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Abstract. The aim of the present study was to identify the influence of extra- (EOV) and intraovarian vitrification
(I0V) on mitochondrial activity (MA) and chromatin state in porcine oocytes during maturation in vitro. During EOV
porcine oocytes were exposed in cryoprotective solutions (CPS): CPS-1 - 0.7 M dimethyl sulfoxide (DMSO) +0.9 M
ethylene glycol (EG); CPS-2 — 1.4 M DMSO + 1.8 M EG; CPS-3 - 2.8 M DMSO +3.6 M EG+0.65 M trehalose. At IOV
the ovarian fragments were exposed in CPS-1 - 7.5 % EG+7.5 % DMSO, then in CPS-2 - 15 % EG, 15 % DMSO and
0.5 M sucrose. Straws with oocytes and ovarian fragments were plunged into LN2 and stored. For devitrification,
the EOV oocytes were washed in solutions of 0.25, 0.19 and 0.125 M of trehalose, the IOV - in 0.5 and 0.25 M treha-
lose. Oocytes were cultured in NCSU-23 medium with 10 % fluid of follicles, follicular walls, hormones. 0.001 % of
highly dispersed silica nanoparticles (ICP named after A.A. Chuyko of the NAS of Ukraine) were added to all media.
The methods of fertilization and embryo culture are presented in the guidelines developed by us. MA and chroma-
tin state were measured by MitoTracker Orange CMTMRos and the cytogenetic method. Significant differences in
the level of oocytes with high-expanded cumulus between control and experimental vitrified groups (81 % versus
59 % and 52 %, respectively, p < 0.001) were observed. The percentage of pyknotic cells in native oocytes was 19 %,
EQV or IOV oocytes were 39 % and 49 %, respectively. After culture, the level of matured native oocytes was 86 %,
48 % EOV and 33 % IOV cells finished the maturation (p < 0.001). Differences were also observed in the level of MA
between groups treated by EOV and IOV (89.4+7.5 pA and 149.2+ 11.3 pA, respectively, p < 0.05). For the first time,
pre-implantation embryos were obtained from oocytes treated by IOV.
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O1leHKa KOMIIETEHTHOCTM K pPa3BUTNIO
OOLIUT-KYMYVJ/IIOCHBIX KOMILJIEKCOB Sus scrofa domesticus (L.)
I10C/Ie MHTPpa- U 9KCTpaoBapuaabHON BUTPUPUKALTUN
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Bcepoccuitcknii HayyHo-UccnefoBaTENbCKAN MHCTUTYT FEHETUKM 1 Pa3BeAeHNA CeNbCKOX03ANCTBEHHbBIX XKUBOTHbIX —
dunvan GepepanbHOro NCCNefoBaTeNIbCKOro LIeHTPa XUBOTHOBOACTBA — BVXK nm. akagemuka J1.K. SpHcTa, MywknH, CaHkT-MeTepbypr, Poccusa
® profkouzmina@mail.ru; @) itjerena7@gmail.com

