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Abstract

The present study was design to establish the optimal vitrification protocol for the immature swine oocytes using
different concentration of ethylene glycol (40, 45 and 50%) in the vitrification media and different exposure time
(30, 40, 50 and 60 seconds). Vitrification was performed by the SSV method in a stepwise manner. After thawing
morphological and viability assessments were done. The results shows that, once the concentration of the EG and the
exposure time are increased, the percentage of morphologically normal oocytes after freezing/thawing is decreasing.
Meanwhile the rate of viable oocytes is increasing once the concentration of EG reaches 45% in the VM and no
longer exposing the eggs then 40 seconds. It is not justified the increasing of it in the VM over 45%. At 50%, the
cryoprotectant has no longer a beneficial effect in the vitrification process. High concentrations lead to cell toxicity
and cell death. An acceptable vitrification protocol can be obtained only with repeated exploratory regarding to both
cryoprotectant concentration and exposure time.
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1. Introduction increase viscosity at low temperatures [2].

Preserving gametes and embryos from pigs were
Successful cryopreservation of mammalian proven much more challenging compared to
oocytes is crucial for gene banking, species several other species [3]. Porcine oocytes are very
preservation and assisted reproductive sensitive  to  cooling below  physiologic
technologies. However, a reliable and successful temperatures. The detrimental effects of cooling
cryopreservation protocol for porcine oocytes has mammalian oocytes are manifested in many ways,
not yet been developed [1]. A way to preserve including damage to lipid phase changes in the
oocytes, spermatozoa or embryos is vitrification. oolemma [4] and developmental potential [5].
The physical definition of vitrification is the Because of the chilling sensitivity, rapid cooling
solidification of a solution glass formation at low methods have been the focus of attempts to
temperatures without ice crystal formation. he preserve porcine oocytes [6, 7]. In order to prevent
phenomenon can be regarded as an extreme intracellular ice formation at high cooling rates, a
increase of viscosity and requires either rapid condition that is nearly lethal [8], high
cooling rates or the use of cryoprotectant concentrations of permeable and non-permeable
solutions, which depress ice crystal formation and solutes need to be employed as cryoprotectants

[9]. Exposing cells to solutions containing high
concentrations of solutes can be damaging due to
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and because of the osmotic effects caused by the
exposure. Fortunately, osmotic effects can be
controlled by modifying the manner by which
cells are exposed to the compounds. More
specifically, high concentrations of permeable
solutes can be loaded into cells in a stepwise
manner, like in our experiments, resulting in a
reduced osmotic effect during each step [10].
There are numerous reports in the literature
describing the benefit of a stepwise approach to
addition and/or removal of high concentrations of
solutes compared to a single-step exposure. Thus,
the optimal procedure for loading and unloading
cryoprotectants will balance the chemical and
osmotic effects by adding the cryoprotectants as
quickly as possible (minimizing the chemical
effects) but using a stepwise procedure to reduce
the osmotic effects. Even though most reports on
oocyte vitrification describe stepwise
cryoprotectant (CPA) addition and removal
procedures, the procedures employed are rarely
designed to specifically take account of the
osmotic  tolerance and cell permeability
characteristics of the cells. When these properties
are taken into account, they can be utilized in a
proactive manner to design theoretically optimal
procedures for addition and removal of CPAs
[11]. High rates of survival and development were
reported for in vitro matured bovine [12] and goat
[13] oocytes after vitrification with solid-surface
vitrification (SSV). Studies on embryonic
development of frozen/thawed or vitrified/warmed
porcine oocytes yielded only little success [14,
15]. Almost all cryopreservation strategies are
based on two main factors: cryoprotectants and
cooling—warming rates [16].

It not yet establish a freezing protocol for swine
oocytes, reason why the aim of this study was to
determinate a protocol with high percentage of
viable and morphologically normal oocytes after
freezing/thawing, using different concentrations of
ethylene glycol in the vitrification media (VM)
and different exposure time.

