Probl Cryobiol Cryomed 2016; 26(4):375-382
https://doi.org/10.15407/cryo26.04.375

opuriHanbHe AocnigXeHHs research articlel

YOK 611.013.15/.17:615.014.41
H.O. bygepaubka'?, M.I1. MNeTpyLwko'**

Oouuntn K anbTepHaTMBa eMOpioHaM NpU KpPioKOHCepBYBaHHI AnA
BUKOPUCTAHHA Y AOMOMIXKHUX PenpoayKTUBHUX TEXHOSOrisX

UDC 611.013.15/.17:615.014.41
N.O. Buderatska'?, M.P. Petrushko"®*

Oocytes as Alternative to Embryos in Cryopreservation
Applied in Assisted Reproductive Technologies

Pedpepar: BukopuctaHHa meToaiB kpiobionorii B penpoAyKTUBHIN MeaWLMHI 403BOMSE YCMilLHO KPiOKOHCEepBYBaTu rametu Ta
eMOpioHM NauieHTIB, ki NPOXOAATb KypcC MiKkyBaHHs 6e3nnigas. Y HaykoBil nitepaTypi onncaHo MiAXOAM LWOAO KPiOKOHCEPBYBAaHHS
SIK OOLMTIB, Tak N eMOpIiOHIB, ane NOpPIBHAMbHUI aHarni3 eeKkTUBHOCTI BUKOPUCTAHHSA LMX Mporpam BifACyTHiKW. Y poboTi BuBYanu
OCHOBHi eMBpionoriyHi Ta KMiHiYHi NokasHWKK (Y4acToTa 3annigHeHHs Ta hopMyBaHHA 6nacTouncT; cepefHs KinbKiCTb eMOpioHiB ANns
NnepeHeceHHs 40 NOPOXHMHW MaTKM NaLuieHTKW; YyacToTa HacTaHHSA BariTHOCTI; YacToTa iMnnaHTauii; KinbkicTe 6aratonnigHunx
BariTHocTew) oounTiB abo eMbBpioHIB micns KpiokoHcepByBaHHA. [ocnigpkyBanu oounTtn Ha cragii metadpasm |l meino3y Ta emb6pioHn
NoAnHY N'aToi fobu po3BuTky (cTagis 6nactoumcTw). MokasaHo, WO KPIOKOHCEPBYBAHHS OOLMTIB METOAOM BiTpudikauii He Bnnveae
Ha X 3annigHIoYy 34aTHICTb, NPOTE MOKa3HMK YacToTn hopMyBaHHSA BNAacTOUMCT 3HAYYLLE HWXKYMIA, HXX Y CBIXKOBUAINEHNX OOLMUTIB.
OCHOBHI KnMiHi4YHi NOKa3HWKN edeKTMBHOCTI NiKkyBaHHA CNiBCTaBHi B rpynax i3 BiTpudikalieto oounTiB i eMOpioHIB Ta B KOHTpOMI.
[oBedeHo, O KPiOKOHCEPBYBaHHS OOLMTIB € anbTepHaTMBO 36epiraHHio emMbOpioHiB B yMOBaXx HU3bKUX Temneparyp.

KnrouoBi cnoBa: kpiokOHCepBYBaHHsI, BiTpudikauis, oounTn, embpioHn, bnacrtouncra, nikyBaHHs 6e3nnigns.

Pecbepar: icnonb3oBaHne meToaoB kpuobuonorum B penpoayKTMBHOW MeAWLMHEe MO3BONSAET YCMEeLHO KPUOKOHCEPBMPOBaTb
rameTbl U 3MOPMOHBI NALUMEHTOB, MPOXOAALMX KypC rneveHns 6ecnnogmsa. B HayyHon nutepaTtype onvcaHbl NOAXOAbl K KPUOKOH-
CepBMPOBaHUI0 Kak OOLIMTOB, Tak U AIMOPUOHOB, HO CPaBHUTENbHbIV aHann3 3 dEeKTUBHOCTU MCMOMb30BaHNSA 3TUX NMporpamm
oTcyTcTByeT. B paboTte m3yyanu ocHOBHble amMGpuonNorMyeckme M KNnHUYecKkMe nokasartenu (4actota onnofoTBOpPeHus u dop-
MUpoBaHNA BnacToumncT; cpedHee KONn4yecTBo aMOPUOHOB ANS NepeHoca B NONOCTb MaTKU; YacToTa HacTynneHns 6epeMeHHoCTH;
yacToTa UMMNaHTauumn; KONM4YecTBO MHOroNnoAHbIXx 6epeMeHHOCTEeN) OOUMTOB UM 3MOPUOHOB NOCIE KPUOKOHCEPBUPOBAHUS.
Wccneposanu oounTbl Ha ctagumn metadasbl || meriosa n amOproHbI YenoBeka NATbIX CYTOK pa3BuTUS (CTagusa 6nacTouucThbl).
lMoka3aHo, YTO KPUOKOHCEPBMPOBAHWE OOLMTOB METOAOM BUTPUDMKALUM HE BNUSET Ha UX OMIOAOTBOPSIOLLY0 CNOCOGHOCTD,
O[HaKO nokasaTenb 4acToTbl (POPMUPOBAHUSA BGNACTOLMUCT 3HAYMMO HUXKE, YEM Yy CBeXeBblAeNeHHbiXx ooumuToB. OCHOBHbIE
KNMHUYeckMe nokasatenu apdeKTVBHOCTU NeYeHns COnocTaBUMbl B rpynnax ¢ BUTpudMKaLmein oouuToB U 3MOPUOHOB, a Takke
B KOHTpOmNe. YCTaHOBMEHO, YTO KPMOKOHCEPBMPOBaHNE OOLMTOB SIBMSIETCS anbTepHaTMBOW COXPaHEHWIo 3MOPMOHOB NpU HU3KUX
Temnepartypax.

