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Laparoscopic ovum pick up (LOPU) in goats:
from hormonal treatment to oocyte possible destinations*

Colheita de oécitos por laparoscopia em caprinos:
do tratamento hormonal aos possiveis destinos dos o6citos
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Abstract

Whether we are collecting oocytes from donors as part of a program of in vitro embryo production (IVP) and/or to promote advances
in emerging biotechnologies as cloning and transgenesis, the success rate depends on the development of methodological aspects
of recovering oocytes. To succeed, sufficient number of good quality oocytes is the prerequisite for various reproductive techniques
and laparoscopic ovum pick up (LOPU) is the recommended technique for obtaining them from live goats. However, the variability
of the quantity and quality of the oocytes collected still limits the large-scale use of this technology. Under the current conditions,
too large variability is reported with oocyte recovery rates ranging from 40 to 90%, and the number of harvested oocytes per
female between 4 and 14, in different laboratories. This variability can depend on either intrinsic characteristic of the donors, such
as breed, age, individual response or on aspects that we might be able to control, such as stimulation treatment, type of needle,
aspiration pressure, among others. We believe that new investigations should contribute to significant improvement of LOPU yield.
This review aims to report different factors influencing goat donor response for LOPU, presenting main steps for oocytes recovery
as well as technical alternatives for improving LOPU efficiency. Furthermore, it is aimed to discuss about the potential use of goat
oocytes after their recovery by LOPU and present overall results in goat IVP worldwide.
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Resumo

Independentemente se a coleta de odécitos & parte de um programa de producéo in vitro de embrides (PIVE) e/ou promovera
avancgos biotecnoldgicos como clonagem e transgénese, os aspectos metodoldgicos nas técnicas de recuperagao de odcitos
séo imprescindiveis. Para alcancar sucesso de forma 6tima, nimero suficiente de odcitos de boa qualidade é pré-requisito para
diversas técnicas reprodutivas e a colheita de odcitos por laparoscopia (COL) é a técnica recomendada para obté-los de cabras
saudaveis. Entretanto, a variabilidade na quantidade e qualidade de odcitos coletados ainda limita o uso desta tecnologia em grande
escala. Sob as condigbes atuais, uma grande variacéo é relatada na literatura com taxas de recuperagéo de odcitos variando de
40 a 90% e o numero de estruturas coletadas por fémea entre 4 e 14 odcitos em diferentes laboratérios. Esta variabilidade pode
ocorrer tanto em fungéo de variaveis ndo controlaveis, como raga, idade e caracteristicas intrinsecas da cabra, como devido a
aspectos controlaveis, como o tratamento superestimulatério, tipo da agulha, presséo de aspiragdo, dentre outros. Acredita-se que
novas pesquisas devam contribuir significativamente para a melhoria da técnica de COL. Esta revisdo objetiva relatar os diferentes
fatores que influenciam a resposta de cabras doadoras apés COL, apresentando as principais etapas para recuperagao oocitaria
assim como modificagdes técnicas propostas para melhoria da eficiéncia da COL. Além disso, discutir sobre potencias aplicagbes
de odcitos caprinos depois de sua recuperacao por COL e resultados gerais sobre a técnica no mundo.

Palavras-chave: biotecnologia, caprino, PIV, LOPU, odcito.

Introduction (IVP), cloning or transgenesis depends on the development

of reliable, repeatable and efficient techniques for recovery of
Animal biOteChnOlOgy is one of the fields of science that has good qua“ty OocyteS, among other factors (Mermmod et al_’
provided the most spectacular discoveries in the last two  2006; Galli et al., 2000; Gibbons et al., 2008; Souza-Fabjan et
decades, from the sheep Dolly, to transgenic pigs that can be  a|. 2014). In order to recover oocytes, earlier reports have used
organ donors for humans, and to animal bioreactors producing  ovariectomy via laparotomy (Younis et al., 1991; Keskintepe
human therapeutic proteins in milk (Reviewed by Duszewska et et al., 1994). Another possibility was the use of laparotomy,
al., 2010). The potential application of in vitro embryo production  where the oocytes were aspirated from intact ovaries (Ptak
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et al., 1999a), but this technique could lead to development
of adherences. Studies involving slaughtered healthy goats
were also published (Crozet et al., 1995; Cognié et al., 2004).
However, unless any organizational reason aiming to reduce the
herd is involved (Katska-Ksiazkiewicz et al., 2007) or as a part
of the experimental design (Vazquez et al., 2010), this method is
ethically unacceptable nowadays in healthy females. In cattle, the
transvaginal ultrasound-guided ovum pick-up (tvOPU) technique
is currently the most used to successfully and repeatedly obtain
oocytes (Viana et al., 2004; Bols, 2005). However, in goats,
Graff et al. (1999) obtained lower numbers of oocytes from
females submitted to tvOPU as compared to those submitted to
laparoscopy (4.3 vs. 11.5 oocytes collected per doe).

