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Abstract 
The aim of this study was to determine the effectiveness of using two different concentrations of cryoprotectant 
following vitrification of immature oocytes. We used 1351 Mangalitsa oocytes for SOPS vitrification at an ethylene 
glycol (EG) concentration of 40% and 45% with an exposure time of 40 and 50 seconds. After warming, oocytes 
were subjected to morphological and viability assessment. The results show that increasing of EG concentration and 
exposure time of immature oocyte increases the number of detached cumulus cells and abnormal ooplasm. However, 
fluorescent assay indicated that a higher concentration of EG and shorter exposure time of oocytes lead to a 
significantly better post-vitrification viability (p > 0.001). 
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1. Introduction 
 
The Mangalitsa is a rare breed that had been 
formed in the Balcan area. Four varieties of pure 
breed (black, wolf, baris, wild) are lost, but 
another three (blond, swallow-belly and red) are 
still found in Hungary, Austria, Germany, 
Switzerland, Romania and Serbia [1]. One of these 
varieties, red Mangalitsa derived from the crossing 
of Salonta hog with Blond Mangalitsa. In order to 
protect endangered domestic breeds, in situ and ex 
situ conservation programs are both important [2]. 
1Germoplasm conservation in vitro includes first 
of all spermatozoa, oocyte and embryo, and 
sometimes cell, tissue or DNA cryopreservation. 
Almost all cryopreservation strategies are based 
on two main factors: cryoprotectants and cooling–
warming rates [3].  
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Since the first successes of mammalian embryo 
cryopreservation in the sixties of the last century, 
two major groups of methods can be delineated: 
traditional slow-rate freezing and vitrification [4]. 
In the case of female gamete preservation, it is 
difficult for mammalian immature oocytes at 
germinal vesicle (GV) stage to complete in vitro 
maturation (IVM) after vitrification because GV-
stage oocytes are more sensitive to low 
temperature than matured oocytes [5]. Porcine 
embryos and gametes are known to be more 
sensitive to damage caused by cryopreservation 
than other mammalian embryos and gametes [6]. 
Therefore porcine GV oocytes have been shown to 
be particularly sensitive to low temperature. Since 
porcine oocytes and embryos contain much larger 
amounts of cytoplasmic lipids than those of other 
mammals, it has been postulated that cytoplasmic 
lipid influences the survival rate after cooling or 
vitrification [7]. In the light of new researches it 
seems like the porcine oocytes at MII stage are 
also very sensitive to vitrification with altered 
microtubule localization and mitochondrial 
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organization thus resulting in impaired 
fertilization and embryo development [8]. In the 
context of germoplasm bank making, the pure 
races are often bred away from the 
cryoconservation lab, a fact that hinders the 
choosing of the best conservation technique. In 
this situation vitrification of immature oocytes 
could be the only case of female germoplasm 
conservation. In this study, we have chosen the 
SOPS technique on the basis of its advantages. 
The first one is ultrarapid vitrification due to the 
extremely small sample volume and the ultrathin 
straw wall that allows an ultrarapid cooling. The 
second one is the sterility problem and this 
procedure reduces the contact between the sample 
and liquid nitrogen during cooling [9. The aim of 
this study was finding the right parameters 
concerning cryoprotectant concentration of EG 
and exposure time of immature Mangalitsa oocyte 
on SOPS vitrification. 
 
2. Materials and methods 
 
The ovaries were collected from red Mangalitsa 
sows kept in indoor rearing system at Suinprod 
Roman farm and slaughtered at SC Kosarom SA 
Paşcani slaughter houses. Oocyte collection 
medium was TCM 199 (Tissue Culture Medium 
199 with Hepes and Earle’s salt; Sigma, M7528) 
supplemented with 25 mM NaHCO3, 3.4 g/l L-
glutamine (Sigma, G3126), 0.4 mg/ml bovine 
serum albumin (BSA, Sigma, A7906), penicillin 
(100 IU/ml) and streptomycin sulphate (100 
μg/ml). For the oocyte collection nonatretic 
follicles from 2 to 5 mm were aspirated using 18 
gauge needle attached to a 2 ml syringe. Cumulus 
oocyte complexes (COCs) were selected under a 
stereomicroscope and washed three times in TCM 
199. For vitrification there were used ocytes 
surrounded by three or more compact layers of 
cumulus cells and with an evenly granulated 
ooplasm. 
The holding medium used for vitrification was 
phosphate buffer solution (PBS; Sigma, P5493) 
supplemented with 20% fetal calf serum (FCS, 
Sigma, F0392), and the cryoprotectants were 
ethylene glycol (EG; Sigma, 102466) and 
trehalose (Roth, 5151.2). The washed oocytes 
were placed in 10µl holding medium containing 
15% EG and 0.25M trehalose and kept for 4 
minutes (stepwise manner). After that, oocytes 
were placed in 2µl holding medium containing 

