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a b s t r a c t
Successful production of high quality blastocysts depends on the use of a culture system
that ensures the acquisition of developmental competence by the maturing oocyte followed
by an efﬁcient in vitro fertilization. In the present work the effect of FSH and pyruvate in an
EGF containing medium for ovine oocyte maturation prior to insemination with fresh (F)
or frozen–thawed (FT) semen on embryo developmental competence and cryosurvival was
determined. Sheep oocytes were matured in two culture media (M1 and M2, respectively;
M1 = CM + EGF, n = 836 and M2 = CM + EGF + pyruvate + FSH, n = 850) for 22 h and then fertilized using FT or F spermatozoa (M1 × FT = 371, M2 × FT = 359, M1 × F = 353 and M2 × F = 372,
9 replicates) from Merino rams (n = 3). After embryo culture and evaluation, good quality
blastocysts (grade 1) were vitriﬁed in OPS. Post-thawed embryo integrity, re-expansion
and number of total and viable cells were assessed. Oocyte maturation rates presented no
differences (P > 0.05) between treatments (M1 = 87.0 ± 4.1 and M2 = 86.7 ± 3.9%) as well as
embryo developmental rates either for maturation media or semen status. However, fresh
semen improved blastocyst quality (grade 1 embryos F = 52.5 ± 4.8% and FT = 39.0 ± 4.4%,
P = 0.01). Grade 1 blastocysts presented similar post-thawed integrity and re-expansion
rates. After 3 h of culture, expansion rates were higher (P = 0.05) for M2 × F warmed embryos
(80.0 ± 8.3%) than for M1 × F (54.3 ± 10.4%). Results seem to conﬁrm the existence of a
synergistic effect between FSH, EGF and pyruvate upon cytoplasmic maturation of ovine
oocytes. Moreover, in vitro fertilization by fresh semen clearly improves ovine embryo
developmental competence by enhancing morphological blastocyst quality. The beneﬁcial effect of M2 on cryosurvival was only observed in embryos derived from fresh semen.
Therefore these combined strategies enhance embryo cryosurvival.
© 2012 Elsevier B.V. All rights reserved.
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1. Introduction
Embryo production in small ruminants is a difﬁcult task
demanding experience and expensive facilities. The relative inefﬁciency of in vivo embryo production limits its use
in sheep (Thibier and Guérin, 2000). In spite of the efforts
towards the improvement of in vitro techniques by collecting oocytes in slaughterhouses or systematically pick
them up from live animals, embryo production rates are
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still far from ideal, and transferable blastocysts are inferior
in quality and cryotolerance compared to their in vivo counterparts (Papadopoulos et al., 2002; Cognié et al., 2003).
Several oocyte maturation protocols have been developed for in vitro fertilization (IVF) either with fresh or
frozen–thawed semen (Dattena et al., 2004; Pereira et al.,
2009). Regarding oocyte maturation, differences exist in
the developmental competence of those matured in vivo
compared to the in vitro ones (van de Leemput et al.,
1999). Furthermore oocytes that have been exposed to a
gonadotropin stimulus either in vivo or during in vitro culture are more competent to support embryonic development following fertilization (Rizos et al., 2002; Farin et al.,
2007). The presence of receptors for growth factors such as
insulin-like growth factor-1(IGF-1) and epidermal growth
factor (EGF) in granulosa cells and oocytes suggest their
involvement in the maturation process and developmental
competence (Feng et al., 1987; Wang et al., 2009; Procházka
et al., 2011) at least in early stages (Kelly et al., 2008). However, completion of meiosis in ovine oocytes and embryo
development were signiﬁcantly stimulated by the presence of FSH or EGF in the maturation medium, whereas
IGF-1 was not effective (Guler et al., 2000). Recently a synergistic effect of FSH and EGF on cytoplasmic maturation of
porcine oocytes was reported by Uhm et al. (2010). Thus,
it is possible that FSH and EGF work in concert to regulate oocyte maturation and optimize oocyte developmental
competence in vitro. During oocyte maturation, FSH and
EGF promote glucose metabolism in cumulus cells through
the hexosamine biosynthetic pathway (HBP) leading to
cumulus expansion by the synthesis of extracellular matrices (Buccione et al., 1990). On the other hand, the oocyte
has a poor capacity to use glucose which must be metabolized to pyruvate by the cumulus cells to supply the oocyte.
Sugiura et al. (2005) suggest that FSH/EGF stimulation of
HBP during in vitro maturation denies the oocyte-mediated
promotion of glycolysis that was seen within the cumulus cells resulting in an energy imbalance in the oocyte.