Currently, goat oocytes are mostly collected from slaughterhouse
ovaries or, less often, by laparoscopic ovum pick up (LOPU)
from live animals. Slaughterhouse ovaries may provide a
cheap and relatively abundant source of oocytes by follicles
aspiration, slicing or follicle dissection (Martino et al., 1994).
These oocytes from unknown females are helpful for research.
However, in diverse countries, the number of goats slaughtered
is reduced and consequently it is difficult to carry out proper
experiments using their ovaries (Tan et al., 2011). Therefore,
LOPU may be an alternative and used as an important source
of oocytes. Moreover, the use of IVP for genetic improvement or
diffusion requires collecting oocytes from given females with high
economic or genetic merit. This could be done after accidental
culling of the female or at the end of her life to ensure a last
reproduction or from living female, through LOPU (Mermillod
et al., 2006). LOPU procedure is less stressful, less invasive,
lasts less (each session takes between 10 and 20 min per
does) than laparotomy and can be repeated at short intervals
without distressing animals or altering oocyte developmental
competence. Itis noteworthy that after repeated LOPU in sheep
no complication such as adhesions and fibroses occurred and
normal histology of ovaries were observed (Teixeira et al. 2011),
confirming that laparoscopy is a minimally invasive procedure.
Therefore, LOPU is the recommended technique for obtaining
good-quality oocytes from live donors (Baldassarre and
Karatzas, 2004; Pierson et al., 2004; Baldassarre et al., 2007).
Besides, LOPU-IVP programs are particularly well designed
for amplification of endangered breed or species for which few
genitors are available.

Whether we are collecting oocytes from valuable donors as
part of an IVP program, or oocytes are being collected from
standard goats to be used as recipient cytoplasts in a somatic
cell nuclear transfer (SCNT) program, reproductive success
rates depend on LOPU technique efficiency (Baldassarre, 2012).
The development of LOPU began in the 1990s and there is still
little information available on immature oocytes collected from
live goats and their subsequent IVP. In addition, despite heavy
research efforts, the variability of the number and quality of the
oocytes collected still limits the large-scale use of this technology.
Under the current conditions, oocyte recovery rates range from
40 to 90%, and the number of harvested oocytes per female
between 4 and 14, in different laboratories (Baldassarre and
Karatzas, 2004; Pierson et al., 2004; Gibbons et al., 2007).

This variability may depend either on intrinsic variables related
with the donor, such as breed, age, individual response or on
aspects that can be controlled, such as stimulation treatment,
type of needle, aspiration pressure, among others. This review
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will focus on: i, different factors influencing goat donor response in
LOPU; ii, the main steps for oocyte recovery as well as technical
alternatives for improving LOPU efficiency; iii, the potential
applications of goat oocytes after their recovery by LOPU; and
iv, overall results in goat IVP worldwide.

Before LOPU — Hormonal treatment and other
factors affecting ovarian response

Hormonal protocols for ovarian stimulation

Different schemes of hormonal stimulation have been evaluated
in order to improve the quantity, quality and developmental
competence of oocytes from does submitted to LOPU (Avelar et
al., 2008; Baldassarre and Karatzas, 2004; Gibbons et al., 2008).
The goats should be heat synchronized and stimulated with
gonadotropins. These protocols enable synchronous recruitment
of a large population of follicles. Progestagen (or progesterone)
releasing devices are employed for estrus synchronization during
10 to 14 d and they are usually left in the vagina until the moment
of follicles aspiration in order to avoid ovulations. Indeed, a dose
of prostaglandin F2a analogue is used to promote luteolysis of
corpus luteum present and secreting endogenous progesterone.
Hormonal treatments for ovarian stimulation proposed by
different research groups worldwide in goats are represented in
Figure 1. The use of GnRH analogue for one week prior to the
stimulatory regime in goats adversely affected both the number of
follicles available and oocytes recovered by LOPU (Baldassarre
etal., 2001), whereas similar treatment may be helpful in sheep
(Cognié et al., 2004).

