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ABSTRACT

The Ovum Pick-Up (OPU) technique, which is used in in vitro embryo production (IVP) to
retrieve immature oocytes from live donor animals, is one of the most important
biotechnological procedures used in cattle breeding. The most important advantage of
this technology is that it allows for the reproducible retrieval of immature oocytes from
living donor animals. It is particularly useful in dairy cattle breeding to address infertility
issues and boost the production of superior animals with high genetic value. The OPU
technique offers several advantages, including its applicability to cows ranging from six-
month-old calves to the first three months of pregnancy, its effectiveness in animals with
genital tract infection or acyclic cattle, and its ability to yield a higher number of embryos
within the same period compared to the Multiple Ovulation and Embryo Transfer
(MOET) technique. Understanding and improving the technical and biological factors
influencing the OPU procedure is necessary to increase and optimize donor animal use in
IVP and the number of quality oocytes obtained. This review aims to examine the
specifics of the OPU approach and the factors influencing its performance in light of
contemporary literature, as well as to propose fresh ideas to researchers.
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Introduction

Pieterse et al. (1988) pioneered the technique of
transvaginal ultrasonography-guided follicular
aspiration from live donor bovine ovaries in the late
1980s. This technique was initially used in cows who
did not respond to superovulation (Kruip et al., 1994;
Looney et al.,, 1994). The OPU technique aims to
produce a large number of high-yielding calves while
shortening the generation gap by using oocytes
acquired repeatedly from the ovaries of heifers with
high genetic value (Pieterse et al., 1991).

In 2020, in vitro embryo production (IVP) produced
79.7% of all embryos transplanted worldwide.
Additionally, 71.2% of the embryos obtained from IVP
were obtained with OPU. This increase in IVP is
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attributed to OPU (Viana, 2021 and 2022).

Two methods are primarily used as oocyte sources
in in vitro embryo production. Transvaginal
ultrasonography-guided follicular aspiration technique
in live donor animals is one of these approaches, while
postmortem follicular aspiration from slaughterhouse
material is another (Galli et al., 2014; Ferré et al.,
2019). OPU is a non-invasive and reproducible
approach for retrieving large numbers of immature
oocytes from the antral follicles of live donor animals
(Choudhary et al.,, 2016; Watanabe et al.,, 2017,
Cizmeci, 2022). OPU/IVP devices can extract 3-8 mm
diameter follicles from the ovaries of calves, heifers,
and even pregnant animals. The OPU procedure offers
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the only alternative for obtaining cumulus-oocyte
complex (COC) from pregnant animals (Aller et al,,
2012; Ferré et al., 2019). OPU does not disrupt the
reproductive cycle of the donor. It can be performed
successfully at any time, regardless of the donor's
reproductive state. It can be repeated at regular
intervals (every 1-2 weeks). It causes the least amount
of stress for the donor animal. Additionally, each
application has a reduced cost. An immense amount of
oocytes can be fertilized in vitro (IVF) with a single
straw spermatozoa. It allows the use of several
premium bull semen and sexed spermatozoa. It
enables dominant follicle ablation (DFR). With OPU,
more transplantable embryos can be obtained from
each donor monthly (Qi et al.,, 2013; Boni, 2012;
Choudhary, 2016; Kimble, 2020). Unlike oocytes taken
from ovaries collected at a slaughterhouse, the genetic
characteristics and health state of the donor are
known in OPU oocytes. Furthermore, the OPU
procedure is a promising technique that can be
included in programs for animal breeding that use
endangered breeds (Bors et al., 2018).

Retrieving oocytes from the ovaries of donor animals
by OPU technique has brought a new perspective to
assisted reproductive techniques and made it possible
to use donor animals with greater genetic potential for
IVP for many years (Bols and Stout, 2018).

Factors influencing ovum pick-up technique results

The final outcome of the OPU technique is affected by
two main factors: technical and biological factors.
Technical factors influencing the success of the OPU
technique include aspiration pressure, the type and
frequency of the ultrasound device, aspiration needle
characteristics, and operator experience. Biological
factors influencing the success of OPU include
individual differences among donors, breed, age,
health status, body condition score (BCS) and
nutrition, as well as aspiration frequency and
superstimulation. In OPU programs, the generation of
embryos also requires specialized laboratory support
(Galli et al., 2014; Da Silva et al., 2016; Lopez, 2020).

Aspiration pressure value

The aspiration pressure in the OPU mechanism
depends on the aspiration pump, the length and
diameter of the tube used, the size and type of the
collection tube, and the diameter of the aspiration
needle. By adjusting the aspiration needle's width, the
rate of liquid aspiration can be increased up to three
times while maintaining the same aspiration pump
pressure. Although high aspiration pressure increases
the number of oocytes collected, it is stated that high
aspiration pressure (70-130 mm/Hg) reduces the rate
of oocytes with cumulus cells. It is suggested that low

aspiration pressure increases the rate of reaching the
blastocyst by increasing the rate of cumulus cell
oocytes (Bols et al., 1996; Fry et al., 1996; Ward et al.,
2000; Loépez, 2020). The value of the aspiration
pressure may damage the cumulus-oocyte complex.
Following follicle aspiration, the morphology of the
COCs should be assessed when experimenting with
various aspiration pressures and needle sizes. As a
result, it is possible to identify the aspiration pressure
range or threshold value that will limit harm to the
aspirated COCs. This technique can be used in systems
using disposable injection needles to calibrate in vitro
(Bols et al., 1996).

Resolution of the ultrasound devices and features of
the probes

Using ultrasonography, the follicles must be readily
visible during the OPU procedure. The follicles are
aspirated with the least harm to the donor and the
COCs when clearly visible in the ovary. Research has
shown that the ultrasonic screen's resolution and
probe characteristics significantly impact the number
of oocytes retrieved and minimize needless ovarian
tissue damage (Bols et al., 2004; Cizmeci, 2022). For
the operator to see the follicles and other ovarian
structures in the ovary as clearly as possible, it is
advised that high frequencies (6-8 MHz) be used (Da
Silva et al. 2016; Lopez 2020). New ultrasound devices
even show follicles with tiny diameters (2-3 mm),
which are not suitable for oocyte retrieval. Although
sector probes are the most commonly used in OPU
systems, linear probes can also be used. There is no
statistical difference between sector and linear probes
in terms of oocyte number and quality, although the
sector probe visualizes tiny follicles better than the
linear probe. The linear probe, on the other hand,
restricts ovary movement to a rotation along its
longitudinal axis and hence cannot observe the ovary's
outside margins. (Bols et al., 2004; Lépez, 2020).

Aspiration needle diameter and type

The sharp aspiration needle is the most essential
technical aspect influencing a successful OPU
application (Seneda et al.,, 2001; Singh et al.,, 2003;
Bols et al., 2004). Previously, operators used needles
that were 50-60 cm long and had an outside diameter
of 1-1.5 mm (Looney et al., 1994). The main downside
of these needles is that they lose their sharpness
rapidly and cannot be re-sharpened to their previous
sharpness. Furthermore, these long, non-disposable
needles are rather costly. Alternative OPU systems
that use disposable 18-gauge (1.02 mm) epidural
needles or subcutaneous injection needles that are
somewhat less expensive have been developed (Rath,
1993; Bols et al.,, 1995). These needles have the
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advantage of being sterile and available in various
sizes and lengths (Bols and Stout, 2018).

It has been reported that using needles with a
diameter of less than 18 g in OPU systems results in a
higher number and quality of oocytes. The oocytes are
separated from the surrounding cumulus cells because
they move quicker than the cumulus cells due to the
use of large-diameter needles. Furthermore, the use of
large diameter needles causes more damage to the
ovary. Damage causes an increase in blood aspiration.
The use of needles with tiny diameters (more than 21
g) decreases the aspiration rate, increasing the
amount of oocytes lost. As a result, 18-20 g aspiration
needle sizes are recommended (Bols et al., 1996; Da
Silva et al., 2016; Lépez, 2020).

