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Abstract

Background: The aim of this study was to establish a cell-free sequential culture system that can
support high levels of in vitro embryo development and blastocyst formation from bovine zygotes.
To this end, this investigation was carried out to evaluate the effects of glucose, serum and EDTA
on bovine zygote in vitro development.

Materials and Methods: Bovine presumptive zygotes were derived from oocytes matured, and
fertilized in vitro and cultured in synthetic oviductal fluid sequential medium in a two-steps manner;
SOF 1 for the first 3 days and SOF 2 for the second.5-6-days of in vitro embryo development. In
order to evaluate the effect of different modifications of the basic medium on embryo development,
glucose was added to the second phase (SOF A); serum was added to the first phase (SOF C) and
EDTA alone (SOF D) or in combination with serum (SOF E) was added into the first phase of in
vitro embryo culture. The results of each.composition were compared with each other and with the
results of embryo development in TCM199 vero cell co-culture system.

Results: Glucose addition to the second phase of embryo culture, improved the developmental
competency; however, the differences were not significant. Serum addition to the first phase of
embryo culture, significantly improved the developmental competency of embryos beyond the
cleavage stage, comparedtoall the treatmentand TCM199 co-culture groups. EDTAsupplementation
of culture medium, either alone or in combination with serum, significantly inhibits the embryo
development beyond.the morula stage.

Conclusion: The results indicated that culture of bovine presumptive zygotes in two steps cell-free
culture system, can support embryo development, and addition of serum throughout the culture and
glucose to the second step significantly increased overall developmental competency compared to

TCM199 co-culture system.
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Introduction

The development of techniques for effective pro-
duction of bovine preimplantation embryos from
oocytes matured and fertilized in vitro is impor-
tant not only for commercial programs of embryo
transfer but also for basic scientific research (1).
However, the success rate of the culture systems
routinely applied for in vitro embryo production in
terms of blastocyst yield remains modest and rang-
es between 30 and 40 percent (2) which is still low-

er than that obtained from in vivo- produced em-
bryos (3). Furthermore, there are ample evidences
showing that differences between in vivo and in
vitro produced embryos still exist, which involves
morphological and molecular aspects that impair
the efficiency of in vitro embryo production (IVP)
procedure (4). These differences are probably
induced by several various factors including the
quality of oocyte, protein source, somatic cells,
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culture media, oxygen tension, number of embryos
per culture unit (embryo density), and energy sub-
strate, may affect preimplantation embryo quality
and it’s competence to further development (5-7).
During the past decade there have been substantial
efforts to optimize culture conditions for the in vitro
production of bovine embryos (8-11). In this regard,
among the variety of techniques have been employed
for culturing bovine embryos, the co-culture system
with somatic cells such as oviduct epithelial cells,
uterine fibroblasts, cumulus cells, vero cells and
trophoblastic vesicles has been widely advocated in
laboratory animal production and more importantly
in human assisted reproduction (ART), till the estab-
lishment of sequential media (8-11), due to the inad-
equacy of simple media to support embryo devel-
opment beyond the cleaving stage and implantation
(9). Under these conditions, however, the proportion
of embryos that develop to the morula or blastocyst
stage is about 25-40% of inseminated oocytes (5-9).
Furthermore, the use of animal cell lines for the co-
culture of embryos renders it an undefined medium,
which pose many problems such as the risk of in-
fecting the embryos with pathogens (1). The risk of
infection is very serious as certain pathogens can-
not be removed by standard international embryo
transfer society (IETS) washing procedures(9)..To
eliminate this disadvantage, a great number of stud-
ies have examined the ability of bovine oocytes and
embryos to develop in vitro using a wide variety of
culture media (9-11).

