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ABSTRACT

The developmental competence of immature oocytes largely depends on the origin and method of
retrieval. This is known to determine the success of in vitro embryo production. This study aimed
to evaluate the in vitro maturation difference of oocytes from pure Boran and Holstein
Friesian*Boran crossbred cows obtained through ovum pickup. The OPU was carried out on 10
cows, 5 cows from each breed. The overall oocyte recovery rate was 43.4% (288/663); 39.3%
(131/333) for Boran and 47.6% (157/330) for Crossbred with no breed influence (p>0.05). Oocytes
aspirated from the 288 follicles (all > 3mm) were matured in either TCM-199 or BO-IVM
maturation mediums. Proportion of viable oocytes were comparable between Boran (81.60%) and
B*HF crossbred (78.9%). The mean number of oocytes collected per ovum pickup session for
Boran and Crossbred cows were 2.18 + 1.90 and 2.62 + 1.86, respectively. The overall maturation
rate was in the order of 79.4% and 79% for Boran and crossbreeds, respectively, and comparable
between the breeds. Considering all maturation indices, oocyte maturation was significantly higher
(p<0.05) in BO-IVM (88.5%) compared to TCM-199 (70.4%). Maturation of Boran oocytes in
BO-IVM was relatively higher (90.3%) compared to Boran*HF oocytes (86.2%); whereas it was
73.1% for Boran and 68.2% for Boran*HF oocytes in TCM. Maturation rate in terms of cumulus
cell expansion was relatively better in BO-IVM (59.3% fully expanded and 30.1% partially
expanded) compared to TCM-199 (46.9% fully expanded and 24.4% partially expanded). Overall,
there was extrusion of the polar body in 55.75% of oocytes and increased perivitelline space in
69.2% of oocytes. Zona quality was relatively better in BO-1IVM (69.2% of oocytes) compared to
TCM-199 medium (60.9% of oocytes). In conclusion, oocyte maturation following OPU was
influenced by media type but not by breed. It can also be concluded that some of the maturation
indices were more affected by breed and media type even though the overall maturation was closely

similar.

Keywords. Boran crossbreed, in vitro, maturation, oocytes,

Vil



INTRODUCTION

Over the past several years, the use of assisted reproductive technologies (ART) in animal breeding
has become very important to the genetic improvement of dairy cattle in the world. The
reproductive technologies were designed to facilitate a great application of the best germ Plasm.
Artificial insemination (Al), gamete and embryo freezing, multiple ovulation and embryo transfer
(MOET), and in vitro embryo production (IVEP) are all involved in assisted reproductive
technologies (Rodriguez, 2012). Among the ART, there are Collection and in vitro maturation of
oocytes (IVM), in vitro fertilization (IVF), and in vitro culture (IVC) of likely embryos up to a
level that is compatible with transfer to the recipient uterus are all part of in vitro embryo production
(Freitas and Melo, 2010). The techniques have evolved into effective commercial applications,
allowing for a boost in output through reducing generation intervals, extending reproductive
lifetimes, controlling disease, and lowering production costs (Bertolini et al., 2009; Verma et al.,
2012).

Each mammalian ovary contains hundreds of thousands of oocytes at birth, but the majority are
lost owing to atresia. Harvesting oocytes from the ovary and employing IVEP procedures could
help to mitigate this massive loss of genetic material (Hasler 1998; Mapletoft and Hasler, 2005).
Bovine IVEP has become a well-known and cost-effective procedure. Furthermore, using OPU at
frequent intervals in conjunction with IVF has been shown to improve or increase the production
of embryos from chosen donors. Moreover, IVEP can be utilized to salvage endangered genetic
material after slaughter for a variety of reasons (Hasler, 2003). In vitro fertilization by intra-
cytoplasmic sperm injection, so prominent in assisted human reproduction has become feasible in

cattle, even with freeze-dried sperm though not yet widely applied (Mapletoft, and Hasler, 2005).

For several decades, the large-scale production of embryos in vitro has been possible in domestic
mammals, particularly cattle, for purpose of generating large numbers of embryos for research, or
as a route to other technologies, such as nuclear transfer and trans-genesis. The oocytes for bovine
in vitro embryo production could be obtained from ovaries of slaughtered donors and live donor
cows. Transvaginal ultrasound-guided oocyte collection or Ovum pick-up is a common method of
recovering oocytes from live animals. This procedure can be used in conjunction with in vitro
embryo production (IVEP) to improve the number of offspring from genetically valuable cows.
(Galli et al., 2001).



The most significant or key stage in the IVEP is oocyte maturation, which influences the
subsequent successful fertilization, zygote formation, blastocyst stage, and normal embryo growth
and development. The production of competent oocytes during IVM is important for cattle
reproduction concerning the ability to increase the production of valuable, healthy offspring,
(Rizos et al., 2002). During the stage of COC maturation, oocytes undergo, through several
molecular and cellular modifications, toreach full developmental competency (Crozet and Dubos,
1994).

IVP is suggested to produce embryos from genetically improved dairy cattle for developing
countries, production of hybrid genotypes (i.e. Bos Taurus x Bos indicus) with the potential for
better productive performance for the tropics. The expansion and increasing of genetically improved
and potentially productive herd can be achieved in a faster way with I\VVF than with traditional genetic
schemes (Galli et al, 2003).

Regardless of the huge and genetically diversified cattle population (65.35million heads) resources
in Ethiopia, the dismally low outcome of cross-breeding is evident in the very low proportion
(1.91%) of hybrids (CSA, 2020). According to Degefa et al. (2016a and b); Gadisa et al. (2019)
there is a limitation on the availability of information regarding the application of advanced ART
techniques on zebu and crossbred dairy cattle and there are very few published data concerning
IVEP in Ethiopia. Demand for hybrid replacement heifers remains very high amid the need for

dairy expansion that deems the application of advanced technologies mandatory.

Among the pool of naturally available follicles, according to various reports, oocyte retrieval
potential could be affected by breed. Previous studies also confirm that the reproductive
physiology of Bos- indicus (zebu) cattle is not identical to Bos-Taurus cows (Degefa et al., 2016).
Due to the larger number of antral follicle counts, Bos indicus cattle were known to have higher
oocyte recovery rate or greater numbers of retrieved oocytes resulting in higher percentages of

viable oocytes, and a better number of fertilizable COCs, when compared with Bos Taurus.

The type of maturation media and additives used are the other common factor which affects the
developmental competence of bovine oocytes (Ayman et al., 2016). IVM medium including; TCM-
199, Hem's F 10, SOF, and MEM (Ravindranatha et al., 2001) have been used for oocytes
maturation in mammals. There is a great deal of variation in the chemical composition and
maturation efficiency among the maturation mediums because of their difference in composition.
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TCM-199 is the most widely used culture medium for bovine oocytes (Thompson, 2000).
Similarly, BO-IVM complete medium comprises important substances that enhance oocyte
maturation in cattle (Pryor et al., 2016). However, both these media are experimented with oocytes
derived from Bos Taurus. In this experiment, it is hypothesized that in vitro maturation of oocytes
would not be influenced by breed although subtle physiological differences exist in folliculogenesis

and oocyte development in vivo. Hence, the aims of this study were:-

To evaluate the in vitro maturation of OPU derived oocytes retrieved from Boran and their HF

Cross cows.

To evaluate and compare the maturation condition of OPU derived oocytes from Boran and their
HF cross cows in selected VM media (TCM-199 and BO-IVM Complete medium).



2. LITERATURE REVIEW
2.1 Folliculogenesis in cattle

In mammals, the formation of Primordial germ cells begin during the early stage of the fetus,
multiplied by mitosis, and migrated from the embryonic sac to the genital ridge to settle in the
developing gonadal crest. The primordial germ cells differentiated in Oogonia. In cattle, Oogonia
divided mitotically and reach about 2.7 billion at 4 months of fetal life (Aert and Bols, 2010a).
which later on decreases to 130,000 at birth (Rosale et al., 2015). The Oogonia build egg nest in
the ovarian cortex, enter the first prophase of meiosis, and halted in the diplotene stage called
primordial follicles Aerts JMJ, Bols, (2010b).

Folliculogenesis is a protracted process in which numerous small primordial follicles develop into
large preovulatory follicles. It occurs throughout a female's reproductive life and concludes with
either ovulation or atresia death. Folliculogenesis starts before birth in the cow. Folliculogenesis
classifies the growing follicles in primordial, primary, secondary tertiary (antral). There is two
follicular development phase, the FSH-LH independent while the follicles transit from primordial
to the antral stage. The second one is gonadotropin dependent where the follicle becomes growing
fully and reach the preovulatory stage, the FSH required for growth and LH surge required for
ovulation. It takes 3 to 4 months for follicles to mature from the primordial to the antral stage
(Knight and Glister, 2001; Webb et al 2004; Paulini et al., 2014; Rosale et al., 2015).

2.1.1. Primordial follicle
In the first stage of folliculogenesis, Primordial follicles are the fundamental unit of the mammalian
ovary. The primordial follicles are located in the peripheral cortex of the ovary, later on, when
follicles and oocytes begin to grow they migrate deeper into the cortex of the ovary through the
developmental stage as reach the prenatal stage become visible on the surface of an ovary.
Primordial follicles detected around day 90 gestation in cow measures a diameter of approximately
40u contain one oocyte measuring about 30 pum in diameter (Picton, 2001; Palma et al 2012). These
follicles consist of oocytes surrounded by a single layer of granulosa cells flatten in shape. The
primordial follicles remain in the process of the diplotene (or dictyate) stage of meiosis (the first
meiotic division). Follicles will remain in the primordial state until they are recruited into the

growing population (Rosale et al 2015).



2.1.2. Primary follicles

The primordial follicles shift from a flat to a cuboidal form as the granulosa cells layer proliferates,
signaling the start of the primary follicle. The oocyte genome is activated at this point, and genes
begin to be transcribed. The development of zona pellucida around the oocytes begins in the late
stage of the primary follicle. The gap junction pathways that are vital for communication between
the follicle and oocyte are formed, the FSH receptor developed despite gonadotropin-independent.
Both the oocyte and the follicle grow increasing to almost in diameter (Picton, 2001; Rajesh and
Jaiswal, 2017).

2.1.3. Secondary (pre antral follicle)

During the transition primary to a secondary follicle, the granulosa cells are activated to proliferate
the second layer. this stage characterized by the appearance of second granulosa cell, small
accumulations of fluid in the intracellular spaces called follicular fluid, the complete formation of
zona pellucida glycoproteins around the oocyte material, formation of cortical granules within the
oocyte cytoplasm the beginning of theca cell layer formation mRNA synthesis in the oocyte and
gonadotropin responsiveness (McLaughlin et al., 2010; Aradjo et al., 2014).