KnioyeBble crnoBa: KpMOKOHCEPBMPOBaHNE, BUTpUdMKaLMS, 0OUMTbI, IMOPMOHbI, BnacTouncta, nedyeHne Gecnnogus.

Abstract: Application of the cryobiological techniques in reproductive medicine enables the successful cryopreservation of
gametes and embryos of the patients undergoing treatment for infertility. The scientific publications describe the approaches to
cryopreservation of oocytes and embryos, but the comparative analysis of efficiency of using these programs is not available. In the
paper we described the basic embryological and clinical parameters (frequency of fertilization and blastocyst formation; the average
number of embryos per a transfer into the uterus, the pregnancy rate, implantation rate, number of multiple pregnancies) after
cryopreservation of either oocytes or embryos. There were examined the oocytes at metaphase Il stage of meiosis and human
embryos of the fifth day of development (the blastocyst stage). It has been demonstrated that oocyte cryopreservation by vitrification
did not affect their fertilizing capacity, but the rate of blastocyst formation was significantly lower than those of freshly isolated
oocytes. Basic clinical cure rates were comparable in the groups with vitrification of oocytes and embryos, as well as in the control.
The cryopreservation of oocytes has been found as an alternative to preservation of embryos at low temperatures.

Key words: cryopreservation, vitrification, oocytes, embryos, blastocyst, infertility treatment.

BuxopucTtanus kpioGioJOTIYHUX METOJIB y Me-
MUTMHI JO3BOJIMIIO YCINITHO 30epiraTé ramMeTd Ta
eMOpIOHM MAaIli€HTIB, AKi MPOXOAATH KypcC JIIKyBaHHS
oesrumimas [1].

3a JIOMOMOTOK CyYacHUX METO/[IIB JIOTOMIXKHUX
penpoaykTuBHUX TexHONOri# (JIPT) MoxmuBo oTpH-
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Application of cryobiological methods in medicine
allowed to successfully preserve gametes and embryos
of the patients undergoing fertility treatment [15].

Using the contemporary methods of the assisted
reproductive technology (ART) one can get a pool
of oocytes and embryos with quality morphofunc-
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MarTy IyJ1 OOLMUTIB Ta eMOPiOHIB i3 IKICHUMH MOP]O-
(yHKIIOHATPHUMH XapakTepUCTUKaAMU Ta 3a0e3-
MEYUTHU TX BUCOKHAH IMIUTAHTALIHUH ITOTEHIIAL.

Jis BUKIIIOUEHHS MOSIBU OaraTorlliTHUX Barit-
HOCTEH JI0 IOPOXKHUHHM MATKH MAaIlil€eHTKH PEKOMEH-
JIOBAHO MTEPEHOCHUTH OJIMH €eMOPiOH, SIKHIA Ma€ BICOKI
MopGh o] yHKITIOHANBHI XapaKTePUCTUKH, TOMY OTpPH-
MaHHS IEKiTHKOX eMOPiOHIB € HEAOIIITEHUM.

BuxopucranHs KpiOKOHCEPBOBaHUX €MOpiOHIB y
PENPOIYKTUBHIN METUITIHI OB’ I3aHO 3 BAHUKHECHHSIM
eTUYHHUX Ta IOPUANYHHUX NMPOoOJeM, 30Kpema, 1 CTO-
CYETBCS TIPaBa Ha BOJIOAIHHS €MOPIOHAMH y BHIIAJIKY
posnyueHHs noapyxoks. Kpurepii 3amopoxyBaHHs
OOLIUTIB BU3HAYEHO KOMICI€I0 3 eTHYHUX HOpM AMepH-
KaHCBKOT acomianii penpoyKTHBHOI MeAUIIMHH [3].

VY HayKkoBiii JliTepaTypi OMMCaHO METOANUKHU HIONO0
KpiOKOHCEPBYBaHHS OOIINTIB Ta eMOPiOHIB, MPOTE BiJl-
CYTHIH TOPIBHSAJILHUN aHAJTI3 pe3yNbTaTiB JTIKyBaHHS.

MeTta po6OTH — MPOBECTH MOPIBHIBHUAN aHaTi3
eMOpI0JIOTIYHUX Ta KIIHIYHUX IMOKAa3HHUKIB €(EeKTHB-
HOCTI KpIOKOHCEPBYBaHHS OOILIMTIB Ta eMOPIOHIB JIO-
JTIUHU METOIOM BiTpH]iKartii.

Jis moCSITHEHHST MOCTaBJICHOT METH BU3HAYaJH
4acTOTy BW)KMBAHHS, 3aIUTITHEHHS Ta (OpMYyBaHHS
OIaCTOIMCT; KUIBKICTh €MOPIOHIB /ISl IEPEHECEHHS
710 TIOPO’KHUHY MAaTKH Malli€HTKH; YaCTOTY HACTAHHSI
BariTHOCTI; YaCTOTY IMIUIAHTAIli1; KUIBKICTh Oararto-
[UTITHUX BariTHOCTEM.