Synthetic oviductal fluid (SOF) is.one medium
commonly used for bovine embryo culture in vitro
(12, 13). This medium was originally. based upon
the biochemical analysis_ of-ovine oviductal fluid
(12-14). Synthetic oviductal fluid has subsequent-
ly been modified by the addition of amino acids
(13). Other modifications have included the addi-
tion of serum.(15, 16), decreasing or the removal
of glucose (17, 18);.and the addition of EDTA for
the initial 72h of the culture period (19). However,
data about the effect of different ingredients are
conflicting or inconsistent and there is not a gen-
eral agreement toward a unique formulation of
SOF culture medium even for a unique species.
Therefore, the experiments of this study were un-
dertaken to i) design a basic formulation of SOF
based on the previous formulation, ii) investigate
the effect of glucose, serum and EDTA, as more
frequently discussed ingredients, on developmen-
tal competency of bovine IVP embryos and iii)
compare the efficiency of different formulations of
SOF medium designed in this study with TCM199-
vero cell co-culture system as a common embryo
culture system.
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Materials and Methods

The experiments of this study were reviewed and ap-
proved by the regional committee of Royan Institute.
Unless otherwise specified, chemicals and media
were purchased from Sigma (St. Louis, MO, USA)
and Gibco (Life Technologies, Rockville, MD,
USA) companies, respectively.

Establishment of vero cells monolayer

Vero cells were obtained from Royan Institute (Te-
hran, Iran) as a cryopreserved cryotube and were
used for co-culturing as described previously (4,
20). Briefly, afterthawing and twice washing, vero
cells were seeded at the concentration of 1x10°%/
ml in 25 cm2 flasks (Falcon) containing TCM199
and cultured at 38.5°C, 5% CO, in humidified
air. Upon confluency (3-4 days after culture), the
medium and unattached cells were removed. Af-
ter trypsinization with 0.25% Trypsin- EDTA, the
harvested cells were seeded in maturation (100ul)
and embryo culture (50 ul) droplets at a density
of 2x10* Two hours before maturation or embryo
culture, droplets media were refreshed with their
related equilibrated culture media.

Table 1: Composition and concentration of SOF
medium used in this study

Ingredients Concentration (mM)
NaCl 107.70

KCI 7.16

KH,PO, 1.19

CaCl,.2H,0 1.78

MgSO,.7H,0 0.74

NaHCO, 25.00

Na-Lactate 3.30

Na-Pyrovate 0.33

L-Glutamine 2.05

BME amino acids 2%

MEM amino acids 1%

BSA 8 mg/ml
100 1U/ml
100 pg/ml

Penicillin G
Streptomycin

In vitro maturation and fertilization

The culture procedures employed for in vitro
maturation and fertilization of bovine follicu-
lar oocytes were as described previously (4, 20).
Briefly, bovine ovaries were obtained from a local
abattoir and cumulus-oocyte complexes (COCs)
were aspirated from antral follicles (2-8 mm).
The COCs were then washed with Hepes-buffered
TCM199 (HTCM199) medium and then TCM199



before being cultured upon the established mon-
olayers of vero cells (approximately 1x10° cells/
ml) in 100ul droplets of maturation medium (10
COCs per droplet), covered with mineral oil for 24
h at 38.5°C, 5% CO, and humidified air (Labotect
C200, Germany). The medium used for maturation
was TCM199 supplemented with 10% fetal calf
serum (FCS), 10 mg/ml ovine FSH (Ovagen; Im-
muno-Chemical Products), 1 mg/ml ovine LH (Im-
muno-Chemical Products), 1 mg/ml oestradiol and
100 mM cysteamine. Frozen-thawed and washed
sperm from a single Holstein sire of proven in vitro
fertility were used for fertilization after capacita-
tion by the swim-up procedure (21). Spermato-
zoa (1x10%/ml sperm) and matured COCs (40-45
COCs/200ul) were co-incubated in modified fert-
TALP medium containing 0.01 mM heparin, 0.2
mM penicillamine and 0.1 mM hypotaurine for 18
h at 38.5°C under 5% CO, in humidified air (21).

Embryo Development

At 18-24 h post insemination (pi), inseminated
oocytes were vortexed to remove cumulus cells and
then presumptive zygotes were used to be cultured in
sequential SOF and TCM119 co-culture systems as
described in experimental design and Figure 1. For
each experiment, embryos were developed in"50ul
drops in 60-mm plates covered with 10 ml of paraffin
oil. The concentration of salt and other ingredients of
the development media (SOF and TCM199) were as
described in Table 2. Embryos (10/drop)-were first
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cultured for 72h (phase 1) when the ratios of cleav-
age, 8-16 and morula was recorded and then were
refreshed into the same development droplets each
48h until Day 10 (phase 2) when the ratios of day
6-7-8 blastulation and day 9 and 10 hatching were
compared. For embryos cultured in sequential SOF
culture media, the composition of the medium was
changed as described in experimental design (Fig 1)
while the composition of TCM199 co-culture sys-
tem was fixed throughout the culture period.

