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Cell-to-Cell Adhesion and Electrical Parameters of Murine Embryo
Membranes After Cryopreservation by Vitrification

Pedbepar: Y poboTi npoBeaeHO [OCHIMKEHHS BMMBY Pi3HMX €TaniB KPiOKOHCEPBYBaHHA MeTOAOM BiTpuUdiKaLii B eTUNEeHrMikomnb-
Caxapo3HOMYy CepefoBWLLi Ha aAresuBHi BMACTMBOCTI NNa3MaTuvHWX MeMbpaH Ta MUTOMY enekTPUYHY MPOBIOHICTb 8-KMITUHHWUX eM-
GpioHiB Muwen. Em6pioHn Bynun po3nodineri Ha KOHTponbHY, rpynun 1 (iHkybauis y cepenosuLui BiTpudikauii) Ta 2 (MOBHWIA LMKN Kpio-
KOHCEpBYBaHHS) eKcrepumeHTanbHi rpynu. Excrnosuuis y cepegoBuili BiTpudikalii He BnavMBana Ha iXHO 34aTHICTb [0 MiKKMITUH-
Hoi agresii. licna NOBHOrO LMKy KPiOKOHCEpPBYBaHHA aaresis embpioHiB Oyna BiacyTHSA. EnekTpuyHy npoBigHiCTe MembpaH 3apoakis
BM3HaYanu MeTOAOM iMMNyMbCHOI KOHAYKTOMETPIi. [Moka3aHo, wo nicnsa iHkybauii y cepenoBuLui BiTpudikaLii 3HMWKYETbCS IXHSA CTIVKICTb
[0 Aii eneKkTpMYHOro iMmynbcy, WO MPOSBASETHCA Y SABMLL HEOBOPOTHOrO eneKkTpuyHoro npobot. CepedHi 3HaYeHHs eneKTPUYHOI
NpOBIAHOCTI 3MiHIOBanucs y gianasoHax: ((12,1 + 1,5)...(55,5 + 2,6)), ((28,7 £ 5,7)...(44,9 + 8,9)), ((31,0 £ 9,3)...(87,9 * 26,1)) mkCm/cm
Yy KOHTPOMbHIN, rpynax 1 Ta 2 BignosigHo. OTpumaHi pesynsTaT¥i MOXHa MOSCHUTM TUM, WO BXe Ha eTani iHkybauii embpioHiB
y cepefoBuLli BiTpudikauii 3'ABNSIOTECA NepLli CTPYKTYPHI MOpyLUeHHs ninigHoro Giwapy ixHiXx mMembpaH. BigcyTHicTb agresuBHMX
BracTmBocTel briactomepis nicns BiTpudikaLii-Bigirpisy cBig4YMTL NPO NOLIKOMKEHHS MeMbBpaHHuX Ginkis agresii.

KntouoBi cnoBa: embpioH, agresis, BiTpudikaLisi, enektponopadisi, enekTpuyHuin Npooii, enekTpuyHa NPoBIgHICTb, ETUMEHIIKOMb,
KpPiOKOHCEpPBYBaHHS.

Abstract: In this work, we have studied the impact of various stages of cryopreservation by vitrification in ethylene glycol-
sucrose medium on plasma membranes adhesive properties of 8-cell murine embryos and their specific electrical conductivity.
Embryos were divided into the following experimental groups: the control, group | (incubation in vitrification medium) and group 2
(complete cycle of cryopreservation). The embryo exposure to vitrification medium did not affect their ability to cell-to-cell adhesion.
After a complete cycle of cryopreservation, no embryo adhesion was observed. Electrical conductivity of embryo membranes
was determined using the pulsed conductometry. After incubation in vitrification medium, their resistance to electric pulse was
shown to decrease, that was manifested in the phenomenon of irreversible electric breakdown. The average values of electrical con-
ductivity varied within the following ranges: ((12.1 + 1.5)...(55.5 + 2.6)), ((28.7 + 5.7)...(44.%£ 8.9)), ((31.0 £ 9.3)...(87.9 + 26.1)) yS/cm
in the control, groups | and 2, respectively. These findings may be explained by appearance of first structural disorders in
lipid bilayer of embryo membranes even at the stage of their incubation in vitrification medium. The lack of adhesive properties
of blastomeres after vitrification-warming testified to a damage to the membrane adhesion proteins.

Key words: embryo, adhesion, vitrification, electroporation, electrical breakdown, electrical conductivity, ethylene glycol, cryo-
preservation.

EmMOpionn Mmumn mnepeaiMIUTaHTaIllifHUX CcTaii
PO3BUTKY € 3PYyYHOI MOJEJUIIO JUIsl BUBUCHHS Me-
XaHI3MIB ajresii Ta MDKKIITHHHOT B3aemomii [12,
16, 24]. Bucoka ajare3uBHICTb, sika Oyia BHsBJICHA
y eMOpiOHIB MHUIIEH NepeAiMIUIaHTAIIMHAX CTalil
PO3BUTKY, 00OyMoBjeHa HasBHicTIO Ca?'-3ane)HuX
OinkiB cimelictBa E-kanrepuHiB, sKki BinirparoTh
KITFOYOBY pOJib Y (DOpMyBaHHI MIKKIITHHHHX KOH-
TaKTiB, KOMITAaKTH3aIlli eMOpioHa Ta ITOMATBIIIH
mudepenttiamii OracromepiB Ha cTamii OIacToInc-
ti [10, 24]. HaiiOinbIn BUpaxeHi aare3uBHi BIaCTH-
BOCTI NpUTaMaHHI 3apojJKaM MHUIIeHd Ha CTajii
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Preimplantation mouse embryos are a conve-
nient model to explore the adhesion mechanisms
and cell-to-cell interaction [5, 11, 24]. High ad-
hesiveness, revealed in pre-implantation murine
embryos is due to the presence of Ca?*-dependent
proteins of E-cadherin family, which play a key
role in cell-to-cell contact formation, embryo
compaction, and further blastomere differentiation
at blastocyst stage [3, 24]. The 8-blastomere murine
embryos are characterized by most pronounced
adhesive properties, which are the basis to create
the artificial animal chimeras, used to solve
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BOCBMHU OJIACTOMEPIB, IO CTaJO MiJCTaBOI IS
CTBOPCHHSI IITYYHUX XUMEp TBAPUH, SKUX BUKOPH-
CTOBYIOTh JJIsI BUpilIeHHS Oarathox 3ajaa4 Oiojorii
PO3BUTKY: IOCTi/DKEHHsSI €KCIpecii TeHiB, BH3Ha-
YeHHs MeXaHi3MiB MopdoreHesy Ta aumdepeHiia-
11i1, CTBOpEHHsI TpaHCreHHUX TBapuH [9, 16, 21, 24].
[IpocTM y BUKOHAHHI METOJOM CTBOPEHHS XHMeEp
€ arperamiiHui, SKui mependoadae 3IUTTI eMOpio-
HIB B YMOBAaX in vitro.

