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Pecpepat: HecmMoTpsi Ha cylleCcTBEHHbIN NPOrpecc B KPUOKOHCEPBUPOBAHUM IMOPUOHOB U MYXXCKUX rameT, BUTpuduka-
LM OOLMTOB XMBOTHbIX BCE €Lle NpeAcTaBseT CMOXHY0 U He 40 KOHLa pelleHHyo Npobnemy B CUy BbICOKOW YyBCTBUTENb-
HOCTW KNETOYHbIX KOMNAapPTMEHTOB XEHCKMX raMeT K BO34ENCTBUIO CBEPXHU3KUX TemnepaTyp U OCMOTUYECKOMY CTpECCy.
[aHHoe uccnepoBaHWe HanpaBNeHO Ha UAEHTUMUKALUID BHYTPUKNETOYHBIX MEXaHW3MOB, AeTePMUHUPYOLWUX KpUO-
PE3UCTEHTHOCTb OOLMTOB XUBOTHbLIX. C NOMOLbIO (hITyOpPEeCLEHTHOrO 30HAA XNOPTETPaLMKINH Bblnn 3yYyeHbl 0CO6EHHOCTHM
Mo6unusaumm Ca2* n3 BHyTPUKIETOYHbIX AEN0 BUTPUDULNPOBAHHBIX-OTOrPETbIX OOLUTOB CBUHE. YCTAHOBMNEHO, YTO B TaknX
KrneTkax CBA3b MeXAy PasfuyHbiMU BHYTpUKNeTouHbiMKu Aeno Ca?* (IP,- n pnaHoAnH4YyBCTBUTENbHBIMK), B 0becneveHmnn
KOTOPOW y4yacTBYOT MUKpOdUNaMeHThbl, pa3pyLllaeTcs, @ CBA3b MeXAy pas3fuYHbiMU BHYTPUKNeTOUYHbIMKU aeno Ca?*, obpa-
3yemas MuKpoTpy6oukamu, npetepneBaeT HEKOTOpblE M3MeHeHUs . 'yaHo3nHTpudocohaT B BUTPUDULUPOBAHHBIX-OTOIPETbIX
oounTax ytpaymaeT cnocobHOCTb k 06pa3oBaHuUio CBSA3N MexXAy pas3NUYyHbIMU BHYTPUKIETOYHbIMY Aeno, Toraa kak HaHo-
YacTuLbl BICOKOAUCNEPCHOTO KpEMHE3eMa 3Ty CBSI3b COXPaHSIOT. BbisBNeHo, 4To B oouuTax, NOABEPrHYThIX BUTPUdUKaLnm
N OTOrpeBy, CBSA3b MeXAY Pas3nuyHbIMU BHYTpUKNeTouHbiMM aeno Ca?* obecneymBaloT He TONbKO MUKPOTPYGOUKMU, HO U
npotenHkuHasa C.

KnioueBble cnosa: kanbumn, BuTpudukaums, oountsl, Sus scrofa domesticus.

Pedepat: He3Baxato4m Ha iCTOTHUI NpOrpec y KpiokoHcepByBaHHI eMOpPIOHIB | YONOBIYMX rameT, BiTpudikalis oouunTiB TBa-
pPVH BCe Llle NpeACcTaBnse CKNnagHy i He A0 KiHUSA BUpilWeHy npobnemy Yyepe3 BUCOKY YYTIMBICTb KNITUHHUX KOMNapTMEHTIB
XIHOYMX rameT A0 BMAMBY HaAHU3bKMX TeMMNepaTyp Ta OCMOTUYHOro cTpecy. [laHe AOCNIAXEHHA CNPSMOBaHe Ha iAeHTu-
dikaLito BHYTPILUHbOKNITUHHNX MEeXaHi3MiB, AKi 4eTepMiHYI0Tb KPiOPEe3NCTEHTHICTb OOLMTIB TBapuH. 3a JonomMoroto dnyope-
LeHTHOro 30HAa xnopTeTpaumknii 6ynv BuB4eHi ocobnusocTi Mobinisauii Ca?* i3 BHYTPiLWHbOKNITUHHUX Aeno BiTpUdikoBaHMX-
BiAirpiTMx oounTiB cBUHEN. BCTaHOBMEHO, WO B TakNX KNiTUHAX 3B’S1I30K MiX Pi3HUMU BHYTPIlWIHBOKNITUHHMMKU aeno Ca?*
(IP,-i piaHoAnHuYyTNIMBMMN), B 3a6e3nedeHHi skoro 6epyTb y4acTb MikpODIiNamMeHTn, pynHyeTbCs, a 3B’A30K MiX PiSHUMU BHYT-
pilWHBOKNITUHHUMYK Aeno Ca?*, skl yTBOPETLCSA MikpoTpyboykamu, 3a3Hae Aeskux 3amiH. N'yaHo3uHTpudocdaTt y BiTpu-
dikoBaHMX-BIAIrpiTUX oounTax BTpavae 34aTHICTb 40 YTBOPEHHS 3B A3KY MiX Pi3HUMW BHYTPILUHLOKMITUHHMMW Aeno, ToAi K
HaHO4YaCTKM BUCOKOAMCMNEPCHOrO KpeMHe3eMy Lien 3B’a30k 36epiratoTe. BussneHo, wo B ooumTtax, nigaaHux BiTpudikauii i
BifirpiBaHHI0, 3B’I30K MiXX Pi3HUMW BHYTPILLHBOKNITUHHUMM Aeno Ca?* 3abe3neyyoTb He TiNbku MikpoTpy60YKU, @ N NPOTEiH-
KiHasa C.

KnrouoBi cnoBa: kanbuin, Bitpudikauis, oountn, Sus scrofa domesticus.

Abstract: Despite a significant progress in cryopreservation of embryos and male gametes, the vitrification of animal oocytes
has been still a complicated and not fully resolved task due to a high sensitivity of female gamete cell compartments to the
effects of ultralow temperatures and osmotic stress. This study was aimed to identify the intracellular mechanisms, determining
the cryoresistance of animal oocytes. The features of Ca?* mobilization from intracellular stores in vitrified porcine oocytes were
studied using the fluorescent probe chlortetracycline. In these cells the relationship between different intracellular Ca?* stores
(IP, and ryanodine sensitive), provided by microfilament participation, was established to be destroyed, and that between various
intracellular Ca?* stores, formed by microtubules, underwent certain changes. The guanosine triphosphate in vitrified and thawed
oocytes became incapable of forming the bond between differentintracellular stores, whereas the nanoparticles of highly dispersed
silica preserved it. The bond between different intracellular Ca?* stores in the oocytes, subjected to vitrification and thawing, was
established to be provided not only by microtubules, but protein kinase C as well.

Key words: calcium, vitrification, oocytes, Sus scrofa domesticus.

