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Oolemma invagination of fresh and cryopreserved human
oocytes during in vitro fertilization by ICSI

Pedepar: Paszpabotka HOBbIX NMPOrHOCTUYECKMX KPUTEPMEB OLIEHKM OMMOLOTBOPEHWS in Vitro HaTUBHBIX U KPUOKOHCEPBUPO-
BaHHbIX OOLMTOB SABMNAETCA BaXXHOW COCTAaBMSAOLLE COBPEMEHHbIX BCMOMOraTefibHbIX PernpoayKTMBHUX TexHonorui. MNposeneHo
CpaBHEHWe CTeMneHn MHBarnHauum ooremMmbl Mpu MHTpauuTonnasMaTnyeckoM BBeAEHNM CMEPMUSI B HAaTUBHbIE Y KPUOKOHCEPBUPO-
BaHHble oouunTbl. PaspaboTaHa knaccudumkauns COCTOAHMSA Typropa raMeT B 3aBUCUMMOCTW OT CTEMEHW MHBarmHauum oorieMMbl npu
MHTpauuTonnasMaTnyeckoM BBEAEHUW CriepMueB. Takoe COCTOsSiHME MembpaHbl oouuTa ABNAETCA NMPOrHOCTUYECKOW XapakTepu-
cTukon obpasoBaHusa 3uror. OouuTbl C HOPMarnbHbBIM TYPropoM XapaKTepu3oBanuchb BbICOKOW 4acTOTOW OnNnoaoTBopeHus — bonee
80%. MomeHTanbHbIA NPOKON 00fIeMMbl NPV MUKPOMaHUNYNAUMAX Bbln MPOrHOCTUYECKUM (DaKTOPOM CTPYKTYPHO-(DYHKLMOHAIbHbIX
noBpexaeHnn MeMbpaHbl M NPUMBOAUIN K AanbHeWwen aereHepauumn ooumntoBs. ocne KpMoKoOHCEpPBUPOBaHNS CTaHAAPTHLIM MeTOo-
[OM V3MEHSINOCb COOTHOLLEHME pa3HbIX TUMOB MHBarnHauun ooneMmbl. OTHOCUTENbHOE KONMMYECTBO KMETOK C HOpMarbHbIM Typ-
ropoM cHuxanocb A0 54% 3a cyeT yBenu4YeHWs OOLMTOB C MOBbLILIEHHOW YMNPYrocTblo MeMbpaHbl. YeTbipexcTyneHyaTbli MeToq
yAaneHns Kpvo3aluTHOW cpefbl MOCne 3amopaXuBaHWs-OTorpeBa oouuToB Oonee adpdeKTUBHBIN ANS COXpPaHEHWs rameT C
HOpMarbHbIM TYPropoMm, B OTIIMYME OT CTaHAAPTHOrO ABYXCTYMNEHYaToro.

KnioyeBble cnoBa: KpMOKOHCEPBUPOBaHWE, BUTpUdUKaLMS, OOLMT, OONeMma.

Pedepart: Po3pobka HOBMX MPOrHOCTUYHUX KPUTEPIiB OLiIHKW 3annigHEeHHS in vitro HaTUBHUX Ta KPIOKOHCEPBOBaHUX OOLM-
TiB € BaXMMBOK CKMafoOBOK CyYaCHWX AOMOMDKHUX PEenpoOAYKTUBHUX TexHomorin. NpoBefeHO MOpPIBHAHHA CTyneHs iHBa-
riHauii oonemu 3a iHTpauMTonnasMaTMYHOro BBEAEHHS CNepMmiiB y HaTMBHI Ta KpiokOHcepBoBaHi oouutu. Po3pobneHo kna-
cudpikauito cTaHy Typropy raMeTu 3anexHo Bif CTyneHs iHBariHauii oonemu npu iHTpauMTonnasMaTu4HOMy BBEAEHHI CepMmiiB.
Takuin cTaH membpaHu oounTa € MPOrHOCTUYHOIO XapaKTEPUCTUKOK YyTBOPEHHS 3uroT. Oountn 3 HOpManbHUM TYpropom xa-
pakTepusyBanuncsa BUCOKOK 4acToTow 3annigHeHHs — 6inbwe 80%. MoMeHTanbHUIn NpoKon ooneMu nig Yyac MikpoMaHinynsauii
OyB MPOrHOCTUYHUM (PAKTOPOM CTPYKTYPHO-(PYHKLiOHANbHMX NOLWKOAXEHb MeMbpaHu Ta NpM3BOAMB A0 AereHepadii oouuTis.
Micns kpiokoHcepByBaHHA CTaHAApPTHUM METOAOM 3MiHIOBANOCS CMiBBiAHOLWEHHS Pi3HUX TUNiB iHBariHauii oonemu. BigHocHa
KiNIbKICTb KMiTWH i3 HOpManbHUM Typropom 3Hwxysanacsa A0 54% 3a paxyHok 36inblUeHHS OOUMTIB i3 MiABULLEHOIO MPYXHICTIO
membpaHun. YoTupucTtyneHeBui MeTO[ BUAANEHHS KPiO3axMCHOro cepefoBulia MiCNA 3amMOpPOXYBaHHA-BIAIrpiBy oouuTiB
6inblw edeKkTUBHMI AN 36epexeHHs rameT i3 HopManbHUM Typropom, Ha BiAMiHYy BiA CTaHAapTHOro ABOCTYMEHEBOrO.

KniouoBi cnoBa: kpiokoHCepByBaHHS, BiTpudikaLlis, oouuT, oonema.