D, Dllz,s DI14 DI17
A
| | I
) LR S |
P4 PGF,, P4 CG+  Ogeyte
hCG recovery
Dy Dy Dgs Dy Dos Dy Dy,
s | i1

|
! i1
t I l \ Oocyte

P4 P(\}Fh P4 recovery

Y
FSH

D, Dy Dgs Dy

ol | | |

| | | I\

' t l Oocyte

P4 PGF,, eCG + P4 recovery
FSH

Figure 1: Stimulation treatments proposed by different research groups for
LOPU in goat using A: eCG associated to hCG, B: five doses of FSH or C:
eCG associated to FSH, called “one shot”. A. P4 = CIDR, PGF2a = 125 g
cloprostenol, eCG = 1500 IU, hCG = 250 IU, (Tan et al., 2011); B. P4 = 60
mg MAP, PGF2a = 50 ug cloprostenol, pFSH = 30/30/20/20/20 mg (Avelar
etal., 2012); C. P4 = 60 mg MAP, PGF2a = 125 ug cloprostenol, eCG = 300
U, pFSH = 80 mg (Baldassarre and Karatzas, 2004)



Itis well described that FSH stimulation prior to oocyte recovery
increases oocyte production efficiency with significantly more
follicles punctured and oocytes retrieved from each female
(Katska-Ksiazkiewicz et al., 2004). Porcine derived-FSH (pFSH;
20 vs 40 mg) and FSH of equine origin (eFSH; 20 vs 40 mg)
were compared. Goats that received 40 mg pFSH allowed the
recovery of 14.8 oocytes per doe, greater (P<0.05) than 10.5
when they received 40 mg eFSH or 6-7 oocytes when only 20 mg
p/eFSH were administered (Graff et al., 1999). Generally, a
greater FSH stimulation dose for donor females produces more
large follicles which are easier to visualize and aspirate (Graff
et al., 1999). It was observed that does receiving high dose of
ovine FSH (1 IU) had greater proportion of zygotes reaching
the blastocyst stage than goats treated with half dose (Locatelli
et al.,, 2004). However, interestingly, Katska-Ksiazkiewicz et
al. (2004) reported a lower cleavage rate in FSH-stimulated
goats rather than in the control group, but this difference was
balanced by the higher rate of development to the blastocyst
stage in the FSH-treated group. Morton et al. (2005) reported a
similar embryo production rate in ewes submitted to treatment
with FSH vs. without FSH prior to LOPU. In fact, although not
statistically different, when we consider the ewes that received
FSH they had a lower cleavage rate (~59%) with respect to non
treated ewes (~79%). To summarize, these data suggest that
FSH may enhance the amount of oocytes recovered per doe,
however, some reports indicate an adverse effect on cleavage
rate although it affects positively blastocyst development rate.
Some of the additional oocytes recruited by FSH treatment may
be of low quality and unable to cleave.

The positive or negative effect of FSH may be in relation to its
administration scheme. Ewes treated with decreasing doses of
FSH administered at 12 h interval, presented a higher number
of large follicles (>5 mm) than those submitted to constant doses
(4 doses of 24 1U every 12 h). Blastocyst rates were similar for
untreated ewes (13.7%) or those treated with decreasing FSH
doses (11.8%), but were greater for ewes treated with a constant
FSH dose (20.4%). A possible explanation for the lower embryo
development capacity in FSH treatment in decreasing doses
could be that the first two very high doses could have induced
to a rapid and abnormal follicular development (Berlinguer et al.,
2004). With regard to the number of doses, the higher number
of FSH injections (5 vs. 3) resulted in Grade1/2 COC with higher
Epidermal Growth Factor Receptor expression in cumulus cells,
that correlated with an elevated meiotic competence following
in vitro maturation (IVM) in goats (Almeida et al., 2010). Current
treatments mostly consist in multi-injection FSH regimen, but the
protocols are very labor intensive and rather stressful to animals
because of excessive handling. Therefore, the “one shot” regime,
in which a combination of FSH and eCG is given as a single
injection (Figure 1; treatment C) may represent an alternative,
which is less expensive and requires less labor input. Using
this protocol, Baldassarre and Karatzgs (2004) have conducted
1580 LOPU procedures and have recovered 21,219 oocytes
(13.4 oocytes per goat) representing an average recovery rate
of around 80%.