The optimal needle length is thought to be between
40 and 75 mm. Aspiration needles 40 mm long require
extensive manipulation during follicular aspiration
because they cannot reach all follicles from the
perforated area of the ovary. When aspiration needles
longer than 75 mm are used for follicular aspiration,
they are flexible and easily bend (Lépez, 2020).

The curve of the needle tip, on the other hand,
influences the fraction of oocytes with compact
cumulus cells. There are two types of needle tips
available on the market: short and long conical, and it
has been reported that using a long conical needle
enhances oocyte yield (Bols, 1997).

OPU session application frequency

The OPU technique is highly reproducible (Pieterse et
al.,, 1991; Watanabe et al., 2017). The frequency and
duration of the OPU session used on the donor animal,
on the other hand, influences the quality and number
of oocytes retrieved (Nolan et al., 1998; Merton et al.,
2003; McEvoy et al., 2006). Although a 3- or 4-day
delay between two OPU treatments has been shown
to give fewer COCs than a 7-day interval, a 3-day
interval has also been shown to yield better quality
COCs and a higher blastocyst rate. This is because the
dominant follicle (DF), which arises roughly three days
after the OPU treatment, suppresses the development
of other follicles. The number of oocytes collected per
session does not differ between the OPU program
performed at 3 and 4-day intervals, which is often
used, and the OPU program performed at 2 and 5-day
intervals (Merton et al., 2003; Sirard, 2012; Lépez,
2020).

Donor animal’s diet

The donor's diet influences follicular development and
ovulation through its role in the hypothalamus-
pituitary-gonadal axis (Armstrong et al., 2003).
Negative energy balance in cattle negatively affects
pre-ovulatory follicle diameters and follicular

development (Armstrong et al., 2001). Malnutrition
has negative effects on the in vitro developmental
competence and blastocyst rate of oocytes retrieved
from the donor animal (Dominguez, 1995, Ruiz et al.,
1996). Furthermore, a correlation has been noted
between an increase in BCS and an increase in the
developmental capacity of the oocyte (Dominguez,
1995). Conversely, low BCS in the donor animal due to
malnutrition has a negative impact on the blastocyst
rate and the ability of the resulting oocytes to grow in
vitro (Bols and Stout, 2018; Lépez, 2020). It has been
noted that moderate to high BCS is linked to the
negative effects of excessive calorie intake (Sartori et
al.,, 2017). Furthermore, prolonged hyperinsulinemia
decreases the ovaries' sensitivity to gonadotropins and
oocyte quality, even though high energy intake raises
blood sugar, insulin, and insulin-like growth factor-1
(IGF-1) concentrations (Diskin et al., 2003; Bender et
al., 2014; Sales et al., 2015).

Donor animal species

Depending on the breed of the animal, the AFC in the
ovaries of cattle receiving repeated OPU treatments
differs (Goodhand et al., 1999; Viana et al., 2010). Bos
taurus and Bos indicus cow breeds vary considerably in
the number of follicular waves, the diameter of the DF,
and the rate of follicle development (Figueiredo et al.
1997; B6 et al. 2003). The quantity of oocytes
extracted from each OPU varies significantly between
breeds, according to several research groups (Pontes
et al., 2010; Gimenes et al., 2015). It has been noted
that compared to cattle of the Bos taurus breed, the
number of follicular waves and the AFC that occur
during the follicular wave in Bos indicus breed cattle
are higher. Oocytes from Bos indicus cow breeds are
obtained in greater quantities as a result of this
circumstance (Watanabe et al. 2017; B6 et al. 2019).

In cattle of the Bos taurus species, the average number
of oocytes recovered per OPU treatment is 4-14,
whereas in the cattle of the Bos indicus species, it is 18
—25 (Thibier, 2004; Rubin et al., 2005; Martins et al.,
2007; Pontes et al., 2011). According to Sartori et al.
(2010a), the average AFC in the ovaries of Bos taurus
cattle is twice that of Bos indicus cattle. Breed-related
variations in circulating insulin, IGF-1, and cholesterol
are thought to be connected to this (Alvarez et al.,
2000; Sartori et al., 2010b and 2018a).

Because of their larger AFC, superior oocyte quality,
and greater sensitivity to gonadotropic hormones, Bos
indicus breed cattle have substantially more
economical IVP than Bos taurus breed cattle (Sartori et
al., 2018b).

Donor animal age
Many eligible donor animals, ranging from 6-month-
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old calves to 3-month-old pregnant cows, can be used
with the OPU approach (Aller et al., 2012; Ferré et al.,
2019). Because the follicular reserve in the ovaries of
five-year-old cows declines, the age of the cattle must
be considered in IVP (Cushman et al.,, 2009). It is
reported that the blastocyst rate of oocytes collected
from donors aged one to three years is higher than
that of older donors (Ali et al., 2021).

This is significant because genetic development can
be expedited by retrieving oocytes from prepubertal
calves and decreasing the intergenerational period
(Landry et al., 2016; Ciftgi, 2022; Cizmeci, 2022). The
developmental competence of oocytes retrieved from
calves less than six months old, on the other hand, is
poorer (Duby et al., 1996; Ax et al., 2005). It has been
reported that the number of small to medium-sized
follicles and the total number of follicles aspirated
after ovarian stimulation are higher in young Bos
taurus breed donors compared to cyclic donor cattle.
Although in vitro maturation produces more COCs,
young animals produce less blastocysts than cyclic
cows (Landry et al., 2016; Baldassarre et al., 2018;
Zacarias et al. 2018; Seneda et al., 2020). It has also
been observed that IVP efficiency is higher in heifers of
Holstein breed donors than in lactating cows (Ferreira
et al. 2011; Ali et al., 2021).

The OPU procedure in calves is dependent on the
pelvic size to accommodate the vaginal probe. Oocytes
can be acquired with the OPU technique in Holstein
breed heifers at the age of 6-9 months, depending on
the size of the probe used (Bols, 1999; Bols and Stout,
2018).

Heat stress and season

Heat stress during follicle development in cattle has
been shown to affect oocyte quality and embryo
development by preventing follicular dominance (Qi et
al., 2013). It is suggested that the negative effects of
heat stress on fertility lower oocyte quality in a short
period of time by causing problems such as the small
diameter of the DF of follicular waves, inadequate
dominance formation, and an increase in the number
of large-diameter follicles (Cizmeci, 2022). Heat stress
has been shown to reduce the developmental ability
of oocytes retrieved from both OPU and
slaughterhouse material. During the summer months,
the quality of bovine oocytes decreases, and the lipid
composition of oocyte membranes varies (Al-Katanani
et al.,, 2002; Takuma et al., 2010; Boni, 2012; Lopez,
2020). According to Roth et al. (2001), the quality of
oocytes acquired at the beginning of autumn is low
and gradually improves as winter approaches. Heat
stress has been shown to disrupt the GnRH release
mechanism from the hypothalamus, resulting in lower

levels of FSH and LH in the bloodstream, which
negatively affects follicle selection and development
and reduces oocyte quality (De Rensis and Scaramuzzi,
2003; Camargo et al.,, 2006; De Rensis et al., 2021;
Cizmeci et al., 2022).

