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INTRODUCTION 
 
In recent years, ovarian follicular aspiration has been used to 
obtain oocytes from cattle for in vitro embryo production (IVP). 
In order to increase the success of IVP and embryo transfer in 
cattle, it is necessary to obtain good quality oocytes. The oocyte 
retrieval method significantly affects in vitro developmental 
capacity and morphology of cumulus-oocyte complex (COC) 
(Konishi et al. 1996; Hasler 1998; Merton et al. 2003). Bovine 
oocytes can be collected from the ovaries of living animals or 
slaughterhouse. Follicle aspiration with transvaginal ultrasound 
is a non-invasive technique developed for the collection of 
oocytes from antral follicles of living animals (Dellenbach et al. 
1984). Bovine oocytes are obtained from antral follicles by OPU 
technology from living animals with or without hormonal 
stimulation. By these method, immature oocytes are collected 
(Wrenzycki 2018). In vitro fertilization of oocytes obtained with 
OPU is recognized as a reproducible and the most flexible 
technique used to generate embryos from living donors. Since 
OPU does not affect the normal estrous cycle of the animals, it 
can be applied to many suitable donor animals from 6 months 
old calves to 3 months pregnant cows (Hasler et al. 1995). 
That’s why, it becomes a good alternative to multiple ovulation 
embryo transfer (MOET) and its use is increasing day by day 
(Bousquet et al. 1999; Faber et al. 2003; Pontes et al. 2010). 
Repeated oocyte retrieval in cattle was first performed through 
endoscopy from the right paralumbar fossa by Canadian 
researchers (Lambert et al 1983). It was first reported by a 
Danish team that follicular oocytes in cattle can be aspirated 
with the aid of ultrasound (Callesen et al. 1987). However, 
follicle aspiration from bovine ovaries by transvaginal ultrasound 
was first performed by a Dutch team (Pieterse et al. 1988). 
Aspiration of follicles and collection of oocyte from the ovaries 
of living donors brought a new perspective to assisted 
reproductive programs and enabled the use of the donor animal 
with superior genetic potential for IVP for many years (Bols and 
Stout 2018). 
This section will provide information about transvaginal 
ultrasound-guided follicle aspiration in cattle, also known as 
OPU. The definition of OPU technique, necessary equipment 
and application procedure will be discussed. Afterwards, 
biological and technical factors affecting the success of OPU 
will be evaluated. 
 
OPU Procedure and Equipment 
 
Equipment required for OPU comprises three main 
components. These are ultrasonography device with a suitable 

probe (linear, convex, micro convex), a needle guide system 
connected to the oocyte collection tube and an aspiration 
pump. In addition, a probe holder is needed to manipulate the 
probe and needle accurately. The puncture needle is mounted 
next to the probe by means of the probe holder. Thus, it is 
displayed on the ultrasound monitor as the puncture needle 
advances into the sonographic field. The needle is usually 
connected to the aspiration vacuum pump with a teflon or 
silicone tube. Thus, follicular contents are aspirated as pressure 
is applied to the vacuum pump. Oocytes and follicular fluid are 
aspirated into a collection tube (Bols and Stout 2018). 

Epidural anesthesia is performed using a local anesthetic to 

prevent excessive stretching during transrectal manipulation. 

Although not mandatory, before OPU, cows may be sedated 

with some sedatives such as detomidine hyoscine-

Nbutylbromide and hydrochloride to relax the intestines. After 

anesthesia, the rectum is emptied, the perineum and vulva are 

disinfected, and tail is fixed on the right side. The probe holder 

is inserted through the vulva and placed into the vagina. The 

operator inserts his hand through the rectum and brings the 

ovary to the tip of the probe. Thus, the ovaries and follicles are 

displayed on the ultrasound screen. Next, the operator slowly 

pushes the needle until the vaginal wall is pierced and the 

needle can be viewed on the ultrasound screen. With rectal 

palpation, following the position of the needle, the needle is 

directed into the follicle. Vacuum pump is activated by the foot 

pedal as the needle enters the follicle. In this way, COC can be 

collected into tubes containing oocyte collection medium (Bols 

and Stout 2018). 

 

Factors Affecting OPU Results 

 

Technical Factors Affecting OPU  

 

OPU success rate is evaluated by factors such as the oocyte 

recovery rate, aspiration vacuum pressure, operator 

experience, and needle diameter. According to many 

operators, the oocyte recovery rate varies between 7% to 70%. 