Basic SOF formulation of this study (Table 1) was
adopted mainly from the formulation of Tervit et al.,
(13), containing-8-mg/ml BSA. When amino acids
were added to SOF, asmolarity of the medium was
maintained ‘at. 265-275 mOsmol by adjusting the
concentration of.sodium chloride and pH was sus-
tained at 7.2- 7.4 by adding NaOH or HCI. All salts
and-glucose were of analar grade (BDH). Sodium
lactate, glutamine, sodium pyruvate, and phenol red
were'embryo culture tested (Sigma). Betaine and an-
tibiotics.were from Sigma. Eagle’s minimum essen-
tial medium (MEM) essential amino acids without
glutamine and nonessential amino acids (22) (Table 2)
were supplied by ICN Biomedical (Seven Hills, Aus-
tralia). SOF modifications were performed regard-
ing the numerous literatures available about different
formulations of SOF. On the other hand, TCM199
were purchased (Sigma, ST, Louis, USA) and supple-
mented with 10% FCS, 20mM NaHCO, and mM Na-
Pyruvate and vero cells were added to the complete
culture medium as described previously (4).
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Fig 1: Experimental design: Embryos were derived from oocytes matured and fertilized in vitro. At 18-24h post insemination,
presumptive zygotes were randomly allotted to 5 two step SOF and the effect of glucose addition to the second phase (SOF A),
serum addition throughout the culture (SOF C), EDTA alone (SOF D) and EDTA combined with serum (SOF E) addition to
the first phase of in vitro embryo culture were compared with together and with the results of embryo development in TCM199

vero cell co-culture system.
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Embryo development took place in a humidified
incubator at 39°C, with an atmosphere of 5% CO,
and 5% O2. Morphological examination was per-
formed for blastocysts developed in each group.

Experimental design

This study was undertaken to design a basic for-
mulation of SOF sequential culture media for in
vitro development of bovine presumptive zygotes
and to further evaluate the effect of glucose, se-
rum and EDTA on developmental competency of
embryos. Also, the efficiency of different formu-
lations of SOF culture media was compared with
the common culture system of TCM199 over vero
cells monolayer (Fig 1). In this regard, presump-
tive zygotes were first cultured for the first 72h of
embryo culture and then were refreshed every 48h
until day 9 pi (phase 2 of embryo culture).

Experiment 1. Effect of glucose addition into
SOF culture medium (SOF B vs. SOF A)
Presumptive zygotes were first cultured for 72h pi
in basic SOF and then were randomly cultured in
basic SOF + 10% FCS in either presence (SOF B)
or absence (SOF A) of 1.5 mM glucose.

Experiment 2. Effect of serum addition into.SOF
culture medium (SOF C vs. SOF B)
Presumptive zygotes were first cultured ‘in‘pres-
ence (SOF C) vs. absence (SOF B) of serum-for
72h pi and then were culturedssimilarly in basic
SOF + 10% FCS + 1.5 mM glucose.

Experiment 3. Effect of EDTA supplementation
of SOF culture medium (SOF D vs. SOF B)
Presumptive zygotes were first cultured in basic
SOF in presence or absence of EDTA for 72h and
then were refreshed.similarly-into basic SOF plus
10% FCS and 1.5 mM glucose.

Experiment 4. Combined effect of serum and
EDTA during the 1st phase of embryo culture
(SOF E vs. SOF D and SOF E vs. SOF B)

To evaluate the combined effect of EDTA and se-
rum addition during the 1st phase of embryo cul-
ture, presumptive zygotes were first cultured in
basic SOF plus EDTA and serum for 72h and then
were refreshed into basic SOF plus serum and 1.5
mM glucose.

Statistical analysis

Each experiment was repeated 3 times. The analy-
sis of variance (ANOVA) and the t-test were used
for comparisons of means. When the ANOVA test
showed statistical differences, the Student-Neu-
mann-Keuls testwasused to discriminate between
groups.. Significance was defined at p< 0.05. All
statistical evaluations were carried out using the
Statistical Package for Social Sciences (SPSS).