2.1.4. Tertiary (antral follicle)

Tertiary follicles are defined as those in which the cells around the egg continue to proliferate and
differentiate. Primary oocytes are also found in cumulus cells, theca interna, and theca externa,
which have a fluid-filled antral cavity (antrum) at this stage. When the follicle reaches around 3
cm in diameter at the conclusion of its development, it may begin the process of recruitment,
selection, and dominance, which occurs in waves during the estrous cycle (cow 2-3 waves/cycle).
(Rajesh and Jaiswal, 2017)

2.1.5. Preovulatory follicle

The surge of LH maintains the dominant follicle's growth, makes it pre-ovulatory, and the oocyte
within undergoes final maturation, culminating in follicle rupture and matured oocyte ovulation
(Fair, 2003). The hormonal secretion, gonadotropin-releasing hormone (GnRH) from the
hypothalamus, and downstream hormones follicle-stimulating hormone (FSH) luteinizing

hormone (LH), estrogen, progesterone, and others, become the main actors during the preovulatory
5



stage). Preovulatory follicles contain secondary oocytes that resume meiosis and progress to
metaphase Il (Jones and Shikanov, 2019). The granulosa cells changed into cumulus cells and
respond to the LH surge by secreting hyaluronic acid and achieve a so-called cumulus expansion
(Eppig, 2018).

Gonadotropin-independent Gonadotropin-Dependent
Preantral Follicle Growth Antral Follicle Growth

Germ
Cell Primordial Primary Secondary
Cyst

b »
R -0~ &-8-

Pedersen
Stage: 2 3 4 5 6,7 8

Fig 1.Schematic detailing the stages of mammalian folliculogenesis taken from Jones
and Shikanov (2019)

2.2. Oocyte collection and selection for in vitro maturation
Bovine oocytes could be harvested from slaughterhouse ovaries of any age of females. These
oocytes have the potential of high developmental competence to produce large numbers of embryos
which can result in live calves through IVF procedures (Natumanya et al., 2008). Slaughterhouse
ovaries especially it is a source of oocytes of great importance large-scale production of genetically
improved embryos (Nagai et al., 2014). Despite the fact that slaughter ovaries are inexpensive and
enable the harvesting of all follicles visible on the surface of the ovaries, the oocyte population is
highly heterogeneous that resulted in a variable in their developmental competence during in vitro
maturation (Karadjole et al., 2010). In vitro production of an embryo in animals is most of the time
dependent on a supply of in addition to the slaughterhouse, currently oocytes are routinely
harvested from cattle donors by transvaginal ultrasound-guided collection procedures. The
technique is a non-invasive method of extracting oocytes from antral follicles in living animals.
Together with the IVEP of oocytes, OPU has been considered as the most flexible and repeatable
technique to produce embryos from a genetically valuable donor (Galli et al., 2001). OPU does
not affect the normal reproduction and production cycles of the donor. Any female including young
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cyclic heifers, cows at the third month of pregnancy, and even soon after calving (2-3 weeks) could
be suitable donors (Wang et al., 2013). The efficiency of OPU recovering oocytes in terms of
number and qualified of competent oocytes can be determined by donor breed, the number of
follicles present, climate condition, nutritional status of the donor, operator’s experience, vacuum

pressure, and needle type during ovum pick-up (OPU) (Ward et al., 2000).

Following maturation, fertilization, and culture in vitro, only about 30-40 percent of bovine oocytes
grow to the blastocyst stage. This is most likely due to the poor quality of the oocytes at the
beginning of maturation, which leads to a low success rate. Selection criteria have been used to
predict the quality of these oocytes and to improve embryo development. Selection is based on the
morphology of the oocyte, the degree of COC compaction, and the presence of homogeneous
ooplasm (Sirard et al., 2006). In vitro, oocytes with evenly granulated ooplasm and several layers
of cumulus cells show higher developmental competence than oocytes with irregularly granulated
ooplasm and fewer cumulus layers. The cumulus-oocyte complexes collected from ovarian
follicles are classified according to the compactness of the cumulus and characteristics of oocyte
cytoplasm (Wang and Sun 2007) the excellent and good qualities are mostly suggested to

maturation.



Table 1: Different Quality grade of COCs layer and ooplasm characteristics for maturation (Saha
et al., 2014; Paul 2019)

Quality Criteria Representative Image
Excellent Oocytes had Compact multi-layered
(Grade 1) cumulus cells (>5) and homogeneous
ooplasm
Good Oocytes that had compact multi-layered
(Grade 1) cumulus cells (at least 3-5) and less

homogeneous ooplasm

Fair oocytes that had less compact cumulus cells
(Grade I11) (at least 3 layer and irregular ooplasm

Poor oocytes had no cumulus (denude)

(Grade 1V)

2.3. Determination of in vitro oocytes maturation
In vitro maturation is a procedure that involves taking immature antral follicles from the GV stage
and growing them in a controlled environment until they reach MII and are ready for fertilization
and embryonic development. The activation and inhibition of enzymes, hormones, and growth
factors occur during oocyte maturation, resulting in nuclear and cytoplasmic maturation (Gilchrist
and Thompson, 2007). Nuclear maturation occurs spontaneously, due to the mechanical removal
of the oocyte from the follicle is capable of triggering the process, while cytoplasmic maturation
occurs more gradually (Brevini et al., 2007). The success of fertilization, progression to blastocyst,

and embryo growth are all determined by the maturity of oocytes (Brevini et al., 2007).

Maturation of oocytes is a very important stage, which determines the success of fertilization,
development to blastocyst, and embryo growth. Germinal vesicle (GV), germinal vesicle break

down (GVBD), formation of first mitotic spindle, and extrusion of first polar body are all
8



characteristics of maturation. Nuclear and cytoplasmic maturation are the two stages of oocyte

maturation (Ayman et al 2016).

2.3.1 Nuclear maturation

During nuclear maturation, the process of developmental phases includes the acquisition of meiotic
competence, meiotic resumption, completion of meiosis I, and the maintenance of metaphase-II
arrest. (Saadeldin and Islam 2020). Follicular oocytes in mammals begin meiosis during fetal life
and are halted at the diplotene stage of prophase I. (germinal vesicle stage). The oocytes remain at
this stage until the onset of puberty. Under the influence of gonadotropins, particularly in response
to the LH surge, oocytes mature fully and reach late antral stage, resume meiosis soon before
ovulation, and are ready for fertilization (Lonergan and Fair 2016). The resumption of meiosis
initiates the release of the nucleus from GV to form GVBD. GVBD characterized by the release of
the nucleus from GV to create GVBD begins with the resumption of meiosis. GVBD is
characterized by chromosomes rapidly condensing to metaphase and moving towards the animal
pole of the oocyte, where they are divided into two haploid sets, one to be given off with the first
polar body and the other to remain in the oocyte, nucleus absent, and enter meiosis Il (Maziero
2014).

2.3.2 Cytoplasmic maturation
Cytoplasmic maturation refers to the cytoplasmic processes that prepare the oocyte for fertilization
and developmental competence, and it takes place throughout oocyte development and at the same
time as nuclear maturation. Migration of several organelles (mitochondria, ribosomes, endoplasmic
reticulum, and cortical granules), modulation of energy levels, and accumulation of mRNA,
protein, and substrates are all structural and molecular changes that occur during cytoplasmic
maturation before the embryonic genome is activated (Watson, 2007; Mao et al., 2014). Organelle
redistribution, cytoskeleton dynamics, and molecular maturation are the three fundamental stages
of cytoplasmic maturation, and they can be used to assess the mature oocyte's ability to undergo
normal fertilization, cleavage, and blastocyst development in an indirect and retrospective manner
(Ferreira et al, 2009; Mayes and Sirard 2002). The distribution of the organelles is controlled by
the action of cytoskeleton microfilaments and microtubules (Mao et al., 2014), during metaphase,
long and generally stable microtubules are dispersed throughout the cytoplasm. According to Fan
and Sun, (2004) cytoplasmic microtubule function is resumption of meiosis. During interphase,

organizer centers (MTOCs) are phosphorylated and the activity of microtubule organization
9



increases. Mitochondria synthesize ATP needed for the production of proteins used during late
embryo development as well also regulate the process of cellular apoptosis (Hammed et al., 2020).
The main source of calcium ion required for continuation and completion of second meiotic
division, suppression of polyspermy, and recruitment of maternal mRNAs critical for embryonic
genome activation is the endoplasmic reticulum (ER), which reorganizes during cytoplasmic
maturation (Ajduk et al., 2008). Golgi also apparatus required to transport intracellular protein.
Golgi apparatus, ribosome, and lysosomes become less as oocyte maturation progresses and are
very rare in fully mature oocytes (Fan and Sun, 2019). Failure to complete cytoplasmic maturation
can halt development during fertilization, embryonic genome activation, blastocyst formation, and

even after implantation (Zheng 2007).
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3. FACTORS AFFECTING IN VITRO MATURATION

3.1 Maturation medium additives or supplementations

IVM determines the developmental competence of bovine oocytes. The media composition is the
major factor that determines the maintenance of oocytes and achievement of the maturation and
fertilization (Gardner, 1999, Alofi and Alhimaidi 2004). Similarly Shirazi et al., (2012) suggested,
composition IVM has the capability of influencing the synthesis and storage of certain mRNA and
protein that are important for further development. TCM-199, Hem's F 10 SOF, and MEM are some
of the basic mediums (Ravindranatha et al., 2001) used for oocytes maturation in mammals. There
is a difference between basic mediums in their effectiveness for the maturation of oocytes even
when used the same supplementation. When compared to synthetic oviductal fluid (SOF)
supplemented with serum, supplementing TCM-199 with FBS during in vitro maturation is more
successful in enhancing oocyte maturation. (Shirazi et al., 2012). Many significant additions are
added to the growing media to contribute to oocyte maturation and fertilization in an environment
similar to the living body. These additions help in oocyte development because they contain
essential materials for the process of oocyte maturation (Mohammed 2019).

