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OBJECTIVES

1. OBJECTIVES

The applied methods of biotechnology based on in vitro produced embryos,
which suppose an existence of successful in vitro embryo production (IVP)
system.

IVP has several advances for animal breeding: thus IVP enables us to
produce a larger number of embryos with less cost and less time. These
embryos serve as recipient embryos for other assisted reproductive
techniques (Braga et al., 2007) such as cloning (Betthauser et al., 2000),
transgenic pig production (Brem et al., 1985) and xenotransplantation
(Cascalho et al., 2006).

In vitro embryo production could be instrumental in gene banking of rare
breeds, endangered species and precious individuals as well and reservation
and expansion of bio-diversity.

The cryopreservation of porcine oocytes is still an open problem because of
their structural sensitivity to the cooling and freezing process and to the
exposure to cryoprotectants.

In the past decades several new techniques were performed to improve IVP
system and the cryopreservation methods but more research is needed in
this area in the future.

The main objectives of this study were:
1. In vitro production of porcine embryos from oocytes activated by
chemical agents.

2. Vitrification of porcine oocytes with Open Pulled Straw (OPS) method

= Evaluate the effect of cumulus cells on viability and fertilizability
of in vitro matured, vitrified porcine oocytes.

= Examination of role of different meiotic stages (GV and M Il) on
sensibility of oocytes to Open Pulled Straw vitrification.

3. In vitro maturation, cryoprezervation and in vitro fertilization of
Mangalica (Hungarian native pig breed) oocytes and in vitro embryo
cultivation.

Erika Varga Ph.D Dissertation 2



Analyses of porcine in vitro production system
MATERIALS AND METHODS

2. MATERIALS AND METHODS

Experiments were made in the laboratory of the Institute of Animal Science
at the University of West Hungary, Faculty of Agricultural and Food Sciences
and in the laboratory of University of Murcia, Faculty of Veterinary Sciences
between 2004 and 2007.

All chemical reagents used for the experiments were purchased from
Sigma—Aldrich Chemical Co. (Budapest) and Werft—Chemie GmbH (Wien).

Three replicates of each experiment were performed.

All data were analyzed by ANOVA system of STATISTICA program, followed
Duncan’s multiple range test. Differences with P<0.05 was considered
significant.

2.1. Activation of porcine oocytes

Cumulus—oocyte complexes (COCs) from slaughterhouse ovaries of
Hungarian Large White gilts were used in the experiments.

COCs were matured in TCM-199 medium supplemented with 10 % pig
follicular fluid (PFF), 0.9 mM Na-pyruvate, 100 uM cysteamine, 0.25 mM
L—glutamine, 0.1 mg/ml streptomycin sulphate for 42 hours, and in 10
IU/ml PMSG and 10 IU/ml hCG in the first 20 hours of maturation.

All the 2401 oocytes were examined in three replicates.

Experiment 1.

Cumulus free IVM oocytes were exposed to 10 mM strontium-chloride in S
group (number of oocytes (n) were 145), treated with 2 mM 6-dimethyl-
aminopurine in D group (n=144) and activate with 0.04 mM cycloheximide
in CX group (n=143). Oocytes were treated with strontium-chloride (15.85
mg/ml) combined with cycloheximide (1 mg/ml) in SCX group (n=142) and
strontium-chloride (15.85 mg/ml) combined with 6-DMAP (32.36 mg/ml) in
SD group (n=144).

Seven hours after incubation the rate of activation was judged by
morphological appearance of oocytes. Those oocytes that formed visible
pronucleus (PN) were recorded as activated; the rate of oocyte degeneration
was also determined.

Oocytes in control group (n=127) were not treated, only matured for 42
hours and then cultured for 7 hours in NCSU-37 medium.
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Experiment 2.

Oocytes were treated with the same chemicals as in Experiment 1. [S
group (n=188), D group (n=169), CX group (n=159), SD group
(n=191), SCX group (n=158)].

After treatments oocytes were incubated in NCSU-37 for 48 hours.

Oocytes in control group (n=90) were not treated, only matured for 42
hours and then cultured in NCSU-37 medium for 48 hours.

To evaulate the cleavage rate, 48 hours after activation oocytes/zygotes
were mounted on glass slides with coverslips and fixed in acetic alcohol (1/3
w/v) for at least three days. Fixed oocytes were than stained with 0.1 %
(w/v) orcein in 45 % (v/v) acetic acid and evaluated under phase contrast
microscopy.