AHHoTayus. Lenb HacTosAwen paboTbl — ngeHTUdMKaumna BAnaHUA 3KcTpa- (S0B) 1 MHTpaoBapuranbHON BUTPU-
dukaumm (MOB) Ha MUTOXOHAPWANbHYIO aKTUBHOCTb (MA), COCTOAHMA XpOMaTMHA B OOLMTax CBUHEN B Npolecce
co3peBaHus in vitro. Mpu 0B oounTbl CBUHE 06pabaTbiBanu pacTBopamu Kpronpotektopos (KMP): KMP-1-0.7 M
anmetuncynbdpokenga (AMCO) +0.9 M atunenrnunkona (3r); KNP-2 — 1.4 M AMCO + 1.8 M 3T; KMNP-3 - 2.8 M AMCO +
3.6 M 3r+0.65 M Tperanosbl. Mpu MOB dparmeHTbl AMYHUKOB onyckanu B KIMNP-1 - 7.5 % 3 +7.5 % AMCO, 3atem
B KMP-2 - 15 % 3T, 15 % AMCO 1 0.5 M caxapo3bl. [aneTbl ¢ oountammn 1 dbparmeHTbl ANYHUKOB MOrpyXanu v
xpaHunu B LN,. ina pesntpudukauyuy 0B oounTbl 3kcnoHuposanu B 0.25, 0.19 1 0.125 M pacTBopax Tperanosbi,
MOB - B 0.5 1 0.25 M Tperano3sbl. OounTbl Kynbtusuposanu B cpeae NCSU-23 ¢ 10 % XMAKOCTU GONNUKYIOB, NX
CTeHKamu, ropmoHamu. Bece cpegbl gononHanm 0.001 % HaHoYacTUL BbIcCOKOAMCNEPCHOro KpeMHesema (MHCcTuTyT
XYMUK noBepxHocTh um. A.A. Yynko HauymoHanbHOM akageMum HayK YKpaurHbl, YKparHa). Pexxumbl onnogoTteope-
HUA 1 KyNbTYBMPOBaHNA SMOPVOHOB NpeACTaBNEHbl HAMU B METOAUYECKNX PEKOMEHAAUMAX. MUTOXOHAPVANbHYO
AKTMBHOCTb 1 CTaTyC XpomaTurHa oueHrsanu MitoTracker Orange CMTMRoOS 11 LMTOreHeTUYeCK M MeTOLOM. BbiAB-
NeHbl JOCTOBEPHbIE Pa3finynA B yPOBHE OOLMTOB C BbICOKOIKCMAHAMPOBAHHBIM KYMYJTIIOCOM MeXAY KOHTPObHOM
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1 BUTpUULMpOBaHHbIMY rpynnamu (81 % npotus 59 n 52 % cootBeTcTBEHHO, p < 0.001). Jona NMKHOTUYECKMX
KNEeTOK Y HaTMBHbIX oouunToB cocTtaBuna 19 %, y 0B n NIOB ooumntoB - 39 n 49 % cootrBeTcTBeHHO. CTagnn me-
Tadasbl |l gocTnurnm 86 % HaTVMBHbBIX OOLMUTOB, U TONIbKO 48 % S0B 1 33 % VOB oounToB 3aBepLUnIV CO3peBaHNe
(p < 0.001). OTMeyeHa gocToBepHas pasHuua B MA mexay rpynnamu, noasepryHytoimmi OB n 30B (89.4+7.5 n
149.2 +11.3 MKA COOTBETCTBEHHO, p < 0.05). BnepBble nonyyeHbl JOVMIAHTALNOHHbIE SMOPVIOHBI 13 OOLMTOB CBU-
Hel, NOABEPrHYTbIX MHTPaoBapuManbHON BUTPUPUKaLIMN.

KnioueBble crioBa: oouUMT; BUTPUOMKaLWSA; SKCTpaoBapuanbHas; UHTpaoBapuanbHas; MUTOXOHAPWUK; Sus scrofa

domesticus (L.).

Introduction

The development of a vitrification method for cryopreserva-
tion of reproductive cells is the most significant achievement
for human and animal ART over the past 70 years (Coello et
al., 2018). However, after more than half a century of research
in this area, the results for production of viable embryos from
devitrified oocytes remain controversial (Mullen, Fahy, 2012).
Firstly, this is closely related to the slow-growing progress in
upgrading the protocols (parameters) of extra- or intraovarian
freezing/thawing technology (Yurchuk et al., 2018).

In case of extraovarian vitrification of female gametes using
open freezing systems, such as straws, cryotopes, cryolopes,
the saturation of cells by cryoprotectants can be achieved in
a short time with a relatively short exposure time in vitrifica-
tion solutions, as well as the transition of cells to a vitrified
state; in case of a closed intraovarian (intrafollicular) system,
the exposure time in cryoprotectant solutions significantly
increases, and the rate of transition of intracellular water to the
“glass-like” phase is slower due to an increase in the eutectic
point (Obata et al., 2018). Due to the lengthening of the water
phase transition, there is a danger of the formation of extra-
and intracellular ice crystals, which have a damaging effect
on cells (Amstislavsky et al., 2015). However, when using
an open method of vitrification, there is a risk of invasion
of the vitrification medium and oocyte-cumulus complexes,
which can subsequently affect the competence of cells for
fertilization and subsequent embryo development (Joaquim
et al., 2017). The intraovarian vitrification can become an
alternative closed system, which eliminates the damaging
effect of resistant cryogenic microorganisms and fungi on
ovarian tissue and oocytes (Bielanski, 2012). Meanwhile, the
usage of both vitrification models implies the occurrence of
temperature- and osmotically-dependent damage to the subcel-
lular compartments of germ and somatic cells (Buderatska,
Petrushko, 2016).