Abstract: Development of novel prognostic criteria for evaluation of in vitro fertilization of fresh and cryopreserved oocytes
is an important component of modern assisted reproductive technologies. There was compared a degree of oolemma
invagination during intracytoplasmic sperm injection into fresh and cryopreserved oocytes. The classification of the gamete
turgor state based on oolemma degree invagination during intracytoplasmic sperm injection was developed. This state of
oocyte membrane is a prognostic characteristic of zygotic formation rate. Oocytes with normal turgor were characterized
by a high fertilization rate higher than 80%. Rapid oolemma puncture during oocyte micromanipulation showed structu-
ral and functional damage of membrane and led to further oocyte degeneration. After cryopreservation by a standard method
the ratio of different types of oolemma invagination has been changed. A relative number of cells with normal turgor was
decreased down to 54% due to an increase of oocyte number with higher membrane elasticity. The four-stage method of
cryoprotective media removing after oocyte freeze-thawing is more effective for preserving gametes with normal turgor contrary
to the standard two-stage one.

Key words: cryopreservation, vitrification, oocyte, oolemma.

HuskotemmiepaTypHoe XpaHeHHE OMOIOTHYECKUX
00BEKTOB, B YaCTHOCTH OOIMTOB, IIUPOKO HCIONb-
3yeTcsl BO BCIIOMOTATEIBHBIX PENPOAYKTHBHBIX TEX-
Honorwsix (BPT) st meuenmst Gecruiomus [3, 21].
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Low-temperature storage of biological matter,
in particular oocytes, is widely used in assisted re-
productive technologies (ART) for infertility treat-
ment [18, 20]. However, during cryopreservation,
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OpHako B mpoliecce KPHOKOHCEPBUPOBAHUS MKEHC-
KHE TOJIOBBIE KIIETKHU IOJBEPraroTCsi BO3ACUCTBUIO
(hm3nYeCKUX ¥ XUMUYECKHX (DAKTOPOB, KOTOPBIE MO-
TYT OKa3bIBaTh BIMSHUE HA TaKHE DHIIO- M AK30IH-
TOIIIA3MAaTUYECKUE CTPYKTYPHI, KaK BEPETEHO Jee-
Hus [1, 11], murockener [6], Zona pellucida (ZP) [7]
U KOpTHKanbHble rpaHynbl [15]. VX coxpaHHOCTh
CKa3bIBaeTCAd Ha JKU3HECIIOCOOHOCTH TaMeT, 4acTOTe
OTUTONOTBOPEHUS W MOPGhOPYHKIIMOHATBEHEIX 0CO-
OCHHOCTSAX AMOPHUOHOB, Pa3BUBIINXCS W3 KPHUOKOH-
CEPBHPOBAHHBIX 00ITUTOB [19]. Yemexu B pa3pabot-
K€ HOBBIX CIIOCOOOB 3aMOPaKUBAHHS OOIUTOB CBSI-
3aHBI C TPOTPEccoM B 00nacTH (pyHIaAMEHTAIBHBIX
HCCIICIOBAHUA MEXaHW3MOB KPHOIOBPEKACHUS U
KPUO3AIUTHl KEHCKUX PEIMPOAYKTUBHBIX KJIETOK C
YUETOM CJEAYIOUIMX OCOOEHHOCTEH WX CTPOCHHS:
OonbI0i pazmep kietok (nuamerp — 120 MM, 00b-
eM — 9,05x10° MKM?) U HH3KO€ OTHOIICHUE TIIOIIAIN
MTOBEPXHOCTH K 00BeMy (p<0,05) [4]. HemanoBaxHy0o
PO B HMCXO/Aax 3aMOPaKWBAaHUSA-OTOTPEBA OOIIH-
TOB WTPAIOT MX WHIWBHUAYAIbHBIC XapaKTEPUCTHKU:
TOJIIHMHA ZP, Haau4ue IUTOINIa3MaTHUCCKIX BKITIO-
YEHUH U BaKyoJIeil, COCTOSIHUE YHAOIIIA3MaTHIECKOTO
peTUKyITyMa, KOTOpbIe HEOOXOIUMO YUIHUTHIBATEH IS
ONTHMH3AIUN KPUOOMOTEXHOJIOTHIECKUX ITPOTOKO-
108 [2].

MurnieHbl0 neicTBruS (PaKTOPOB KPUOKOHCEPBHU-
POBaHUS ABJISICTCS TNIa3MaTHYECKast MeMOpaHa, MeXa-
HUYECKUE XapaKTEPUCTUKU KOTOPOH OIMpenemnstor-
Csl HAJIMYMEM XOJECTepHUHA U CTPYKTYpPHBIX OEIKOB
nuTockenera [16]. B koMIuiekce ¢ MHKpOTpyOOd-
KaM{ U MUKpO(QMIaMEHTaMH IIUTOCKeNIleTa OHa 00e-
CIIEYMBAET PETyIAIUi0 0o0beMa KIETKH TMOoJ MAeH-
CTBHEM OCMOTHYECKOTO (hakTopa. YIIEBOIHBIE KOM-
[TOHEHTHl OOJIEMMBI, HAXOJSAIIHWECS B COCIMHEHUU
¢ Oenkamu (TJIMKONIPOTEHHBI) M JUNUAAME (TJIHKO-
JIATIABI), 00ECTIEYNBAIOT CTaOMIHFHOCTh OEITKOBBIX
MOJIeKyI [8].