KpuoxoHcepBupoBaHHbIE SMOPHOHBI YCIICIIHO HC-
OJIB3YEOTCSI B MEJJMLIMHE (BCIIOMOIaTENbHbIE PEIPOLYK-
TUBHBIE TEXHOJIOTHH) W JKHUBOTHOBOJICTBE (TPaHCILIAH-
Tarusi SMOpUOHOB) [9]. B 310l CcBsI3M BakHOI 3aadueit
KPUOOHMOJIOTHH SIBIISIETCSI MOMCK YCIOBUH KPHUOKOH-
CEpBHUPOBaHMs, 00€CIEUUBAIONINX MAaKCUMAJIbHYIO
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Cryopreserved embryos are successfully used in
medicine (assisted reproductive technologies) and
animal breeding (embryo transplantation) [4]. In
this regard, an important task in cryobiology is to
find the cryopreservation conditions, ensuring the
maximal viability of cells, oocytes in particular, after
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KHU3HECTIOCOOHOCTD KJIETOK, B YACTHOCTH OOLIUTOB,
nocie pasmopaxkuBanus. T. Somfai u coasr. [33] ObI-
JIO0 MIOKa3aHo, 4TO IOKAa3aTellb KU3HECIOCOOHOCTH
3penbix (cramus MII) nmekoHCEpBUPOBAHHBIX OOIU-
TOB OoJjiee BBICOKHI, YeM HE3pEIbIX OOIHUTOB (CTa-
nuss GV). [Ipu co3peBaHUH BBIKHUBIIHE OOIHTHI,
KPHOKOHCEPBUPOBaHHBIE HA cTamuu GV, CIOCOOHBI
nocturars cragnu MII, kak 1 HEKPUOKOHCEPBUPO-
BaHHBIE (KOHTpOJbHBIE). [Ipy 3TOM CTpyKTypa muTo-
CKeJIeTa 3peJibIX OOLUTOB MOCie BHTPU(UKALIUU-0TO-
rpeBa aHAJIOTMYHA CTPYKTYpE KOHTPOJBHBIX KIETOK
[13]. B To e BpeMsl B AEKOHCEPBUPOBAHHBIX 3PEIIbIX
OOLUTax MJIEKOMUTAIOIUX HAOMI0AaeTcsl JeCTPyK-
U AaKTHHOBBIX MUKPO(]HIAMEHTOB, BCIEACTBHE
KOTOPOH BO3MOXHO (POpPMHpPOBaHUE SMOPHOHOB C
aHOMaJbHBIM 4yuciaoM XpomocoM [11]. IIpuunnamu
yKa3aHHBIX HAPYIICHHH MOTYT OBITh YyBCTBUTEIb-
HOCTh MEHOTHYECKOT0 BEpeTeHa K OXJIaXIEHHIO
1 Tokcmaeckue 3pdexTrr Kpuonporekropos [21, 31].
BaxHbIM yCcIOBHEM MOBBIIICHUS] BEIKUBAEMOCTH
OOIIUTOB MOCJI€ KPHOKOHCEPBUPOBAHUS SBISETCS
COXpaHEeHHEe MEXaHM3MOB BHYTpHKIIeTouHOH Ca* -cur-
Hanm3anuu. [lokasaHo, 4To HU3Kas (HEPTHIBLHOCTD
W HapylIeHUs B Pa3zBUTUU BUTPUPHUIUPOBAHHBIX
oonuToB cBuHEH Ha ctaanu MII MoryT ObITh 00yCIIOB-
JIEHBI CHIPKEHUEM 3KCIIPECCHN U aHOMAJIBHOM JIOKaJIN-
sauueii [P -penentopos nepsoro tuma, a 06padboTka
HOHOMHIIHHOM, KOTOPbIi BhICBOOOKMaeT Ca’’, u3 9HI0-
mrazmarndeckoro perukymryma (OI1P), HezaBucumo
oT siokam3anuu IP,-penentopos 1mepsoro tumna, npu-
BOJIAT K aKTHUBAITUHU OOITUTOB TIociie oTorpena [ 18]. He-
CMOTSI Ha OTIPENIEIEHHBIN MTPOTPECC B M3YUCHNH BIIHS-
HUS KPUOKOHCEPBHPOBAHMS Ha BHYTPHUKIETOYHBIC
npotuecchl Ca?’-curHanu3aium, HeJoCTaTOYHO HCCIle-
JIOBAaHHBIMHM OCTAIOTCSI MEXaHU3Mbl MOOMIIM3AINH
Ca’" u3 BHYTPUKJICTOYHBIX JICTIO, B YACTHOCTH TPAHC-
nopt Ca?" Mex1y pa3InyHbIMH BHYTPUKICTOYHBIMHU
JIeTo.

DOHAOIIA3MaTHYECKUN PETUKYIIYM MHOTHX THIIOB
KIIETOK SIBJISIETCS OJHWM W3 OCHOBHBIX BHYTPHKJIE-
TouHbIX jgerno Ca*. AKTHBaIUs PUAHOIWHOBBIX pe-
nenTopoB uiak IP -penentopos, pacnonoKeHHbBIX
B DIIP, mpuBoauT K BBICBOOOXIeHMI0 Ca’” B 1IUTO-
3001 KJIETOK [8]. B oomurax CBUHEH €ro BBIXOX
MPOUCXOJMT MO JBYM MexaHu3mawm: IP.-ayBcTBH-
TEJIHHOMY M pHaHOAUHUYBCTBUTENbHOMY [23]. Kpo-
me DIIP, Ca?" xpaHUTCS MPaKTHYECKH BO BCEX
BHYTPHUKJIETOUHBIX OpraHeiiax (MHTOXOHIPHH,
00o0y04Ka sigpa, KOMIUIEKC | ONbIKH, JTU30COMBI),
KOTOpbIE KOHTPOJUPYIOT €ro JABUKEHHE UYepe3
CBOM MeMOpaHBbl, perynupys TakuMm oOpa3om Kie-
TouHble QyHKIUU [24]. [luTocKeneT Takxke ydact-
ByeT B 00pa30BaHWU CBI3H MEXAY Pa3IUUHBIMU
BHYTpUKICTOUHbIME ferio Ca®’. Mexay MHKpPOTpY-
O0oukamu u DIIP cymiecTByeT TecHas B3aMMOCBS3E:
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freeze-thawing. T. Somfai et al. demonstrated [33]
the viability index in mature (stage MII) frozen-
thawed oocytes to be higher than in immature ones
(stage GV). When maturing, the survived oocytes,
cryopreserved at the GV stage were able to reach
the stage MII, as non-cryopreserved (control) ones.
Moreover, the cytoskeletal structure of mature oocytes
after vitrification-thawing was similar to that of
control cells [13]. Herewith the destruction of actin
microfilaments was observed in frozen-thawed mature
mammalian oocytes, resulting in a possible formation
of embryos with abnormal number of chromosomes
[6]. The mentioned disorders may result from the
sensitivity of meiotic spindle to cooling and toxic
effects of cryoprotectants [21, 31]. An important
condition for increasing the oocyte survival after
cryopreservation is to preserve the intracellular Ca**
signalling mechanisms. Low fertility and disordered
development of vitrified porcine MII oocytes were
demonstrated as resulted from a decrease in expression
and abnormal localization of Type 1 IP, receptors, but
the ionomycin treatment, which released Ca*" from
endoplasmic reticulum (EPR), regardless of the type 1
IP, receptor localization, led to oocyte activation after
thawing [18]. Despite some progress in studying the
cryopreservation effect on intracellular processes of
Ca?" signalling, the mechanisms of Ca?" mobilization
from intracellular stores, in particular Ca** transport
between different intracellular stores, have still re-
mained poorly studied.

Endoplasmic reticulum of many cell types is one
of the main intracellular Ca?* stores. The activation of
either ryanodine receptors or IP, ones, located in EPR
leads to Ca?" release into cell cytosol [2]. In porcine
oocytes its release occurs by two mechanisms: IP.-
sensitive and ryanodine-sensitive ones [23]. In addi-
tion to EPR, Ca*" is stored in virtually all the intracel-
lular organelles (mitochondria, nuclear membrane,
Golgi complex, lysosomes), controlling its movement
through their membranes, thereby regulating the
cell functions [24]. The cytoskeleton is also involved
into formation of a bond between different intracel-
lular Ca?* stores. There is a close relationship between
microtubules and EPR, i. e. the microtubules are
always present at EPR sites [34]. In addition, the micro-
tubules coordinate the interaction between nuclear
membrane and EPR [32]. The permeabilized rat
hepatocytes demonstrated an additional Ca?* release
from intracellular stores, stimulated by mutual action
of IP, receptors and guanosine triphosphate (GTP),
to be inhibited in the presence of cytochalasin B,
which destroyed microfilaments [17].

Previously, in porcine oocytes we demonstrated
the cytoskeletal elements, i. e. microfilaments and
microtubules to be involved into Ca®" distribution
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MUKPOTPYOOUKH BCeTAa MPUCYTCTBYIOT B MecTax
pacnionoxxenusa OIIP [34]. Kpome Toro, MUKpOTpY-
OOYKM KOOPAUHUPYIOT B3aUMOJCHCTBUE MEXKIY
obomoukoit simpa u DIIP [32]. Ha mepmeabunmzo-
BAaHHBIX T'€MAaTOLUTAX KPBICHI OBUIO MOKa3aHO, YTO
CTUMYJIMPOBAHHOE COBMECTHBIM jelcTBueM IP .-
PEIEenTOpOB M TyaHO3UHTpHUdOCchaTa TOMOTHUTEIb-
HOe BbICBOOOK IeHwe Ca’" u3 BHYTPUKIETOYHBIX JETIO
WHTHOUPOBAIOCH B NMPUCYTCTBUU IUTOXajla3nuHa B,
pa3pyuiarpIero MUkpoduiameHTsl [17].