In general, LOPU is performed at 10, 24, 36 or 48 h after the end
of gonadotropin administration (Abdullah et al., 2008; Gibbons
et al., 2008; Avelar et al., 2012). Stimulation with the one shot
treatment has been carried out at 24, 36 or 48 h before LOPU
(Gibbons et al., 2008). It was recently demonstrated that a

prolonged interval from FSH/hCG to LOPU improved oocyte
retrieval rate and oocyte quality in goats. LOPU at 60 or 72 h
after FSH/hCG optimized yields of good quality oocytes for IVM
and embryo production in comparison to 36 h interval (Abdullah
et al., 2008).

Individual characteristics

Besides stimulation treatment, it is also important to consider
intrinsic factors of donor goats, in particular the body condition
score, breed, age, individual response, since they may influence
the quality and number of oocytes obtained (Cognié et al.,
2004). Surely, the individual ability of the goats to respond to
superovulatory treatment would be one of the most important
factors in the variability of the final effectiveness of the technique.
For example, a very large variability was observed among
individual response in cows within a range from 0 to 128 oocytes
(Pontes et al., 2011) and in goats, ranging from 4 to 33 follicles
and 2 to 12 oocytes recovered (Gibbons et al., 2007). Such
variability shows that the individual response is one of the most
critical points, which is difficult to overcome (Pontes et al., 2011).

Age

The use of prepubertal animals as oocyte donors is an interesting
possibility, allowing to reduce the interval between generations
and to accelerate the process of genetic improvement in selection
schemes (Paramio, 2010). The effect of goat donors age on
oocyte quality, as well as the effect of follicle size were reviewed
(Paramio, 2010). Oocytes collected from prepubertal animals
are less competent for development than those collected from
adult goats (Mogas et al., 1997; Ptak et al., 1999). Moreover,
ultrastructural and functional deficiencies are reported in
prepubertal goat oocytes (Paramio, 2010). However, it has been
recently shown that one real problem of prepubertal goats is that
they have smaller follicles than adult ones, but the developmental
competence of oocytes obtained from larger follicles (=3 mm)
was similar between prepubertal and adult goats (Romaguera
et al., 2011). On the other hand, Baldassarre et al. (2007)
demonstrated that LOPU-IVP could be successfully used to
extend the reproductive life of valuable aged goats that have
acquired difficulties becoming pregnant by artificial insemination
after multiple pregnancies.

Season

The season could also influence the quality of LOPU oocytes.
Regarding the season studied, the number of aspirated follicles
was similar, whereas the proportion of good quality COC (Grade
I/ll) was enhanced in the breeding season in goats. However,
interestingly, the cleavage rate of LOPU oocytes and blastocyst
development rate of slaughterhouse oocytes were both higherin
the anestrous season (our unpublished data). Similarly, season
was shown to affect the number and competence of recovered
oocytes in sheep and cleavage rate tended to be higher in the
anestrous season (oocytes recovered from ovaries obtained
after euthanasia) (Vazquez et al., 2010). Recently, oocyte
developmental competence in buffalo was also shown to be
affected by season since higher cleavage and embryo yields
were recorded in autumn compared to spring, with intermediate
results in summer and winter (Di Francesco et al., 2011). In
cattle, the number of follicles and collected oocytes decreased
significantly during the hot season, only in empty Japanese
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black cows. It is noteworthy that pregnant cows showed a
significantly higher proportion of cleavage, blastocyst rate and
freezable embryos than empty cows (Takuma et al., 2010). In
ewes, a subcutaneous implant of melatonin improved oocyte
developmental competence during the anestrous season
(Vazquez et al., 2010). Therefore, there are some technical
approaches that could be used to overcome the season effect.

Breed

In cattle, Pontes et al. (2010) reported a large-scale commercial
program for IVP from dairy donors. The number of viable oocytes
per OPU session was 12.1 (Gir), 8.0 (Holstein), 16.8 (1/4 Holstein
x 3/4 Gir), and 24.3 (1/2 Holstein-Gir crossbred), significantly
different among breeds, with no prior stimulation. An indirect
influence of the breed is the pattern of ovaries concerning their
size. It was observed in sheep that larger ovaries yielded a
higher number of oocytes in comparison with smaller ovaries
(Wani et al., 1999).