Ha pa3spix sTanmax KpHOKOHCEPBUPOBAHUA B pe-
3yJIbTaTe JCHCTBUSA BBICOKMX KOHLIEHTpaUuil KpHO-
MPOTEKTOPOB HAa MeMOpaHe OOLMTA MPOUCXOJIUT
M3MEHEHUE KOHIIEHTPAIIMOHHBIX TPaIUCHTOB, BCICI-
CTBHE KOTOPOTO BO3MOXKHBI €€ CTPYKTYPHO-(YHKIIH-
oHanbpHbIe n3MeHeHus [9]. Kpome Toro, BRICBOOOXK-
JICHUE KOPTUKAIbHUX TPaHyll, IPOUCXOJsIIee MOoce
3aMOPKUBAHUI-OTOTPEBA, HW3MEHSAET BHEKIICTOY-
HBI MaTPUKC OOLMTAa W TPUBOTUT K 3aTBEpIeBa-
HUIO ZP, 4TO CHW)XaeT YacTOTy OILIONOTBOPEHUS
KpPUOKOHCEPBHPOBAaHHBIX OOLMUTOB in vitro [9, 15].
[ToaToMy MeTOZOM OILTOJOTBOPEHUS TaKWUX OOIIH-
TOB ABIISICTCS MHTPAIMTOIIA3MATHIECKasT HHBEKITUS
ciepmusi B oorutazmy (ICSI) [22]. Ilpm mposene-
aun ICSI mpomcxoguT BO3ACHCTBHE HA OOJIIEMMY,
B pe3ynbTare Yero HapylaeTcsi €€ LEIOCTHOCTb.
IIpu 3TOM CcTEneHb BO3ACMCTBUS OT BBEACHUS CIIEep-
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female sexual cells are exposed to physical and
chemical factors that can affect endo- and exocy-
toplasmic structures, such as the fission spindle [1,
8], cytoskeleton [3], Zona pellucida (ZP) [4] and
cortical granules [12]. Their integrity affects the
viability of gametes, fertilization frequency and
morphofunctional features of embryos developed
from cryopreserved oocytes [16]. Advance in deve-
lopment of new methods for oocyte freezing is
associated with the progress in basic research on
the mechanisms of cryodamage and cryoprotection
of female reproductive cells, taking into account
their structural features, such as a large cell size
(diameter — 120 um, volume — 9.05x10° pm’) and a
low ratio of surface area to volume (p < 0.05) [19].
Individual characteristics of oocytes play an impor-
tant role in the outcomes of their freeze-thawing:
ZP thickness, cytoplasmic inclusions, vacuoles, the
state of endoplasmic reticulum, which must be taken
into account for optimizing cryobiotechnological
protocols [2].

Plasma membrane, the mechanical characteris-
tics of which are determined by the presence of
cholesterol and structural proteins of cytoskele-
ton is the primary target of the action of cryopre-
servation factors [13]. In combination with mic-
rotubules and microfilaments of cytoskeleton, it
provides volume regulation under the effect of os-
motic factor. Carbohydrate components of oolem-
ma, being in combination with proteins (glycopro-
teins) and lipids (glycolipids), ensure the stability
of protein molecules [5].

At different cryopreservation stages, action of
high concentrations of cryoprotectants results in
changes of concentration gradients occurs on the
oocyte membrane, possibly leading to structural
and functional alterations [6]. In addition, the
release of cortical granules occurring after free-
ze-thawing changes the extracellular matrix of
oocyte and results in ZP solidification, reducing
the frequency of fertilization of cryopreserved
oocytes in vitro [6, 12]. Therefore, intracytoplas-
mic sperm injection (ICSI) into the ooplasm is the
primary fertilization method of these oocytes [21].
During ICSI oolemma is affected, and as a result,
its integrity is damaged. Herewith, the exposure
during introduction of sperm into the oocyte de-
pends on the cell turgor, which is determined by the
structural and functional characteristics of oolem-
ma. As a result, there may be variations of its inva-
gination depth, which can serve as predictors of
oocyte fertilization and zygotic formation [15, 24].
Whereas structural and functional characteristics of
membrane after cryopreservation can change [22],
we assumed that a decrease in osmotic load at the
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MaTO30Mla B OOLUT 3aBUCUT OT Typropa KJIETKH, KO-
TOPBII OINpeneNseTcs CTPYKTYPHO-(YHKINOHAIBHBI-
MU XapakTepUCTUKaMU o0oJeMMBbl. B pesynsrare
BO3MO)KHBI BapHallMy CTEIICHU €€ WHBaruHaluu, Ko-
TOpBIE MOTYT CIYXHTb MPEIUKTOPaMH OIUIOAOTBO-
peHusl 0OIMTOB M oOpaszoBaHus 3uror [18, 24]. Ilo-
CKOJIBKY ~CTPYKTYpPHO-(yHKIMOHAJbHBIE XapakKTe-
PUCTUKH MEMOpaHbl IOCIE KPHUOKOHCEPBHUPOBAHUS
MOTYT U3MEHATHCA [5], MBI IPEAIOTIOXUIN, YTO CHU-
KEHUE OCMOTUYECKON HAarpy3KH Ha 3TaIle BbIBEACHUS
KpHOTIPOTEKTOpa W3 KIETKH IIO3BOJIUT COXPAHHUTH
(hyHKIIMOHAJIbHBIE XapaKTEPUCTHKH OOJIEMMBI.

Lens uccrnemnoBaHust — CpaBHEHUE CTEIEHU WH-
BarmHaIMM 00JIeMMBI B xoje mpoeneHus ICSI u
4acTOThl 00pa30BaHUSI 3UTOT TPH OILUIOJOTBOPEHUH
HaTUBHBIX M KPHOKOHCEPBUPOBAHHBIX OOIUTOB C
HCTIOJIb30BaHUEM CTaHAAPTHOTO ¥ MOAM(UIIMPOBaH-
HOTO MPOTOKOJIOB BUTPH(PUKALH.