Marepianu Ta MeTOaU

Yei MaHImyTIAIil 3 ToIMITITaHTAIIHHUME eMOpiOHaAMI
TIPOBOMIIH BIATIOBITHO 10 EBpOTEicHKOTO MPOTOKOITY
3 3axXUCTy eMOpioHiB [17] Ta pieHHs, 3aTBEpKEHOT0
KOMITeTOM 13 Oloetuku [HCTUTYTY TipoOiieM Kpiobio-
norii Ta kpiomenunuan HAH Ykpainu (Xapkis).

[NanienToK, IKUM NpU3HAYaBCA Kypc JTiKyBaHHS 0e3-
ot OyIno posaiieno Ha rpynu: 1 (n=43)—3 mukiIoM
KpiokoHcepByBaHHs oouuTiB; 2 (n = 200) — 3 mepe-
HECEHHSIM KPiOKOHCEPBOBAaHNX eMOPiOHiB; 3 (KOHTPOJI,
n =306) — JiKyBaHHS B HATypaJbHUX a00 CTUMYIIHO-
BaHUX IUKJIAX 13 ICPEHECEHHIM HATHBHIX €MOPIOHIB.

VYci erarmu mporpamu JIPT npoBoawiu 3a crangapT-
HumHu ripotokoiamu (Hakaz MO3 Yipainu Ne787 Bin
09.09.2013 «IIpo 3atBepmienns Ilopsmky 3actocy-
BaHHS JIOTNIOMDKHUX PEHpPOAYKTUBHHUX TE€XHOJIOTIH B
VYkpaini»).

Birpudikauito oonutiB Ta eMOPiOHIB 31iiCHIOBAI
3a MmerogoM M. Kuwayama B moaudikamii [14].
[lepen kpiokOHCEPBYBAaHHSM OOLIMTH Ta eMOpiOHH
BUTPUMYBAJIM B KYJIbTypalbHOMY po3unHi 3 20%-M
anpoyminom «HSA» («Life Global», CILIA) npotsirom
roxuHu. ETam HacHIeHHs KPioPOTEKTOPAMHE OOITUTIB
Ta eMOpioHIB 3ificCHIOBaN TIpH Temriepatypi 20—24°C.
[Hauti ix exBiniOpyBamu mpotsaroM 10—14 XB y po3anHax
7,5% nmumeruncynbdokcuny (JAMCO) ta eTunen-
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tional characteristics and provide their high implantation
potential.

To eliminate the appearance of multiple pregnan-
cies the transfer to the patient’s uterus of one embryo
with high morphological characteristics is recommnded,
so getting multiple embryos is unnecessary.

The use of cryopreserved embryos in reproductive
medicine is related to the emergence of ethical and
legal problems, in particular, it concerns the owner-
ship of embryos in case of divorce. Criteria for free-
zing oocytes are defined by the Commission of Ethics
of the American Association of Reproductive Medi-
cine [1].

The scientific publications describe the methods for
cryopreservation of oocytes and embryos, but there is
no comparative analysis of the treatment outcomes.

The research goal was a comparative analysis of
embryological and clinical efficiency of human oocy-
te as well as embryo cryopreservation by means of
vitrification method.

To achieve this goal there was determined the rate
of survival, fertilization, formation of blastocysts; the
number of embryos to transfer into a patient uterus;
pregnancy rate; implantation rate; number of multiple
pregnancies.

Materials and methods

All the manipulations with preimplantation embryos
were performed in accordance with the European
Protocol on Embryo Protection [16] and the decision
approved by the Committee in Bioethics of the Institute
for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (Kharkiv,
Ukraine).

Patients undergoing infertility treatment were
divided into three groups: 1 (n = 43) those with the
cycle of oocyte cryopreservation; 2 (n=200) the ones
with the transfer of cryopreserved embryos; 3 (control,
n=306) women treated either in natural or stimulated
cycles with a native embryo transfer.

All the stages of ART programs were carried out
by standard protocols (Order of the Ministry of Health
Care of Ukraine dated of September 9, 2013 No787 ‘On
the Approval of the Use of Reproductive Technologies
in Ukraine’).

Oocytes and embryos were vitrified according to
the modified M. Kuwayama method [12]. Prior to
cryopreservation the oocytes and embryos were kept
in culture solution with 20% albumin HSA (Life Global,
USA) for an hour. The oocytes and embryos were
saturated with cryoprotectants at 20—24°C. Later they
were equilibrated for 10-14 min in 7.5% dimethyl
sulfoxide (DMSO) and ethylene glycol solutions.

After equilibration the cells were placed on a bottom
of drops with 15% DMSO and 15% ethylene glycol
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rrikonto. [licnst exBiniOpanii KITiTHHI
MOMIILIATTK Ha THO Kparuli 3 pO34nHAMHI
15% JAMCO Tta 15% eTHUICHIITIKOIIIO.
[Micnst 30-cexyHIHOT €KCTIO3HUITIT TIepe-
Hocuiu Ha Hocill «CryoTec» («Cryo-
tech», SlnoHis) Ta 3aHyproBaiu B
piakwuii a30T. BiTpugikoBaHi 0OLUTH Ta
eMOpioHu 30epirajiud B MOCYJIUHAX
Jlproapa Bijg MicCsIIs 710 POKY.

[Ticast BUIyUYEHHS HOCIS 3 PIJKOrO
a30Ty Horo oapa3sy 3aHyproBanu B 1 M
po3uuH caxapo3u. Uepes 1 XxB oot
Ta eMOpionn 3a Temmneparypu 37°C
nepeHocuiu B 0,5 M po3uuH caxaposu
Ha 3 XB i KyJIbTUBYBAIH in Vitro B cepe-
nosuii Global total («Life Globaly,
CIIA).

