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Abstract-  In vitro embryo production (IVP) protocols often
require species-specific adaptations, in order to obtain
embryonic development at high rates. However, these
differences in IVP protocols make interspecific comparisons
more susceptible to technical factors. The work aimed to
compare VP embryo production in small ruminants (e.g. goats
and sheep) using identical in vitro oocyte maturation and
fertilization. Oocytes were retrieved, matured, and fertilized
under identical media and atmosphere conditions, while
embryos were cultured under different conditions. Goat
embryos were cultured in KSOM medium under co-culture,
while sheep embryos were cultured in SOF medium under low
oxygen tension without feeder cells. Cleavage, morula, and
blastocyst development were similar for both goat and sheep,
suggesting that oocyte maturation and fertilization conditions
allowed a similar developmental potential for small ruminant
species. Goat and sheep embryos can be produced at
comparable efficiencies under identical oocyte maturation and
fertilization conditions, suggesting that an IVP protocol that
can be used for both goat and sheep could be achieved in the
near future. This IVP protocol for small ruminants could be
used to address species-specific embryo metabolism
adaptation to in vitro conditions.

Keywords: fertilization, maturation, Capra hircus, Ovis
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[. [NTRODUCTION

n vitro embryo production (IVP) is an important tool to
address early embryonic development in mammalian
species (Galli et al.,, 2014). Moreover, IVP became
attractive for commercial applications such as
increasing progeny numbers from animals of high
genetic merit or transgenic lines (Galli et al., 2014;
Ferreira-Silva et al., 2017abc). Species-specific
requirements play an important role on IVP commercial
potential in livestock, since IVP efficiency remains high in
cattle, variable in small ruminants and under
development in swine and horses (Galli et al.,, 2014;
Paramio and lIzquierdo, 2014; Leemans et al., 2016;
Romar et al.; 2016).
Small ruminant species have differences in
reproductive physiology, such as estrus duration,
moment of ovulation and number of follicular waves
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(Webb et al., 2004; Tendrio Filho et al., 2007; Ferreira-
Silva et al., 2017a). Furthermore, recapitulation of early
embryonic development required development of VP
protocols  that meet  these species-specific
requirements. Important  differences have been
observed for in vitro fertilization and embryo culture for
these species (Izquierdo et al., 1998; Conceicéo et al.,
2015/2016), while other factors remain to be compared.
Moreover, other reports suggested that these
differences may be overcome by protocol adaptations,
particularly to embryo culture (Paramio and lzquierdo,
2014/2016).

Despite  this tendency for independent
development of IVP protocols for each species, this fact
represents an additional hurdle for interspecific
comparisons at gene expression or cellular levels, since
embryos are more susceptible to protocol variations.
The development of a similar IVP protocol for both goats
and sheep could allow addressing relevant processes,
such as species-specific susceptibility to embryo in vitro
conditions (Mcevoy et al., 2003; Hill 2014). This
understanding may aid the development of IVP
conditions that diminish pregnancy loss and newborn
death known as large offspring syndrome (Mcevoy et
al., 2008; Hill, 2014). Moreover, the improvement of IVP
systems may also lead to more efficient cryotolerance of
such embryos (Katska-Ksiazkiewicz et al., 2004;
Rodriguez-Dorta et al., 2007), which remains as a major
bottleneck for IVP application in small ruminants.

Thus, using an identical protocol for embryo VP
for several species, species-specific adaptation
processes to in vitro conditions may be identified and
characterized. The work was aimed to compare IVP
embryo production in small ruminants under similar
protocol conditions.

1. MATERIALS AND METHODS

The procedures performed throughout the
experiment were formally approved by the Veterinary
Medicine Ethics Committee of University Federal Rural
of Pernambuco (Protocol 35/2016).

Ovaries were retrieved from mix-breed does
and ewes with age varying from 12 to 46 months, which
were slaughtered at Suimax, in Igarassu, Pernambuco
state, Brazil (latitude 08° 03' 14" S, longitude 34° 52' 52"
W). Ovaries were transported in saline solution
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supplemented with 30 ug mL™" of gentamicin sulfate at
30 oC to the laboratory within one-hour period after the
slaughter.

Cumulus-oocyte complexes (COCs) were
retrieved from 2-6 mm follicles by “slicing” as proposed
by Bezerra et al. (2014). Follicular fluid was deposited in
a petri dish containing collection medium (CM), as
described by Conceigéo et al. (2015).