Follicular wave synchronization

It has been shown that follicular development in the
bovine ovary occurs in waves and that two or three
follicular waves are often seen in a single estrous
cycle. (Adams and Pierson, 1995; Adams, 1999; Sirard,
2018). On random days of the estrous cycle, follicles
with a diameter of at least 2 mm are aspirated in
several OPU/IVP protocols (Pontes et al., 2011; Dos
Santos et al.,, 2016). Oocyte quality, oocyte growth
rate, and IVP are all affected by the time of the estrous
cycle during follicle aspiration (Seneda et al., 2001;
Hendriksen et al., 2004; Camargo et al., 2006). It has
been discovered that oocytes aspirated on the fourth,
fourteenth, and eighteenth days after ovulation of the
estrous cycle yield a greater rate of blastocysts
(Gonjalves et al.,, 2022). It has been observed that
more and higher quality oocytes are retrieved during
the recruitment phase when the DF does not develop
due to follicular atresia. It has also been reported that
oocytes retrieved at this stage are more likely to reach
the blastocyst (Bacelar et al., 2010; Gimenes et al.,
2015; Ongaratto et al., 2015). The synchronization of
the follicular wave in donor animals makes the follicles
more homogenous in terms of diameter and
developmental stage, allowing for the retrieval of
higher-quality oocytes. Synchronizing the follicular
wave before OPU has been shown to boost the
number of embryos generated and pregnancy rates
after the transfer. The estrous cycle of cattle and the
physiology of the follicular wave ensure that follicular
waves are synchronized before the OPU. As a result,
follicular wave synchronization can be used to improve
IVP findings prior to OPU (Cavalieri et al., 2018; Seneda
et al., 2020). Follicular dynamics in the estrous cycle in
cattle can be manipulated with exogenous
gonadotropin applications (Aerts and Bols, 2010). A
follicular wave has been observed in cattle
approximately 36 hours following gonadotropin
application (Bergfelt et al., 1994 and 1997; Ongaratto
et al., 2015).

The goal of administering PGF2a four days before
OPU is to ensure CL regression. In the absence of CL,
follicular visibility and puncturing are easier, vascular
perfusion reduces, and thus, the number of COCs
collected increases (Bacelar et al., 2010; Ongaratto et
al., 2015; da Silva et al., 2017). However, oocyte
quality has been found to decline as a result of a
decrease in plasma P4 concentration by inducing
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luteolysis prior to OPU (Nasser et al., 2011). It has
been shown that adding P4 to the treatment protocol
in dairy cows that receive superstimulation during the
first follicular wave improves embryo quality (Rivera et
al., 2011).

GnRH stimulation 48 hours before OPU in the early
lactation phase improves embryo production efficiency
in Holstein breed donors. Furthermore, it has been
found that EB stimulation of donor cattle enhances the
effectiveness of embryo formation in OPU-IVP
technology. In cow studies, it has been shown that
those who received EB application had higher levels of
AFC and COCs than those who had GnRH stimulation
(Ogata et al., 2015; Cavalieri et al., 2018; Hidaka et al.,
2018).

Nonhormonal application and superstimulation

The OPU approach is a non-invasive, reproducible
procedure that can be performed with or without
hormonal stimulation (Watanabe et al., 2017,
Wrenzycki, 2018). Once or twice a week, two distinct
OPU procedures, with or without hormonal
stimulation before OPU, might be applied (Chaubal et
al., 2007). There is no stimulation in the standard OPU
procedure, and OPU can be applied to each donor
animal twice a week. It has been found that OPU
application twice a week delivers the largest amount
of oocytes of adequate quality when compared to OPU
application once a week. This is because all observable
follicles are aspirated, preventing the DF from growing
and inhibiting the growth of other follicles. Thus, there
is no need for ablation (DFR) of the DF. (Qi et al., 2013;
Cizmeci 2022). OPU application twice a week can
achieve 130 embryos every year, resulting in the
delivery of 70 calves (Merton et al., 2003).

The second method is the application of hormones
called  "Superstimulation". The  purpose  of
superstimulation is to increase the number of oocytes
available for aspiration per OPU administration. The
number of oocytes retrieved from superior cows can
be enhanced by using exogenous gonadotropins and
managing follicular dynamics. Equine chorionic
gonadotropin (eCG), pituitary extracts from pigs and
sheep, and human menopausal gonadotropin (hMG)
are all used for superstimulation in cattle (Mapletoft et
al., 2002; Aerts and Bols, 2010). Due to variations in
properties such as half-lives and LH secretion, a variety
of protocols have been developed for superstimulation
with these hormones. Changes in the dosage and
timing of gonadotropins are necessary because the
primary goal of pre-OPU superstimulation is to
generate more follicles rather than multiple ovulation
(Bols and Stout, 2018). Numerous techniques have
been tested for this aim, including lowering the

amount of FSH and dissolving it in various polymers,
using a single dosage of FSH in pre-OPU
superstimulation protocols, and using different
application routes (Chaubal et al., 2007; Ongaratto et
al., 2010; Vieira et al., 2016). Applying exogenous FSH
to donor cattle can enhance the quantity and quality
of oocytes retrieved with OPU in cattle. This temporary
increase in serum FSH concentration can delay the
development of the DF, atresia of the subordinate
follicles, and the increase in the size of the ovarian
follicles, making them suitable for OPU (Ongaratto et
al., 2015 and 2020; Fernandes et al., 2020; Cift¢i and
Ding, 2023). One of the major parameters for
increasing the effectiveness of IVP systems is the
diameter of the follicles in the ovary during OPU
(Vassena et al., 2003). FSH treatment before OPU can
improve the number of medium and big follicles as
well as the effectiveness of OPU-IVP (B6 et al., 2019;
de Carvalho et al., 2019; Ongaratto et al., 2020; Ciftci
and Ding, 2023). However, the response to exogenous
FSH can be affected by factors such as the change in
the applied FSH concentration, breed, application
method, application frequency, and the interaction of
FSH with LH (Sartori et al., 2010a; Zacarias et al., 2018;
Kaya et al., 2018; Fernandes et al., 2020). It is reported
that FSH treatment and regimen, although it increases
the number of medium-sized follicles (4-6 mm), has no
effect on the quality and number of oocytes obtained.
It has been shown that dividing the FSH regimen into 7
days rather than 4 reduces the number of small antral
follicles (1-5 mm) while increasing the number of large
antral follicles (>9 mm) (Mapletoft et al., 2015).

More AFC, COCs, and embryos can be obtained with
superstimulation. Long-term exogenous hormone use,
on the other hand, may alter the donor's hormonal
condition and result in infertility. Additionally, the
response of other donors to hormone stimulation may
differ. As a result, it has been observed that short-term
hormonal stimulation is beneficial (Qi et al.,, 2013;
Vieira et al., 2014). In donors with low AFC, AFC can
often be raised using FSH-LH combinations or eCG.
These hormones are usually used in ET programs.
Because the primary goal of pre-OPU superstimulation
is to produce more follicles rather than to ensure
multiple ovulation, the dose and timing of the
treatment are critical (De Rover et al., 2008; Bols and
Stout, 2018).

Because of the low number of oocytes retrieved
each OPU session from Holstein cattle, follicular wave
synchronization becomes necessary. As a result, it has
been reported that FSH superstimulation is essential
to increase embryo production (Demetrio et al., 2020).
In Holstein breed donors without hormonal
stimulation, 4-5 quality oocytes are retrieved each
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OPU session, but up to 20 are obtained in those with
hormonal stimulation (de Loos et al., 1989; Hasler,
1998; Bols et al., 2005; Vieira et al., 2014 and 2016). It
has also been shown that the average number of
aspirated follicles, COCs, and embryos is higher in
superstimulated animals than in non-stimulated
animals (Chaubal et al., 2007; De Roover et al., 2008).
Prolonged stimulation of the ovaries following a single
eCG injection causes problems for practitioners all
around the world (Bo and Mapletoft, 2014). The half-
life of eCG in the cow is 40 hours, and it can stay in the
bloodstream for up to 10 days (Murphy and Martinuk,
1991). Consequently, eCG's extended half-life results
in persistent ovarian stimulation, non-ovulated
follicles, abnormal endocrine profiles, and poor
embryo quality (Kruip et al., 1984; Aller et al., 2012).
However, Ribas et al. (2018) found that using 800 IU
eCG before OPU increased the rate of follicles >6 mm
in diameter and that the oocytes obtained from these
follicles had a higher fertilization rate that supported
the first embryonic development, and that this was an
alternative protocol for ovarian superstimulation
before OPU.

