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ABSTRACT 

Three experiments were conducted to investigate the effect of 1 -, 2- and 7-step saturation with 
cryoprotectant on vitrification of germinal vesicle porcine oocytes to M - I I stage. In Experiment I 
non-cooled cumulus-oocyte complexes (COCs) were equilibrated in ethylene glycol (EG) using a 
single-step or step-wise protocol, EG was removed by single-step or step-wise procedure with all 
manipulations being performed at 42°C. In Experiment I I non-cooled COCs were equilibrated in 
ethylene glycol (EG) using the single-step or step-wise protocol with further EG removal by the 
single-step or step-wise procedure and pretreatment with Cytochalasin B. In experiment I I I , per­
formed taking into account the results of Experiments I and I I , a total of 177 COCs were divided into 
three treatment and one control groups. A l l treatment COCs were vitrified after pretreatment with 
Cytochalasin B (5|ig/ml at 38.5°C for 10-15 min), direct plunging into liquid nitrogen, thawing for 
5 sec in a waterbath at 50°C, removal of the cryoprotectant by exposure to 1M, 0.75M, 0.5M, 0.25M 
for 4, 2, 2, and 2 min respectively at 40-42°C. Group 1 COCs (n=52) were cryopreserved after 
exposition to 40% EG for 4 min. Group 2 COCs (n = 47) were exposed to 25% EG for 5 min and 
then to 40% EG for 30 sec prior to vitrification. Group 3 COCs (n = 48) were equilibrated over 13 
min using a series of EG concentrations 5, 10, 15, 20,25, 30, and 40% EG for 5,2,2,2, 1, 0.5, and 0.5 
min, respectively. Group 4 COCs (n =30) were control oocytes (not exposed to EG and not frozen). 
After thawing and passage through the sucrose series (treatment) or without treatment (control) COCs 
were cultured for 48 h in TCM-199 with 10% heat-inactivated follicular fluid and lug/ml FSH in 5% 
C0 2 at 39°C. The developmental capacity (progression to M-I I stage) as assessed by aceto-orcein stain­
ing was 0,4.2, 29.2, and 86.6%, respectively (P, 2 < 0.01; P M 3 4 2 4<0.001). 
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INTRODUCTION 

Data on cryopreservation of porcine oocytes are limited. Recent experiments on 
vitrification of this cell after polarization and removal of cytoplasmic lipids have had 
a certain degree of success (Nagashima et al , 1996). It must not, however, be forgot­
ten that intracellular lipids are known to be a source of oocyte energy (Leninger, 1972) 
and, moreover, that oocyte lipids are important building materials for cytoplasmic 
membranes of future embryos. From this point of view the question of cryopreserva­
tion of porcine oocytes without removal of lipids is a very relevant one. 

It is also known that osmotic injuries due to water outflow during previtrifica-
tion treatment of bovine blastocysts are the most common. This damage may be 
decreased by step-wise equilibration of embryos in vitrification solution (Kuwayama 
et al., 1994). 

Cytoskeletal relaxants Cytochalasin B and D have a specific, reversible effect 
on cytoskeletal elements. This effect is reflected in the depolimerization of the 
cytoskeleton, making it more flexible and pliable (Casella et al., 1981). The pro­
perties of these substances may be useful in the cryopreservation of cells in the 
prevention of deformation to cytoskeletal structures during cryopreservation. 

Our investigations were designed to investigate the effect of single-step and 
step-wise cryoprotectant saturation by pre-treatment of GV-porcine oocytes vitri­
fied without polarization or removal of cytoplasmic lipids. 

MATERIAL AND METHODS 

Collection of oocytes 

For the collection of cumulus-oocyte complexes (COC), ovaries were taken 
from prepubertal gilts at a local abattoir and were transported to the laboratory in 
a prewarmed (30-32°C) thermos within 2 h. A l l ovaries were washed twice in 
0.9% NaCl. Follicles between 2 and 5 mm in diameter were punctured with a short 
bevelled 18-gauge needle connected to a 5-ml syringe at room temperature. The 
aspirates were placed in 10-ml conical plastic tubes for 20 min at 39°C for sedi­
mentation. Subsequently, the supernatant was removed and the remaining 2 ml 
were transferred into 100 mm Petri dishes. COCs were collected under a stereo-
microscope at 50 x magnification and washed twice in HEPES buffered TCM 199 
(Sigma Chemical Co., St.Louis, MO), supplemented with 2.2 g/1 NaHC0 3, 7% 
FCS (Sigma) and 50 mg/1 Gentamicin (Sigma). Intact COCs with at least 3 layers 
of nonexpanded cumulus cells and an evenly granulated cytoplasm were used for 
investigations. Four hundred and sixty-nine COCs were used in three series of 
experiments. 