Pyruvate supplementation should minimize this fact.
Moreover, reports comparing IVP embryos competence
and cryotolerance after IVF using fresh or cryopreserved
sperm are sparse. Although cryopreserved ram semen
is easily available for routine use, freezing and thawing
disrupts the stability of ram sperm chromatin, most likely
reducing the fertilization efﬁciency of cryopreserved
semen in vitro and in vivo (Peris et al., 2004). Consequently
the use of fresh semen could improve embryo production
and cryopreservation results. The purpose of this study
was to determine the effect(s) of the inclusion of FSH
and pyruvate in an EGF containing maturation medium
as well as the use of fresh and frozen–thawed sperm for
fertilization on ovine embryo developmental competence
and cryosurvival.
2. Materials and methods
All chemicals used were purchased from Sigma Aldrich Chemical Co.
(St. Louis, USA) unless speciﬁed otherwise.
2.1. Experimental design
In this experiment, 1686 oocytes collected from 859 ovaries were
used to produce ovine embryos that were subjected to a 2 × 2 factorial
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experimental design with two maturation media (M1, maturation
medium usually used in our Lab as in Pereira et al. (2009), (836) immature
oocytes; or M2, M1 plus FSH and Na pyruvate, 850 immature oocytes) and
two semen treatments (fresh-F or frozen–thawed-FT). The three Merino
rams used and sessions or batch of ovaries were considered random
effects. Each ram was tested three times running once individually and
twice simultaneously with each other, performing a total of 9 replicates.
Morphological parameters as well as the capacitation status of fresh and
frozen–thawed ram semen prior to IVF were evaluated. Cleavage was
assessed by microscopy 48 h after fertilization (IVF = day 0). On day 6
till day 8, embryos were evaluated for developmental and morphological status (grade 1, good and grade 3, poor). Grade 1 embryos (M1 × FT,
n = 19; M2 × FT, n = 27; M1 × F, n = 30; M2 × F, n = 29) were vitriﬁed. After
warming (3 sessions), embryo viability was evaluated by its integrity and
re-expansion as well as after 3 h of in vitro culture. The number of cells
(total and viable) in thawed/cultured blastocysts (2–6 embryo per treatment in each session) was also assessed.
2.2. Oocyte in vitro maturation
Ovaries collected from crossbred Merino sheep at a local slaughterhouse were transported to the laboratory in Dulbecco’s phosphate buffer
saline (PBS, GibCo 14040-91) at 35 ◦ C. PBS was supplemented with 0.15%
(w/v) of bovine serum albumin (BSA) and 0.05 mg mL−1 of kanamycin. At
the laboratory, the 2–6 mm follicles were aspirated to obtain the cumulusoocyte complexes (COC).
Selected COC were divided and incubated in two different maturation
media (M1 and M2) at 38.5 ◦ C and 5% CO2 for 22 h. The composition of ﬁrst
medium (M1) included medium 199, 10 M cysteamine, 10 ng mL−1 EGF,
10 g mL−1 estradiol and 10 L mL−1 gentamicin (Pereira et al., 2009).
The second medium (M2) was also supplemented with 0.3 mM sodium
pyruvate and 10 g mL−1 FSH.
The apparent maturation was evaluated (mature oocytes scored morphologically/immature oocytes). Oocytes were considered mature if a
homogenous cytoplasm and multilayered, expanded cumulus cells were
present.
2.3. Semen collection
Semen collection was conducted at the experimental farm of INRB in
compliance with the requirements of the European Union for farm animal
welfare and the Portuguese authority guidelines for animal experimentation.
Semen was collected from three Portuguese Merino rams of
proven fertility by an artiﬁcial vagina. Each ejaculate was immediately
evaluated for volume, motility and concentration. Only semen with
good quality (mass motility > 4; individual motility > 60%; concentration > 2.5 × 109 spz mL−1 ) was used either fresh or cryopreserved.
2.4. Semen cryopreservation
Ejaculates with good quality were diluted in a solution of 45.0 g L−1
Tris, 24.4 g L−1 citric acid (Merck 1.002.441.000), 5.6 g L−1 glucose, 15%
egg yolk (v/v), 6.6% glycerol (v/v, Merck 1.040.011.000) and antibiotics
(Marques et al., 2006). After dilution, semen was packed in 0.25 mL Cassou straws (300 × 106 spz) and refrigerated (4 ◦ C) for 4 h prior to freezing
in liquid nitrogen (LN2 ) vapor during 25 min and then submersed and kept
in a LN2 container (Valente et al., 2010).
2.5. Preparation and evaluation of fresh and thawed semen
After collection, fresh ejaculates were kept at room temperature
(22 ◦ C) and light protected for up to 2 h, then washed in synthetic oviductal ﬂuid (SOF) and centrifuged at 225 × g for 5 min. This medium was
SOF enriched with bovine serum albumin (4 mg mL−1 BSA) plus glutamine (1.5 g mL−1 ) and kept at the same room temperature (adapted