Different aspiration vacuum pressures and needle diameters 

have been used in commercial and experimental cattle OPU 

applications over the years. Therefore, it is very difficult to 

directly compare the oocyte recovery rate (Bols et al. 1997). 

 

Ultrasound Probe 

 

During the follicle aspiration process from the ovary, the 

follicles must be adequately visualized with ultrasound. 
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Fig. 1: OPU Equipment. 

 

 
 

Fig. 2: OPU Application. 

 

Accurate visualization of the follicles on the ovary ensures that 

the cumulus cells are aspirated without damage and less trauma 

to the donor. Some technical factors for example ultrasound 

probe, needle diameter, and aspiration vacuum pressure can 

affect the number and quality of COC. Although sector probes 

are mostly preferred by operators in OPU systems, follicle 

aspiration can be performed using a linear probe. However, it 

is reported that oocyte number and quality not statistically 

different between the sector and linear probe (Bols et al. 1996; 

1997; 2004). 

 

Needle Type and Diameter 

 

The advancement in ultrasound technology has eliminated the 

differences between the image resolutions of ultrasound 

devices. Therefore, the most important technical factor for 

successful follicle aspiration is the needles used (Scott et al. 

1994; Seneda et al. 2001). Traditionally, in the beginning, most 

operators used needles approximately 60 cm long, 1.5 mm in 

diameter, which is easy to use and make (Looney et al. 1994). 

However, these needles are not disposable, they become dull 

very quickly and cannot regain their former sharpness even if 

they are regularly maintained. For this reason, alternative OPU 

systems using disposable 18 gauge (1.02mm) epidural and 

hypodermic injection needles have been developed. These 

needles have some advantages such as being sterile, easy to 

manipulate and change, and having different diameters and 

lengths (Rath 1993; Bols et al. 1995). The amount of aspirated 

follicular fluid increases as the diameter of needles increases. In 

addition, the use of large diameter needles increases the rate 

of oocytes with compact cumulus cells and the number of 

collected oocytes (Bols et al. 1995). On the other hand, the 

bevel of the needle tip affects the rate of oocyte with compact 

cumulus cells. Two different types of needle tips, short and long 

bevel, are available in market. Some researchers revealed that 

the use of long bevel needles increases oocyte yield (Bols et al. 

1997).  

 

Aspiration Vacuum Pressure 

 

In OPU systems, the aspiration vacuum pressure at the needle 

tip varies according to the aspiration device, the length of the 

tube used and the needle diameter. The fluid aspiration rate 

can be increased up to three times by changing the needle 

diameter even if the pressure applied through the vacuum 

device is the same. Therefore, the needle diameter should not 

be ruled out while evaluating the aspiration vacuum pressure. 

The increase in aspiration vacuum pressure increases the 

number of collected oocytes. However, it has been reported 

that high aspiration pressure (70-130 mm/Hg) decreases the 

rate of compact cumulus cell oocyte. Accordingly, it is stated 
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that low aspiration vacuum pressure increases the rate of 

reaching the blastocyst by increasing the rate of compact 

cumulus oocyte (Bols et al. 1996). 
 
Biological Factors Affecting OPU Results 
 
OPU Application Frequency 
 
The quality and number of oocytes collected through OPU 
technique has a great importance on increasing the number of 
blastocyst produced in vitro. The highest rate of reaching 
blastocyst are gained with good quality COCs (Bols et al. 
2018). Repeated application of the OPU technique to the same 
donor animal allows obtaining more oocytes from donor 
animals with superior genetic characteristics (Pieterse et al. 
1991). Furthermore, the frequency of OPU application to the 
same donor animal affects the quality and count of oocytes 
collected (Merton et al. 2003). Although it has been reported 
by some researchers that OPU frequency doesn't affect the 
count of COCs collected or the number of follicles aspirated 
per application, the majority of researchers reported that 
twice-weekly OPU application enhanced follicle count and 
blastocyst rates (Bols et al. 1997; Garcia and Salaheddine 1998). 
 
Nutritional Status of the Donor Animal 
 
Nutritional status is one of the important factors affecting 
fertility in cattle (Robinson 1990; 1999). Malnutrition causes 
problems such as abnormal estrous cycles, low pregnancy 
rates, delayed puberty, and low birth weight. Malnutrition had 
specific effects on follicular growth. Negative energy balance 
(NEB) in cattle negatively affects pre-ovulation follicle 
diameters and follicular growth (Armstrong et al. 2001). 
Nutritional status affects follicular development and ovulation 
with its role in hypothalamus, hypophysis and ovarian activity 
(Armstrong et al. 2003). Furthermore, malnutrition has 
negative effects on the body condition score (BCS), in vitro 
developmental adequacy of the oocytes collected from the 
donor animal, and blastocyst rate (Dominguez 1995; Ruiz et al. 
1996). 
 
