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KpiokoHcepByBaHHSs1 He3pinux oouuTiB Ha cTagil Germinal vesicle.
Konu gouinbHiwe npoBoauTU A03piBaHHA rameT?
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Cryopreservation of Immature Oocytes at Germinal Vesicle Stage.
When Gamete Maturation Performance Seems
to Be Most Appropriate?

Pedhepar: 36epexeHHs pepTUnbHOCTI € OAHUM i3 NPIOPUTETHUX 3aBAaHb PEnpoAyKTMBHOI MeauumHW. OgHak y OHKOXBOPUX
NaLieHTIB, XIHOK i3 Pi3HMMKU PYHKLOHANBbHUMK pOo3nafamMun SEYHMKIB MOXYTb iCHyBaTU NPOTUMOKa3aHHSA abo He ByTn MOXMMUBOCTI Kpio-
KOHCEpBYBaHHSA 3pinMx oouuMTiB/OBapianbHOI TKaHWHU Ans 30epexeHHs penpodyKTMBHOMO noTeHuiany. Tomy po3pobka MeToAiB
KpPIOKOHCEPBYBaHHS HE3PINMX OOLMTIB BBAXAETHCHA anbTePHATUBHO cTpaTerieto. Y poboTi OLiHIOBaNM BUXUBAHICTb, YacTOTY A03PiBaHHS,
3annigHeHHs | po3BUTKY eMOpIOHIB MicnsA KpioKOHCepBYBaHHA Hespinux (ctagia germinal vesicle (GV) — rpyna 1) Ta nonepegHbo [o-
3pinux in vitro (IVM) (rpyna 2) oouuTiB MOPIBHAHO 3i 3pinumMu in vivo ooumTamun Ha ctagii metadasu Il (MIl) (rpyna 3). MokasHuk Bu-
XuBaHocTi ctaHoBuB 97,6, 96,2 Ta 98,2 % ana rpyn 1-3 BignosigHo. Yactota gospisaHHa Ao ctaaii Ml oouutis rpynu 1 6yna 3Ha-
Yyle MEeHLLOK MOpiBHAHO 3 rpynoto 2 i ctaHoBuna 52,0 ta 73,2 % BignosigHo. Hanbinblwa vactota 3annigHeHHs Gyna sadikcoBaHa
B rpyni 3, a HanHwkya — y rpyni 1. Taky camy TeHAeHLUilo cnocTepirany WoAo NOAAnbLIOro po3BUTKY emOpioHiB Ansa rpyn 1-3: yacto-
Ta 6nactynsuii craHosuna 20,0, 38,5 Ta 56,9 % BignoBiAHO. TakMM YMHOM, BWXMBAHICTb KPIOKOHCEPBOBAHUX OOLMTIB HE 3anexuTb
Bif iX cTyneHs 3pinocTti. OgHak 4actota 3annigHeHHs Ta bnactynsauii IVM ooumTtiB Byna HWX4Y00, HX y 3pinux in vivo rameT. Bcera-
HoBneHo, wo IVM oouuTiB AOUINBbHO MPOBOAWUTU Nepen KPiOKOHCEPBYBAHHAM, OCKIMbKM Le [03BONSE oTpuMatn Ginbll BUCOKI
NOKa3HWKM YacTOTW AO3PiBaHHS, 3aMmigHEHHS Ta PO3BUTKY eMOpIOHIB in vitro.

KnrouoBi cnoBa: oounTn, germinal vesicle, gospiBaHHs in vitro, KpiokoHCepBYBaHHS, BiTpudikaLis.

Abstract: Fertility preservation is among the priorities in reproductive medicine. However, the cancer patients and women with
various functional ovarian disorders, wishing to preserve future reproductive potential may have some contraindications or no pos-
sibilities to cryopreserve mature oocytes and ovarian tissue. Therefore, the development of techniques for immature oocyte cryopre-
servation is considered an alternative strategy. Here, we have evaluated the survival, maturation, fertilization and embryo development
rates of immature oocytes (germinal vesicle (GV) stage — group 1) after cryopreservation and in vitro matured (IVM) ones (group 2)
prior to cryopreservation, compared with in vivo matured metaphase-Il (MIl) oocytes (group 3). Survival rates were 97.6, 96.2 and
98.2% for groups 1-3, respectively. The maturation rate of GV oocytes in group 1 was significantly lower than in group 2 and
made 52.0 and 73.2%, respectively. The highest fertilization rate was revealed in group 3, and the lowest one was in group 1.
The groups 1-3 showed the same tendency for further embryo development, i. e. the blastulation rates were 20.0, 38.5 and 56.9%,
respectively. Thus, the survival rate of cryopreserved oocytes did not depend on their maturity rate. However, the IVM oocytes
displayed lower fertilization and blastulation rates, than the in vivo matured ones. It was found that oocytes IVM should be performed
prior to cryopreservation, because it ensured higher rates of maturation, fertilization and embryo development in vitro.

Key words: oocyte, germinal vesicle, in vitro maturation, cryopreservation, vitrification.

