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ABSTRACT

Cryopreservation is used to preserve biological samples over an extended period at ultra-
low temperatures. This process evolved into vitrification, a more advanced and superior
technology in which fluids or water molecules form a glass-like structure without forming
ice crystals. Unlike fresh cells, cryopreservation is reported to reduce oocyte viability and
developmental competency. This study employed two vitrification techniques, vitrification
solution (VS) and Cryotop, to investigate the meiotic resumption in bovine. Oocytes
were extracted from cow ovaries collected from slaughterhouses in Banting and Shah
Alam, Selangor, Malaysia. The oocytes were grouped (A, B, and B’) based on cumulus
morphology and matured in vitro in a culture dish (humidified 5% carbon dioxide incubator
at 38.5°C) for 20 to 24 hr. Oocytes were vitrified after maturation using straws or aids of
Cryotop sheets, then submerged in liquid nitrogen and stored for five days before defrosting
for cryoprotectant elimination. By using Giemsa staining, the maturation state of fresh
and vitrified bovine oocytes was evaluated through five parameters: zygotene, pachytene,
diakinesis, metaphase I, and metaphase II. The maturation rate demonstrated only slight
differences in the three groups of oocytes treated with VS (A: 44.79%; B: 30.97%; B’:
20.70%) and Cryotop (A: 39.42%; B: 37.27%; B’: 28.97%), which were significantly lower
than fresh oocytes (A: 55.83%; B: 44.82%;
B’:56.17%). Both VS and Cryotop methods
were viable options for cryopreserving
oocytes, but the Cryotop technique was
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INTRODUCTION

Oocyte cryopreservation has been actively
investigated due to its powerful applications
in livestock and human reproduction for
more than three decades (Dhali et al.,
2018). The ability to preserve the viability
of reproductive cells and tissues on long-
term freezing facilitates its application
in animal and human reproduction
(Vladimirov et al., 2019). Nevertheless,
oocyte cryopreservation results in lower
pregnancy and survival rates compared to
freshly derived gametes, namely sperm,
oocytes, and embryos (Basirat et al., 2016;
Tharasanit & Thuwanut, 2021; Vining et
al., 2021).

Despite the progress achieved in using
various procedures such as in vitro maturation
(IVM), in vitro fertilisation (IVF), and in
vitro culture (IVC), there is still a need to
improve the cryopreservation technique
of oocytes in buffalo and bovine embryos
produced under in vitro conditions (Sanches
etal., 2019). Although modest reproductive
technologies such as artificial insemination
(Al), embryo transfer (ET), and IVF have
been successfully applied in bovine and
resulting in the birth of live offspring, in
vitro produced (IVP), embryos are still not
fully optimised in bovine and other domestic
species (Aguila et al., 2020; Saunders &
Parks, 1999). The success rate of oocyte
cryopreservation is typically low compared
to non-cryopreserved oocytes (Tharasanit
& Thuwanut, 2021), although they survived
both the freezing and thawing processes
(Tao & Del Valle, 2008). Cryopreserved
oocytes were reported to be more difficult
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than embryos (Dhali et al., 2018), as oocytes
depicted high susceptibility to intracellular
ice formation and low surface area to
volume ratio (Tharasanit & Thuwanut,
2021). Several factors are responsible for
the lower efficiency of in vitro production
of embryos compared to in vivo, which
could impact the development of bovine
oocytes and their ability to develop into
blastocysts (Abd El-Aziz et al., 2016). The
impact of oocyte metabolic changes on lipid
composition and cryo-tolerance are among
the factors that occur in in vitro culture
conditions compared to in vivo (Idrissi et
al., 2021).

Cryopreservation procedures must,
therefore, be improved to enhance the
quality and yield of transferable bovine
embryos. Cryopreservation often uses a
vitrification solution technique to preserve
living cells such as oocytes, zygotes,
and blastocysts (Nagy et al., 2020). Such
procedures ensure a consistent supply
of oocytes and embryos for subsequent
assisted reproduction applications such
as in vitro embryo production (IVEP),
embryo transfer (ET), stem cell production,
and gene editing (Dhali et al., 2018). The
vitrification technique can be defined as
a cryopreservation process of biological
samples in which a glass-like solution
solidifies without forming ice crystals
(Aljaser, 2022). A critical stage in a
successful cryopreservation procedure
is selecting and optimising freezing and
thawing rates. This technique requires
rapid cooling rates and concentrated
cryoprotectant solutions to properly vitrify
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the oocytes (Fathi et al., 2018; Kader et al.,