Experiment 3.

Oocytes were treated in the same way as in Experiment 1. [S group
(n=68), D group (n=97), CX group (n=95), SD group (n=80), SCX
group (n=81)].

After treatments oocytes/zygotes were cultured in 500 pyl NCSU-37 medium
for 6 days.

Oocytes in control group (n=90) were matured for 42 hours and cultured
in NCSU-37 medium for 6 days. Thereafter, the developmental stages of
embryos were determined after orcein staining.

Figure 1.: 2-cell embryo (A), 6—8-cell embryo (B), morula (C), blastocyst
(D,E)
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2.2. Vitrification of porcine oocytes

Open Pulled Straw (OPS) vitrification of oocytes from slaughterhouse ovaries
was performed in the experiments as described by Vajta (1997).

A total of 2237 oocytes were examined in three replicates.

Experiment 1.

In vitro matured (42 h), cumulus—surrounded oocytes (COC group;
n=255), and in vitro matured oocytes (completely) denuded of cumulus
cells after maturation (D group; n=215) were vitrified with OPS method.

Oocytes in control group (n=217) were matured in vitro for 42 hours,
thereafter, they were fertilized and cultivated in NCSU-23 medium for 24
hours to evaluate the fertilization rate.

The morphology of frozen/thawed oocytes and the rate of oocyte
degeneration were determined after vitrification.

Some oocytes from each group were treated with 0.1 % pronase to evaulate
the structure of zona pellucida (ZP) and the integrity of plasma membrane
of oocyte.

Fertilization rate was determined after 24 hours of in vitro fertilization.

Experiment 2.

Immature [cumulus—covered = GCOC group (n=510); cumulus—denuded=
GD group (n=560)] and in vitro matured, cumulus—surrounded [MCOC
group (n=350)] oocytes were vitrified with OPS method. Survival and
developmental potential of each group were determined after vitrification.

After thawing, oocytes in MCOC group were fertilized; oocytes in GCOC
group and GD group were first in vitro matured and then fertilized.

Oocytes in control group (n=103) were matured in vitro then fertilized,
and cultivated in NCSU-23 medium for 24 hours.

Changes in oocyte morphology after thawing were examined in different
groups and fertilization rate were also determined in each group.
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2. Figure: Frozen/thawed porcine oocytes after removing ZP: oocyte with
intact plasma membrane, and visible polar body (A), oocytes with intact
plasma membrane (B), degenerated oocyte without plasma membrane (C)

2.3. In vitro maturation and cryopreservation of Mangalica
(Hungarian native pig breed) oocytes

No studies were found about in vitro maturation and Open Pulled Straw
(OPS) vitrification of Mangalica oocytes in the scientific literature.

A total of 658 Mangalica and 676 Hungarian Large White pig oocytes were
vitrified in the experiments.

In vitro matured, cumulus—surrounded Mangalica (M group) and Hungarian
Large White (LW group) oocytes from slaughterhouse ovaries were used
for OPS vitrification.

Oocytes in control Mangalica (CM group) and control Hungarian Large
White groups (CLW group) were in vitro matured and fertilized without
vitrification. Experiments were repeated three times.

Experiment 1.

The effectiveness of in vitro maturation system on Mangalica [M group
(n=310)] and Large White [LW group (n=330)] oocytes were compared.
The meiotic maturation and cumulus—expansion rate were determined.

Experiment 2.
The sensitivity of Mangalica [M group (n=171)] and Large White [LW

group (n=183)] oocytes on vitrification method was compared.

Experiment 3.
The embryonic development of frozen/thawed fertilized Mangalica [M group

(n=28); CM group (n=130)] and Large White [LW group (n=53); CLW
group (n=136)]oocytes were examined.
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3. RESULTS

3.1. Activation of porcine oocytes

After 42 h of the initiation of oocyte maturation, 93.33£1.92 %
cumulus—expansion rate and 77.78+1.92 % meiotic maturation rate was
observed (n=90).

Results of experiment 1.

The amount of oocytes formed pronuclei was significantly higher
(P<0.05) in CX group (57.3x1.52 %) than in S group (50.96+3.72
%), D group (45.91£3.39 %) and SD group (47.25x1.08 %).

