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INTRODUCTION

Bovine Embryo Transfer Industry has undergone a dynamic development in the last 30 years,
although first ET in cows was performed only 60 years ago by Willet et al. (1951). Around
100,000 bovine embryos have been flushed from donor cows and transferred every year
in Europe and more than 500,000 worldwide. Less than 6% of the total transfers have been
carried out using in vitro produced (IVP) embryos, mostly coming from OPU recovered
oocytes (Gordon 2003, Merton 2010). Ultrasound guided Ovum pick-up (OPU) is a technique
developed for obtaining oocytes for in vitro production of embryos by repetitive aspiration of
ovarian follicles from live donor cows. Using this technique, usually 2 puncture sessions per
week can be performed during several months without hormonal treatment. An average of
5-10 oocytes can be retrieved per session. Costs of hormonal stimulation of superovulation
by expensive commercially prepared gonadotropic hormones could be avoided or minimized
using OPU, thus the costs per embryo produced would be reduced. OPU also minimizes
possible adverse effects on the regular reproductive functions of the treated animals. However,
OPU performance requires specialized laboratory equipment and well educated and trained
personnel, especially with skills in reproductive ultrasound scanning.

The aim of this paper is to review the current situation in Embryo Production Industry and to
address all advantages and possible pitfalls of OPU/IVF methods in comparison to conventional
MOET programs.

Multiple ovulation and embryo transfer — from past to present

At the end of the 19 century Walter Heape established scientific fundamentals of embryo
transfer by performing the first successful transfer of embryos in rabbits (Betteridge 1981). Half a
century later, after ET was also performed in other domestic animals (goats, sheep, pigs), routine
ET became possible (viable) in cattle. Initially, the transfer of embryos has been performed
for studying reproductive biology. This scientific initiative later on expanded into a possibility
for spreading this method for commercial application on the field. Hormonal induction of
multiple ovulation and transfer into recipients (usually referred as multiple ovulation and
embryo transfer - MOET) has been proposed as a way for accelerating genetic improvement
on the breeding herds. For that purpose, at the beginning exogenous gonadotropins such as
eCG (Equine chorionic gonadotropin) or hMG (human menopausal gonadotropin) had to be
applied. Equine chorionic gonadotropin as a complex glycoprotein with both FSH and LH
activity has been shown to have a half-life of 40 h in the cow and persists for up to 10 days in
the bovine circulation, causing prolonged follicular growth (Murphy and Martinuk 1991). Due
to this ,,undesired” characteristics eCG was replaced by purified pituitary extracts (porcine,
ovine, caprine and recently recombinant bovine FSH). The biological half-life of FSH in the
cow has been estimated to be 5 h or less so it must be injected twice a day to successfully
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induce superovulation (Monniaux et al. 1983). The ,,standard” procedure was set as 4 or 5-days
treatment, with a total FSH dose of 28 to 50 mg (Armour Units) of a crude pituitary extract
(FSH-o, FSH-p) or 400 mg NIH-FSH-PI of the purified pituitary extract, injected twice daily.
According the IETS and AETE statistical data, in past decades, on average 5-6 transferable embryos
per flushed donor were recovered. However, the main disadvantage of MOET is that outcome of
the treatment is very variable: approximately one third of the donors treated did not responded to
superovulation, another third produces few embryos and only one third really superovulates giving
a large number of embryos (Boland at al. 1991,). Another limitation is the requirement of donors in
perfect reproductive conditions which have to be achieved in cows after their lactation peak, since
the superovulatory treatment interferes with lactation and induces a decrease in milk production
(Galli and Lazzari 2005). Furthermore, the quality and number of transferable ova retrieved from
“good responders” vary greatly. It is well accepted that breed, age, nutritional plane and other factors
mainly contribute to early regression of corpora lutea or to poor fertilisation due to interrupted
sperm transport to the ova (Baldassarre and Karatzas 2004, Basrur and King 2005).

In vitro production (ivp) of embryos

Pioneering attempts for in vitro production of bovine embryos dated from late 70’s, parallel to
the birth of the first test tube baby Louise Brown in 1978 (Steptoe and Edwards). Brackett et al.,
1982, first reported the birth of a calve (named Virgil) after in vitro fertilization of an ovulated
oocyte. Since then significant revolutionary progress in ET industry has been recorded. Crucial
components of the [VP procedure are: in vitro maturation of the oocytes (IVM), in vitro fertilization
of maturated oocytes by capacitated sperm (IVF) and in vitro cultivation of embryos (IVC) up
to the stage of blastocyst. Oocytes for IVP can be collected by puncturing ovaries obtained from
slaughtered animals or by ultrasound-guided transvaginal follicle aspiration in living donor cows
(Bols, 2005). Gordon (2003) described in details all aspects of in vitro embryo production.

The first MOET experiments in Macedonia have been performed in 1989 (cattle), 1990 (sheep),
and 1991 (goats) (Popovski et al. 1990, 1992; Georgievski et al. 1991; Dovenski et al. 1993, 1995;
Kocoski et al. 1995). The research activity mainly focused on monitoring of superovulatory
response after different hormonal treatments. Our experiments have shown that differences
in number of ovulated follicles and quality of obtained embryos depended on the type of
hormonal stimulation and the doses, as well as the stage of follicular growth at the beginning
of treatment. Own studies revealed that “only” 55% of the large preovulatory follicles finally
ovulated, whereas the remaining follicles underwent atresia (Kocoski et al. 1998).

