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Abstract

In vitro embryo-production procedures developed for sheep have tremendously been improved from decades,
but many factors influencing their efficiency still need to be investigated. The overall of this study showed the
production of the sheep embryos till blastocyst stage from the ovaries of the slaughtered ewes for IVM, IVF of the
oocytes and then IVC in the complex culture media like TCM-199, TCM-199-, TCM-199+ and CR1aa. The morula
yield was significantly higher in the wheat peptone and BSA supplemented group. The nuclear maturation rates of
ovine oocytes matured in FBS (69.15 + 1.07) group was more compared to BSA (56.47 + 0.73) and wheat peptone
(35.26 £ 0.79). The nuclear maturation of oocytes was significantly higher in the FBS group when compared to BSA
and wheat peptone supplemented groups. The lowest maturation rate was observed in wheat peptone supplemented
group. The development rates in 2, 4, 8, 16 and morula stages of ovine embryos produced from BSA group were high
(74.22 + 2.56, 60.93 + 2.55, 42.97 + 2.20 and 24.21 + 1.28) compared to FBS group (73.58 + 2.92, 58.77 + 2.01,
41.22 + 1.68 and 20.17 + 0.76) and wheat peptone (72.89 + 1.09, 57.01 £ 0.76, 42.05 + 0.36 and 24.29 * 0.55). The
cleavage, morula and blastocyst percent in CR1aa was found significantly high compared with TCM- 199, TCM-199-
and TCM-199+. The cleavage, morula and blastocyst percent in L-Ascorbic acid at 100 uM with CR1aa is found more

significant compared with other compositions used in the experimentation.

J

Keywords: In vitro production; Sheep; L-Ascorbic acid; CR1aa

Introduction

The in vitro production of embryos is a multi-step process applied
through oocyte maturation, fertilization and embryo culture [1]. The
techniques like In Vitro Maturation (IVM), In Vitro Fertilization (IVF)
and In Vitro Culturing (IVC) have enormous potential for the generation
of large number of domestic animal embryos for research and the
application of technologies such as transgenic animal production and
embryo cloning. Ova from slaughterhouse have provided an important
source of embryos for a variety of research purposes. The first lamb
produced by IVM, IVF and IVC of ova was done in 1991. Major
advance has been made in the IVM, IVF and IVC of adult and pre-
pubertal oocytes.

Ovine in vitro embryo production is one of the future sheep
breeding strategies for the development of biotechnologies in sheep
reproduction. Efficient systems for the production of embryos demand
through IVM, IVF and IVC procedures that not only produce large
numbers of good quality blastocysts for embryo transfer but also result
in developmentally normal offspring [2]. The in vitro production of
embryos for commercial purpose requires the system that is free of
specific pathogens, reaches high sanitary standards and allows high and
reproducible developmental rates, leading to viable blastocysts that can
resist cryopreservation [3].

Serum and BSA (Bovine Serum Albumin) are widely used as a protein
source in oocyte maturation and embryo culture media. Depending
upon the source, the serum containing different concentrations of
growth factors, hormones, amino acids and binding proteins were
found to have a beneficial effect on oocyte maturation. Serum provides
nutrition to cells in the COCs (Cumulus Oocyte Complexes) and
prevented zona hardening [4]. The process enhances sanitary risks due
to virus, prions or mycoplasma contamination, produces alterations
in embryo morphology, ultra structure and kinetics of development,

accumulation of cytoplasmic “lipid-like” inclusions increased birth
weight and musculo-skeletal abnormalities [5-8]. This condition was
referred to as large offspring syndrome [9]. Recently, serious ethical
concerns were raised with regard to the welfare of the donor fetuses in
the harvest, production and processing of FBS (Fetal Bovine Serum).
Thus, any efforts to decrease the global demands for FBS and thus to
decrease the number of bovine fetuses required should be welcomed
and supported.

The normal birth weights following by the transfer of embryos
cultured in media containing BSA and amino acids in place of sera
and replacing serum by BSA in the culture medium led to a significant
decrease in the lipid content of the morulae which were much more
resistant to freezing than those cultured in FCS (Fetal Calf Serum) [10-
12]. But purified BSA is not devoid of sanitary risks and involves high
cost of production.

The levels of embryo development were generally lower following
in vitro development in media supplemented with synthetic
macromolecules. The vegetal peptones can replace BSA in freezing
medium without affecting blastocyst survival and quality [13]. Usage
of plant peptones as substitutes for animal proteins in embryo culture
medium and the culture with plant peptones enables embryos to be
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S.No Component mg/500 ml

1 NaCl 3505

2 HCI 120

3 NaH,PO, .2H,0 31

4 Phenol Red 5

5 Na Lactate 930 pl

6 MgCl,.6H,0 50

7 CaCl,.2H,0 150

8 NaHCO, 84

9 Gentamycin 500

Table 1: Preparation of TL- BASE (Modified Tyrode’s Lactate solution).

Component mg/100 ml of TL-BASE
HEPES 240
BSAV 600

Adjust pH 7.3 £ 0.1

Table 2: Oocyte Collection and washing medium.

Figure 1: Grading of oocytes.

obtained at a similar rate and of similar quality to that seen following
the use of BSA [3]. Further, the use of the plant peptones increased
sanitary quality of the embryos and decreased the cost of embryo
production. The higher mean number of cells was found in blastocysts
cultured with plant proteins compared to blastocysts cultured with BSA
shows anti-apoptotic activity of plant proteins [14].