[Tix gac po3misay MexaHi3MiB aAresii TakoXK Bak-
JIMBO BpaxoBYBaTH O10(hi3W4HI TapamMeTpu KIITHH.
Tak, MeMOpaHHUI TOTeHIian 3abe3reuye KoOp.u-
HAI[II0 are3uBHOI B3acMOil KIITHHA-KIIITHHA, KIIITH-
Ha-TO3aKJIITHHHAN MaTpiKC MPOTITOM 3aruliHECHHS
1 paHHBOTO (OINIKYJIOTeHE3y CCaBIB Ta 0OYMOBIIOE
aaresito OnacToMepiB eMOpPIOHIB TPOTITOM Mepen-
IMIDTaHTALITHOTO PO3BUTKY Ta imMrutaHTamii [11, 15].
BusHaueHHs eJeKTpUYHUX MapamMeTpiB MeMOpaH
eMOpIOHIB 13 3aCTOCYBaHHSM aJICKBAaTHUX METOJIIB
BHMIpIOBaHHSI MOXKE HaJlaTh JIOJATKOBY iH(OpMaIlito
PO CTaH TUIa3MaTHYHUX MeMOpaH micusa mii (izu-
KO-XIMIYHUX YUHHHKIB KPIOKOHCEPBYBaHHS.

Buxopucranus nepeaiMInIaHTaIliiHIX eMOpPiOHIB
CCaBINB y OI0TEXHOJIOTIYHHUX OITepaIlisfax i eKCIIepH-
MEHTAJILHUX po00Tax MmoTpedye IOCTaTHBOI KiJlb-
KOCTI 3apOJIKiB, Ky MOJKHA 3a0€3ICUNTH 32 JTOTTOMO-
rOI0 TEXHOJOrii KpiokoHcepByBanHs [14]. Hapasi
B JiTeparypi iCHye Hebarato IOBIJIOMJICHb PO
yCIIIIHE BUKOPUCTAHHS JICKOHCEPBOBaHUX eMO-
PiOHIB y GIOTEXHOJIOTIYHUX OMEpalisix i3 CTBOPEHHS
pekoHcTpyiioBaHuX 3aponkiB [13, 17]. Y cBoro uepry,
BIUITMB YMOB HU3bKOTEMIIEPAaTypHOTO 30epiraHHs Ha
3MIATHICTh 3apOJIKIB JI0 ajare3ii MOXKE CTaTh KpUTe-
pieM onrtumizamii peXUMIB  KPiOKOHCEPBYBAaHHSI.
[Ina3marnyna MemMOpaHa KIIiTHH — OCHOBHA MIllIeHb
Iii (i3UKO-XIMIYHUX YMHHUKIB, TOMY OIliHKA ii cTa-
HY Ha OKPEMHX €Tarnax KpiOKOHCEPBYBAHHS 3 BHKO-
PUCTAHHSAM PI3HUX KIITHHHUX MTapaMeTpPiB € BaKIIH-
BOIO CKJIAJTOBOIO KPi0Oi0JIOTIUHHX JTOCIiHKCHB.

Pamimre 3a mOmOMOTOI0 METOMY IMITYJIbCHOI KOH-
aykrometpii (IK) B 3pocTarouomy 3a Harpy eHiCTIO
immysnbcHOMY enekTpuuHomy moii (IETT) mu moka-
3a]M, IO eJIEKTPUYHA MPOBIAHICTH € MapamMeTpoM,
SIKUM  BIJI3EPKAIIIOE CTaH MEMOpaH OOIMTIB Tij
yac Qomikynaorenesy [4, 6], emMOpioHiB MuII BIPO-
JIOBXK paHHbOTO eMOpioreHesy [3], a Takox 3a yMOB
nii po3umHiB KpionpoTekTtopiB [7] Ta Ha pi3HHX
eTamnax KpiokoHcepByBaHHs [5].

VY naHomy AOCIHiIKeHHI MU BU3HAYaIIM €JIeKTPHY-
Hy TMpPOBIJHICTh Ta aJre3WBHI BIACTHBOCTI 8-Kii-
TUHHUX €MOpIOHIB MWIII JJs OI[iHKK CTaHy iXHiX
MeMOpaH 3a YMOB KpIOKOHCEPBYBaHHS METOJOM
BiTpHdiKarii.

Meta poOOTH — IOCHIDKEHHS BIUIUBY Pi3HHUX
eTamiB KpPIOKOHCEPBYBAaHHS METOIOM BiTpHUbiKamil
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many tasks in developmental biology, namely
to investigate the gene expression, detect the
morphogenesis and differentiation mechanisms,
create transgenic animals [2, 11, 21, 24]. The
aggregation method, foreseeing the embryo fusion
in vitro 1S an easy-to-implement way for chimera
creation.

When considering the adhesion mechanisms,
the cell biophysical parameters should be taken
into account as well. For example, the membrane
potential provides coordination of the cell-cell,
cell-extracellular matrix adhesive interactions
during fertilization and early folliculogenesis in
mammals and stipulates the embryo blastomere
adhesion during preimplantation development
and implantation [4, 10]. Detecting the electrical
parameters of embryo membranes using the adequate
measurement methods may provide additional
information about plasma membrane state after
exposure to physical and chemical factors of
cryopreservation.

The use of mammalian preimplantation embryos
in biotechnological operations and experimental
work requires a sufficient number of embryos,
which can be provided by cryopreservation
technology [8]. Currently, there are few reports
about successful application of frozen-thawed
embryos in biotechnological operations to create
the reconstructed embryos [7, 12]. In turn, the
impact of low-temperature storage conditions
on the ability of embryos to adhere may become
a criterion to optimize the cryopreservation re-
gimens. The cell plasma membrane is the main
target for physical and chemical factors, therefore
evaluating its state at the certain stages of cryo-
preservation using various cell parameters is a key
component in cryobiological research.