The most extensively used culture media for IVM of bovine oocytes is TCM-199. (Arunakumari
et al, 2007). The positive effect of this base medium on animal oocyte IVM could be due to some
of the ingredients in it, such as essential amino acids and glutamine, which promote DNA and RNA
synthesis and cell division, Enhanced the rate of maturation in vitro (Gordon 2003; Roushandeh et
al, 2006). Pyruvate lactate, amino acids, sodium bicarbonate vitamins fetal bovine serum (FBS)
and Bovine serum albumin (BSA) are the substances used to modify and improve the base

maturation medium in all laboratory

3.1.1 Protein
Protein supplementation fetal calf serum (FCS) or Bovine serum albumin (BSA) are commonly
used to enhance mammalian oocyte and embryo development (Lim et al., 2007). The main protein
supplements in the IVM medium are FCS and BSA, which contain small peptides, energy
substrates, and growth factors that improve maturation, fertilization, blastocyst formation, and
hatching rates in vitro. (Thompson, 2000, Chaudhry et al., 2008). Despite increasing blastocyst
yield, the serum also increases the accumulation of cytoplasmic lipids, reduces embryo survival
after cryopreservation (Abe et al., 2002), increases the male to female embryo ratio, and interferes
11



with normal gene expression (Rizos et al., 2002). Its use in culture media has been implicated
in diverse phenotypic alterations observed during gestation and in bovine new borne such as
placental defects and large offspring (McEvoy, 2003). For the reason that BSA and FCS are
prepared and purified from bovine blood products, they present a risk of contamination by

pathogens and viruses (McDowall, 2004).

3.1.2 Glucose
Glucose is an important energy substrate when added acceptable amount to IVM, it is basic and
essential for oocyte metabolism. The importance of supplementing IVM with glucose in cattle is
to boost the rate of meiosis resumption, embryo cleavage, morulae, and blastocyst formation.
(Wrenzycki and Stinshoff, 2013). During 1VM glucose via glycolysis produces ATP and other
substrates like pyruvate to produce energy used for oocyte metabolism. High glucose
concentrations during VM enhance the production of reactive oxygen species (ROS) and decrease
intracellular GSH pools, causing cellular elements to be damaged and cell function to be disrupted,

which impairs subsequent embryo development. (Hashimoto et al. 2000b).

3.1.3 Follicular fluid

FF consisting of electrolytes, hormones, amino acids, growth factors, provides an appropriate
environment for bovine oocyte development it increases the degree of cumulus cell expansion and
improves embryonic development (Helena et al., 2014). Supplementation of the IVM medium by
bovine follicular fluid (bFF) at the 10-20% level favorably influence oocyte quality and subsequent
embryonic development in cattle whereas supplementation with a higher amount of FF having an
inhibitory effect on nuclear maturation, as a result, increase rate of oocyte degradation (Ayman et
al 2016).

3.1.4. Hormone
Gonadotropins, steroids, and growth factors separately or in combination can be a supplement of
in-vitro culture media used to stimulate or inhibit cumulus expansion and/or nuclear and cytoplasm
maturation mammalian oocytes. The supplementation of growth factors, e.g., epidermal growth
factor (EGF) and insulin-like growth factor-1 (IGF-I), stimulate oocyte maturation and had
beneficial effects on blastocyst production rates in several species (Byrne et al., 2002). The addition
of FSH, LH, and GH in IVM media is common. FSH promotes the production of the LH receptor
by cumulus cells and potentiates the activity of growth factors like EGF and PDGF. LH has a direct
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effect on the oocyte's metabolism, enhancing glycolysis and oxidative phosphorylation. GH
enhances the rate of development to the blastocyst stage by speeding up nuclear maturation,
stimulating cumulus expansion, and increasing the rate of development to the blastocyst stage in
the absence of serum and gonadotrophic hormones (Kandil et al., 2000).

3.2 Quality of Cumulus vestment
Using appropriate criteria to choose oocytes for maturation and subsequent embryonic
development is an important element. The morphology of the COC in particular the cumulus
vestment the compactness of cumulus cell layers and the homogenous appearance of the cytoplasm
has been the most common marker of immature oocyte capacity to undergo maturation and develop
to embryo (Ayman et al 2016). The oocytes surrounded by intact cumulus cells better in
developmental competency than oocytes surrounded by compromised vestments (Sirard et al.,
2006). Cumulus cells provide cell communication through gap junctions, Paracrine and gap
junction-mediated bidirectional communication between the oocyte and its cumulus cells is
significant for efficient maturation of the oocyte (Vansoom et al., 2002; Sutton et al., 2003). In
ovarian follicles, cumulus cells play an important role in oocyte growth and differentiation by
providing nutrients and by controlling both nuclear and cytoplasmic maturation when oocytes are
selected for ovulation (Boni et al., 2002). IVM of bovine oocytes in the presence of bovine LH
resulted in increased embryonic development after IVF. Oocytes denuded of cumulus cells did not
respond to LH, thereby implicating the cumulus cells as the mediator of the LH effect. During IVM

of bovine oocytes, the absence of cumulus cells impedes nuclear maturation (Sutton et al., 2003).

3.3 Effect of follicular and size presence of dominant follicle
Because the oocyte's growth is essentially complete in cows when the follicle reaches a diameter

of 3 mm, oocytes from small bovine follicles (under 3 mm) have lower developmental competence.
There is a link between follicle size and oocyte competence; as the follicle grows larger, so does
the oocyte competence (Lojkic et al., 2016). Shabankareh, ( 2014), classifies the size of follicle <
3mm as small, 3-6 mm as a medium, and > 6 mm as large, and found the higher blastocysts rate
where there were medium and large follicles than oocytes from <3 mm, ( 26.65% and 25.69%)
respectively. Oocytes recovered from follicles >5 mm showed a rapid rise in the rate of cleaved
embryos by 27 hours post insemination for both oocytes collected from =5 mm and >5 mm

follicles, at which time the total percentage of cleaved embryos was significantly affected by
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follicle size (39.5 percent vs. 58.3 percent for =5 mm and >5 mm follicles, respectively (Lojkic¢ et
al., 2016).

It could be linked to the fact that bovine oocytes from 2-mm follicles have not yet completed their
growth. According to Farin, (2003), the higher developmental capability of oocytes derived from
large follicles (>6 mm) is likely attributable to differentiation that happened later in the follicular
development process.

The changes in large follicles, like an expression of LH receptors by granulosa cells, decrease of
IGF-binding protein and increase of IGF-I within the follicular fluid and increased expression of
growth factors such as TGF-p, activin, and inhibin happen simultaneously with ultrastructure
changes within the oocyte and cumulus cells and with further growth of the oocyte (Hendriksen et
al., 2000).

During the growth of oocytes inside the follicles, some factors influence the quality and
development of their competence. These factors include follicular diameter, day of the estrous
cycle, atresia levels, and influence of other follicles as DF (Hageman, 1999). A higher number of
blastocysts are observed when the oocytes are collected during the follicular growth phase than
those collected during the follicular dominance phase. The dominant follicle has an inhibitory effect
on the development of subordinate follicles causing their atresia, mainly through inhibin and

estradiol 17-f secretion (Hageman, 1999).

3.4 Effect of oocyte recovery method
Oocyte quality is one of the major factors determining the success of embryo production. The
cumulus cells that surround the oocyte are known in playing an important role through
providing nutrition, energy substrates, and mediating the beneficial effects of hormones on the
cumulus-oocyte complexes (COCs) (Krisher, 2004). The effectiveness of the oocyte collection
procedure has a big impact on cumulus cell investment. Ovaries from abattoir animals are the
cheapest and most plentiful source of primary oocytes for embryo development. COC recovery
has been used in numerous approaches to harvesting high-quality oocytes with higher cumulus
cell layers from ovaries taken from slaughtered cows, including aspiration of follicles,
puncturing of follicles, and slicing of ovaries (Mehmood et al., 2011) to harvest high-quality
oocytes with more number of cumulus cell layers from ovaries collected from slaughtered
animals. However, the oocyte yield variation in quality with the harvesting technique employed

(Mahesh 2014). According to the study Sonowal et al., (2018) on the effect of the recovery on
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COC quality, the recovery rate of quality COC using aspiration was excellent, good, and fair
quality was 62.27 +1.60, 23.73 £1.55, and 13.98 £1.41 respectively. Where the recovery rate
of the slicing method was 30.40b +1.74, 51.36a +2.01, and 18.23c +1.31 respectively. This
indicates methods we use to remove the COCs from the ovaries influence the recovery rate of
excellent quality of COC, this influence longer the maturation because oocyte quality
significantly determines the maturation rate Trans-vaginal oocyte pick-up (OPU) is an
important technique for oocyte retrieval in living donor cow, the success of OPU is measured
in part by the recovery rate of oocytes. The rate of recovery is influenced by a variety of factors,
including aspiration vacuum, puncture frequency, hormonal pre-treatment of animals, and the
operator's experience. The rate of recovery of grade 1 oocytes reduced dramatically as the
vacuum pressure increased, with a corresponding increase in the number of denuded oocytes

recovered, which has an impact on oocyte fate (Mahrous et al., 2016).

3.5 Effect of duration of maturation

Duration of the maturation culture period is an important factor for successful maturation. Most of
the time majority of oocytes cultured in vitro can reach MII within 18-24h (Sybrand, 2003). Both
Extended and too short maturation time has adverse effects on the developmental potential of the
embryo. For example, excessive maturation time causes the aging of oocytes that leads to the
condition to favor genetic associated risks, where culture for a too-short time affects the
synchronization of nuclear and cytoplasm therefore the subsequent embryonic development will
impaired (Aguila, 2020). Incubation temperature also has an important effect on oocytes
maturation. For instance, According to the suggestion of (Sen and Kuran, 2018), low incubation
temperature decreased the percentage of first polar body extrusion in Grade Il oocytes. The
percentage of first polar body extrusion of grade 11 bovine oocytes after 24h incubated on 36.5°
and 38.5° ©was 63.0 and 74.1 respectively.

3.6 Effect of breed
The reproductive physiology such as ovarian follicular populations, production of growth factors,
and Anti Mdllerian hormone, circulation level of P4 differences between Bos indicus and Bos
Taurus cattle influence their follicle count, quantity, and quality oocyte (Barbosa et al., 2020).
According to Alvarez et al., (2000), zebu cows of the Brahman breed higher IGF-1 concentrations
in the plasma where lower in follicle-stimulating hormone (FSH) concentrations compared to
taurine cows of the Angus breed. A high concentration of IGF-1 is the factor for a greater quantity
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of follicles in the ovary recruited per follicular wave (high follicles population) as consequence
better in COC recovery rate during OPU than boss Taurus. The greater follicle population favors

obtaining a high number of quality oocytes than that of boss Taurus (Batista et al., 2014).
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4. MORPHOLOGICAL AND VISUAL MARKERS FOR MATURE OOCYTES

4.1 Expansion of cumulus cell
Indirect morphological parameters that can be taken into account to evaluate the maturation
cumulus cell expansion, extrusion of the first polar body, zona pellucida, and an increased
perivitelline space are clearly detectable under a stereomicroscope (El-raey and Nagai, 2014).
Cumulus cell expansion is one significant indicator for oocyte maturation. The degree of expansion
also an indicator of developmental potential in bovine. CCs and their expansion play an important
role in fertilization by inducing the acrosome reaction and, therefore, promoting higher fertilization
rates (Aguila et al., 2020). During meiotic maturation of the oocyte, cumulus cells change their
morphology and metabolic activity. Thus, oocyte with meiotic maturation within the follicle,
cumulus cells synthesize structural components of the extracellular matrix. The synthesis of
glycosaminoglycan rich in hyaluronic acid (HA) into the extracellular space plays a role as the
structural component of expanded cumuli and signal molecule regulating oocyte maturation. In
vivo, cumulus expansion occurs immediately before ovulation, while in vitro, it occurs during
meiotic maturation. The enlargement of COCs occurs significantly influences oocyte maturation
and developmental competence acquisition so that COC expansion is one of the morphological

indicators of meiotic maturation or cytoplasm maturation (Han et al., 2006; Aguila et al., 2020).