2009; Reyes & Jaramillo, 2016).
Cryoprotectants,

cryoprotective additive (CPA) solutions,

known as

are vital in freezing and thawing processes
to prevent damage to samples. Samples may
be damaged due to intracellular ice crystal
formation with uncontrolled dehydration
during freezing and ‘osmotic shock’ or
swelling injury due to multiple flows
between CPA solutions during solution
warming (Sydykov et al., 2018). Warming
the solution to 37°C and thawing in
descending order of concentrated CPA to
obtain gradual rehydration will reduce the
osmotic shock in cryopreserved samples
post-thawing (Kader et al., 2009; Whaley
et al., 2021). The solution needs to be
warmed to maintain the viability of oocytes
and facilitate a faster recovery rate after
sample preservation (Whaley et al., 2021).
However, some CPAs, such as dimethyl
sulfoxide (DMSO), are toxic to cells,
especially at temperatures above 4°C (Tonev
etal., 2020). Exposure to high levels of CPA
during vitrification is hazardous to oocytes,
resulting in parthenogenetic activation
and zona hardening, compromising the
subsequent development of vitrified/thawed
oocytes (Fathi et al., 2018). Rapid freezing
and thawing in a culture medium are
important to reduce CPA toxicity (Jain &
Paulson, 2006; Whaley et al., 2021). The
toxicity of CPA can also be reduced by
utilising two permeable CPAs instead of
one to reduce or mitigate the toxic effect
of a single CPA (Angel-Velez et al., 2021;
Mahmoud et al., 2016; Nagy et al., 2009).
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The common choices of CPAs in a
vitrification procedure are sucrose and
trehalose, which are non-permeable and
can lessen the osmotic stress that develops
throughout the process. In contrast,
permeable CPAs such as glycerol, ethylene
glycol (EG), DMSO, and methanol can
penetrate the cells and replace intracellular
water to generate osmotic stress (Angel-
Velez et al., 2021; Do et al., 2016). New
vitrification devices have also been
developed to diminish the volume of the
vitrification solution to accelerate the
cooling process according to sample size
(Bottrel et al., 2019; Fathi et al., 2018).
In the latest development, a cryo referred
to as the Cryotop technique is utilised
in the cryopreservation process, which
uses a minimum amount of vitrification
solution (Bottrel et al., 2019; Cobo et al.,
2008; Kuwayama, 2007). This method was
initially employed in the cryopreservation of
human oocytes, resulting in a 91% oocyte
survival rate, followed by a blastocyst
development rate of 50% (Kuwayama et al.,
2005). Recent findings also demonstrated
improved results when employing the
Cryotop method in humans, with cleaved
embryo survival rates and embryo live birth
rates of 91.63 and 25.64%, respectively
(Keshavarzi et al., 2022). These findings
indicated that a combination of cryo-
device and concentrated cryoprotectant
led to higher survival rates of oocyte
and pregnancy in humans, which can be
applied to other developmental stages such
as zygotes, cleavages, and blastocysts in
bovine.
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The Cryotop technique consists of thin
polypropylene strips in which oocytes are
loaded in an extremely small amount of the
vitrification solution, a plastic handle, and
a straw cover (Liu & Li, 2020). Cryotop
accelerates the cooling rate through an
open method, whereby samples are directly
exposed to sterilised liquid nitrogen to avoid
cryoinjury during chilling (Hochi, 2022; Liu
& Li, 2020). The Cryotop device serves as
a vitrification container for embryos and
oocytes (Liu & Li, 2020), resulting in a
high post-thawing survival rate (Kuwayama
et al., 2005). The cryo-device has been
reported to be more effective as the method
entails a different strategy during the cooling
process in which various carrier devices are
used (Sripunya et al., 2010).

Presently, the government’s restriction
on slaughtering female animals, unless
they are no longer productive, infertile,
or diseased has contributed to the poor
availability of cow ovaries in the local
slaughterhouses. When there is abundant
availability, the cryopreservation of bovine
oocytes would be a suitable preservation
measure to address the limited supply
(Aljaser, 2022). Comparisons between
two cryopreservation techniques, namely
conventional and advanced cryo-device
approaches, could offer improved guidelines
for implementing these methods in bovine
reproductive biotechnologies. Thus, this
study aims to compare the Cryotop technique
with the conventional cryopreservation
method using a vitrification solution (VS).
The meiotic resumption of the cryopreserved
bovine oocytes was evaluated to determine
the efficiency of the two techniques.
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MATERIALS AND METHODS
Experimental Design

Oocytes with three different groups of
cumulus cell layer (A, B, and B’) were
randomly assigned to the control group or
unvitrified oocyte (Treatment 1), and two
different freezing procedures: vitrification
solution (Treatment 2) and Cryotop
technique (Kitazato Supply Co., Japan)
(Treatment 3). The meiotic status of the
control group was determined immediately
after IVM, whereas the two vitrification
treatments were performed after IVM and
freezing. After IVM, all oocytes were fixed,
stained, and evaluated for their meiotic
stages: zygotene, pachytene, diakinesis,
metaphase I, and metaphase 1.