306epexeHHs (PepTIIIBHOCTI — OAHO 13 MPIOPUTET-
HUX 3aBJaHb PEeNpOAyKTHBHOI mMemuiuHU. Ha cpo-
TOAHINIHIA JeHb YCHINTHO KPiIOKOHCEPBYIOTH CIIEp-
MaTO301/11, OOLUTH Ta EMOPIOHM JIFOJAUHHU MEPEIiM-
IUIAHTALIAHUX CTaaid po3BUTKY [17]. «3omoTum»»
CTaHJApTOM 30epeKeHHs (QEePTUIBHOCTI JIIOAUHU
€ KpIOKOHCEPBYBaHHsI €MOpIOHIB, OJHAK HOT0 BH-
KOPUCTaHHS MOXKe OYTH HEIOLUIbHUM Y BUIAJIKY,
KOJIM JKIHKa HE BHU3HAYMJIAcs 3 OOpaHIeM i He Mae
HaMipy BHUKOPUCTOBYBaTH JIOHOPCHKI CIlepMaTo-
30i7M, a TaKOX I TPEnyOepTaTHUX TAali€HTOK
]
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Fertility preservation is one of the priority tasks
in reproductive medicine. To date, the human
sperm, oocytes and pre-implantation embryos have
been successfully cryopreserved [17]. The embryo
cryopreservation is considered to be the gold stan-
dard technique for human fertility preservation,
but for women without male partner and not wishing
to use donated sperm, as well as for prepubertal
patients, its use may be inappropriate [5]. In this
regard, the oocyte cryopreservation is the best
way to preserve female reproductive potential.
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[6]. ¥V 3B’s13Ky 3 IIUM HaWKpaluM CrocoOoM 30epe-
KCHHSI PENPOAYKTHBHOTO IOTEHIIaly >KIHKH BBa-
Ka€ETbCSI KPIOKOHCEpBYBaHHS ooulMTiB. Kpim Toro,
Ile JI03BOJISIE OMHHYTH TICBHI €THYHI Ta IOPHINY-
Hi TipoOieMH, SKi BUHUKAIOTH ITiJ] 9ac KPiOKOHCEp-
ByBaHHA eMOpioHiB. OTpHUMaHHS 3piUIHX OOIMTIB Ha
crazii metadaszu 11 (MII) moB’s13ane 3 po3poOICHOIO
P. EnBapmcom iHaykmiero cymnepoByisimii. OmHax
IIPU TOPMOHO3AJICIKHHUX IMyXJIMHAX MPOBEJCHHS CTH-
MYJISIIT SIEYHUKIB HEMOXIIMBE 4Yepe3 HU3KY IIpO-
TUIOKa3aHb, TOMY KPIOKOHCEPBYBaHHS OOLIUTIB He
3aCTOCOBYIOTH JJIs1 30epeskeHHS (epTHIBLHOCTI TaKUX
KIHOK [15]. AJNBTEpHATHBHOIO CTPATETI€) € Kpio-
KOHCEPBYBaHHsI TKaHUHM SI€YHHUKIB 13 IOJAJBILIOO
ayTOTpaHCIUTaHTAIliefo a0o MO3piBaHHAM in Vitro
(IVM). He3Baxkatoun Ha TI€BHI JOCSITHEHHS Y IhO-
My Hampsimi (y pe3yibTaTi 3aCTOCYBaHHS IBOTO Me-
TOMy y CBITI Hapommiocs Tpoxu Oumbme 130 miTeit
[18]) xpiokoHCEpBYBaHHS OBapiadbHOI TKAaHWHU Ha
ChOTOJHI 3aJIMINAETHCS EKCIepUMeHTanbHIM. Jo
TOTO K, ayTOTPaHCIUIAHTAIisl KPIOKOHCEPBOBAHOT
TKaHWUHH IICJIsl OAy)KaHHSI OHKOTIAIIEHTIB Ma€ IMEBHI
PHU3UKH, OCKUIBKM MOXKE CIPUYUHITH MeTacTasy-
Banus [19]. KpiokoncepByBaHHS OkpeMHX (OTIKY-
JiB MO0 O BUPIMIMTH L0 TpoOiieMy, OIHaK Hapasi
iX Jo3piBaHHSA in Vitro HE TIPUBOAWIO IO PO3BHUTKY
3pinux oorwtis [11].

Y npupoAHBOMY LIUKJII OOIUTH B SIEYHHKAX 3Ha-
XOIATBCS Ha PI3HUX CTafisiX PO3BHTKY. Tomy st
30epekeHHsT (PepTHIIHPHOCTI JKIHOK BHUHHUKA€E HE00-
XITHICTE pO3pOOKH €(PEKTUBHUX METOIIB KPIOKOH-
CEpBYBaHHS OOIUTIB PI3HUX CTAJIH 3pIIOCTI, a TAKOK
TaKUX METOJIIB, sKi 3a0e31euarh J03piBaHHs OOLIUTIB
1o craaii MII.

Merta poOOTH — MOPIBHSHHSA BUKUBAHOCTI, 4aCTO-
TH JIO3PiBaHHs, 3[ATHOCTI JI0 3aIUTiTHCHHS 1 PO3BUT-
Ky €MOpIOHIB MiCNs KPIOKOHCEPBYBaHHS HE3pLINX
(cramis germinal vesicle (GV)) ta no3pinux in vitro
OOLIMTIB JIOIVUHU.