Results

From 298 bovine ovaries obtained from abattoir, 1753
COC were cultured for 1IVM, 1610 were subjected
to IVF and 1447 presumptive zygotes were finally
cultured as described in experimental design (Fig 1).
Table 2 compares developmental competency of pre-
sumptive zygotes cultured in 5 different formulation
of SOF with TCM199 vero cell system and Figure 2
shows the developmental patterns of different groups.

Effect of glucose addition into SOF culture me-
dia (SOF B vs. SOF A)

As shown in Table 2, the presence of glucose dur-
ing the second step of bovine embryo development
did not significantly increase the developmental
competency of bovine IVP embryos. However, the
overall pattern of embryo development indicated a
tendency for favor of glucose for IVP embryos.

Table 2: Developmental competency of bovine presumptive zygotes cultured in different modifications of sequential SOF
medium compared with TCM199 vero cell co-culture system.

Treatments  Presumptive zygotes Proportion of embryos develop to *
Cleavage Morula D7 Bls D8 Bls Hatching
Vero-TCM 222 160(72.0)a  70(43.7)ab  25(15.6)b  33(20.6) b  14(42.4) bc
SOF A 335 197(58.8) ab  65(21.3)b  34(17.2)b  27(13.7)b  11(40.7) bc
SOF B 259 170(65.6) ab  36(33.0)b  42(24.7)b  29(17.0) bd  14(48.2) bc
SOFC 156 72(46.1) b 43(59.7)a  37(51.3)a  31(43.0)a  26(83.8)a
SOF D 291 203(69.7) ab 111(54.6)ab  15(7.3) c 13(6.4) c 5(38.4) bc
SOF E 184 106(56.5) ab  57(53.7)ab 7(6.6) ¢ 11(10.3)cd  3(27.2) cd

* Whithin each column, values with at least one comm
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Effect of serum addition into SOF culture media
(SOF C vs. SOF B)

The presence of serum during the first 72h of cul-
ture in SOF C resulted in to non-significantly de-
creased cleavage rate (46.1%) compared to SOF B
(58.8%) in which serum was not added. However,
the ratios of morula, D7 and D8 blastulation and
hatching of embryos developed in SOF C group
were 59.7%, 51.3%, 43.0% and 83.8% which were
significantly greater than corresponding ratios of
SOF B (21.3%, 24.7%, 17.0% and 48.2%, respec-
tively).

Effect of EDTA addition into SOF culture media
(SOF D vs. SOF B)

When EDTA was added during the first phase
of embryo culture in SOF D group, the ratios of
cleavage (69.7%) and morula (54.6%) production
non-significantly increased. However, despite ini-
tial improvement of embryo development in pres-
ence of EDTA, the ratios of D7 and D8 blastula-
tion rates were significantly decreased compared
to SOF B group (7.3% and 6.4% vs. 24.7% and
17.0%).

Combined effect of EDTA and serum addition
into SOF culture media-SOF E vs. SOF B:

The combined presence of serum and EDTAdur=
ing the first 72h of embryo culture not only did not
increase the cleavage and morula rate of embryos
in SOF E vs. SOF B group (56.5% and 53.7% vs.
65.6% and 21.3%, respectively) but.also signifi-
cantly reduced the competency of D7 blastocyst
production in SOF E vs. SOF B group (6.6% vs.
17.2%).

SOF E vs. SOF D:
Developmental pattern of embryos were similar

Efficient In Vitro Culture of Bovine Zygotes

between the two groups.

Developmental competency of presumptive zy-
gotes cultured in different modification of sequen-
tial SOF culture medium; effect of glucose, EDTA
and serum Table 2 compares the overall results of
in vitro embryo development of bovine presump-
tive zygotes cultured in different modifications of
sequential SOF medium. As shown in this table,
although the cleavage rate of SOF C was non-sig-
nificantly lower than the other groups, the ratios of
morula, D7 and D8 blastulation and hatching were
significantly higher than all the other groups. On
the other hand, the presence of sole EDTA and/or
EDTA combined with serum during the first 72h
of embryo“culture reduced the overall develop-
mental competency of embryos into the lowest ra-
tios compared to other groups. Accordingly, while
SOF C composition promoted the highest embryo
development, SOF D and SOF E groups provided
the lowest rates of embryo development (Table 2
and Fig.2):

Developmental competency of presumptive zy-
gotes cultured in different modification of sequen-
tiah SOF vs. TCM199 vero cell co-culture system

Although the cleavage rate of embryos develooped
in co-culture system (TCM199 over vero cells)
was 72.0% which was significantly greater than
SOF (46.1%) and non-significantly higher than
all the other groups, the ratios of embryo devel-
opment beyond the cleavage stage in co-culture
group were significantly lower than SOF C (Table
2 and Fig 2). Moreover, developmental compe-
tency of embryos developed in TCM199 co- cul-
ture system was not significantly different with the
sequential SOF A and SOF B. However, the ratios
of D7 and blastocyst development of SOF D and
SOF E were significantly lower than other sequen-
tial and also TCM199 co-culture groups.