Breed of the Donor Animal 
 
In the OPU technique, oocyte yield depends on the antral 
follicle pool available for aspiration (Bols et al. 1998). In cattle 
ovaries, the follicles develop in a wave-like pattern and the 
antral follicle population in the ovary varies according to the 
periods of the estrous cycle (Adams et al. 1992). Follicle 
growth rate, follicular wave number and maximum size of the 
dominant follicle differ significantly between Bos indicus and 
Bos taurus cattle breeds (Figueiredo et al. 1997; Bó et al. 2003). 
Therefore, in repeated OPU applications in cattle, the number 
and development of antral follicles in the ovary vary according 
to the frequency of aspiration and animal breed (Goodhand et 
al. 1999; Viana et al. 2010). Follicular wave numbers and antral 
follicles per wave is higher in Bos indicus cattle breeds than in 
Bos taurus breeds. This situation causes collection of a higher 
amount of oocytes from Bos indicus cattle breeds (Segerson et 
al. 1984; Viana et al. 2000; Seneda et al. 2001).  

 

Age of the Donor Animal 

 

Oocytes can be obtained for IVP from calves as early as 2 

months of age (Lohuis 1995). Like other mammalian species, 

antral follicles are observed in cattle during fetal development 

and folliculogenesis happens in the fetal ovary in the last 

trimester of pregnancy (Erickson 1966). However, laparotomy 

under general anesthesia is required to obtain oocytes from 

young calves. With laparotomy, the ovaries are exposed and 

the follicles are aspirated. Collecting oocytes from prepubertal 

calves is important for cattle breeding, as it allows shortening 

of the intergenerational time and acceleration in genetic 

progress (Lohuis 1995; Yang et al. 1998). Also, it has been 

reported by Duby et al. (1996) that the development adequacy 

of oocytes collected from calves less than 6 months old is 

weaker. In calves, the use of the OPU technique depends on 

the pelvis size for insertion of vaginal probe. In Holstein and 

Friesian heifers, oocyte can be collected with OPU from 6 to 9 

months of age, based on the size of the vaginal probe used (Rick 

et al. 1996; Bols 1999; Bols and Stout 2018). The OPU 

technique can be applied to many suitable donor animals, 

ranging from 6-month-old calves to 3-month-old pregnant 

cows (Hasler et al. 1995). However, rate of reaching blastocyst 

of oocytes collected from donors aged 1 to 3 years is higher 

than older donors (Moreno et al. 1992; Ali et al. 2021).  

 

Heat Stress and Seasons 

 

Heat stress significantly affects fertility in cattle and nearly 60% 

of the cattle population in the world is exposed to heat stress. 

In tropical, subtropical and temperate regions, a significant 

decrease in fertility is observed in summer due to heat stress. 

It is stated that pregnancy rate, which is 40-60% in the winter 

months, decrease to 10-20% in the summer months 

(Gwazdauskas et al. 1975; Badinga et al. 1985; Cavestany et al. 

1985). High temperature affects follicular dynamics and cellular 

functions in various female reproductive system tissues 

(Badinga et al. 1993). Effect of heat stress on the vitality and 

quality of oocytes in the ovaries is negative. (Sartori et al. 

2004). Embryo development is adversely affected, the quality 

of the bovine oocyte decreases, and the lipid composition of 

oocyte membranes changes, in summer season. In addition, 

studies in Holstein cows are reported that after in vitro 

fertilization, the ability of collected oocytes to reach the 

blastocyst is lower in summer than in winter (Al-Katanani et al. 

2002). 

 

Synchronization of Follicular Waves 

 

Many studies have been conducted to monitor different sized 

follicle populations or individually identified follicles using 

ultrasonographic imaging. In the bovine ovary, it is stated that 

follicular growth occurs in a wave-like manner and an estrous 

cycle usually comprises of two or three follicular waves. The 

formation of the follicular wave in cattle is started by the 

growth of approximately 8-41 small follicles with a diameter of 

3-4 mm (Adams and Pierson 1995; Adams 1999). The dominant 

follicle of one wave causes regression of other follicles and 

suppresses the emergence of the next follicular wave. In most 

OPU/IVEP programs, follicular aspiration is performed on 

random days of the estrus cycle and follicles of at least 2 mm 

in diameter are aspirated (Pontes et al. 2011; Dos Santos et al. 