Marepiaau Ta MmeToaH

VYei maHInmymmii 3 rameraMu Ta eMOpioHaMH
MIPOBOIIIIMCS  BIMMOBITHO 10 3BiTY lo0NOBHOTO
rxomitety 3 Gioetnknu (CDBI) mpo «3axuct embpio-
Ha sronuau in vitron CDBI-CO-GT3 (CrpacOypr,
2003 p.), Ta pimeHHs KoMmiteTy 3 OioeTWKH [HC-
TUTYTy MNpodiaeM KpioGionorii Ta KpioMeAMLUHH
HAH VYxpainu 3a iHhopMOBaHOIO 3r00I0 MALIIEHTIB.

Hocnimkennst npoBoaunu 3 civag 2017 no Gepe-
3enb 2020 pp. [HaYyKIiIO cynepoByslii 3/iiicCHIOBa-
JU PEeKOMOIHAHTHUM (POTIKYIOCTUMYIIIOIOYUM TOP-
MoHOM (GONAL-f, «Merk-Serono», IlBefinapis) 3
BHKOPUCTaHHSAM aHTAroHICTIB TOHAIOTPOIIH-PHITi-
suaT-ropmony (Llerporun, «Merk-Seronoy). Y sskocTi
Tpurepa (iHampHOTO J03piBaHHS (HOJIKYIIB BHKO-

In addition, it enables avoiding certain ethical
and legal problems that may arise during embryo
cryopreservation. The retrieval of metaphase 11 (MII)
mature oocytes is associated with the procedure
of superovulation induction developed by R. Ed-
wards. However, the ovarian stimulation is not suitable
in patients with hormone-dependent tumors due
to a number of contraindications, thus making
impossible the oocyte cryopreservation in these
women for fertility preservation [14]. Cryopreser-
vation of ovarian tissue followed by autotransplan-
tation or in vitro maturation (IVM) is an alter-
native strategy. Despite certain achievements in
this direction (this method application resulted in
birth of just over 130 children worldwide) [18],
the ovarian tissue cryopreservation has still re-
mained experimental. In addition, the autotrans-
plantation of cryopreserved tissue to cancer patients
after recovery has certain risks of metastasis induc-
tion [19]. Cryopreservation of single follicles could
solve this task, but up to now their in vitro matu-
ration resulted in no mature oocyte development [10].

In natural cycle, the oocytes in ovaries are at
different stages of development. Therefore, the
designing of efficient techniques for oocyte cryo-
preservation at different maturity stages, as well
as the methods that will ensure the oocyte matura-
tion up to MII stage, are necessary to preserve
the female fertility.

The objective herein was to compare the survival,
maturation rate, ability to fertilize and embryo
development after cryopreservation of immature
(germinal vesicle (GV) stage) and in vitro matured
human oocytes.

Materials and methods

All the manipulations with gametes and embryos
were performed in accordance with the report of the
Steering Committee on Bioethics (CDBI) about ‘The
Protection of The Human Embryo In Vitro’ CDBI-
CO-GT3 (Strasbourg, 2003), and the decision of the
Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine of the NAS of
Ukraine by informed consent of patients.

The study was carried-out from January 2017 to
March 2020. The superovulation was induced by
administering the recombinant follicle-stimulating
hormone (GONAL-f, Merk-Serono, Switzerland)
with gonadotropin-releasing hormone antagonists
(Cetrotide, Merk Serono). The gonadotropin-
releasing hormone agonist (Decapeptyl, Ferring,
Switzerland) was used for triggering final follicular
maturation. Oocytes were retrieved by transvaginal
ultrasound-guided (HD-11, Japon) aspiration in 35
hrs after ovulation trigger.
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5 e it i i T sl g
OouunTn NOAMHU Pi3HUX CTadin po3BUTKY: A — repmiHarnb-
HuI Bisukyn; B — MII nicnsa pospiBanHs in vitro; C — MII nic-
NS Jo3piBaHHS in vivo.

Human oocytes at different development stages: A —
germinal vesicle, B — MII after in vitro maturation; C — Ml
after in vivo maturation.

PUCTOBYBaJl aroHiCT TOHAIOTPOIiH-PHIII3IHT-TOP-
moH ([exanmentun, «Ferring», IlBeimapis). Ooru-
TH OTPUMYBAJH IUIIXOM TPAHCBAriHAIBHOI IMyHKIIIT
(dostikyaiB 3 acmipaliero iX BMICTY IIiJi KOHTPOJIEM
V3] (HD-11, «Philips», fAnownis) uepe3 35 romun
IICJIsl BBEJICHHS TPUTEPa OBYJIALLII.

Oouutu Ha cragii GV (n = 136) orpumysanu
y KiHOK (n = 45), cepeaHili BiK SIKMX CTaHOBHB
(32 + 4,6) poxkiB. Hespini oouutu paHgomizoBaHO
posnoxinsiiin Ha rpynu: 1 — IVM oouuTtiB micist
KpiokoHcepByBaHHS; 2 — [VM 0oITiB iepe KpioKoH-
cepByBaHHSIM. KOHTponbHY rpymy 3 cKiamd Kpio-
KOHCEPBOBaHI 3piti in vivo oottt (1 =57) (pUCYHOK).
Cepenniit Bik mamieHTOK (n = 7) Tpynu 3 CKiIanaB
(33 £3,5) poxkis.