Interval of LOPU

The time between LOPU in successive treatments varies
between 4 and 16 days. With respect to the use of successive
procedures in the same doe, various authors have pointed out
that it affects neither the quantity of ovarian follicles nor the quality
of the oocytes obtained (Gibbons et al., 2008). In cattle, there is
a general agreement that twice-weekly aspiration yields a higher
number of viable oocytes and transferable embryos considering
both sessions than once-weekly aspiration, since it doubles the
frequency of follicular waves, which become uncoupled from
the estrous cycle because of inhibition of ovulation (Boni, 2012).
However, there is no study in goats using this system and the
most similar work was reported by Gibbons et al. (2007), in
which LOPU was performed every four days, with three sessions
within eight days. The authors found no significant differences
in follicular development and oocyte quality between the three
successive LOPU sessions.

During LOPU - The procedure and latest
improvements

The procedure

The females should be deprived of food and
water for 36 h and 24 h, respectively, prior
to laparoscopy (Avelar et al., 2012). The
surgical field, cranial to the udder, should
be shaved and disinfected. In goat, efficient
sedation and anesthesia with xylazine and
ketamine (Avelar et al., 2012) or thiopental
and continuous infusion of isoflurane through
inhalation (Souza-Fabjan et al., 2013) for
adequate immobilization are essential for
successful aspiration. Commonly, the donor
is placed in an inverted position on a cradle
at a 45° angle, in order to prevent organs
perforation when trocars are inserted into
the abdomen (Silva et al., 2012) (Figure
2A). Local administration of lidocaine is
applied to the puncture sites of the trocars
and three small incisions (3-5 mm) are made
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with a scalpel (Figure 2B). An endoscope is inserted into the
abdominal cavity through a trocar, cranial to the udder and to
the left of the midline. This trocar is connected to a CO, tank
allowing to insufflate the abdominal cavity with CO,. Once the
abdominal cavity is expanded, a second trocar is inserted into
the right side (opposite from the first one) of the abdomen for
introduction of an atraumatic grasping forceps. The uterine horns
are gently manipulated to allow visualization of each stimulated
ovary (Figure 3A). The atraumatic grasping forceps is used to
stabilize the mesovarium, making possible for the technician
to turn the ovary in different directions for better positioning,
visualization, and follicle aspiration. To prevent damages,
grasping of the ovarian vascular pedicle should be performed
carefully and excessive torsion should be avoided. The last
trocar is inserted in the midline for passing oocyte aspiration
needle. The objective is to enter the follicle from the side, with
the needle in a direction parallel to the base of the follicle, or if
not possible, puncture should be perpendicular to the follicle wall.
Once the needle is inside the follicle, it must be gently rotated
to ensure that as much of the follicle contents as possible is
aspirated (Baldassarre et al., 1994) (Figure 3B). In cattle, this
technique showed a significant improvement of approximately
30% of the recovery rate (Sasamoto et al., 2003) due to a better
detachment of the COC by curettage of the follicular wall during
follicle aspiration. Observation of the vessels on the follicle wall
during laparoscopy makes possible to choose a less vascular site
to introduce the needle, and aspirating follicular fluid containing
little or no blood. All follicles of more than 2 mm of diameter,
visible on the surface of the ovaries, are aspirated using a
needle connected to an aspiration and flushing system. It is
noteworthy that if the follicle is too big, comparable to the size of
a cyst (varies according to breed), the aspiration should not be
performed to the collection tube. The use of heparin is essential
both in the aspiration medium (usually buffered TCM 199) and
in the periodic washing of the circuit to prevent coagulation and
blockage of the system. Finally, the trocar orifices are treated
with a local antibiotic-cicatrizing solution. The collection tube
containing aspirated fluid (3-5 mL) with COC is dispensed into
a sterile Petri dish (90 or 100 mm) for COC searching under a
stereomicroscope at 35-37°C (Tan et al., 2011; Avelar et al.,
2012; Silva et al., 2012). Some small differences were reported
such as the use of a discard cannula for intrauterine artificial
insemination called “Aspic for pellet insemination in sheep” for
follicle puncture in sheep and goat donors (Gibbons et al., 2007).

Figure 2: A. General view of LOPU system in goat. B. View of three trocars position during LOPU.