A high incidence of polyspermic penetration still constitutes
a major obstacle in the in vitro production of embryos, although
historical problems like unsuccessful male pronuclear formation and
low developmental competence have been overcome by ROS (Reactive
Oxygen Species) with thiols during IVM and IVC for early development
[15]. The early mammalian embryos are susceptible to damage from
reactive oxygen species and they increase the production of oxygen free
radicals when cultured in vitro [16].

In Vitro Production (IVP) of embryos is a multi step process and
can be categorized mainly into three stages such as oocytes maturation,
fertilization and embryo culture. The efficient collection and grading of
oocytes is important in superovulation through IVP of embryos. The

present study was carried out to study the effects of protein supplements
on IVM and IVE comparison of culture media. Effect of L-ascorbic acid
during embryonic development of sheep oocytes, and protein-protein
interaction studies provides better understanding of protein function
that supports the interactions with cellular proliferation and division.

Materials and Methods

Normal ovaries from sheep, irrespective of body condition and age
were collected immediately after slaughter from Chennai corporation
abattoir. The ovaries were then transported to the laboratory in a
thermos flask containing normal saline that is maintained at 37°C and
supplemented with 10 pl/ml penicillin-streptomycin.

The ovarian tissues were trimmed off and the ovaries were washed
thoroughly under running tap water, rinsed five times in normal saline
and were kept in a sterile beaker containing normal saline at 37°C.
The oocytes were retrieved by slicing technique and the COCs were
screened using a stereo zoom microscope and transferred into a 35 mm
petridish containing fresh oocyte collection medium (Table 1 and Table
2).

Add all the components (except for sodium lactate and Gentamycin)
from 1 to 5 and allow complete dissolution; medium should be in
acidic condition in this stage. Add MgCl, and dissolve completely. Add
CaCl, and dissolve completely. Add NaHCO, and Gentamycin, where
osmolarity should be between 260-270 mOsm. Finally sterilize by
Millipore filtration and store at 4°C.

Oocytes grading is done on the basis of cumulus cells investment
and homogeneity of cytoplasm. Those with more than three layers
of cumulus cells surrounding the oocyte and uniform cytoplasm are
categorized as Grade A (Good). Those with less than three layers of
cumulus cells surrounding the oocyte and uniform cytoplasm are
categorized as Grade B (Fair). Those with no cumulus cells surrounding
the oocyte are categorized as Grade C (Poor). Oocytes of grade A and B
were used for in vitro maturation (Figure 1).

All the chemicals were purchased from Sigma Aldrich (St. Louis,
Mo, USA) unless otherwise indicated. HyPep 4601 (Wheat peptone)
was contributed by Kerry group, Norwich, NY, USA. The disposable
plastic wares used in this procedure were obtained from Nunclon,
Denmark. All the stock solutions and media were prepared in sterile
triple distilled Milli-Q water. The media that are prepared were sterilized
by filtration method using 0.22p membrane filters.

The experiment was designed to evaluate animal protein and plant
peptones supplements during IVM, IVF and embryo development of
ovine oocytes. In every group six replicates were maintained and tested.
Group I contains 10% FBS, Group II contains 5mg/ml BSA-FAF (Bovine
Serum Albumin-Fatty Acid-Free) and Group III contains 18mg/ml of
wheat peptones in embryo development media.

This experiment was designed to evaluate animal protein
supplements and its replacement with plant peptones during IVM in
TCM 199 (Tissue Culture Medium-199) containing hormones (FSH,
LH and estradiol) and Epidermal Growth Factor (EGF). In each group
six replicates were carried out. Group IV contains COCs that were
matured in maturation medium supplemented with 10% Fetal Bovine
Serum (FBS). Group V contains COCs that were matured in maturation
medium supplemented with 5 mg/ml fatty acid free bovine serum
albumin (BSA-FAF). Group VI contains COCs that were matured in
supplemented medium with 0.18 mg/ml of wheat peptones.

Oocytes were stained with Hoechst 33342 to determine the nuclear
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Component Volume
TCM - 199 9ml
Fetal bovine serum 1ml
Cysteamine 20 pl
FSH 10 g

LH 0.2 units
17- B estradiol 10 ug

Gentamicin 500 ug

Table 3: Oocyte maturation medium.

maturation. The oocytes were then stained with 10 pg/ml Hoechst
33342 for 10 min, placed between slide and coverslip and examined
under Leica microscope equipped with fluorescent illumination (UV
2-A of filter block, 420 nm emission and 330 to 380 nm excitation) for
second metaphase stage (MII). Oocytes maturation was assessed by
observing extruded first polar body. After maturation of COCs, the
cumulus cells were removed by vortexing.

The culture medium TCM-199 is supplemented with 1 ug/ml of
follitropin (FSH), 0.02 IU/ml of luteinizing hormone (LH), 1 pg/ml
of estradiol, 100 ng/ml Epidermal Growth Factor (EGF) and 10 ul/ml
penicillin-streptomycin for oocyte maturation medium. Nearly 10 per
cent FB, 5 mg/ml BS and 0.18 mg/ml wheat peptones were supplemented
separately in maturation medium to assess the maturation rate. About
50 ul of IVM droplets were prepared in a 35 mm Petri dish and overlaid
with mineral oil and pre-equilibrated in a CO, incubator for a minimum
of 2 h at 38.5°C under 5 per cent CO,.