Oonutn KpiOKOHCEPBYBAIM 3a JOMOMOTOI0 Kpio-
tor-metony [9]. st uporo micist acmipamii gosi-
KYJiB OOLMT-KOPOHA-KYMYJIOCHI KOMIUIEKCH BiJIOK-
peMITIOBAJIM  BiJi HAaBKPYKHHX KJIITHH KyMYJIIOCY
1 rpaHynbo3W OUIIXOM iXx 3aHypeHHs Ha 30 c y
80 MO/mn pozumH riamyponinasu («Sydney IVF
Hyaluronidase», «Cook Medical», CIIIA) 3 monans-
UM MHEeTYBaHHSAM 10 MOBHOI aeHynamii. Oonutn
riepeHocwn B cepenoBuiie «Global totaly («Cooper
Surgical Fertility Companies», CIIIA) na 2-3 roau-
au npu 5% CO, Ta 37°C. Oountu eKBiniOpyBamn
B po3umHi, kUil mictuB 7,5% erunenrikomo (EI)
(«Sigma», CIIA) Tta 7,5% numeTwicynbpoKCUIy
(AMCO) («Sigmax) 3a remneparypu 20°C npoTsrom
15 xB, micnst 4oro ix mepeHocHsId Ha | XB y BIT-
pudikaniianii pozunn (15% EIL, 15% AMCO Ta
0,5 M caxaposn), po3mimtyBaiu Ha Hocii «Cryotecy
(«Cryo Tech Lab Inc.», Smonis) y miHiManibHOMY
00’eMi piAMHU 1 ofpa3y 3aHypIOBaJM B PIIKUH a30T.

3pasku Bigirpisamm y 1,0 M pozumHi caxapo3u
(«Sigmay) mpu 37°C mpotsarom 1 XB, TIOTIM OOIIUTH
MEPEHOCWIIN Y PO3YMHH Caxapo3d 3 KOHICHTPAII€I0
0,5; 0,25 ta 0 M. OomuTH KyJbTHBYBadd B CTaH-
napuux ymosax CO,-inkybaropa («Hera Cell», Hi-
MeuunHa ) B cepenosuiii «Global totaly.

JKinoui rameru Ha cranii GV nospiBanu in vitro
y cepenopuii «Global total» i3 nomaBaHHAM iH-
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The GV oocytes (n = 136) were retrieved in
women (n = 45), whose mean age was (32 + 4.6)
years. Immature oocytes were randomly divided
into the following groups: the group 1 comprised
the IVM oocytes after cryopreservation; the group 2
included the IVM oocytes prior to cryopreservation.
The cryopreserved in vivo matured oocytes (n = 57)
were in the control group 3 (Figure). The mean age
of patients (n = 7) in group 3 was (33 £ 3.5) years.

The oocytes were cryopreserved by the Cryo-
tope method [8]. For this purpose, after follicle
aspiration, the oocyte-corona-cumulus complexes
were removed from the surrounding cumulus and
granulosa cells by immersing them into 80 IU/ml
hyaluronidase solution (Sydney IVF Hyaluronidase,
CookMedical, USA) for 30 s, followed by pipetting
up to a complete denudation. The oocytes were trans-
ferred into the Global total medium (Cooper Surgical
Fertility Companies, USA) for 2-3 hrs at 5% CO,
and 37°C. They were then equilibrated in the so-
lution, containing 7.5% ethylene glycol (EG) (Sig-
ma, USA) and 7.5% dimethyl sulfoxide (DMSO)
(Sigma, USA) at 20°C for 15 min, followed by
their transfer into vitrification solution (15% EG,
15% DMSO and 0.5 M sucrose) for 1 min, and then
placed on Cryotec carrier (Cryo Tech Lab Inc., Japan)
in a minimum volume of liquid and immediately
immersed into liquid nitrogen.

Samples were warmed in 1.0 M sucrose solution
(Sigma, USA) at 37°C for 1 min, then transferred
into sucrose solutions with 0.5; 0.25 and 0 M
concentrations. Oocytes were cultured under standard
conditions of CO, incubator (Hera Cell, Germany)
in Global total medium.

The GV oocytes were in vitro matured in
Global total medium supplemented with insulin-
like growth factor-I (Thermo Fisher Scientific,
USA) in the presence of cumulus cells for 24-36
hrs. The extrusion of the first polar body indicated
the oocyte maturation to MII stage. Fertilization
was performed in Global total for fertilization me-
dium (Cooper Surgical Fertility Companies, USA)
by intracytoplasmic sperm injection (ICSI) into
oocyte. Fertilization rate was assessed in 16-20 hrs
after ICSI by presented in oocyte ooplasm two
pronuclei and the extrusion of two polar bodies. The
formed zygotes were transferred into 0.8 ml Global
total medium and cultured for 5 days at 5% CO,
and 37°C.