Bovine Ovaries Collection

Actotal of 42 slaughtered native breed cattle
from the slaughterhouse were sampled to
collect ovaries. The cattle were slaughtered
primarily owing to old age, illness, and
sterility. Cattle ovaries were collected twice
weekly from the local slaughterhouse in
Banting and Shah Alam, Selangor, Malaysia
and transported within two hours to the
Gamete Laboratory, Livestock Science
Research Centre, Malaysian Agricultural
and Research Development Institute
(MARDI) in Serdang. The ovaries were kept
in phosphate-buffered saline (PBS, Sigma,
USA) at 30 to 37°C during transportation
from the slaughterhouse to the laboratory.
Oocytes were obtained from the ovaries
by slicing through the vesicular follicles
using a sterile scalpel blade (Davachi et al.,
2014), as shown in Figure 1 and were rinsed
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with PBS supplemented with 10% foetal
bovine serum (FBS, Hexcel-Berlin GmbH,
Germany) before being subjected to [VM.

Figure 1. Oocytes were extracted from a bovine ovary
using the slicing procedure

In vitro Maturation (IVM)
Cumulus-oocytes-complexes (COCs) were
washed twice in tissue culture medium
(TCM199, Sigma, USA) before being
transferred and incubated in maturation
droplets. The maturation droplet was
prepared using TCM199 added with 0.1 M
17B-oestradiol (Sigma, USA) and 50 pm
cysteamine solution (v/v) (Sigma, USA) and
covered with mineral oil (Sigma, Canada).
The COCs were loaded into the droplets
according to the groups: Group A: packed
and dense cumulus cell layer, Group B: less
packed and less dense cumulus cell layer,
and Group B’: partial cumulus cell layer
or almost naked (Bidin, 2005; Bidin et al.,
2012) as in Figure 2. The oocytes were
matured at 38.5°C in a humidified, 5% CO,
incubator for 20 to 24 hr.
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pas "

Figure 2. Oocytes used were differentiated based on
the layer of cumulus cells around the oocytes (100%
magnification)
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Cryopreservation Technique

All media involved in the vitrification
and thawing processes were kept at room
temperature, except for the warming
solution, which was kept at 37°C. Initially,
matured oocytes were denuded and washed
twice in TCM199 and added with 10%
FBS for a few minutes. Two vitrification
techniques, VS (Experiment 1) and Cryotop
vitrification technique (Experiment 2),
were used for this experiment. The VS
solution for the conventional vitrification
procedure was prepared according to Valdez
et al. (1992), whereas the Cryotop device,
together with the freezing and thawing
media, was purchased from Kitazato Supply
Co. (Japan).

Experiment 1: Conventional Vitrification
Technique-freezing Technique. The
vitrification process started by transferring
the denuded matured oocytes into a 4-well
plate containing 10% glycerol (Sigma, USA),
VS1, VS2, and 1 M sucrose (Sigma, USA).
Vitrification media was synthesised by
preparing modified Dulbecco’s Phosphate-

Oocytes

200x

Figure 3. Matured oocytes were loaded into the
conventional straw in VS2 solution for storage
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Buffered Saline (m DPBS, Sigma, USA)
upon mixing DPBS (Sigma, USA) with
15% FBS (Hexcel-Berlin GmbH, Germany).
A 10% (v/v) glycerol (Sigma, USA) was
prepared in m DPBS, whereas VS1 and VS2
were prepared using glycerol (Sigma, USA)
and EG (Sigma, Germany) in m-DPBS
in a ratio of 1:2:7 and 1:1:2, respectively.
Denuded oocytes were incubated in 10%
glycerol (Sigma, USA) for 5 min and later
in the vitrification media twice for 6 min, 5
min in VS1 and immediately transferred to
VS2 for another 1 min. In less than 1 min, m
DPBS cleansed straw was loaded with 3 to
5 oocytes in VS2 with 1 M sucrose (Sigma,
USA) at both ends of the straw, as shown in
Figure 3. All straws were then submerged in
a liquid nitrogen tank for storage.

Thawing Process. Thawing is required
to remove the excess CPAs from the
previous freezing technique. The EG
(Sigma, Germany) and glycerol (Sigma,
USA), which were used as CPAs in this
study, were eliminated through a five-step
procedure using thawing solutions from

higher to lower concentrations of sucrose,
starting from 1, 0.75, 0.50, 0.25, and
0.125 M in descending order. The sucrose
concentration was prepared using m DPBS
(Sigma, USA) mixed with sucrose (Sigma,
USA). In the thawing process, oocytes were
transferred into m DPBS containing sucrose
with concentrations of 1, 0.75, 0.50, 0.25,
and 0.125 M in sequence for 5 min each
(Figure 4) before being transferred into
m-DPBS. Oocytes were washed thrice in
m-DPBS and transferred into TCM 199
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(Sigma, USA) media supplemented with
17B-oestradiol (Sigma, USA). Finally, the
oocytes were cultured in a humid, 5% CO,
incubator at 38.5°C for 30 min before the
fixing procedure.