The activation rate was also significantly higher (P<0.05) in SCX
group (57.19+4.5 %) than in S group (50.96+3.72 %), D group
(45.91+£3.39 %) and SD group (47.25+1.08 %).

There was a significant (P<0.05) effect of the different treatments on
oocyte activation: oocytes in the treated groups showed significantly
higher (P<0.05) activation rate than oocytes in the control
(non—treated) group. In the control group 0.78+0.45 % of oocytes
showed spontaneous pronucleus formation.

Degeneration rate after treatments were 5 to 11 %: S group:
6.89+3.18 %; D group: 8.4%+2.44 %; CX group: 5.71£3.48 %; SD
group: 6.95+1.22 %; SCX group: 10.63+2.42 %.

Results of experiment 2.

Cleavage rate was significantly higher (P<0.05) in the treated groups
compared to control group. Spontaneous embryonic development
was observed (1.11+1.92 %) in the control group. One of the 90
oocytes showed spontneous PN formation and started embryonic
development but the cleavage stopped in 2—cell stage.

More than 46 % of oocytes started embryonic development in each
group, but there were no significant differences (P<0.05) between
the treated groups.
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Results of experiment 3.

About 10 to 19 % of the embryos stopped their development at
2—cell stage on the sixth day of IVC in the treated groups. Significant
differences (P<0.05) were only found between SD group
(18.75+4.73 %) and SCX group (9.88+2.42 %).

Observing the 4-—cell stage embryos, there were no significant
(P<0.05 and P<0.001) differences between the treated groups.

In S group (36.76x7.41 %) and SD group (25.0£6.44 %)
significantly higher (P<0.05) number of embryos stopped their
development at 8—cell stage respectively, in SCX group (14.81+7.55
%) significantly less embryo showed 8—cell stage than for CX group
(18.95+2.47 %).

Examining morula stage embryos, no significant difference was
observed between the different groups (P<0.05 and P<0.001).

The different treatments have significant effect (P<0.05) on
blastocyst formation as blastocyst stage embryos could only
observed in S group, CX group, and SCX group. A significantly higher
(P<0.05) portion of the embryos reach the blastocyst stage in SCX
group (25.93+4.26 %) and CX group (18.95+2.47 %) compared to S
group (13.24+5.12 %). However, significant difference (P<0.05) was
also observed between SCX group (25.93+£4.26 %) and CX group
(18.95+2.47 %) .

3.2. Vitrification of porcine oocytes

Results of experiment 1.

After 42 hours of maturation the cumulus—expansion rate was
89.33+6.11 % and 82.67+£6.11 % of the oocytes (n=75) showed M Il
stage.

Degeneration rate of frozen/thawed oocytes in D group (78.08+1.88
%) was significantly higher (P<0.05) compared to COC group
(57.04%1.55 %).

Zona pellucida digestion needed significantly less (P<0.05) time in
COC group (218.73 sec) and D group (83.07 sec) than for the control
(non-vitrified) group (255.24 sec).

According to the zona pellucida digestion significant difference
(P<0.05) was observed between COC group (218.73 sec) and D
group (83.07 sec) too.

According to the integrity of the plasma membrane after warming, a
significantly higher (P<0.05) rate of intact plasma membrane was
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observed in control group (93.33+£6.67 %) compared to COC group
(68.89+£10.18 %) and D group (60+£6.67 %) respectively.

Fertilization rate was significantly less (P<0.05) in the frozen/thawed
oocytes (COC group: 36.63+£4.64 %; D group: 19.66+4.78 %) than
for control group (57.89+3.13 ©%). Furthermore, significant
difference (P<0.05) was found between COC group (36.63+4.64 %)
and D group (19.66%+4.78 %) too.

Results of experiment 2.

In vitro maturation before vitrification (control group) was
significantly (P<0.05) more effective than maturation of
frozen/thawed oocytes.

Significantly higher (P<0.05) portion of the oocytes were
degenerated in GCOC group (78.57+2.04 %) and GD group
(85.71£1.31 %) as it was showed in MCOC group (62.5+3.63 %). In
addition, significant difference (P<0.05) was also observed between
GCOC group and GD groups.