The graded and selected oocytes were washed four times in
maturation medium and 10 COCs were transferred to each droplet
and allowed to mature at 38.5°C in a humidified atmosphere under 5
per cent CO, for 24 h on a static platform. About 10 ml of maturation
medium (Table 3) was prepared freshly before each trial.

Maturation of oocytes was assessed based on the cumulus cell
expansion by examination under stereo zoom microscope and the
degree of Cumulus expansion was assessed. In Degree 2, full cumulus
cell expansion observes where cumulus cells homogenously spread and
clustered cells were no longer present. In Degree 1, Moderate cumulus
cell expansion observed where cumulus cells non-homogenously spread
and clustered cells were still present. In Degree 0, Slight or no expansion
observed where cumulus cells highly adhering to the zona pellucida.
Oocytes with degree 1 and 2 cumulus expansion were considered as
matured and the maturation rate was expressed as percentage of the
total number of oocyte cultured.

The Testis from slaughtered adult rams (one year and above) were
washed thoroughly in tap water and transported in a thermos flask
containing PBS supplemented with 50 pig/ml gentamicin to the laboratory
within 30 min and used as source of semen.

The tunica albugenia was removed and the testis and was washed
thoroughly with PBS (Phosphate Buffered Saline) and tap water. The
cauda were cleaned with 70% ethanol. Then the cauda was incised deeply
with Bard-Parker blade and the gushing fluid, rich in sperms was flushed
into a 60 mm petridish containing sperm wash medium was assessed
before processing.

The testis was trimmed free of covering tissues and the tail of the
epididymis, presumed to contain mature sperm, was cut using a sterile
blade. After cutting, the sperm-rich fluid that oozed out was directly
placed on Bovine Serum Albumin-free Brackett and Oliphant (BSA
free BO) medium (containing 10 mM caffeine sodium benzoate and 10
ug/ml Heparin) in a Petri plate. Selection of sperm was carried-out in

Percoll density gradient (45/90%) placed in CO, incubator at 39°C for 2
h. Approximately 2 - 3 ml of BSA free BO medium containing the semen
sample was layered over the pre-incubated gradient solution in sterile
centrifuge tubes. The centrifuges tubes were then centrifuged at 1400
rpm for 10 min at room temperature. The supernatant was discarded.
The sperm sediment was rewashed three times by centrifugation at 1400
rpm for 10 min in BSA-free BO medium as described above. The final
pellet that is obtained was resuspended in 1 ml of BSA-free BO medium
diluted with 1 ml BO medium containing 20 mg/ml BSA supplemented
with 10 pg/ml heparin. A final sperm concentration of approximately
1-2 x 10%ml BO medium has been used for fertilization. The mature
sheep COCs were washed in BO medium and distributed at a rate of
20/100 pl drop of fertilization medium under mineral oil.

The capacitated spermatozoa (2 ul) were added to these fertilization
drops and incubated for 18 h at 38°C at 5% CO,. All the experimental
groups, cleavage rate was assessed at 48 h of culture and subsequent
embryo development was assessed every 24 h post insemination for 5
to 6 days.

The in vitro developmental rates of ovine presumptive zygotes were
compared in culture media supplemented separately with FBS, BSA and
wheat peptones. The IVM was done in TCM-199 supplemented with
1 pg/ml of follitropin (FSH), 0.02 IU/ml of LH, 1 ug/ml of estradiol,
100ng/ml EGF and 10 per cent FBS and in vitro fertilization was done
using Fertilization-Tyrode Albumin Lactate and Pyruvate (IVF-TALP)
medium that is supplemented with BSA. From each group, six replicates
were carried out for culture of embryos. Group VII supplied with 10%
FBS in culture media. Group VIII supplied with 5mg/ml BSA-FAF in
culture media. Group IX supplied with 0.18mg/ml wheat peptones in
culture media.

In all the experimental groups, cleavage rate were also assessed at 48
h of culture and subsequent embryo development was observed every
24 h post insemination for 5 to 6 days.

Various media are prepared and the concentrations were
standardized. Various media were added to oocyte maturation medium
followed by culture in 20% O, environment. The media such as TCM-
199, TCM-199-, TCM-199+ and CR1aa (Charles Rosenkran’s 1 amino
acid medium) has been prepared based on the compositions. The
components act as the source of embryo development due to availability
of vitamins like vitamin C (L-ascorbic acid) in lower levels may not be
sufficient at normal conditions. The formulation of CRlaa media with
L-ascorbic acid has been also experimented for better understanding of
requirement in embryo development.

L-ascorbic acid (Sigma-Aldrich Chemicals Pvt Ltd., Bangalore,
India) concentrations were standardized. Varying concentrations
of L-ascorbic acid at 0 to 400 pM concentrations are added to the
oocyte maturation medium, followed by culture of oocytes in 20% O,
environment.

Statistical analysis of the data was done according to the Snedecor
and Cochran method. The percentage mean value of standard error
(mean % + S.E) was calculated for fertilization rates of oocytes, cleavage
and developmental rates of the embryonic stages.