from Dattena et al., 2000). Subsequently washed spermatozoa were
diluted with 1 mL of fertilization medium consisting of SOF containing BME (20 L mL−1 ) and MEM amino acids (10 L mL−1 ), gentamicin
(10 L mL−1 ) and 10% ovine superovulated oestrus serum.
After thawing, sperm motility was immediately examined.
Frozen–thawed semen was then incubated at 38.5 ◦ C and 5% CO2
for 1 h in capacitation medium (modiﬁed Brackett’s medium containing
20% ovine superovulated oestrus serum, Pereira et al., 2009). After
centrifugation at 225 × g for 5 min, the supernatant were rejected and the
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remaining pellet of spermatozoa evaluated prior to be used to fertilize
the oocytes in fertilization medium.
2.5.1. Morphological parameters
Either post swim-up thawed or washed fresh sperm were evaluated
for individual motility (percentage of progressively motile spermatozoa),
vigor (scale 0–5) and concentration.
2.5.2. Capacitation
The capacitation status of swimmed-up thawed or washed fresh
sperm were assessed by chlortetracycline (CTC) staining binding pattern
in the spermatozoa membranes using the technique described by Pereira
et al. (2009). Aliquots (5 L) of motile spermatozoa were mixed with 5 L
of CTC solution (0.4 g L−1 CTC–HCl, 0.9 g L−1 cystein in 5 mL of 2.4 g L−1 Tris
and 7.6 g L−1 NaCl solution), 1 L of 12.5% glutaraldehyde solution and
1 L of DABCO (Merck 8.03456). Slides were observed under ﬂuorescence
within 12 h and spermatozoa classiﬁed according to their acrosomal status as: uncapacitated acrosome intact; capacitated acrosome intact; and
acrosome reacted cells.
2.6. In vitro fertilization and embryo culture
Procedures were as described by Pereira et al. (2009). Brieﬂy,
sheep matured COC were co-cultured with fresh or thawed spermatozoa (1 × 106 spz mL−1 ) in SOF containing BME and MEM amino acids,
gentamicin and 10% ovine superovulated oestrus serum as described
above.
Eighteen hours after insemination, presumptive zygotes were transferred into 25 L droplets of SOF supplemented with BME and MEM
amino acids and bovine serum albumin (6 mg mL−1 BSA) until the stage
of 2–8 cells. After assessing cleavage using a stereo microscope (Olympus
SZ60), embryo development proceeded until the blastocyst stage in amino
acids and BSA supplemented SOF plus 10% fetal calf serum (SOFserum).
Embryo culture was performed at 38.5 ◦ C in a humidiﬁed atmosphere with
5% O2 , 5% CO2 and 90% N2 .
Cleavage rate was calculated as the number of cleaved embryos per
number of inseminated oocytes. Day 6 (D6) and D8 embryo developmental
rates were calculated as the number of D6 or D8 blastocysts per number
of cleaved embryos, respectively.
Embryo quality (D6–D8) was classiﬁed on the basis of conventional
morphological criteria and according to their stage of development following the guidelines of the International Embryo Transfer Society (grade
1: good, no blemishes or only trivial imperfections; grade 2: fair, with
some extruded or degenerated cells and non-uniform, darker appearance;
and grade 3: bad, poor quality, lacking cohesion or with many extruded
or degenerated cells).
2.7. Blastocyst vitriﬁcation and warming
A proportion of grade 1 blastocysts was vitriﬁed using the open-pulled
straw (OPS) method described by Vajta et al. (1998). Blastocysts were ﬁrst
equilibrated in holding medium (HM, M199 + 20% FCS) for 5 min, then in
diluted (HM with 10% ethylene glycol-EG and 10% dimethyl sulfoxideDMSO, 1 min) and concentrated (HM with 20% EG and 20% DMSO)
vitriﬁcation media. Embryos were quickly placed into the superﬁne OPS
and plunged directly into NL2 (30 s). Warming was performed by placing
the end of the straw directly into the holding medium. After 2 min, blastocysts were transferred into HM for another 2 min; and then to SOFserum
and cultured for 3 h. Samples of these embryos (2–6 embryo per treatment
in each post-thawed session) were ﬁxed and stained for cell number and
viability evaluation.
Embryos integrity and re-expansion (Pereira et al., 2007) were
assessed 20 min post-thawing and after 3 h of in vitro culture (Morató
et al., 2011). Embryo integrity rate was calculated as the number of intact
embryos (blastocysts with an intact zona pellucida and without several
extruded blastomeres lacking cohesion) per number of frozen–thawed
embryos. Embryo re-expansion rate was calculated as the number of reexpanded embryos (blastocysts that recovered their original shape with
re-expanded blastocoels) per number of frozen–thawed embryos.
2.8. Evaluation of embryo cell viability and total number
After culture, post-thawed grade 1 blastocysts were washed in PBS,
transferred into pronase containing medium for 1.5 min and then to