The data obtained were statistically processed
using Statistica 8.0 software (StatSoft, USA). The
groups were compared by the rates of survival,
maturation, fertilization and embryo development
in vitro using the y -tests. The differences were
considered significant at p < 0.05.




cyniHonoaioHoro dakropa pocty-1 («Thermo Fisher
Scientificy, CIIIA) y OpUCYTHOCTI KIITHH KyMy-
mocy npotsirom 24-36 roaun. Exctpysis mepiioro
MOJISIPHOTO TiJla CBiTYMIIA TIPO JO3pPiBaHHS OOIUTY
mo cranii MII. 3arurinHeHHs 37iMiCHIOBAIM B cepe-
moBummi «Global total for fertilization» («Cooper
Surgical Fertility Companies», CIIA) muisxom iH-
TparuToIIa3MaTHIHoro BBeneHHHs crepmis (ICSI)
B oonuT. Yactory ¢peprmimizamii oiHIOBAIU uepes
1620 roaun niciiss ICSI 3a HasgBHICTIO B OOILIA3MI
OOIIMTY JIBOX MPOHYKIJIEYCIB Ta E€KCTpPy3il JBOX IO-
JSIPHUX TiJ. YTBOpEHi 3urotu nepeHocwnn y 0,8 mi
KyJbTypajibHOTO cepenoBuia «Global total» Ta Kyib-
TMBYBaIM npotsarom 5 1i6 mpu 5% CO, ta 37°C.
CraTucTUYHUI aHani3 JaHUX NPOBOIMIIM 32 JIOMO-
MOTOI0 TIporpamMHOTO 3abesnedeHHs «Statistica 8.0»
(«StatSoft», CILIA). s mOpiBHAHHS TPYTI 32 9ACTOTOIO
BIDKMBAHHS, JO3PiBaHHS, 3aIUTIIHCHHS 1 TeMIIaMHU
PO3BUTKY €MOPIOHIB 71 Vifro BUKOPUCTOBYBAJI X,~TECT.
BimminrOCTI BBAXKam 3HaIyIMu 1ipu p < 0,05.

Pe3yabTaTn Ta 06roBOpeHHs

[Micns kpiokOHCEpBYBAaHHS MOKAa3HHKH BHKHMBa-
HOCTI juis Tpyn 1-3 cranosuiu 97,6, 96,2 ta 98,2%
BignoBigHo (Tabmmus). Oountu rpyn 1 ta 2 xapak-
TEpU3yBaIMCs SIKICHUIMH MOP(OJIOTiYHMUMHU ITOKa3-
HUKaMH: OJHOPITHOIO Ta MPO30pPOI0 IMTOILIA3MOIO,
uinicHoto Zona pellucida (ZP). llpore dactoTta 10-
3piBaHHS OOLMTIB rpynu | Oyna 3HadyIle MEHIIO0
MOPiBHAHO 3 rpynoro 2 i cranosmna 52,0 ta 73,2 %
BIJIITOBIIHO.

UYacrora 3arumigHeHHs Oyfla HaWOUIBIIOWD y Tpy-
mi 3, a HaltHmwK4o — y Tpyni 2. CriocTepiranus 3a
MOJIAJIBIIIUM PO3BUTKOM €MOpPIOHIB i1 Vitro J103BO-
JUJIO BHSABUTH, IO CTalii OJacTOUUCTH OOCSIIO
20,0, 38,5 Ta 56,9% emOpioHiB rpyn
1-3 BiAIIOBIAHO.

Bigomo, mo kpiokoHcepBYBaHHS
MOBUHHO 3a0e3meuyBaTd 30epeKeHHs
MOp(hOPYHKITIOHATLHUX BIACTUBOCTEN

Results and discussion

After cryopreservation, the survival rates for
groups 1-3 were 97.6, 96.2 and 98.2%, respectively
(Table). Oocytes of groups 1 and 2 had qualitative
morphological characetristics, i. e. homogeneous
and transparent cytoplasm, integral Zona pellucida
(ZP). However, the maturation rate in oocytes of
group 1 was significantly lower as compared with
those from group 2 and made 52.0 and 73.2%,
respectively.

The group 3 displayed the highest fertilization
rate, and the lowest one was in group 2. Further
embryo development in vitro enabled revealing
20.0, 38.5 and 56.9% of embryos of groups 1-3,
respectively, that survived to the blastocyst stage.

It is known that cryopreservation should ensure
the preservation of morphological and functional pro-
perties of bioobjects. Among the features of MII
oocyte structure is the presence of meiotic spindle,
the microtubules of which are very sensitive to
temperature fluctuations, likely resulting in a disor-
der of chromosome segregation and consequently
in chromosomal aneuploidy. Proceeding from this
fact, the cryopreservation of oocytes at earlier
developmental stages is advantageous. Cryopreser-
vation of mature oocytes showed no increase in
total level of chromosomal aneuploidy in embryos,
but caused certain changes in single chromoso-
mes [3].