MarepuaJjibl 1 METOAbI

Pesynbrarel wmccnenoBaHus TOMYYEeHBI Ha OCHO-
BaHWHU PETPOCIIEKTUBHOTO aHAIN3a JaHHBIX SMOpPHO-
JIOTUYECKUX MPOTOKOJIOB MAlMEHTOB, MPOXOAUBIINX
Kypc JiedeHus Oecruronus meromamu BPT B memu-
uuHckoM 1eHTpe JIPT-kiMHMKa penpoayKTUBHOM
MEIUIINHBL, T. XapbkoB. Bce MaHUMynsnuu ¢ rame-
TaMU ¥ SMOPHOHAMHU TPOBOAMIN COINACHO ITOJIOXKE-
nusiMm «Konsennmu Coseta EBporisl o0 3amuTe npas u
JIOCTOMHCTBA Y€JIOBEKa B CBA3M C MPUMEHEHUEM JI0-
CTIDKEHUH Onostoruu u meauiuaby (OBbeno, 1997),
noknana [maBHOTO KOMUTETa 10 OMO3THKE «3aluTa
3MOPHUOHOB 4esoBeka in vitroy» (CtpacOypr, 2003) o
WHPOPMUPOBAHHOMY COTVIACHIO TTALIMEHTOB U pellie-
nuto Komwurera mo O6mostuke MuctutyTa mpobiem
Kkpuobuonoruu u kpuomenuuael HAH YikpauHst.

Bcero 0Ob1m0 mpoananuzupoBano 106 00IUTOB,
MONTyYeHHBIX TI0CJIe HWHIYKINH CYTEPOBYISAINH Y
14 >xenmuu 21-38 ner, cpemHuii Bospact (29,9 =+
+ 4,8) ner. OonuThl OBUIM pa3ieicHBl HA TPH TPYIIIHL:
1 — cBexkeBbIIeIeHHBIC OOIUTHI (12 = 40); 2 — OOIHTHI,
KPHOKOHCEPBHPOBAaHHBIE TIO0 CTaHIAPTHOMY IIPOTO-
komy (7 = 30) 1 3 — 0OIMTHI, KPHOKOHCEPBUPOBAaHHBIE
0 MOIU(HUIUPOBAHHOMY IIPOTOKONY (71 = 36).

WNHaykunio cynepoByIALrN OCYIECTBIAIN C UC-
[IOJIb30BaHUEM JIMHHOTO CPEIHEIIOTENHOBOIO Mpo-
TOKOJIa C arOHUCTaMH TOHAOTPONUH-PUIU3UHT TOp-
MOHA M PEKOMOMHAHTHBIM (DOJUTMKYIIOCTHMYIHPYIO-
MM TopMOHOM. KOHTponnpyemyto cynepoByIIsSLUIO
MPOBOAWIM IIPH YABTPA3ByKOBOM M TOPMOHAJIbHOM
MOHUTOpHUHTE. B KauecTBe TpUrrepa GpuUHaILHOTO CO-
3peBaHus (OJUIMKYIOB HCIIOIB30BAINA PEKOMOWHAHT-
HBII XOpUOHUYECKUAN TOHAIOTPOITHH.

[TomyuenHsie mocie acnupaiuu GOILTHKYIOB 00-
IUTH KynsTHBHpOBany B cpere «Global total for fer-
tilization» («LifeGlobaly, CIIIA). Uepe3 4 1 KynbTH-
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stage of removing the cryoprotectant from the cell
allowed to preserve the functional characteristics of
oolemma.

The research aim was to compare the degree of
oolemma invagination during ICSI and frequency
of zygotic formation during fertilization of fresh
and cryopreserved oocytes using standard and mo-
dified vitrification protocols.

Materials and methods

The findings represent a retrospective analysis of
the data of embryological protocols of the patients
undergoing an infertility treatment by ART at the
ART-Clinic of Reproductive Medicine, Kharkiv. All
the manipulations with gametes and embryos were
performed according to ‘The Convention on human
rights and biomedicine of the Council of Europe’
and the report of the Steering Committee On Bio-
ethics (Oviedo, 1997) on ‘The Protection of the hu-
man embryo in vitro’ (Strasbourg, 2003) with an in-
formed patient consent as well as the decision of the
Committee in Bioethics of the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine.

In the study there were analyzed 106 oocytes
obtained after induction of superovulation in 14 wo-
men aged of 21-38 years, mean age made (29.9 =
+ 4.8) years. The oocytes were divided into three
groups: 1 — freshly isolated oocytes (n = 40); 2 —
oocytes cryopreserved according to the standard
protocol (n = 30) and 3 — oocytes cryopreserved ac-
cording to the modified protocol (n = 36).

Superovulation was induced using a long midluteal
protocol with agonists of gonadotrophin releasing
hormone and recombinant follicle-stimulating one.
Controlled superovulation was performed under
ultrasound and hormonal monitoring. Recombinant
chorionic gonadotrophin was used as a trigger for
the final maturation of follicles.

The oocytes obtained after aspiration of follicles
were cultured in Global Total for Fertilization me-
dium (LifeGlobal, USA). After 4 hours of in vitro
culturing, the oocytes were placed into 80 IU/ml
of hyaluronidase solution (LifeGlobal, USA) for
30 sec, thereafter they were denuded (cumulus cells
were removed by pipetting). Two hours after the
described procedure, oocytes evaluated as mature
(stage MII) were cryopreserved according to a stan-
dard protocol: the oocytes were equilibrated for
12 min in 7.5% dimethyl sulfoxide (DMSO) and
7.5% ethylene glycol (EG) and then transferred to
a vitrification solution containing 15% DMSO and
15% EG [10].