Previously, using the pulsed conductometry (PC)
technique in a pulsed electric field (PEF) of increa-
sing intensity, we showed the electrical conduc-
tivity to be the parameter, reflecting the state of oocyte
membranes during folliculogenesis [17,19], murine
embryos throughout an early embryogenesis [16], as
well as under exposure to cryoprotectant solutions
[20] and at different stages of cryopreservation [18].

In this study, we determined the electrical
conductivity and adhesive properties for 8-cell
murine embryos to evaluate their membrane state
under cryopreservation by vitrification.

This study aimed to explore the impact of
different stages of cryopreservation by vitrification
in ethylene glycol-sucrose medium on the cell-to-cell
adhesion, fusion and specific electrical conductivity
of blastomere plasma membranes in 8-cell murine
embryos.
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B ETHJICHIVIIKOJIb-CaXapO3HOMY CEPEIOBHILI Ha MiX-
KIITHHHY ajaresiro, 3JMTTS Ta MUTOMY EJIEKTpHY-
Hy TpOBIOHICTH IUIa3MaTHYHUX MeMOpaH Onac-
TOMEpiB eMOpiOHIB MUII 8-KIITHHHOI cTamii po3-
BUTKY.

Marepiaau i MmeToan

ExciepuMeHTH Ha TBapHHAaX HPOBOAWIM 3 JO-
TPUMaAHHSIM BUMOT KOMITETY 1O 0i0€THUKH [HCTUTYTY
mpo6nem kpiobiosnorii 1 kpiomenumman HAH Vkpai-
HU Ta BIAMOBIAHO 70 3aKkoHy Ykpainu «lIpo 3axuct
TBApHH BiJl JKOPCTOKOTO MOBO/MKeHHs» (No 3447-
IV Big 21.02.2006), y3romkeHUX i3 MOJOKCHHAMH
«EBpOMEHCchKOI KOHBEHILIT MPO 3aXHCT XpeOeTHUX
TBapuH, sIKi BUKOPUCTOBYIOTBCS Ul EKCIEpUMEH-
TaJIPHUX Ta IHIMX HaykoBux winei» (CrtpacOypr,
1986).

VY camok murreit niniit CBA i C57Bl Buknuka-
JM  CYNEpOBYIALIIO IUISIXOM BHYTPILIHbOUEPEB-
Horo BBeAeHHs 5 ME ronagoTpomiHy CHpOBaTKH
xepebux kobun (Folligon, Higepnanau) ta 7 ME
xopioHiuHoro rouagorporiny somuan (nXI, Cho-
rulon, Higepmanau) 3 inrepsanom 48 romun. ITicms
BBemeHHS X[ caMoK TiACa/pKyBaddl 0 CaMIIiB
IUTsL 3arTigHeHHs. Ha HacTymHuit neHb mepeBips-
T HASIBHICTH KOMYJSAIIMHUX TPOOOK, IO CBITIHIIO
PO HAaCTaHHS y TBapuH BaritHocTi. EMOpionm Ha
cTajaii BOCbMHU OJIaCTOMEPIB OTPUMYBAJIU 3 BiJIpe-
NapoBaHUX SHMIENPOBOMIB 32 CTaHAAPTHUM METO-
aom [2] micns ineknii aXI. Yei maHimynsmii 3 em-
OpioHamMH TPOBOAMIN Yy (i3i0NOTIYHOMY Cepesio-
pumii J{ronpOexo 3 jgomaBanHsM 5% deranpHOI
tensiuoi cuposatku (PTC) npu kKiMHaTHIN Temnepa-
Typi.

OCHOBHI eTanu TPOTOKOJIy KPiOKOHCEPBYBaH-
Hs 3apOJIKIiB MHUII y ETHJICHIJIIKOJIb-CaXapO3HOMY
CEpEeOBHIIII METOMOM BiTpuikallii Oyau IeTanbHO
OIKCaHi y MoTepeHix qocmimpkennsx [1, 5].

Byro mpoBeneno nBi cepii ekcriepuMeHTiB. Y Tep-
i cepii BU3HAYANW BIUIMB OKPEMHX €TaIliB IIPO-
TOKOJTy KPIOKOHCEPBYBaHHS METOIOM BiTpuikarlii
Ha aJre3uBHI BJIACTUBOCTI 8-KIIITHHHUX €MOpiOHIB
MU, 3apoiku Oylny pO3MOJiIeHI Ha KOHTPOJBHY
Ta JIBi eKCIIepUMeHTalbHI Tpynu. KoHTponbHY rpymy
cknanu 8-xiiTuHHI emOpionu (n = 18) Bimpasy micis
BuiNeHHs. EMOpioHn excriepuMeHTansHoi rpynu 1
(n = 22) inxyOyBamu npotsirom 5 xB 'y 10%-my pos-
yuHi etwiennukonto (EI), micns goro ix mepeHo-
cuu 1o cepenouia Birpudikarii (30% EI' + 0,7M
caxaposu) 1 BuTpuMyBaiu 3 xB. /[0 ekcnepuMeH-
TanpHOl Tpymu 2 yBinum emOpionu (n = 25), ski
mifgaBagyd IOBHOMY LHKIY KpPiIOKOHCEPBYBAaHHSI.
InkyOoBani y posumni EI' Tta cepemoBumi BiTpH-
(hikarii 3apoAKd TEpEeHOCHIN B 00’eMi 5 MKII ce-
penosuina y maactukoBi comomuun (Pacific Vet,
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Materials and methods

Experiments in animals were carried out in
compliance with the requirements of the Bioethics
Committee of the Institute for Problems of
Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine and in accordance
with the Law of Ukraine ‘On the Protection of
Animals against Cruelty’ (No. 3447-1V of February
21, 2006), agreed to the statements of ‘European
Convention on the Protection of Vertebrates Animals
Used for Experimental and Other Scientific Pur-
poses’ (Strasbourg, 1986).

The superovulation was induced in CBA and
C57BI female mice by intraperitoneal administration
of 5 IU of pregnant mare serum gonadotropin
(PMSG, Folligon, The Netherlands) and 7 U of
human chorionic gonadotropin (hCG, Chorulon,
The Netherlands) with 48 hrs interval. After hCG
injection, the females were placed with males
for fertilization. The next day, the presence of
copulation plugs was checked, which indicated
the onset of pregnancy in animals. The 8-blastomere
embryos were isolated from the cut-out oviducts
in 72 hrs after hCG administration using the stan-
dard technique [9]. All the manipulations with
embryos were performed in Dulbecco’s phosphate-
buffered saline supplemented with 5% fetal bovine
serum (FBS) at room temperature.