Fig 2: Hatched blastocysts developed in sequential TCM199 vero cell co-culture (A) vs. SOF (B) system.

Arrow indicates the inner cell mass.
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Discussion

Co-culture has been routinely advocated in labo-
ratory animal production and more importantly in
human assisted reproduction (ART), till the estab-
lishment of sequential media (22, 23), due to the
inadequacy of simple media to support embryo de-
velopment beyond the cleaving stage and implan-
tation (24-26). In this regard, numerous studies
have demonstrated the beneficial effects of cellular
monolayer of various somatic cell types on mam-
malian embryonic development in vitro (27-29).
Suggested benefits of co-culture include secre-
tion of trophic factors such as nutrients, substrates,
growth factors, and cytokines and removal of po-
tentially toxic substances from culture medium
by co-cultured cells (30, 31).While these culture
systems produce good developmental results as
judged by the frequency of blastocyst formation,
there are drawbacks because it is reported that co-
culture may introduce toxic components or patho-
gens such as viruses. Furthermore, differences be-
tween cell types, lines, or even number of passages
within a line often result in high variability in the
culture system, making repetition of experiments
within and between laboratories difficult. It is also
noted that cell culture may change the substrates
available for use by the embryo, altering the known
concentrations in the original culture medium(8):
Because of these constraints, there have been great
deals of effort to develop new culture media inde-
pendent of somatic cells. In this regard,although
different formulations of embryo culture media
have been developed and-proposed, these formu-
lations may mainly differ regarding the type and
concentration of ingredients included. Therefore,
many laboratories have tried to set up a private ver-
sion of embryo culture medium based on available
formulations.

This study developed a.new formulation of SOF
which can support high rates of bovine blastocyst
development and.hatching from zygotes cultured
in vitro, implying that high rates of in vitro embryo
production can be achieved with a home-made
embryo culture medium. Furthermore, it was ob-
served that while inclusion of EDTA significantly
decreased developmental competency, the signifi-
cant increase in embryo development of embryos
cultured in SOF C vs. other SOF formulation and
especially vs. TCM199 co-culture system can be
attributed to both the inclusion of serum during the
first 72h and glucose during the remaining part of
culture period.

Most systems for producing mammalian embryos
in vitro use glucose as an energy source in the media
due to the beneficial qualities such as direct source
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of energy, energy reserve in the form of glycogen,
and as a biosynthetic molecule. Glucose metabo-
lized via the pentose phosphate pathway (PPP) can
generate triacylglycerols; glycoproteins (Wales
and Hunter). However, numerous investigations
on the metabolism of mammalian early embryo
have indicated that from the zygote to the 8- to 16-
cell stage, pyruvate and lactate are the preferred
energy sources, and from embryonic genome acti-
vation (8-16 cells) to blastocysts, embryos prefer
glucose as the main source of energy for compac-
tion and blastulation. It was also understood that
during early stages.of embryo development in vit-
ro, there is a.dynamic changes in embryo substrate
requirements (16-18). This led to development of
sequential media of differing composition. Simi-
larly, we also observed inhibitory effect of glucose
when added during first 72h (data not shown) and
stimulatory effect when added during the second
phase of embryo culture (Tablel and Fig 2).
Serum is.the most commonly used macromolecule
in embryo culture media. This is particularly true
for co-culture systems where somatic cells are
cultured in a tissue culture medium supplemented
with serum. Numerous studies have indicated that
serum has a stimulatory effect on embryo growth
and accelerates blastocyst formation (32-34). This
property is possible due to a complex and unde-
fined mixture of proteins, growth factors, peptides
present in the serum (32). However, factors lead-
ing to improved embryo development in culture
systems using somatic cells and/or serum- proteins
are not well understood, but include positive em-
bryotrophic factors and inactivation of embryo-
toxic agents (e.g., free radicals, heavy metals and
others,) (32-35). The results of the present study
in agreement with the other reports indicated that
inclusion of serum into bovine embryo culture me-
dia has dramatic effects on embryo development,
blastocyst formation and hatching rate. Moreover,
it was found that although the presence of serum
during the whole period of in vitro embryo culture
may decrease the early cleavage rate (as seen in
cleavage rate of SOF C group compared to SOF A
and B), to achieve the highest developmental com-
petency, it should be included throughout the cul-
ture period. In agreement with our results, some
believed that serum increases the blastocyst rate by
a biphasic effect, inhibiting the first cell divisions
and stimulating further embryo development.
Despite increasing blastocyst yield, serum also
increases the accumulation of cytoplasmic lipids,
reduces embryo survival after cryopreservation,
thus, increases the male to female embryo ratio,
and disturbs gene expression. Its use in culture