4.2 Extruded first polar body

First polar body formed after the germinal vesicle breakdown stage completed. Immediately after
GVBD chromatin condenses to form chromosomes and a bipolar microtubule formed. In the
meiosis, | phase the spindle moves to the oocyte surface and half of the homologous chromosomes
segregate into a small unit. This is the mark of completion of first meiosis and reaches MII, This
small unit is known as extruded first polar body is the cellular landmark of meiotic maturation
indicator of nuclear maturation assurance of a functional component of cytoplasmic competence, (
Rose and Laky 2013; Viveiros and Fuente, 2019 ; Hammed et al., 2020).

4.3 Formation of perivitelline space
The perivitelline space is a subcellular structure that exists between the ZP and the oocyte plasma
membrane that is rich in extracellular matrix components, which are essential for fertilization,

implantation, and embryo development. PVS is commonly formed as a result of meiotic completion
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(Inoue et al., 2007). Increased perivitelline space is the indirect morphological parameter to

evaluate cytoplasmic maturation (El-raey and Nagai, 2014).

4.4 Condition of zona pellucida
The zona pellucida (ZP) is the extracellular coat that surrounds growing oocytes, ovulated oocytes,
and early embryos which plays an important role in oogenesis, fertilization, and pre implantation
development participates in blocks polyspermy after fertilization and protects early embryos as
they travel through the female reproductive canal. Follicular fluid secretion from granulosa cell
and cumulus cells increase as follicles grow resulted in ZP formation (Wassermann 2008). The
ability to activate an oocyte for embryonic development can be determined by ZP thickness, which

can be used as an indicator of oocyte maturation. (Zhou et al., 2014).
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5. MATERIALS AND METHOD

5.1 Study area and animals

The study was conducted from December 2020 to June 2021 at Debre Zeit Agricultural Research
Center (DZARC) Animal Biotechnology Laboratory. The area located 47 km southeast of the
capital city, Addis Ababa, at 9°N latitude and 4°E longitudes, and an altitude of 1850 m.a.s.I. The
mean minimum and maximum annual temperature ranges from 10.55°C to 27.45°C which
makes the mean annual temperature of 19.°C; mean annual rainfall of 779.3 mm; and mean
monthly relative humidity of 57.12% (DZARC Agro-meteorology 2018). Totally 10 healthy cows
(5 Borans and 5 Holstein Friesian X Boran cross) with an average body condition ranging 3 to
4 (on the scale of 1-5) and 1 to 2 parity were used for the OPU procedures. All cows were
vaccinated for common contagious diseases and managed under a uniform housing system. The
study animals were fed on teff straw and grass hey basal diet and supplemented with concentrate
(mixture of 50% wheat bran, 25% wheat short, 24% nuge seed cake, and 1% salt). Additionally,
the animals were allowed to graze and had ad libitum access to water.

5.2 Study design
A total of 10 experimental animals were grouped into two breeds (5 indigenous pure Boran breed

cows and 5 Holstein Friesian X Boran cross with 75% exotic blood level.

The collected oocytes from both breeds were grouped into two according to media used for the
study, BO-IVM, and other TCM-199 base maturation medium. Main effect of Breed and
Maturation media type were evaluated based on recovery rate in the OPU sessions, oocyte
population, oocyte quality in accordance with Grades, and maturation indices (cumulus expansion,

polar body extrusion, conditions of the zona and formation of perivitelline space).

5.3 Ovum pick-up (OPU)
Experimental cows were selected from a pool of dairy herds with no history of reproductive
diseases and found to be in good health at the time of the experiment. The cows were subjected to
gynecological evaluation using ultrasonography to confirm cyclicity as well as the soundness of
the reproductive tract. Cows with disorders such as COD or any other identifiable problem were
rejected.
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Cows were guided into a chute and administered epidural anesthesia (2 to 5 ml of 2% lidocaine,
JEIL.PHARMA.CO, LTD, Daegu, Korea) to prevent straining during aspiration. After emptying
the rectum, the vulva and perineal area were thoroughly cleaned and disinfected. Follicular
aspiration was performed transvaginal on each visible follicle that was > 3 mm in diameter. An
ultrasound (Aloka SSD Pro-Sound 2, Japan) s with a 6.5 MHz convex array transducer that was
fitted into an intravaginal needle guide (Hitachi Medical Co., Tokyo, Japan) was used for
visualization of follicles during aspiration. The follicular puncture was performed using a
disposable 18-gauge x 12 mm aspiration needle that was connected to a 50-ml conical tube via a 2
m long silicon tube fitted to an aspiration pump that has a warming block (mini-tube, GmbH,
Germany) adjusted to 38.7°C. A vacuum aspiration pressure of 72 to 80 mmHg equivalent to a
flow rate of 15-25 ml/min was used for follicular aspiration. Follicles were aspirated into a 50ml
tube containing about 10ml of the recovery media supplemented with heparin, FCS, gentamicin,
and HEPES.

5.4 Media preparation
5.4.1. Recovery media

About 100ml of distilled water was made ready in a sterilized beaker. Using digital balance 0.9¢g
DPBS, 0.05gm gentamicin, and 0.024gm HEPES were weighed and added to the distilled water.
A stirrer was used to mix the ingredients thoroughly, then the mixture was filtered using a 2l
filtering membrane, sealed, and then kept at +4 in a refrigerator until day of recovery or oocyte
collection. On the day of recovery 200 ul, heparin, and 2ml FCS were added to per mixed

ingredients and made ready for use.
5.4.2 Maturation media.

One day before the recovery date, a 10ml TCM-199 stock solution was taken and placed in a 50ml
falcon tube. Gentamycin (0.05g), 0.22g NaHCO30, and 022g NaHCOs were weighted and added
to TCM-solution to which 0.2ml FSH and 2ml FCS were also added and mixed. The mixtures were

filtered using a 2pl filtering membrane, sealed, and then kept at +4 in a refrigerator.

The first oocyte maturation medium TCM- 199, base maturation medium, was a premade ready to

use compound available as a 10ml TCM-199 stock solution (Gibco Grand Island, NY) into which
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0.2ml FSH (Pluset® Barcelona, Spain), 2% FCS, 0.05g Gentamycin, 0.22g NaHCO30 and 022g
NaHCOs3 were added.

The second maturation medium BO-IVM (IVF Bioscience, United Kingdom) was a complete
medium ready to use with optimized formulae that eliminate the need for the addition of further
components. The basic differences between the two maturation media are the first medium is free
from serum that is substituted by glucose.

The serum provides many beneficial factors to the COCs and embryo such as amino acids,
vitamins, growth factors, and energetic substrates; promote COCs maturation additional facilitate
fertilization by preventing hardening of Zona, however, as the serum is extracted from a live
animal, it may also contaminate the culture media with toxic factors, increases the male to female
embryo ratio and disturbs gene expression (Rizos et al., 2003). Its use in culture media has been
implicated in diverse phenotypic alterations observed during gestation and in bovine newborns
such as placental defects and large offspring syndrome.

Glucose is an essential energy substrate when added in an acceptable amount to IVM, provides
energy which is the fundamental requirement for oocyte metabolism. Furthermore, glucose
improves the resumption of meiosis in cattle COCs which is essential for oocytes to achieve full
developmental competence for fertilization, enhance embryo cleavage, development to morulae

and increase blastocyst rates.

All media including the recovery media were prepared one day before the recovery date. Media
preparation was carried out in a sterile environment under a laminar flow cabinet to avoid any
contamination. They were thoroughly mixed, filtered using a 2ul filtering membrane, sealed, and
then kept at +4 in a refrigerator until the next day of collection. The maturation medium was later
withdrawn and kept in a CO2 incubator for at least 2 hours before use.

5.5 Oocytes searching and recovery
The aspirated fluid was diluted in HEPES media and transferred into a 60 mm petri dish and left
for 5 minutes to settle. Oocytes were searched under a stereo-microscope (Motis SMZ, Roanoke
USA). The COCs were examined and selected based on their morphology, the compactness of

cumulus, and the homogeneity of the cytoplasm. All oocytes handling was performed under a
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cleaned and disinfected laminar floor. All procedures were carried out within an hour to avoid

aging and deterioration of oocytes.

Oocytes were selected and assigned a grade for maturation according to the criteria previously
described in Paul, (2019).

Grade I - Oocytes with Compact multi-layered cumulus cells (>5) and homogeneous transparent

cytoplasm.

Grade I - Oocytes with compact multi-layered cumulus cells (at least 3-5) and slightly granulated

dark cytoplasm.
Grade 11 - oocytes with less compact cumulus cells (1 to 3 layer and granulated dark cytoplasm)

Grade IV - oocytes had no cumulus (denuded). Oocytes with Grades I, I, and 11l were selected

for maturation. All necessary data were recorded on a previously prepared excel spreadsheet.

5.6 In vitro maturation
The selected oocytes were then washed three times in their respective media with TCM-199
maturation media for the TCM group or BO-1VM medium for the BO-1VM group. IVM drops of
500ul were prepared in the meantime in a 4-well embryo culture dish and covered with paraffin
oil and left in a CO2 incubator for 2 hours for equilibration. About 15-20 oocytes (COC) were then
transferred into each droplet under the paraffin oil. The oocytes were then placed in a CO2
incubator set at 39°c under a 90% humidified atmosphere of 5% CO2 in air for 24 h.

5.7 Assessment of maturation parameters of oocytes
All maturation parameters, COCs expansion, extrusion of first polar body, increment of
perivitelline space as well as the form of zona pellucida (thickness, and regularity of its shape)
were evaluated under the stereomicroscope after 24 hours of incubation. Cumulus cell expansions

were rated as indicated below:

¢ Fully expanded COC - the Cumulus cells spread non- homogenously with no clustered cells

e Partially expanded: the cumulus cells spread homogenously and with the presence of clustered
cell

e Unexpanded: the cumulus cells remain attached to the zona

COCs with fully and partially expanded cumulus cell layers were considered as maturated oocytes.
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COCs were washed three times in buffered saline solution and made completely devoid of cumulus
cells by vortexing. The following maturation characteristics were evaluated.

e COCs exhibiting small unit between zona pellucida and perivitelline space considered as a COC
with first polar body extruded

e COCs exhibiting a subcellular space between the ZP and the oocyte plasma membrane are
considered as COCs with increased perivitelline space

e COCs rounded with bright and regular outer coat recorded as qualified ZP formation

The oocyte maturation parameters were later on used to study the influence of the maturation

media.