Tyrodes medium for another 1.5 min. Afterwards the embryos without
the zona pelucida were washed again in PBS and incubated in SOFserum
for 1 h prior to ﬁxation in a 4% paraformaldehyde solution and staining in
a solution of 50 g mL−1 of Hoechst 33342 and 5 g mL−1 of propidium
iodide (PI) (adapted from Hosseini et al., 2007).
Finally embryos were individually placed into 2 L of Mowiol (Calbiochem 475904) medium on glass slides and covered with a coverslip.
Slides were refrigerated and kept in dark until being observed in a wideﬁeld ﬂuorescence microscope (Leica DM5000B) using red and ultraviolet
excitation. Images were saved using the software Image J (National Institutes of Health, USA) and total cell number (Hoechst 33342 stain) and
dead cells (PI stain) counted.

2.9. Statistical analysis
Procedure MIXED of Statistical Analysis Systems Institute (SAS Inst.,
Inc., Cary, NC, USA) was used to analyze data with a model including:
embryo production (cleavage, D6 and D8 embryos rates) as well as the
number of cells in each post-thawed embryo and their viability. Mixed
linear model included in vitro maturation media and semen status as ﬁxed
effects and combination of ram*replicate as random effect. In addition
the means for each treatment were calculated as well as the differences
between the means and the respective t-test. Proc MIXED of SAS was also
used to analyze data from apparent maturation and semen evaluation
with a model including in vitro maturation media or semen status as ﬁxed
effects, respectively and in the latter case the combination ram*replicate
as random effect.
Data from embryo quality (good, fair and bad) and frozen–thawed
embryos survival were analyzed using GLIMMIX procedure from SAS with
a model that included the effect of in vitro maturation media and semen
status as ﬁxed effects and ram as random effect.
Results were considered statistically different when P ≤ 0.05.

