57a,c
59.57a,c
65.22a,c
68.00a,c
72.92a,b,c

Each subscript letter denotes a subset of treatment categories whose column proportions do not differ significantly from each other
at the 0.05 level; * - P ꞊ 0.04; ** - P ꞊ 0.02; 1 - DMSO; 2 - EG; 3 - DMSO+EG; 4 - small follicle(1-2mm); 5 - large follicle (>2mm).
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Table 3. Rates of subsequent IVF and cleavage of vitrified-thawed Awassi sheep oocytes in different levels of
DMSO and EG in addition to the control group

Treatment
Control
A1
B2
C3

Follicle size
(mm)
SF4
LF5
SF
LF
SF
LF
SF
LF

IVF***

Incubated
oocytes (No.)
280
275
267
288
290
282
274
286

No.
196
208
132
154
146
157
166
181

Cleavage***
%
70.00a,b
75.63b
49.43c
53.47c,d
50.34c
55.67c,d
60.58a,c,d
63.28a,d

No.
127
144
62
74
70
76
90
104

%
64.80a,b
69.23b
46.97c
48.05c
47.95c
48.41c
54.22c
57.46a,c

Each subscript letter denotes a subset of treatment categories whose column proportions do not differ significantly from each other
at the 0.05 level; *** - P ꞊ 0.001; 1 - DMSO; 2 - EG; 3 - DMSO+EG; 4 - small follicle (1-2mm); 5 - large follicle (>2mm).

Table 4. Rates of subsequent cleavage stages of vitrified-thawed Awassi sheep oocytes in different levels of DMSO
and EG in addition to the control group
Embryonic stage

Treatment
Control
A1
B2
C3

Follicle
size (mm)
SF4
LF5
SF
LF
SF
LF
SF
LF

Cleaved
oocytes
127
144
62
74
70
76
90
104

2-16 cell*
No.
42
40
29
34
32
33
36
42

Morula NS

%
33.07 a,b
27.78 b
46.77 a
45.95 a
45.71 a
43.42 a
40.00 a,b
40.38 a

No.
39
48
20
26
23
23
27
31

Blastocyst****

%
30.71
33.33
32.26
35.14
32.86
30.26
30.00
29.81

No.
46
56
13
14
15
20
27
31

%
36.22 a
38.89 a
20.97 b
18.92 b
21.43 b
26.32 a,b
30.00 a,b
29.81 a,b

Each subscript letter denotes a subset of treatment categories whose column proportions do not differ significantly from each other
at the 0.05 level; * - P ꞊ 0.04; **** - P ꞊ 0.01; NS - not significant; 1 - DMSO; 2 - EG; 3 - DMSO+EG; 4 - small follicle (1-2 mm);
5
- large follicle(>2 mm).

Experiment-II.IVF and cleavage stages.
Regardless of the superior control group, Table 3
shows that the vitrified- thawed oocytes in C solution
achieved high rates of subsequent IVF and cleavage
(P = 0.001), as the values of IVF were 60.58% and
63.28% (SF and LF groups) respectively, while the
values of cleavage rates were 54.22% and 57.46%
(SF and LF groups) respectively. In contrast, the
vitrified- thawed oocytes in A solution achieved the
lowest values, as the values of IVF were 49.43%
and 53.47% (SF and LF groups) respectively, and

488

the values of cleavage rates were 46.97% and
48.05% (SF and LF groups) respectively.
Stages of embryos. In the 2-16 cell stage, a
clear convergence of rates was observed across the
different groups, where the rates ranged between
27.78% (LF group; control group) and 46.77% (SF
group; A solution); However, a significant decrease
(P = 0.04) was observed in embryos that stopped
at this stage in relation to the group of vitrified thawed oocytes in the participatory solution (C
solution), regardless of the control group.
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Table 5. Rates of embryos types of vitrified-thawed Awassi sheep oocytes in different levels of DMSO and EG in
addition to control group
Embryo type
Treatment
Control
A1
B2
C3

Follicle
size (mm)
SF4
LF5
SF
LF
SF
LF
SF
LF

Cleaved
oocytes
127
144
62
74
70
76
90
104

Type 1****

Type 2***

Type 3*

No.

%

No.

%

No.

%

52
57
16
15
21
18
33
36

40.94a
39.58a,b
25.81b,c,d
20.27d
30.00a,b,c,d
23.68c,d
36.67a,b,c
34.62a,b,c

29
48
36
36
33
32
27
28

22.83a
33.33a,b,c
58.06d
48.65d
47.14c,d
42.11b,c,d
30.00a,b
26.92a

46
39
10
23
16
26
30
40

36.22a,b
27.08a,b,c
16.13c
31.08a,b
22.86b,c
34.21a,b
33.33ab
38.46a

Each subscript letter denotes a subset of treatment categories whose column proportions do not differ significantly from each other
at the 0.05 level; **** - P ꞊ 0.01; *** - P ꞊ 0.001; * - P ꞊ 0.04; 1 - DMSO; 2 - EG; 3 - DMSO+EG; 4 - small follicle(1-2mm); 5 - large
follicle (>2mm).