2016). The period of the estrous cycle during follicle aspiration 

affects oocyte quality, oocyte recovery rate and IVP 

(Hendriksen et al. 2004). Approximately 85% of follicles 

aspirated on a random day of the estrous cycle have varying 

degrees of atresia based upon the apoptosis process 
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(Hendriksen et al. 2000). Atresia in these follicles is related to 

the presence of a dominant follicle during aspiration. The 

presence of the dominant follicle negatively affects the 

development of other follicles by secreting inhibin and estradiol 

(Wolfsdorf et al. 1997). It is stated that higher oocyte recovery 

rates are achieved and better-quality oocytes are collected due 

to the absence of atresia events in aspirations performed in the 

follicular growth phase where there is no dominant follicle 

(Bacelar et al. 2010; Gimenes et al. 2015). Also, it has been 

reported in some studies that oocytes collected at this stage 

have a higher rate of reaching blastocyst (Machatkova et al. 

2004). Follicular wave synchronization in donor animals makes 

the follicles more homogeneous according to their size and 

developmental stages, and ensures the collection of more 

quality and competent oocytes. Bovine estrous cycle and 

physiology of follicular wave allow pre-OPU follicular waves to 

be synchronized. Hence, before OPU, synchronization of 

follicular wave can be used to improve IVEP results (Seneda et 

al. 2020).  

 

Ovarian Superstimulation 

 

Follicular dynamics can be manipulated by exogenous 

gonadotropin administrations during the estrous cycle in cattle 

(Aerts and Bols 2010). The count of oocytes collected in OPU 

depends on the number of antral follicles larger than 3 mm 

which are suitable for puncture. The purpose of pre-OPU 

ovarian superstimulation is to increase the count of oocytes 

available for puncture per session. With exogenous 

gonadotropin application in cattle, the count of antral follicles 

per session is increased. Thus, the number of oocytes 

collected from animals with superior genetic characteristics 

increases (Chaubal et al. 2006). The proportion of large 

healthy follicles can be increased with the gonadotropin 

treatments before OPU (Rouillier et al. 1996). The diameter 

of the follicles in the ovary during OPU is one of important 

criteria to improve the effectiveness of IVEP systems (Vassena 

et al. 2003). There is a heterogeneous follicle population of 

different diameters in the ovary on any day of the estrous cycle 

(Carolan et al. 1996). In OPU/IVEP systems, most of oocytes 

are harvested from follicles of 3 to 8 mm in diameter before 

the preovulatory LH surge (Dieleman et al. 2002). In order to 

increase the developmental competence of the oocyte in these 

follicles, many superstimulation protocols including different 

gonadotropin hormones and doses are being practiced 

(Blondin et al. 1997). Use of gonadotropin hormones before 

OPU, can increase the ratio of follicles with intermediate 

diameters (>6 and <10 mm) in the ovary (Goodhand et al. 

1999). Therefore, gonadotropin applications during follicular 

development can be used to achieve ideal follicles for IVEP 

(Oliveira et al. 2016). 

Three different gonadotropins are used for ovarian 

superstimulation in cattle. These are equine chorionic 

gonadotropin (eCG), hypophysis extracts of animals such as 

pigs and sheep and human menopausal gonadotropin (hMG) 

(Mapletoft et al. 2002; Aerts and Bols 2010). Due to the 

differences in properties such as half-life and FSH ⁄ LH release 

of gonadotropins, many different protocols have been 

developed to superovulation or superstimulation with these 

hormones. Since the ultimate goal of pre-OPU 

superstimulation is to generate additional follicles rather than 

inducing multiple ovulations, changes in the dose and timing of 

gonadotropins used are required (Bols and Stout 2018). For 

this purpose, many methods have been tried in pre-OPU 

superstimulation protocols, such as using a single dose of FSH, 

different administration routes, reducing the amount of FSH 

and dissolving it in different polymers (Bó et al. 1994; Chaubal 

et al. 2007; Ongaratto et al. 2010; Vieira et al. 2016).  

 

Dominant Follicle Ablation Before Superstimulation 

 

The ovarian response after superstimulation and 

superovulation varies considerably between animals (Looney 

1986). Ablation of the dominant follicle (DF) or hormonal 

applications can be performed to maximize the 

superstimulation response and increase the count of antral 

follicles. As the dominant follicle in the ovary triggers the 

secretion of inhibin and estradiol, resulting in suppression of 

follicular growth, it adversely affects the superstimulation 

response (Aerts and Bols 2010). When the large follicle 

developing in the ovary reaches an average diameter of 8-9 

mm, a difference occurs between other follicles and future DF 

follicles. This situation is termed deviation (Ginther et al. 1997). 