Tabnuusa 1. KniHiyHi noka3Huku y nauieHTok gocnimkysaHux rpyn (M £ m)
Table 1. Clinical scores in patients of the studied groups (M + m)

Mpynu
Groups
MokasHuKkmn
Indices
1 2 3
Yucno nauieHToK
Number of 43 200 306
patients
Bik
A 27,7 + 2,8 32,9 £ 2,9 33,1 + 4,2
ge
KinbkicTb
onikynis 10,7 £ 5,1 12,2 + 4,4 8,7 + 3,9
Number of follicles
KinbkicTb oouuTis
Number of oocytes 9,7 £ 3,4 8,8 £ 4,1 8,2 £ 3,3

Cratuctuuny oOpoOKy eKcrepu-
MEHTAJIbHHUX JaHUX IPOBOJMIH 32
MeTonoM CThIOJICHTa 3 BUKOPHCTaH-
HsM iporpamu «Excel» («Microsoft», CLLA). Cratuc-
TAYHO 3HAYYIIUMU BBYKAIH Bi]MIHHOCTI KiJIBKICHUX
nokas3HukiB pu p < 0,05.

Pe3yabTatu Ta 00roBOpeHHs

BiaMiHHOCTI KIIIHIYHMX TMOKAa3HUKIB Y MAIllEHTOK
JOCITIKYBAHUX TPYIT HE OYJIN CTATHCTHYHO 3HATY MU
(Tabm. 1).

J1J1s KplOKOHCEPBYBaHHSI BAKOPUCTOBYBAJIH TIIBKH
3piai oonUTH Ha cTajii Metadasu 11 Meiio3y, mpo 1o
CBiIUMJIa HASIBHICTB IIEPILLIOTO MOISAPHOTO Tijla B IEPH-
BiTeniHOBOMY mpocTopi (puc. 1, A).

IToka3HUK YaCTOTH BH)KMBAHHS OOIUTIB MIiCHs
KpiOKOHCepBYBaHHS AopiBHIOBaB (85,6 = 9,3)%.
Pemra kimitiH Mana o3Haku gerenepaitii (puc. 1, B).

solutions. After a 30-second exposure they were
transfered to a CryoTec carrier (Cryotech, Japan) and
immersed into liquid nitrogen.

The frozen oocytes and embryos were stored in
Dewar vessels during one month up to a year.

Oocytes and embryos were thawed at 37°C. After
removal of the carrier out of liquid nitrogen it was
immediately immersed into 1 M sucrose solution. After
1 min the oocytes and embryos were transferred into
0.5 M sucrose solution for 3 min and cultured in vitro
in the medium Global Total (Life Global, USA).

Experimental data were statistically analyzed with
the Student’s test using the Excel software (Microsoft,
USA). The differences of quantitative indices were
considered as statistically significant at p < 0.05.

Puc. 1. 3pini oounTtn ntoguHmn Ha ctaaii metadpasm Il meriosy. HatusHuin npenapat: A — 0OUNUT OO KPIOKOHCEPBYBaHHS;
B — nereHepoBaHuin oouMT nicns KpiokoHcepByBaHHS, x400.

Fig. 1. Human mature oocytes at metaphase Il. Fresh oocyte: A — oocyte prior to cryopreservation; B — degenerated
oocyte after cryopreservation, x400.
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Buacnigok Toro, mo Ha crtamil
Metadasu 1 oot MaroTh BEHUKHIA
PO3Mip, BUCOKY Uy TJIUBICTH 1O HU3b-
KOi TeMmepaTypu 4epe3 3HaYHUH
BMICT BOJH, a TAKOK HU3bKE CIIIBB1/I-
HOILICHHS ILJIOILII TOBEPXHI 70 00’ eMy
BUHHUKAIOTH MEBHI TpymHomi. Tak,
LITTICHICTh BEpETeHa MOIITY Ma€ BU-
pimanabHe 3HAYCHHS TS IO TTiCIst
3arTiAHeHHS i Mero3y [15].

VY Hamomy JOCHiJKeHHI Kpio-
KOHCEPBYBAHHS HE BIUTMBAJIO Ha 311aT-
HICTH OOILIMTIB A0 3aInIigHeHHs. Tax,
MMOKa3HUK YacTOTU (popMyBaHHS 3U-
roTy rpymi | OyB Ha piBHI HATUBHUX
KIIiTUH (Tadm. 2).

Cuij 3a3HAYUTH, 11O ITiCTII 3aMO-
poxxyBaHHs-BiAirpiey 100% ooruris
Oynu 3amiigHeHl IIIAXOM IHTpa-
nuromaazMatuyHoi i’ exuii (ICSI),
OCKIJIBKH 3a pe3yJbTaraMu Tole-
pemHIX JOCHIIXKEHb MOKa3aHa He-
e(PeKTUBHICTD IX 3alIiJHEHHS 3a
JOTIOMOTOI0 PYTHHHOI TEXHIKH 1HCe-
miHawii in vitro. Yacrka ICSI nux-
B y rpynax 2 Ta 3 cTaHOBHJIA HE
oinbie 50% [8].