Results

The number and recovery rate of ovine oocytes following slicing
technique has been experimented. A total of 1,407 oocytes were
recovered from 341 sheep ovaries with an average yield of 4.13 oocytes
per ovary (Figure 2). Among the total of 1,407 oocytes, 546(38.81%),
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Figure 2: Collection of Ovaries for [IVM.

B. Ovaries after trimming

C. Preparing media

E. Docyte with floresein dve

F. Docytes

Figure 3: Preparation of Oocyte for IVM.

648(46.06%) and 213 (15.14%) oocytes were classified into three grades
A, B and C respectively.

The effect of animal protein supplements and its replacement
with plant peptones during IVM of ovine oocytes is presented in the
present work. In FBS supplemented group (group I), out of 206 oocytes
cultured, 184 oocytes matured with a mean maturation percentage of
89.32 £ 1.67. In BSA supplemented group (group II), out of 196 oocytes
cultured, 157 oocytes matured with a mean maturation percentage of
80.10 + 1.64. In wheat peptone supplemented group (group III), out
of 199 oocytes cultured, 108 oocytes matured with a mean maturation
percentage of 54.27 + 1.81.

The maturation rate of oocyte was significantly higher in the FBS
supplemented group when compared with BSA and wheat peptone

supplemented groups. The collection of ovaries, preparation of oocytes,
and the final observation of matures single polar body has been shown
from Figure 3 and Figure 4.

The in vitro fertilization and developmental rates of ovine oocytes
under three different protein supplements are presented. The number
of oocytes produced from FBA, BSA and Wheat peptones from 6
replicates are 184, 157 and 108 respectively. The number of fertilized
oocytes supplemented by FBS (138) is more compared with BSA (83)
and Wheat peptones (48). In FBS supplemented group (group I),
BSA-FAF group (group II), and wheat peptones group (group III), the
fertilization rates (mean * SE) are 75.00 + 1.88, 52.87 + 2.04, and 44.44
+0.77 respectively. Hence the fertilization rates in media supplemented
with FBS is found significant compared to BSA+FAF or Wheat peptones.

The fertilized oocytes with six replicates has observed highest
fertilization rate in FBS (75.00 + 1.88) compared with the other two
protein supplements rich as BSA (52.87 + 2.04) and wheat peptones
(44.44 £ 0.77).

The developmental rates of presumptive zygotes under different
supplements are presented in Table 4. In the FBS supplemented group
(group VII), the developmental rates of oocytes at 2-, 4, 8-, 16 cell and
morula stages were 73.58 + 2.92, 58.77 + 2.01, 41.22 + 1.68 and 20.17 +
0.76 per cent (mean + SE), respectively. In BSA-FAF group (group VIII),
developmental rates of 2-, 4-, 8-, 16 cell and morula stages were 74.22 +
2.56, 60.93 + 2.55,42.97 + 2.20 and 24.21 + 1.28 per cent (mean + SE),
respectively. In wheat peptones group (group IX), the developmental
rates of 2-, 4-, 8-, 16 cell and morula stages were 72.89 + 1.09, 57.01 +
0.76, 42.05 + 0.36 and 24.29 + 0.55 per cent (mean * SE), respectively.

The number of morula (mean% + S.E.) developed was found to be
higher in wheat peptone (or plant peptone) and BSA supplemented
group followed by FBS.

The Cleavage, Morula and Blastocyst percent has shown high in
CRlaa medium followed by TCM-199+, TCM-199 and TCM-199-
(Table 5).

L-Ascorbic acid with CR1laa medium has shown higher Cleavage,
Morula and Blastocyst percent at 100 pM concentration (Table 6).
Figure 5 has shown various stages of embryo development.

Discussion

Collection of sheep ovaries has been done from slaughter house.

Figure 4: Matured oocyte with single polar body.
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Supplement No. of No. of No. of two cells No. of four cells No. of 8-16 cells No. of morula
pp replicates oocytes (mean% *S.E.) (mean% % S.E.) (mean% £ S.E.) (mean% % S.E.)
Fetal bovine serum 6 208 168 134 94 46
(Group VII) (73.68+2.92) (58.77+2.01) (41.22+1.68) (20.17+0.76)
Bovine serum albumin 6 256 190 156 110 62
(Group VIII) (74.22+2.56) (60.93+2.55) (42.97+2.20) (24.21+1.28)
Wheat peptone 6 214 156 122 90 52
(Group IX) (72.89+1.09) (57.01+0.76) (42.05+0.36) (24.29+0.55)
Cleavage rate and morula development of ovine oocytes.
Medium Number of oocytes Cleavage Morula Blastocyst
insemination (mean% % S.E.) (mean% % S.E.) (mean% % S.E.)
TCM-199 280 62.3+15 324+18 104 +1.2
TCM-199+ 268 63.4+1.3 33.2+13 10915
TCM-199- 260 62.2+1.2 31.1+15 94+10
CR1aa 290 64.8+1.6 334+18 11.4+14
Table 5: Effect of different media on development of sheep embryos.
L-Ascorbic acid
Conc. (M) Number of oocytes Cleavage Morula Blastocyst
insemination (mean% % S.E.) (mean% % S.E.) (mean% % S.E.)
0 278 64.1+1.2 33.7+11 115+13
50 275 65.2+1.3 349+1.2 125+1.2
100 280 68.1+1.0 39.7+16 13.56+1.7
200 278 63.2+0.9 356+ 1.1 11.4+1.0
400 272 50.7+1.5 31.9+09 10+1.4

Table 6: Effect of L-Ascorbic acid on CR1aa in development of sheep embryos.