2. Materials and methods

The biological material was represented by
immature swine oocytes, harvested from ovaries.
The ovaries were taken from pre-pubertal gilts
(commercial hybrids) from a local slaughterhouse
in Cluj county and were transported in saline
solution (0.9% NaCl w/v) supplemented with
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antibiotics  (gentamicin,  streptomycin  and
penicillin) at 37°C within 4 hours. The oocytes
cumulus complexes were collected by aspiration
with a 22 G needle attached to a 10 ml syringe and
washed in plastic Petri dishes containing TCM
199 medium (Sigma Aldrich, Germany, M7528).
Only oocytes with more then four layers of
cumulus cells were taken for further processing.
The oocytes were preserved stepwise in
previtrification (PV) and vitrification media (VM),
by the SSV method. In a first step the cells were
kept in a PV medium with 15% EG and 0,25M
trehalose in the holding medium (HM) for 4
minutes in every experiment. Holding medium
consist of phosphate buffer solution (Sigma
Aldrich, P5493) supplemented with 20% fetal calf
serum (FCS, Sigma Aldrich, F0392). After the
exposure of the cells to the PM there were placed
in the VM. The VM contains different
concentration of EG (40%, 45% and 50%) in the
HM and 0.5 M trehalose, which remain constant
in al experiments. The cells were kept in these
media for 30, 40, 50 and 60 second resulting the
following experimental designs: V1.1 V1.2, V1.3,
and V1.4 are codifications for the experiments
using 40%EG in the VM with 30, 40, 50 and 60
seconds exposure time. V2.1, V2.2, V2.3, V2.4,
are codifications for 45%EG in the VM with the
same exposure time mentioned above. In the
following experiments: V3.1, V3.2, V3.3, V34
the concentration of the EG in the VM was 50%
exposed for the same periods.

The vitrification media (2,5ul) were on a 0.8/0.8
cm aluminium foil, which was immersed in a tube
that was places in the liquid nitrogen. After 3-5
days, the cells were thawed and placed in warming
solution.

For cell rehydration, the used solution was a
decreased concentration of trehalose (0,5M,
0,25M and 0,125M) in the HM. The oocytes were
kept in each solution 5 minutes for equilibration.
In this time the EG is sucked out and the oocytes
are rehydrated step by step. The gametes were
placed and washed three times in a solution of
PBS supplemented 0.4 % bovine serum albumin
(BSA). The oocytes from each experimental
design were then morphologically assessed
regarding to uniformity of the ooplasm
granulation, cumulus ooforus (CO) cells integrity
and attachment to the oocyte, and zona pelucida
(ZP) integrity. In addition, viability evaluations of
the frozen/thawed oocytes had been done. A good
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and rapid way to test the viability of oocytes that
were cryopreserv is the fluorescent staining with
fluoresceine diacetate (FDA, Fluka, 31545). The
non-polar FDA molecules enter the cell, are
hydrolyzed by cell esterazes, and fluoresceine is
produced. With the aid of a fluorescence
microscope, a photometer and a recorder, the
amount of radiated light can be measured. If the
display shows green fluorescent oocytes it means
that they are alive, if not it means that the esterase
are not active anymore and the cell is dead.
Propidium iodide (PI, Sigma, P4170) binds to
DNA by intercalating between the bases with little
or no sequence preference and with a
stoichiometry of one dye per 4-5 base pairs of
DNA. PI is membrane impermeant and generally
excluded from viable cells. The viable oocytes are
non-colored and those that are dead have a red
color. PI is commonly used for identifying dead
cells in a population and as a counter-stain in
multicolor fluorescent techniques, so we use these
two fluoresceine stain together (FDA+PI) to be
sure if the cells are alive or dead, for more
accuracy. Groups of 10 oocytes were kept in 30ul
of PBS containing FDA and PI (1 pg/ml and 20
pg/ml respectively) for 10 minutes in the
incubator at 37°C and 5% CO, in air. In this time,
the dye sticks to the cells and penetrated or not.
After 10 minutes, the cells were examined with a
microscope with inversion (Olympus IX 51) with
UV light.