3. Results
The apparent maturation rates presented no differences (P > 0.05) between treatments (M1 = 87.0 ± 4.1 and
M2 = 86.7 ± 3.9%). Equally, no differences were found
among rams (n = 3) semen parameters prior to IVF. However, as expected, initial (P < 0.0001) and pre-IVF (P = 0.05)
motility and vigor (P = 0.04) in fresh semen were superior
to those of frozen–thawed semen (Table 1). The capacitation status of swimmed-up spermatozoa presented no
differences (P > 0.05) between fresh and frozen–thawed
semen.
Similar embryo production rates were obtained in all
groups (Table 2), without signiﬁcant effects of maturation
media and semen status or interaction between them.
Grade 1 embryos rate using F semen was higher
(P = 0.01) than with FT semen (54.6 ± 7.7% and 39.5 ± 7.3%,
respectively). Interestingly, there was no signiﬁcant effect
of the maturation media or interaction between maturation media and semen status on this parameter (Fig. 1).
However this interaction was signiﬁcant (P = 0.03) for
grade 2 embryos being the rate of these blastocysts lower
(P = 0.007) in M2 × F (19.3 ± 5.6%) group than in M2 × FT
(40.0 ± 5.5%). The maturation media and semen status did
not inﬂuence (P > 0.05) on grade 3 blastocyst rate.
One hundred and ﬁve good quality embryos were vitriﬁed and warmed to evaluate post-viability (Table 3).
After warming, similar results were obtained in embryo
integrity and re-expansion rates. However, after 3 h of in
vitro culture, the expansion rate was higher in M2 × F than
in M1 × F. No differences were found in embryo total cells
number or in their viability among treatments.
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Table 1
Evaluation of morphological parameters and capacitation status (chlortetracycline staining-CTC) of fresh (F) and frozen thawed (FT) ovine semen (least
squares means ± standard error).
Semen status