The selection of COCs was based on their
morphology, as recommended by Chiamenti et al.
(2013) and Conceicao et al. (2015) and further washed
three times in medium. Subsequently, pools of 25
oocytes were transferred to 100 pL drops of VM
medium, which was formulated by TCM-199
supplemented with 50 ug mL" sodium pyruvate, 2.6 mg
mL" sodium bicarbonate, 10% fetal bovine serum (FBS),
50 ug mL' gentamicin sulfate, 20 pg mL" FSH/LH
(Pluset®) and 1 mg mL" PVA. COCs were placed in
incubator with saturated humidity, 5% de CO2 at 39 °C
for 24 hours.

a) Invitro fertilization (IVF)

The IVF was performed using fresh semen, as
reported by Conceicéo et al. (2016). Carefully, 0.1 mL
semen was deposited in conical tubes containing 1.5
mL in modified defined medium (mDM) as described by
Conceigao et al. (2016). Moreover, tubes were placed in
a 450 angle position, in order to obtain sperm
ascending migration. After 45 minutes of “swim up”, the
upper 0.8 mL from each tube was aspirated and
centrifuged at 350 g for 10 minutes. The supernatant
was discarded and 200 uL mDM containing 10 pg mL"
heparin was gently mixed with 200 uL of sperm pellet
obtained from centrifugation, as informed by Conceigao
et al. (2016) and Ferreira-Silva et al. (2017a).

Before IVF, oocytes were scored for cumulus
cell expansion and washed in mDM. Moreover, groups
of 15 to 20 oocytes were transferred to 100 uL. mDM
drops containing a sperm suspension of 2 x 106 under
paraffin oil. Oocytes and sperm cells were co-incubated
under identical to IVM conditions for 18 hours.

b) Embryo culture

Goat presumptive zygotes were cultivated in
Potassium simplex optimized medium (KSOM) medium
(85.15 mM sodium chloride, 8.0 mM potassium chloride,
2.0 mM calcium chloride, 0.5 mM magnesium chloride,
25 mM sodium bicarbonate, 5 mM sodium lactate, 0.5
mM sodium pyruvate, 2.0 mM glucose, 4.9 mM glycing,
0.1 mM L-glutamine) and supplemented with 10% estrus
sheep serum and co-culture with cultured oviduct cells
under high oxygen tension of 5% ;2 and 20% 2 as
reported by Conceicao et al. (2016) and Ferreira-Silva et
al. (2017a).

Sheep presumptive zygotes were denuded by
vortexing in modified Synthetic oviduct fluid (mSOF) and
pools of 25 presumptive zygotes were transferred to 100
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pL drops of mSOF supplemented with 10% FBS under
paraffin oil, as described by Bezerra et al. (2014).
Embryos were incubated under saturated humidity with
5% 02, 5% o2 and 90% N2 at 39 °C. Goat and sheep
embryos were cultured for seven days, while embryonic
development was assessed for early cleavage at day 3
(D3), late cleavage at day 4 (D4), morula at day 5 (D5)
and blastocyst development at day 7 (D7).

c) Statistical Analysis

One-way analysis of variance was performed by
minimum squares method by PROC GLM (for fixed
variables) and PROC MIXED (for fixed and random
variables) on SAS STAT package (SAS institute, Cary,
NC). The data was previously analyzed for variance
analysis by the Shapiro-Wilk test (variable homogeneity
and residual normality). Dependent and independent
variables were established based on experimental
design. Statistical models considered main effects and
all possible interactions. Differences with 5% probability
were considered significant.

I11. RESULTS

A total of 12 replicates was performed using
1,249 oocytes from both species. In each replicate,
COCs were subjected to IVM, IVF and embryo culture.
Results for retrieved oocytes, matured oocytes and
those subjected to in vitro fertilization are described in
Table 1. Mean oocyte retrieval and oocyte survival after
IVM and IVF were similar for both species (Table 1). No
notable difference was observed in cumulus cell
expansion after IVM (data not shown).

Table 1: Retrieved oocytes, in vitro maturation (IVM), and
in vitro fertilization (IVF) for goats and sheep under
similar conditions.

In vitro Goat Sheep
Production (Mean and SD)  (Mean and SD)
Oocyte retrieval 105.75 + 6.53 102.58+ 4.46
VM 53.18 = 6.25 55.16 = 5.60
IVF 28.41 + 3.75 29.33 = 3.96

SD: standard deviation.
Embryonic development rates were determined
at days 3, 4, 5, and 7 after IVF, in order to better
estimate embryo development kinetics (Table 2).
Cleavage rates at days 3 and 4 were similar between
species, suggest-ing that oocyte competence and early
development al kinetics were indistinguishable (Table 2).
Moreover, embryo development at morula and
blastocyst stages were also similar for goats and sheep,
ruling out any effect of embryo culture condition on
development kinetics (Table 2).