Kpim Toro BcTaHoBIieHO, 10 iHTE-
IrpalbHUN TOKa3HUK €(EeKTHBHOCTI
eMOpIOJIOTIYHOTO eTalry MpoTrpaMu
JKyBaHH: O€31ITi A5 32 IOTIOMOT 010
JPT — gactora dopmyBaHHs Oiac-

Tabnuua 2. EMGpionorivHi Ta KniHiYHI NOKa3HWKM eeKTUBHOCTI
KpiOKOHCEpPBYBaHHS OOLMTIB Y NaLieHTOK AOCNigKyBaHUX rpyn
Table 2. Embryological and clinical characteristics of cryopreservation
efficiency of oocytes in patients of the studied groups

IMokasHukn
Indices

pynu
Groups

2

KinbkicTb oouunTis
Number of oocytes

417

1760

2509

YacToTa BMKMBAHHA
ouuTis, %
Survival rate of oocytes, %

85,6 + 9,3

KinbkicTtb ICSI unknis
Number of ISCl cycles

43

99

YacToTa 3annigHeHHA, %
Fertilization rate, %

92,7 + 8,8

96,6 + 7,8

95,3 + 6,6

YacTtoTa chopmyBaHHA
6nactounct, %
Frequency of blastocyst
formation, %

46,1 + 5,2

58,0 = 4,4*

48,8 + 4,2

YacToTa BMKMBAHHA
6nactounct, %
Survival rate
of blastocysts, %

96,8 + 3,3

KinbkicTb nepeHeceHnx

eMOpioHiB Ha LMKN, ofA.

Number of transferred
embryos per cycle, units

20 +04

1,9 +£0,2

YacToTa HacTaHHA
BaritHocTi, %
Frequency of pregnancy
onset, %

68

YacToTa imnnaHTauii, %
Implantation frequency, %

27

29

18,8

BaraTonnigHi BaritHocTi, %
Multifetal pregnancy, %

9,3

18,5

15,8

TOIHCT — OyB HAWBHUIIIMM Y TIAITIEHTOK
rpymu 2.

BcranoBrneHo, 110 miciist KpiOKOH-
CEpBYBaHHsS METOJOM BiTpUdikarii
MOKA3HUK YaCTOTH BHYKMBaHHSI O1ac-
Touuct AopiBHIoBaB (96,8 + 3,3)%, pi3HHLA AKOTO €
CTaTUCTUYHO 3HAYYLIOIO MOPIBHSIHO 3 JAHUMHU IOJ0
e(heKTUBHOCTI KPIOKOHCEPBYBaHHS OOIUTIB (Ta0II. 2).

HesBaxaroun Ha Te, 1m0 B poboti Oynu BiTpudiko-
BaHi 0JIACTOLMCTH 3 PI3HUMHU MOPPOPYHKLIIOHATEHUMH
XapaKTepUCTHKAaMU (BiJl paHHBOI 10 EKCTIaH/I0BAHOI 3
MOYaTKOM BUKJIOBY 3 zona pellucida) (puc. 2, A),
yC1 BOHM MaJIl BUCOKHH PIBEHB KUTTE3AATHOCTI ICIS
Bimirpisy (puc. 2, B).

AHaJti3 OCHOBHUX MTOKAa3HHUKIB €)eKTUBHOCTI MTPOT-
paM JiKyBaHHS O€3TUTiII MOKa3aB, M0 y MaIli€HTOK
13 IMKJIAaMU KPIOKOHCEPBYBaHHS OOIMTIB Ta eMOpio-
HiB OyB BUCOKH PiBEeHb YaCTOTH HACTAHHS BariTHOCTI,
MPUYOMY y TpyHi 2 BiH NEPEBUILYBaB KOHTPOJIbHUH.
i nani cBiguaTh mpo Te, UI0 BITpUQIKALis OOLUTIB
Ta eMOpioHIB 703BOJIsiE 30eperTd O10JOTiYHMN TOo-
TEHIiaJ] KIITHH Ta 3a0€3MeUYnTH HACTaHHS HOpMaJlb-
HO{ BariTHOCTI.

p<0.01.
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MpumiTka: * — BIAMIHHICTb 3HavyLLa y NopiBHSAHHI 3 rpynamm 1 Ta 3, p < 0,01.
Note: * — difference is statistically significant if compared with the groups 1 and 3,

Results and discussion

Differences of clinical scores in the patients of the
studied groups were not statistically significant
(Table 1). For cryopreservation only mature oocytes
at metaphase Il of meiosis were used, that was
evidenced by the presence of the first polar body in
perivitelline space (Fig. 1A).

The survival rate of oocytes after cryopreservation
was equal to (85.6 = 9.3)%. The remaining cells had
the signs of degeneration (Fig. 1B).

Since the oocytes at metaphase Il are large, highly
sensitive to low temperature due to significant water
content, have a low ratio of surface area to volume,
some difficulties appear. So, the integrity of the spindle
apparatus is crucial for the events after fertilization
and meiosis [13].

In our study cryopreservation did not affect the
ability of oocytes to fertilize. Thus, the rate of zygote
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Puc. 2. EmMbpioHun noguHu Ha ctagii 6nactouuctn oo (A)
Ta nicna (B) kpiokoHcepByBaHHA. HaTuBHUIM npenapar;
x400.

Fig. 2. Human embryos at blastocyst stage prior (A) and
after (B) cryopreservation. Fresh oocyte; x400.