The laboratory for In Vitro Production has been established in 1993, and the first calf produced
from an in vitro fertilized frozen-thawed embryo was born in 1997 (Kocoski et al. 1998). In
the same year the laboratory was upgraded with equipment for ultrasound guided OPU, which
enabled us to produce embryos from oocytes derived from live animals.

Ovum pick up - possibilities and pitfalls

According to Galli and Lazzari (2005), ultrasound guided follicular aspiration, or ovum pick up
(OPU) is the most flexible and repeatable technique to produce embryos from live donors (Hasler
etal. 1995; Bousquet et al. 1999). This technique was adapted for the use in cattle in 1988 (Pieterse
et al.) and subsequently optimized and technically modified (Bols et al., 1995; Bols et al., 1996).
Basic equipment consists of a scanner with an adequate vaginal (or adapted for the vaginal use)
sector probe equipped including a needle guiding system. The needle is connected to a test tube
and to a vacuum pump for aspiration of the follicular fluid which contains the oocytes.

Classical indications for the use of OPU/IVP procedures are genetically high valuable donors
with or without non heritable fertility problems such as adhesions, cystic ovaries or low
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production rates in MOET programs (De Roover et al., 2005). In addition, (laparoscopic) oocyte
retrieval and IVP are possible using pregnant donors (van Wagtendonck-de Leeuw, 2006). OPU
can be also performed in prepubertal heifers although the efficiency of this procedure is quite
low (Taneja et al., 2000). Optimizing the number of offspring on the female side can even be
obtained by combining both MOET and OPU/IVP programmes (Durocher et al., 2006).

If every step in the OPU/IVP procedure is performed under the best conditions, about 80 to
150 embryos can be produced per cow per year (European breeds). Following transfer, this can
result in 50 to 70 calves of a single donor cow, which is significantly more than in classic MOET
programmes (Hasler et al.,, 1995; Merton et al., 2003; van Wagtendonck-de Leeuw, 2006).
Another advantage of OPU is that it is not necessary to treat the donor with gonadotropins.
However, embryo production from ovum pick up oocytes is very variable and affected by age
(Galli et al. 2001), season (Takuma et al. 2010, Viana et al. 2010), FSH stimulation (Chaubal
et al. 2006, De Roover et al. 2008, Sendag et al. 2008), donor genetics (Merton et al. 2009).
Performing OPU once or twice weekly can result in 1-3 embryos per session (Galli et al. 2001).
The possible drawbacks of OPU are higher cost compared to MOET and the requirement of
costly aspiration system and specialized laboratory equipment for embryo production.

Opu impact on animal welfare

Ovum pick-up is considered to be a mildly invasive technique employed to retrieve oocytes
repeatedly (Pieterse et al. 1988; Bols et al. 1995). Although it does not appear to interfere with
subsequent reproductive ability (Broadbent et al. 1997; Kruip and den Daas 1997; Petyim et al.
2000, 2001), it has been demonstrated to affect ovaries and their function. The influence on the
ovarian function has been evidenced as irregular cyclic activity (Gibbons et al. 1994; Stubbings
and Walton 1995; Boni et al. 1997; Carlin et al. 1999) and slightly modified endocrine patterns
(Petyim et al. 2000, 2001). Minor morphological changes of the ovaries as a consequence of
OPU have also been recorded, both macroscopically and microscopically (Bergfelt et al. 1994;
Gibbons et al. 1994; Kruip et al. 1994; Boni et al. 1997; Petyim et al. 2000, 2001).

Petyim et al. (2006) have reported that dairy heifers subjected to 4 months of twice-weekly OPU
did not express any changes in the routine or oestrous behaviour and no signs of clinical disorders
have been recorded, except during epidural subprocedure. Similar discussion about possible
negative effects of OPU procedure were published by Greve and Jacobsen (2001), summarized
as injuries induced to the ovaries and stress experienced during the OPU applications. Besides
puncture of the vagina and ovaries, the OPU procedure includes frequent epidural anaesthesia,
which may cause pain in the tail, and fused vertebrae (The Farm Animal Welfare Council 1997).

CONCLUSIONS

Ultrasound guided ovum pick-up represents a very flexible biotechnical method that enables
repeated recovery of oocytes for IVP which, unlike MOET, does not interfere with the normal
reproduction and production cycles of the donor. Furthermore, OPU allows exclusion of
the gonadotropine superovulatory treatments, which are often accompanied with inevitable
side effects. Its application and combination with IVF procedures in prepubertal animals is
appropriate for shortening the generation intervals and hastening genetic improvement.

Even though there is no strongly supported evidence of either a physiological or a behavioural
negative response of the donors to the OPU procedure, especially when proper anaesthetic
protocols are administered, the public concerns over new biotechnologies that might
compromise animal welfare should be our top priority in order to demonstrate the safety of
these technologies and the appropriateness for further development and application.
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