Coasting, or ovarian stimulation followed by a
gonadotropin-free rest interval, has been proven to be
a successful regimen for producing higher quality
oocytes and improving blastocyst output in cattle. The
coasting process is described as depriving cows of FSH
for 36-48 hours prior to OPU. In other words, the time
between the last FSH application and OPU is referred
to as partial in vivo prematurity. Coasting is achievable
in FSH-stimulated cows by ceasing FSH application 36-
48 hours before OPU, but it is not possible in eCG-
stimulated cows due to the extended half-life.
Coasting in ovarian stimulation regimens has been
shown to increase blastocyst output in cyclic cows by
up to 80% (Blondin, 2002; Nivet et al., 2012; Landry et
al., 2016; da Silva et al., 2017).

Dominant follicle ablation (DFR)

When a DF is absent or eliminated at the start of
superstimulation, the overall number of oocytes and
live embryos increases significantly when compared to
the outcomes of superstimulation in the presence of a
DF (Merton et al., 2003). The sensitivity of the ovaries
to superstimulation differs greatly between donors
(Looney, 1986). Ablation of the DF or hormonal
treatments can be used to optimize the
superstimulation response and increase the number of
antral follicles. The DF in the ovary suppresses
follicular development by stimulating the release of
inhibin and estradiol (Aerts and Bols, 2010). It has
been observed that the presence of a DF lowers the in
vitro developmental competency of oocytes produced
from subordinate follicles (Hendriksen et al., 2004).

DFR is typically applied 48 hours before the OPU
session. DFR causes an increase in FSH to begin within
12 hours and a new follicular wave to start within 24
hours. It is also claimed that DFR is as effective as
protocols combining progesterone and estradiol in
follicular wave synchronization for superstimulation in
cattle (B6 and Mapletoft, 2014; Adams and Singh,
2021; Cizmeci 2022).

Reproductive health of the donor animal

OPU induces both short- and long-term alterations in
donors' ovaries and vagina. The vaginal fornix can be
perforated up to 48-72 hours after puncture (Da Silva
et al., 2016). According to one study, although bruising
was found in the perivaginal area, this did not cause
significant harm to the donor (Viana et al., 2003). It
has also been noted that needle puncture can cause
vaginal tears or pathogen contamination (Younis et al.,
1997; Cho et al., 2004). Adhesions and fibrosis can be
seen in cow ovaries, particularly those subjected to
conventional OPU treatments over an extended period
(Da Silva et al., 2016). The frequency and high number
of repeated OPU sessions result in the formation of an
abnormally large amount of fibrous connective tissue
in the tunica albuginea and ovarian stroma (Viana et
al., 2003; McEvoy et al., 2006; Cizmeci, 2022). Many
researchers, however, have reported that ovarian
tissue is resistant to sclerosis. It has been reported
that cattle can tolerate the follicular puncture process,
which disrupts ovarian surfaces and significantly
changes tissue dynamics (McEvoy et al., 2002; Bogh et
al., 2003). The OPU technique can be applied to the
same donor animals for 4-5 months without significant
complications (Kruip et al., 1994; Petyim et al., 2007;
Lépez, 2020). In the ovaries of donor animals treated
with OPU, connective tissue formation, inflammatory
cell infiltration, and the presence of luteal tissue
scattered in the stroma may occur (Viana et al. 2003;
Lépez 2020).

The use of epidural anesthetic on donor animals is
one of the concerns that must be considered in OPU
operations to ensure that the follicular aspiration
process is carried out in a healthy manner and to
prevent the entry of pathogens. Epidural anesthesia is
the treatment that causes the most discomfort to
donor animals during OPU application (Petyim et al.,
2007). Epidural anesthesia reduces the donor animal's
disturbing movements and abdominal tension.
Repeated OPU applications show that lasting changes
may develop in the epidural anesthesia area in cattle.
Animal welfare, problems of epidural anesthesia,
disruption of the integrity of the ovarian stroma, and
adhesions should all be considered in aggressive OPU
administration twice a week (McEvoy et al., 2006;
Chaubal et al., 2007; Cizmeci, 2022).
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Conclusion

As a result, the OPU technique is frequently used to
retrieve oocytes in IVP, both in commercial enterprises
and embryo transfer research. In comparison to
MOET, IVP has become a better commercial choice
because it produces more embryos in the same time
frame as OPU, permits the use of different elite bull
sperm in IVF, and does not require the use of
medications. For this reason, veterinarians and
researchers intending to use the OPU option should
familiarize themselves with the intricacies of this
technique and the factors influencing its success. This
knowledge ensures a more extensive use of donor
animals and the acquisition of higher quality oocytes.

References

Adams, G. P. (1999). Comparative patterns of follicle
development and selection in ruminants. Journal of
Reproduction and Fertility-Supplement, 17-32.

Adams, G. P., & Pierson, R. A. (1995). Bovine model for study
of ovarian follicular dynamics in
humans. Theriogenology, 43(1), 113-120.

Adams, G. P., & Singh, J. (2021). Ovarian follicular and luteal
dynamics in cattle. In R. M. Hopper (Ed). Bovine
reproduction 2nd ed. (pp. 292-323). New Jersey, USA:
John Wiley & Sons, Inc.

Aerts, J. M. J.,, & Bols, P. E. J. (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(1),
171-179.

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. World News of Natural
Sciences, 34, 88-97.

Al-Katanani, Y. M., Paula-Lopes, F. F., & Hansen, P. J. (2002).
Effect of season and exposure to heat stress on oocyte
competence in Holstein cows. Journal of Dairy Science, 85
(2), 390-396.

Aller, J. F., Mucci, N. C., Kaiser, G. G., Callejas, S. S., & Alberio,
R. H. (2012). Effect of repeated eCG treatments and ovum
pick-up on ovarian response and oocyte recovery during
early pregnancy in suckling beef cows. Animal
Reproduction Science, 133(1-2), 10-15.

Alvarez, P., Spicer, L. J., Chase Jr, C. C., Payton, M. E.,
Hamilton, T. D., Stewart, R. E., ... & Wettemann, R. P.
(2000). Ovarian and endocrine characteristics during an
estrous cycle in Angus, Brahman, and Senepol cows in a
subtropical environment. Journal of Animal Science, 78(5),
1291-1302.

Armstrong, D. G., McEvoy, T. G., Baxter, G., Robinson, J. J,,
Hogg, C. O., Woad, K. J., ... & Sinclair, K. D. (2001). Effect
of dietary energy and protein on bovine follicular
dynamics and embryo production in vitro: associations
with the ovarian insulin-like growth factor system. Biology
of Reproduction, 64(6), 1624-1632.

Armstrong, D.G., Gong, J. G., & Webb, R. (2003). Interactions
between nutrition and ovarian activity in cattle:
physiological, cellular and molecular
mechanisms. Reproduction Supplement, 61, 403-414.

Ax, R. L., Armbrust, S., Tappan, R., Gilbert, G., Oyarzo, J. N.,
Bellin, M. E., ... & McCauley, T. C. (2005). Superovulation
and embryo recovery from peripubertal Holstein
heifers. Animal Reproduction Science, 85(1-2), 71-80.