As for the blastocyst stage, the rates were much
closer between the oocytes of the control group and
the oocytes in C solution. The values were 30.00%
and 29.81% (SF and LF groups; C solution)
respectively (Table 4).
Embryo quality. Table 5 shows that follicle size
and cryoprotectant solution significantly affected
the embryo quality. Type 1 embryos derived
Discussion
The developmental competence of oocytes
and cytotoxicity of the CPAS are among the
most important factors that control the success
of subsequent embryo production following
oocyte freezing. Otherwise, other factors remain
of little effect in that process. It was clear from
the results of the current study (Tables 1, 2, 3, 4,
and 5) that the Awassi ewe oocytes in the control
group were mainly superior in all studied traits
compared to the other groups of vitrified oocytes
treated with different concentrations of DMSO
and EG. The results obtained in this group are
considered to be logical, as this group was not
subjected to vitrification, or treatment with any of
the cryoprotectants. The apparent approximation
between the oocytes in C solution and the control
group for the IVM, arrest, lyses, arresting at the GV
stage and arrival at the M-II (Tables 1 and 2) can be
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from vitrified - thawed oocytes in C solution (SF
group) attained the highest values 36.67% (P =
0.01), while the vitrified - thawed oocytes in A
solution (SF group) achieved the highest value of
Type 2 embryos (58.06%; P = 0.001). As for Type
3 embryos, oocytes of the LF group (C solution)
achieved the highest rates (38.46%; P = 0.04).