The most sensitive organelles are the cytoskeleton, mito-
chondria, and the nuclear apparatus, which play an impor-
tant role in the proliferation of somatic cells, as well as the
maturation and further development of female gametes (Lai
etal., 2014). As a consequence of cryogenic phase-structural
transitions and peroxidation of annular lipids, the barrier
properties of the mitochondrial membrane are disrupted, there
is a leakage of transported ions, including Ca?* and H, and
metabolites both through the active transport and the passive
diffusion via the transmembrane defects (non-specific pores
with high permeability), which causes a decrease in the energy
supply of the oocyte during development and contributes to
triggering apoptosis (Kuzmina et al., 2019). Low-temperature
damage to the nuclear apparatus of oocytes is characterized
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mainly by a decrease in their matrix activity (synthesis of
DNA and RNA) due to the cryodenaturation and the loss of
enzyme functional activity (Pereira et al., 2019).

Thus, the creation of an optimal and efficient vitrification
technology, which would be able to preserve the architectonics
and functional activity of cell compartments that ensure the
formation of egg competent for fertilization, is one of the main
challenges facing reproductive biologists and cryobiologists
dealing with the low-temperature preservation of gametes.

The aim of this study is to identify the effect of vari-
ous models (extra- and intraovarian) of vitrification on the
functional activity of mitochondria (fluorescence intensity
of MitoTracker Orange CMTMRos) and chromatin status
in native and devitrified oocytes Sus scrofa domesticus (L.)
during the extracorporeal maturation and the development of
preimplantation embryos.

Materials and methods

All reagents used in the experiments, except those indicated in
the text, were manufactured by Sigma-Aldrich (USA). Plastic
laboratory glassware was from BD Falcon™ (USA).

In the experiments, the oocyte-cumulus complexes (OCC)
aspirated from the ovarian antral follicles of S. scrofa domes-
ticus (L.) (domestic pig) of Landrace breed were used. After
ovariectomy, the porcine ovaries were delivered to the labo-
ratory in 0.9 % NaCl solution at a temperature of 30-35 °C,
containing antibiotics. For the experiments, we used oocytes
surrounded by tightly packed layers of cumulus cells (more
than five layers), with a uniform zona pellucida, and homo-
geneous ooplasm. Denuded oocytes and oocytes with loose
cumulus were not used.

Cells intended for extraovarian vitrification were treated
with three cryoprotectant solutions (CPA) prepared on the
basis of TC-199 medium supplemented with 10 % fetal bovine
serum (FBS, HyClone, UK): CPA-1 — 0.7 M dimethyl sulfo-
xide (DMSO)+0.9 M ethylene glycol (EG); CPA-2 — 1.4 M
DMSO+1.8 M EG; CPA-3 — 2.8 M DMSO+3.6 M EG+
0.65 M trehalose. Oocyte-cumulus complexes was gradually
exposed for 30 sec in CPA-1, then 30 sec in CPA-2 and 20 sec
in CPA-3. During intraovarian vitrification, the dissected ova-
ries were divided into 68 sections (15 x20 mm), placed in
sterile gauze bags and dipped in CPA solutions based on
Dulbecco’s phosphate buffer solution (PBS) with the addition
of 20 % FBS: CPA-1 — 7.5 % EG+7.5 % DMSO (15 min),
then in CPA-2 — 15 % EG, 15 % DMSO and 0.5 M sucrose
(2 min). Straws with oocytes and sterile bags with ovarian
fragments were immersed in LN, (=196 °C) for at least 1 h.
Extraovarially vitrified OCCs were removed from the straws
after thawing and exposed in 0.25 M trehalose solution
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(3 min) based on medium TC-199 with the supplementation
of 10 % FBS at 37 °C, were sequentially washed ina 0.19 M
solution (3 min) and then in a 0.125 M solution of trehalose
(3 min). Aspirated oocytes from fragments, after thawing,
were sequentially treated with 0.5 M (1 min) and 0.25 M
(5 min) trehalose solutions prepared on the basis of PBS with
20 % FBS content. The final washing of cells was carried out
in TC-199 medium with 10 % FBS. All vitrification/devitri-
fication media were supplemented by highly dispersed silica
nanoparticles (nHDS) at a concentration of 0.001 % (Chuiko
Institute of Surface Chemistry of National Academy of Sci-
ences of Ukraine, Ukraine). The concentration used in the
experiments was chosen according to the data obtained by
the developers (Galagan et al., 2010).