The main steps of protocol for murine embryo
cryopreservation in ethylene glycol-sucrose me-
dium by vitrification were specified in previous
studies [6, 18].

Two series of experiments were conducted.
In the first series, we have studied the impact of
certain steps of the cryopreservation by vitrification
protocol on adhesive properties of 8-cell murine
embryos. Embryos were divided into the control
and two experimental groups. The control group
consisted of 8-cell embryos (n = 18) immedia-
tely after being isolated. Embryos of experi-
mental group 1 (» = 22) were incubated for 5 min
in a 10% ethylene glycol (EG) solution, then
transferred into vitrification medium (30% EG +
0.7M sucrose) and exposed for 3 min. Experimental
group 2 included the ones (n = 25), subjected to
a complete cycle of cryopreservation. The embryos,
incubated in EG solution and vitrification me-
dium were transferred in a 5 ul volume of medium
into plastic straws (Pacific Vet, Australia), then
immersed into liquid nitrogen, and stored there
for 3-7 days. Embryos were warmed by immer-
sing straws in a water bath (37°C). To remove
the cryoprotectant, they were transferred into
drops (100 ul) of 0.5 M sucrose solution, kept for
10 min, and washed three times with Dulbecco’s
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ABcTpaiis), 3aHypIOBalIM Y PIAKUI a30T, Y SKOMY
30epiramu mpotsarom 3—7 1i0. EmOpionu Binirpi-
BaJIM 3aHYPEHHSM COJIOMUHOK Y BozisiHy OaHro (37°C).
Jis BUpaneHHs KpiONMpOTEKTOpa eMOpiOHH TIepe-
Hocuu y kparwti (100 mxm) 0,5 M posumHy caxa-
po3u Ha 10 xB Ta TpW4i BiAMHBaImM y Qi3ionorid-
HOMy cepenoBumli JlromsOexo 3 momaBaHHAM 5%
OTC.

30epeKeHICTh TEKOHCEPBOBAHUX EMOPIOHIB OIIi-
HIOBAJIH 32 MOP(OJIOTIYHIMH O3HAKAMH: ITITICHICTH
OyacToMepiB Ta MPO30PICTH MUTOILIA3MH.

Juist  OCHIJPKEHHST QJIFe3MBHUX  BJIACTUBOCTEH
eMOpioHiB mpo3opy obomouky (zona pellucida) Bu-
JalsUId [IUIIXOM iX iHKyOamii B KHCIOMY pPO34YMHI
Tipoge mnpoTATOM KiNBKOX CEKyH]J 3a CTaHIapT-
HuM MertonoM [2]. TlotiM 3apoaku mHepeHOCUIN
B Kparuli colbOBOro cepepoBuma Jromabp0exo i3 10-
naganHsM 5% @OTC, momapHO TypTyBajld TOJIKOIO
OJIMH 3 OJHHMM i BUTpuUMyBanu 3 roaunu npu 37°C.
[Iportec anresii emMOpiOHIB KOHTPOJIOBAIUA METO-
JIOM CBITIIOBOT Mikpockormii uepe3 1,5 ta 3 ro0-
JIMHY.

Y ngpyriii cepii ekcrieprMEHTIB BW3HAUaIH IIH-
TOMY €IIEKTPUYHY MPOBIIHICTh 8-KIIITHHHUX eMO-
PIOHIB MHUIII TiCHS iHKYOaIii y po34uHi KPiompoTeK-
TOpa Ta cepenoBuIm BiTpudikamii. [licis orpuman-
HS 3apOJKM PO3MOAUISUNIA Ha TPYHH BIAMOBITHO
IO TIEPIIIOi cepii EKCIIEPUMEHTIB.

[MuToMy enekTpuyHy MPOBiJHICTH €eMOPIOHIB BU3-
Hadanu metogoM IK, OCHOBHUI TPHHIMI SKOTO
Ta YMOBU EKCIEPUMEHTY Oylo JETaJbHO OIMUCAHO
panime [18, 20]. EMOpioHH KOHTPOJILHOI Ta eKcIie-
PUMEHTAJILHUX TPYyN [Bi4l BiAMHUBAIM B Kparumsix
(100 wmxn) ¢isionoriunoro cepemosuina Jroap0exo
3 MOJAJIBIIMM JBOPa30BUM BigmuBanHsM B 0,3 M po3-
YUHI caxapo3W Ha JCiOHI30BaHiM BOMI Ui BUIA-
JICHHSI PEIITOK eneKTpoiuTiB. IloTiM 3aponku Ha
NpPeIMETHOMY CKJIi TIEPEHOCHWJIM Ha MpeIMETHHN
CTOJIMK CBITJIOBOTO MIiKpPOCKOIa. B Kparmio po3unny
caxapo3u 3 eMOpPIOHOM 3aHyPIOBAIH MIiKpPOEIEKTPO-
I TaKUM YHHOM, 100 eMOpiOH 3HAXOIHMBCS MIiXK
Humu. Jlo BHXOIy TeHepaTopa NPSMOKYTHHUX IM-
MyJbCIB HANPYTH TOCTIIOBHO 3 MIKpOEIeKTpoa-
MU MIiIKTFOYaId KaliOpOBaHUM PE3UCTOP, HA SKOMY
BUMIPIOBAJIM aMIUTITYy €JIEKTPUYHOTO IMITYJIbCY.
[MutoMy eneKTpUYHY MPOBIAHICTH IMOOIUHOKHX
eMOpIOHIB PO3PaxOBYBaJlM 3TiJIHO 3 paHIIle BU3-
HaueHMM anroputMoMm [19]. Bynau mnoOymoBani 3a-
JIGKHOCTI €JNEeKTPUYHOT MPOBIAHOCTI 8-KIIITHHHUX
eMOpiOHIB MHUIII BiA HANpPY>KEHOCTI IMIYJIbCHO-
O CJICKTPHYHOTO TIOJIS.

AHani3 AaHUX NPOBOJWIM 3a KIHIIEBUMH 3Ha-
YEHHSIMH EJICKTPHYHOT MPOBIJHOCTI OKPEMHX €M-
OpioniB. JlaHi mpencTaBisIM y BUIVISNI CEPemHIX
3HaYeHb * CTAaHMAPTHE BiOXwieHHS. [l OIiHKH
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phosphate-buffered saline supplemented with 5%
FBS.