The first healthy live birth after vitrification
of in vitro matured oocyte was reported in 2009 [4].
Since then, numerous studies, dealing with the ef-
ficient techniques for immature oocyte cryopreser-
vation and the possibility of their in vitro maturation
to preserve morphological and functional indices,

BwxuBaHicTb, YacToTa 4o3piBaHHS, 3annigHeHHs Ta bnactynsuis
KpiOKOHCEpBOBaHUX OOLMTIB 3anexHo Big cnocoby Ta Yacy Ao3piBaHHS

Survival, maturation, fertilization and blastulation rates
of cryopreserved oocytes depending on way and time of maturation

01000’ekTiB. OmHIE0 3 0COOIMBOCTEN
OynoBu MII oonuTiB € HassBHICTH MEH-
OTHYHOTO BEPETCHA, MIKPOTPYOOUKH
SIKOTO JIy’K€ Yy TJIMBI JI0 TEMITEPATyPHUX
KOJIMBaHb, 110 MOXE CIPUUYUHUTH I10-

pyna
Group

YacTtoTa, %
Rates, %
BuxuBaHicTtb, %
Survival, %

6nactynauii
of blastulation

3annigHeHHA
of fertilization

[o3piBaHHA
of maturation

PYILIEHHS cerperaii XpoMocoM Ta, 5K
HACJIIJIOK, aHEYIUIOIMHUN HaOIp XpOMO-

coM. Y 3B’SI3KY 3 IIMIM KPIOKOHCEPBYBaH-
HSl OOLUTIB Ha OLIBII paHHIX CTamifgX

pO3BUTKY Mae mnepesary. IlokazaHo,
110 KPIOKOHCEPBYBaHHS 3pUIMX OOLH- 3

1 97,6 52,0 38,7 20,0
2 96,2 73,2% 77,5* 38,5*
98,2 89,5** 56,9*%

TiB HE MPHU3BOAWTH JIO 30LUIBIICHHS
3arajibHOr0 PiBHS XPOMOCOMHHUX aHe-
YIIOifii y eMOpIOHIB, aie BHUKIHMKAE
TIEBHI 3MIHH OKPEMHX XPOMOCOM [4].

p <0,05.

p <0.05.

MpuMiTKK: pisHMUA 3Hadywa no BiaHoweHH o rpyn 1 (%) i 2 (%),

Notes: difference is significant with respect to group 1 (*) and 2 (¥),
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[epmie moBimoMIIEHHS! PO HAPOHKEHHS TUTHHU
micns BiTpudikamii oonuTa, 103piBaHHS SKOTO BiJl-
Oynocs in vitro, 3’sBunocs 'y 2009 p. [5]. 3 Toro
Yacy BeJMKa KiJTbKICTh HAYKOBHX ITyOIiKaIliid mpuc-
BSYEHa BHBYCHHIO €(EKTHBHOCTI METONIB Kpio-
KOHCEPBYBAaHHS HE3PUTHX OOIUTIB 1 MOMKIHUBOCTI
iX mo3piBaHHA in Vitro s 30epekeHHS Mopdo-
(byHKIIOHANBHUX TIOKAa3HWKIB. Y IIbOMY acCIeKTi
BAYUIMBE BUBUEHHS (DI3SMUHUX TapaMeTpiB KIIITHHH,
30KpeMa, il Typropy, SKMi Moke OyTH TNpenuK-
TOPOM TOJIABIIOTO YCIIIITHOTO 3aIlIiIHeHHS Ta PO3-
BUTKY eMOpioHa in Vvitro 10 cTajii O1acTOIHCTH.
BBaxaeTbcs, 1mo 1el mapaMeTp € AyKe BaKIUBUM
Ui po3poOKH €PEeKTUBHUX METOIB KPiOKOHCEPBY-
BaHHs [1].

Jesiki aBTOpH CTBEPIKYIOTh, IO y KPiOKOHCEp-
BOBaHMWX TMUIAXOM BiTpuiKallii OOIUTIB dYacToTa
JO3piBaHHS, MOKAa3HUKH KUTTE3MATHOCTI, cTaH ZP
Ta XapPaKTEPUCTHKH MEMOTHYHOIO BEpPETEHA HUX-
9i TIOPIBHSHO 31 CBUKOBHIIJICHUMH OOITUTAMU Ha
cramii GV [12]. KpiMm Toro, y JesiKuX JOCIIIKCH-
HSIX 3a3HAYEHO, 110 KIILKICTE 0onMTIB Ha cramil MII
Oyia 3HA4YHO OUIBIIOK IMiJ| 4Yac JO3pIBaHHS IMepe.
KpIOKOHCEPBYBaHH;IM MLUIAXOM BiTpudikamii 1mo-
PIBHSHO 3 THMH, sIKi J103piBanu MWicis BiAIrpiBY,
IO Y3TOMKYEThCS 3 Pe3yJbTaTaMd HAIIUX JOCHiJ-
’keHb [3, 22]. byno moka3zaHo, IO 3a YacTOTOIO
J03piBaHHS, (YHKIIOHAIEHUM CTaHOM MITOXOH/I-
pifi, xpomarnHy Ta MOPQO(DYHKIIOHATPHUMA Xa-
PaKTepUCTUKAMH MEHOTHYHOTO BEPETEHA OOLUTU Ha
cramisx GV Ta MI, sxi Oymu BiTpudikoBaHi Ticis
JO3pIBaHHS in Vitro, MajdW Kpail TMOKa3HUKH I10-
PIBHSHO 3 MOTIEPEIHBO J103pinuMu ramerami [ 10].