Panee na oorurax cBHHEH OBIIO MOKA3aHO, YTO
B pacnpeneneanu Ca?* MeXIy pa3IMYHbBIMU BHYTpPH-
KeTouHbIMU Jieno (IP,- ¥ puaHoqMHYYBCTBUTENb-
HBIMH PELENTOPAMH) BOBJICUECHBI 3JIEMEHTHI IIUTO-
cKelleTa — MUKPO(HUIaMEHThl U MUKPOTPYOOUKH.
HccnepnoBanue B KJIETKaX MPOLIECCOB, B KOTOPHIX
Y4YacTBYIOT MHUKPOTPYOOUKH, 3aTPYIHEHO U3-3a NPH-
CYTCTBHUSI MHTAKTHBIX MUKPO(QHUIAMEHTOB, IIOTOMY
IIPU BBIIOJIHEHUH PabOThI ObUIM HCIIOJIB30BaHbI J0-
MOJTHUTEJbHBIE MPOLEAYPhl HHTHOMPOBAHUS TOJH-
MepH3ayy MUKporiiameHToB [4]. CrieryetT OTMETHTb,
YTO pa3pylieHrne MUKPOPHIAMEHTOB B IEBUTPUPHIIU-
POBAaHHBIX OOLMTAaX CBUHEH MOXKET MPOUCXOAUTH
BCJICJICTBHE BO3ACHCTBHS Xoj01a [29], uTo 1aeT BO3-
MOKHOCTb M3y4aTh POLECCHI, B KOTOPBIX YYaCTBYIOT
MHUKPOTpYyOOUKH, 0€3 NpeABapUTEIBLHOIO UCTIONb30-
BaHMs MHTUOUTOpa IUToXaiasuHa /.

Panee OblIO MOKa3aHO, YTO BBICOKOAMCIIEPCHBIN
KPEMHE3EM Y4acTByeT B 0Opa30BaHUM CBSI3U MEXKIY
Pa3IMYHBIMU BHYTPUKJIETOYHBIMM JEIO KaJbLUs B
criepmaro3onaax ObikoB [1]. JleiicTBue mposakTHHA,
Teo(MITHHA ¥ TYaHUHOBBIX HYKIICOTH/IOB (TyaHO3WH-
tpudochara u ryanozunnudpocdara) cCTUMYIHU-
poBajio ocBobokaeHre Ca** U3 BHYTPUKICTOYHBIX
JIETIO OOITUTOB KOPOB [2, 3].

B cBs3U ¢ BBIIIEN3I0KEHHBIM LIEJIBI0 HACTOSAIIEH
paboThl ObUTO HCcaenoBaHue BbhICBOOOKacHHS Cat
U3 BHYTPUKIIETOUHBIX JIENO0 BUTPUPUIUPOBAHHBIX
OOILIMUTOB CBMHEH NPHU COUYECTAHHOM BO3ACHCTBHHU IIPO-
JaKTUHA U TyaHo3uHTpudocdara, a Takxke TeoPuI-
JMHA ¥ ryaHo3uHanocdara B IPUCYTCTBUH BBICOKO-
JCTIEPCHOTO KpEeMHE3eMa.

MarepuaJjnbl 1 METOAbI

B pabote ucnonp3oBaiy SSMYHUKK CBUHEH (Sus
scrofa domesticus) nopoasl Jlanapac. SluuHuku Ha-
XOJWIINCh HAa CTaauu (QOJUTHKYISPHOTO pOCTa M HE
UMeNu BUAUMON matosoruu. OoIUT-KyMyIIOCHbIE
KOMIIJIEKCHI BBIJEISUIA U3 aHTPAIbHBIX (OJUTUKYIIOB
(nmamerp 3—6 MM) C IIMPOKO Pa3BETBICHHON CETHIO
KalMJUIIPOB, BBICOKUM TYPrOpOM U IPO3pavyHoi 000-
JI0uKoi. J{71s1 SKCIIEpUMEHTOB OTOHMPAIX OOLUTHI OKPYT-
70l (popMBI, OKPYKEHHBIEC MATHIO U OoJiee CIOSIMU
KJIETOK KyMYJIIOCa ¢ TOHKOTPaHYIMPOBAaHHOM 00ILIa3-
MOM Y 30HOM MEeJUTIONNIa, PABHOMEPHOM 10 ITUPHUHE.
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between different intracellular stores (IP,- and ryano-
dine sensitive receptors). The study of cell processes,
where the microtubules are involved, is complicated
due to the presence of intact microfilaments, requiring
the use of additional procedures for microfilament
polymerization inhibiting [11]. At the same time,
it is known that the destruction of microfilaments
in devitrified porcine oocytes may result from the
cold exposure [29], that makes it possible to study
the processes, where the microtubules are involved,
without preliminary cytochalasin D inhibitor use.

Previously the highly dispersed silica was demons-
trated to be involved into bond formation between
different intracellular calcium stores in bovine sper-
matozoa [3]. The effect of prolactin, theophylline
and guanine nucleotides (GTP and GDP) stimulated
the Ca’" release from intracellular stores of bovine
oocytes [9, 10].

Proceeding from the mentioned above this research
was aimed to study the Ca?* release from intracellular
stores of vitrified porcine oocytes under combined
effect of prolactin and guanosine triphosphate, as
well as theophylline and guanosine diphosphate
in the presence of highly dispersed silica.

Materials and methods

The research was done in the Landrace pig (Sus
scrofa domesticus) ovaries. The ovaries were at the
stage of follicular growth and had no visible patho-
logy. The oocyte-cumulus complexes were isolated
from antral follicles (3—6 mm diameter) with widely
branched capillary network, high turgor and transpa-
rent membrane. The rounded oocytes, surrounded
by five or more layers of cumulus cells with a finely
granular ooplasm and zona pellucida of an even
width, were selected for experiments.

The isolated oocytes were incubated in a modified
Dulbecco’s medium (Sigma-Aldrich, USA) contai-
ning 36 ug/ml Na pyruvate and 1 mg/ml CaCl -free
glucose (further in the test as incubation medium).
For oocyte vitrification we used the cryoprotectant
mixtures, prepared in medium TC 199 (Sigma-Al-
drich), containing 10% fetal bovine serum (FBS, Sig-
ma-Aldrich) such as: the mixture 1 — 0.7 M dimethyl
sulfoxide (DMSO, Sigma-Aldrich) and 0.9 M ethylene
glycol (EG, Sigma-Aldrich); the mixture 2 — 1.4 M
DMSO and 1.8 M EG; the mixture 3 — 2.8 M DMSO,
3.6 M EG and 0.65 M trehalose (Sigma-Aldrich). The
oocytes were subsequently exposed for 30 sec in the
mixture 1 and 2 and then for 20 sec in the mixture
3. The oocytes in the mixture 3 were transferred into
the straws, which were then immersed into liquid
nitrogen for 1 day. For devitrification, the oocytes were
warmed in water bath at 37°C for 5 sec. To remove
the cryoprotectants, the oocytes were placed for 3 min
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Brinenennble 0oUUTH MHKYOUpOBaiu B Moaudu-
nupoBaHHOU cpene JrompOekko («Sigma-Aldrichy,
CLIA), coneprkarteid 36 Mxr/mi1 mupyBara Nau 1 Mr/mi
[JIFOKO3EI 0€3 CaCl2 (manee 1Mo TEKCTy — MHKYOAIHMOH-
Has cpena). [y BuTpuduUKanuy 0OIMTOB HCIIOIB30-
BaJi CJIEIYIOIINE CMECH KPUOIPOTEKTOPOB, MPHUTO-
tosnernbIe Ha cpene TC-199 («Sigma-Aldrichy), comep-
xkarei 10 % >MOpuOHAIBHOW OBIYBEH CHIBOPOTKH
(OBC, «Sigma-Aldrich»): cmecs 1 — 0,7 M numeTui-
cynbokcuaa (JAMCO, «Sigma-Aldrich») u 0,9 M
stunenrmukoins (O, «Sigma-Aldrichy»); cmech 2 —
1,4 M IMCO u 1,8 M OT; emech 3 — 2,8 M JIMCO;
3,6 M OT" u 0,65 M Ttperanossl («Sigma-Aldrich»).
OoLuTHI TOCIEAOBATEILHO BBIICPKUBAIHN B TCUCHUE
30 ¢ B cmecsx 1 u 2, 3ateM B Teuenue 20 ¢ — B cMecH 3.
OouuTel B cMecH 3 MEPEHOCWIN B COJIOMUHBI, KOTO-
pBI€ TIOTPYIKaIH B KUAKHUHA a30T HA CyTKHU. [l 1eBUT-
prGUKAITIN OOIIMTHI OTOTPEBAIN Ha BOISHOM OaHE ITPH
37°C B Teuenue 5 c¢. J{ns ymaneHUs KpHOIIPOTEKTOPOB
oonuTHI ToMetmanu Ha 3 muH B 3 mut 0,25 M pactBopa
Tperanossl B cpene TC-199, conepxameit 10% 3bC,
a 3aTeM IOCIIeI0BaTEeIbHO HHKYOHUPOBAaJIH B PACTBOPE
Tperanossl ¢ 10% DbC: cnauana B 0,25 M pacTtBOpe
B TeueHue 5 MuH, 3areM 1o MunyTe B 0,19 u 0,125 M
pactBopax (37°C). Ha 3aBepiaroiem 3ramne KIESTKH
Tprkpl oTMbIBanH B cpene TC-199 ¢ 10% ObC n
nepej M3MEpeHUEM IOMeIlalln He MeHee, YeM Ha
60 mun B CO,-unky6arop (37°, 5% CO,).