Native and devitrified OCCs were cultured in an atmosphere
with 5 % CO, at 90 % humidity, a temperature of 38 °C, in
North Carolina State University-23 (NCSU-23) medium
with 10 % follicular fluid (from follicles with a diameter of
3—6 mm), 10 M.E. human chorionic gonadotropin, 10 M.E.
horse chorionic gonadotropin, fragments of follicular walls
(600x900 pm), 50 png/ml gentamicin and 0.001 % HDS
nanoparticles (Abeydeera et al., 1998). The protocols of oocyte
fertilization and embryo culture are presented in the guidelines
(Kuzmina et al., 2008).

For assessing mitochondrial activity in native and devitri-
fied oocytes, a MitoTracker Orange CMTMRos fluorescent
probe (Thermofisher Scientific, UK) was used. Oocyte-cumu-
lus complexes was placed into drops of 500 nM solution and
incubated in the dark at 37 °C for 30 min. OCCs were washed
in PBS with the addition of 0.3 % bovine serum albumin. The
washed oocytes were denuded from cumulus cells by incuba-
tionin 0.1 % trypsin solution at 37 °C for 5—10 min, transferred
into Hanks solution containing 3.7 % paraformaldehyde, and
fixed (15 min, 37 °C). After fixation, oocytes were washed in
PBS and placed on Superfrost slides.

To analyze the chromatin state, denuded (from cumulus)
oocytes and cumulus cells were placed for 5-10 min in a warm
0.9 % hypotonic solution of sodium citrate 3-substituted. Then
the cells were fixed on the slides with a mixture of methanol
and acetic acid (3:1). Dry-air slides were stained with 4 %
Romanovsky—Giemsa solution for 3—4 min (Tarkowski, 1966).

The MitoTracker Orange CMTMRos fluorescence intensity
measurement and assessment of nuclear maturation in native
and devitrified oocytes, the level of pyknosis in cumulus
cells were performed using a fluorescent microscope Axio
Imager A2 (Carl Zeiss, Germany) and a photometer (Nikon,
Germany). Excitation wavelengths for MitoTracker Orange
CMTMRos — 554 nm, radiation — 576 nm. The fluorescence
intensity of MitoTracker Orange CMTMRos was measured
in pA.

Statistical analysis of the results was carried out using Sig-
maStat statistical program (Jandel Scientific Software, USA).
Results of the present study are predominantly presented
using descriptive statistics. Data are presented as means (M)
and standard errors (£ SEM), as well as frequency variables.
To assess the significance of differences between the values,
Student’s t-test and Pearson’s y2 test were used. Results were
considered significant when p < 0.05, p <0.01, p <0.001.
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Results and discussion

Difficulties in the development of effective oocyte freezing
method are primarily associated with the structural and func-
tional features of the egg organization, as well as the intra- and
intercellular signal interactions in devitrified oocytes (Moussa
et al., 2014).

In our studies, it was revealed that the proportion of oocytes
surrounded by highly-expanded cumulus in the control group
significantly exceeded those in devitrified groups, regardless
of the vitrification model (81 % versus 59 and 52 %, respec-
tively, p < 0.001) (Fig. 1 and 2). There were no significant
differences between the groups of oocytes vitrified outside
(extra-) or inside (intra-) fragments of the ovary (see Fig. 1).
Analysis of destructive processes in cumulus cells of native
and devitrified oocytes showed significant differences in the
level of pyknosis between all experimental groups (see Fig. 1).
It was found that the native control group had the smallest
percentage of chromatin destruction of cumulus cells (19 %).
No significant differences were noted in the level of cumulus
cells with pyknotic nuclei surrounding extra- and intraovari-
ally devitrified oocytes (39 and 49 %, respectively).

Oocytes:
1001 native
r a devitrified
80 I T I extraovarian vitrification
b W intraovarian vitrification

Oocytes and cumulus cells, %

Cumulus cells
with pyknotic nuclei

Oocytes with high expansion
of cumulus cells

Fig. 1. Analysis of cryoresistance indicators of follicular somatic cells (cu-
mulus) of S. scrofa domesticus (L.) with the use of different vitrification
models (intra- and extraovarian, number of oocytes — 379, number of
experiments - 3).

Differences are statistically significant (y2-test): @b ac;dfp < 0.001;9¢p < 0.01.

Fig. 2. Oocyte-cumulus complex with high cumulus cell expansion (a)
and cumulus cells of S. scrofa domesticus (L.) with normal, n, and pyknotic,
p nuclei (b) after extraovarian vitrification.
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Fig. 3. Chromatin status of native and devitrified porcine oocytes after
in vitro culture with the use of different vitrification models (intra- and
extraovarian, number of oocytes — 323, number of experiments - 3).