0.125 M Sucrose  m-DPBS

.4

1 M Sucrose 0.75 M Sucrose

O

TCM 199

0.25 M Sucrose  0.50 M Sucrose

Figure 4. Vitrified oocytes were defrosted for 5 min
each in descending concentrations of sucrose in the
conventional straw thawing technique

Experiment 2: Cryotop Vitrification
Technique-freezing Technique. Oocytes
were vitrified using the Cryotop vitrification
technique, consisting of a Cryotop device
and commercial Cryotop media based on
the manufacturer’s instructions (Kitazato
Supply Co., Japan). The latter comprises
basic medium (BS), equilibration solution
(ES), and vitrification solutions 1 (VS1)
and 2 (VS2). A repro plate was prepared by
adding 20 ul BS and 300 pl each of VSI1
and VS2. The oocytes were transferred and
left at the bottom of the 20 ul BS for several
seconds. Oocytes were then equilibrated
thrice by 1) adding a layer of 20 ul ES gently
on the top of the BS and gently pushing the
oocyte down the well and left for 3 min,
followed by 2) 20 ul ES for 3 min before
being supplemented with 3) 240 ul ES on
top of the layer of the mixture from steps 1
and 2 for another 6 to 9 min. Oocytes were
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then exposed to the vitrification solution
starting with VS1 for 30 s by sucking and
releasing oocytes at various points using
Pasteur pipettes and transferred into VS2
with a similar step to VS1 for another 30 s.
A stereomicroscope was used to retrieve 3
to 5 oocytes and subsequently loaded into
the Cryotop sheet (Figure 5) within less
than 1 min of the oocyte’s immersion in
VS2. Almost all traces of BS, ES, and VS1
solutions from previous exposure covering
the oocytes were eliminated, leaving only
a small volume of less than 1 pl of VS2.
Cryotop were plunged into liquid nitrogen
after 1 min in a styrofoam container for
storage before thawing.

VS2 solution

Oocyte

Figure 5. Oocytes were loaded onto Cryotop sheet (A)
with a minimum amount of VS2 solution

Thawing of Vitrified Oocytes. The Cryotop
sheet was removed from its protective cover,
and the end of the polypropylene strip was
immediately placed in the thawing solution
(TS) for 1 min. Later, oocytes were carefully
removed from the cryo-devices through
gentle shaking and sucking in the oocytes
using a 1 pl micropipette. After 1 min, the
oocytes came off naturally from the Cryotop
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sheet and transferred into the dilution
solution (DS) using a 1 pl micropipette for
3 min. Oocytes were then incubated and
washed twice in the first washing solution
(WS1) for 5 min, followed by another
minute in the second washing solution

ES Step 1 ES Step 2 ES Step 3
VS2 G

(WS2). The oocytes were then washed in
a culture medium, placed in a culture dish
containing the appropriate culture medium
to prevent contamination, and further
incubated to equilibrate for 1 hr (oocytes
stabilise), as shown in Figure 6.

BS GaD - -»>
3min 3min
N\ Vitrification
; Q Protocol
S
WS2 WS1 DS TS m;mgclmin)
OO ’4

1 min, 37°C

Figure 6. The procedure of freezing and thawing of bovine oocytes as per the manufacturer’s instructions
(Source: EXTOLSEED Oocyte and Sperm Bank, 2018)

Note. BS = Basic solution; ES = Equilibration solution; VS1 = Vitrification solution 1; VS2 = Vitrification
solution 2; TS = Thawing solution; DS = Dilution solution; WS1 = Washing solution 1; WS2 = Washing

solution 2

Fixing and Giemsa’s Staining

Fixing and Giemsa’s staining were performed
as described by Bidin (2005). Both fresh
and vitrified oocytes were retrieved using
a stereomicroscope and treated with 1%
hypotonic trisodium citrate solution (Sigma,
Germany) individually for 3 min. Oocytes
were immediately placed onto microscopic
slides, and excess hypotonic trisodium
citrate solution was removed before fixing
with 1:1 (v/v) methanol (R&M Chemicals,
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United Kingdom) and acetic acid solution
(Merck, Germany). The oocytes were then
blow-dried. The microscopic slides were
immersed in a Coplin jar containing the
fixative solution of methanol and acetic acid
(3:1) and kept overnight at 2°C. The slides
were air-dried the next day and stained with
4% Giemsa solution (Sigma, Germany) for
3 min. After that, the slides were cleaned
in xylene solution (Merck, Germany) for
another 3 min and mounted with dibutyl

Pertanika J. Trop. Agri. Sci. 46 (4): 1327 - 1345 (2023)
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phthalate polystyrene xylene (DPX, Merck,
Germany) before observation.

Evaluation of Meiotic Progression

The stages of nuclear maturation of stained
oocytes were observed under a phase contrast
microscope (Zeiss, Germany) at 100%, 200x%,
400x%, and 1,000x magnifications. The
meiotic stages were categorised as zygotene,
pachytene, diakinesis, first metaphase
(MI), and second metaphase (MII).
Oocytes arrested at MII were considered
to have accomplished maturation in vitro
(Figure 7), while germinal vesicle and MI
were considered immature in vitro. An
unidentified chromosome (OUC) is in a
state where the chromosome is condensed
or structurally abnormal and cannot be
identified.