All follicles that develop before deviation have the capacity to 

become DF. Following the deviation, the largest follicle 

becomes DF, while the others follicles regress. In a study 

conducted in heifers, it was determined that any follicle with 5 

mm diameter reaches DF when all other follicles are removed. 

Thus, it has been understood that any antral follicle has the 

capacity to become DF (Gibbons et al. 1997). For this reason, 

ablation of DF involves aspiration of all follicles greater than 5 

mm. In superstimulation applications, ultrasound-guided follicle 

ablation is to eliminate the suppressive effect of DF (Berfelt et 

al. 1994; Baracaldo et al. 2000). Ablation of DF caused by the 

emergence of gonadotropin-sensitive a new antral follicles 

wave in an average of 1-2 days. Follicle ablation can be used in 

embryo production centers with the necessary equipment and 

trained personnel. In addition, it is stated that dominant follicle 

ablation is as effective as protocols involving the combined use 

of progesterone and estradiol in follicular wave 

synchronization for superstimulation in cattle (Bungartz and 

Niemann 1994; Bó and Mapletoft 2014). 

 

Health Status of Donor Animals During and Following 

the Opu Process 

 

The OPU is a technique that can be applied at different 

frequencies in animals with or without gonadotropin 

administration. It allows multiple pick-up oocytes from donor 

animals. The multiple use of donor animals is important in 

terms of the number of oocytes to be obtained in subsequent 

applications and the changes that repetitive applications will 

create in animals (McEvoy et al. 2006). OPU causes short and 

long-term changes in ovaries of donors. These changes are 

related to the function and the shape of ovaries, and differ in 

their severity and nature. The most natural change is related 

to the follicular dynamics in the ovary and the endocrine status 

of the donor animals (Petyim et al. 2000; 2001; 2003). General 

differences in follicular dynamics are not a problem for OPU 

unless they persist over a long period of time (Carlin et al. 

1999; Galli et al. 2001). Nevertheless, it is stated that luteal 

tissue or CL-like structures may form after follicular aspiration 

and this may affect the quality of the collected oocytes 

(Stubbings and Walton 1995; Petyim et al. 2003). Apart from 

this, another factor that negatively affects the follicular and 

luteal activity in the ovary following the follicular aspiration 
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procedure is the scarring of the ovarian tissues with recurrent 

follicle puncture. Repeated OPU applications, results in 

development of an excessive amount of connective tissue in 

tunica albuginea and in the ovarian stroma (Kruip et al. 1994; 

Alberio et al. 2002; Chastant-Maillard et al. 2003). The 

flexibility of ovarian tissue against sclerosis has been reported 

by many researchers. It is stated that cattle can tolerate the 

follicular puncture process, which breaks down the ovarian 

surfaces and significantly change the tissue dynamics (McEvoy 

et al. 2002; Bogh et al. 2003). Besides, needle penetration 

applies to the vaginal and the risk of rupture or pathogen 

contamination during the procedure should not be forgotten 

(Younis et al. 1997; Cho et al. 2004).  

In OPU procedures, one of the issues that require utmost care 

in order to perform the follicular aspiration process in a healthy 

way and to prevent the entry of pathogens is the application of 

epidural anesthesia to the donor animals. Epidural anesthesia is 

a very important part of the transvaginal follicle aspiration 

technique. Epidural anesthesia minimizes uncomfortable 

movement and abdominal strain of the donor animal (McEvoy 

et al. 2006). Sterile needle should be inserted into the epidural 

space between the coccygeal vertebrae to administer epidural 

anaesthesia (McEvoy et al. 2002). With the sudden movements 

of the donor during anaesthesia administration, the needle tip 

may pass through the epidural space, contact the underlying 

intercoccygeal disc. These accidents can cause long-term or 

permanent problems for the donor. Nonetheless, if an 

infection occurs at the epidural injection site, it can cause 

serious complications and suffering (Hall and Clark 1991). 

 

Conclusion 

 

The OPU technique has been accepted as a suitable method 

for collecting oocyte, in consequence of intensive studies to 

collect oocytes from cattle. It is widely used in commercial 

applications and research on bovine oocyte. OPU has become 

an alternative to MOET as it allows the production of more 

embryos in a short time. Producing more embryos in a short 

time ensures that the generation gap is reduced and genetic 

progress is accelerated. In addition, it forms the basis for the 

use of advanced technologies such as transgenics and cloning. 
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