different EG concentration and exposure time 
depending on the experimental design. In the first 
two experimental trials (V1 and V2) the holding 
medium contained 40% EG and 0.5M trehalose, 
while in the other two (V3 and V4) concentration 
of the cryoprotectants was 45% EG and 0.5M 
trehalose. The exposure time was 40 seconds for 
V1 and V3 and 50 seconds for V2 and V4. At the 
end of equilibration time the oocytes where placed 
in superfine open pull straws (SOPS; Minitüb, 
Germany). Groups of 10 oocytes were loaded into 
the SOPS by touching the narrow end into the 2 µl 
drop of holding medium. After that the SOPS was 
directly plunged into the liquid nitrogen achieving 
rapid cooling. 
A total of 1351 good quality COCs were used in 
our study of immature Mangalitsa oocytes 
vitrification. For oocyte rehydration different 
warming solutions were used. Warming solution 1 
was the holding medium supplemented with 0.5 M 
trehalose, warming solution 2 was the holding 
medium with 0.25 M trehalose and warming 
solution 3 was the holding medium with 0.125 M 
trehalose supplementation. 
Oocyte survival was evaluated morphologically 
based on the integrity of cumulus ooforus cells, 
normal shape of the oocyte, normal zona pellucida 
and oolema, normal ooplasm (evenly granulated 
and dark brown). Loss of cumulus ooforus cells, 
membrane integrity (lysis, fragmented ooplasm) 
was obvious upon visual inspection as the 
abnormal shape of the oocyte and the appearance 
of the ooplasm changed (light brown and 
fragmented). Oocytes were also assessed for 
viability based on esterase enzyme activity and 
oolemma integrity by 3’, 6’ fluorescein diacetate 
(FDA) and propidium iodide (PI) staining. Briefly, 
oocytes were washed in PBS and mechanically 
denuded using the micropipette. The oocytes were 
then transferred to PBS supplemented with 5 
mg/ml BSA, 1 µg ml–1 FDA (Fluka, 31545) and 
50 µg ml–1 PI (Sigma, P4170), and incubated at 
38°C for 10 minutes. Stained oocytes were 
washed again in PBS and observed under 
ultraviolet illumination using an inverted 
microscope (Olympus, IX 51) with fluorescent 
equipment. Live oocytes had a green florescence 
with 470–490 excitation filter and 520IF barrier 
filter (for FDA staining), and dead oocytes had red 
colour with 530–550 excitation filter and 590 
barrier filter (for PI staining). 
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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 
 
Results of integrity COCs analysis were grouped 
depending on EG concentration (figure 1). Using 
40% EG concentration the aspect of COCs was 
better than in the case of 45% EG. There were 
significant differences between V1 and V3-V4 
and between V2 and V4 (p < 0.05). The presence 
of these intercellular contacts via gap-junctions 
plays an important role in the metabolic 
cooperation between oocyte and cumulus cells 
during the growth phase and final maturation of 
the oocytes [5]. 
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Figure 1. Normal aspect of cumulus  
ooforus complex 

 
Concerning normal aspect of ooplasm, the results 
were more or less alike with COCs integrity 
(figure 2). However, at the 45% EG concentration 
ooplasm had better quality than COCs integrity, 
statistically being one single difference between 
the two experimental trials (V1 and V4). 
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Figure 2. Normal aspect of ooplasm 
 
According to morphological analysis of 
degenerated oocytes, the results were similar to 

the previous ones with no statistic differences 
(figure 3).  
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Figure 3. Degenerated oocytes 
 
As shown in figure 4, the results of oocytes 
survival are exactly the opposite. They revealed an 
increasing of viability percent at a higher 
concentration of EG. According to statistic 
analysis of multiple comparisons of data 
concerning oocyte viability after vitrification one 
could observe significant differences between 40 
and 45% EG concentration (p < 0.001 between V1 
and V3, V1 and V4, V2 and V3 and p < 0.01 
between V2 and V4). 
 

20.94 

21.90 

 24.81  24.43 

19,00

20,00

21,00

22,00

23,00

24,00

25,00%

V 1 V 2 V 3 V 4
 

Figure 4. Viability of oocytes after FDA staining 
 

Although according to morphological analysis a 
higher concentration of EG (45% vs. 40%) 
increases abnormal morphology, in the case of 
viability things are different. Vitrification requires 
high concentrations of cryoprotectants to 
achieve the vitreous state in liquid nitrogen, these 
high levels being toxic to cells. 
Though our results are lower than those obtained 
by other researchers [10], this situation could be 
due to different biological material. In a recent 
study, Vajta et al. indicate that Large White 
oocytes had better resistance to cryopreservation 
than Mangalitsa oocytes and imply that 
Mangalitsa oocytes are more sensitive to exposure 
to cryoprotectants than Large White oocytes [11].  
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4. Conclusions 
 
At the same time with the increasing of EG 
concentration and exposure time of immature 
Mangalitsa oocyte there is an increasing of the 
number of detached cumulus cells and abnormal 
ooplasma, the differences being statistically 
assured by ANOVA. Also, the increasing of EG 
concentration and exposure time, lead to a slight 
increasing of degenerate oocytes percentage. 
Otherwise the oocyte survival was better at higher 
EG concentration and lower exposure time during 
vitrification.  
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