media has been implicated in diverse phenotypic
alterations observed during gestation and in bovine
newborns such as placental defects and large off-
spring. In mice, it was shown that in vitro culture
of embryos with serum also alters the gene expres-
sion, fetal development, and post-natal behavior
(32-34). Therefore, a wide range of recent studies
have tried to replace serum with other ingredi-
ent which can restore its beneficial effects while
preclude the abovementioned detrimental effects
(34).

Transition metals such as iron and copper have
been demonstrated to inhibit embryo development
in vitro as well as being implicated in the produc-
tion of reactive oxygen species (19, 35). During in
vivo embryo development, there exist numerous
protective systems against oxidative agents and
also against heavy ions which are produced dur-
ing embryo catabolism and anabolism activities
(35). Therefore, it is crucial to have an appropri-
ate source of heavy ion chelators in the synthetic
culture medium. Ethylenediaminetetraacetic acid
(EDTA) is a chelator of divalent cations. In the
mouse, EDTA has been demonstrated to be able
to replace protein in the medium. Furthermore, de-
velopment beyond the 2-cell block in the mouse
embryo is facilitated by the inclusion of EDTA.In
the culture medium. Interestingly, the beneficial
effects of EDTA have been found to be restricted
to the cleavage-stage embryo. This increase in de-
velopment beyond the 2-cell block in“the mouse
has been attributed to a decrease in'the premature
utilization of glycolysis and the’concomitant main-
tenance of substrate oxidation. In contrast, the con-
tinual presence of EDTA during. mouse blastocyst
development in culture results insignificantly re-
duced subsequent fetal development after transfer
(29). In this study, although the presence of EDTA
during the first 72h of culture reasonably support-
ed cleavage rate (69.7%) and morula embryo pro-
duction (54.6%), there seen a significant decrease
in the D7 and 8 blastocyst development (7.3%
and 10.3%, respectively) which were significantly
lower than all the treatment groups. It is notewor-
thy that the combined presence of EDTA and se-
rum during the first 72h of embryo culture in SOF
E group did not improve the inhibitory effect of
ETDA (Table 2). These results are in contrast with
the other studies in which the transitional presence
of EDTA during first 72h of embryo culture, but
not beyond this period, improved the blastocyst
production of embryos (19). Although the exact
reason of this disparity was not understood, pos-
sible role of serum to act as a chelator of transition
metals may describes why the combined presence

Efficient In Vitro Culture of Bovine Zygotes

of serum and EDTA did not improve the develop-
mental competency of embryos developed in SOF
E culture condition (19).

The result of this study also indicated that although
culturing bovine embryos over the vero cell mon-
olayer has a beneficial effect on cleavage (72%)
and morula (43.7%) stage and also reasonably
supports the embryo development beyond. Over-
all developmental competency of embryos cul-
tured in cell free sequential SOF C would be sig-
nificantly greater. By considering the elaborative,
time consuming and cost-demanding procedures
of cell culturing=along with the possible hazard
potential of .embryo culturing over monolayers,
one may concluded that using cell free sequential
systems have a great beneficial over traditional co-
culturing systems.

Coclusion

A two steps culture system has been developed
that is capable of supporting high levels of blasto-
cyst formation and cleavage in absence of somatic
cells and in presence of serum during the whole
culture period and glucose during the second phase
(72h -144h) of embryo culture. The development
of such a culture system will have a significant
impact on the introduction of new reproductive
technologies in domestic animal breeding.