Data Analysis

The data on bovine oocytes’ meiotic

progression were analysed using Statistical
Product and Service Solutions (SPSS,
version 24). A one-way analysis of variance

Figure 7. Stained metaphase 11 (MII) oocytes were
observed under 400x magnification
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(ANOVA) with Duncan’s multiple range
comparison test was performed to assess
the differences between the treatment
means. The mean values were considered
statistically significant at p<0.05.

RESULTS AND DISCUSSION

This study focused on the maturation
rate of bovine oocytes as an indicator
of meiotic competence and capability to
resume meiosis at various stages, namely,
zygotene, pachytene, diakinesis, metaphase
I (MI), metaphase I1 (MII), and unidentified
chromosomes under in vitro conditions.
The meiotic resumption of vitrified bovine
oocytes compared to the fresh oocytes as
control is shown in Table 1. Significant
differences (p<0.05) were observed in
the zygotene, MI, MII, and unidentified
chromosomes in the three treatments but
not in the pachytene and diakinesis stages.

In terms of maturation rate, the
mean percentage for MII recorded was
significantly different (p<0.05) compared
to the oocytes exposed to either vitrification
or Cryotop treatments. The mean percentage
of oocytes arrested at MII in the control
group, Cryotop, and VS treatments were
52.27, 35.22, and 32.15%, respectively.
Significant differences (p<0.05) were
observed in the mean percentage of MI
stage in control oocytes (1.54%) compared
to the VS (9.57%) and Cryotop treatments
(10.90%). Thus, in the present study, the
maturation stage reflected that the meiotic
competence of cryopreserved oocytes was
lower than that of fresh oocytes. This result
suggests that the cryopreserved oocytes
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are probably susceptible to physical and
chemical stress to resume their meiosis
(Tussig et al., 2019); thus, the oocytes are

Table 1

less capable of surviving the cooling and
warming procedures compared to normal
fresh oocytes.

The effects of conventional vitrification solution and Cryotop techniques on the mean percentage of meiotic

stages in bovine oocytes

Meiotic stages + SEM

Treatment —
n  Zygotene Pachytene Diakinesis MI MII oucC

Control 99 5.62 8.18 = 0.40 + 1.54 + 5227+ 8.18 £
2.87%x 2.99x 0.40%x 0.97x 6.52%y 2.775%%

Vitrification 115 529+ 7.52 343 + 9.57 + 32,15+ 16.12 +
solution 1.88%* 2.72%-% 1.98%x 2.79%-y 5.08%% 3.98%y
Cryotop 95 16.67 £ 8.10 = 3.08 + 10.90 + 3522+ 551+
4.23b%y 2.50x 1.49%x 2.55q.y 5.20%% 2.09%x

Note.

ub.c= Means within a row with different superscripts were significantly different at p<0.05;
*v= Means within columns with different superscripts were significantly different at p<0.05;
n = Number of oocytes; Zy = Zygotene; Pa = Pachytene; Dia = Diakinesis; MI = Metaphase I;
MII = Metaphase II; OUC = Oocytes with unidentified chromosome

SEM = Standard error of the mean

In the zygotene stage, there were
significant differences (p<0.05) in the
mean percentage of control (5.62%) and VS
(5.29%) treatments compared to Cryotop
(16.67%), as shown in Table 1. Immature
oocytes (GV stage) were more resistant
using the Cryotop technique. A recent study
reported that the DNA of the GV stage
oocytes is more resistant to cryopreservation
since it is relatively compact in the meiotic
state and protected by the nuclear membrane
(Peinado et al., 2022). Compared to the
control at 8.18%, a significantly higher
percentage of oocytes with unidentified
chromosomes was observed in the VS-
cryopreserved group compared to Cryotop-
cryopreserved oocytes at 16.12 and 5.51%,
respectively. This condition may result
from the structural or molecular changes
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during the vitrification process using
carriers or cryo-devices, thereby causing
the microtubule’s spindle to depolymerise
and disorganise. These events would limit
the viability and developmental potential of
the oocytes (Mogas, 2018).

In addition, the conditions of oocyte
donors in the present study in terms of breed,
age, body scores, and parity numbers were
unknown as the oocytes were harvested
from slaughterhouse ovaries. It is a pertinent
point as donor conditions affect the survival
rate of oocytes (Tharasanit & Thuwanut,
2021). During the vitrification treatments,
oocytes were exposed to various conditions,
including chemical toxicity, osmotic shifts,
and mechanical and thermal stresses, which
may further reduce the oocytes’ competence
in vitro. As a result, the mean percentage

Pertanika J. Trop. Agri. Sci. 46 (4): 1327 - 1345 (2023)



Vitrification Technique for Bovine Oocyte Cryopreservation

of vitrified oocytes with unidentified
chromosomes increased compared to
controls (Tharasanit & Thuwanut, 2021).
Another reason might be technical errors
while using the carriers to preserve the
oocytes. Technical competence of personnel
is very important in the vitrification
techniques, especially during the handling
and loading of oocytes, which must be
accomplished within a short time. Moreover,
it is difficult to visualise the oocytes in the
highly concentrated solution, which could
delay the vitrification process.