ISACHENKO V. ET AL. 221 

Effect of stepped cryoprotectant saturation/ dilution without cooling 

In series I of the experiments, 150 COCs were divided into 4 treatment and 
1 control groups (Table 1). For single-step cryoprotectant saturation, COCs 
were exposed to 40% ethylene glycol (EG, Sigma) for 5 min. For gradual 
saturation, COCs were exposed to 5, 10, 15, 20, 25, 30 and 40% EG for 5, 2, 
2, 2, 1, 0.5 and 0.5 min, respectively. For single-step cryoprotectant dilution, 
COCs were exposed to 0.75M sucrose (Sigma) for 9 min. Step-wise dilution 
was performed with COC exposure to 1.0M, 0.75M, 0.5M and 0.25M sucrose 
for 4, 2, 2, and 2 min, respectively. Group 5 were control (not exposed to EG) 
COCs. Each experimental subgroup included 6 COCs, all tests were performed 
in 5 replications. 

Effect of cytoskeletal relaxant without cooling 

Series I I of experiments was performed taking into account the results of series I 
experiments. The effect of a cytoskeletal inhibitor on cryoprotectant saturation/ 
dilution using single-step and step-wise procedures at 42°C was studied. One hun­
dred COCs were divided into 2 treatment and 1 control groups (Table 2). Regimes 
of single-step or step-wise cryoprotectant saturation/dilution were as for experi­
ments in series I . Experimental group 2 and control (group 3) COCs were addi­
tionally treated with 5 |Lig/ml Cytochalasin B (Sigma) for 10-15 min at 38.5°C 
prior to EG saturation. Each experimental subgroup included from 3 to 7 COC, all 
tests were performed in 6 replications. 

Effect of stepped cryoprotectant saturation on vitrification 

In Experiment I I I , performed taking into account the results of Experiments I 
and I I , a total of 177 COCs were divided into three treatment and one control 
groups. A l l treatment COCs were vitrified after pretreatment with Cytochalasin B 
(5 |ig/ml at 38.5°C for 10-15 min), direct plunging into liquid nitrogen, thawing 
for 5 sec in a waterbath at 50°C, removal of the cryoprotectant by exposure to 1M, 
0.75M, 0.5M, 0.25M for 4, 2, 2, and 2 min, respectively at 40-42°C. Group 1 
COCs (n = 52) were vitrified after exposition in 40% EG for 4 min. Group 2 COCs 
(n = 47) were exposed to 25% EG for 5 min and then to 40% EG for 30 sec prior 
to direct plunging into liquid nitrogen. Group 3 COCs (n = 48) were equilibrated 
over 13 min using a series of EG concentrations 5, 10, 15, 20, 25, 30 and 40% EG 
for 5, 2,2, 2 ,1 , 0.5 and 0.5 min, respectively. Group 4 COCs (n = 30) were control 
oocytes (not exposed to EG and not cooled). Each experimental subgroup inclu­
ded from 5 to 9 COC, all tests were performed in 6 replications. 



222 VITRIFICATION OF PORCINE OOCYTES 

Cultivation and viability evaluation 

After treatment, or without treatment (control), all COCs were cultured for 
48 h in 5% C0 2 at 39°C in a humidified atmosphere. Microdrops of 50 JLLI of the 
maturation media (HEPES buffered TCM 199, supplemented with 2.2 g/1 
NaHC0 3; 10% heat inactivated follicular fluid; 1 mg/ml FSH and 50 mg/1 Gentamicin) 
were used. After incubation, COCs were denuded mechanically with a fine glass pi­
pette, fixed in acetic acid ethanol (1:3 v/v), stained after 24 h with 1% (w/v) acetoor-
cein, and evaluated under a light microscope (x 400) for nuclear maturation. 

Statistical analysis 

Al l variances were analyzed for normality and homogeneity using the Kol-
mogorov-Smirnov and Bartlett tests to analyze normality of variances. I f data sa­
tisfied these assumptions ANOVA was used, followed by LSD test with the Bon-
ferroni adjustment. Otherwise, the Mann Whitney-U test was employed. Diffe­
rences were considered significant at PO.05. 