Table 2: Cleavage, morula and blastocyst formation for
goat and sheep in vitro production under similar

conditions.
Development Goat Sheep
Stage” (Meanand SD)  (Mean and SD)
Cleavage(D3) 23.83 = 1.02 2491 =172
Cleavage(D4) 22.25+ 1.28 22.58+ 1.44
Morula(D5) 20.75 = 1.28 21.08 = 1.24
Blastocyst (D7) 6.91 = 0.79 9.16 + 1.40

#Days of embryo culture after in vitro fertilization. SD:
Standard deviation.

[V. DISCUSSION

Goat and sheep oocytes were matured and
subject to in vitro fertilization under identical conditions.
In vitro embryo production represents an attractive
approach to investigate preimplantation development in
mammalian species (Galli et al., 2014; Conceicao et al.,
2015), by allowing to determine minimum culture
conditions for embryo development. Furthermore, it
represents an alternative source of embryos for
biochemical and molecular analysis and as a platform
for other approaches such as production of cloned or
transgenic animals (Galli et al., 2014; Souza-Fabjan et
al., 2014). Several lines of evidence demonstrate that
most species require protocol adaptations for adequate
embryonic development under in vitro conditions
(Chiamenti et al., 2010/2012; Galli et al., 2014; Paramio
and Izquierdo, 2014; Ferreira-Silva et al., 2017a).

Oocyte maturation was efficient for both goats
and sheep under identical IVM conditions, as described
previously in independent studies from our group
(Bezerra et al., 2014; Conceicao et al., 2015) and for
other livestock species (Galli et al., 2014; Paramio and
Izquierdo, 2014; Ferreira-Silva et al., 2017a). Although
the assay used in the present study is indirect in order to
determine IVM efficiency (e.g. cumulus cell expansion),
further embryonic development demonstrates that eggs
from both species held comparable oocyte
competence.

The protocol for IVF in goat and sheep was
performed using a combination of mDM medium with
heparin. Previous studies in ruminant species have
found particularities in  their requirement for IVF
conditions (Galli et al., 2014; Paramio and lzquierdo,
2014). Goats and cattle require heparin for sperm
capacitation (Chiamenti et al., 2010; Galli et al., 2014;
Garcia-Alvarez et al., 2015; Ferreira-Silva et al., 2017a),
while capacitation factors remain elusive for sheep
(Garcia-AIvarez et al., 2015). Due to this fact, IVF in
sheep is generally performed under estrus serum-
containing media (Paramio and Izquierdo, 2014; Garcia-
Alvarez et al., 2015). The results described here suggest
that heparin usage for sheep sperm capacitation should
be revisited in detail.

Embryo development was similar for both
species, despite usage of different embryo culture
media and atmosphere conditions. Embryo culture
conditions play a major role on embryo quality. Since
species also hold differences in their susceptibility to
culture conditions (Mcevoy et al., 2003; Hill, 2014), this
step on IVP protocol could represent a major hurdle to
development of a IVP protocol applicable for ruminant
and other livestock species. However, most reports in
small ruminants use SOF medium for embryo culture
(Paramio and Izquierdo, 2016), suggesting that an
identical protocol for IVP in goats and sheep could be
achieved in the near future.

The development of an IVP protocol that can be
used for both goat and sheep may have important
scientific and commercial implications. For research
purposes, it further allows the investigation of species-
specific embryo metabolism adaptation to in vitro
conditions (Mcevoy et al., 2003; Hil, 2014). This
investigation may lead to protocols that increase
pregnancy rates and newborn viability (Mcevoy et al.,
2003; Hill, 2014). Moreover, an improved IVP system for
both small ruminant species may increase embryo
cryotolerance  (Katska-Ksiazkiewicz et al, 2004,
Rodriguez-Dorta et al., 2007). This increased
cryotolerance may be particularly achieved if embryo
metabolism under improved IVP conditions leads to
reduced lipid accumulation in embryonic cells (Roméao
et al., 2015).

This protocol could also ease media production
for commercial small ruminant laboratories. In order to
achieve such goals, appropriate embryo culture
conditions for both goat and sheep embryos need to be
identified using oocyte maturation and fertilization
described above.

V. CONCLUSION

Goat and sheep embryos can be produced at
comparable efficiencies under identical oocyte
maturation and fertilization conditions, suggesting that a
IVP protocol useful for both goat and sheep could be
achieved in the near future.
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