LikaBuUM BHSBWINCS PE3YNbTaTH JOCIIJKEH-
HSl 3 MPOTWJICKHUMHU eeKToM: Micis BiTpudikamii
GV oouuTiB MiJBUINYETHCS YaCTOTA iX JO3pPiBaHHS
no craaii MII, 3nHauyme uwacrime BinOyBaeThes
MapTeHOTeHETUYHA AKTUBAIliSl OOLMUTIB 13 IMOIAb-
IIMMH HOPMAJbHUMH MOPQOKIHETUYHUMHU Xapak-
Tepuctukamu eMOpioHiB [13]. ABTopr BKa3yIOTh, 110
el TO3UTHBHUM pEe3yNabTaT IIOB’sI3aHUM 13 Ji€l0
KpiO3aXUCHUX PO3YMHIB, OCKUIBKH BIJOMO, IIIO
JIMCO Bukimkae THUMYacoBe 301NBIICHHA BMICTY
BHYTpilHbOKTITHHHOTO Ca?' y pi3HMX THNAax Kili-
tuH [14], a Bucoki kxoumentparii EI' (10-40%) —
B Mutrauux oorurax [20]. Onnak edexr EI' Hukunit
3a ToH, mo inaykye IMCO, skuii XapaKTepu3y€eThCsl
OUIBIII BUCOKOKO 37IaTHICTIO JIO MPOHUKHEHHS B KIIi-
tuan [16]. Haii6ineimmm gemo Ca** BBaxaroTh €H-
JOTUTa3MaTUYHUI PETUKYIYM, Yyepes3 SIKUH MITOXOH/I-
pii omocepenKkoBaHO CIPUYMHAIOTH KOHLEHTPALiiHI
KOJINBaHHS 10HIB IIiJl Yac akThBamii oomwtiB [21].
[licas mospiBanHs Tamer Bix cramii GV mo MII
BimOyBaeThes HakomuueHHs Ca’" B €HIOIUTOILIA3-
MaTUYHOMY PETHUKYIyMi, IO HEOOXITHO I 3Milc-
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have been largely reported. In this context, of impor-
tance are physical parameters of cell, particularly its
turgor, which may be predictive for further success-
ful in vitro fertilization and embryo development
to blastocyst stage. One considers this parameter
to be of great importance for developing efficient
cryopreservation techniques [17].

Some authors claimed that the oocytes cryo-
preserved by vitrification showed lower maturation
and viability rates, ZP state and meiotic spindle
characteristics as compared with fresh GV ones [11].
In addition, certain studies displayed much higher
number of MII oocytes during maturation prior
to cryopreservation by vitrification as compared
with those matured after warming, that was con-
sistent with our findings [2, 22]. It was shown that
in terms of maturation rate, functional state of
mitochondria, chromatin and morphofunctional cha-
racteristics of meiotic spindle, the GV and M1 oocytes,
vitrified after in vitro maturation, had higher rates
as compared with pre-mature gametes [9].

Of particular interest were the findings with
an opposite effect, i. e. after vitrification of GV
oocytes their maturation rate up to MII stage was
increased, and a parthenogenetic activation of
oocytes with subsequent normal morphokinetic
embryo characteristics occurred more frequently
[12]. The authors mentioned this positive result to
be associated with the action of cryoprotective
solutions, since DMSO was known to cause a
temporary increase in intracellular Ca*" content in
different cell types [13], and high EG concentra-
tions (10-40%) induced it in mouse oocytes [20].
However, the EG effect was lower than the one
induced by DMSO, characterized by a higher ability
to penetrate into cells [15]. The endoplasmic reti-
culum is considered to be the largest Ca?* depot,
through which the mitochondria indirectly cause
the fluctuations in ionic concentrations during oocyte
activation [21]. After gamete maturation from GV
to MII stage, the Ca®" is accumulated in endocy-
toplasmic reticulum, which is necessary for ion
concentration fluctuations during fertilization [1, 7].
Therefore, a premature induction of Ca’" concent-
ration changes in immature oocytes may entail
premature oocyte activation, thus making impos-
sible its further fertilization.

It has been shown that vitrified MI oocytes
are able to reach the MII stage after warming
under the standard medium, in contrast to the GV
ones. This feature may be due to the oocyte
susceptibility at GV stage, when a meiotic resti-
tution occurs, to cryopreservation factors, in contrast
to the ones at more advanced stage of MI develop-
ment [6].




HEHHS KOHIIGHTPALlIMHUX KOJIMBaHb 10HIB TiJ| 4ac
sarutigHenHs [2, 8]. Tomy mnepeayacHuil BUKIHK
KOHIIeHTpaniiHuX 3MiH Ca’" B HE3piIMX OOIHTax
MOXKE CIIPUYUHHUTH TePEIYacHy aKTHUBAIIO OOIHTY,
10 YHEMOKJIMBITIOE HOTO TTO/IaJIbINe 3aILTi THEHHS.