RESULTS 

Effect of stepped cryoprotectant saturation/dilution without cooling 

The results of series I experiments (Table 1) indicate that the minimum values 
of developing oocytes (53.3%) were obtained using the single-step protocol of 
cryoprotectant saturation/dilution. The maximum COC development rate was ob­
served after performing these manipulations using the step-wise protocols of satu­
ration and dilution (90%o). 

Effect of single-step and step-wise cryoprotectant saturation/dilution on viability of non-cooled 
GV-porcine oocytes by 42°C ( I series of experiments) 

TABLE 1 

COC group n EG saturation * EG dilution * Development of 
oocytes to M-I I stage, 

n(%) 

1 30 
2 30 
3 30 
4 30 
5 (control) 30 

single-step 
single-step 

step-wise* 
step-wise 

single-step 
step-wise 

single-step 
step-wise 

16(53.3)a 

18(60.0)a 

25 (83.3)b 

27 (90.0)b 

28 (93.3)b 

different superscripts indicate statistical differences (P<0.01) 
* described in text 
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TABLE 2 
Effect of cytoskeletal inhibitor on non-cooled GV-porcine oocytes after saturation and dilution of 
cryoprotectant using single-step and step-wise procedures at 42°C (II series of experiments) 

COC group n Pre-treatment with 
Cytochalasin B* 

EG 
saturation* 

EG 
dilution* 

Development of 
oocytes to M-I I stage, 

n(%) 

1 40 no step-wise* step-wise 33 (82.5) 
2 40 yes step-wise step-wise 34 (84.9) 
3 (control) 20 yes - - 18 (88.8) 

any differences are not statistically significant (P>0.1) 
* described in text 

Effect of cytoskeletal relaxant without cooling 

The results of series I I experiments (Table 2) demonstrate that the cytoskeletal 
inhibitor Cytochalasin B has no effect on the developmental rate of non-vitrified 
GV-porcine oocytes. 

Effect of stepped cryoprotectant saturation on vitrification 

In accordance with previous data we have defined the use of step-wise cryo­
protectant saturation/dilution at 42°C and pretreatment with Cytochalasin B as a 
protocol for analyzing the effect of step-wise saturation in EG on GV-porcine 
oocyte vitrification. A positive effect of step-wise saturation was detected when 
EG was included in the protocol of COC vitrification (series I I I experiments, Ta­
ble 3). Treatment with this substance allowed the proportion of viable vitrified 
oocytes to increase from 0 or 4.2 to 29.2% (PO.01). 

TABLE 3 
Effect of 1-, 2-, and 7-step saturation in EG on vitrification of porcine oocytes 

COC group n EG equilibration* Development of oocytes to M - I I stage, 
n(%) 

1 52 single-step 0 (0.0)a 

2 47 two-step 2 (4.2)b 

3 48 step-wise 14 (29.2)c 

4 (control) 30 - 26 (86.6)d 

different superscripts indicate statistical differences (P<0.01) 
* described in text 
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DISCUSSION 

The earliest approaches to mammalian oocyte and embryo cryopreservation by 
direct plunging into liquid nitrogen only consider the use of permeable cryopro-
tectants (vitrification) or permeable cryoprotectants in combination with non-per­
meable crystal-forming ones (rapid- or ultra-rapid freezing) for saturation before 
plunging into liquid nitrogen. The main objective of vitrification is to achieve full 
binding of intracellular water and, therefore, complete prevention of ice forma­
tion. Further experimental work has changed these notions. A number of studies 
have suggested that full binding of extra- and intracellular water is not necessary 
for cell vitrification (Leibo and Oda, 1993). This was pointed out with the intro­
duction of crystal-forming (osmotically active) cryoprotectants into the vitrifica­
tion medium, or using short time exposure of cells to the vitrification medium 
containing only permeable cryoprotectants, before plunging into liquid nitrogen. 
Notwithstanding, we have obtained preliminary results (unpublished data) sho­
wing that for follicular porcine and bovine oocytes it is necessary to obtain full 
binding of intracellular water before oocyte cooling. The protocol for vitrification 
of these oocytes must include the following parameters: step-wise saturation of 
cells with permeable cryoprotectant(s); use of cryoprotectant(s) with good perme­
able properties; exclusion of crystal forming cryoprotectant(s) from vitrification 
medium; use of increased temperature for saturation and removal of 
cryoprotectant(s) and also for thawing; use of cytoskeletal relaxant to prevent cy­
toskeletal deformations. This was the basis for the present experimental design. 
EG was chosen as the cryoprotective agent from a number of popular cryoprotec­
tants (DMSO, propylene glycol, glycerol). Only DMSO has more pronounced 
permeable properties than EG, but DMSO is a more toxic cryoprotectant than EG: 
with the use of the described vitrification regime, including long exposure to vitri­
fication medium at increased temperature, the parameter "toxic effect of cryopro­
tectant" becomes more relevant. 