3a manumu BceecBiTHbOi Opranizamnii OxopoHu
3[I0pPOB’ s JIIKyBaHHs O€31L1i 17151 3 BUKOpucTanusm JIPT
BBXKAETHCS YCIINIHUM, SKIO BariTHICTh MaJja repe-
Oir i3 O/HUM HOPMAaJIFHO PO3BUHEHUM III0J0M [16].
bararomigHa BariTHICTh PO3TIISIAETHCS K YCKIIAI-
HEHHSI, OCKUIbKH BUHUKA€E PU3UK [TEPEAYACHUX TOJIOTIB,
HapOJPKEHHS AiTeH i3 HaIMIpHO MaJIOI0 Macolo Tiia
toto [9].

Ha manwit vac mepen ¢axiBIsIMU TTOCTAE BAXKITUBE
MIUTaHHS, K 3HU3UTH PU3UK 0araToruIiIHOCTI Ta B TOU
CaMH#l 4ac MiJBUIIUTH OCHOBHHU MOKA3HUK IIPO-
ueayp APT — kinpKicTh HAPOKCHUX KUBHUX JITEH.
Posrnsimatorbest 1Ba mijXou: IEPEHECEHHS JI0 TI0-
POKHMHHM MaTKH TiJIbKH OJHOTO emOpioHa [10] Ta
BUKOPHCTAHHS IHCTPYMEHTANIbHOI peayKINil A
KOpekIii yucia mioniB. OgHak, y IepuioMy BUIAIKY
ICTOTHO 3HIKYETHCA epekTuBHICTh mporpamu JIPT,
a B IpyTOMy — 301JBITY€EThCS PU3UK MUMOBIJIBHOTO

abopry [2].
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formation in group 1 was at the level of native cells
(Table 2). It should be noted that after freeze-thawing
100% of oocytes were fertilized by intracytoplas-
mic injection (ICSI), as the previous studies have
shown the ineffectiveness of fertilization using rou-
tine techniques of in vitro insemination. The share of
ICSI cycles in groups 2 and 3 was not more than
50% [6].

It has also been found that the integral efficiency
of embryological stage of the program for treating
infertility using assisted reproduction, i.e. the frequency
of forming blastocysts, was the highest in group 2
patients.

After cryopreservation by vitrification the blastocyst
survival rate made (96.8 + 3.3)%, that was statistically
significant if compared with the data on the efficiency
of oocyte cryopreservation (Table 2).

Despite the fact that in this research there were
vitrified the blastocysts with various morphological
characteristics (from early to expanded one with the
onset of zona pellucida hatching) (Fig. 2A), all of them
had high viabilities after warming (Fig. 2B).

Analysis of key indices of efficiency of fertility
treatments showed that patients with the cycles of
oocyte and embryo cryopreservation had a high
pregnancy onset rate, and in group 2 it exceeded the
control. These data suggest that vitrification of oocy-
tes and embryos allows preserving the biological
potential of cells and providing the onset of normal
pregnancy.

According to the World Health Organization the
treatment of infertility using the assisted reproductive
technologies is considered as successful if the preg-
nancy is monofetal with normal development of the
fetus [14]. Multiple pregnancy is seen as a complication
because there is a risk of premature birth, birth of chil-
dren with extremely low birth weight etc. [7].

Currently the experts face big challenges as to
reduce the risk of multiple fetation and at the same
time to increase the basic rate of IVF procedures,
the number of live born children. We are conside-
ring two approaches: transfer to the uterus of only one
embryo [8] and use of reduction tool to correct the
number of fetuses. However, in the first case the effec-
tiveness of ART procedures greatly reduces and in the
second the risk of spontaneous abortion appears [17].

An alternative approach might be the transfer of
two embryos in a stimulated cycle, followed by
cryopreservation of the embryos remaining. This will
provide opportunities to establish clear morphological
criteria for embryo development, i.e. their high imp-
lantation potential and genetic integrity.

In our study, the multiple pregnancy rate was the
lowest in group 1, that could be considered as a positive
result.
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ANBTEepHATUBHUM ITiIXOJ0M MOXE OyTH mepe-
HECEHHS JIBOX eMOPiOHIB Y CTUMYJIHOBAHOMY IIHUKJII 3
MOAAJBIINM KPIOKOHCEPBYBaHHIM TUX eMOP1OHIB, sIKi
sanummiucs. Lle HazacTe MOXKIMBOCTI BU3HAYUTH
YiTKi MOPQOIOriuHi KpUTEpil PO3BUTKY €MOPIiOHIB,
TOOTO X BUCOKMH IMIUIAHTALIIHUI [MOTEHIIaN 1 re-
HETUYHY ITOBHOLIHHICTb.

VY Hamomy AOCTIDKEHHI MOKa3HUK 4acTOTH Oara-
TOIUTITHAX BariTHOCTEH OyB HAWMEHIIINM y TpyTIi 1, 1110
MOYKHA BBKATH MO3UTUBHUM PE3yIbTATOM.

BpaxoBytouu Te, 1110 OCHOBHI [TOKa3HUKH €(DEKTHB-
HOCTI IIPpOrpaMm JIIKyBaHHS O€3IUTi YIS y AIEHTOK Tpyny |
Oy CIiBCTaBHUMH 3 TPyTIaMH 2 Ta 3, MOYKHA BBa)KaTH,
110 BiTpH]iKaIlis He BIUTUBAJIA Ha TIOJAJIBIITY 3aTHICT
OOLIUTIB [0 3aILTiTHEHHS, PO3BUTOK Ta IMIIAHTALIIIO.