Acknowledgements

This study was funded by the grant of Royan In-
stitute of I.R.I. The authors would like to thank Dr.
H. Gurabi and Dr. A. Vosough for their full sup-
port. The article has no conflict of interest.

References

1. Kim JH, Niwa K, Lim JM, Okuda K. Effects of phos-
phate, energy substrates, and amino acids on devel-
opment of in vitro-matured, in vitro-fertilized bovine
oocytes in a chemically defined, protein-free culture
medium. Biol Reprod. 1993; 48(6): 1320-1325.

2. Camargo LSA, Viana JHM, S& WF, Ferreira AM,
Ramos AA, Vale Filho VR. Factors influencing in vitro
embryo production. Anim Reprod. 2006; 3 (1): 19-28.
3. Steeves TE, Gardner DK. Temporal and differential
effects of amino Acids on bovine embryo development
in culture. Biol Reprod 1999; 61: 731-740.

4. Moulavi F, Hosseini SM, Ashtiani SK, Shahverdi A,
Nasr-Esfahani MH. Can Vero cell coculture improve
in-vitro maturation of bovine oocytes? Reprod Biomed
Online. 2006; 13: 404-411.

5. Gordon |, Ku KH. Production of embryos in vitro
and its impact on livestock production. Theriogenol-
ogy 1990; 33: 77-87.

6. Wetzels AM. Co-culture of embryos on Vero cells
and transfer of blastocysts in humans. Hum Reprod
1992; 7: 101-106.

7. Sakkas D, Jacquenoud N, Leppens G, Campana

72



Hosseini et al

A. Comparison of results after in vitro fertilized hu-
man embryos is cultured in routine medium and in co-
culture on Vero cells: a randomized study. Fertil Steril
1994; 61: 521-525.

8. Van Blerkom J. Development of human embryos
to the hatched blastocyst stage in the presence or
absence of a monolayer of Vero cells. Hum Reprod.
1993; 8: 1525-1539.

9. Holm P, Booth M, Schmidt T, Greve H, Callesen H.
High bovine blastocyst development in a static in vitro
production system using sofaa medium supplemented
with sodium citrate and myo-inositol with or without se-
rum-proteins. Theriogenology. 2003; 52(4): 683-700.
10. Gardner DK, Kausche A, Lacham-Kaplan O,
Suikkari O. Changes in requirements and utilization
of nutrient during mammalian preimplantation embryo
development and their significance in embryo culture.
Theriogenology. 1998; 49: 83-102.

11. Gardner DK. Environment of the preimplantation
human embryo in vivo: metabolite analysis of oviduct
and uterine fluids and metabolism of cumulus cells.
Fertil Steril. 1996; 65:349-353.

12. Gandhi AP, Lane M, D.K. Gardner DK, Krisher RL.
A Single medium supports development of bovine em-
bryos throughout maturation, fertilization and culture.
Hum Reprod. 2000; 5: 395-401.

13. Tervit, HR, Whittingham DG and Rowson LEA.
Successful culture in vitro of sheep and cattle ova. J.
Reprod Dev. 1972; 30: 493-497.

14. Nedambale TL, Dinnyes A, Groen W, Dobrinsky
JR, Tian XC, Yang X. Comparison on in vitro fertilized
bovine embryos cultured in KSOM or SOF and cryop-
reserved by slow freezing or vitrification. Theriogenol-
ogy. 2004; 62: 437-449.

15. Dorland M, Gardner DK, TrounsonAO. Serum in
synthetic oviduct fluid causes mitochondrial degenera-
tion in bovine embryos. Reprod Fertil Dev. 1994; 102:
S25.15)

16. Rebecca LK, Lane M, Bavister BD. Developmental
Competence and Metabolism-of Bovine Embryos Cul-
tured in Semi-Defined and Defined Culture Media. Biol
Reprod 1999; 60: 1345-1352.

17. Gomez E, Diez C. Effects of glucose and protein
source on bovine embryo development in vitro. Anim
Reprod Sci 2000; 58: 23-37.

18. Donnay |, Feugang.JM, Bernard S, Marchandise J,
Pampfer S, Moens A, et al. Impact of adding 5.5 mM
glucose to SOF medium on the development, metabo-
lism and quality of in vitro produced bovine embryos
from the morula to the blastocyst stage. Zygote 2002;
10: 189-99.