Cryoprotection media were prepared based on the
mentioned culture medium. The oocytes were imme-
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BUpPOBaHUs in vitro oonutsl nomeniany B 80 ME/mn
pactBopa ruanyponunassl («LifeGlobaly, CLIIA) na
30 c, mocie 4ero MpoBOAMIN MX JEeHyJauuio (KJIeT-
KU KyMYJIOca yIaJsuii uneTupoBanuem). Yepes 2 u
[oCJie OMMCAHHOW MPOLEAYPHl OOLUTHI, OLICHEHHbIE
kak 3penble (cragus MII), KprokoHCEpBHPOBAIN TIO
CTaHIAPTHOMY NPOTOKOJIY: OOLUTHI SKBUIHMOPHPOBa-
mu 12 muH B pactBope 7,5% aumeruicynabpokcuna
(AMCO) u 7,5% stunenrmuxons (EI'), a 3arem me-
peHocuIu B BUTPUGHUKALMOHHBIN pacTBOp, COIEprKa-
it 15% AMCO u 15% ET" [13]. Kpno3zamurtHsie
pacTBOpPBI OBLIM NMPHUTOTOBJIEHBI HA OCHOBE yKa3aH-
HOW cpelbl KyJIbTHBHPOBHUS. QOIMTHI HEMEIIeH-
HO TMEPEHOCHJIM Ha MOBEPXHOCTh Kpuortomna («lrvine
Scientificy, CIIIA) B 1-2 MKI BUTpUHUKALMOHHO-
r0 pacTBOpa U MOTPYKaJIH B XKUIAKUHM a30T. OOLUTHI
OTOTpEBAIU CIEAYIOMNM 00pa3oM: W3BICUEHHBIN U3
YKUJIKOTO a30Ta KproTon otorpeBasiu B 1,0 M pactso-
pe caxapossl (mpeaapurensHo HarpetoM 1o 37°C).
BrinepxuBany B TeueHHE MUHYTHI U IIEPCHOCHIIN B
1 M1 0,5 M pactBopa caxapo3sl Ha 3 MuH. [locie dyero
OOLIMTHI KYJIBTHBUPOBAIU in Vitro Ha NPOTSHKEHUH
3 4 o BeInonHenus [CSI.

Monudukanus MeTona cocrosia B TOM, YTO OT-
MBIBKY OOILIMTOB OT KPHO3aIIUTHOIO PacTBOpa Ipo-
BOJMJIM MHOTOCTYIIEHYaToO. [l 3TOro OOLUTHI [OCTIe
OTOrpeBa IEPEHOCHUIM B PAcTBOPhl C IOCTEIIEHHO
CHUKAIOIIEHCs KOHIIeHTparuei caxapossr (0,75; 0,5;
0,25; 0,125 u 0 M) u BBIIEP>KUBAIN B KOKIIOM U3 HUX
0 2 MUH.

UnTpanuToniazMaTinieckas HHbEKIHS CIIEPMUs
B OOLIUT ObLJIa MPOBEACHA B COOTBETCTBUHU C 00ILIe-
NpUHATON MeToaukoi [17]. dakT oOpazoBaHUs 3H-
roT KoHcTarupoBanu uepe3 16—-18 u nmocne ICSI no
HAJIMYHIO ABYX MPOHYKIIEYCOB B OOIJIa3M€ OOLUTA.

[Ipu BBemeHuM crepMusi B OOIJIa3My OTMedald
CJICIYIOIME TUITBI MHBAarMHALIMY OONIEMMBI: A — HOP-
MaJlbHasl, C NPOHUKHOBEHHUEM HHBEKIMOHHOHN HIJIBI
Ha ryOmHy a0 1/2 mmamerpa oouwmta; B — Hu3Kas
C NPOHUKHOBEHHEM HHBEKIMOHHON MWIVIBI Ha IIy-
ouny menee 1/3 nuametpa oonuta; C — OTCYTCTBHE
HWHBaruHalUM OOJIEMMBI, IIPOKOJI OOLUTA IPOUCXO-
IUT cpas3y Mocie BBeJEeHUs UIibl; D — noBbleHHas
MPOYHOCTh MEMOpPaHBI, CIOXXHOCTb IPOKONIA, HIVA

diately transferred on cryotope surface (Irvine Scien-
tific, USA) in 1-2 pl of vitrification solution and
immersed into liquid nitrogen. The oocytes were
thawed as follows: the cryotope removed from liquid
nitrogen was warmed in 1.0 M sucrose solution (pre-
heated up to 37°C). It was kept for a minute and
transferred to 1 ml of 0.5 M sucrose solution for
3 minutes. After that, the oocytes were cultured in
vitro for 3 h before ICSI.

The modification of the method consisted in
step-by-step washing of oocytes from cryoprotective
solution. Herewith the oocytes after thawing were
transferred to solutions with a gradually decreasing
concentration of sucrose (0.75, 0.5, 0.25, 0.125 and
0 M) and kept in each of them for 2 min.

Intracytoplasmic injection of sperm into the
oocyte was carried out in accordance with the ge-
nerally accepted procedure [14]. The fact of zy-
gote formation was established in 16—18 hrs after
ICSI by the presence of two pronuclei in oocyte
ooplasm.