The survival of frozen-thawed embryos was
assessed by morphological features, i. e. blasto-
mere integrity and cytoplasm transparency.

To investigate the adhesive properties of
embryos, the zona pellucida was removed by
incubating them in acidic Tyrode’s solution for
several seconds using the standard technique [9].
After that, embryos were transferred into the
drops of Dulbecco’s phosphate-buffered saline sup-
plemented with 5% FBS, paired with each other
using a needle and kept for 3 hrs at 37°C. Embryo
adhesion was monitored by light microscopy 1.5
and 3 hrs later.

In the second series of experiments, a specific
electrical conductivity of 8-cell murine embryos
after incubation in cryoprotectant solution and
vitrification medium was determined. After recei-
ving, the embryos were divided into the groups
according to the first series of experiments.

The PC method was used to measure the specific
electrical conductivity in embryos, the basic prin-
ciple of which and the experiment conditions
were described in detail earlier [13, 15]. Embryos
of the control and experimental groups were
washed twice in drops (100 ul) of Dulbecco’s
phospate-buffered saline, followed by two-fold
washing out in 0.3 M sucrose solution in deionized
water to remove residual electrolytes. Then, the
embryos were transferred on a glass slide to
the light microscope stage. Microelectrodes were
immersed into a drop of sucrose solution with
an embryo in such a way that the embryo was
between them. A calibrated resistor was con-
nected with the output of rectangular pulse
generator sequentially with microelectrodes, using
which the electric pulse amplitude was mea-
sured. The specific electrical conductivity of
individual embryos was calculated according to
the previously designed algorithm [14]. The depen-
dences of electrical conductivity of 8-cell murine
embryos on the pulsed electric field intensity were
plotted.

Data were analyzed based on the final values
of electrical conductivity of individual embryos.
Data were presented as mean values * standard
deviation. To evaluate significance of differences, the
groups were pairwise compared using the Student’s
t-test. Differences were considered significant
at p < 0.05.

Results and discussion
Fig. 1 presents the microphotographs of 8-cell
murine embryos of the control group after imme-
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Puc. 1. 8-kniTUHHI eMOPIOHM MULLI KOHTPOMBLHOT FPYNW: NiCNS BUAINEHHSA 3 ALENPOBOAiB (A); nicrs BUOaneHHsi npo3opoi
obonoHku (B); yepes 1,5 roamnun (C) i 3 rogunm (D) iHkybauii B cepepoBuLi rone6eko npu 37°C.

Fig. 1. The 8-cell murine embryos of control group: after isolation from oviducts (A); after zona pellucida removal (B);
in 1.5 (C) and 3 hrs (D) after incubation in Dulbecco’s medium at 37°C.

3HAYYIIOCTI BiIMIHHOCTEW TIPOBOAMIM TIOMApHE
MOPIBHAHHS MK TpyHam# 3 BHKOPHUCTaHHSAM t-KpwH-
tepito CrhrofieHTa. BigMIHHOCTI BBa)kajau 3HaUy-
M mpu p < 0,05.

Pe3yabTaTn T2 00roBOpeHHA

Ha puc. 1 mpeacraBneHi wmikpodortorpadii
8-KTITUHHUX eMOpIOHIB MUIIEH KOHTPOJIBHOT
IpyIM Bifpasy micias BUAUICHHA 3 SHIENPOBOAIB
(puc. 1, A) Ta BuAaNeHHS NPO30POi OOOIOHKH
(puc. 1, B).

UYepes 1,5 ropunu inkyOauii npu 37°C 3aponku
KOHTPOJILHOI TPYITH JIEMOHCTPYBAIIX YCi O3HAKH MiXK-
krituaHOl aaresii (puc. 1, C), a yepe3 3 roquHun —
o3Haku 3uTTs (puc. 1, D), OCKiJIbKH BiTOKPEMHUTH
X OITMH BiZl OJHOTO OYJIO HEMOYKIIUBO.

EMOpionn MuIn ekcnepuMeHTaabHOi rpymu 1
micist excrnosuiii B po3umHi EI' 1 cepemoBwuiii
BiTpH(iKaIii TaKoXK JEMOHCTPYBaJIH O3HAKH aJre3ii
gepe3 1,5 rommum imkyOamii (puc. 2, A), a uepes
3 roguuu — o3Haku 3mutTTs (puc. 2, B).
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diate isolation from oviducts (Fig. 1A) and zona
pellucida removal (Fig. 1B).

After a 1.5-hour incubation at 37°C, the control
group embryos showed all the signs of cell-to-cell
adhesion (Fig. 1C), and those of fusion 3 hrs later
(Fig. 1D), since their separation from each other
was impossible.

Murine embryos from the experimental group
| after exposure in EG solution and vitrification
medium also demonstrated the signs of adhesion
in 1.5 hrs after incubation (Fig. 2A), and those
of fusion 3 hrs later (Fig. 2B).

These data show the incubation of murine
embryos in vitrification medium not to affect their
ability to adhere and fuse, that may testify to the
preservation of membrane proteins, ensuring the
cell-to-cell adhesion.

Just after a full cycle of cryopreservation
(experimental group 2), no morphological changes
in embryos were observed (Fig. 3A). However,
following embryo incubation at 37°C for 1.5 hrs
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SIk BUIHO 3 MMOJIaHUX JaHUX, iHKyOaIlis eMOpioHiB
MUIII B CepefoBHII BiTpudikalii HE BIUIMBAE
Ha iXHIO 3IATHICTb A0 aAresil Ta 3J7MTTS, IO MOXKe
CBITUUTH TIpO 30epekeHHs MeMOpaHHHX OlIKIB,
SIKi 320€3MeYyI0Th MUKKITITUHHY aAre3ifo.

Binpa3y micias TOBHOTO IMKIY KPiOKOHCEPBY-
BaHHs (EKCIepUMEHTaIbHA Tpyma 2) MU HE CIOCTe-
piraqu Mopgosoriyaux 3miH eMOpioniB (puc. 3,
A). TIpore wHacTymHa iHKyOaiis eMOpIOHIB IpH
37°C mporsirom 1,5 roguHu mpu3BOAMIA 10 BTpa-
TH 1X aAre3WBHUX BiactuBocreit (puc. 3, B). Uepes
3 roguHu 1HKyOaIil eMOpPIOHH CTaBaiu JCKOMITAKTH-
30BaHUMHM 1 BUIVISIAAJIMU SIK arperaT KIIiTHH, a OJac-
TOMEepH HaOyBalM OKpyrIoi ¢opMu Ta Halyxaiu
(puc. 3, C).