A, 2 celled embryo

B.2 celled to 4 celled embrvos

E. 8 celled embryo

H. 16 cell to 32 celled Morula

-

J. Early Blastocyst

F. 8 to 16 celled

I. Compact Morula

K. Blastocyst

Figure 5: Different stages of embryo development (2 celled to Blastocyst stages).
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Retrieval of Cumulus Oocyte Complexes (COCs) from antral follicles
by slicing method and Grading of oocytes is done based on their
morphological appearance. In vitro culture of superior grade oocytes
is experimented in four different media with supplementation of
L-ascorbic acid. In vitro fertilization of sheep embryos using fresh
semen collected and capacitated from slaughtered ram testis in above
said media. TCM-199 containing vitamin like L-Ascorbic acid is
observed better results than the other culture media used for the in vitro
development.

The exposure to L-ascorbic acid promotes the development of
porcine denuded oocytes and cumulus-enclosed oocytes from MI to
Mil and prevents cumulus cell DNA fragmentation [17]. Recommend
supplementing porcine embryo culture medium with 100 uM L-ascorbic
acid but not both as the developmental competence appeared to be
reduced [18].

The quality of an embryo is influenced by the culture conditions
such as media, temperature, pH etc., which affect in IVM, IVF and IVC
rates [19]. FCS and BSA are complex mixtures of different proteins
that contain small peptides, energy substrates and growth factors [20].
These proteins influence the growth and division of cells during IVM,
IVF and IVC. The cell division and growth is mainly involved in MAP
Kinase pathway [21,22].

Culture media would be the ideal system for the IVC of oocytes
and embryos; supplementation with protein sources of animal origin
provides the best results from oocyte maturation to the final step of
in vitro embryo development [23]. The use of FCS and BSA during
IVM+IVC was efficient for in vitro embryo production, regardless of
the protein source used during IVF (BSA or OVA) [24,25].

Immature oocyte recovery followed by in vitro oocyte maturation
and in vitro fertilization is a promising new technology for culture of
oocytes, have progressed considerably in recent years [26]. Culture of
oocytes in medium with FCS for the first 24 h and with BSA for the
second 24 h decreases the incidence of polyspermy, without effecting
nuclear maturation.

A basic culture system was established for the IVM of early preantral
mouse ovarian follicles [27]. Up to 60% of sheep morulae produce
normally during culture but previously cleavage stages undergo limited
development and is suggested that there is a block to development in
vitro at the eight- to- twelve-cell stage [28-33].

Supplementation of MEM (Minimum Essential Medium) vitamins
during IVM enhanced subsequent parthenogenetic development in
porcine oocytes [34]. However, the presence of Minimal Essential
Medium vitamins (MEM vitamins) to semi-defined maturation
medium enhanced subsequent developmental ability of caprine
oocytes [35]. Nearly 0.5 and 1XxXMEM vitamins as compared to 1.5x
had a positive effect during maturation resulting in an increased
development of blastocyst from cleaved embryos [36]. Importance of
biological components like proteins during cellular development can be
also being understood using in silico procedures [37,38].

Conclusion

Based on the composition of the media and the availability of
supplements, the growth and cell division varies in in vitro production
of sheep embryos. TCM199-, TCM199+ and CRlaa have shown good
results in stimulation of oocyte development. CR1aa had shown good
results compared with other media of study. L-ascorbic acid in CR1aa at
100 uM has provided good influence on development of oocyte during
cleavage, morula and blastocyte stages.

Acknowledgment

Authors would like to thank management and staff of Chennai Fertility Centre,
GITAM University, Dept. of animal Biotechnology, Tamilnadu Veterinary and Animal
Sciences University, and Dr.LB PG College, Visakhapatnam, India for their kind
support in bringing out the above literature and providing lab facilities. We also
thank CMJ University for providing research support.

References

1. Pugh PA, Fukui Y, Tervit HR, Thompson JG (1991) Developmental ability of
in vitro matured sheep oocytes collected during the nonbreeding season and
fertilized in vitro with frozen ram semen. Theriogenology 36: 771-778.

2. Rooke JA, McEvoy TG, Ashworth CJ, Robinson JJ, Wilmut |, et al. (2007) Ovine
fetal development is more sensitive to perturbation by the presence of serum
in embryo culture before rather than after compaction. Theriogenology 67: 639-
647.

3. George F, Kerschen D, Van Nuffel A, Rees JF, Donnay | (2009) Plant protein
hydrolysates (plant peptones) as substitutes for animal proteins in embryo
culture medium. ReprodFertilDev 21: 587-598.

4. Wani NA (2002) In vitro maturation and in vitro fertilization of sheep oocytes.
Small Rum Res 44: 89-95.

5. Van Langendonckt A, Donnay |, Schuurbiers N, Auquier P, Carolan C, et al.
(1997) Effects of supplementation with fetal calf serum on development of
bovine embryos in synthetic oviduct fluid medium. J ReprodFertil 109: 87-93.