Kuwayama et al. (1994) reported high survival rates of bovine blastocysts after 
vitrification using a 16-step method of saturation of embryos with permeable cry­
oprotectants. In contrast, survival was very low when equilibration was performed 
in 2-steps. The freezing-fracture electron micrographs of blastocysts treated by 
the 2-step and the 16-step methods both show absence of intra- and extracellular 
crystallization after plunging into liquid nitrogen. However, there are distinct 
ultrastructural changes to the plasma membrane in the blastocysts treated by the 
2-step method. The electron micrographs did not show these ultrastructural chan­
ges when using the 16-step cryoprotectant saturation. The authors suggest that the 
lethal injury to blastocysts undergoing vitrification was not caused by crystal for­
mation during cooling. Instead, they believe that osmotic injury to cells occurred 
in the blastocysts due to osmotic processes accompanying saturation with perme-
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able cryoprotectants. The results obtained in the present study support this conclu­
sion as regards porcine follicular oocytes (Table 1). Experiments in this series 
could be interpreted as follows: osmotic processes accompanying saturation and 
dilution of cryoprotectant are the most significant destructive factor. In the experi­
ments of Kuwayama et al. (1994), full saturation of blastocysts with permeable 
cryoprotectants in 16 steps was performed. This fact is reflected in the following: 
after 16-step equilibration to cryoprotectants the blastocysts have a noncollapsed 
form before being plunged into liquid nitrogen that suggests full saturation of cells 
by permeable cryoprotectants. In contrast, shrinkage of embryos was observed 
with equilibration by the 2-step method. For removal of these cryoprotectants, 
exposure to a non-permeable cryoprotectant (1M sucrose) was used. We suppose 
that the osmotically active dehydration process accompanying the saturation of 
blastocysts with permeable cryoprotectants is analogous to that which occurs du­
ring cryoprotectant dilution. This osmotic negative effect is not, however, particu­
larly significant as an after-effect of the osmotic process of saturation with cryo­
protectants (previtrification treatment). Results obtained in series I experiments 
demonstrated the positive effect of the "step-wise cryoprotectant dilution" para­
meter on vitrification of porcine oocytes, but only when using an elevated tempera­
ture and step-wise EG saturation. 

Thus, added in a regime of pre- and postvitrification treatment, the parameters 
„step-wise cryoprotectant saturation and dilution" and „pretreatment with Cytocha­
lasin B" resulted in a developmental rate of follicular oocytes commensurable 
with that of non-treated oocytes. Also, these data show that the factor of „toxicity 
of cryoprotectants" which has been studied in detail in many works on vitrifica­
tion of embryos and oocytes is a secondary one. 

Nagashima et al. (1996) have obtained embryos from GV-porcine oocytes 
which were vitrified following delipidization. Using this method the authors 
avoided a negative after-effect caused by the cooled intracellular lipids. Ac­
cording to the data provided by the authors, removal of intracellular lipids 
does not lead to a worsening of further development of oocytes and embryos. 
Successful oocyte vitrification after removal of cytoplasmic lipids leads to the 
question of changes in the physico-chemical properties of cytoplasmic mem­
brane lipids arising at low temperatures (Quinn, 1986) being discounted as a 
significant cause of cryobiological problems for the terms of our experiments. 
We do, however, believe that it is impossible to dismiss classic data about the 
role of intracellular lipids as energetic materials of oocytes (Leninger, 1972) 
and building materials for membranes of future embryos. The fact that the 
volume of mitochondria as well as lipid vesicles increases during oocyte de­
velopment to M - I I stage (Dvorak, 1989) indirectly confirms this. Moreover, 
Sathananthan et al. (1992, 1994) have shown that in the cell complex „smooth 
endoplasmatic reticulum-lipid globules-mitochondria" there are reticulum-
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globules-mitochondria connections. They have also shown that these connec­
tions may be destroyed after oocyte cooling or freezing. 