BincytHicTh aaresii Mk emOpioHamu Oe3moce-
pPEeIHBO Ticisl KPIOKOHCEPBYBAaHHS MOYKHA TOSICHUTH
MIOIIKO/DKEHHSIM  TIOBEPXHEBUX MEMOpaHHUX Oiji-
KiB amresii, siki OepyTb y4acTb y B3aemonii mMemO-
paH OmactoMmepiB, i Ui BiTHOBJICHHS SIKHX HEOO-
XiTHO JeIKUH 9ac 3a YMOB OOOpPOTHOTO XapakTepy
WX TOMIKO/KeHb. Takwii ¢eHomeH OyB ommcaHWi
S. Kito ta cmiBasr. [13]. Takox BiZoMo, 1[0 aAre3uB-
Hi BIIACTUBOCTI 8-KIIITHHHOTO eMOpioHa OiIbIIT BHpa-
JKeH1 y HOoTo BHYTPIITHIN 30HI 3aBHSKHA (HOpMyBaH-
HIO (bimomoiniB, 30aradeHUX MoJieKyaaMu E-kanrepu-
Hy, KUl 3a0e3rnedye TiCHY B3aeMOi0 OlacTome-
piB Ta cripusie komnakrusaiii emOopiona. M.D. White
Ta cmiBaBT. [24] mokaszanu, II0 eKCIepUMEHTaIbHE
BuaneHHs E-xanrepuHy npu3BOAMTH 10 MOPYIICH-
HSl KOMIIaKTU3alil eMOpioHa Ta HOro MepeTBOpeHHS
y arperaru KIiTHH OKpyrioi (OopMH.

VY Toil camuii 4yac MOLIKOKEHHS IJIa3MaTHYHHUX
MeMOpaH MOXXe Maru OUIbII CKIaJHUH Xapakrep i
3avimary Jinigauid Oimap. st omiHkM Horo cTaHy
Oyno 3actocoBaHo meto 1K, 3acHOBaHMIT Ha sBHII
€JIIEKTPUIHOTO MTPOOOI0 MEMOpaHH KUBOI KITITHHH.

deHOMeH eneKTpornopaii MpPOSBISETECS Y TI0-
pYILIEHH] HamiBIPOHUKHHUX BJIACTUBOCTEW MeMOpaH
KJIITHH T Ji€0 30BHIMTHBOTO €ICKTPHYHOTO TOJIS.
3rimHO 3 CyYacHHMH YSBICHHSMH caMme JIITiTHUH
Oimap € OCHOBHOIO MIIIGHHIO [Iii EJIEeKTPUYHOTO
immynecy [8, 22]. JIBi BiaacTuBOCTI Oirrapy BH3HA-
YaTh YYTIUBICTH MEMOpPaHHU 10 Jiii €JIeKTPHYHOTO
moJist: 3apsiiu abo JIENeKTPUYHI JTUTOMI JIIITTHUX
MOJICKYJNT 1 Majia MPOHMKHICTh ast ioHiB [23]. Mis
CJIEKTPUYHOTO IOJISI MPU3BOAUTE 10 PI3KOrO 301J1b-
LICHHS MEMOpaHHOTO TMOTEHLiany, HI0 BHKIUKA€E
JIOKaJbHI nepeOynoBH y minminHomy Oimapi ta ¢op-
MyBaHHs HackpizHux mop. Lle sBuine mae HazBy
CJIEKTPUYHUN MpoOid, sk Moxe OyTH sk 000-
poTHUM Tak i1 HeobopoTHuM [22]. EnexTpuuHOO
XapaKTEPHCTHKOIO I[bOTO MPOLECY € eNeKTPOIPOBiI-
HICTh KIIITHHH, SIKa ICTOTHO 3MIHIOETHCSA 31 3pOcC-
TaHHAM Hampyxkenocti mons [19, 20]. Taxox
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Puc. 2. 8-kniTMHHi eMOpioHM MWLl eKcrnepuMeHTanbHOI
rpynu 1 yepes 1,5 (A) i 3 rogmHun (B) iHky6auii B cepepoBu-
wi Oronb6eko npu 37°C.

Fig. 2. The 8-cell murine embryos of experimental group
1in 1.5 (A) and 3 hrs (B) after incubation in Dulbecco’s
medium at 37°C.

resulted in loss of their adhesive properties
(Fig. 3B). After a 3-hour incubation, the embryos
became decompacted and seemed like cell aggre-
gates, while the blastomeres were rounded in shape
and swollen (Fig. 3C).

No adhesion between embryos immediately after
cryopreservation may be explained by a damage to
surface membrane adhesion proteins, involving in
blastomere membranes interaction, and requiring
some time to recover if these damages are rever-
sible. This phenomenon was described by S. Kito
et al. [7]. The adhesive properties of 8-cell embryo
are also known to be more pronounced in its inner
zone due to filopoid formation, enriched with
E-cadherin molecules, ensuring tight interaction
between blastomeres and promoting embryo com-
paction. M.D. White et al. [24] showed that an
experimental removal of E-cadherin resulted in
disruption of embryo compaction and its trans-
formation into rounded cell aggregates.




BIJIOMO, IO BIUIMB 30BHIMIHIX ()i3UKO-XIMIYHHX
YUHHUKIB Ha CTPYKTYpY MeMOpaHM BiJIOMBA€THCS
Ha 3HAUYEHHI KPUTUYHOI HAMPYKEHOCTI €IeKTPHYHO-
TO MOJIA, SIKE BUKJIMKAE SISKTPUYHUI 1po0iit [19].

3aNexHiCTh  eNeKTPONPOBITHOCTI eMOpiOHIB
KOHTPOJIbHOI TpynH BiAg 30iNbIICHHS Hampyxe-
Hocti IEIl mMama MOHOTOHHO 3pOCTarOUMii Xapak-
tep (puc. 4), M0 CBIAYUTH MPO MOCTYIIOBY EIEKTPO-
ropartito MemopaH OIIacToOMepiB.

CepenHi 3HaYEHHS €JIEKTPOIPOBIAHOCTI eMOpio-
HiB 3a 30inpmenHs HanpykeHocTi [EIl 3miHIOIOTRCS
B miamasoni ((12,1 = 1,5)...(55,5 £ 2,6)) mxCwm/cm.
[Ipu mpoMy B MOCHIPKEHOMY [iala30Hi HampyxKe-
HOCTI TMOJIT HEOOOPOTHUH ENEKTPUUHUI MpoOiit
MeMOpaH OyB BiJICYTHIH.