Figure 3: A. Reproductive tract of a goat showing both ovaries with high response to stimulation,
i.e., follicles available for puncture. B. Follicle aspiration through specific needle for LOPU

Important aspects for achieving high recovery rate

The effectiveness of this technique is based on the quantity
and quality of the oocytes recovered. Besides the stimulation
treatment, high variability in the results may be due to follicle
size as well as type of needle, aspiration pressure and flow rate
(Gibbons et al., 2008). The aspiration conditions used during
LOPU are extremely important considering the COC structure,
while optimizing their recovery rate (oocytes recovered/follicles
punctioned) (Bols et al., 1997), a lesser proportion of good quality
COC is recovered. Briefly, some considerations with respect to
these factors are described below.

Follicle size

Follicle size does not affect recovery rate, but proportion of good
quality oocytes was higher for large (77.9%) and medium (64.4%)
follicles than for small follicles in sheep (Rodriguez et al., 2006).
Crozet et al. (1995) observed that COC obtained from big follicles
have better in vitro maturation than those from small follicles
in goats. Commonly, a direct relationship between follicle size,
oocyte diameter and developmental capacity has been reported
(Romaguera et al., 2011).

Needle and tubing

Regarding the type of needle, the variables are the diameter of
the needle and the length of the bevel. The diameter could modify
the quality of the oocytes, since a smaller needle diameter would
submit the oocyte to shearing forces, which could remove some
of the cumulus cells. The bevel determines the portion of the
needle that is introduced into the follicle to detach and aspirate
the oocyte, directly affecting the percentage of retrieval (Bols
et al., 1997).

In bovine, higher recovery rates were obtained with wider
diameter needles (18 G) in comparison with 19 and 21 G needles
(Bols et al., 1997). However, Rodriguez et al. (2006) reported that
needle gauge did not affect aspiration device efficiency in sheep.
Various authors used different diameters of needles varying from
16 to 23 G, obtaining good results for recovery and oocyte quality
(Gibbons et al., 2008), but no studies were found in the literature
comparing different needle diameters for LOPU in goats. Our
group observed that 18 G needle promoted a significant better
oocyte recovery rate in goats than a 20 G needle, whereas no
influence was noted on oocyte quality (unpublished data).

Moreover, short needles produced the best results for aspiration,
because of the short passage from the follicle to the silicon tubing,
which is less traumatic for the oocyte than the steel needle
(Rodriguez et al., 2006). Interestingly, thin and intermediate

diameter tubing were significantly more effective
in terms of proportion of good quality oocytes,
probably due to less turbulence when the oocyte
passed from the needle to the tubing (overall
efficiency rates: 34.9, 32.3 and 28.1% for 1, 2
and 3 mm respectively) (Rodriguez et al., 2006).

Aspiration pressure

Aspiration pressure is another factor influencing
both recovery rate and oocyte quality. The
vacuum connected to the needle is regulated
from 25 to 70 mmHg for goats. Our group
demonstrated that the pressure of 30 mmHg in
goats was efficient and reached high recovery rate (84%). The
optimal aspiration flow using a vacuum pump for goats is between
50 and 70 drops min ' (Baldassarre et al., 2003a; Koeman et
al., 2003). It was earlier reported that low pressures such as 25
mmHg showed low rates of recovery in sheep (Alberio et al.,
2002) and high as 100 mmHg resulted in lesser proportion of
good quality COC (Morton et al., 2008).

It should be noted that it is possible to reduce and simplify the
cost of LOPU, by using conventional syringes adapted for this
purpose instead of specially designed material. It is also possible
to use a cannula for intrauterine artificial insemination in sheep
and goats without vacuum control (Gibbons et al., 2007).

In cattle, tvOPU demands tubing of greater length and thus
requiring higher vacuum. For all needle types, more oocytes were
recovered at higher aspiration pressures. On the other hand, the
proportion of oocytes surrounded by compact cumulus and in
vitro produced blastocysts decreased progressively as vacuum
increased (Bols et al., 1997). It is noteworthy that high vacuums,
although resulting in high recovery rates, can affect quality of
the oocytes recovered (Cognié et al., 2004). As mentioned
below, most part of the studies evaluating aspiration pressures
have focused on the collection of oocytes, and have defined the
optimal oocyte aspiration pressure based on the number/quality
of oocytes recovered. Furthermore, the aspiration pressure
during oocyte recovery may affect subsequent embryonic
development in vitro (Tervit, 1996). The optimal aspiration
pressure for oocyte recovery may not be the optimal pressure
for embryo development, but the literature focusing this point is
very scarce in goats.