MeTtoanyHi MigXoau LIOA0 KPiOKOHCEPBYBAHHS
OOLIMTIB Ta eMOPiOHIB 1’ATOI 100K PO3BUTKY Oynu
inenTHaHUMH. Lle ToB’si3aHe 3 TUM, 110 OJTHUM 13 BUpI-
LIaJIbHUX TTOKa3HUKIB IPU BUOOPI METOAY KpPiOKOH-
CEpBYBAHHSI € CTaH LUTOIJIA3MH OOLIUTIB, SIKA MICTUTb
90% Bou. Y TO# yac eMOpIOHH Ha CTa/1ii OIaCTOLUCTH
CKJIaIAIOTHCS 3 TPOPEKTOAEPMH Ta BHYTPIIIHBO-
KJIITHHHOT MacH i MalOTh PO3IIUPEHY OJIaCcTOIENb, sIKa
Moxke 3arimatu Bix 50 10 90% 06’ emy O1acTOIHCTH.

D. Gook Ta cmiBaBr. [ 12] ogep:kaiii BUCOKI [TOKa3-
HUKH BUKUBaHHS BiTpuQikoBaHux ooruTtis (90,5%) Ta
4acTOTH iMIUTaHTaIlii emOpioHiB (32,7%), a KIIiHIYHI
pe3ysbTaT JTiKyBaHHS Oe31u1i1s Oyin CiBCTaBHUMHU
3 JaHuMu Oe3 KpiokoHcepByBaHHs. [licis BiTpudikarii
0JIaCTOLMCT YacTOTa BHKUBAHHS cTaHOBHIA 94%,
a yactoTa imriagTamii — 31,5%.

VY po6ortiJ. Benard [4] yBara akueHTy€eTbCsI Ha yaoC-
KOHAJICHHI METOJiB KPiIOKOHCEpBYBaHHS OOLUTIB Ta
eMOpiOHIB, 0COOIUBO JUIsl 30epeKEeHHS] TEHOPOHTY
POIMHH TIPH OHKOJIOTIYHHX 3aXBOPIOBAaHHSIX, aje
MOPIBHSUIbHA OIiHKAa €(PEeKTHBHOCTI IX KPiOKOHCEp-
ByBaHHS BIJICYTHSI.

VY po6oti D. Gook [11] BcTaHOBIIEHO, 1110 YacTOTa
BIKMBAHHS OOIMTIB Y BIIKPUTIH CHCTEMI JJOPIBHIOE
89,7%, a 'y 3axputiii — 90,5%. Ha Biaminy Bix Hamoro
JOCITiIKCHHS1, aBTOPY TPAHCIUIAHTYBaJIX eMOPiOHU Ha
Ipyry 100y PO3BHUTKY, TOMY 4aCTOTa HACTaHHS BariT-
HOCTI OyJia HIXKYOIO.

VY po6oti P. Boyer [5] BcTanoBieHo 30iibIneH-
HSI KyMYJISATUBHOTO €(DeKTy 4acTOTH KIIIHIYHHUX Ba-
ritHoctel (62,0 ta 69,6% BiAMOBIIHO) IS LIUKIIIB 13
BUKOPUCTAHHSIM BITPU(IKOBAHUX OOIUTIB Ta eMO-
PIOHIB.

3 pe3ynbraraMu HalluX JOCIIKEHb Y3TOIKYOThCSI
nani A. Cobo Ta criBaBt. [7]. Y mporpami JoHamii
OOILIMTIB 3 BUKOPHUCTAHHSM BEIHMKOTO Marepiaiy
(6impm 3000 «cBixux» Tta 3000 BiTpuiKoBaHUX
oouTiB (92,5% BWKHMBAaHHS)) HETATHBHOTO BILIUBY
KpiOKOHCEpBYBaHHs He OyJI0 BUSIBIICHO.

F. Ubaldi Ta cniBasr. [18], sKi BUKOPUCTOBYBaJIH
BiTpHuikamiro 3a merogom M. Kuwayama, BcTaHO-
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Keeping in mind that the main indices of efficien-
cy of infertility treatment in group 1 patients were
comparable with groups 2 and 3, we may assume
that vitrification does not affect the following ability
of oocytes for fertilization, implantation and deve-
lopment.

Methodological approaches to cryopreservation of
oocytes and embryos up to the 5th day of development
were identical. This is due to the fact that one of the
critical parameters when choosing the cryopreservation
method is the state of the oocyte cytoplasm, which
contains 90% of water. While embryos at the blastocyst
stage consist of trophectoderm and intracellular weight
and have an extended blastocoel, which can take from
50 to 90% of the blastocyst.

D. Gook et al. [10] obtained high survival rates of
vitrified oocytes (90.5%) and embryo implantation rate
(32.7%), as well as clinical outcomes were consistent
with the fertility data without cryopreservation. After
vitrification of blastocysts the survival rate was 94%
and the implantation rate made 31.5%.

The report of J. Benard [2] focuses on improving
the cryopreservation methods for oocytes and embryos,
especially to preserving the family gene pool in case
of oncology diseases, but a comparative evaluation of
the efficiency of their cryopreservation is missing.

Asreported by D. Gook [9] the survival rate of oocy-
tes in an open system made 89.7%, and a closed one it
made 90.5%. In contrast to our study, the authors
transplanted the embryos on the second day of deve-
lopment, so the pregnancy rate was lower.

In the research of P. Boyer [3] an increase in cumu-
lative effect of the frequency of clinical pregnancies
(62.0 and 69.6%, respectively) for the cycles with the
vitrified oocytes and embryos was found.