Differences are statistically significant (y2-test): a:b; a:c; de; df; g:h; giip < 0,001;
bicp < 0.05.

150 HM

Fig. 4. Intraovarially vitrified oocytes of S. scrofa domesticus (L.) after 44 h
of in vitro culture.

During in vitro culture of oocytes, it was demonstrated that
68 % of the extraovarilly vitrified cells reinitiated meiosis; in
case of intraovarian vitrification, this rate was 58 %, which
was significantly lower than that in the native control group
(89 %, p < 0.001) (Fig. 3 and 4). About a half of oocytes
after extraovarian vitrification (49 %) reached the final
maturation stage (metaphase II), the proportion of matured
cells previously vitrified within follicles was 33 %, while the
percentage of native cells that completed their maturation was
86 % (p <0.001). The percentage of cells with the chromatin
destruction among native oocytes reached 22 % vs. 48 % and
61 % among extra-/intraovarially vitrified porcine oocytes,
respectively (p <0.001).

Mitochondria provide the cell with ATP which is neces-
sary for completion of meiosis, and the features of their
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Fig. 5. Fluorescence intensity of MitoTracker Orange CMTMRos in native
and divitrified oocytes of S. scrofa domesticus (L.) (M+SEM, number of
oocytes — 103, number of experiments - 3).

Differences are statistically significant (Student-test): :< bxp < 0.05.

Fig. 6. Oocyte of S. scrofa domesticus (L.) with high level of MitoTracker
Orange CMTMRos fluorescence intensity after extraovarian vitrification.

functioning are one of the biomarkers of functional state and
gamete quality (Al-Zubaidi et al., 2019). It was noted that
the mitochondrial potential of intraovarially vitrified oocytes
(fluorescence intensity of MitoTracker Orange CMTMRos)
was significantly reduced compared to oocytes vitrified outside
of the follicles (89.4+7.5 versus 149.2+11.3 pA, respectively,
p <0.05) (Fig. 5 and 6). In the native group of oocytes, the
MitoTracker Orange CMTMRos fluorescence intensity was
161.2+£10.8 pA.

Embryos at the final stage of pre-implantation development
(the blastocyst stage) were obtained in all experimental groups
(Fig. 7 and 8). After fertilization of the experimental groups
of oocytes (extra- and intraovarially vitrified), the cleavage
rates amounting to 27 and 21 %, respectively, were discovered
to be lower than in intact native cells (49 %, p <0.001). The
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Fig. 7. Development of pre-implantation embryos of S. scrofa domesti-
cus (L.) obtained from devitrified oocytes (number of oocytes - 556, num-
ber of experiments - 3).

Differences are statistically significant (y2-test): < df p < 0,001;abide p < 0.01.

Fig. 8. Cleavage embryos obtained from extraovarialy vitrified oocytes
of S. scrofa domesticus (L.).

yield of embryos at late morula, blastocyst stages, obtained
from oocytes, vitrified intra- and extraovarially was 5 and
8 %, respectively.

The main indirect indicator by which one can judge the
maturity and development competence of the oocyte is the
degree of cumulus expansion (Spricigo et al., 2011). Accord-
ing to our analysis of the degree of cumulus expansion after
44 h of culture of native and devitrified oocytes of S. scrofa
domesticus (L.), it was demonstrated that the largest propor-
tion of oocytes with a low cumulus expansion was detected
among extra- or intraovarially vitrified cells compared to the
intact control group (59 and 52 % versus 86 %, p < 0.001).
Ultra-low temperatures cause the decrease in the expansion
cumulus of porcine oocytes due to the damage of structures
called “transzonal bridges” formed by gap junctions and com-
municating via paracrine signals (Appeltant et al., 2017). The
growth of the pyknotic process of the nuclei of devitrified
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cumulus cells can be explained by the excessive chromosome
condensation during the process of cryopreservation (cell
dehydration during exposure in cryoprotectant solutions),
leading to the “wrinkling” of the cell nucleus, which causes
a reduction in the number of normally functioning cumulus
cells (Wei et al., 2016; Kokotsaki et al., 2018).