During sperm injection into ooplasm, the follo-
wing types of invagination of oolemma were ob-
served: A — normal invagination, with penetration
of injection needle to a depth of up to 1/2 of oocyte
diameter; B — low with penetration of injection
needle to a depth of less than 1/3 of oocyte diame-
ter; C — without oolemma invagination — the oocyte
puncture occured immediately after injection; D —
increased membrane integrity, complicated puncture,
the needle penetrated to a depth of more than 3/4
of oocyte diameter (Fig. 1).

The groups were compared using the y* test. The
data were presented as (M + m) and compared using
two-tailed unpaired #-test. The value of p < 0.05 was
considered as statistically significant.

Results and discussion

The ICSI procedure involves the injection of
spermatozoon, being in micropipette into ooplasm
after ZP dissection [7]. At the same time, we
observed a different degree of oolemma invagination,
according to which the oocyte turgor was judged,
such as: normal; low; completely absent and high.

Puc. 1. Knaccudmkauusa Tmnos nHBarnHaumm oonemmbl npu ICSI: 1 —tun A; 2 — tun B; 3 — tvn C; 4 — tun D. DIC-KoHTpacT.
Fig. 1. Classification of oolemma invagination types during ICSI: 1 —type A; 2 — type B; 3 — type C; 4 — type D. DIC-contrast.

npo6nemu Kpiobionorii i kpiomeaULMHN

problems of cryobiology and cryomedicine
Tom/volume 28, Ne/issue 3, 2018

261



MpoOHHMKaeT Ha TIyOuHy Oonee yem 3/4 numamerpa
ooruTa (puc. 1).

CpaBHEHHsI MEX 1y TPYIIIaMH ObLUTH BBITIOJIHEHBI C
UCIIONB30BaHUEM Y -TecTa. JlaHHbIe ObLIM MpeacTaB-
neHbl kak (M £ m) U CpaBHUBAIUCH C HCIOIh30Ba-
HHEM JIByXCTOPOHHETO HETapHOTO /-TecTa. 3HaYeHHe
p < 0,05 cuntanoch CTaTUCTUYECKH 3HAYUMBIM.

Pe3yabTaThl M 00Cy:KAeHUE

Brmonnaenne ICSI tpebyer BBemeHHs B 0OIIIa3-
My CHEpMHUsI, HAXOASALIETOCS B MUKPOIHUIETKE, TOC-
ne pacceuenus ZP [10]. [Ipu sTom MBI HaOIrOMATH
pasHylo CTeleHb MHBaruHaluu OOJEMMBI (BBICOKa,
HOpMaJibHasl, HU3Kasl ¥ MOJTHOE OTCYTCTBHE), TI0 KOTO-
PO cynuiu o Typrope oouuTa. AHAINU3 3TUX BapHaH-
ToB npH npoBeaeHnu [CSI mo3Bonmi 3aKII0YUTh, YTO
BCE IMPOaHaJIM3MPOBAHHBIE OOLMTHl C MHBarvHalu-
el THIIOB A XapaKTEepU30BAIUCH BBICOKON 4acTOTON
ortofoTBopeHus (Tabmuma). B cmydae tunos B u D
ATOT TOKa3areib ObUT 3HauYUMO Hmke. llpu orcyT-
CTBUM MHBArvHAIMH OOJIEMMBI B TIPOTIECCE HHBEKIINU
criepmus B ooruiazmy (tum C) 9acToTa OIIomoTBOpE-
HUS ObIJIa MUHMMAJIBHOMN, a B OOJIBIIMHCTBE CIIy9acB
OOITUTHI JeTEHEPHUPOBAIH B TEUCHHE HECKOJIBKHX Ya-
cos nocie ICSI.

B natuBHBIX oornuTax npu BeimonHeHuu ICSI B
(83 £ 7,3)% cnyuaeB OblIa OTMEUCHA HOPMAaJIbHAS
WHBaruHanus oojxemmsl (puc. 2, rpynma 1). Ilpu
9TOM 4acTOTa UX OTUIOAOTBOPEHUSI ObLIa JOCTATOYHO
BbICOKOI — Oonee 80% (Tabmuiia). [lociie kpruokoH-
CEpBUPOBAHUS CTAaHIAPTHBHIM METOAOM KOJIMYECTBO
OOLIUTOB C HOPMAaJbHOM HHBAarMHALMEW OOJEMMBI
YMEHBIIWIOCH, OJHAKO HCIIOJIb30BAHUE MOTU(HIIU-
POBaHHOTO METOAA TO3BOJIMJIO YBEJIHYUTH KOJIMYe-
CTBO OOIIMTOB C YKa3aHHBIMH XapaKTEPUCTHKAMH JIO
(69 = 4,9)% (puc. 2, rpymist 2 u 3).