Table 2

The mean percentage of various meiotic
stages of A, B, and B’ of bovine oocytes are
shown in Table 2. In the control treatment,
significant differences (p<0.05) were
observed in oocytes reaching the MII stage
compared to other stages in each group of
oocytes. A higher mean percentage was
observed in the MII stage compared to
other meiotic stages, specifically in group B’
followed by groups A and B at 56.17, 55.83,
and 44.82%, respectively. However, no
oocytes in groups B and B’ were observed
to reach the diakinesis stage in the control
treatment.

The effects of conventional vitrification solution and Cryotop techniques on the mean percentage of meiotic

stages in three groups of bovine oocytes

Meiotic stages of oocytes + SEM

Treatment  Group n Zygotene Pachytene Diakinesis MI MII oucC
A 34 9.17+ 9.17 + 1.19+ 0.60+ 5583+ 262+

4.86%~ 436~ 1.19%x 0.60%*  11.84%* 1.79%x

B 29 7.69 £ 10.62 + 0.00 £ 1.65+ 4482+ 6.65+

Control 7.12%% 7.33%x 0.00** 1.65%*  11.99%* 3.93x
B 36 0.00 £ 4.76 + 0.00 £ 238+ 5617+ 1526+

0.00%* 3.23%x 0.00** 2.38**  10.59>x  6.83%x
A 46 534+ 9.26 + 9.17 + 931+ 4479+ 11.02+

3.04x 6.49>x 5.69%* 4.10%*  9.49%* 582

Vitrification B 34 6.94 £ 7.13 £ .11 + 528+ 3097+ 9.68+
solution 3.94x 3.49%x 111> 3.14%x  847%x 371>
B 35 357+ 6.17 £ 0.00 £ 1411+ 2070+ 27.67+

2.84:x 3.81%x 0.00%*  6.61%®x  7.93bex 9 4pcx

A 35 13.78 + 6.09 + 0.00 + 6.09+ 3942+ 385+
5.20%* 3.96%* 0.00** 2.78+*  9.58%*  2.60a*

Crvot B 1 11.36 + 12.18 £ 6.68 + 1520+ 3727+ 192+
1Yotop 5.45%% 555w 3.55ax 541w 765 192w
B 23 24.87 + 6.03 + 2.56+ 1141+ 2897+ 10.77+
10.240¢x 3 27d:x 2.56a*  4.63%x 10.07%x 5.25%cx

Note.

a b ¢ = Means within a row with different superscripts were significantly
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different at p<0.05;
*= Means within the column within a group with similar superscripts were not significantly different at p>0.05;
n=Number of oocytes; MI = Metaphase I; MII = Metaphase II; OUC = Oocytes with unidentified chromosome
SEM = Standard error of the mean
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In the VS treatment, groups A and B
oocytes depicted significant differences
(»<0.05) in MII compared to other meiotic
stages. In group B’ oocytes, a significant
difference (p<0.05) was observed in
unidentified chromosomes compared
to other meiotic stages. Meanwhile, no
significant difference at all meiotic stages
was observed across the groups in the VS
treatment. Although not significant, a higher
mean percentage of oocytes in MII was
observed in group A (44.79%), followed
by groups B (30.97%) and B’ (20.70%)
oocytes. In the VS technique, the mean
percentage of oocytes with unidentified
chromosomes in groups A, B, and B’ was
11.02, 9.68, and 27.67%, respectively. In
contrast, no group B’ oocytes reached the
diakinesis stage.

Group B’ oocytes had the highest mean
percentage of unidentified chromosomes
in comparison to groups A and B in the VS
technique. It could be due to the warming
and cooling steps in the vitrification process
of the oocytes that were detrimental, thereby
leading to cryodamage and affecting the
oocytes’ viability (Thrasanit & Thuwanut,
2021). In addition, the sensitivity of oocytes
to cryopreservation varied depending on
their meiotic stage (Rienzi et al., 2010).
In this study, the oocytes’ ability to enter
the meiotic phase could be explained by
maturation media containing serum and
cysteamine to encourage oocyte growth
(Bidin, 2005). The Cryotop had a similar
trend as the control and VS techniques in
which no significant difference was observed
across the three groups of oocytes in all
meiotic stages. However, a significantly
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(p<0.05) higher percentage of oocytes
were observed in groups A and B oocytes
reaching MII compared to other meiotic
stages. The mean percentage recorded
was 39.42, 37.27, and 28.97% for groups
A, B, and B’, respectively. For group B’
oocytes, a significant difference (p<0.05)
was observed in the diakinesis (2.56%)
and MII (28.97%) stages compared to
other stages. Oocytes in group B’ were less
likely to meiotically arrest in diakinesis,
which might be attributed to poor cell-to-
cell communication that lowers the cyclic
adenosine monophosphate (cAMP) levels
(Bidin, 2005).