OTorpeTsie 0OIUTHI OBUTH pa3/eIeHbl Ha TPYIIITHL:
KOHTPOJIBbHYIO (0€3 HaHOYAaCTHUI] BBICOKOIUCIIEPCHOTO
kpemueszema (BJIK)) u sxcnepuMeHTaNBHYIO (9KCITO-
3UIWSI B UHKYOAITMOHHOH cpefie B TeueHue 30 MUH IpH
38°C B mpucyrctuu 0,001% nanowactury BAK mapku
A-300 (MuCcTHTYT XMMUH TOBEepXHOCTH UM. A.A. Uyliko,
VYkpauna)). K kierkam o0erx rpyrin Hocieo0BaTe’IbHO
no6asisui 50 Hr/mu nponaktuHa, 10 MkM ryaHo3uH-
tpudocdara (I'TD), reopummun (1 MM) u 50 MxM
ryanosungugocdara (IP) («Sigma-Aldrich») u
nakyoupoBanu 10 mus npu 38°C. Oountsl 00padaThI-
Baju pactBopoM 10 MKM MHTHOWTOpa MONMHMEpH3a-
ITUM MUKPOTpPyOO4eK HOKo/1a30510M («Sigma-Aldrichy)
B TeueHne vaca npu 38°C. MHTHONTOp MPOTECHHKH-
Hazbl C (coequuenue Ro 31-8220) (10 ar/mit; «Sigma-
Aldrich») Bo3neiicTBoBas Ha KJIETKH B TeueHHE 30 MIUH
mpu 38°C. Bo Bcex IKCIEpUMEHTaxX B Cpemy WHKyOa-
U JO0ABIIAIN STHIIEHIINKOIB TeTpaaneTar (D1 TA)
(«Sigma-Aldrich») B koruentpammu 0,5 MM.

Konuenrpanuto Ca?" BO BHYTPUKICTOYHBIX JICTIO
OOLIMTOB CBMHEW M3MEpsUIM C MoMouIbio (iayopec-
neHTHoro 3ouaa xiaoprerpanukind (XTL) («Sigma-
Aldrichy). Ilepen npoBeneHneM U3MEpPEHHUI OOIH-
THI OYHIIATH OT KJIETOK KyMYJIOCa MPerapoBaibHON
UIJION, 3aTeM 5 MUH BblaepxkuBaiu npu 38°C B uH-
KyOammoHHO# cpene, comepxameit 40 MmxM XTLI.
Harpy)xeHHbple KIIETKH TPYKIbI OTMBIBAJN B WHKY-
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into 3 ml of 0.25 M trehalose solution in the medium
TC 199, containing 10% FBS and then subsequently
incubated in trehalose solution with 10% EBS, i. e.
first in 0.25 M solution for 5 min, then by 1 min in
0.19 M and 0.125 M solutions (37°C). At the final
stage, the cells were thrice washed in medium TC 199
with 10% FBS and placed in a CO, incubator (37°, 5%
CO,) for at least 60 min before measuring.

The thawed oocytes were divided into the following
groups: control (with no highly dispersed silica (HDS)
nanoparticles) and experimental ones (exposed in
incubation medium for 30 min at 38°C in the presence
of 0.001% HDS A-300 nanoparticles (A.A. Chuyko
Institute of Surface Chemistry, Ukraine). The cells of
both groups were successively supplemented with
prolactin (50 ng/ml), guanosine triphosphate (GTP)
(10 mM), theophylline (1 mM) and guanosine dipho-
sphate (GDP) (50 pmM) (Sigma-Aldrich) and incu-
bated for 10 min at 38°C. The oocytes were treated
with a solution of 10 pM microtubule polymerization
inhibitor nocodazole (Sigma-Aldrich) for one hour
at 38°C. The protein kinase C inhibitor (compound
Ro 31-8220) (10 ng/ml; Sigma-Aldrich) affected the
cells within 30 min at 38°C. In all the experiments,
the incubation medium was supplemented with ethy-
ene glycol tetraacetate (EGTA) (Sigma-Aldrich) in
0.5 mM concentration.

The Ca*" concentration in intracellular stores of
porcine oocytes was measured using the fluorescent
probe chlorotetracycline (CTC) (Sigma-Aldrich). Before
measuring, the oocytes were purified from cumulus
cells with a dissecting needle, then incubated for 5 min
at 38°C in incubation medium, containing 40 uM CTC.
The loaded cells were thrice washed in incubation
medium and transferred into a special quartz glass
0.05 ml cuvettes. The Ca?* concentration in oocytes
was determined in incubation medium.

The fluorescence intensity of CTC in oocytes was
measured in arbitrary units using fluorometric device,
consisting of luminescent microscope LUMAM-I1
(LOMO, Russia), equipped with appropriate optical
filters and photometric cap FMEL-1A (LOMO). The
excitation spectrum of CTC-Ca?*-membrane complex
was within the range of 380400 nm, the fluorescence
maximum was within 530 um range. The duration of
fluorescence excitation did not exceed 5 sec.

The significance of differences of the compared
samples for 4-5 independent experiments was assessed
using the Student’s t-test after checking a normal
distribution.

Results and discussion

In frozen-thawed oocytes of the control group,
the prolactin or GTP supplement stimulated the Ca®*
mobilization from intracellular stores (Fig. 1A). A
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0alMOHHON cpelle W MEePeHOCHUIIN Ha CHEelHalbHOe
KBapIIeBOE CTEKIIO ¢ stueiikamu oobemom 0,05 mut. Kon-
nentpanuto Ca** B oolUTax ONpeneNisiv B MHKyOa-
LUOHHOM cpere.

NurencuBrOCTh hrryopectennnn XTL] B oorrax
M3MEPSUTA B YCIIOBHBIX €IMHUIAX C TIOMOIIBIO (ITyo-
PUMETPUYECKON YCTAHOBKHU, COCTOAIIEH U3 JIIOMU-
HEeCIHEHTHOTO MHUKpockorma «Jltomam-U1» («JIOMOy,
Poccwust), cHaGkeHHOTO COOTBETCTBYIOIIMMH 3a/1aue
cBeToUIbTpaMU U (HOTOMETPUUECCKON HacaIKOU
«DOMOJI-1A» («JIOMOp). CriekTp B0o30Y>KI€HUS KOMII-
nekca XTII[-Ca*-memOpaHa HaAXOMUICS B 0OJACTH
380—400 aM, MakcuMyM (IyopecleHIH — B 00IaCTH
530 aM. [JuTenbHOCTh BO30Y K IeH!sI (PIIyopeclieHIINN
He TIpeBbImana 5 c.

3HAYUMOCTh Pa3INYil CPaBHUBAEMBIX BBIOOPOK
JUTS 4—5 HE3aBUCHUMBIX DKCTIEPUMEHTOB OIIEHHUBAIIH C
MOMOIIBI0 t-kputepus CThIOAEHTA TOCTe TPOBEPKH
HOPMAJIBHOCTH PacITpeieIeHHS.