Bacelar, D., Max, M. C., Padilha, L. C., Barreiros, T. R. R., &
Seneda, M. M. (2010). Enhancement of oocytes
obtainment in Nelore heifers (Bos taurus indicus) treated
with  progesterone injection and benzoate of
estradiol. Semina: Cie™ ncias Agrdrias (Londrina), 31(1),
163-172.

Baldassarre, H., Currin, L., Michalovic, L., Bellefleur, A. M.,
Gutierrez, K., Mondadori, R. G., ... & Bordignon, V. (2018).
Interval of gonadotropin administration for in Vvitro
embryo production from oocytes collected from Holstein
calves between 2 and 6 months of age by repeated
laparoscopy. Theriogenology, 116, 64-70.

Bender, R. W., Hackbart, K. S., Dresch, A. R., Carvalho, P. D,,
Vieira, L. M., Crump, P. M., ... & Wiltbank, M. C. (2014).
Effects of acute feed restriction combined with targeted
use of increasing luteinizing hormone content of follicle-
stimulating  hormone  preparations on  ovarian
superstimulation, fertilization, and embryo quality in
lactating dairy cows. Journal of Dairy Science, 97(2), 764-
778.

Bergfelt, D. R., Bo, G. A., Mapletoft, R. J., & Adams, G. P.
(1997). Superovulatory response following ablation-
induced follicular wave emergence at random stages of
the oestrous cycle in cattle. Animal Reproduction
Science, 49(1), 1-12.

Bergfelt, D. R., Lightfoot, K. C., & Adams, G. P. (1994).
Ovarian synchronization following ultrasound-guided
transvaginal follicle ablation in heifers. Theriogenology, 42
(6), 895-907.

Blondin, P., Bousquet, D., Twagiramungu, H., Barnes, F., &
Sirard, M. A. (2002). Manipulation of follicular
development to produce developmentally competent
bovine oocytes. Biology of Reproduction, 66(1), 38-43.

Bo, G. A., & Mapletoft, R. J. (2014). Historical perspectives
and recent  research on  superovulation in
cattle. Theriogenology, 81(1), 38-48.

B9, G. A, Baruselli, P. S., & Martinez, M. F. (2003). Pattern
and manipulation of follicular development in Bos indicus
cattle. Animal Reproduction Science, 78(3-4), 307-326.

Bo, G. A., Cedeiio, A., & Mapletoft, R. J. (2019). Strategies to
increment in vivo and in vitro embryo production and
transfer in cattle. Animal Reproduction, 16, 411-422.

Bggh, I. B., Brink, P., Jensen, H. E., Lehn-Jensen, H., & Greve,
T. (2003). Ovarian function and morphology in the mare
after multiple follicular punctures. Equine veterinary
Journal, 35(6), 575-579.

Bols, P. E. J. (1997). Transvaginal ovum pick-up in the cow:
Technical and biological modifications. A study on
technical and biological factors influencing the number

19



Dogan and Yenilmez, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 1, pp: 13-23

and quality of bovine cumulus oocyte complexes
retrieved after ultrasound-guided transvaginal ovum pick-
up. PhD thesis, Ghent University, Gent, Belgium.

Bols, P. E. J. (1999). Pregnancies from prepubertal heifers
following repeated oocyte collection and IVF between 6
to 12 months of age. Theriogenology, 51, 298.

Bols, P. E. J., & Stout, T. A. E. (2018). Transvaginal ultrasound-
guided oocyte retrieval (OPU: Ovum pick-up) in cows and
mares. In H. Niemann & C. Wrenzycki (Ed), Animal
biotechnology 1: Reproductive biotech-nologies 1st ed.
(pp. 209-233). Cham, Switzerland: Springer International
Publishing

Bols, P. E. J., Leroy, J. L. M. R., Vanholder, T., & Van Soom, A.
(2004). A comparison of a mechanical sector and a linear
array transducer for ultrasound-guided transvaginal
oocyte retrieval (OPU) in the cow. Theriogenology, 62(5),
906-914.

Bols, P. E. J., Van Soom, A,, Ysebaert, M. T., Vandenheede, J.
M. M., & de Kruif, A. (1996). Effects of aspiration vacuum
and needle diameter on cumulus oocyte complex
morphology and developmental capacity of bovine
oocytes. Theriogenology, 45(5), 1001-1014.

Bols, P. E. J.,, Vandenheede, J. M. M., Van Soom, A., & de
Kruif, A. (1995). Transvaginal ovum pick-up (OPU) in the
cow: a new disposable needle guidance system.
Theriogenology, 43(3), 677-687.

Boni, R. (2012). Ovum pick-up in cattle—a 25-yr retrospective
analysis. Animal Reproduction, 9(3), 362-369.

Bors, S. I, Ibanescu, I., Creangd, S., Dascadlu, L., & Bors, A.
(2018). Follicle deviation and oocyte recovering by ovum
pick-up from endangered Romanian Grey cows. Romanian
Biotechnological Letters, 23(5), 13918.

Camargo, L. D. A., Viana, J. H. M., Sa, W. F. D., Ferreira, A. D.
M., Ramos, A. D. A, & Vale Filho, V. R. (2006). Factors
influencing in vitro embryo production. Animal
Reproduction (AR), 3(1), 19-28.

Cavalieri, F. L. B., Morotti, F., Seneda, M. M., Colombo, A. H.
B., Andreazzi, M. A., Emanuelli, I. P., & Rigolon, L. P.
(2018). Improvement of bovine in vitro embryo
production by ovarian follicular wave synchronization
prior to ovum pick-up. Theriogenology, 117, 57-60.

Chaubal, S. A., Ferre, L. B., Molina, J. A., Faber, D. C,, Bols, P.
E. J,, Rezamand, P, ... & Yang, X. (2007). Hormonal
treatments for increasing the oocyte and embryo
production in an OPU-IVP system. Theriogenology, 67(4),
719-728.

Cho, M. M., McGovern, P. G., & Colon, J. M. (2004). Vaginal
perforation during transvaginal ultrasound-guided follicle
aspiration in a woman undergoing multiple cycles of
assisted reproduction. Fertility and Sterility, 81(6), 1695-
1696.

Choudhary, K. K., Kavya, K. M., Jerome, A., & Sharma, R. K.
(2016). Advances in Reproductive
Biotechnologies. Veterinary World, 9(4), 388.

Ciftci M. F., (2022). Ovum pick up (OPU) by transvaginal
ultrasonography in cattle. In: RZ Abbas, A Khan, P Liu and
MK Saleemi (Ed), Animal Health Perspectives (Vol. I, pp:

180-186), Pakistan:

Publishers.

Ciftci, M. F., & Ding, D. A. (2023). The Effect of Different FSH
Administration Before Ovum Pick Up on Superstimulation
Response and Oocyte Yield. Reproduction in Domestic
Animals, 58, 1055-1062.

Cizmeci, S. U., (2022, March 24-27). Ovum pick up and In
vitro embryo production. Turkish Society of Veterinary
Gynecology Congress of 9th National & 3rd International,
Antalya, Turkiye.

Cizmeci, S. U., Dinc, D. A., Yesilkaya, O. F., Ciftci, M. F., Takcl,
A., & Bucak, M. N. (2022). Effects of heat-stress on oocyte
number and quality and in vitro embryo production in
Holstein heifers. Acta Scientiae Veterinariae, 50, 1870.

Cushman, R. A, Allan, M. F., Kuehn, L. A., Snelling, W. M.,
Cupp, A. S., & Freetly, H. C. (2009). Evaluation of antral
follicle count and ovarian morphology in crossbred beef
cows: Investigation of influence of stage of the estrous
cycle, age, and birth weight. Journal of Animal Science, 87
(6), 1971-1980.