N

F
FT

9
9

Morphological parameters

CTC

Initial motility (%)

Pre-IVF motility (%)

Vigor (0–5)

NCap (%)

Cap (%)

AR (%)

75.2 ± 1.8a
45.5 ± 1.8b

77.4 ± 3.5a
66.3 ± 3.5b

4.7 ± 0.1a
4.4 ± 0.1b

39.2 ± 3.4
28.8 ± 3.4

41.9 ± 2.9
47.0 ± 2.9

19.8 ± 2.8
24.1 ± 2.8

Data within the same columns with different superscripts letters are statistically different (p ≤ 0.05); NCap: uncapacitated acrosome intact cells; Cap:
capacitated acrosome intact cells; AR: acrosome reacted cells; IVF: in vitro fertilization.
Table 2
Effect of different maturation media (M1 and M2) and oocyte fertilization
by fresh (F) or frozen–thawed (FT) spermatozoa on embryo production
rates (least squares means ± standard error and P-values).
Treatment

N

Cleavage (%)

D6 embryo (%)

D8 embryo (%)

M1 × FT
M2 × FT
M1 × F
M2 × F
Total

371
359
353
372
1455
M
S
M×S

48.0 ± 5.4
45.1 ± 3.5
44.2 ± 4.7
41.9 ± 5.1
44.8 ± 2.3
P = 0.358
P = 0.495
P = 0.939

46.9 ± 3.8
44.5 ± 3.0
42.6 ± 4.1
43.0 ± 3.7
44.24 ± 1.8
P = 0.382
P = 0.762
P = 0.666

38.5 ± 3.2
42.8 ± 3.3
37.3 ± 5.3
37.4 ± 5.5
39.0 ± 2.2
P = 0.414
P = 0.594
P = 0.614

Effects

M: maturation media; M1: maturation medium containing EGF; M2:
maturation medium containing EGF, pyruvate and FSH; N: inseminated
oocytes; S: semen status.

4. Discussion
Although in vitro production and cryopreservation of
ovine embryos can be an useful technique in reproductive
biotechnology, the technical feasibility and quality of the
produced embryos are lower than for other species (Thibier
and Guérin, 2000; Pereira and Marques, 2008). Improvement of practical results could trigger a more extensive
application for this technique. Our goal was to compare
the use of two different maturation media and type of
semen for IVF in order to optimize results. Data presented
here demonstrated that fertilization of matured ovine
oocytes with F semen improves the morphological quality

of the produced embryos. Moreover an enhanced embryo
cryosurvival is achieved when a maturation medium is
supplemented with FSH, EGF and pyruvate, allied to the
F semen used for IVF.
As referred, the individual effect of FSH/EGF or pyruvate on the cytoplasmatic maturation of the oocyte has
been thoroughly investigated. Accordingly, FSH or EGF
is largely used in many in vitro maturation protocols
because it has been shown to improve cumulus expansion, oocyte cytoplasmatic maturation, fertilization and
early embryonic development (Paria and Dey, 1990; Wang
et al., 2009). Recently a synergistic effect of FSH and
EGF on cytoplasmic maturation of porcine oocytes was
reported by Uhm et al. (2010). Moreover we hypothesized that pyruvate could minimize the energy imbalance
in the oocyte referred by Sugiura et al. (2005), due to
the stimulation of HBP by FSH/EGF during in vitro maturation. Therefore by adding these components to the
maturation media we tried to improve in vitro maturation of ovine oocytes through a synergistic effect of FSH,
EGF and pyruvate. Although no differences were identiﬁed in maturation, cleavage and D6–D8 rates, FSH, EGF
and pyruvate presence improved the oocyte developmental competence. In fact, after 3 h of culture, expansion rate
of vitriﬁed-warmed grade 1 quality embryos in M2 × F
group was higher (P = 0.05) than in M1 × F group. Thus, it
seems that FSH, EGF and pyruvate contribute to regulate
ovine oocyte maturation and optimize their developmental competence in vitro, namely when using F semen for
IVF.

Fig. 1. Percentual distribution of embryo (n = 279) morphological quality [grade 1 embryos (G1); grade 2 embryos (G2); grade 3 embryos (G3)] in the four
groups according to maturation method (M1: maturation medium containing EGF and M2: medium containing EGF, pyruvate and FSH) and type of semen
used: fresh (F) or frozen–thawed (FT) (a =
/ b, P = 0.007).
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Table 3
Effect of different maturation media (M1 and M2) and oocyte fertilization by fresh (F) or frozen–thawed (FT) spermatozoa on post-thawed embryo (n = 105)
viability evaluated by intact and re-expanded blastocyst rates and embryo cell counts (least squares means ± standard error).
Treatments

M1
M2
M1
M2

FT
FT
F
F

Post-thawed

After culture

N

Intact embryos (%)

30
19
29
27

80.7
69.4
76.2
73.2

±
±
±
±

8.3
11.9
9.3
15.5

Re-expanded embryos (%)
77.4
65.3
71.8
69.0

±
±
±
±

6.9
15.3
15.5
10.1

Re-expanded embryos (%)
74.7
60.0
54.3
80.0

±
±
±
±

8.9ab
12.0ab
10.4b
8.3a

Total cells (viability)
56.6
59.4
65.0
48.9

±
±
±
±

8.2 (33.5%)
11.5 (20.3%)
8.6 (36.6%)
12.8 (39.2%)

Data within the same columns with different superscripts letters are statistically different (P ≤ 0.05); M1: maturation medium containing EGF; M2:
maturation medium containing EGF, pyruvate and FSH; N: inseminated oocytes.