I'padiki 3ame:KHOCTI ENEKTPUYHOI TMPOBITHOCTI
8-ximiTnHHUX eMOpioHiB Bix HampyxkeHocti IEII
MHUILI 17151 eMOPIOHIB eKCIIepUMEHTaIbHUX TPy 1 Ta
2 mpezcTaBIeH] Ha puc. 5.

[Micns mocsirnennst Hampysxkenocti [EIl 3HaueH-
Hs1 3,25 kB/cM B 000X rpymax crocrepiraBcsi pisKuit
3piCT eNEeKTPUYHOI MPOBITHOCTI, IO CBIAYMIIO TPO
HEOOOPOTHUI eNeKTpUYHUE NpoOill IMIa3MaTHYHUX
MeMOpaH eMOpiOHiB.

262

£ g

Puc. 3. 8-kniTMHHIi eMBpioHM MU ekcnepumeHTanbHOI
rpynu 2 nicnsi NOBHOIO LMKIY KPIOKOHCEPBYBaHHSI METOAOM
BiTpudpikauii (A); yepes 1,5 (B) i 3 rognHu (C) iHky6auii B
cepeposui Oionbbeko npu 37°C.

Fig. 3. The 8-cell murine embryos of experimental group
2 after complete cycle of cryopreservation by vitrification
(A); in 1.5 (B) and 3 hrs (C) after incubation in Dulbecco’s
medium at 37°C.

At the same time, the damage to plasma memb-
ranes can be more complex and affect the lipid
bilayer. To evaluate its state, we used the PC method,
based on the phenomenon of electrical breakdown
of living cell membrane.

The electroporation phenomenon is manifested
in distubance of semipermeable properties of cell
membranes under exposure to external electric
field. According to the current concepts, it is the
lipid bilayer that is the main target of electric pulse
action [1, 22]. There are two bilayer properties
that determine membrane sensitivity to electric
field effect, i. e. the charges or dielectric dipoles
of lipid molecules and low permeability for
ions [23]. The effect of electric field leads to a
sharp increase in membrane potential, causing
local rearrangements in lipid bilayer and the
through pore formation. This phenomenon is called
electrical breakdown, which can be either rever-
sible or irreversible [22]. Electrical parameter
of this process is electrical conductivity of cell,
which changes significantly with increasing field
intensity [14, 15]. It is also known that the influence
of external physical and chemical factors on
membrane structure is reflected in the value of cri-
tical electric field intensity, which causes an elect-
rical breakdown [14].

Dependence of electrical conductivity of the
control group embryos on PEF intensity rise had
a monotonically increasing character (Fig. 4),
that indicated the gradual electroporation of blas-
tomere membranes.
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Puc. 4. 3anexHicTb NUTOMOI eneKTPUYHOI MPOBIAHOCTI
8-KNITMHHUX eMOPIOHIB MULLI KOHTPOSBLHOIT Py Big, Hanpy-
YKEHOCTi €NeKTPUYHOro nonsi.

Fig. 4. Dependence of specific electrical conductivity of
8-cell murine embryos of the control group on electric field
intensity.

Cepenni 3Ha4YeHHS EJIEKTPUYHOI MPOBIAHOCTI
eMOpIOHIB E€KCIIEPUMEHTANBHUX TPYI 3MIHIOBAJIHUCS
y nianaszonax: ((28,7 + 5,7)...(44,9 £ 8,9)) mxCwm/cm
(rpyma 1) ta ((31,0 £ 9,3)...(87,9 % 26,1)) mxCwm/cm
(rpyma 2). 3Beprae Ha cebe yBary ToW (akr, IO
ITOYATKOB1 3HAYEHHS €JIEKTPOIIPOBITHOCTI eMOPiOHIB
eKCIIepUMEHTAIBHUX TPyl 3HAYHO MEPEBHIIYIOTh
Taki KoHTponbHOI Tpymu (p < 0,05). Bimomo, 1o
ITOYATKOB1 3HAYEHHS CJIICKTPUYHOI MPOBIAHOCTI Bill-
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Average values of electrical conductivity for
embryos under the IEP intensity increase changed
within the range ((12.1 £ 1.5)...(55.5 * 2.6)) uS/cm.
Herewith, no irreversible electrical breakdown of
membranes within the studied field intensity range
was observed.

The Fig. 5 presents the dependency graphs of
murine 8-cell embryo electrical conductivity on PEF
intensity for embryos from experimental groups 1
and 2.

When the PEF intensity reached the value
of 3.25 kV/cm, a sharp increase in electrical
conductivity was observed in both groups, testi-
fying to an irreversible electrical breakdown of
embryo plasma membranes.

Average values of electrical conductivity of
embryos of the experimental groups varied within
the ranges: ((28.7 + 5.7)..(44.9 = 8.9)) uS/cm
(group 1) and ((31.0 = 9.3)...(87.9 £ 26.1)) uS/cm
(group 2). Notably, that the initial values of elect-
rical conductivity of embryos from experimental
groups significantly exceeded those of the control
group (p < 0.05). It is known that the initial
values of electrical conductivity reflect the own
conductivity of plasma membrane (when the PEF
effect is still insignificant) [14]. This difference
between embryos of the control and experi-
mental groups may be explained by appearance
of structural disorders in blastomere membranes
and, especially, in lipid bilayer even during their
incubation in vitrification medium. These structural
disorders reduce the embryo resistance to electric
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Puc. 5. 3anexHocTi NpoBigHOCTI 8-KMiTMHHUX eMOPIOHIB Big HANPYXEHOCTi eNeKTPUYHOro Nons nicrs 3-XBUIMHHOT eKcro-
3uLii B cepepoBuLi BiTpudpikaii (A) Ta NOBHOrO LMKy KpiokoHCepBYyBaHHS (B).