Aspiration flow rate

Narrow needles have lower flow rates than wide ones, for the
same aspiration pressure. The aspiration flow rate measured
in mL water/min allows achieving uniformity when using
any combination of elements for LOPU. Aspiration flow rate
significantly affects the proportion of good quality oocytes in
sheep (69.5, 50.5, 44.8, 36.5 and 28.3% for flows of 10, 20, 30, 40
and 50 mL/min respectively) (Rodriguez et al., 2006). Moreover,
the best LOPU devices differ for each follicle size. Small (<3 mm)
and medium follicles (3-5 mm) need low-aspiration flow rates and
thin tubing for optimal results. On the contrary, pre-ovulatory and
large follicles (>5 mm) showed best rates when aspiration flow
was high and tubing was wide (Crozet et al., 1995). Fluid flow of
7 to 7.5 mL/min was used in goats and the percentage of good
quality oocytes was approximately 70% (Avelar et al., 2012).
Depending of all these factors already mentioned the success
of this technique could be greater or lesser.
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After LOPU — Applications and potential

LOPU is a reliable and effective technique for the recovery
of goat oocytes for production of zygotes that may be DNA
microinjected in order to obtain efficient transgenesis rates
(Baldassarre et al., 2003). The same group also produced
cloned live kids in a nuclear transfer program by the use of
LOPU oocytes (Baldassarre et al., 2003b). Intracytoplasmic
sperm injection (ICSI) was also performed in LOPU derived
oocytes in goats (Abdullah et al., 2008). Another perspective
for their use was reported by Cox et al. (2002) when they
transferred oocytes to inseminated does generating a model to
study sperm function in vivo. LOPU efficiently resets the >2 mm
diameter follicular population to zero and suppress dominant(s)
follicle(s) effect which in turn guarantees that the new population
will be uniformly renewed with less atresia. By performing OPU
in cattle 24 h prior to superovulatory treatment, an improved
efficiency of superovulatory response was found (Boni, 2012).
This association could be also important in goats. Finally, an
interesting area of biotechnology is the production of chimeras,
which are individuals originated from more than one zygote
by aggregation of two early-stage embryos. The production of
chimera allows to verify pluripotency of blastomeres and to follow
the differentiation process in prenatal development (Duszewska
et al., 2010).

Currently, LOPU is implicitly associated to IVP in goat. Most
part of research papers published in two different worldwide
databases (pubmed and scopus) refers to the use of LOPU
oocytes for IVP. Through consulting journals indexed by both
databases, it is possible to estimate that approximately only 10
countries work with LOPU in goats in the world: United States
of America (Graff et al., 1999), Chile (Cox et al., 2002; Cox and
Alfaro, 2007), Canada (Baldassarre et al., 2003b; Pierson et
al., 2004; Baldassarre et al., 2007), Argentina (Gibbons et al.,
2007), Bangladesh (Rahman et al., 2007), Malaysia (Abdullah
etal., 2008; Tan etal., 2011), France (Locatelli et al., 2004), Italy
(Leoni et al., 2009), Brazil (Almeida et al., 2010; Avelar et al.,
2012) and Spain (Morato et al., 2011). IVP involves four major
steps: oocyte collection, oocyte in vitro maturation (IVM), in vitro
fertilization (IVF) and in vitro development (IVD) of the resulting
embryos up to the blastocyst stage, at which these embryos can
be cryopreserved or transferred into the uterus of synchronized
recipient females. These steps will be briefly detailed (Souza-
Fabjan et al., 2014).

After successful oocytes recovery COC are classified according
to the number of cumulus cells layers and good quality COC
(Grade 1 and 2) are submitted to IVM. One classification well
accepted is: Grade 1 — Multilayered compact cumulus and finely
granulated oocyte cytoplasm; Grade 2 — One to three layers of
cumulus cells and finely granulated oocyte cytoplasm; Grade
3 — Incomplete or no cellular investment or heterogeneous
oocyte cytoplasm and Grade 4 — Oocyte with abnormal shape
and heterogeneous oocyte cytoplasm or apoptotic oocytes in
jelly-like cumulus-corona cells investment (Avelar et al., 2012).