Cumulus cells provide the oocyte with cyclic guanosine
monophosphate, which prevents the destruction of cAMP
by inhibiting its hydrolysis by PDE3A phosphodiesterase
(Mehlmann, 2005), and thus supports the arrest of the first
meiotic division at the prophase I stage. With a subsequent
decrease in the cAMP level and activation of MPF (matura-
tion promoting factor) due to dephosphorylation of p34cdc?2
and the synthesis of cyclin B, the reinitiation of meiosis is
stimulated (Yang et al., 2010). Our studies have shown that
both models of vitrification (extra- or intraovarian) promote
the inhibition of meiosis reinitiation in more than a half of
devitrified oocytes (see Fig. 2) due to a thermo-dependent
rupture of the communication between cumulus cells and
oocyte and, as a consequence, a violation of the concentration
balance of intracellular cAMP (Mehlmann, 2005).

During culture of extra- or intraovarially vitrified oocytes,
the proportion of matured oocytes with normal chromatin
sharply decreases, the level of cells with meiotic aberra-
tions increases compared to the control group, owning to the
destruction of nucleotides, the appearance of DNA single-/
double-stranded breaks (Pereira et al., 2019). An increase in
the number of degenerated cells during in vitro culture can be
associated with the violation of processes of spindle polyme-
rization/depolymerization during oocyte nuclear maturation
(metaphase I-anaphase stage) and subsequent disruption of
its assembly, which affects chromosome segregation during
the first meiotic division (Yang et al., 2012).

During ultra-low temperature cooling of oocyte, mitochon-
dria are exposed to an excessive load of the ionized form of
Ca?*, due to an increase in the cytosolic concentration of
Ca?* in the cell (Shahsavari et al., 2019). Due to such load,
non-specific high permeability pores are opened, which leads
to the death of oocytes by the apoptotic mechanism (Novode-
rezhkina et al., 2016). The oxidative stress, mediated by the
accumulation of reactive oxygen species, plays the main role
in the opening of non-specific pores during freezing, which
causes the destruction of membrane proteins and a reduction
of the mitochondrial transmembrane potential (Zavodnik,
2016).

Thus, a decrease in the mitochondrial potential during
vitrification may be associated with a shift in the concentra-
tion of reactive oxygen species, and, as a consequence, an
increase in intracellular Ca?* concentration and the opening
of non-specific pores. A significant decrease in mitochondrial
functional activity of intraovarially vitrified group of oocytes
as compared to extraovarially vitrified oocytes may be caused
by additional processes of tissue recrystallization due to in-
sufficient saturation of ovarian tissues with cryoprotectants
(Kuzmina, Chistyakova, 2020).

A decrease in the cleavage and embryo yield from intra-/
extraovarially vitrified oocytes is possibly associated with the
temporary increase in the intracellular concentration of Ca2*
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in gametes during exposure to cryoprotectants and cooling
(Larman et al., 2006), which leads to the exocytosis of cortical
granules (Kline D., Kline J.T., 1992) and premature hardening
of the zona pellucida, which prevents fertilization of the egg.

Conclusion

Cryobanks, as sources of biological raw materials, are of
a great importance for the subsequent use of mammalian
oocytes or their ooplasts in cellular and genetic engineering,
in particular, the CRISPR-cas9 genomic editing technique, as
well as in preserving the gene pool of endangered breeds and
genetic diversity. The development of an effective vitrifica-
tion procedure through different approaches, including the
usage of substances of various (natural or synthetic) origin
with cryoprotective properties, is the main practical line of
development of reproductive biology.

In our work, we analyzed the indicators of nuclear-cyto-
plasmic maturation of donor porcine oocytes exposed to
ultra-low temperatures, including the chromatin state and
level of oocyte mitochondrial activity. The revealed features
in the functioning of the indicated cell compartments would
complement the available data on the nature of destructive
processes caused by vitrification/devitrification procedures.
Exposure to ultra-low temperatures promoted a decrease in
the level of oocytes that completed nuclear maturation and
a decrease in MitoTracker Orange CMTMRos fluorescence
intensity (a marker of mitochondrial functional activity).

The work also showed the importance of communication
between the oocyte and the surrounding somatic cells of the
ovarian follicle (cumulus). The cumulus cell morphology after
the cryopreservation procedure (vitrification/devitrification)
largely determined the “fate” of the oocyte — the completion
of nuclear maturation (reaching of the metaphase II stage by
the oocyte) and the functional activity of mitochondria. The
presented protocols of intra- and extraovarian vitrification/
devitrification, improved by the addition of highly dispersed
silica nanoparticles to cryoprotective solutions and culture
media, have provided pre-implantation porcine embryos
(S. scrofa domesticus (L.)) from oocytes of devitrified ovarian
tissue for the first time.
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