attributed to the arrival of the oocytes at a degree
of developmental potential that enables them to
continue their nuclear and cytoplasmic maturation
stages, especially since the superiority in the rates
of the previous traits was in oocytes obtained from
follicles (LF group) whose sizes exceeded 2 mm
(CONTI and FRANCIOSI, 2018). In the context
of superovulation technology, the primary role
of the follicle size is more evident through the
close relationship of this factor with hormonal
regulation, follicular fluid (FF) and the dominant
follicle (dynamic follicular wave), where the study
of GRIZELJ et al. (2017) showed a decrease in
superovulation rates due to the low numbers of
follicles whose sizes ranged between 3.5 and 5.5
mm, and which was positively correlated with the
rate of transferable embryos (r ꞊ 0.67; p < 0.05; the
onset of the superovulation protocol). On the other
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hand, the decrease in the values of the previous
rates in the vitrified-thawed oocytes (C solution) in
comparison with the control group is mainly due to
the cryodamage and cytotoxic effect of the DMSO
and EG (SZUREK and EROGLU, 2011; LAWSON
et al., 2011). The high rates of lyses and arrest in
the three groups in our study (Table 1) may also be
attributed mainly to the cryodamage of the CPAs, in
relation to the remaining quantities of those agents
in the oocytes after the processes of rewarming and
washing, which have a cytotoxic effect despite their
low levels (MOUSSA et al., 2014). Comparing the
results of the current study with a study performed
by LI et al. (2015) in which a mixture of DMSO and
EG was used in vitrification, the IVM rates ranged
from 88-92%, while IVF rates ranged from 62-72%.
In a study in which the same mixture was used, the
IVM, cleavage and blastocyst stages reached 74%,
34% and 46% respectively (SHIRAZI et al., 2012).
ZHOU et al. (2016) reported the values 65%, 55%
and 40% for IVM, IVF and cleavage, respectively.
TURATHUM et al. (2010), also reported the values
46.6%, 18%,31.5% and 53% for GV, GVBD, M-I
and M-II, respectively (DMSO+EG), while the
values in the control group were 6.2%, 35.4%, 50%
and 93.8%, respectively. The data in Table 3 indicate
that IVF and cleavage rates exceeded 46% with the
clear superiority of the oocytes in the control group
and C solution (SF and LF groups). Moreover,
these results can be explained by the effect of the
thawing process that the vitrified oocytes passed
through, and the average time of equilibrium and
vitrification (FERREIRA CHAVES et al., 2014).
These previous results may be attributed to the
physiological status of the oocytes and their reaction
to the chemical behaviour of DMSO and EG during
their penetration into the oocytes membranes. In
addition, the methods of vitrification, oocyte and
early embryo diameter clearly affect the survival
rates. By referring to embryo freezing, GRIZELJ
et al. (2009) indicated that vitrified mare embryos
using the OPS method increased the possibility of
embryo transfer, especially those whose diameters
were less than 300 μm. In the current study, it was
found that the factor of the follicle size effectively
contributed to most of the high rates obtained for
the different studied traits, particularly the group
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of follicles that exceeded 2 mm (LF group). In
this context, major studies have determined the
peremptory relationship between follicle size and
the developmental competence of the oocytes
in relation to oocyte diameter (GILCHRIST and
THOMPSON, 2007; KHATIR et al., 2007). In a
study conducted by WANI et al. (2013), for the
same follicle size groups as in our study, the rates
of IVF, cleavage and morula stages reached the
values of 79.54%, 38.63% and 19.32% (SF group),
respectively, and 76.75%, 58.69% and 34.13% (LF
group), respectively. Irrespective of the control
group, vitrified-thawed oocytes in C solution
achieved higher rates of M-II, IVF, cleavage,
blastocyst and Type 1 embryos, compared with
the vitifried-thawed oocytes in A and B solutions.
In fact, the principles that control the participatory
relationship between DMSO and EG are complex
and interrelated, but this relationship can be
summarized as two basic roles: high permeability
and reducing the effect of cytotoxicity. Besides,
DMSO reduces electrolytic concentrations in the
residual chilled contents within and around cells,
while EG alters hydrogen bonding, mixing it with
water during cryopreservation (BHATTACHARYA,
2018). Moreover, the significant differences in
embryo quality that appeared in the different groups
of follicle size and vitrification solutions (Table 5),
particularly Type 1 embryos, are also due to a set
of factors. The negative role of the cytotoxicity of
the CPAs should be mentioned in the efficiency,
functioning and progress of meiosis and mitosis
divisions (GALEATI et al., 2011), specifically the
formation of spindles and the emergence of some
fragments that determine the quality of the posterior
blastomere embryos (CHAVEZ et al., 2012). The
conditions of IVF, paternal age, semen quality and
sperm characteristics (motility) may play a role
in determining the quality of embryos and their
ability for subsequent divisions (SAHA et al., 2014;
CHAPUIS et al., 2017). Moreover, the supply of
cysteamine as an antioxidant agent (100 µM) in the
maturation medium positively affects subsequent
divisions of matured oocytes (DELEUZE et al.,
2010). It is significant that, even within the scope of
studies conducted on human oocytes and embryos,
which are characterized and distinguished by the
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high accuracy of procedures, there is still wide
variability in the outcome of the different types of
embryos taken into consideration. In the literature,
there seems to be a dearth of studies undertaken
to determine the quality of embryos according to
morphology, as several studies have gone beyond
this indicator and replaced it with the indicator of
the pregnancy rate.
Conclusion
By looking at all the results that were presented in
this study, when long-term preservation of oocytes
is necessary, it is highly important to collect sheep
oocytes during the breeding season, specifically
from follicles with diameters greater than 2 mm,
and subject them to vitrification according to the
protocol: 15% DMSO and 15% mL EG, in order to
obtain high rates of IVM, IVF, cleavage and Type
1 embryos.
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Sažetak
U ovom su radu provedena dva istraživanja kako bi se proučio utjecaj veličine folikula te dimetil-sulfoksidnih
(DMSO) i etilen-glikolnih (EG) krioprotektora na glavne faze sazrijevanja nukleusa (pokus I), te faze brazdanja i
kvalitetu embrija (pokus II) oocita u ovaca avasi pasmine. Folikuli su podijeljeni u dvije skupine: mali (SF) (1 – 2 mm)
i veliki (LF) (> 2 mm). Oocite su odmrznute u tri otopine: A (30 % DMSO), B (30 % EG) i C (15 % DMSO i 15 %
EG). U pokusu I oocite odmrznute u otopini C postigle su najbolje rezultate poslije kontrolne skupine (nezamrznute
oocite), budući da su stope sazrijevanja, germinalne vezikule (GV), metafaze II (M-II), zastoja i razgradnje iznosile
kako slijedi: 85.71% (P = 0.04), 8.33% (P = 0.02) 72.92% (P = 0.04); LF group, 15.25% (P = 0.04), and SF group
5.08% (P = 0.04). U pokusu II ista je skupina oocita postigla najbolje rezultate poslije kontrolne skupine. Stope
oplodnje, dijeljenja stanica, 2 – 16 stanica, tip 3, blastocista, i tip 1 embriji iznosile su kako slijedi: 63,28 % (P =
0,001), 57,46 % (P = 0,001), 40,38 % (P = 0,04), 38,46 % (P = 0,04); skupina LF 30,00 % (P = 0,01) i skupina SF 36,67
% (P = 0,001). Odmrznute oocite u otopini A (skupina SF) postigle su najvišu stopu za tip 2 embrij (58,06 %; P = 0,01).
Nije bilo znakovite razlike u razgradnji gestacijske vrećice (GVBD), metafazi I (M-I) i stadiju morule. Vitrifikacija
oocita proizašla iz folikula s promjerom većim od 2 mm u kombiniranoj otopini DMSO (15 %) i EG (15 %) dovodi
do znakovitog porasta u prinosu i kvaliteti dobivenih ovčjih embrija.
Ključne riječi: dimetilni sulfoksid; etilen-glikol; veličina folikula; oocite; ovca; vitrifikacija
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