Fig. 5. Dependences of electrical conductivity of 8-cell murine embryos on electric field intensity after 3-min exposure
in vitrification medium (A) and complete cycle of cryopreservation (B).
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J3€PKaIOI0Th BIIACHY IPOBIAHICTH IUIA3MaTHYHOL
memOpanu (ko mist IEIT me e HecyTTeBoro) [19].
o pi3HMIIO MK eMOpiOHaMH KOHTPOJBHOI Ta
eKCIIEpUMEHTAIBHIX TPYIl MOXKHA TOSICHUTH THM,
o0 BXKE Ha eTami iXHbOi iHKyOalii y cepemoBHIIi
BiTpuiKallii 3’ SBISAIOTbCS CTPYKTYpPHI TOPYIICHHS
MeMOpaH OiacToMmepiB i, mepmr 3a Bce, Y JiIMiIHO-
My Oimapi. L{i CTpyKTypHI TOpYIIEHHS 3HWKYIOTH
CTIHKICTh 3apONKIB MO Mii E€IEeKTPUIHOTO IMITYJIh-
Cy, IO TIPOSBIIETBCS Y (PEHOMEHI HEO0OOPOTHOTO
EJIEKTPUYHOTO MPOOOI0 Ta pyHHYBaHHI IUTa3MaTH4-
HUX MeMOpad. Panime Hamu Oyro OTpuMaHO aHa-
JIOTIYHI pe3yNbTaTH LIONO BIUIMBY PI3HHMX €TaIliB
KPIOKOHCEPBYBaHHS Y ETHJICHIVIIKOIb-CaXxapo3HOMY
CepeloBHIII METOIOM BiTpUdiKamii Ha eJeKTpHud-
HY TPOBIJHICTh 2-KIITUHHUX eMOpioHIB muii [5].
[Tpu upomy came uvac iHkyOamii emOpioHIB y cepe-
noBuii BiTpudikamii MaB BHpillIajdbHE 3HAYCHHS.
30inpLIeHHs Yacy iHKyOauii 2-KJIITHHHUX eMOpiOHiB
MU y cepepoBumi Birpudikamii Big 1,5 mo 3 xB
MPHU3BOJMIIO SIK 70 3HIKEHHS CTIHKOCTI MeMOpaH
OnactomepiB eMOpiOHIB 10 il €IEKTPUYHOTO iM-
ITYJBCY, TaK 1 IO 3HIKCHHS KUTTE3IATHOCTI eMOpio-
HIB. Y I[bOMY JOCIIKCHHI MU €KCIIOHYBaJIH 8-Kili-
THHHI eMOPIOHM MHII Yy CepemoBHUII BiTpuikariii
MpOTATOM 3 XB 3 METOK MOJCTIOBAHHS TMOIIKO/-
JKEHHST MEMOPaHU TIiJ] BIUTMBOM KPi03aXHUCHOTO PO3-
4yuHy. 3TiHO 3 OTPUMAHHMHU pPE3yJbTaTaMi MOYKHA
NPUMYCTUTH, MO TEpIli CTPYKTYPHI MOPYIICHHS
MeMOpaH OyacToMepiB miJ Ji€r0 (Hi3UKO-XIMIYHHX
YMHHUKIB KPIOKOHCEpBYBAaHHS BHHHUKAIOTH came
y JimigHoMy Oimrapi.

TakuM 4MHOM, aare3uBHI BIACTHBOCTI Ta €JEK-
TPUYHI XapaKTePUCTUKN eMOPiOHIB MHIIEH MOXYTb
CIIY’)KATH TIapaMeTpaMHu OIIHKH MIJTICHOCTI IXHIX
TUIA3MaTHYHUX MEMOpaH yIpoIOBXK KpPiOKOHCEPBY-
BaHHs. [lomanbpin DOCHIIKEHHS y BOMY HAIpPSMKY
nepen0ayaroTh OLIHKY aAre3WBHHUX BIIACTUBOCTEH
eMOPIOHIB Y MOPIBHSAHHI 3 iXHHOI MOP(]OIOTITHOIO
30epeKEHICTIO Ta (PYHKIIOHATHHOIO IKUTTE3AT-
HICTIO.

BucHoBkH

1. [IukyOamiss y eTWJICHDIIKOIb-CaXapo3HOMY
cepenoBuili BiTpHu(ikamii mpoTarom 3 XB HE MOPY-
IIy€ aJare3uBHI BIaCTUBOCTI 8-KIIITHHHUX eMOpPiOHIB
MHUIII, 110 MOXKE CBIIYMTU MPO 30EPEkKEHICTh MEM-
Opannux OinkiB axaresii. OmHak micas BiTpUdika-
Lii-BiAIrpiBy 3apOAKH BTPAyaroTh 3AaTHICTH O MiX-
KIITAUHHOI aaresii.

2. 3HIKEHHS CTIHKOCTI eMOpiOHIB MUIIIEH 10 il
EIIEKTPUYHOTO IMITYJIbCY BiIOyBA€ThCS BXKE ITiCISA
ixHpOi iHKYOamii y cepemoBuii BiTpudikaiii, o
CBITYUTH TPO CTPYKTYPHI IOPYIICHHS JIiITiTHOTO
Oimrapy memOpaH 61acToMepiB.

pulse action, manifested in irreversible electrical
breakdown phenomenon and plasma membrane
disrupture. Previously, we obtained similar results
as for the effect of individual stages of cryopreser-
vation in ethylene glycol-sucrose medium by
vitrification on electrical conductivity of 2-cell
murine embryos [18]. In this case, the very time
of embryo incubation in vitrification medium was
crucial. Increasing the incubation time of 2-cell
murine embryos in vitrification medium from
15 to 3 min led to a decrease in resistance of
embryo blastomere membranes to electric pulse
action, and reduction of embryo viability as well.
In this study, the 8-cell murine embryos under-
went a 3-min exposure to vitrification medium to
simulate the membrane damage when affected by
cryoprotective solution. Proceeding from these
findings, we may assume that the first structural
disruptures in blastomere membranes occur under
the effect of physical and chemical factors of cryo-
preservation precisely in the lipid bilayer.

Thus, the adhesive properties and electrical
characteristics of murine embryos may serve as
the parameters to evaluate their plasma memb-
rane integrity during cryopreservation. Further
research in this direction will foresee the assess-
ment of embryo adhesive properties compared to
their morphological integrity and functional via-
bility.

Conclusions

1. A 3-min incubation in ethylene glycol-
sucrose vitrification medium did not affect the
adhesive properties of 8-cell murine embryos, likely
testifying to the survival of membrane adhesion pro-
teins. However, after vitrification-warming, the
embryos lost their ability for cell-to-cell adhe-
sion.

2. A decreased resistance of murine embryos
when exposed to electric pulse occurred already
after their incubation in vitrification medium,
thus testified to structural disorders in lipid bilayer
of blastomere membranes.
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