Da Silva, C. B., Machado, F. Z., Gonzélez, S. M., & Seneda, M.
M. (2016). Ovum Pick-Up. Recent Trends in
Biotechnology. Biotechnology of Animal Reproduction,
157-169.

da Silva, J. C. B., Ferreira, R. M., Maturana Filho, M., de
Rezende Naves, J., Santin, T., Pugliesi, G., & Madureira, E.
H. (2017). Use of FSH in two different regimens for
ovarian superstimulation prior to ovum pick up and in
vitro embryo production in Holstein
cows. Theriogenology, 90, 65-73.

de Carvalho, J. G. S., de Carvalho, N. A. T., Bayeux, B. M.,
Watanabe, Y. F., Watanabe, O. Y., Mingoti, R. D., &
Baruselli, P. S. (2019). Superstimulation prior to the ovum
pick-up improves the in vitro embryo production in
nulliparous, primiparous and multiparous buffalo (Bubalus
bubalis) donors. Theriogenology, 138, 164-168.

de Loos, F., Van Vliet, C., van Maurik, P. V., & Kruip, T. A.
(1989). Morphology of immature bovine oocytes. Gamete
Research, 24(2), 197-204.

De Rensis, F., & Scaramuzzi, R. J. (2003). Heat stress and
seasonal effects on reproduction in the dairy cow—a
review. Theriogenology, 60(6), 1139-1151.

De Rensis, F., Saleri, R., Garcia-Ispierto, I., Scaramuzzi, R., &
Lépez-Gatius, F. (2021). Effects of heat stress on follicular
physiology in dairy cows. Animals, 11(12), 3406.

De Roover, R., Feugang, J. M. N., Bols, P. E. J., Genicot, G., &
Hanzen, C. H. (2008). Effects of ovum pick-up frequency
and FSH stimulation: a retrospective study on seven years
of beef cattle in vitro embryo production. Reproduction in
Domestic Animals, 43(2), 239-245.

Demetrio, D. G. B., Benedetti, E., Demetrio, C. G. B., Fonseca,
J., Oliveira, M., Magalhaes, A., & Santos, R. M. D. (2020).
How can we improve embryo production and pregnancy
outcomes of Holstein embryos produced in vitro?(12
years of practical results at a California dairy
farm). Animal Reproduction, 17, 1-13.

Diskin, M. G., Mackey, D. R., Roche, J. F., & Sreenan, J. M.

Faisalabad, Unique Scientific

20



Dogan and Yenilmez, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 1, pp: 13-23

(2003). Effects of nutrition and metabolic status on
circulating hormones and ovarian follicle development in
cattle. Animal Reproduction Science, 78(3-4), 345-370.

Dominguez, M. M. (1995). Effects of body condition,
reproductive status and breed on follicular population
and oocyte quality in cows. Theriogenology, 43(8), 1405-
1418.

Dos Santos, G. M. G., Silva-Santos, K. C., Barreiros, T. R. R.,
Morotti, F., Sanches, B. V., de Moraes, F. L. Z, ... &
Seneda, M. M. (2016). High numbers of antral follicles are
positively associated with in vitro embryo production but
not the conception rate for FTAl in Nelore cattle. Animal
Reproduction Science, 165, 17-21.

Duby, R. T., Damiani, P., Looney, C. R, Fissore, R. A., & Robl,
J. M. (1996). Prepuberal calves as oocyte donors:
promises and problems. Theriogenology, 45(1), 121-130.

Fernandes, T., Adona, P. R,, Guemra, S., BEM, T. H. C. D, &
Miranda, M. D. S. (2020). Oocyte recovery and in vitro
embryo production in cows treated with a single dose
offollicle-stimulating  hormone. Turkish Journal of
Veterinary & Animal Sciences, 44(1), 151-155.

Ferré, L. B., Kjelland, M. E., Strgbech, L. B., Hyttel, P.,
Mermillod, P., & Ross, P. J. (2019). Recent advances in
bovine in vitro embryo production: reproductive
biotechnology history and methods. Animal, 14(5), 991-
1004.

Ferreira, R. M., Ayres, H., Chiaratti, M. R., Ferraz, M. L.,
Araujo, A. B., Rodrigues, C. A., ... & Baruselli, P. S. (2011).
The low fertility of repeat-breeder cows during summer
heat stress is related to a low oocyte competence to
develop into blastocysts. Journal of Dairy Science, 94(5),
2383-2392.

Figueiredo, R. A., Barros, C. M., Pinheiro, O. L., & Soler, J. M.
P. (1997). Ovarian follicular dynamics in Nelore breed (Bos
indicus) cattle. Theriogenology, 47(8), 1489-1505.

Fry, R. C., Niall, E. M., Simpson, T. L., Squires, T. J., &
Reynolds, J. (1996). The collection of oocytes from bovine
ovaries. Theriogenology, 47(5), 977-987.

Galli, C., Duchi, R., Colleoni, S., Lagutina, |., & 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(1), 138-151.

Gimenes, L. U., Ferraz, M. L., Fantinato-Neto, P., Chiaratti, M.
R., Mesquita, L. G., Sa Filho, M. F., ... & Baruselli, P. S.
(2015). The interval between the emergence of
pharmacologically synchronized ovarian follicular waves
and ovum pickup does not significantly affect in vitro
embryo production in Bos indicus, Bos taurus, and
Bubalus bubalis. Theriogenology, 83(3), 385-393.

Gonjalves, G. D., da Silva, N. C., Costa, C. B., Stolf, R. L., de
Almeida Rossignolo, E. A., Cavalieri, F. L. B., ... & Seneda,
M. M. (2022). Relationship between the time of OPU and
in vitro embryo production. Animal Reproduction, 19(2),
e22077.

Goodhand, K. L., Watt, R. G., Staines, M. E., Hutchinson, J. S.
M., & Broadbent, P. J. (1999). In vivo oocyte recovery and

in vitro embryo production from bovine donors aspirated
at different  frequencies or  following FSH
treatment. Theriogenology, 51(5), 951-961.

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. Journal of Animal Science, 76, 52-74.

Hendriksen, P. J. M., Steenweg, W. N. M., Harkema, J. C.,
Merton, J. S., Bevers, M. M., Vos, P. L. A. M., & Dieleman,
S.J. (2004). Effect of different stages of the follicular wave
on in vitro developmental competence of bovine
oocytes. Theriogenology, 61(5), 909-920.

Hidaka, T., Fukumoto, Y., Yamamoto, Y., Ogata, Y. &
Horiuchi, T. (2018). Estradiol benzoate treatment before
ovum pick-up increases the number of good quality
oocytes retrieved and improves the production of
transferable embryos in Japanese Black cattle. Veterinary
and Animal Science, 5, 1-6.

Kaya, A., Glines, E., & Memili, E. (2018). Application of
reproductive biotechnologies for sustainableproduction of
livestock in Turkey. Turkish Journal of Veterinary & Animal
Sciences, 42(3), 143-151.

Kimble, L. N. (2020). Reproductive Strategies for Dairy Herd
Improvement — MOET or OPU-IVF?. Dairy Pipeline, 41(2),
2.

Kruip, T. A., Boni, R., Wurth, Y. A., Roelofsen, M. W. M., &
Pieterse, M. C. (1994). Potential use of ovum pick-up for
embryo production and breeding in
cattle. Theriogenology, 42(4), 675-684.

Kruip, T. A., Moor, R. M., & Green, D. (1984). Intraovarian
control of folliculogenesis: limits to
superovulation?. Theriogenology, 21(1), 103-116.