KonuuecTBO OOIIMTOB C HHU3KOW HWHBarvHaruen
MeMOpaHs! (Tuml B) OBTO OMWHAKOBBIM BO BCEX HC-
crenyemsix Tpymnmnax. [Ipu 3Tom gacToTa ormIogoTBo-
pEeHHs TaKUX OOLMTOB OBLIA JTOCTATOYHO BHICOKOW H
cocrasmia (73,5 £ 5.9), (68,6 = 5,6) u (70,2 + 6,6)%
s rpynn 1-3 coorBerctBeHHO. [locie KpuokoH-
CEPBUPOBAHUS YBEIUYMWIOCH KOJIWYECTBO OOIIMTOB
C OTCYTCTBHEM HHBAarvHaIUW OOJEMMBI (IIPU CTaH-
JApTHOM criocobe — B 3 pasa, ¢ moaudukanueii — B
1,5 paza) (puc. 2, rpynnst 1 u 2). Takue OOLMTEHI Jie-
TeHepUpoBaliu cpasy ke nocie BemonHenus [CSI u,
COOTBETCTBEHHO, OTIOJOTBOPEHUS HE TIPOUCXOINIIO.
[Tonmy4eHHBlE pe3yabTaThl COMIACYIOTCS C JaHHBIMH
WCCIIEIOBaHUH, B KOTOPHIX OTMEYEHO, YTO JercHe-
pamys OOIMTOB TECHO CBS3aHA C XapaKTepUCTHKA-
MU 00jeMMBI [23]. OTCyTCTBUE Typropa OOuuTa siB-
JIIETCS TPOTHOCTUYECKUM KpPUTEpUEM HapYIICHUS
SKCTPY3UH BTOPOTO TMOJSIPHOTO Tena. Pa3priB MeMO-
PaHBI MOXKET BIMATH HA KOPKOBBIH KOMIIOHEHT ITHTO-
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YacToTa onnogoTBOPEHNUSI OOLMTOB C Pa3HbIM TUMOM
WHBarMHaLuum oonemMmbl
Frequency of oocyte fertilization with different type
of oolemma invagination

Tuvn uHBarvHauum YacTtoTa onnopgoteopexua B rpynnax, %
0onemMmbl Fertilization frequency in groups, %
Type of oolemma
invagination 1 2 3
A 88,8 + 4,2 83,4 + 7,1 87,9 + 7,3
B 73,5 £ 5,9 68,6 + 5,6 70,2 £ 6,6
Cc 32,2 £ 3,8 21,3 + 4,4* 27,4 £+ 2,5
D 67 + 4,3 55 + 3,9* 59,9 + 3,6*

MpumeyaHue: * — pas3nuyumsa cTaTUCTUYECKU 3HAYNMbl OTHOCU-
TenbHo rpynnel 1, p < 0,05.

Note: * — differences are statistically significant with respect
to group 1, p < 0.05.

The analysis of these variants during ICSI allowed
concluding all the analyzed oocytes with type A
invagination to be characterized by a high rate of
fertilization (Table). In case of type B and D, this
index was significantly lower. When no oolemma
invagination occurred during spermatozoon injec-
tion into ooplasm (type C), the fertilization frequency
was minimal, and in most cases the oocytes dege-
nerated within a few hours after ICSI.

During ICSI a normal invagination of oolemma
was observed in (83 = 7.3)% of cases in native
oocytes (Fig. 2, group 1). Herewith the frequen-
cy of their fertilization was quite a high, namely
above 80% (Table). After cryopreservation with the
standard technique, the number of oocytes with
normal invagination of oolemma decreased, but
the use of modified method allowed to augment
the oocyte number with the mentioned characteris-
tics up to (69 £+ 4.9)% (Fig. 2, groups 2 and 3).

The number of oocytes with low invagination
of membrane (type B) was the same in all the stu-
died groups. Herewith the fertilization frequency
of these oocytes was quite a high and made (73.5 £
+ 5.9), (68.6 £ 5.6) and (70.2 £ 6.6)% for groups
1-3, respectively. After cryopreservation, the num-
ber of oocytes with no oolemma invagination
increased (thrice if using the standard technique
and in 1.5 time if modified) (Fig. 2, group 1 and 2).
These oocytes degenerated immediately after ICSI
performance and therefore no fertilization occurred.
Our findings correlate with the reported data, where
the oocyte degeneration was revealed to be closely
related to oolemma characteristics [23]. The absence
of oocyte turgor is a prognostic criterion of extru-
sion disorder in the second polar body. The memb-
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30JI ¥, CJICJIOBATENILHO, HAa IIUTOCKENIET OOIMTA, YTO
MPUBOJAUT K HAPYIICHUIO CTPOCHUS MHUKPOTpPYyOO-
YeK, OTBETCTBEHHBIX 3a CETPETAII0 U BBHITCCHCHHE
xpoMatu] (B popMe MOISAPHOTO Tella) IPH BTOPOM
MmeroruueckoM aenenuu [20].

[locne KpHOKOHCEPBHPOBAHWS 3HAYMMO YBEIH-
YHIIOCH KOJMYECTBO OOIMTOB C MOBBIIIEHHOW MPOY-
HOCTBIO MeMOpaHnsbI (puc. 2, rpynma 2). OmgHako 3To
HE TOBIUSUIO Ha YacTOTy UX orutomorBopenus. llpu
BemoHeHnu [CSI B oonTax ¢ MOBBIIIEHHBIM TYPro-
POM OOJIEMMBI IS IPOHUKHOBEHHUS MIJIbI B OOILIA3-
My HEOOXOIMMO CO37aTh 0oiee BBICOKOE JIaBleHUE
IUIsL TIPOXOXICHHSI dYepe3 HMHTPAlUTOIIa3MaTH-
YECKUE CTPYKTYPhI, TP KOTOPOM BO3MOXKHO IIOB-
peXxaeHne MeHOTHUYECKOTo ammapara H LUTOCKe-
nera [14]. [ToaToMy Ha Takoe MOBEACHHUE OOJIEMMBI
HeoOxoauMo oOpamiaTh ocoboe BHUMaHHE BO M30e-
JKaHWE JAIBHEHIIETO KyJIbTUBUPOBAHUS U MEPEHOCA
B MOJIOCTh MAaTKH MAIUEHTKH SMOPUOHOB C XPOMOCO-
MHBIMH TIATOJIOTUSIMHU.