The obtained fertilization rate was significantly higher (P<0.05) in
control group (51.83+3.55 %) as in the other groups. Comparing the
results of the treated groups it was exhibited that MCOC group
(35.73£2.15%) showed significantly higher (P<0.05) fertilization
rate than for GCOC (13.33£2.89 %) and GD (9.4£0.96 %) groups.

3.3. In vitro maturation and cryopreservation of Mangalica
(Hungarian native pig breed) oocytes

Results of experiment 1.

The applied maturation system of our experiments seemed to be
suitable for the maturation of immature oocytes from slaughterhouse
Mangalica ovaries.

Comparing cumulus—expansion rate, results were significantly higher
(P<0.05) in LW group (87.63£2.13 %), than for M group
(82.99+£2.32 %) after 42 hours maturation, whereas the examined
meiotic maturation rate showed no significant differences (P<0.05)
between Mangalica (71.11£5.09 %) and Large White (74.44+1.92
%) oocytes.
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Results of experiment 2.

The obtained results show that the sensitivity of the oocytes to
vitrification method is different between species. Oocytes of
Mangalica had less tolerance to cryoinjuries; oocytes of Mangalica
showed significantly higher (P<0.05) abnormal morphology after
thawing than for Large White oocytes. Microscopic oocyte evaluation
after warming exhibited a significantly higher (P<0.05) degeneration
rate in Mangalica group (69.95+3.91 %) as in Large White group
(56.31+£4.89 %).

Results of experiment 3.

More than 50 % of cleavage rate was noticed in all groups (M group
50.62+5.97 %; LW group: 63.77£8.29 %).

More than 60 % of fertilized oocytes started embryonic development
in the control gruops (CM group: 64.52+4.18 ©%; CLW group:
71.22+£5.82 %). Cleavage rate was significantly lower (P<0.05) in
LW group comparing to LW control group.

According to the embryonic developmental stages, there were no
significant differences (P<0.05 and P<0.001) observed between the
different groups.

Morula embryos at the end of 4—day IVC could only be observed in
control M group (16.72%+4.8 %), control LW group (14.09+4.32 %)
and LW group (17.38+2.55 %) .
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4. NEW SCIENTIFIC RESULTS
4.1. Activation of porcine oocytes

= The applied chemical agents had significant effect on the activation of
in vitro matured porcine oocytes: a significantly higher percentage of
oocytes activated in the treated groups than for the control
(non—treated) group; strontium-chloride, cycloheximide and
cycloheximide strontium-chloride combination treatment resulted
13.24 %, 18.95 % and 25.93 % blastocysts respectively.

4.2, Vitrification of porcine oocytes

= In vitro matured, cumulus—denuded oocytes had less cryotolerance,
and their zona pellucida could be eliminate within shorter time with
0.1% pronase treatment. Additionally, their fertilization rate was
lower compared to in vitro matured, frozen/thawed cumulus—oocyte
complexes.

= Furthermore, in vitro maturation of oocytes after vitrification had a
lower efficiency than in vitro maturation before vitrification.

= Efficiency of the Open Pulled Straw (OPS) vitrification method
showed the worst results for cumulus—freed oocytes in germinal
vesicle, as it was the most effective in oocytes surrounded with
cumulus cells at metaphase Il stage.

4.3. In vitro maturation and cryopreservation of Mangalica
(Hungarian native pig breed) oocytes

No data were found about in vitro maturation and OPS vitrification of
Mangalica oocytes in the scientific literature before these experiments.

= Mangalica oocytes from sloughterhouse ovaries could be successfully
in vitro matured for 42 hours.

= Mangalica ooytes had less cryotolerance than Large White oocytes,
which is indicated by the significantly higher degeneration rate, and
the lower fertilization rate after thawing. However, more than 50 %
of Mangalica oocytes freezed and warmed with Open Pulled Straw
(OPS) vitrification technique could started the in vitro embryonic
development.
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5. RECOMMENDATIONS
5.1. Activation of porcine oocytes

Activation of the recipient oocyte after nuclear transfer is an extremely
considerable step towards the cloning procedure.

Oocyte activation can be used for cytogenetic studies of embryos because
maternal chromosomes resulted by parthenotes can be analyzed
independently from paternal chromosomes. Furthermore, the method has
advances - like IVP techniques - to examine the events of fertilization and
early embryonic development (Lee et al., 2004).