Landry, D. A., Bellefleur, A. M., Labrecque, R., Grand, F. X.,
Vigneault, C., Blondin, P., & Sirard, M. A. (2016). Effect of
cow age on the in vitro developmental competence of
oocytes obtained after FSH stimulation and coasting
treatments. Theriogenology, 86(5), 1240-1246.

Looney, C. R. (1986). Superovulation in beef females.
In Proceedings of 5th Annual Convention of AETA (Vol.
1986, pp. 16-29), Fort Worth, Texas: USA.

Looney, C. R., Lindsey, B. R., Gonseth, C. L., & Johnson, D. L.
(1994). Commercial aspects of oocyte retrieval and in
vitro fertilization (IVF) for embryo production in problem
cows. Theriogenology, 41(1), 67-72.

Lépez, S. R. (2020). Ovum Pick-Up (OPU) in Cattle: An Update.
In Biotechnologies Applied to Animal Reproduction (pp.
139-183). New York, USA: Apple Academic Press.

Mapletoft, R. J., Guerra, A. G., Dias, F. C. F.,, Singh, J.,, &
Adams, G. P. (2015). In vitro and in vivo embryo
production in cattle superstimulated with FSH for 7
days. Animal Reproduction (AR), 12(3), 383-388.

Mapletoft, R. J., Steward, K. B., & Adams, G. P. (2002). Recent
advances in the superovulation in cattle. Reproduction
Nutrition Development, 42(6), 601-611.

Martins, A., Takada Jr, L., Abrahdo, R. G., Freitas, C. P., &
Calegari, R. S. (2007). Follicular aspiration of calves
oocytes by videoendoscopy: a successful approach to

21



Dogan and Yenilmez, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 1, pp: 13-23

maximize in vitro bovine
production. Acta Scientiae Veterinariae, 35, 1194.

McEvoy, T. G., Alink, F. M., Moreira, V. C., Watt, R. G., &
Powell, K. A. (2006). Embryo technologies and animal
health—consequences for the animal following ovum pick-
up, in vitro embryo production and somatic cell nuclear
transfer. Theriogenology, 65(5), 926-942.

McEvoy, T. G., Thompson, H., Dolman, D. F., Watt, R. G., Reis,
A., & Staines, M. E. (2002). Effects of epidural injections
and transvaginal aspiration of ovarian follicles in heifers
used repeatedly for ultrasound-guided retrieval of ova
and embryo production. Veterinary Record, 151(22), 653-
658.

Merton, J. S., De Roos, A. P. W., Mullaart, E., De Ruigh, L.,
Kaal, L., Vos, P. L. A. M., & Dieleman, S. J. (2003). Factors
affecting oocyte quality and quantity in commercial
application of embryo technologies in the cattle breeding
industry. Theriogenology, 59(2), 651-674.

Murphy, B. D., & Martinuk, S. D. (1991). Equine chorionic
gonadotropin. Endocrine Reviews, 12(1), 27-44.

Nasser, L. F., Sa Filho, M. F. D., Reis, E. L., Rezende, C. R,,
Mapletoft, R. J., B6, G. A, & Baruselli, P. S. (2011).
Exogenous progesterone enhances ova and embryo
quality following superstimulation of the first follicular
wave in Nelore (Bos indicus) donors. Theriogenology, 76
(2), 320-327.

Nivet, A. L., Bunel, A., Labrecque, R., Belanger, J., Vigneault,
C., Blondin, P., & Sirard, M. A. (2012). FSH withdrawal
improves developmental competence of oocytes in the
bovine model. Reproduction, 143(2), 165.

Nolan, R., Duffy, P., Wade, M., G’callaghat, D., & Boland, M.
P. (1998). Effect Of Quantlty And Type Of Diet And
Frequency Of Trans-Vaginal Ovum Aspiration On In-Vitro
Embryo Development In Heifers, Theriogenology, 49, 402
(abstract).

Ogata, Y., Hidaka, T., Matzushige, T., & Maeda, T. (2015).
Comparison of two biopsy methods in bovine
embryos. Journal of Advances in Biology &
Biotechnology, 2(1), 16-23.

Ongaratto, F. L., Cedefio, A. V., Rodriguez-Villamil, P., Tribulo,
A., & B9, G. A. (2020). Effect of FSH treatment on cumulus
oocyte complex recovery by ovum pick up and in vitro
embryo production in beef donor cows. Animal
Reproduction Science, 214, 106274.

Ongaratto, F. L., Rodriguez-Villamil, P., Tribulo, A., & B9, G. A.
(2015). Effect of follicle wave synchronization and
gonadotropin treatments on the number and quality of
cumulus-oocyte complex obtained by ultrasound-guided
ovum pick-up in beef cattle. Animal Reproduction (AR), 12
(4), 876-883.

Ongaratto, F. L., Tribulo, A., Ramos, M., Rodriguez, P., & B9,
G. A. (2010). 207 Oocyte Recovery Rates And In Vitro
Blastocyst Production In Cattle Treated With A Single
Injection Of Folltropin-V Diluted In A Slow-Release
Formulation. Reproduction, Fertility and Development, 23
(1), 202-203.

Petyim, S., Bage, R., Madej, A., & Larsson, B. (2007). Ovum

embryo

pick-up in dairy heifers: does it affect animal well-
being?. Reproduction in Domestic Animals, 42(6), 623-
632.

Pieterse, M. C., Kappen, K. A., Kruip, T. A., & Taverne, M. A.
M. (1988). Aspiration of bovine oocytes during
transvaginal ultrasound scanning of the
ovaries. Theriogenology, 30(4), 751-762.

Pieterse, M. C., Vos, P. L. A. M., Kruip, T. A., Wurth, Y. A, Van
Beneden, T. H., Willemse, A. H., & Taverne, M. A. M.
(1991). Transvaginal ultrasound guided follicular
aspiration of bovine oocytes. Theriogenology, 35(1), 19-
24.

Pontes, J. H. F., Silva, K. C. F., Basso, A. C., Rigo, A. G.,
Ferreira, C. R., Santos, G. M. G., ... & Seneda, M. M.
(2010). Large-scale in vitro embryo production and
pregnancy rates from Bos taurus, Bos indicus, and indicus-
taurus dairy cows using sexed sperm. Theriogenology, 74
(8), 1349-1355.

Pontes, J. H. F., Sterza, F. M., Basso, A. C., Ferreira, C. R,
Sanches, B. V., Rubin, K. C. P., & Seneda, M. M. (2011).
Ovum pick up, in vitro embryo production, and pregnancy
rates from a large-scale commercial program using Nelore
cattle (Bos indicus) donors. Theriogenology, 75(9), 1640-
1646.

Qi, M., Yao, Y., Ma, H., Wang, J., Zhao, X,, Liu, L., ... & Sun, F.
(2013). Transvaginal ultrasound-guided ovum pick-up
(OPU) in cattle. J. Biomim. Biomater. Tissue
Engineering , 18(2), 1000118.

Rath, D. (1993). Current status of ultrasound-guided retrieval
of bovine oocytes. Embryo Transfer Newsletter, 11, 10-15.

Ribas, B. N., Missio, D., Roman, I. J., Neto, N. A, Junior, I. C.,
dos Santos Brum, D., & Lleivas, F. G. (2018).
Superstimulation with eCG prior to ovum pick-up
improves follicular development and fertilization rate of
cattle oocytes. Animal Reproduction Science, 195, 284-
290.

Rivera, F. A., Mendonga, L. G., Lopes, G., Santos, J. E., Perez,
R. V., Amstalden, M., ... & Chebel, R. C. (2011). Reduced
progesterone concentration during growth of the first
follicular wave affects embryo quality but has no effect on
embryo survival post transfer in lactating dairy
cows. Reproduction, 141(3), 333.