5.8 Data management and statistical analysis
Data were grouped according to the breed of the animal, oocytes quality, and maturation media.
Descriptive statistics were used to determine the frequency and proportional distribution of oocyte
count, quality and maturation rate. ANOVA and t-test, were used to determine the difference in
groups of independent variables such as the breed of experimental animals, puncture session, and
maturation media with the dependent variables like a number of counted and aspirated oocytes,
oocyte quality, and maturation rate. LSD analysis was used to test the mean difference among the
groups. The relationship between specific maturation media and oocyte maturation rate was
determined using a person correlation test. The result was reported as mean + SEM/SD.

Statistical significance was determined at (p< 0.05).
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6. RESULT

6.1 Ovum pick up and oocyte recovery rate

A total of 663 follicles > 3mm were counted and 288 oocytes were retrieved from both Boran and
Crossbred cows with a recovery rate of 43.4%. A summary of the OPU session and oocyte recovery
is presented in Table 2. Oocyte recovery rates for Boran and Crossbred cows were 39.3% (131/333)
and 47.6% (157/330), respectively. There was no difference (p>0.05) between the Breeds in oocyte

recovery rate.

Table 2: Oocyte recovery rate of Boran and Crossbred cows

Breed Animal Puncture Follicle Oocyte Recovery rate
no. session (n)  punctured (n)  retrieved (n) (%)
Boran 1 12 86 43 50.0
2 12 69 29 42.0
3 12 54 25 46.3
4 12 60 16 26.7
5 12 64 18 28.1
Boran*HF 1 12 75 30 40.0
Crossbred 2 12 72 40 55.6
3 12 60 14 23.3
4 12 56 27 48.2
5 12 67 46 68.7
Total 10 120 663 288 43.4

Eighty percent of all collected COCs were incubated for maturation. 20% of collected COCs were
discarded due to poor quality while 81.6% (107/131) and 78.9% (124/157) of the recovered COCs
from Boran and Crossbred, respectively, were incubated. The quality of COCs for Boran and

Crossbred cows is indicated in table 3.
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Table 3: COCs collected from Boran and Crossbred cows classified based on quality
grades.

Breed Collected Grade | Grade Il Grade Ill  Grade IV
COCs (n) %,(n) % ,(n) %, (n) % ,(n)
Boran 131 22.14(29) 32.5(43) 27.08(35) 18.30(24)
Crossbred 157 25.48(40) 27.4(43) 27.06(41) 21.02(33)
Total 288 23.96(69) 29.9(86) 27.14(76) 19.79(57)

Figure 2. Images of different qualities (A- Grade |, B- Grade Il, C- Grade Ill, D- Grade 1V) of

immature oocytes recovered from experimental cows.

The oocyte recovery was undertaken for twelve rounds (12 OPU session) in each breed. There was
no difference (p>0.08) between Boran and Crossbred cows in the mean number of oocytes
collected per OPU session (Table 4). The mean number of oocytes collected per animal was 2.18
+ 1.90 and 2.62 + 1.86 for Boran and Crossbred cows, respectively. There was no difference
(p>0.05) between Boran and Crossbred cows in the mean number of oocytes collected.
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Table 4 the mean number of oocyte collected per OPU session

Breed N Mean (£SD) Range
Boran 12 10.92+3.37 6-19
Crossbred 12 13.08+2.23 9-16
Total 24 12.00£3.01 6-19

6.2 In vitro oocyte maturation

The overall maturation rate of oocytes aspirated from Boran and Crossbred cows was 79.2%. The
maturation rate of COCs recovered from Boran and Crossbred were 79.4% (85/107) and 79%
(98/124), respectively. The maturation rate in terms of fully expanded COCs was 52.4% and 54.4%
for Boran and Crossbred cows, respectively while 27.2% of Boran and 25.6% of Crossbred COCs
were only partially expanded during maturation. The proportion of unexpanded COCs from Boran
and Crossbred cows was 17.5% and 15.2%, respectively. The proportion of increased perivitelline
space in matured Boran and Crossbred COCs were 64.1% and 60.0 %, respectively. First polar
body extrusion was recorded in 47.6% of Boran and 49.6% Crossbred cows COCs at the end of
maturation. There was no difference (p>0.05) in the maturation rate of Boran and Crossbred cattle

oocytes.
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Figure 3: Percentage of COCs expansion, Polar body extrusion, PSI and ZPF for Boran and
Crossbred cows in BO and TCM-199 maturation media

88.5% and 70.43% COCs matured in BO and TCM-199 maturation media, respectively. Fully
expanded COCs were 59.3% and 46.9% in BO and TCM-199 maturation media, respectively.
30.1% and 24.4% of COCs were partially expanded in BO and TCM-199 maturation media,
respectively. The proportion of unexpanded COCs in BO and TCM-199 maturation media was
7.1% and 25.2%, respectively. There was a significant difference (p<0.001) in the proportion of
fully expanded and unexpanded COCs in BO and TCM-199 maturation media. The maturation rate
of oocytes in BO maturation media in terms of first polar body extrusion increased perivitelline
space and zona pellucida form was 55.75%, 69.62%, and 69.8%, respectively. The maturation rate
in TCM-199 maturation media in terms of first polar body extrusion increased perivitelline space
and zona pellucida form was 41.7%, 44.8%, and 60.9%, respectively. The proportion of oocyte
matured in BO media was 86.3% and 90.3% for Boran and crossbred cows, respectively. The

proportion of matured oocyte in TCM-199 maturation media was 73.1% and 68.3% for Boran and
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Crossbred cows, respectively. There was no difference (p>0.05) in maturation rate between Boran
and crossbred cows oocytes, However there was significantly difference (p<0.05) between BO-
IVM compared to TCM-199.

Table 5: Proportion of matured COCs in BO and TCM-199 media

Media Breed  Incubated Matured Fully Partially Unexpanded
COCs %,(n) expanded expanded %,(n)
%,(n) %,(n)
BO-IVM  Boran 53 86.27 (46) 56.86 (30)  29.41 (16) 7.84 (7)
Cross 62 90.32 (56) 61.29(37) 30.65(19) 6.45 (6)
TCM-199 Boran 54 73.08 (39) 46.15(25) 25.00 (14) 26.92 (15)
Cross 62 68.25 (42) 47.62 (29) 23.81(13) 23.81 (20)
Total 231 79.22 (183) 53.07 (121) 27.19 (62) 16.23 (48)
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Figure 4. Images of mature oocytes A, fully expanded, B-partially expanded, C- unexpanded, D
extruded 1PB, E-smooth, and regular shape ZP, F- increased PS
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7. DISCUSSION

The recovery rate for both Boran and crossbred cows oocytes was identical. In spite of the higher
number of follicles aspirated from crossbred cows there was no difference in oocyte recovery rate
between the genotypes. This finding was in agreement with previous finding reported by Jemal et
al. (2020), 42.3% and Neglia et al. (2011), 49.11% , but higher from the recovery rate in Thai
indigenous cows 28% and 18.1% reported by Pellerano et al. (2017), and Sakhong et al,. (2012)
respectively. There was no difference between breeds in quality of COCs. More than eighty percent
of recovered COCs were with recommended quality standard for maturation. There was a
consistent trend with previously report by Ali et al. (2021), however the result in this study was
slightly greater than the finding of, Kang et al. (2019), in Howoo cows immature COCs quality
and Nelore cows COCs quality Santos et al., (2005).

There was no difference in the mean number of oocytes collected per OPU session for purebred
Boran and HF*Boran crosses. The mean number of recovered oocytes in this study was lower from
the previous report in Ethiopian Boran and their crosses by Ali et al. (2021), however, it was
comparable to the study by Sakhong et al., (2012) in Thai indigenous beef cattle. Boss indicus
breeds are known to grow and produce more follicle population and better recovery rate as well as
better COCs quality than Boss Taurus breeds (Batista et al., 2014). This is due to differences in
their reproductive physiology in the production of hormones responsible for growth factors, and
circulating P4. Differences were not observed in antral follicle count, oocytes recovery rate, and
COCs quality between the breeds. Climate temperature and nutritional status also contribute effect
on several growing follicles. The experience of the operator is one of the factors that affect the
obtaining of good COCs numbers during OPU (Dode and Adona, 2001; Silva et al., 2011).

Cumulus cell expansion is one significant morphological indicator of meiotic competence of
oocyte maturation and the degree of expansion also an indicator of developmental potential in
bovine (Deb et al.,2011; Jahan et al., 2012; Aguila et al., 2020). In the present study, the overall
oocytes maturation rate was comparable with the result of Islam et al. (2007), in Zebu and
Vijayalakshmi et al., (2020) in Buffalo oocytes. The maturation in terms of COC expansion was
greater compared to the maturation rate of abattoirs oocytes reported by Deb et al., (2011). The
proportion of oocytes extruded their first polar PB were lower than the result reported by (Deb et

al. 2011), and greater than the reported by Vijayalakshmi et al., (2020).
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Cumulus cells surround the egg and play an important role in the acquisition of full developmental
competence during maturation by facilitating cell-to-cell contact via gap junctions, as well as
mediating the favorable effects of hormones and delivering nutrients and energy substrates
(Krisher, 2004). According to Nevoral et al., (2015) the synthesis of glycosaminoglycan contains
hyaluronic acid (HA) into extracellular space is the foundation of COC expansion, and HA
important for COCs expansion. For COCs effectively expanded the adequate amount of HA is a
prerequisite, this means the amount of HA synthesized has a direct relationship with the
compactness of the COCs layer (Salustri et al 1999; Kimura et al., 2002). Hence in addition to
other factors for partial and unexpansion of cumulus cell may be a result of poor quality oocytes
or oocytes with less cumulus cell layers at the beginning of the maturation. However, the partially
expanded COCs are accepted as intermediate maturity and suggestive for fertilization (Lasiene et
al., 2014; Shrikant et al., 2020).

The overall maturation rate of oocytes matured in BO and TCM was greater than reported by
Rahman et al. (2018), TCM, mSOF, and TALP was 74.5%, 67.7%, and 58.2%, respectively, Bari
and Farida (2015). 75.5 % and 62.2 in TCM and SOF respectively. Mohammed, (2019) TCM -199,
SOF, MEM, SOF + BCS, SOF + BSA, (57.31 £ 3.68), (37.02%), (51.57%), (55.65%), respectively,
and comparable with the result of Sonjaya and Hasbi (2019), 91.53%.