Our group observed that slaughterhouse oocytes had greater
cleavage rate than LOPU oocytes, both after IVM in more
complex medium: TCM-199 supplemented with follicular fluid
(FF) and oFSH (89.5% vs. 64.5%, respectively); or under
more simple medium, EGF and cysteamine (87.5% vs. 37.3%,
respectively). For LOPU oocytes, both cleavage and blastocyst
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development rates increased significantly when FF-oFSH was
used (Locatelli et al., 2008). These data clearly indicate that
oocytes requirements during IVM may differ according to their
origin. It remains unclear if their difference in terms of response to
IVM treatments may be related to FSH stimulation prior to LOPU
session or to post mortem changes in oocyte responsiveness
in slaughterhouse group. Some interesting results have been
obtained in cattle by targeting upstream of MPF activation,
such as phosphodiesterase 3, the enzyme which regulates
cAMP level in cumulus cells, and in turn MPF activation in the
oocyte (Gilchrist and Thompson, 2007). This more physiological
inhibition process is able to increase final oocyte intrinsic quality
before gonadotropin addition allowing meiotic resumption
(Souza-Fabjan et al., 2014). Regarding IVM physical conditions,
literature does not vary considerably and it is usually performed
incubating COC in large groups under 5% CO, in air at 38 to
39°C with maximum humidity for 22-27 h. IVM is commonly
performed using tissue culture media enriched with amino acids
and glucose, supplemented with hormones and heat inactivated
serum (Souza-Fabjan et al., 2014).

After the step of IVM, the matured oocytes should undergo IVF.
Either fresh or frozen-thawed semen can be used to fertilize
matured oocytes. In any case, it is essential to improve live
sperm cells proportion, usually by the use of Percoll or swim-up
separation (Khatun et al., 2011). The most widely used medium
is the modified synthetic oviduct fluid (SOF), supplemented by
serum, antibiotics and other substances, varying according
to the laboratories. The inclusion of heparin as capacitating
agent in the fertilization medium significantly improves IVP in
goats (Souza et al., 2013). Regarding IVF conditions for goats,
sperm concentrations vary from 1 to 3.5x108 cells/mL and large
groups of oocytes are co-incubated for 16-20 h at 38 to 39 °C in
humidified atmosphere of 5% CO, in air (Cognié et al., 2004).
Some recent sheep IVF data show that sex-sorted spermatozoa
induce equal or greater cleavage and blastocyst rates than non-
sorted ones (de Graaf et al., 2009) and a large-scale commercial
program for IVP in cattle using sexed sperm has been performed
(Pontes et al., 2010). Despite its interesting applicability, up to
now there are no reports related to the use of sexed spermatozoa
in goat IVF.

The last step in order to produce in vitro embryos is the IVD, which
occurs immediately after the end of IVF. We recently showed
that oocytes should be denuded after IVF (Souza et al., 2013),
washed and placed in an embryo culture medium that allows the
development up to a stage that is compatible with their transfer
to recipient uterus. The SOF medium supplemented with bovine
serum albumin (BSA) and fetal calf serum has been successfully
used for goats (Cognié et al., 2004) and embryos are usually
cultured in droplets of IVD medium overlaid with mineral oil (1 pL/
embryo). This relation medium/embryo is particularly important
when working with LOPU, since a high variation in female
response can be observed, and often the number of embryos
per female remains low. The use of co-culture systems to mimic
natural embryo environment in vitro may allow the improvement
of embryo development, restore normal metabolic parameters,
increase embryo viability and cryoresistance (Mermillod et al.,
2010). The presumptive zygotes are incubated at 38 to 39 °C in
a humidified atmosphere of 5% O,, 5% CO, and 90% N,. After 6
to 8 days, the developed embryos can be transferred to recipients
or cryopreserved (Cognié et al., 2004). Whereas the success



of IVD is relatively high (40 to 50% of the initial oocytes finally
reach the blastocyst stage) (Souza et al., 2013), the resulting
embryos differ from in vivo derived ones on many aspects
(gene expression, metabolism, morphology), resulting in a lower
viability (Mermillod et al., 2006; Paramio, 2010), especially a
lower resistance to different cryopreservation methods. However,
the co-culture of embryos with caprine or bovine oviduct epithelial
cells has been shown to improve both embryo production rate
and quality of IVP embryos in goat (Rodriguez-Dorta et al., 2007).
Our group recently demonstrated that it was possible to enhance
the number of blastocysts by some modifications on goat IVF
system, reaching up to 54% of initial oocytes developing to the
blastocyst stage (Souza et al., 2013).

Conclusions

Successive collections by laparoscopy have demonstrated the
feasibility of obtaining high numbers of good quality oocytes for
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