Our findings are consistent with the ones of A. Co-
bo et al. [5]. Their studies were performed during
donation of oocytes at quite large material (more than
3,000 ‘fresh’ and 3,000 vitrified oocytes (92.5%
survival)) cryopreservation had no negative impact on
the results of fertility treatment.

F. Ubaldi et al. [ 18] used the vitrification according
to M. Kuwayama method and revealed that in patients
aged over 34 the pregnancy rate and frequency of
implantation were decreased. Therefore, in our next
studies it would be interesting to compare the survival
rate of oocytes, their fertilizing capacity and dynamics
of morphological characteristics of embryos in women
of all the ages.

Some studies emphasized the futility of oocyte
cryopreservation because of reduced quality of emb-
ryos and the small number of blastocysts derived from
vitrified oocytes. D. Braga ef al. [4] suggest that
vitrification of oocytes followed by intracytoplas-mic
sperm injection reduces the embryo competence
compared with ‘fresh’ cycles.
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BWJIH, 1110 y TTAITIEHTOK BIKOM Bif] 34 pOKiB 3HIKYBAJIACs
YaCcTOTa HACTAHHS BAariTHOCTI Ta YaCTOTA IMILIAHTALI].
Tomy B HamIKMX HACTYIMHHUX JOCHIKEHHSX Oyno O
IIKaBO MOPIBHATH MOKa3HUKH BHKUBaHHS OOIUTIB, TX
3aILTiIHIOI0UY 371aTHICTh Ta JTUHAMIKy MOpP(GOPYHK-
LIOHAIBHUX XapaKTEPUCTHK eMOPIOHIB Y 5KiHOK Pi3HOTO
BIKY.

VY neskux poOOTax BKa3yeThCs Ha Oe3MepCreK-
THUBHICTh KPIOKOHCEPBYBaHHSI OOIIUTIB Yepe3 3HIKCH-
HS IKOCTi eMOpIOHIB Ta May KiTbKICTh OJaCTOIHCT,
OTpUMaHMX i3 BiTpudikoBanux oonutis. D. Braga Ta
CITiBaBT. [6] BBaXKaroTh, IO BiTpU(DiKaIis OOMHTIB
13 MOJATBIIIOI0 THTPAUTOILIA3MATHYHOIO 1H EKITIEI0
CIEPMU MPU3BOIUTH J0 3HMKCHHSI KOMIICTCHTHOCTI
eMOpioHa y TIOPIBHSAHHI 3 «CBIKUMID ITUKIIAMH.

L. Herrero Ta criBagr. [ 13] 3po0win BUCHOBOK, IIIO
HE3Ba)Kal4W Ha Te, 10 KPIOKOHCEPBYBAHHS OOIIUTIB
HE BIUTMBAE HA MOJNAJBIINN PO3BUTOK eMOpioHa,
HEOOX1THUM € JTOCIIJKCHHSI CTaHy 3I0pOB’Sl HAPOJI-
JKEHUX JIITEH JIJISl BUKJIFOUCHHSI OY/Ib-SIKUX HECIIPUSIT-
JIMBUX HACTIKIB KPIOKOHCEPBYBaHHSI.

BucHoBkH

TakuMm 4rHOM, KPIOKOHCEPBYBaHHSI 32 JIOTIOMOTOIO
BiTpH(iKaIlii He BIUTUBAJIO Ha 3aILI1THIOI0UY 31aTHICTh
OOIIHTIB, TPOTE MOKA3HUK YaCTOTH (pOpMyBaHHs Oac-
TONHCT OYB 3HAUYIIE HIDKINM, HIK Y Tpymnax 0e3 Kpio-
KOHCepBYBaHH:. He3Baxxarouu Ha 1€, OCHOBHI KJIiHIYHI
XapaKTEePUCTHKU €(PEeKTUBHOCTI JIIKYBaHHSI CIIiBCTaBHi B
rpynax Mari€eHToK i3 BiTpr(iKaLiero OOLUTIB Ta eMOPIOHIB
1B TPy, B SIKI KPIOKOHCEPBYBaHHSI HE IPOBOIMIIOCS.

OCKiNbKM KpiOKOHCEPBYBaHHS OOLUTIB 103BOJISIE
BUPIIMIATH HU3KY MEANIHUX, COIIaTLHUX, MOPATHHO-
eTUYHUX, IOPUANYHUX Ta IIPABOBUX IPOOJIEM, TO BOHU
MaroThb CTaTU aJITEPHATHUBOIO AJIsI KPIOKOHCEPBYBaHHS
eMOpIOHIB 13 METOI0 BUKOPHUCTAHHS Y JOMTOMIXHHUX
PENpORYyKTUBHUX TEXHOJIOTLX.
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The paper of L. Herrero et al. [11] concluded that
despite the fact that oocyte cryopreservation has no
effect on the further development of the embryo, it is
necessary to study the health of children born to rule
out any adverse effects of cryopreservation.

Conclusions

Thus, cryopreservation by vitrification did not affect
the fertilizing ability of oocytes, but the rate of blasto-
cysts formation was significantly lower versus the
groups with no cryopreservation. Nevertheless, the
basic clinical characteristics of treatment efficiency
were comparable in the groups of patients with oocyte
and embryos vitrification, as well as in the group with
no cryopreservation.

Since the cryopreservation of oocytes allows the
solving of a number of medical, social, ethical, legal
and juridical problems, then they could be an alternative
when using in the assisted reproductive technologies.
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