The disconnection of the junctional
competence in group B’ oocytes could
result from its characterisation, which
is either a partial or almost complete
lack of cumulus cells (Bidin, 2005).
Although not significantly different, group
B’ oocytes had higher percentages of
oocytes reaching zygotene (24.87%) and
incidences of oocytes with unidentified
chromosomes (10.77%). These might be due
to insufficient cysteamine supplementation
in the maturation media or the failure of
the inferior quality of group B’ oocytes to
support full meiotic progression. The result
might also stem from the cumulus cell
dispersion component within the collection
in group B’, which results in meiotic arrest
in this phase (Bidin, 2005). Cumulus cells
are crucial in oocyte meiotic maturation and
meiosis, which are necessary for ovulation,
fertilisation, and subsequent early embryo
development (Turathum et al., 2021).
Therefore, understanding the involvement of
oocyte grouping can be crucial in predicting
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oocyte quality and subsequent embryonic
development competence.

The percentage of meiotic resumption
of fresh bovine oocytes (control), compared
to conventional VS- and Cryotop-vitrified
oocytes of three groups of oocytes, are
presented in Table 3. A similar trend was
observed, where A, B, and B’ groups
of oocytes of all treatments recorded
the highest mean percentage of oocytes
reaching MII. In group A oocytes, no
significant difference was observed for all
meiotic stages between the three treatments,
although the mean percentage of oocytes

Table 3

reaching the MII stage was relatively
higher in control (55.83%), VS (44.79%),
and Cryotop (39.42%) groups. However, a
significant difference (p<0.05) was observed
in MII upon comparing the other meiotic
stages within treatments in group A oocytes.
In group B oocytes, significant differences
(p<0.05) were observed in the diakinesis and
MI stages of Cryotop treatment compared
to other oocyte groups and treatments.
Nevertheless, the diakinesis stage of group
B oocyte was not detected in the control
treatment.

The mean percentage of meiotic stages in three groups of oocytes using conventional vitrification solution

and Cryotop techniques

Stages

Group Treatment

n Zygotene Pachytene Diakinesis MI MII oucC

Control 34 9.17 + 9.17 + 1.19 0.60+ 5583+ 262+

4.86%* 4.36%* 1.19%x 0.60%* 11.84%x 1,79

A Vitriﬁc?tion 46 534+ 9.26 + 9.17 + 931+ 4479+ 11.02=
solution 3.04>x 6.49x 5.69%x 4.10%x  9.49>x  582ax
Cryotop 35 13.78 + 6.09’i 0.0Qi 6.09’i 39.42 + 3.85’i

5.20% 3.96%* 0.00%* 2.78»* 958>  2.60%x

Control 29 7.69 £ 10.62 + 0.00 £ 1.65+ 4482+ 6.65+

7.12%x 7.33%x 0.00%* 1.65*  11.99%x 393

B Vitriﬁcgtion 34 6.94 £ 7.13 £ .11 + 528+ 3097+ 9.68+
solution 3.94xx 3.49%x 111> 3148 8470x 371>
Cryotop 1 11.36 + 12.18 + 6.68 £ 1520+ 3727+ 192+

5.45%x 5.55%x 3.55%y 5.41%y  7.65>*  1.92%x

Control 36 0.00 + 4.76 + 0.00 + 238+ 56.17+ 1526+

0.00%x 3.23x 0.00%* 238 10.59>y  6.83%x

B’ Vitriﬁc.ation 35 3.57+ 6.17 £ 0.00+ 14.11+ 20.70+ 27.67+
solution 2.84b:x 3.81%x 0.00%*  6.61%®* 7.93bex 9 4ex
Cryotop 28 24.87 + 6.03 + 2.56 + 1141+ 2897+ 10.77+
10.24bey  3.278b.x 2.56%%  4.63™* 10.07%* 5.25%cx

Note.

& b ¢ = Means within a row with different superscripts were significantly

different at p<0.05;

*¥ = Means within columns within a group with different superscripts were significantly different at p<0.05;
n=Number of oocytes; MI = Metaphase [; MII = Metaphase II; OUC = Oocytes with unidentified chromosome
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The phenotype of increased aneuploidy
and lower developmental competence may
be related to alterations in mitochondrial
distribution at the level of cytoplasmic
maturation (Rybska et al., 2018). In all
treatments, a significant difference (p<0.05)
was recorded in MII compared to other
stages in group B oocytes. The highest MII
that was achieved in group B oocytes was
recorded in the control (44.82%), followed
by Cryotop (37.27%) and VS (30.97%),
respectively. These results indicated that the
cryo-device, which only requires a minimum
volume of solution for cryopreservation,
could be less detrimental and thus sustain
the structural integrity of oocytes (Cobo
et al., 2008; Kuwayama, 2007). Group B’
oocytes depicted statistically significant
differences (p<0.05) between the three
zygotene and MII stages treatments. In the
MII stage, significant differences (p<0.05)
were observed in control (56.17%) compared
to Cryotop (28.97%) and VS (20.70%), the
lowest being group B’.