The media composition is one of the major factors that determine the maintenance achievement of
the maturation of oocytes (Alofi and Alhimaidi 2004). The main variation among the maturation
medium is significant additions that are added to the growing media to contribute to oocyte
maturation and fertilization in an environment similar to the living body, for instance, the addition
of gonadotropins hormones improve quality and development ability by enhancing metabolic
processes the oocyte (Sonjaya, 2017). The addition of essential amino acids and glutamine in the
base medium increased the rate of in vitro maturation by accelerating DNA and RNA synthesis

and increasing cell division (Gordon, 2003; Roushandeh et al, 2006).

The maturation rate of oocytes matured in BO-1VM was higher than the oocytes matured in TCM-
199 on both breeds. The higher maturation rate of oocytes matured in BO-1VM media seemed may
be due to the favorability of glucose in oocyte maturation. Wrenzycki and Stinshoff (2013)
described that Glucose is an essential energy substrate when added acceptable amount to 1VM,

energy is an important requirement for oocyte metabolism. Glucose enhances the resumption of
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meiosis in cattle COCs which is fundamental for oocytes to achieve full developmental competence
for fertilization. COCs consume glucose in a different way over the different stage of maturation
For instance glucose support induction of meiosis by increasing the production of substrates
involved in nuclear maturation in pentose phosphate pathway. Glucose also support COCs
maturation by converted to extra-cellular matrix component which involved in COCs expansion
(Downs et al., 1998; Mcdowall, 2004).

The serum is one of the popular protein source supplement to maturation media contains essential
components such as growth factors, lipids, albumin, hormones, steroids, cholesterol, peptides
vitamins that an important to stimulate cell growth and proliferation, promotes differentiated
functions, support the rupture of germinal vesicle and induces oocytes maturation. Moreover,
serum favors fertilization by preventing the hardening of the zona pellucida (Gstraunthaler, 2003;
Puri et al., 2015,). In contrast, the highly undefined nature of serum makes it undesirable in many
research aspects due to the risk of batch variation and contaminating characteristics of undefined
compounds (Mcdowall, 2004). Hence the effect of undefined compounds may be the cause for the
lower maturation rate of COCs matured in TCM-199 contain 2% serum used in current study. In
general, the different media additives (composition) support the growth and development of COCs
in different mechanisms as well as produce some side effects. Therefore, such kinds of nature of
additives may be one of the reasons for variation in maturation rate among the COCs cultured in

different maturation mediums.
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8. CONCLUSION AND RECOMMENDATIONS

Media is one of the vital and determining factors in vitro embryo production particularly the in
vitro maturation of COCs. The media employed for this study was showed their influence. Thus, it
can be concluded that oocyte maturation following transvaginal oocyte aspirations was influenced
by employed media type but not by cattle genotype. It can also be concluded that some of the
maturation indices were more affected by breed and media type even though the overall maturation

was closely similar.

In general, the result indicated the impact of media compositions on in vitro embryo production,

procedures, which is a crucial step in the IVEP procedures.

Although IVEP has a great deal of contribution to breed improvement, laboratory inputs are scarce
for laboratories such as those in Ethiopia. Therefore, it is highly recommended that a small scale

media optimization work is carried out for indigenous breeds before scaling up.

A successful oocyte maturation is a prelude to IVEP, in areas where the more expensive OPU set
up is not available, alternative use of slaughterhouse ovaries must be sought as a source of oocyte
for more detailed maturation and in vitro fertilization studies such as embryo sexing, embryo

freezing, oocyte freezing, oocyte and embryo vitrification.

The fact that breed influences are limited in in vitro oocyte maturation hints a promising fact for
propagation of cross bred animals that are highly needed to meet the demand for replacement

heifers in the newly growing commercial dairying.

33



9. REFERENCE

Abe H, Yamashita S, Satoh T, Hoshi H. (2002). Accumulation of cytoplasmic lipid droplets in
bovine embryos and cryotolerance of embryos developed in different culture systems using

serum-free or serumcontaining media. Mol Reprod Dev, 61:57-66.

Aerts JMJ, Bols PEJ. (2010) Ovarian Follicular Dynamics. A review with Emphasis on the Bovine
Species. Part 1I: Antral Development, Exogenous Influence and Future Prospects. Reprod
Domest Anim. 45:180-187

Aerts, J.M., Bols, P.E. 2010. Ovarian follicular dynamics: a review with emphasis on the bovine
species. Part I: Folliculogenesis and pre-antral follicle development. Reproduction in Domestic
Animals. 45,171- 179.

Aguila, L., Treulen, F., Therrien, J., Felmer, R., Valdivia, M., & Smith, L. C. (2020). Oocyte
Selection for In Vitro Embryo Production in Bovine Species : Noninvasive Approaches for

New Challenges of Oocyte Competence.

Ajduk A, Matagocki A, Maleszewski M. (2008). Cytoplasmic maturation of mammalian oocytes:
development of a mechanism responsible for sperm-induced Ca2+ oscillations. Reprod. Biol.
8:3-22

Ali, S., Lemma, A., Degefa, T., & Jemal, J. (2021). Effect of breed, parity and frequency of
collection on quality and quantity of OPU derived oocytes. 34(November 2020), 88-97.

Alofi, A. A. and Alhimaidi, A. R. (2004). In vitro Maturation (IVM) and Fertilization (IVF) of
Sheep Ova Cultured in Two Different Media. J. King Saud Univ. 16(1): 15-24

Alvarez, P.; Spicer, L.J.; Chase JR., C.C.; Payton, M.E.; Hamilton, T.D.; Stewart, R.E.; Hammond,
A.C.; Olson, T.A.; Wettemann, R.P. (2000).Ovarian and endocrine characteristics during the
estrous cycle in Angus, Brahman and Senepol cows in a subtropical environment. Journal
Animal Science, v.78, n.5, p.1291-1302.

Aragjo, V. R., Gastal, M. O., Figueiredo, J. R., & Gastal, E. L. (2014). In vitro culture of bovine

preantral follicles : a review. 1-14.

34



Arunakumari, G. , R.Vagdevi, B.S. Rao, B.R. Naik, K.S. Naidu, R.V.S. Kumar and V.H. Rao,
(2007). Effect of hormones and growth factors on in vitro development of sheep preantral
follicles. Small Rumin. Res., 70: 93-100.

Ayman H.Abd EI-Aziz,Usman E.Mahrous, Sherief Z.Kamel and Ahmed A.Sabek. (2016). Factors
Influenceing in vitro Production of Bovine Embryo. A Review.Asian Jornal of A nimal and
veterinary Advance,11: 737-736.

Barbosa, A. S., Lopes, G., Fernandes, L., Pires, L., Lar, E., & Agroindustrial, C. (2020). In vitro
performance of Zebu (Bos indicus ) and Taurus ( Bos taurus ) donor cow embryos Desempenho
de vacas doadoras zebuinas (Bos indicus) e taurinas (Bos taurus) na producdo de embrido in
vitro. 1-11.

Bari, F. Y. (2015). Comparison of Culture Media for In Vitro Maturation of Oocytes of Indigenous
Zebu Cows in Bangladesh. 30(4), 327-333.

Batista, E.O.S.; Macedo, G.G.; Sala, R.V.; Ortolan, M.D.D.V.; SA Filho, M.F.; Del Valle, T.A.,
Jesus, E.F.; Lopes, R.N.V.R.; Rennd, F.P.; BAroselli, P.S. (2014).Plasma antimullerian
hormone as a predictor of ovarian antral follicular population in Bos indicus (Nelore) and Bos
taurus (Holstein) heifers. Reproduction in Domestic Animals, v.49, n.3, p.448-452.

Bertolini, M., & Lr, B. (2009). Advances in reproductive technologies in cattle : from artificial
insemination to cloning Avances en biotechnology reproductive en bovinos : de la
insemination artificial a la clonacion. 184-194.

Boni R, Cuomo A, Tosti E. (2002).Developmental potential in bovine oocytes is related to
cumulus- oocyte complex grade, calcium current activity, and calcium stores. Biol Reprod,
66:836—42.

Brevini, T.; Cillo, F.; Antonini, S. and Gandolfi, F. (2007). Cytoplasmic remodeling and the
acquisition of developmental competence in pig oocytes. Animal Reproduction
Science98:23-28.

Byrne AT, Southgate J, Brison DR, Leese HJ. (2002). Regulation of apoptosis in the bovine
blastocyst by insulin and the insulin-like growth factor (IGF) superfamily. Mol Reprod Dev,
62:489-495.

35



Chaudhry, M.A.; Vitalis, T.Z.; Bowen, B.D. et al. (2008).Basal medium composition and serum
or serum replacement concentration influences on the maintenance of murine embryonic stem
cells. Cytotechnologist, v.58, p.173-179.

Crozet, N., & Dubos, M. P. (1994). Developmental competence of goat oocytes from follicles of

different size categories following maturation, fertilization and culture in vitro. 3-8.

CSA, 2020. (2020). Central Statistical Authority of Ethiopia: Report on Livestock and Livestock
Characteristics (Private Peasant Holdings). Il (March).

Degefa Tamrat, Lemma Alemayehu, Tegegne Azage and C R Youngs, (2016a). Effects of genotype
and FSH dose on estrus and ovarian response of Boran and Boran x Holstein Friesian cows

in Ethiopia. Livestock Research for Rural Development, 28(9).

Degefa Tamrat, Lemma Alemayehu, Jemal Jeilu, Mamo Gbremeskel, Tegegne Azage, and C R
Youngs, (2016b). Ovarian follicular dynamics in purebred and crossbred Boran cows in
Ethiopia. African Journal of Biotechnology, Vol. 15(33), pp. 1763-1770, 17 August.

Downs SM, Humpherson PG and Leese HJ (1998) Meiotic induction in cumulus cell-enclosed
mouse oocytes: involvement of the pentose phosphate pathway Biology of Reproduction 58
1084-1094

Deb, G. K., Dey, S. R., Nahar, T. N., Khan, M. Y. A., & Rahman, M. M. (2011). In vitro production

of bovine blastocyst with oocyte collected from abattoir ovary. 31-35.

Dode MAN and Adona PR. (2001). Developmental capacity of Bos indicus oocytes after inhivition
of meiotic resumption by 6-dipethylaminopurine. Anim. Reprod. Sci. 65:171-180.