Cryopreservation severely damages ram spermatozoa.
Therefore as expected and previously documented (Bailey
et al., 2000; Marques et al., 2006), the classical andrological sperm parameters were reduced in quality following
cryopreservation. The observation that cryopreserved ram
spermatozoa have more susceptible and heterogeneous
chromatin than fresh, suggests that the poorer fertilizing
efﬁciency of frozen ram semen might be at least partly due
to abnormal sperm DNA structure, despite having a normal
appearance soon after thawing (Peris et al., 2004). Interestingly similar cleavage, D6 and D8 embryo rates were
obtained independently of the semen status, F or postthawed, in the present study. In accordance Lehloenya et al.
(2010) also reported no signiﬁcant differences between
F and FT semen regarding the embryonic developmental stages although presenting a blastocyst rate ranging
between 0.4 ± 0.4% and 2.6 ± 1.0%, respectively.
Despite some previous results that had found no
differences in the cleavage rates between oocytes inseminated with F or FT semen (Pugh et al., 1991; Lehloenya
et al., 2010), present results demonstrate that the use F
sperm for in vitro fertilization can improve ovine embryo
developmental competence by enhancing morphological
blastocyst quality. The inferior viability of in vitro produced
embryos is attributed to cellular (Pereira et al., 2007; Rizos
et al., 2002), metabolic (Khurana and Niemann, 2000; Farin
et al., 2001) and biochemical changes (Massip et al., 1995).
In vitro ovine blastocysts exhibited less microvilli and a less
extensive network of intercellular junctions, speciﬁcally an
apparent lack of desmosomal junctions, a higher incidence
of cellular debris and a higher number of lipid droplet than
their in vivo counterparts (Farin et al., 2001; Rizos et al.,
2002). These differences could certainly contribute to the
observed lower cryotolerance of in vitro produced embryos.
Embryo morphology and post-thawing viability have
been widely used to determine embryo viability (Dattena
et al., 2000, 2004; Pereira et al., 2007). In addition to the
above mentioned beneﬁcial effects of FSH, EGF and pyruvate on in vitro maturation, FSH promotes the synthesis
of hyaluronic acid (HA) in expanding cumulus cells during
maturation. Moreover, HA synthesis during cumulus muciﬁcation contributes to the penetration and fertilization of
oocytes, most likely facilitating the process of capacitation and acrosome reaction and subsequent developmental
competence (Gutnisky et al., 2007). This could explain
that herein besides the improvement of blastocyst quality when using F semen for IVF, an interaction between
semen status and maturation media on embryo quality

and cryosurvival was identiﬁed. Whereas M2 × F group
presented less grade 2 embryos than M2 × FT group, the
expansion rate of vitriﬁed-warmed grade 1 embryos from
M2 × F group was higher than in M1 × F group. When using
FT semen, unexpectedly no differences were identiﬁed in
embryo post-thawed expansion rates. Thus the association
of a maturation medium containing FSH, EGF and pyruvate
with F semen for IVF should be used to enhance the viability
of ovine in vitro produced embryos.
5. Conclusion
In conclusion presented results seem to conﬁrm the
existence of a synergistic effect between FSH, EGF and
pyruvate on cytoplasmic maturation of ovine oocytes.
In addition, in vitro fertilization by fresh semen clearly
improves ovine embryo developmental competence by
enhancing morphological blastocyst quality. The beneﬁcial effect of M2 on cryosurvival was only observed in
embryos derived from fresh semen. Therefore these combined strategies enhance embryo cryosurvival.
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