6. Abe H, Yamashita S, ltoh T, Satoh T, Hoshi H (1999) Ultrastructure of bovine
embryos developed from in vitro-matured and -fertilized oocytes: comparative
morphological evaluation of embryos cultured either in serum-free medium or
in serum-supplemented medium. MolReprodDev 53: 325-335.

7. Gardner DK, Lane M, Spitzer A, Batt PA (1994) Enhanced rates of cleavage
and development for sheep zygotes cultured to the blastocyst stage in vitro in
the absence of serum and somatic cells: amino acids, vitamins, and culturing
embryos in groups stimulate development. Biol Reprod 50: 390-400.

8. Thompson JG, Gardner DK, Pugh PA, McMillan WH, Tervit HR (1995) Lamb
birth weight is affected by culture system utilized during in vitro pre-elongation
development of ovine embryos. BiolReprod 53: 1385-1391.

9. Young LE, Sinclair KD, Wilmut | (1998) Large offspring syndrome in cattle and
sheep. Rev Reprod 3: 155-163.

10. O'Brien JK, Catt SL, Ireland KA, Maxwell WM, Evans G (1997) In vitro and
in vivo developmental capacity of oocytes from prepubertal and adult sheep.
Theriogenology 47: 1433-1443.

11. George F, Daniaux C, Genicot G, Verhaeghe B, Lambert P, et al. (2008) Set up
of a serum-free culture system for bovine embryos: embryo development and
quality before and after transient transfer. Theriogenology 69: 612-623.

12. Thompson JG, Allen NW, McGowan LT, Bell ACS, Lambert G, et al. (1998) The
effect of delayed supplementation of fetal calf serum tissue culture medium
on bovine embryo development and following transfer. Theriogenology 49:
1239-1249.

13. George F, Vrancken M, Verhaeghe B, Verhoeye F, Schneider YJ, et al. (2006)
Freezing of in vitro produced bovine embryos in animal protein-free medium
containing vegetal peptones. Theriogenology 66: 1381-1390.

14. Grad |, Gajda B, Smorag Z (2010) Effect of plant protein supplementation on in
vitro development of porcine embryos. Anim Sci Pap Rep 28: 271-279.

15. Funahashi H (2005) Effect of beta-mercaptoethanol during in vitro fertilization
procedures on sperm penetration into porcine oocytes and the early
development in vitro. Reproduction 130: 889-898.

16. Johnson MH, Nasr-Esfahani MH (1994) Radical solutions and cultural problems:
could free oxygen radicals be responsible for the impaired development of
preimplantation mammalian embryos in vitro? Bioessays 16: 31-38.

17.TaoY, Zhou B, Xia G, Wang F, Wu Z, et al. (2004) Exposure to L-ascorbic acid or
alpha-tocopherol facilitates the development of porcine denuded oocytes from
metaphase | to metaphase Il and prevents cumulus cells from fragmentation.
ReprodDomestAnim 39: 52-57.

18. Jeong YW, Park SW, Hossein MS, Kim S, Kim JH, et al. (2006) Antiapoptotic
and embryotrophic effects of alpha-tocopherol and L-ascorbic acid on porcine
embryos derived from in vitro fertilization and somatic cell nuclear transfer.
Theriogenology 66: 2104-2112.

J Tissue Sci Eng
ISSN: 2157-7552 JTSE, an open access journal

Volume 5 « Issue 1+ 1000131


http://www.ncbi.nlm.nih.gov/pubmed/16727045
http://www.ncbi.nlm.nih.gov/pubmed/16727045
http://www.ncbi.nlm.nih.gov/pubmed/16727045
http://www.ncbi.nlm.nih.gov/pubmed/17070902
http://www.ncbi.nlm.nih.gov/pubmed/17070902
http://www.ncbi.nlm.nih.gov/pubmed/17070902
http://www.ncbi.nlm.nih.gov/pubmed/17070902
http://www.ncbi.nlm.nih.gov/pubmed/19383265
http://www.ncbi.nlm.nih.gov/pubmed/19383265
http://www.ncbi.nlm.nih.gov/pubmed/19383265
http://www.sciencedirect.com/science/article/pii/S0921448802000202
http://www.sciencedirect.com/science/article/pii/S0921448802000202
http://www.ncbi.nlm.nih.gov/pubmed/9068418
http://www.ncbi.nlm.nih.gov/pubmed/9068418
http://www.ncbi.nlm.nih.gov/pubmed/9068418
http://www.ncbi.nlm.nih.gov/pubmed/10369393
http://www.ncbi.nlm.nih.gov/pubmed/10369393
http://www.ncbi.nlm.nih.gov/pubmed/10369393
http://www.ncbi.nlm.nih.gov/pubmed/10369393
http://www.ncbi.nlm.nih.gov/pubmed/8142556
http://www.ncbi.nlm.nih.gov/pubmed/8142556
http://www.ncbi.nlm.nih.gov/pubmed/8142556
http://www.ncbi.nlm.nih.gov/pubmed/8142556
http://www.ncbi.nlm.nih.gov/pubmed/8562695
http://www.ncbi.nlm.nih.gov/pubmed/8562695
http://www.ncbi.nlm.nih.gov/pubmed/8562695
http://www.ncbi.nlm.nih.gov/pubmed/9829550
http://www.ncbi.nlm.nih.gov/pubmed/9829550
http://www.ncbi.nlm.nih.gov/pubmed/16728089
http://www.ncbi.nlm.nih.gov/pubmed/16728089
http://www.ncbi.nlm.nih.gov/pubmed/16728089
http://www.ncbi.nlm.nih.gov/pubmed/18242668
http://www.ncbi.nlm.nih.gov/pubmed/18242668
http://www.ncbi.nlm.nih.gov/pubmed/18242668
http://www.ncbi.nlm.nih.gov/pubmed/10732061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10732061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10732061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10732061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16806449
http://www.ncbi.nlm.nih.gov/pubmed/16806449
http://www.ncbi.nlm.nih.gov/pubmed/16806449
http://www.ighz.edu.pl/files/objects/2999/66/str_271-280.pdf
http://www.ighz.edu.pl/files/objects/2999/66/str_271-280.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16322548
http://www.ncbi.nlm.nih.gov/pubmed/16322548
http://www.ncbi.nlm.nih.gov/pubmed/16322548
http://www.ncbi.nlm.nih.gov/pubmed/8141805
http://www.ncbi.nlm.nih.gov/pubmed/8141805
http://www.ncbi.nlm.nih.gov/pubmed/8141805
http://www.ncbi.nlm.nih.gov/pubmed/15129922
http://www.ncbi.nlm.nih.gov/pubmed/15129922
http://www.ncbi.nlm.nih.gov/pubmed/15129922
http://www.ncbi.nlm.nih.gov/pubmed/15129922
http://www.ncbi.nlm.nih.gov/pubmed/16876856
http://www.ncbi.nlm.nih.gov/pubmed/16876856
http://www.ncbi.nlm.nih.gov/pubmed/16876856
http://www.ncbi.nlm.nih.gov/pubmed/16876856