El-, Ayman. H. A., Mahrous, U. E., Kamel, S. Z., & Sabek, A. A. (2016). Review Article Factors
Influencing in vitro Production of Bovine Embryos : A Review. Asian Journal of Animal and
Veterinary Advances, 11(12), 737-756. https://doi.org/10.3923/ajava.2016.737.756

El-raey, M., & Nagai, T. (2014). Different Aspects of Cattle Oocyte in vitro Maturation : Review
Department of Theriogenology, Faculty of Veterinary Medicine ,. Journal of Reproduction and
Infertility, 5(1), 1-13. https://doi.org/10.5829/idosi.jri.2014.5.1.8397

36



Eppig J. (2018). Oocyte control of ovarian follicular development and function in mammals.
Reproduction2001;122:829-838.http://www.reproduction-online.
org/content/122/6/829.full.pdf. Accessed 17 Aug.

Fair T. (2003).Follicular oocyte growth and acquisition of developmental competence. Anim
Reprod Sci, 78:203-216.

Fan HY, Sun QY. (2004). Involvement of mitogen activated protein kinase cascade during oocyte

maturation and fertilization in mammals. Biol Reprod, 70:535-547.

Ferreira EM, Vireque AA, Adona PR, Meirelles FV, Ferriani RA, Navarro PA. 2009. Cytoplasmic
maturation of bovine oocytes: structural and biochemical modifications and acquisition
of developmental competence. Theriogenology 71:836-848.
Freitas VJF and LM Melo (2010). In vitro embryo production in small ruminants .Revista
Brasileira de Zootecnia 39: 404-413.
Gadisa, M., Furgasa, W., & Duguma, M. (2019). Review on Embryo Transfer and It’s
Application in Animal Production. Asian Journal of Medical Science Research &

Review, 01(01), 4-12. Retrieved from http://ajmsrr.com/index.php/ajmsrr

Galli C, Duchi R, Colleoni S, Lagutina I, Lazzari G. (2014). Ovum pick up, intracytoplasmic sperm
injection and somatic cell nuclear transfer in cattle, buffalo and horses: from the research

laboratory to clinical practice. Theriogenology, 81:138-1351.

Galli C, Duchi R, Crotti G, Turini P, Ponderato N, Colleoni S, Lagutina I, Lazzari G. (2003).
Bovine embryo technologies. Theriogenology, 59:599-616.
Galli, C., G. Crotti, C. Notari, P. Turini, R. Duchi, G. Lazzari (2001): Embryo production by
ovum pick up from live donors. Theriogenology 55, 1341-1357.

Gardner, D. K. (1999). Development of serum-free culture systems for the ruminant embryo
and subsequent assessment of embryo viability. J Reprod Fertil (Suppl 54): 461-475.

Gilchrist, R. B. and Thompson, J. G. (2007). Oocyte maturation: emerging concepts and
technologies to improve developmental potential in vitro. Theriogenology 67:6- 15.

Gordon, 1., (2003). Laboratory production of cattle embryos: Maturing the oocyte, 2th edition,
Cambridge, MA 02138, CABI publishing.

37


http://ajmsrr.com/index.php/

Gstraunthaler, G. (2003) Alternatives to the use of fetal bovine serum: Serum-free cell culture.
ALTEX, 20(4): 275-281.

Hageman LJ. (1999). Influence of the dominant follicle on oocytes from subordinate follicles.
Theriogenology; 51:449-459Hallap T, Haard M, Jaakma U, Larsson B, Rodriguez-
Martinez H. 2004. Variations in quality of frozen- thawed semen from Swedish Red and
White Al sires at 1 and 4 years of age. Intern J Androl;27(3):166- 171

Hasler J.F. (2003). — The current status and future of commercial embryo transfer in cattle.
Anim. Reprod. Sci., 79 (3-4), 245-264.

Hasler J.F. (1998). — The current status of oocyte recovery, in vitro embryo production, and
embryo transfer in domestic animals, with an emphasis on the bovine. J. Anim. Sci., 76
(Suppl. 3), 52-74
Hammed A., Tukur, Riyadh .S, Aljumaah, Ayman, Abdel-Aziz Swelum, Abdullah N Alowaimer
and Islam M. Saadeldin, (2020). Oocyte Development and Its Regulation. J Anim Reprod

Han ZB, Lan CG, Wu YG, Han D, Feng WG, and Wang JZ, Tan JH (2006): Interactive effect of
granulosa cell apoptosis, follicle size, cumulus-oocyte complexes morphology, and cumulus
expansion on the developmental competence of goat oocytes: a study using the well-in-drop
culture system. Reproduction, 132, 749-758. doi: 10.1530/REP-06-0055.

Hashimoto S, Minami N, Yamada M, Imai H, (2000b): Excessive concentration of glucose during
in vitro maturation impairs the developmental competence of bovine oocytes after in vitro
fertilization: relevance to intracellular reactive oxygen species and glutathione contents. Mol
Reprod Dev 56, 520-526.

Helena, M., Cruz, C., Saraiva, N. Z., Ferreira, J., Slade, C., Collado, M. Del, Castro, F. C. De.
(2014). Revista Brasileira de Zootecnia Effect of follicular fluid supplementation during in
vitro maturation on total cell number in bovine blastocysts produced in vitro. 43(3), 120-126.

Hendriksen PJM, Vos PLAM, Steenweg WNM, Bevers MM, Dieleman SJ. (2000). Bovine
follicular developmentand its effect on the in vitro competence of oocytes. Theriogenology, 53:
11-20. 34Hendriksen.

Inoue, A., Akiyama, T., Nagata, M., & Aoki, F. (2007). The Perivitelline Space-Forming Capacity

of Mouse Oocytes is Associated with Meiotic Competence. 53(5).

38



Islam, M. F., Musharraf, M., Bhuiyan, U., Bhattacharjee, J., & Shamsuddin, M. (2007). In vitro

maturation and fertilization of oocytes in zebu cattle. (January).

Jahan N., Ahmed S., Frugue MO., Khandoker MAMY. (2012). Collection, grading and evaluation
of buffalo cumulus-oocyte complexes for in vitro maturation. Bangladesh Journal of Livestock

Research. 18: 1-6.

Jemal, J., Degefa, T., Yilma, T., Ali, S., & Alemayehu, L. (2020). Ovarian follicular dynamics in
Boran and Crossbred heifers in Ethiopia: Implications for assisted reproductive techniques.

Ethiopian Veterinary Journal, 24(2), 54—72. https://doi.org/10.4314/evj.v24i2.4

Jones, A. S. K., & Shikanov, A. (2019). Follicle development as an orchestrated signaling network
in a 3D organoid. 3, 1-12.

Kandil, O.M.T., A.S. Abdoon, T. Otoi and T. Suzuki, (2000). Effect of growth hormone and type
of incubators on cleavage rate and development of in vitro fertilized bovine embryos. J. Egypt.
Vet. Med. Assoc., 60: 43-51.

Kang, S.S, Kim,U.H.,Lee,S.D.,Lee,M.S.,Han,M.H.,Cho,S,R. (2019). Recovery Efficiency of
Cumulus Oocyte Complexes. 300—304.

Karadjole, M., Getz, 1., Samardzija, M., Ma, N., Makek, Z., Karadjole, T., ... Poletto, M. (2010).
The developmental competence of bovine immature oocytes and quality of embryos derived
from slaughterhouse ovaries or live donors by ovum pick up. 80(4), 445-454.

Kimura N, Konno Y, Miyoshi K, Matsumoto H, Sato E (2002): Expression of hyaluronan synthases
and CD44 messenger RNAs in porcine cumulus-oocyte complexes during in vitro maturation.
Biology of Reproduction, 66, 707—717. doi: 10.1095/biolreprod66.3.707

Knight PG, Glister C (2001). Potential local regulatory functions of inhibins, activins and follistatin

in the ovary. Reproduction, 121: 503-512.

Krisher, R.L. (2004).The effect of oocyte quality on development. J. Anim. Sci,82, E14-E23.

39



Lim K, Jang G, Ko K, Lee W, Park H, et al. (2007).Improved in vitro bovine embryo development
and increased efficiency in producing viable calves using defined media. Theriogenology, 67:
293- 302.

Lasiene, K., Lasys, V., Glinskyte, S., & Vitkus, A. (2004). Relevance and methodology for the
morphological  analysis of oocyte quality in IVF and ICSI. 1-13.
https://doi.org/10.1177/205891581100200102

Lojki¢, M., Uvodi¢, S., Getz, 1., Samardzija, M., Aladrovi¢, J., Macesi¢, N. Beni¢, M. (2016).

The influence of follicle size on the developmental kinetics of bovine embryos. Veterinarski
Arhiv, 86(5), 613-622.

Lonergan, P., & Fair, T. (2016). Maturation of Oocytes in Vitro. https://doi.org/10.1146/annurev-
animal-022114-110822

Mahesh, Y. U. (2014). Effect of harvesting technique and presence or absence of corpus luteum
on in vitro development after parthenogenetic activation of oocytes recovered from buffalo
ovaries. 7, 315-320. https://doi.org/10.14202/vetworld.2014.315-320

Mapletoft, R. J., & Hasler, J. F. (2005). Assisted reproductive technologies in cattle : 24(1), 393—

403

Mao L, Lou H, Lou Y, Wang N, Jin F. (2014). Behaviour of cytoplasmic organelles and

cytoskeleton during oocyte maturation. Reprod. Biomed. Online. 28:284-2909.

Maziero, R. R. D. (2014). Control of oocyte maturation.

Mcdowall, M. L. (2004). The Rational Development of Improved In Vitro Maturation of Bovine
Oocytes. (November).

McEvoy TG. (2003). Manipulation of domestic animal embryos and implications for development.
Reprod Dom Anim, 38:268-275.

McLaughlin M, Bromfield JJ, Albertini DF, Telfer EE: (2010).Activin promotes follicular integrity
and oogenesis in cultured pre-antral bovine follicles. Mol Hum Reprod 16:644-653.

Mehmood, A., M. Anwar, S.M.H. Andrabi, M. Afzal and S.M.S. Nagvi, 2011. In vitro maturation
and fertilization of buffalo oocytes: The effect of recovery and maturation methods. Turk. J.
Vet. Anim. Sci., 35: 381-386.

40


https://doi.org/10.1177/205891581100200102

Mohammed, T. (2019). Maturation, Fertilization and Implantation of Cattle Ova Cultured in
Different Media Maturation, (April).