In this study, we use for vitrification by SSV
method a number of 3374 of immature swine
oocytes. For each experimental design five
repetitions were done. The results were
statistically analyzed using ANOVA with one
way. When ANOVA presented considerable
differences, we used Tukey-Kramer Multiple
Comparisons Test. All statistic analyses were
made using GraphPad InStat.

3. Results and discussion

In fig.1 are shown the results of the morphology
and the viability assessments made on oocytes
vitrified with 40% EG in the VM and exposed 30
seconds (V1.1), 40 seconds (V1.2), 50 seconds
(V1.3) and 60 seconds (V1.4).
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Figure 1. Graphical representation of the mean
percentages regarding to morphology integrity and
viability of SSV vitrified oocytes with 40%EG in the
VM

The results are showing an increased percent
(72.84%) of oocytes with uniform granulated
ooplasm, CO well attached to the oocyte and ZP
intact, when they were exposed 40 seconds to the
VM containing 40% EG (V1.2). However
significant differences where no recorded (p>
0.05) between the experimental designs.
Regarding the viability assessment the highest
percentage (34.22%) was obtained when the
oocytes were exposed 60 seconds to the VM
(V1.4). Statistically there are significant
differences (p< 0.001) between V1.1 and the rest
of the experimental designs; quite significant
(p<0.05) between V1.2 and V1.4, and non-
significant differences between the other groups.
Results regarding morphological aspects and
viability of vitrified oocytes in 45%EG in VM for
30 seconds (V2.1), 40 seconds (V2.2), 50 seconds
(V2.3) and 60 seconds (V2.4) are shown in the
figure below (fig.2).

From both morphologically and viability point of
view, the best results were obtained when the eggs
were exposed to cryoprotectants for 40 seconds
(V2.2). The highest percentage of morphologically
intact oocytes is 76.47%.
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Figure 2. Graphical representation of the mean
percentages regarding to morphology integrity and
viability of SSV vitrified oocytes with 45%EG in the
VM

Statistically, there are extremely significant
differences (p<0.001) between V2.2 and V2.4,
significant differences (p<0.01) between V2.3 and
V2.4 and quite significant differences (p<0.05)
between V2.1 and V2.4. There are no significant
differences (p>0.05) between the other groups.
Regarding to the viability after thawing the best
result obtained is 42.5% live cells. Excepting the
significant differences (p<0.01) between V2.2 and
V2.3, the differences between the other groups of
experiment are extremely significant (p<0.001).

In the experiments with 50%, EG the results are
presented in the figure below (fig.3).
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Figure 3. Graphical representation of the mean
percentages regarding to morphology integrity and
viability of SSV vitrified oocytes with
50%EG in the VM
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It can be observed a percentage decreasing of the
morphologically intact oocytes after thawing and
assessment. Except the V3.2 experiment with a
percentage of 73.35% of normal oocytes, the other
groups have a significantly lower results (p<
0.001) comparing to any other experimental
design.

Low percentages of live oocytes have been
recorded after viability assessment. The numbers
of live cells increase once the exposure time
extended, but no higher then 20.88%, which is
considered a low percentage.

4. Conclusions

Once the concentration of the EG and the
exposure time are increased, the percentage of
morphologically normal oocytes after
freezing/thawing is decreasing. Meanwhile the
rate of viable oocytes is increasing once the
concentration of EG reaches 45% in the VM and
no longer exposing the eggs then 40 seconds. It is
not justified the increasing of it in the VM over
45%. At 50% the cryoprotectant has no longer a
beneficial effect in the vitrification process. High
concentrations lead to cell toxicity and cell death.
An acceptable vitrification protocol can be
obtained only with repeated exploratory regarding
to both cryoprotectant concentration and exposure
time.