B sM0proHax, MONMy4YeHHBIX U3 OOLUTOB CO Cla-
ObIM TYypropom, dHamie BO3HHUKaeT (parMeHTaIus
Y9acTKOB IIMTOILIA3MBI, KOTOpasi acCOLUUPYETCS C
HHU3KUM UMILIAHTAIMOHHBIM MoTeHIaoM [12]. Tlo-
Ka3aHo, YTO CTEIIeHb WHBAIMHAIIUN OOJIEMMBI MOYKET
3aBHUCETH OT COCTOSTHHS ZP. Tak, 0o1tuThI ¢ ZP nMeioT
MOJIyJTb YIIPYTOCTH OOJIEMMBI, KOTOPBIN Oojiee YeM B
85 pa3 Beime, yeM 0e3 ZP [7]. DTO MOXKET 9aCTUIHO
OOBSICHUTh BOXXHYIO POJib ZP B KPHO3AILIUTE O0JIEM-
MBI: CONPOTHBJIICHUE MEXaHHYECKOMY CTpECCy H3-3a
BO3MOJKHOTO 00pa3oBaHUsI JbJia BO BpeMsI KPHOKOH-
CEpBUPOBAHUSI.

KpuokoHcepBrupoBaHue U AalibHEIIee WHBCIIH-
POBaHUE OOIUTOB, JIUIICHHBIX ZP, siBisieTcs mpooiie-
MaTHYHBIM. B uTepartype npenacraBieHbl JaHHBIE 00
WX YCIEIIHOM BBDKHUBaHWH, OILUIONOTBOPEHUU, pa3-
BUTHU AMOPHOHOB W HACTYIUICHHH OepeMEHHOCTH
nociie aMOproTpancdepa B MOIOCTh MaTku [4].

BriBoabI

1. Tun uHBarMHAITMN 00JIEMMBI MOXKET OBITH TIPO-
THOCTHYECKUM (haKTOPOM OIUIOZOTBOPCHHS CBEXKE-
BBIZICJICHHBIX M KPHOKOHCEPBHUPOBAHHBIX OOIUTOB
nocie mnposeaerus ICSI. Oomutsl ¢ HOpMambHOU
HWHBaruHauuen 00JeMMbl XapaKTEPU3YIOTCS BBICOKOM
YaCTOTOM OIUIOMIOTBOPEHUS, TMPU OTCYTCTBUH HWH-
BarMHAIlMM YacTOTa OIUIOJOTBOPEHUS CHHUXKACTCH,
HaOJIOASTCS IETeHEPAIUsl OOIIUTOB.

2. Ilocne KpUOKOHCEPBUPOBAHUS 110 CTAHIAPTHO-
My HPOTOKOJY YBEITUUYHBACTCS KOJIMYECTBO OOLIUTOB
C TIOBBIIICHHON MPOYHOCTHIO MeMOpaHbl. YeThipex-
CTYTIEHYaTbI METOJ BHIBEJICHUSI KPUOIIPOTEKTOPA U3
OOIIUTOB C 2-MUHYTHBIMH WHTepBajamu Oojee d¢-
(beKTUBHBIN JUIA COXpaHEHUS HOPMAILHOTO Typropa
OOLIUTOB, YEM JBYXCTYIICHYATHII.
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KonnyecTtBo ooumnTtoB, %
Number of oocytes, %

1 2 3

JkcnepumeHTanbHas rpynna
Experimental group

Puc. 2. Tun nHBarHauum ooneMmbl B HaTMBHbIX N KPUO-
KOHCEPBUPOBAHHBLIX OOLMTax 4Yeroeeka: W — A; - B;
o-C;m-D.

Fig. 2. Type of oolemma invagination in native and cryo-
preserved human oocytes: m —A; m —B; 0—-C; m —D.

rane rupture may affect the cortical component of
cytosol and, consequently, the oocyte cytoskeleton,
that entails a disordered structure of microtubules,
being responsible for segregation and dislocation
of chromatids (in terms of the polar body) in the
second meiotic division [17].

After cryopreservation, the oocyte number with
an increased membrane strength significantly aug-
mented (Fig. 2, group 2). However, this had no ef-
fect on their fertilization frequency. During ICSI,
a higher pressure should be applied in the oocytes
with an increased turgor of oolemma to penetrate
the needle into ooplasm for passing through intra-
cytoplasmic structures, when meiotic apparatus and
cytoskeleton may be damaged [11].Therefore, this
behavior of oolemma needs special attention in or-
der to avoid further cultivation and transfer into
uterine cavity of the embryos with chromosomal
pathologies.

In the embryos, procured from oocytes with a
low turgor, the fragmentation of cytoplasmic sites
appears more frequently, being associated with a low
implantation potential [9]. The degree of oolemma
invagination rate was shown to depend on ZP state.
For example, the oocytes with ZP have the Young’s
modulus of oolemma, more than 85 times higher
than ZP-free ones [4]. This may partly explain an
important role of ZP in oolemma cryoprotection,
i. e. the resistance to mechanical stress due to a pos-
sible ice formation during cryopreservation.

Cryopreservation and further injection of ZP-
deprived oocytes are questionable. There are the
reported data on their successful survival, fertilization,
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embryo development and pregnancy onset after
embryo transfer into uterine cavity [19].

Conclusions

1. The type of oolemma invagination may be
a prognostic index in fertilization of fresh and
cryopreserved oocytes after ICSI. The oocytes with
normal oolemma invaginations are characterized
by a high fertilization frequency, and if it is absent
the fertilization frequency decreases, and the oocyte
degeneration is observed.

2. After cryopreservation according to the stan-
dard protocol, the number of oocytes with increased
membrane strength augments. A four-step method
for cryoprotectant removal out of oocytes with
2-minute intervals is more efficient for preserving
a normal oocyte turgor than a two-step one.
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