Many publications on problems of mammalian oocyte cryopreservation con­
tain information on the negative effects of low temperature including the cytoske-
leton depolimerization effect of permeable cryoprotectants (Johnson and Picke­
ring, 1987; Aigner et al., 1992; Joly et al., 1992). We believe that the negative 
effect of cooling on porcine oocytes may be explained by way of the effect of 
cooling lipids on cytoskeletal structures. While performing our preliminary inves­
tigations, we found that following centrifugation, redistribution of lipids occurs 
within 48 h of in vitro culture in oocytes not exposed to freeze/thawing. However, 
when polarized oocytes are freeze/thawed, the lipid polarization is irreversible. 
This, in our opinion, suggests that the freeze/thaw process induces an alteration in 
the physico-chemical properties of intracellular lipids. It is known that M-II oocytes 
are more resistant to freeze damage than GV-stage oocytes. We consider that this 
may be due to differences in the properties of cytoskeletal elements. One impor­
tant difference is that the configuration of microtubules and microfilaments is dif­
ferent at these two stages of oocyte maturation. Cytoskeleton elements in 
GV-oocytes appear straight and rigid, while the appearance of microfilaments and mi­
crotubules in M-II stage oocytes is undulating and flexible (Allworth and Albertini, 
1993). On the hypothesis that the interaction between the lipid phase of cells and 
the elements of the cytoskeleton is complex, hardening of these lipids might cause 
deformation and disruption of the cytoskeleton. In the case of the rigid GV-oocyte 
cytoskeleton this apparently results in permanent damage while in the more flexi­
ble M-II-oocyte cytoskeleton, permanent damage is absent. Cytochalasin B has a 
specific, reversible effect on microtubules, microfilaments (Casella et al., 1981) 
and other cytoskeletal elements making them more flexible and less susceptible to 
cryo-damages. This was our reason for testing this substance for the vitrification 
of GV-porcine oocytes. 

Therefore, on the one hand the lipids are a "stumbling-block" during oocyte 
cryopreservation, but, on the other hand, their role in the vital activity of cells as 
energetic and building materials is important. In order for GV-porcine oocytes to 
be successfully vitrified, it can be speculated that it is necessary to achieve the 
following conditions: (1) prevention of alterations to the physico-chemical pro­
perties of cooled lipids; (2) avoidance of irreversible damage to the lipid globule 
membranes; (3) protection of the reticulum-lipid connections from destruction. 
Further investigations wil l test the validity of these conditions. 

It is known (Ealy et al., 1993) that high temperature has a detrimental effect on 
the embryonic development of many mammals, including pigs (Warnick et al., 
1965; Tompkins et al., 1967; Omtvedt et al., 1971). When cultured cells are affec­
ted by elevated temperatures, they respond by synthesizing heat-shock proteins 
(Linquist, 1986). An acquisition of embryo thermotolerance is related to these 
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proteins synthesized (Howell et al., 1994), and according to more recent data, they 
can precede thermotolerance of cells (Hahnel et al., 1986; Morange et al., 1995). 
At present these proteins are the object of study by a number of researchers. Re­
cently Kojima et al.(1996) have examined the effect of elevated temperature on 
the developmental rate of porcine embryos. Synthesis of 70 kDa and 90 kDa heat-
shock proteins was also determined. The authors have shown that exposure of 
embryos to 42 to 45.5°C has impaired their survival, as assessed by the difference 
in the number of viable nuclei. No increase of 70 kDA and 90 kDA was, however, 
observed in heat-stressed embryos. It is noted that the precise mechanism of ther­
motolerance was unclear. The authors of this publication suppose that the increased 
development of embryos following acute temporary elevation in ambient tempera­
ture may be associated with a constitutive production of 70 kDa heat-shock pro­
teins. We offer an explanation of the described phenomenon of the effect of eleva­
ted temperature on porcine embryos (Kojima et al., 1996) from the angle of the 
effect on intracellular lipids. We believe that low temperatures have a negative 
influence on intracellular lipids of the oocyte as well as of porcine embryos. This 
influence induces the alteration of their physico-chemical properties. Possibly, the 
opposite deviation of the physiological temperature (to increasing) may have a 
positive effect. The increase of developmental rate of the porcine embryos ex­
posed to 42-45.5°C reported by Kojima et al. (1996) may be explained through 
„positive" alterations to intracellular lipids. These „positive" alterations could com­
pensate a further negative cryo-effect of cryopreservation on cooled oocytes. In 
this way, a positive influence of intracellular antioxidants on cryopreservation of 
cells (Tarin and Trounson, 1993; Zeron and Arav, 1996; Zeron et al., 1997) can 
also be explained since it is known that antioxidants protect cell lipids from nega­
tive alterations to their physico-chemical properties (Cadenas et al., 1981; Eklow-
Lastbom et al., 1986, as review). 