Acknowledgements

This work was supported by CNCSIS- UEFISCDI,
project number PN II/ IDEIT 1498/2008.

References

1. Somfai, T., Dinnyes, A., Sage, D., Marosan, M,
Carnwath, J. W., Ozawa, M., Kikuchi, K., Niemann,
H., Development to the blastocyst stage of
parthenogenetically activated in vitro matured porcine
oocytes after solid surface vitrification (SSV),
Theriogenology, 2006, 66, 415-422

2. Gabor Vajta, Vitrification of the oocytes and
embryos of domestic animals, Animal Reproduction
Science, 2000, 60-61, 357-364

3. Rojas, C., Palomo, M. J., Albarracin, J. L., Mogas,
T., Vitrification of immature and in vitro matured pig
oocytes: study of distribution of chromosomes,
microtubules, and actin microfilaments, Cryobiology,
2004, 49, 211-20

4. Ghetler, Y., Yavin, S., Shalgi, R., Arav, A., The
effect of chilling on membrane lipid phase transition in



Hettig A. et. al./Scientific Papers: Animal Science and Biotechnologies, 2011, 44 (1)

human oocytes and zygotes, Hum Reprod., 2005, 20,
3385-9.

5. Azambuja, R. M., Kraemer, D. C., Westhusin, M. E.,
Effect of low temperatures on in-vitro matured bovine
oocytes, Theriogenology, 1998, 49, 1155-64

6. Fujihira, T., Nagai, H., Fukui, Y., Relationship
between equilibration times and the presence of
cumulus cells, and effect of taxol treatment for
vitrification of in vitro matured porcine oocytes,
Cryobiology, 2005, 51, 33943

7. Nagashima, H., Cameron, R. D. A., Kuwayama, M.,
Young, M., Beebe, L., Blackshaw, A.W., Nottle, M. B.,
Survival of porcine delipidated oocytes and embryos
after cryopreservation by freezing or vitrification,
Journal of Reprod Dev., 1999, 45, 167-76

8. Mazur, P., The role of intracellular freezing in the
death of «cells cooled at supraoptimal rates,
Cryobiology, 1977, 14, 251-72

9. Fahy, G. M., MacFarlane, D. R, Angell, C. A,
Meryman, H. T., Vitrification as an approach to
cryopreservation, Cryobiology ,1984, 21, 407-26

10. Paynter, S., A rational approach to oocyte
cryopreservation, Reprod Biomed Online, 2005, 10,
578-586

11. Fuller, B., Paynter, S., Fundamentals of
cryobiology in reproductive medicine, Reprod. Biomed
Online, 2004, 9, 680-91

400

12. Dinnyes, A., Dai, Y., Jiang, S., Yang, X., High
developmental rates of vitrified bovine oocytes
following parthenogenetic  activation, in  vitro
fertilization, and somatic cell nuclear transfer, Biol
Reprod., 2000, 63, 513-8

13. Begin, 1., Bhatia, B., Baldassare, H., Dinnyes, A.,
Keefer, C. L., Cryopreservation of goat oocytes and in
vitro derived 2—4 cell embryos using the cryoloop
(CLV) and solid-surface vitrification (SSV) methods,
Theriogenology, 2003, 59, 183950

14. Nagashima, H., Cameron, R. D. A., Kuwayama,
M., Young, M., Beebe, L., Blackshaw, A. W., et al.
Survival of porcine delipated oocytes and embryos
after cryopreservation by freezing or vitrification, J
Reprod Dev., 1999, 45, 167-76

15. Arav, A., Rubinsky, B., Fletcher, G., Seren, E.,
Cryogenic protection of oocytes with antifreeze
proteins, Mol Reprod Dev, 1993, 36, 488-93

16. Cean, A., Pacala, N., Boleman, A., Fast freezing of
mouse embryos in classic straws with one equilibration
step, using two vitrification media, Journal of
Biotechnology, 2010, 150 (Suppl. 1), 127,
doi:10.1016/].jbiotec.2010.08.331