Pe3yabrartsl U 00cyxkaeHUE

B nexoHCEepBUPOBAHHBIX OOLUTAaX KOHTPOJBHOMN
rpynmsl nobasienue nponaktuHa win [T ctumy-
aupoBaiio Moomnn3anu Ca?' U3 BHYTPUKICTOYHBIX
neno (puc. 1, A). CouetanHoe neiicTBUE JAHHBIX
BEIIICCTB HE BHI3BIBAJIO JJONIOJIHUTEIBHBIN BbhIxon Ca’*
13 BHYTPUKIIETOYHBIX JIETIO OOLIUTOB.

A. Gertler u coaBr. [15] mokasam, 4To aKTHBAIUS
pPELENnTOpOB K MPOJAKTUHY HE CTHUMYJIHPYET METa-
6omm3M (hochOMHO3UTHIIOB, B TO XKe Bpems D. Ra-
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Fluorescence intensity of CTC, arb. units

combined action of these substances caused no addi-
tional Ca?' release from intracellular stores of oocytes.

A. Gertler et al. [15] showed the activation of
receptors to prolactin not to stimulate the metabolism
of phosphoinositides, while D. Ratovondrahona et al.
[26] found out a short increase in activation of IP,-
receptors under prolactin effect in cells.

In experimental cell group (supplemented with
0.001% of HDS nanoparticles) either the prolactin or
GTP introduction into the incubation medium caused
Ca” release from intracellular stores (Fig. 1B). Under
a combined effect of prolactin and GTP in the presence
of HDS nanoparticles the stimulation of an additional
Ca?" release from intracellular stores of oocytes was
observed.

When supplementing the control cell group either
with theophylline or GDP the Ca’" released from the
store (Fig. 2A). A combined effect of theophylline
and GDP in oocytes resulted in no additional mobili-
zation of Ca?* from intracellular stores.

Theophylline increases an intracellular concent-
ration of cyclic adenosine monophosphate (cAMP)
in different cell types [5]. In ovarian cells of Chinese
hamster the cAMP causes the Ca*' release from
intracellular stores when IP, receptors are activated
[19], but in permeabilized cells of rat parotid glands
it stimulates the Ca?" release from intracellular stores
by activating ryanodine receptors [30].

In the HDS group the presence of either theo-
phylline or GDP in the incubation medium caused
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03 1
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0 - : : :
1 2 3 4

Ipynnbl ooumTOB
Groups of oocytes

WHTeHcmnBHOCTL dhrniyopecueHumnn XTL, yen. ea.
Fluorescence intensity of CTC, arb. units

Puc. 1. BnusHue nponaktuHa n TP Ha BbicBoGOXaeHWe Ca?* 13 BHYTPUKIETOUHbIX AeN0 HeobpaboTaHHbIx (A) K
obpabotaHHbix BOK (B) AeBUTPU®OULMPOBAHHBIX OOLIMTOB CBUHEN: 1 — KOHTPOrbHbIE KNeTku; 2 — aktuBaumsa 50 Hr/mn
nponakTuHom; 3 — obpaboTka 10 MkM 'T®; 4 — coyeTaHHOe AencTBre nponakTnHa u N TP, A — pasnuymsa 3HauMbl MeXay
rpynnamn 11 2, 1 1n 3 (P < 0,001); B — pasnuuns 3Haunmbl mexay rpynnamm 1 n2,1mn3,2umn 4,3 mn4 (P <0,001).

Fig. 1. Effect of prolactin and GTP on Ca?* release from intracellular stores of untreated (A) and HDS-treated (B) devitrified
porcine oocytes: 1 — control cells; 2 — oocytes treated with 50 ng/ml prolactin; 3 — oocytes treated with 10 yM GTP;
4 — combined effect of prolactin and GTP. A — the differences are significant between groups 1 and 2, 1 and 3 (P < 0.001);
B — the differences are significant between groups 1 and 2, 1 and 3, 2 and 4, 3 and 4 (P < 0.001).
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tovondrahona u coaBT. [26] ycTaHOBWIH, YTO MPHU
JEMCTBUM MPOJIAKTHUHA B KJIETKaX Ha KOPOTKOE BpeMs
NOBBIIAETCs aKThBauus [P -penentopos.

VY 3KcrnepuMeHTAIBHOW TPYMITBI KIETOK (J100aB-
nenne 0,001 % nanogactun B/IK) BHecenme B cpemy
WHKyOaruu mposaktuHa ik [ 'TO BRI3BIBAIO BHICBO-
ook nenrie Ca’" M3 BHYTPUKIETOYHBIX Jiero (puc. 1, B).
[Ipu coueranHoMm aelictBuu nposaktuHa u I'TD B npu-
cytcrBuM Hanowactuil BJIK Habmromamack ctumy-
JsIst 106aBOYHOTO BIXoa Ca’' n3 BHY TPHKIETOUHBIX
JIeTIO OOITUTOB.

[Tpu noGaBneHUK K KOHTPOJBHOM TPyIIE KIETOK
teopummuna win [JI® mpoucxomun Beixox Ca?t us
nerno (puc. 2, A). CoueranHoe aelicTBUE TeopuiuMHA
u ['JI® B oouuTax HE OPUBOAUIIO K AOMOJIHUTEIBHOM
mMobOmm3aru Ca’" U3 BHYTPUKIICTOYHBIX JIETIO.

B xierkax paznmuvHOTO THNA TEO(DHIUTMH YyBEIH-
YUBAaeT BHYTPUKIETOYHYIO KOHIEHTPAIMIO ITUKIIN-
geckoro aaeHosmaMoHopochara (IAMD) [5]. B
OBapHANIbHBIX KJIETKaX KUTANCKOTO XoMsuka TAMD
BBI3bIBACT BbICBOOOXKIeHHE Ca?* U3 BHY TPUKIICTOUHBIX
neno npu aktusaiwu [P -perieniropos [19], a B iepmea-
OMITM30BaHHBIX KJIETKAX OKOJIOYIIHBIX JKeJie3 KpBIC
CTUMYJIHPYET BbICBOOOKIeHHe Ca’" U3 BHYTpHKIIE-
TOYHBIX JI€TI0, AaKTUBUPYSI PUAHOAMHOBBIE PEIENTO-
pw1 [30].

B rpynne knerok ¢ BJIK npucyrcrsue B cpene un-
KyOarmu teoduimaa win [J[D Bei3biBaio Beixoq Ca’*
13 BHYTPUKIIETOUHBIX Jieno (puc. 2, B). Ecnu pu coue-
TaHHOM JelicTBHM TpojiakTuHa u I Td gobaBnmeHune
Hanovactull B/IK ctumynupoBaio JOMOJIHUTEIbHOE
BbICBOOOXKIeHne Ca’' M3 BHYTPHUKIETOYHBIX JIEITO
OOIIMTOB, TO B IpUcyTCcTBUU Teodriiaa u [ 1D nan-
HBIH 3()(eKT OTCyTCTBOBAI.

ITocne BHecenus nponaktuHa u I'TD Bo Beex npe-
BapuTeIbHO 00paboTanHbIXx HaHo4yacTuamu BJK
KJIETKaxX OBl OOHApYyXKEeH NOMOJHUTEIbHBIH BBIXOJ
Ca?" u3 BHYTPHKJIETOUHBIX Jieno (puc. 3). B ciaydae no-
MOJTHUTEIFHONW 00pa0OTKU KJIETOK WHTHOUTOPOM I10-
JTUMEpU3alUA MUKPOTPYOOUYEK HOKOJIa30JI0M OTMe-
9aJ0Ch CHIKEHHE BBICBOOOXKIeHHsT Ca’’ M3 BHYTpH-
KJICTOYHOTO JIeTI0. AHAJIOTHIHBIHN 3 ekt Habromancs
pu 100aBIIEHUH K OOIMTaM, TIPEeIBapUTEIHHO o0pa-
60TaHHBIM MHTHONTOpPOM TpoTenHKHHa3bl C (coemu-
Henne Ro 31-8220), nponaktuna u [J1D.