ITokazano, mro BiTpudikoBani MI oonuTn 3mar-
Hi gocarta cramii MII micis BimirpiBy B cTaHIapT-
HOMY CEpEIOBUINI, Ha BiIMIHY BiJ OOIUTIB CTamil
GV. s ocobnuBicTh MOXe OyTH IOB’si3aHa 3 UyT-
JIUBICTIO OOLMTIB Ha crajii GV, Koyin BiOyBaeThCs
BIJIHOBJICHHSI MEW03y, J10 Jii (haKTOpiB KpiOKOHCEP-
BYBaHHS Ha BIiJIMIHY BiJl OOILIMTIB, SIKi 3HAXOJATHCS
Ha OinbLI MpoCyHyYTiH craaii po3Butky MI [7].

Pesynbratn mpoBeneHOro0 AOCHIHKEHHS IOKa-
3]l BiJICYTHICTh HETaTUBHOTO BIUIUBY KPiOKOH-
CepBYBaHHS NUIAXOM BiTpu(ikaiii Ha BHKHBaHICTh
3pinux i He3pinmx ooruTiB. IIpore wactora mo3pi-
BaHHSI, 3aIUTI THEHHS Ta O1acTyIIAI{ OyIra 3HATYIIE BU-
00 ¥ OOITUTaX, SKi Jo3piBaym Bix ctamii GV mo MII
repe; KpiOKOHCepBYBAaHHSM, MTOPIBHAHO 3 BITpU(iKO-
BaHUMH Ha cTafii GV, mpoTe HMKYOI0 MOPIBHSAHO 3
OOIIUTaMH, J03PIBaHHS SIKUX BiJI0yBaJIOCS i1 Vivo.

OTxe, HAMU BCTAaHOBIICHO, 1110 TOKa3HUKH 3aILTi/I-
HEHHS Ta PO3BUTKY eMOpioHiB in vivo 3pimux GV
OOIMTIB BUIL, HIX JO3PIIMX i1 Vitro, TOMy NEpCIeK-
THUBHOIO € PO3POOKa METOAMYHUX Ta METOAOJIOTTYHUX
MiIXOMIB 1X JTO3piBaHHA, 110 HEOOXigHO s 30epe-
YKEHHS PETPOYKTUBHOT (PYHKIIiT )KIHOK.

BucHoBkn

1. BWXUBaHICTE OOIMWTIB, KPIOKOHCEPBOBAHHUX
METOJIOM BITpH]iKaIlii, He 3aJIe)KUTh BiJl CTYIICHS iX
3pLI0CTI.

2. Bcranosneno, mo IVM oonwurie Ha ctagii GV
JOLIBHO TMPOBOAMTH TEpe]] KPiOKOHCEPBYBAHHSIM,
[0 J03BOJISE OTPUMATH OLTBII BUCOKI MOKa3HUKHU
YacTOTH JIO3PiBaHHs, 3aIUTIIHEHHS Ta PO3BUTKY €M-
OpioHiB in vitro.

Aemopka 6ucnoenioc nooaKy 3a HamxueHHs, nio-
MPUMKY ™A KOHCYIbMAMUEHY OONOMO2Y 3 NUMAHb

Hanucanus cmammi 3a8idysauyi 8i00iny Kpiobionoeii

cucmemu penpodykyii Incmumymy npobnem kpiodio-
noeii i kpiomeouyunu HAH Yxkpainu 0.6.H., cm.H.c.
Tlempywro Mapuni IlaenisHi.

NMiTepatypa

1. Netpywwko MM, FOpuyk TA, Bynepaukast HA, u ap. HBarnHauus
00SIEMMbI B HATUBHbIX 1 KPYOKOHCEPBUPOBAHHbIX OOLIMTaxX Ye-
rioBeka npu ux onaoaoTeopeHun in vitro metogom ICSI. MNpo6-
nemw kpiobionorii kpiomeauumHm 2018; 28 (3): 258-65.

2. Ajduk A, Matagocki A, Maleszewski M. Cytoplasmic maturation
of mammalian oocytes: development of a mechanism respon-
sible for sperm-induced Ca?* oscillations. Reprod Biol. 2008; 8:
3-22.
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Our findings demonstrated no negative impact
of cryopreservation by vitrification on mature
and immature oocyte survival. However, the ma-
turation, fertilization and blastulation rates were
significantly higher in oocytes, matured from GV
to MII stage prior to cryopreservation, if compa-
red with those vitrified at GV stage, but lower than
in vivo matured ones.

Thus, the study showed that the rates of ferti-
lization and in vivo embryo development of mature
GV oocytes were higher than in vitro matured ones,
therefore further investigations should be targeted
on designing the methodical and methodological
approaches of their maturation, needed for preser-
vation of female reproductive function.

Conclusions

1. No dependence of the survival rate of oocytes
cryopreserved by vitrification on their maturity deg-
ree has been revealed.

2. It was established that IVM procedure for
GV oocytes should be performed prior to cryo-
preservation, since it enabled obtaining higher rates
of maturation, fertilization and embryo develop-
ment in vitro.

The author is grateful to Marina P. Petrushko,
D. Sc. (biology), senior research fellow, Head
of the Department of Cryobiology of Reproduc-
tive System of the Institute for Problems of Cryo-
biology and Cryomedicine of the NAS of Ukraine
for the inspiration, support and advice on writing
this article.
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