Mammalian oocyte activation, naturally triggered by fertilization, allows the
oocyte to resume meiosis and proceed to embryonic development. Meiosis is
completed with the extrusion of the second polar body and the resulting of
haploid chromosomal state of the oocyte.

Oocytes can be activated by electrical stimuli (Ozil et al., 2001) and a
variety of chemical agents such as ethanol (Meo et al., 2004), ionophore
A23187 (Wang et al., 1998), cycloheximide (Nussbaum and Prather, 1999),
strontium (Fraser, 1987), 6-dimethyl-aminopurine (Grupen et al., 2002) and
calcium-chloride (Machaty et al.,, 1996) or a combined electrical and
chemical stimulation.

Electrical oocyte activation need special and expensive equipments, that is
why the aim of this experiment was to develop an effective and cheap
activation system.

The obtained results showed that the applied chemicals (strontium-chloride,
cycloheximide, 6-DMAP and the combinations of theese agents) could induce
the parthenogenetic activation of in vitro matured porcine oocytes.

Activation by strontium-chloride combined with cycloheximide resulted the
highest blastocyst rate. It is presumable that SrCl.—induced Ca®*—elevation
inactivated the existing cytostatic factor (CSF), and the subsequent
cycloheximide exposure prevented the renewal of CSF synthesis in the
oocyte.

In spite of the higher activation rate of the electrical activation method, the
use of chemical agents for oocyte activation is recommended on the basis of
our results, because this method is simple, cheap and need less
equipments.
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5.2. Vitrification of porcine oocytes

Nowadays, there are different opinions about the necessity of the presence
of cumulus cells surrounding the oocyte during vitrification (Modina et al.,
2004).

Our results showed that oocytes surrounded with expanded cumulus cells
had better tolerance to cryoinjuries, and indicated a higher fertilization rate
after warming than oocytes freed of cumulus cells before freezing.

Based on these results, the use of cumulus—oocyte complexes for porcine
oocyte vitrification with ,,Open Pulled Straw” (OPS) method is recommended.
It has also been suggested that the presence of cumulus cells surrounding
the oocyte is beneficial for subsequent development of matured oocytes
after vitrification.

A great deal of attention has been focused recently on the cryopreservation
of matured (M Il) oocytes. However, it is known that the meiotic spindle is
extremely sensitive to low temperature on this stage of meiosis in most
domestic species (Aman and Park, 1994; Rojas et al., 2004).

The effect of vitrification of oocytes on viability and developmental potential
after warming at different meiotic stages (GV and M Il) was examined in this
study. It is probable that GV stage oocytes are less permeable to ethylene-
glicol. This feature could explain the very low survival rate of oocytes after
cryopreservation at the GV stage (Pedro et al., 1996).

In spite of the sensitivity of meiotic spindle, however, the use of matured
oocytes for oocyte cryopreservation has been suggested. Oocytes at
germinal vesicle (GV) stage showed higher degeneration rate and lower
fertilization rate than oocytes vitrified at M Il stage after vitrification.

5.3. In vitro maturation and cryopreservation of Mangalica
(Hungarian native pig breed) oocytes

In the third part of this study, in vitro maturation and cryopreservation of
Mangalica oocytes were investigated. Our results show that the protocol
used for Large White oocytes is suitable for maturation of Mangalica oocytes
too.

Because of the sensitivity of Mangalica oocytes to Open Pulled Straw
vitrification method the modification of the vitrification protocol has been
suggested.

The use of cytosceletal, membrane and protein stabilizers possibly can
improve the effectiveness of the oocyte cryopreservation. Cryotolerance of
oocytes and embryos to cryoinjuries can increase with pre-equilibration of
the oocytes in media content cytochalasin B (CB). Cytochalasin B is a
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cytosceletal stabilizer. It makes the cytosceleton more elastic, therefore
saves the oocyte during vitrification and prevent plasma membrane
disruption.

It is planned to try the cytochalasin B pre—treatment to increase the
cryotolerance of oocytes during vitrification in Mangalica oocytes.

It seems that the sensitivity of oocytes to cooling not only differ in species
but differ in types, too. However, to confirm this statement more
investigations (analyses of microfilamentes and other cell—organelles,
chormosome analyses) will be needed in the future.

3. Figure: Mangalica pig with its piglets
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