K.M. Lowther u coaBrt. [22] ObLIO OTMEYEHO, YTO
KPHOKOHCEPBUPOBAHUE METOAOM BUTPHPUKAIUU
He BiuseT Ha cTpykrypy OIIP ooumrtoB Ha craguun
3apOJBIIIEBOTO My3bIpPbKa, OJHAKO B MpoLEecce Aallb-
HEWIIEro Co3peBaHms TaMeT HapyIaeTcst CHOCOOHOCTh
OIIP k peopranuzanuu, 4To, B CBOIO O4€pENb, MOXKET
OBITh MPUYNHON CHIDKEHUS CITIOCOOHOCTH KJIETOK K
passutuio [12, 20].

Cornacno rumotese T.K. Ghosh u J.M. Mullaney
[16, 25] TT® obpa3yeT CBA3b MEXKAY Pa3sTHIHBIMHU
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Puc. 2. BnusHue teocdunnuHa n NP Ha BbicBOGOXAEHME
Ca?" 13 BHYTPUKIETOYHbIX Aeno HeobpaboTaHHbIx (A) 1
obpaboTtaHHbix BOK (B) AeBUTPpUEULMPOBaHHBIX OOLMTOB
CBUHEN: 1 — KOHTPOSbHbIE KNETKN; 2 — akTmBaums 1 MM
TeodpunnuHoMm; 3 — 50 mkM Ad; 4 — coyeTaHHOE AelCcTBUE
TeocounnuHa n MA®. Pasnuumsa sHaunmMbl mexay rpynnamm
112,113 (P<0,001).

Fig. 2. Effect of theophylline and GDP on Ca?" release from
intracellular stores of untreated (A) and HDS-treated (B)
devitrified porcine oocytes: 1 — control cells; 2 — oocytes
treated with 1 mM theophylline; 3 — oocytes treated with
50 yM GDP; 4 — combined effect of theophylline and
GDP. The differences are significant between groups 1 and
2,1and 3 (P <0.001).

the Ca** release from intracellular stores (Fig. 2B).
If under a combined effect of prolactin and GTP the
supplement of HDS nanoparticles stimulated an
additional Ca®' release from intracellular stores of
oocytes, then with theophylline and GDP this effect
was absent.

After introducing prolactin and GTP an additional
Ca?' release from intracellular stores was revealed
in all the HDS particles-pretreated cells (Fig. 3). In
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BHyTpuKIeTOYHbIMH Jiento Ca*" (IP,-ne3aBuCHMBbIMU
u [P -3aBUCUMBIMHI) ¥ OOECTIEYNBAET €TO MEPEXO
u3 [P,-HEUyBCTBUTENILHBIX BHYTPUKIETOYHBIX JEIIO
B IP, -uyBcTBUTENBHBIE. B pesynbrare mpoucxomut
JIOTIOJTHUTENIbHOE BBICBOOOKIcHHE Ca’*" U3 BHYTpHU-
KJIETOYHBIX nero. biaromaps crocoonoctn I'TO k
00bCTMHECHHUIO paHEee HECBS3aHHBIX MEXKIY CO00i
BHYTpUKJIeTO4HBIX feno Ca*’, IP -perentopsl MoryT
BbICBOOOK1aTh Ca?’ U3 paHee HEJIOCTYITHBIX BHYTPH-
kietouHslx neno. OrcyrctBue I'T® orpannumBaer
a¢dekT aronrcta Ha BeIcBoOOKAeHne Ca’' u3 erno u
Ha ero pacrpocTpaHeHue BHYTpH KJIeTKU. B mpucyrct-
BUM ['T® npoucxoguT akTUBaLMs KIETKHA BCJIEICT-
BUE 3HAUUTEIBHOrO BhixoAa Ca’" M3 BHYTPHKIICTOY-
HbIX aeno [17].

PaHee Ha MHTaKTHBIX OOIMTAaX CBUHEH HAMH OBLITO
MOKa3aHO, YTO MPHU COUETAHHOM ACHCTBUU MPOJAKTUHA
1 I'TO 1porCXOANUT MOMONHUTENBHEIN BeIXOx Ca’t
W3 BHYTPUKIIETOUHBIX JAerno. [IponakTuH, KOTOpbIH
obmanaer cxonueiM ¢ IP, sddexTom, akTuBMpyeT
BeIcBOOOKIeHNE Ca** u3 IP -4yBCTBUTENLHBIX BHYTPH-
KJIeTOUHBIX jeno [3]. Ha oonntax cBunei ajis odecrie-
yeHust Bxojaa I'T® u I'/I[® BHYTph KIETOK HUCIOJb-
3oBanmu XTL[ [2]. B nexkoHCepBHPOBAHHBIX OOLUTAaX
CBHMHEH IpHU COYETAHHOM JECHCTBHUU MPOJIAKTUHA U
I'T® nomonuutensHass mooumusarust Ca?' u3 BHYT-
PHUKJIETOUHBIX JENO OTCYTCTBOBAJIA,
9TO, BO3MOKHO, OOBSICHSIETCS Pa3phl-

BOM CBsI3U MeKy [P, -uyBcTBUTED- ‘z’. @ OOA::
HpIMU ¥ [P -HedyBCTBUTENBLHBEIMU gg
BHYTPHUKJICTOYHBIME fero Ca?", g 0,4
DeMeHTBl IIUTOCKeNeTa (MHUK- &% 035
pPOTPYOOUKH W MUKPO(PHUIAMEHTHI) %g 0,3
MOTYT Y4acTBOBaTh B MOOMIIN3AIIH s 025
Ca’* u3 BHYTPHUKIETOUYHBIX JCIIO. §,§~ 62
VCTaHOBJIEHO, UTO TIPH Pa3pylIeHUK g & ’
LUTOCKEJIeTa B TPOMOOIUTAX Yello- gfé 0,15
BCKa CHIDKAeTCsl CBsi3biBaHue [P, ¢ r: § 0,1
peuentopamu Ha JI1P [10], B oTiu- 38 0,05
gre or NIH 3T3 ¢ubpobnacros, B é 4 0
KOTOPBIX JECTPYKLHUS LUTOCKENIETa % L_%
HE 3aTparuBaeT 3TOT mpouecc [26]. 'SE

Ha uHTaKTHBIX 0OIIMTAaX CBUHEN ObI-

case of additional cell treatment with the microtubule
polymerization inhibitor nocodazole a decrease in
Ca?" release from an intracellular store was noted. A
similar effect we observed when supplementing pro-
lactin and GDP to the oocytes, pretreated with protein
kinase C inhibitor (compound Ro 31-8220).

K.M. Lowther et al. [22] reported the cryopre-
servation by vitrification as not to affect the EPR
structure of oocytes at the germinal vesicle stage, but
during further gamete maturation the capability of
EPR to reorganization is disordered, which in turn may
cause a decrease in cell capability to develop [12, 20].

According to the hypothesis of T.K. Ghosh and
J.M. Mullaney [16, 25] the GTP forms a bond bet-
ween different intracellular Ca?* stores (IP3-inde-
pendent and IP,-dependent ones) and provides its
transition from IP_ -insensitive intracellular stores to
IP,-sensitive ones. As a result, an additional Ca* release
from intracellular stores occurs. Due to the GTP capa-
bility to unite the previously unbound intracellular
Ca*" stores, the IP, receptors may release Ca** from the
previously inaccessible intracellular stores. The absen-
ce of GTP limits the effect of agonist on Ca** release
from the store and its spread within a cell. In the GTP
presence the cell activation due to a significant Ca**
release from intracellular stores occurs [17].

1 2 3 4 5 6

Mpynnel oounToB
Groups of oocytes

JI0 TIOKa3aHO, YTO B JIOTIOIHUTEIb-
HOM BBICBOOOKIeHun Ca?" u3 BHYT-
PUKJIETOYHBIX NIETIO MPH COBMECT-
HOM JIeicTBUU nposiaktuHa u I'TO
Yy4acTBYIOT MUKpOTpyOouku [4]. Ha
OCHOBAaHHHU JIAHHOTO (paKTa MOKHO
MPEANONIOKUTh, YTO B JCBUTPUPU-
LHHUPOBAHHBIX OOIUTAaX CBUHEH d0-
O0aBouHbIi BeIX0J Ca’ M3 BHYTpH-
KJIETOYHBIX JIETIO MPU COYETAHHOM
neiicteun nponaktuHa u ['TO ot-
CYTCTBYET HM3-3a pa3pylIeHUs] MUKPO-
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Puc. 3. BnuaHue Hokogasona un Ro 31-8220 Ha cTumynupoBaHHOEe npo-
naktnHom n 'M® ocBoboxaeHne Ca?* U3 BHYTPUKIETOUHbIX AENo AEeBUT-
pPUPMLMPOBAHHBLIX OOLMTOB CBUHEN: 1 — KOHTPOJbHBIE KINETKN; 2 — COYETaH-
Hoe gencTteue nponaktuHa n 'TP; 3 — 10 mkM Hokopasona; 4 — Hokogason
1 nocnegyollee coveTaHHoe AencTane nponaktmHa u 'od; 5 — 10 Hr/mn
Ro 31-8220; 6 — Ro 31-8220 n nocnepytouiee coyeTaHHOe AeNCTBME NPO-
naktuHa un ', Pasnnuuna sHauumsl mexay rpynnamm 1 n 2,3 m4,5un 6, 2
n4,2un6 (P<0,001).