19. Gardner DK, Lane MW, Lane M. EDTA stimulates
cleavage stage bovine embryo development in culture
but inhibits blastocyst development and differentiation.
Mol Reprod Dev. 2000; 57(3): 256-61.

20. Hosseini SM, Moulavi F, Forozanfar F, Hajian M,
Abedi P, Rezazadeh Valojerdi H, et al. Effect of do-
nor cell and genotype on the efficiency of in vitro pro-
duction of sheep cloned embryos. Small Rumin Res
[ahead of print]

21. Parrish JJ, Susko-Parrish JL, Liebfried-Rutledge
ML, Critser ES, Eyestone WH, First NL. Bovine in vitro

IJFS, Vol 2, No 2, Aug-Sep 2008 73

fertilization with frozen-thawed semen. Theriogenol-
ogy. 1986; 25; 591-600

22. Camous S, Heyman Y, Meziou W, Menezo Y.
Cleavage beyond the block stage and survival after
transfer of early bovine embryos cultured with trophob-
lastic vesicles. J Reprod Fertil. 1984; 72: 479-485.
23. Gardner DK, Schoolcraft WB, Wagley L, Schlenker
T, Stevens J, Hesla J. A prospective randomized trial
of blastocyst culture and transfer in in-vitro fertiliza-
tion. Hum Reprod 1998; 13: 3434-3440.

24. Fong CY, Bongso A. Comparison of human blastu-
lation rates and total cell number in sequential culture
media with or without co-culture. Hum Reprod 1999;
14: 774-781.

25. Menezo YJ, Sakkas D, Janny L. Co-culture of the
early human embryo: factors affecting human blasto-
cyst formation.in vitro. Micros Res Tech 1995; 32: 50-
56.

26. Myers. MW, Broussard JR, Menezo Y, prough SG,
Blackwell J, Jodke RA, Thibodeaux JK 1994 Estab-
lished cell lines and their in vitro conditioned media
support-bovine embryo development during in-vitro
culture. Hum/Reprod 1994; 9(10): 1927-1931.

27. Menezo YJR, Guerin JF, Czyba JC. Improvement
of human early embryo development in vitro by co-cul-
ture on monolayers of vero cells. Biol Reprod. 1990;
42: 301-306.

28. Rief S, Sinowatz F, Stojkovic M, Einspainer R,
Wolf E, Prelle K. Effect of a novel co-culture system
on development, metabolism and gene expression of
bovine embryos produced in vitro. Reprod 2002; 124:
543-556.

29. Ellington JE, Carney EW, Farrell PB, Simkin ME,
Foote RH. Bovine 1-2 —cell embryo development us-
ing a single medium in three oviduct epithelial cell co-
culture systems. Biol Reprod. 1990; 43: 97-104.

30. Joo BS, Kim MK, Na YJ, Moon HS, Lee KS, Kim
HD. The mechanism of action of co-culture on embryo
development in the mouse model: directembryo-to-cell
contact and the removal of deleterious components.
Fertil Steril. 2001; 72: 193-199.

31. Kim YB, Ahn SH, Chang DY, Chung KN, Koh JW.
Vero cell co-culture counteracts the detrimental effects
of hydrosalpinx fluid on the development of mouse
embryos in vitro. J Kor med sci. 2002; 17: 217-219.
32. Van Langendonckt A, Donnay |, Schuurbiers N,
Auquier P, Carolan C, Massip A, et al. Effects of sup-
plementation with fetal calf serum on development of
bovine embryos in synthetic oviduct fluid medium. J
Reprod Fertil. 1997; 109 (1): 87-93.

33. Pinyopummintr T, Bavister BD. In vitro — matured/in
vitro fertilized bovine oocytes can develop into morula/
blastocysts in chemically defined protein-free culture
media. Bio Reprod. 1991; 45: 736 — 742.

34. George F, Daniax C, Genicot G, Verhaeghe B,
Lambert P, Donnay |. Set up of a serum-free culture
system of bovine embryos: Embryos development
and quality before and after transient transfer. Theri-
ogenology. 2008; 69: 612-625.

35. Nasr-Esfahani MH, Johnson MH. The origin of re-
active oxygen species in mouse embryos cultured in
vitro. Development. 1991; 113: 551-560.