Mayes MA, Sirard MA. Effect of type 3 and type 4 phosphodiesterase inhibitors on the
maintenance of bovine oocytes in meiotic arrest. Biol Reprod. 2002;66:180-4. PMID:
11751280 DOI: http://dx.doi.org/10.1095/biolreprod66.1.180

Natumanya, R., Owiny, O. D., & Kugonza, D. R. (2008). The Potential of Ankole Cattle Abattoir
Ovaries for In Vitro Embryo Production. Ajabs, 3(1).
Neglia, G., Gasparrini, B., Vecchio, D., Boccia, L., Varricchio, E., Di, R., Campanile, G. (2011).
Long term effect of Ovum Pick-up in Dbuffalo species. 123, 180-186.
https://doi.org/10.1016/j.anireprosci.2011.01.011

Nevoral, J., Klein, P., & Petr, J. (2015). Cumulus Cell Expansion , Its Role in Oocyte Biology and
Perspectives of Measurement : A Review cumulus cell expansion , its role in oocyte biology

and perspectives of measurement : (December 2014). https://doi.org/10.1515/sab-2015-0002

Palma, G. A,, Arga, M. E., Barrera, A. D., Rodler, D., Angel, A., & Sinowatz, F. (2012). The
cientific WorldJOURNAL Review Article Biology and Biotechnology of Follicle Development.
2012(Figure 1). https://doi.org/10.1100/2012/938138

Paul, M. (2019). Effect of cumulus oocyte complex morphology on in vitro maturation of bovine

oocytes *. (January).

Paulini, F., Silva, R. C., Luiz, J., Paula, J. De, & Lucci, C. M. (2014). Ultrastructural changes in
oocytes during folliculogenesis in domestic mammals. 1-12.

Pellerano, G., Gasparrini, B., Crudeli, G., Zicarelli, L., Fontana, S., Brandan, N., Zicarelli, L.
(2016). Ovum pick-up and in vitro production technology in field conditions in the North East
of Argentina Ovum pick-up and in vitro production technology in field conditions in the North
East of Argentina. https://doi.org/10.4081/ijas.2007.52.743

Picton HM. (2001).Activation of follicle development: the primordial follicle. Theriogenology;
55:1193-210.

41



Pryor, J. H., Hasler, J. F., Strabech, L., Avery, B., Hashem, N., Menges, S., Looney, C. R. (2016).
86 Improved Bovine Embryo Production Using Novel in Vitro Culture Systems. Reproduction,
Fertility and Development, 28(2), 172. https://doi.org/10.1071/rdv28n2ab86

Puri, G., Chaudhary, S. S., Singh, V. K., & Sharma, A. K. (2015). Effects of fetal bovine serum
and estrus buffalo serum on maturation of buffalo ( Bubalus bubalis ) oocytes in vitro. 8.
https://doi.org/10.14202/vetworld.2015.143-146.

Rahman, M., M, Morshed, S., Juyeana and M... U. Bhuiyan. M. (2018). Determination of an
effective media and its hormone and protein. 16, 45-51.

Rajesh, S. Jaiswal. (2007). Regulation of follicular wave pattern in cattle. (August).

Ravindranatha, B. M., Nandi, S., GUPTA, P., & Sarma, P. V. (2001). Comparison of three
different media on maturation of buffalo oocytes in vitro. The Indian Journal of Animal
Sciences, 71(9).

Rodriguez-Martinez, H. (2012). Assisted Reproductive Techniques for Cattle Breeding in

Developing Countries : A Critical Appraisal of Their Value and Limitations. (47), 21-26

Rizos D, Ward F, Duffy P, Boland MP, Lonergan P. (2002).Consequences of bovine oocyte

maturation, fertilization or early embryo development in vitro versus in vivo: implications

Rosales-torres, A. M., & Gutierrez, C. G. (2015). Follicular development in domestic ruminants.

(January).

Rose, B. I, & Laky, D. (2013). Polar body fragmentation in VM oocytes is associated with
impaired fertilization and embryo development. 679-682. https://doi.org/10.1007/s10815-013-
9982-4

Roushandeh, A.M., M.H.N Mooghahi, P. Pasbakhsh, A.Abddvahabi,M. Akbari, A.Shokrgozar and
A.Sobhani, (2006). Effect of cysteamine on the rate of in vitro maturation of oocytes in two
media. Acta Medica Iranica, 44(3): 167-171.

Saadeldin, 1. M. (2020). Oocyte Development and Its Regulation. 2-11.

42


https://doi.org/10.1007/s10815-013-9982-4
https://doi.org/10.1007/s10815-013-9982-4

Sen, U., Kuran, M.(2018). Low incubation temperature successfully supports the in vitro bovine

oocyte maturation and subsequent development of embryos. 31(6), 827-834.

Sakhong, D., Vongpralub, T., Katawatin, S., & Sirisathien, S. (2012). Ultrasound-guided
transvaginal follicular aspiration and development of vitrified-thawed thai indigenous beef
cattle (bos indicus) oocytes after in vitro fertilization. Thai Journal of Veterinary Medicine,
42(4), 509-516.

Salustri, A., Camaioni, A., Di Giacomo, M., Fulop, C., & Hascall, V. C. (1999). Hyaluronan and
proteoglycans in ovarian follicles. Human Reproduction Update, 5(4), 293-301.
https://doi.org/10.1093/humupd/5.4.293

Santos R, Soto MAB, Lourengo RX, Stranieri P, Bishop W, Accorsi MF, Watanabe MR, Dayan
A, Watanabe YF. (2005).Follicular aspiration in Nelore. Case of high number of oocytes
recovered. In: XVI Congresso Brasileiro de Reprodugdo Animal, Goiania, GO, Brazil

Shabankareh, H. K.( 2014). Developmental competence of bovine oocytes selected based on
follicle size and using the brilliant cresyl blue (BCB) test. 12(11), 771-778.

Shirazi, A., Ardali, M. A., Ahmadi, E., Nazari, H., Mamuee, M., & Heidari, B. (2012). The effect
of macromolecule source and type of media during in vitro maturation of sheep oocytes on

subsequent embryo development. Journal of Reproduction and Infertility, 13(1), 13-19.

Shrikant, K., Sarvadnya, G., & Satish, K. B. (2020). Comparison of the Efficacy of Serum
Gonadotrophin , Estrodiol- 17 , Estrous Buffalo Serum and Buffalo Follicular Fluid
Supplementation on invitro Cytoplasmic Maturation Rate of Buffalo Oocytes. 9(2), 1919—
1931.

Silva-Santos, K. C., Santos, G. M. G, Siloto, L. S., Hertel, M. F., Andrade, E. R., Rubin, M. I. B,,
Seneda, M. M. (2011). Estimate of the population of preantral follicles in the ovaries of Bos
taurus indicus and Bos taurus taurus cattle. Theriogenology, 76(6), 1051-1057.
https://doi.org/10.1016/j.theriogenology.2011.05.008

43



Sirard MA, Richard F, Blondin P, Robert C, 2006: Contribution of the oocyte to embryo
quality. Theriogenology 65, 126— 136

Sonjaya, H, and Hasbi, H (2019). Potential of embrio production techniques in vitro for improving
bali cattle seed stock Potential of embrio production techniques in vitro for improving bali
cattle seed stock. https://doi.org/10.1088/1755-1315/247/1/012001

Sonjaya, H., Yusuf, M., Hamdana, A., Rf, U., Gustina, S., & Hasbi, H. (2017). Effect of Bali
Cattle Ovarian Status on Oocytes Nuclear Maturation and In Vitro Fertilization Rate.
(lvm), 173-178.

WI, S., Sonowal, J., & Barua, P. (2018). Recovery of bovine oocytes in respect of quality and
quantity by using different techniques Recovery of bovine oocytes in respect of quality and
quantity by using different techniques. (January).

Sutton ML, Gilchrist RB, Thompson JG (Update 2003). Effects of in-vivo and in-vitro

environments on the metabolism of the cumulus-oocyte complex and its influence on oocyte

developmental capacity. Human Reproduction; 9:35-48.

Sybrand, J. (2003). Factors affecting the outcome of in vitro bovine embryo production using ovum

pick-up-derived cumulus oocyte complexes. Theriogenology; 59:651-674.

Thompson JG. (2000). In vitro culture and embryo metabolism of cattle and sheep embryos a
decade of achievement. Anim Reprod Sci, 60/61:263-275.
https://doi.org/10.5455/vetworld.2012.301-310

Van Soom, A., S. Tanghe, I. De Pauw, D. Maes and A. DeKruif, (2002). Function of the
cumulus oophorus before and during mammalian fertilization. Reprod Domest Anim,
37(3): 144-151.

Verma, O. P., Kumar, R., Kumar, A., & Chand, S. (2012). Assisted Reproductive Techniques

in Farm Animal - From Artificial Insemination to Nano biotechnology. 5(5), 301-310.

Vijayalakshmi, Kulkarni, S., Sathisha, K., Yathish, H., Girish, M., Kumar, G. N., Kartikesh, S.
(2020). Effect of Alpha-Tocopherol Supplementation in TCM199 Medium on In Vitro
Maturation and Cleavage of Buffalo Oocytes. The Indian Journal of Veterinary Sciences and
Biotechnology, 15(04), 66—70. https://doi.org/10.21887/ijvsbt.15.4.14

44



Viveiros MM and Fuente RDL. (2019). Regulation of mammalian oocyte maturation. In:
Leung PCK and Adashi EY (Eds.), the Ovary. Academic Press, London, pp. 165-180.
Wang Q, Sun QY. (2007).Evaluation of oocyte quality: morphological, cellular and
molecular predictors. Reprod Fertil Dev, 19:1-12
Ward, F. A., P. Lonergan, B. P. Enright, and M. P. Boland. (2000). Factors affecting recovery
and quality of oocytes for bovine embryo production in vitro using ovum pick-up
technology. Theriogenology 54:433-446.
Wassermann PM (2008) Zona pellucida glycoproteins. J Biol Chem 283: 24285— 24289

Watson AJ. (2007). Oocyte cytoplasmic maturation: a key mediator of oocyte and embryo

developmental competence. J. Anim. Sci. 85(13 Suppl):E1-E3.

Webb, R., Garnsworthy, P.C., Gong, J.G., Armstrong, D.G. (2004). Control of follicular growth:
local interactions and nutritional influences. Journal of Animal Science. 82,E63-E74.

Wrenzycki, C., & Stinshoff, H. (2013). Maturation Environment and Impact on Subsequent
Developmental Competence of Bovine Oocytes. 48, 38—43. https://doi.org/10.1111/rda.12204

Zheng, P., (2007). Effects of in vitro maturation of monkey oocytes on their developmental
capacity. Anim. Reprod. Sci., 98(1-2): 56-71.

Zhou, H. X., Ma, Y. Z., Liu, Y. L., Chen, Y., Zhou, C. J.,, Wu, S. N, ... Liang, C. G. (2014).

Assessment of mouse germinal vesicle stage oocyte quality by evaluating the cumulus layer,

45



ANNEX |. Media preparation and COCs searching during experiment

46