Fig. 3. Effect of nocodazole and Ro 31-8220 on prolactin- and GTP-simu-
lated Ca?* release from intracellular stores of devitrified porcine oocytes:
1 — control cells; 2 — combined effect of prolactin and GTP; 3 — 10 uM
no-codazole; 4 — nocodazol and subsequent combined effect of prolactin
and GTP; 5 — 10 ng/ml Ro 31-8220; 6 — Ro 31-8220 and subsequent
combined effect of prolactin and GTP. The differences are significant
between groups 1 and 2, 3and 4, 5and 6, 2 and 4, 2 and 6 (P < 0.001).
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Tpybouek. Panee ObIJIO yCTaHOBIIEHO, YTO BUTPU(H-
Kalus U MOCIEeNYIOINNA OTOTpeB MPUBOIAT K pas3py-
LICHUI0 MUKPO(QHIAMEHTOB M HE 3aTparuBaioT MHUK-
porpyo6oukwu [7, 14].

Kpome Toro, npuunHoil OTCYTCTBHSI JOIOJIHU-
TenbHOW MoOMm3anuu Ca’" U3 BHYTPHKICTOUHBIX
Jeno BUTPU(ULHUPOBAHHBIX OOLUTOB CBUHEH HpH
COYETAaHHOM JecTBUM mpoJsiakThuHa U ['T® mo-
xeT ObITh HecriocobHoCTh [ T k 0OpazoBaHMIO CBS-
3M MEXAY Pa3TMYHBIMUA BHYTPHUKJIETOYHBIMH JETIO
Ca*. B manHOM ciiydae Ieecoo0pasHo MCIONb30-
Banne BJIK, xoropsiii moxet, kak u ['TP, oOpa3o-
BBIBaTh CBSI3b MEKIY Pa3IMYHBIMU BHYTPHKIETOY-
HBIMHU Jieno0. JlaHHOe BeliecTBO y4acTByeT B 00pa3oBa-
HUHM CBS3EH MEX/y pa3IMYHbIMU BHY TPUKIICTOYHBIMU
JEeNO0 IpU COYETAHHOM JEHCTBUM NPOJAKTHHA H
I'T®. Hanouactuner BJIK BxoasT B cocTaB MHO-
I'MX JICKAPCTBEHHBIX CPEACTB, UCHOJIb3YEMbIX B OHO-
MEIMIMHE U KUBOTHOBOZACTBE. B skcmepumeHTax
Ha criepMaTo30uax ObIKOB OBLIO MOKa3aHO, YTO
BJIK criocoGcTBYeT (DOPMUPOBAHUIO CBI3U MEXKILY
pa3IMYHBIMU BHYTpUKJIEeTOYHbIMU aeno Ca®' [1], a
€ro MpHUCYTCTBUE NMPHU KPUOKOHCEPBUPOBAHUU CIIEp-
MBI TIOBBIIIAET BBDKMBAEMOCTh KJIETOK TOCI]E OTOr-
pesa [6].

[Tpu BBeneHMN HHTHOUTOPA MOJTMMEPH3ALIUT MUK-
porpybouex Hokoaazona d3PGEKT TOMOIHUTEIHLHOTO
BbICBOOOXKIeHHs1 Ca’" M3 BHYTPHKICTOYHBIX [ETIO,
CTUMYJIMPOBAaHHOTO COYETAaHHBIM JCHCTBHEM IPOJIaK-
tuHa u I'TO® nipu BBenenuu BJIK, oTrcyTcTBOBAI.

Ha ocHOBaHMM BBIIIEN3I0KEHHOTO MOXHO 3aK-
JIOYUTH, YTO B KPUOKOHCEPBUPOBAHHBIX METOAOM
BUTPU(UKAIIUN OOLUTAX CBHUHEH MHKPOTPYOOUKH
COXpaHsIOTCs. B TO k€ BpeMsl IpU COYETAaHHOM JIEHCT-
BuM TeopmunHa u [J1® (B npucyrcreuu u 6e3 BIK)
JIOTIOJIHUTENILHOTO BBICBOOOXKIeHus: Ca*" U3 BHYTpH-
KJIETOYHBIX Jerno He HaOmomaercs. Ilockonbky mpu
couetaHHoM aeictBun teodpununa u 1D, nanpas-
JICHHOM Ha JIOTIOJIHUTENNbHOE BhICBOOOKAeHHEe Ca’’ B
OOITUTaX CBUHEH, y4aCTBYIOT MUKpPO(UIaAMEHTHI [4],
TO OTCYTCTBUE JOIIOJHUTEIBHOTO BBICBOOOKICHMUS
Ca’" B KpHOKOHCEPBHPOBAHHBIX KJIETKAaX CBHHEH MO-
XKeT OBbITh MPU3HAKOM Pa3pyLIEHHUs] CUCTEMbI MUKPO-
¢umamentoB. Panee C. Rojas n coaBt. [29] Ha oonmTax
CBHHEH TaKk)Xe yCTaHOBWJIH, YTO KPHOKOHCEPBHUPO-
BaHHUE HE BIUSET HA [EJIOCTHOCTh MUKPOTPYOOUEK,
HO BBI3BIBACT JICCTPYKIMIO MUKPO(PHIAMEHTOB.

Pe3ynprarhl HamIMX HKCIEPUMEHTOB Ha BUTPHU-
(UIUPOBAaHHBIX OOLUTAX CBHHEH MOKa3ald, YTO B
npucyTcTBuu HaHoudactul] B/IK mpu coueranHom
nerctBuM nposaktuHa U ['TO n3 BHYTPUKIETOUHBIX
JIeTIo JOTONHUTENIBHO BbicBOOOKAaeTcss Ca*', uro
CBHUJICTENILCTBYET 00 €r0 y4acTUu B 00pa30BaHUH CBSI-
31 MEXIY Pa3INuHbIMM BHYTPHUKJIETOUHBIMU JIEIO.
Ecnu nurockeneT paspylleH Hociae BUTPUPHUKALNN
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Previously, in intact porcine oocytes we found an
additional Ca?' release from intracellular stores to
occur under combined effect of prolactin and GTP.
The prolactin, possessing an IP -like effect, activates
the Ca*" release from IP -sensitive intracellular stores
[10]. In porcine oocytes we used the CTC to provide
the GTP and GDP entry into the cells [9]. In frozen-
thawed porcine oocytes under a combined effect
of prolactin and GTP, there was no additional Ca**
mobilization from intracellular stores, which probably
might be explained by a bond rupture between IP.-
sensitive and IP -insensitive intracellular Ca** stores.

Cytoskeletal elements (microtubules and micro-
filaments) may participate in Ca?* mobilization from
intracellular stores. The IP, binding to receptors on
EPR was established to reduce in human platelets
under cytoskeleton destruction [5], in contrast to
NIH 3T3 fibroblasts, where cytoskeletal destruction
had no effect on this process [26]. In the intact porcine
oocytes the microtubules were shown to be involved
into additional Ca** release from intracellular stores
under combined effect of prolactin and GTP [11].
Proceeding from this fact we may assume no addi-
tional Ca?* release from intracellular stores under a
combined effect of prolactin and GTP in devitrified
porcine oocytes to result from microtubule destruction.
Previously the vitrification and subsequent thawing
were demonstrated as resulting in microfilament
destruction and not affecting microtubules [1, 14].