Roth, Z., Arav, A., Bor, A., Zeron, Y., Braw-Tal, R, &
Wolfenson, D. (2001). Improvement of quality of oocytes
collected in the autumn by enhanced removal of impaired
follicles from previously heat-stressed cows. Reproduction
-Cambridge-, 122(5), 737-744.

Rubin, K. C. P, Pontes, J. H. F., Nonato Jr, I., Ereno Jr, J. C,,
Pansard, H., & Seneda, M. M. (2005). Influence of Nelore
blood on the in vivo production of oocytes. Acta Scientiae
Veterinariae, 33, 183.

Ruiz, L. L., Alvarez, N., Nufiez, |., Montes, I., Solano, R.,
Fuentes, D., ... & Brem, G. (1996). Effect of body condition
on the developmental competence of IVM/IVF bovine
oocytes. Theriogenology, 1(45), 292.

Sales, J. N. D. S, Iguma, L. T., Batista, R. I. T. P., Quintao, C. C.
R., Gama, M. A. S, Freitas, C., ... & Baruselli, P. S. (2015).

22



Dogan and Yenilmez, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 1, pp: 13-23

embryo production in Bos indicus and Bos taurus
cows. Journal of Dairy Science, 98(5), 3086-3099.

Sartori, R., Bastos, M. R.,, & Mattos, M. C. C. (2010b).
Physiological bases for understanding estrous cycle
differences between Bos taurus and Bos indicus. Acta
Scientiae Veterinariae, 38(2), 277-315.

Sartori, R., Bastos, M. R., Baruselli, P. S., Gimenes, L. U.,
Ereno, R. L, & Barros, C. M. (2010a). Physiological
differences and implications to reproductive management
of Bos taurus and Bos indicus cattle in a tropical
environment. Reprod in Domestic Ruminants, 7, 357.

Sartori, R., Guardieiro, M. M., Surjus, R. S., Melo, L. F., Prata,
A. B., Ishiguro, M., ... & Nascimento, A. B. (2018a).
Metabolic hormones and reproductive function in
cattle. Animal Reproduction (AR), 10(3), 199-205.

Sartori, R., Monteiro Jr, P. L. J., & Wiltbank, M. C. (2018b).
Endocrine and metabolic differences between Bos taurus
and Bos indicus cows and implications for reproductive
management. Animal Reproduction (AR), 13(3), 168-181.

Sartori, R., Spies, C., & Wiltbank, M. C. (2017). Effects of dry
matter and energy intake on quality of oocytes and
embryos in ruminants. Reproduction, Fertility and
Development, 29(1), 58-65.

Seneda, M. M., Esper, C. R., Garcia, J. M., de Oliveira, J. A., &
Vantini, R. (2001). Relationship between follicle size and
ultrasound-guided transvaginal oocyte recovery. Animal
Reproduction Science, 67(1-2), 37-43.

Seneda, M. M., Zangirolamo, A. F., Bergamo, L. Z., & Morotti,
F. (2020). Follicular wave synchronization prior to ovum
pick-up. Theriogenology, 150, 180-185.

Singh, J., Adams, G. P., & Pierson, R. A. (2003). Promise of
new imaging technologies for assessing ovarian
function. Animal Reproduction Science, 78(3-4), 371-399.

Sirard, M. A. (2012). Factors affecting oocyte and embryo
transcriptomes. Reproduction in Domestic Animals, 47,
148-155.

Sirard, M. A. (2018). 40 years of bovine IVF in the new
genomic selection context. Reproduction, 156(1), R1-R7.

Takuma, T., Sakai, S., Ezoe, D., Ichimaru, H., Jinnouchi, T.,
Kaedei, Y., ... & Otoi, T. (2010). Effects of season and
reproductive phase on the quality, quantity and
developmental competence of oocytes aspirated from
Japanese black cows. Journal of Reproduction and
Development, 56(1), 55-59.

Thibier, M. (2004). Stabilization of numbers of in vivo
collected embryos in cattle but significant increases of in
vitro bovine produced embryos in some parts of the
world. IETS Newslett, 22, 12-19.

Vassena, R., Mapletoft, R. J., Allodi, S., Singh, J., & Adams, G.
P. (2003). Morphology and developmental competence of
bovine oocytes relative to follicular
status. Theriogenology, 60(5), 923-932.

Viana, J. (2021). 2020 statistics of embryo production and
transfer in domestic farm animals: world embryo industry
grows despite the pandemic. Embryo Technol Newsl, 39,
24-38.

Viana, J. (2022). 2021 Statistics of embryo production and
transfer in domestic farm animals. Embryo Technology
Newsletter, 40(4), 22-40.

Viana, J. H. M., Nascimento, A. A., Pinheiro, N. L., Ferreira, A.
M., Camargo, L. S., Sa, W. F., & Marques Junior, A. P.
(2003). Characterization of tissue damages after ovum
pick-up in bovine. Pesquisa Veterindria Brasileira, 23, 119-
124.

Viana, J. H. M., Palhao, M. P, Siqueira, L. G. B., Fonseca, J. F.
D., & Camargo, L. D. A. (2010). Ovarian follicular
dynamics, follicle deviation, and oocyte yield in Gyr breed
(Bos indicus) cows undergoing repeated ovum pick-
up. Theriogenology, 73(7), 966-972.

Vieira, L. M., Rodrigues, C. A., Netto, A. C., Guerreiro, B. M.,
Silveira, C. R. A., Moreira, R. J. C,, ... & Baruselli, P. S.
(2014). Superstimulation prior to the ovum pick-up to
improve in vitro embryo production in lactating and non-
lactating Holstein cows. Theriogenology, 82(2), 318-324.

Vieira, L. M., Rodrigues, C. A., Netto, A. C., Guerreiro, B. M.,
Silveira, C. R. A,, Freitas, B. G., ... & Baruselli, P. S. (2016).
Efficacy of a single intramuscular injection of porcine FSH
in hyaluronan prior to ovum pick-up in Holstein
cattle. Theriogenology, 85(5), 877-886.

Ward, F. A., Lonergan, P., Enright, B. P., & Boland, M. P.
(2000). Factors affecting recovery and quality of oocytes
for bovine embryo production in vitro using ovum pick-up
technology. Theriogenology, 54(3), 433-446.

Watanabe, Y. F., de Souza, A. H., Mingoti, R. D., Ferreira, R.
M., Batista, E. O. S., Dayan, A, ... & Baruselli, P. S. (2017).
Number of oocytes retrieved per donor during OPU and
its relationship with in vitro embryo production and field
fertility following embryo transfer. Animal Reproduction
(AR), 14(3), 635-644.

Wrenzycki, C. (2018). In vitro production of (Farm) animal
embryos. In H. Niemann & C. Wrenzycki (Ed). Animal
Biotechnology 1: Reproductive Biotechnologies (pp. 269-
304). Cham, Switzerland: Springer International
Publishing.

Younis, J. S., Ezra, Y., Laufer, N., & Ohel, G. (1997). Late
manifestation of pelvic abscess following oocyte retrieval,
for in vitro fertilization, in patients with severe
endometriosis and ovarian endometriomata. Journal of
Assisted Reproduction and Genetics, 14, 343-346.

Zacarias, T. A., Kawamoto, T. S., Junior, J. R. S., Guimarées, A.
L. S., Franco, M. M., & Figueiredo, R. A. (2018). Hormonal
stimulation in 4 to 7 months old Nelore (Bos taurus
indicus) females improved ovarian follicular responses but
not the in vitro embryo production. Theriogenology, 118,
130-136.

23