It is known that bovine oocytes are to a considerable extent more cryostable 
than porcine oocytes. There is also information to suggest that the diameters of 
bovine and porcine vesicles are different. The question of possibility of lipid vesi­
cle diameter of being a reflection of the physico-chemical properties of lipids and 
cryostable properties of oocytes of the same breed and between breeds and of the 
storage rate of intracellular lipid vesicles as a criterion for the effectiveness of the 
testing cryopreservation regime are interesting. The matter of the character of the 
intracellular lipid granule membranes is also topical. 

We do not regard the described plan of cryopreservation as a definitive proto­
col, it is suggested as a direction for further investigations into the cryopreserva­
tion of GV-porcine oocytes and other lipid-rich cells. 
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STRESZCZENIE 

Witryfikacja oocytow swinskich (w stadium pecherzyka zarodkowego) przy zastosowaniu jed-
no-, dwu i siedmiostopniowego wysycania glikolem etylenowym 

Przeprowadzono trzy doswiadczenia nad efektywnoscia^ jedno-, dwu- i siedmiostopniowego 
wysycania oocytow swinskich glikolem etylenowym na ich witrifikacJQ, od stadium wczesnego 
rozwoju do stadium metafazy I I (M-II). 

W pierwszym doswiadczeniu niemrozony cummulus-oocyte kompleks (COC s) stabilizowano 
w glikolu etylenowym (EG), jedno- lub wielokrotnie, nastejmie glikol usuwano - podobnie jedno-
lub wielokrotnym zabiegiem, przeprowadzaja^c wszystkie manipulate w temperaturze 42°C. W 
doswiadczeniu drugim postQpowano podobnie z tym, ze przed usuniQciem glikolu COC s traktowa-
no cytochalazyna^ B. 

W doswiadczeniu trzecim, uwzgl^dniajac wyniki pierwszego i drugiego doswiadczenia, wszystkie 
oocyty (177) podzielono na 4 podgrupy, w tym 3 doswiadczalne i 1 kontrolna^. Przed mnozeniem 
wszystkie oocyty traktowano cytochalazyna^ B (5 JLlg/ml) przy 38°C przez 10-15 min, po czym roz-
mrazano przez 5 sek w lazni wodnej w 50°C, nastejmie usuwano glikol etylenowy uzywaja^c roz-
tworu sacharozy w st^zeniu 1; 0,75; 0,5 i 0,25 M , odpowiednio przez 4, 2, 2 i 2 min. w temp. 
40-42°C. W podgrupie 1 oocyty (n=52) witryfikowano po wczesniejszym traktowaniu 40% gliko-
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lem przez 4 min. W podgrupie 2 oocyty (n = 47) poddano dzialaniu 25% roztworu glikolu przez 5 
min, a nastejmie 40% glikolem etylenowym przez 30 sek i przenoszono do cieklego azotu. W pod­
grupie 3 oocyty (n = 48) przed zamrozeniem byly stabilizowane przez 13 min 40% glikolem etyle­
nowym w roznych st^zeniach: 5, 10, 15, 20, 25, 30 i 40% przez 5, 2, 2, 2, 1, 05 i 0,5 min, odpowied-
nio. W podgrupie 4, kontrolnej, oocyty (n = 30) nie byly poddane dzialaniu glikolu ani nie byly 
zamrazane. Po rozmrozeniu i traktowaniu sacharoza^ oocytow podgrup doswiadczalnych oraz grupy 
kontrolnej oocyty przenoszono na 48 godz do medium 199 z dodatkiem inaktywowanego plynu 
PQcherzykowego i FSH (1 (Ig/ml) w atmosferze 5% C 0 2 w temp. 39°C. 

Stwierdzono, ze zdolnosc rozwoju (osiajmiQcia stadium M-II) zalezala od sposobu wirtyfikacji 
i wystejjowala u 0; 4,2; 29,2 i 86,6% oocytow (P, 2<0,01; P2 3 3 4 2 4<0,001), odpowiednio w grupach 
1, 2 i 3 oraz w grupie kontrolnej. 