In addition, the lack of additional Ca?" mobilization
from intracellular stores of vitrified porcine oocytes
under prolactin and GTP combined effect may result
from inability of GTP to form a bond between dif-
ferent intracellular Ca?* stores. In this case, it is expe-
dient to use HDS, which is capable, like GTP, to
form a bond between different intracellular stores.
This substance participates in formation of the bonds
between different intracellular stores under a com-
bined effect of prolactin and GTP. The HDS nano-
particles are the components of many medicines,
used in biomedicine and animal breeding. In the
experiments in bovine spermatozoa, the HDS was
shown to promote the bond formation between dif-
ferent intracellular Ca*" stores [3], and its presence
during sperm cryopreservation increased cell sur-
vival after thawing [7].

When introducing the microtubule polymerization
inhibitor nocodazole no effect of additional Ca*" re-
lease from intracellular stores, stimulated by a com-
bined effect of prolactin and GTP in HDS presence,
was observed.

Proceeding from the mentioned above, the micro-
tubules may be suggested as preserved in porcine
oocytes, cryopreserved by means of vitrification. At the
same time, under a combined effect of theophylline
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u otorpesa, HaHouacTuusl B/IK He cTtumynupyror
00pa3oBaHuE CBSI3U MEXKAY Pa3IUYHBIMU BHYTPHKIIC-
TOYHBIMU JIETIO Kaublius. Takum oOpa3oM, mmpu o0pa-
30BaHHUU CBSI3M Mexay paznuuHbiMu aeno BJIK mo-
et 3aMeHuTh [ T v I'J1D, Ho He criocoOeH 3aMEHHTh
MHKPO(QHUIAMEHTHI, pa3pylIeHHbIE TIPU 3aMOpPaXKH-
BaHWH.

B perynsunn comepkaHus Kajblus BO BHYTPH-
KJIETOYHBIX JIEN0, KPOME 3JIEMEHTOB IIMTOCKENEeTa,
y4acTByeT W nporenHknHa3a C. YCTaHOBIEHO, YTO
akTuBaTop nporeuHkuHasbpl C GopOonMupucTHIa-
[ETaT CMOCOOCH KOHTPONHUPOBarh coaepikanue Ca?*
BO BHYTPHUKJICTOUHBIX JCMO MyTeM peryisunu Ca’’-ka-
HAJIOB TUIa3MaTHYECKOW MEeMOpaHbl KIeTKH [27, 28].
Ha neButpuduumpoBaHHBIX OOUTAX CBUHEH HAMH
OBLIIO TIOKAa3aHO, YTO NPHU COYETAHHOM JEHCTBHU
npojaktuHa U ['T® B mpucyTCTBUM HAHOYACTUIL
BJIK nmporennknHaza C Takke y4acTBYeT B JOITOITHU-
TeapHOM BBICBOOOKIeHnn Ca’" M3 BHYTPHUKIETOY-
HBIX JICTIO.

Taxum 06pa3om, B 00IIUTaX CBUHEH MOCIE BUTPH-
(UKalUu U MOCIEIYIOIIEro OTOTpeBa HapyIIaeTCs
CBSI3b MEXJy Pa3jINYHbIMH BHYTPHUKJIETOYHBIMU Jie-
MO KaJbIUsl BCICACTBUE JSCTPYKIHH MHUKpoduiia-
MEHTOB M HecriocoOHocTH [ 'T® 00pa3oBHIBATH CBSI3b
MEXIY pa3WYHBIMU JETO Kanbuusd. B ganHoM ciy-
4yae BBICOKOJIMCIIEPCHBIM KPEMHE3EM MOXET 3aMe-
HuTh ['T® mpu oOpa3oBaHUM CBSI3M MEXKIY pas3iind-
HBIMH BHYTPHUKIIETOUYHBIMH [0, HO HE CIIOCO0EH
BOCCTAaHOBHUTH Pa3pyIICHHbIE XOJIOJOM MHKpO(UIa-
MEHTBHI.

JanpHeiimme HamM WcciaegoBaHus OyayT Har-
paBJeHbl HAa U3ydyeHue mexaHusma jeiicreus BIK
Ha KPHOKOHCEPBHUPOBAHHBIE OOIUTHI C LEIBIO yCKO-
pEeHHS UX BOCCTAHOBJICHMUS.

BriBoabI

1. IlokazaHo, 4TO BUTPU(HUKALIUSI U OTOTPEB OOLIHU-
TOB CBHHEH MPHUBOIAT K HAPYIICHUIO CBSI3U MEXIY
PasIUYHBIME BHYTpuKiIeTouneiMu jeno Ca®* (IP -
qyBCTBUTEJIbHBIMA M PHAHOAWHYYBCTBUTEIbHBIMH),
B 00€CIeYeHNH KOTOPOH y4acTBYIOT MHKpOuia-
MEHTBI.

2. BpIsBIEHO, YTO CBA3b MEXAY PazIMIHBIMHU
BHYTpHKJIeTOUHbIMU erio Ca®’ B peBuTpudUIIUpO-
BaHHBIX OOLIMTaX CBUHEH, oOpa3yemasi C TOMOIIBIO
MHUKpOTpYyOOUEK, cOXpaHseTcs, HO MpeTepreBaeT
HekoTopble u3MeHenus. [Ipu atom I'TO (B oTnuune
ot Hanovyactun BJIK) He yuacTByeT B 00pa3oBa-
HUU CBSI3U MEXJly pPa3IMYHBIMH BHYTPHUKIETOUHBIMU
neno Ca?".

3. YcTaHOBIIEHO, UTO B 00pa30BaHUM CBSI3U MEKIY
Ppa3TMYHBIME BHY TPUKJICTOUHBIMH Jierio Ca’’ B 1eBUTPH-
(bUIMPOBaHHBIX OOLHTAaX, KPOME MHUKPOTPYOOUEK,
y4dacTByeT U nporenHkuHaza C.
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and GDP (with and without HDS), no additional
Ca?" release from intracellular stores was observed.
Since a combined effect of theophylline and GDP,
aimed at an additional Ca* release in porcine oocytes,
involves microfilaments [11], no Ca?*" additional re-
lease in cryopreserved porcine cells may testify to the
microfilament system destruction. Previously, C. Ro-
jas et al. [29] established the cryopreservation to
have no effect on microtubule integrity in porcine
oocytes, but caused the microfilament destruction.

Our findings in vitrified porcine oocytes showed
an additional Ca?* release from intracellular stores at
the presence of HDS nanoparticles under a combined
effect of prolactin and GTP, which testified to its parti-
cipation in a bond formation between different intra-
cellular stores. If the cytoskeleton is destroyed after
vitrification and thawing, the HDS nanoparticles do
not stimulate a bond formation between different
intracellular calcium stores. Thus, HDS may replace
either GTP or GDP under a bond formation between
different stores, but not microfilaments, destroyed in
freezing.

In addition to cytoskeleton elements, the protein
kinase C is also involved into calcium content regu-
lation in intracellular stores. The protein kinase C
activator phorbol myristate acetate was established
to be capable to control the Ca** content in intracel-
lular store by regulating Ca?* channels of cell plasma
membrane [27, 28]. In devitrified porcine oocytes we
demonstrated the protein kinase C to be also involved
into additional Ca*" release from intracellular stores
under prolactin and GTP combined effect in presence
of HDS nanoparticles.

Thus, in porcine oocytes after vitrification and
subsequent thawing the bond between different
intracellular calcium stores is disordered because of
microfilament destruction and GTP inability to form
a bond between different calcium stores. In this case,

the highly disperse silica may replace GTP in for-
ming a bond between different intracellular stores,
but it is unable to recover the cold-destroyed microfila-
ments.

Further we are planning to study the mechanism
of HDS effect on cryopreserved oocytes in order to
accelerate the recovery of cryopreserved cells.

Conclusions

1. The vitrification and thawing of porcine oocytes
were demonstrated to result in disorder of a bond
between different intracellular Ca®* stores (IP,-sen-
sitive and ryanodine sensitive ones), in ensuring of
which the microfilaments were involved.

2. It was revealed that the bond between different
intracellular Ca®* stores in devitrified porcine oocytes,
formed by means of microtubules, was preserved, but
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underwent some changes. Herewith the GTP (unlike
HDS nanoparticles) was not involved into a bond
formation between different intracellular Ca?* stores.

3. In addition to microtubules the protein kinase
C was established to be also involved into a bond
formation between different intracellular Ca?" stores
in devitrified oocytes.
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