Citation: Sreenivas D, Kaladhar DSVGK, Yarla NS, Thomas VM, PalniSamy A, et al. (2014) In Vitro Production of Sheep Embryos in CR1aa Medium
Supplemented with L-Ascorbic Acid. J Tissue Sci Eng 5: 131. doi:10.4172/2157-7552.1000131

Page 7 of 7

20.

2

e

22.

23.

24.

25.

26.

27.

28.

. Tatiane ADT, Naiara ZS, Felipe P, Simone CMN, Christina RF et al. (2011) The

effects of ovalbumin as a protein source during the in vitro production of bovine
embryos. R Bras Zootec 40: 2135-2141.

Chaudhry MA, Vitalis TZ, Bowen BD, Piret JM (2008) Basal medium composition
and serum or serum replacement concentration influences on the maintenance
of murine embryonic stem cells. Cytotechnology 58: 173-179.

. Wilkinson MG, Millar JB (2000) Control of the eukaryotic cell cycle by MAP

kinase signaling pathways. FASEB J 14: 2147-2157.

Kaladhar DS, Sai PC, Rao PV, Chaitanya AK, Rao DG, et al. (2012) Towards an
understating of signal transduction protein interaction networks. Bioinformation
8: 437-439.

Vanroose G, Van Soom A, deKruif A (2001) From co-culture to defined medium:
state of the art and practical considerations. ReprodDomestAnim 36: 25-28.

Duque P, Gémez E, Diaz E, Facal N, Hidalgo C, et al. (2003) Use of two
replacements of serum during bovine embryo culture in vitro. Theriogenology
59: 889-899.

Snedecor GW, Cochran WG (1994) Statistical methods. lowa State University
Press, USA

Niwa K (1993) Effectiveness of in vitro maturation and in vitro fertilization
techniques in pigs. J ReprodFertilSuppl 48: 49-59.

Cortvrindt R, Smitz J, Van Steirteghem AC (1996) In-vitro maturation,
fertilization and embryo development of immature oocytes from early preantral
follicles from prepuberal mice in a simplified culture system. Hum Reprod 11:
2656-2666.

Moor RM, Cragle RG (1971) The sheep egg: enzymatic removal of the
zonapellucida and culture of eggs in vitro. J ReprodFertil 27: 401-409.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

Hancock JL (1963) Survival in vitro of sheep eggs. Anim Prod 5: 237-243.

Kraemer DC (1966) In vitro fertilisation and culture of ovine ova. Diss Abstr
27: 285.

Tervit HR, McDonald MF (1969) Culture and transplantation of sheep ova. NZ
Jl agric Res 12: 313-320.

Moore NW (1970) Preliminary studies on in vitro culture of fertilized sheep ova.
Aust J BiolSci 23: 721-724.

WINTENBERGER S, DAUZIER L, THIBAULT C (1953) [Development in vitro
of the ovum of the sheep and of the goat]. C R SeancesSocBiolFil 147: 1971-
1974.

Naruse K, Kim HR, Shin YM, Chang SM, Lee HR, et al. (2007) Low
concentrations of MEM vitamins during in vitro maturation of porcine oocytes
improves subsequent parthenogenetic development. Theriogenology 67: 407—
412.

Bormann CL, Ongeri EM, Krisher RL (2003) The effect of vitamins during
maturation of caprine oocytes on subsequent developmental potential in vitro.
Theriogenology 59: 1373-1380.

Farokh K, Hamed KS, Leila S (2012) Effect of various concentrations of Minimal
Essential Medium vitamins (MEM vitamins) on development of sheep oocytes
during in-vitro maturation. Iran J Reprod Med 10: 93-98.