It was not surprising that the
survivability of fresh oocytes was higher
compared to the vitrified oocytes. The
sub-lethal damage caused the impaired
meiotic progression of vitrified oocytes
due to the cooling or warming procedures
(Sripunya et al., 2010). The fresh oocytes
had a higher percentage of meiosis rate
since the detrimental effects of osmosis less
impacted them through several equilibration
and dilution and morphological injuries
compared to vitrified oocytes (Sripunya et
al., 2010). The structural and morphological
damages were reported in vitrified-warmed
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oocytes, as stated by Amidi et al. (2018).
Oocyte survivability following vitrification
is impacted given that the plasma membrane
of oocytes is permeable to the mutual flow
of both impermeable and permeable CPAs
when compared to zygote and embryo
(Diez et al., 2012; Hajarian et al. 2011).
The highest mean percentage of 24.87% of
the zygotene stage in the Cryotop treatment
was significantly different (p<0.05) when
compared to other oocyte groups in other
treatments. However, the zygotene stage
was not observed in group B’ oocytes of
the control group. It could result from
mitochondrial dysfunction, which interferes
with the assembly of the meiotic spindle and
reduces ATP synthesis. The meiotic spindle
is responsible for chromosomal segregation
(Sasaki et al., 2019). In addition, the cellular
function of bovine oocytes can be affected
by several factors, such as cortical granules,
cytoskeleton, and lipid droplets, which are
sensitive to freezing and warming processes
in cryopreservation (Prentice & Anzar,
2010).

Across the three groups of oocytes,
group B’ oocytes revealed the most
promising outcomes in terms of the number
of oocytes reaching MII. In this study,
supplementation of 50 um cysteamine/[3-
mercaptoethanol (antioxidants) in the [VM
maturation medium for a period of 20 to 24
hr for all groups of oocytes, was expected to
enhance the developmental competence of
lower quality group B’ oocytes, as stated by
Bidin (2005). It was supported by a recent
finding, which suggested the positive effect
of cysteamine as an antioxidative agent in
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the culture medium of IVM (Magata et al.,
2021). The low-molecular-weight thiols,
including cysteamine/B-mercaptoethanol,
promote the formation of intracellular
glutathione (GSH) in [VM media (Budani &
Tiboni, 2020). /n vitro matured oocytes have
lower levels of GSH; therefore, the addition
of antioxidants facilitated increased GSH
levels in the cytoplasm of oocytes. GSH
is important in the in vitro process for the
maturation of oocyte cytoplasm (Nikseresht
etal., 2017).

In addition, the highest mean percentage
of unidentified chromosomes was recorded
in group B’ oocyte (27.67%) in the VS
treatment compared to the control (15.26%)
and Cryotop (10.77%) treatments. Despite
having no oocytes in the diakinesis stage,
group B’ oocytes had a significantly higher
(p<0.05) percentage of oocytes with
unidentified chromosomes. Oocytes with
unidentified chromosomes were higher in
the VS procedure using straw compared to
the Cryotop technique across all treatments.
It could be due to the utilisation of a larger
volume of highly concentrated solution in
VS, which may have deleterious effects on
the oocytes when exposed to liquid nitrogen.
Besides, the technique used for inserting the
samples inside the straw in the vitrification
method may be detrimental to the oocytes
(Rao et al., 2012). The detrimental effects
during the cryopreservation procedure might
elicit altered gene expression, apoptosis, and
the release of oocyte-derived substances,
thereby leading to cryodamage (Rao et
al., 2012). Significant differences (p<0.05)
were observed in diakinesis and MII stages
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compared to other meiotic stages for
Cryotop treatment. Specifically, group
B’ oocytes recorded the lowest MII stage
compared to control and VS treatments and
the only treatment observed for oocytes
arrested in diakinesis.

CONCLUSION

In general, fresh oocytes (control) had the
highest percentage of maturation compared
to the vitrification techniques. Both
vitrification techniques, namely conventional
VS and Cryotop, successfully maintained the
maturation rate and survivability of vitrified
bovine oocytes in all three groups of oocytes
(A, B, and B”). In group A oocytes, a higher
mean percentage was observed in the VS
technique than in Cryotop. On the contrary,
a higher mean percentage of MII stage in
groups B and B’ oocytes was observed in
Cryotop compared to the conventional VS
technique. These findings indicated that both
vitrification techniques could be used in
terms of the survival rate of bovine oocytes.
Nevertheless, further studies on evaluating
the effects of both vitrification techniques
through IVF technique are necessary to
determine the developmental competence
of cryopreserved bovine oocytes.
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