Kaladhar DSVGK, Duddukuri GR, Ramesh K, Vadlapudi V, Yarla NS (2013) In
Vitro Protease Inhibition, Modulation of PLA2 Activity and Protein Interaction
Studies of Calotropisgigantea. J Clin Cell Immunol 4:165.

Sreenivas D, Kaladhar DS, Samy AP, Kumar RS (2012) Understanding
mechanism of in vitro maturation, fertilization and culture of sheep embryoes
through in silico analysis. Bioinformation 8: 1030-1034.

J Tissue Sci Eng
ISSN: 2157-7552 JTSE, an open access journal

Volume 5 « Issue 1+ 1000131


http://www.scielo.br/pdf/rbz/v40n10/v40n10a10.pdf
http://www.scielo.br/pdf/rbz/v40n10/v40n10a10.pdf
http://www.scielo.br/pdf/rbz/v40n10/v40n10a10.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19101815
http://www.ncbi.nlm.nih.gov/pubmed/19101815
http://www.ncbi.nlm.nih.gov/pubmed/19101815
http://www.ncbi.nlm.nih.gov/pubmed/11053235
http://www.ncbi.nlm.nih.gov/pubmed/11053235
http://www.ncbi.nlm.nih.gov/pubmed/22715315
http://www.ncbi.nlm.nih.gov/pubmed/22715315
http://www.ncbi.nlm.nih.gov/pubmed/22715315
http://www.ncbi.nlm.nih.gov/pubmed/11305482
http://www.ncbi.nlm.nih.gov/pubmed/11305482
http://www.ncbi.nlm.nih.gov/pubmed/12517391
http://www.ncbi.nlm.nih.gov/pubmed/12517391
http://www.ncbi.nlm.nih.gov/pubmed/12517391
http://books.google.co.in/books?id=qhFSAAAAMAAJ&pg=SL18-PA14&dq=Snedecor+GW,+Cochran+WG+(1994)+Statistical+methods.+Iowa+State+University+Press,+USA&hl=en&sa=X&ei=t0fGUrvGBYSFrgeMzoDABw&ved=0CF0Q6AEwCQ#v=onepage&q=Snedecor%20GW%2C%20Cochran%20WG%20(1994)%2
http://books.google.co.in/books?id=qhFSAAAAMAAJ&pg=SL18-PA14&dq=Snedecor+GW,+Cochran+WG+(1994)+Statistical+methods.+Iowa+State+University+Press,+USA&hl=en&sa=X&ei=t0fGUrvGBYSFrgeMzoDABw&ved=0CF0Q6AEwCQ#v=onepage&q=Snedecor%20GW%2C%20Cochran%20WG%20(1994)%2
http://www.ncbi.nlm.nih.gov/pubmed/8145214
http://www.ncbi.nlm.nih.gov/pubmed/8145214
http://www.ncbi.nlm.nih.gov/pubmed/9021369
http://www.ncbi.nlm.nih.gov/pubmed/9021369
http://www.ncbi.nlm.nih.gov/pubmed/9021369
http://www.ncbi.nlm.nih.gov/pubmed/9021369
http://www.ncbi.nlm.nih.gov/pubmed/5133617
http://www.ncbi.nlm.nih.gov/pubmed/5133617
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7345260
http://www.journalofanimalscience.org/content/42/4/912.full.pdf
http://www.journalofanimalscience.org/content/42/4/912.full.pdf
http://www.tandfonline.com/doi/pdf/10.1080/00288233.1969.10421184
http://www.tandfonline.com/doi/pdf/10.1080/00288233.1969.10421184
http://www.ncbi.nlm.nih.gov/pubmed/5472702
http://www.ncbi.nlm.nih.gov/pubmed/5472702
http://www.ncbi.nlm.nih.gov/pubmed/13161307
http://www.ncbi.nlm.nih.gov/pubmed/13161307
http://www.ncbi.nlm.nih.gov/pubmed/13161307
http://www.ncbi.nlm.nih.gov/pubmed/17010417
http://www.ncbi.nlm.nih.gov/pubmed/17010417
http://www.ncbi.nlm.nih.gov/pubmed/17010417
http://www.ncbi.nlm.nih.gov/pubmed/17010417
http://www.ncbi.nlm.nih.gov/pubmed/12527083
http://www.ncbi.nlm.nih.gov/pubmed/12527083
http://www.ncbi.nlm.nih.gov/pubmed/12527083
http://www.ijrm.ir/index.php/ijrm/article/view/481/432
http://www.ijrm.ir/index.php/ijrm/article/view/481/432
http://www.ijrm.ir/index.php/ijrm/article/view/481/432
http://www.omicsonline.org/in-vitro-protease-inhibition-modulation-of-pla-activity-and-protein-interaction-studies-of-calotropis-gigantea-2155-9899.1000165.pdf
http://www.omicsonline.org/in-vitro-protease-inhibition-modulation-of-pla-activity-and-protein-interaction-studies-of-calotropis-gigantea-2155-9899.1000165.pdf
http://www.omicsonline.org/in-vitro-protease-inhibition-modulation-of-pla-activity-and-protein-interaction-studies-of-calotropis-gigantea-2155-9899.1000165.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23275702
http://www.ncbi.nlm.nih.gov/pubmed/23275702
http://www.ncbi.nlm.nih.gov/pubmed/23275702

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

