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Effect of Cryopreservation Stages by Vitrification
in Ethylene Glycol and Sucrose Medium on 2-Cell Murine
Embryos Electric Conductivity

Pedepar: B pabote meTogoM MMNynbCHOM KOHOAYKTOMETPUW BMEpBble OnpeferieHbl 3Ha4YeHUs yAenbHON 3MeKTPU4eCcKon
NPOBOAMMOCTHM 2-KNETOYHbIX 9MOPUOHOB MbILM MOCME 3KCMO3ULUN B STUIMEHTTIMKONb-CaXxapo3HoW cpefe M MOSHOro LuMKna Kpuo-
KOHCEPBUPOBAHUSA METOAOM BUTpUcmKaumm. MNokasaHo, YTo nocrne 3Kcno3unumMm amMmO6puoHOB B cpefe BUTpUdmKaumm yBenmymBatTcs
3HaYeHUsI UX SMEKTPUYECKON MPOBOAMMOCTU NO CPABHEHWIO C KOHTPONbHbIMKU ((2,24 + 0,64) + (3,86 + 0,68)x10-° Cm/m u (1,54 +
0,11)+ (6,12 + 0,34)x10% Cm/M COOTBETCTBEHHO). YBenumyeHne BpeMeHu 3kcnosmuumn ¢ 1,5 0o 3 MUH CHWXaeT yCTOMYMBOCTb
nnasmatmyeckux membpaH aMOPUMOHOB K AEACTBUIO UMMYINbCHOrO 3aneKkTpuyeckoro nonsi. NpoBeaeHHble UCCneaoBaHust nokasanw,
4YTO 3rnekTpuyeckass NPOBOANMOCTb MOXeT OblTb YyBCTBUTENbHbIM OMArHOCTUYECKMM KMETOYHbIM NMapaMeTpoM, OoTpakalLum
HapyLleHMs MOPGOMYHKLMOHANBHON LENOCTHOCTU KNETOK Ha pasfnuyHbIX 3Tanax KPMOKOHCEPBMPOBAHMS.

KniouyeBble cnoBa: aMOPUOH MbIlIK, 3MEKTponopauus, anekTpuiecknii npodon, BUTpudmrKaumns, 3TUNEHINNKONb, KPUOKOH-
cepBupOBaHMe.

Pedbepat: Y poboTi MeToAOM iMMyNbCHOT KOHAYKTOMETPIi Bneplle BU3HAYEHI 3HAYEHHSI MUTOMOT €NeKTPUYHOI NPOBIAHOCTI 2-
KNITUHHUX eMBpIOHIB MULIEN nicna ekcnosuuii B eTUNeHrNikonb-caxapo3HOMy CepefoBULLi Ta MOBHOMO LMKIY KPiOKOHCEPBYBaHHS
MeToAoM BiTpudikadii. MokasaHo, Wwo nicns ekcnosuuii embpioHiB y cepeaoBuLi BiTpudikaLii 36inbLUy0OTbCA 3HAaYEHHS X eNeKTPUYHOT
NPOBIAHOCTI Yy MOPIBHSAHHI 3 KOHTporbHuMK ((2,24 + 0,64) + (3,86 + 0,68)x10° Cm/m i (1,54 + 0,11) + (6,12 + 0,34)x10-3, BignoBigHoO).
36inbLieHHs Yacy ekcrno3uuii Big 1,5 80 3 XB 3HMXKYE CTiMKiCTb Nna3mMaTtuyHMx membpaH eMOpioHiB 40 Aii iMNyNbCHOrO enekTpUYHOro
nons. MNpoBeaeHi AOCNiMXEeHHSA Nokasanw, Lo enekTp1YHa NpoBiAHICTbE MOXe OyTW YyTNNBUM AiarHOCTUYHUM KINiTUHHUM NapaMeTpomMm,
AKWN BiA3epKanioe MopyLleHHs Y MopdodyHKLiOHanbHiM LiNiCHOCTI KNITUH Ha Pi3HMX eTanax KpiOKOHCepyBaHHS.

KntoyoBi cnoBa: embpioH MuLli, enekTponopadis, enekTpudHui Nnpobii, BiTpudiKaLis, eTUNeHrnikonb, KPiOKOHCEePBYBaHHS.

Abstract: In this study the values of specific electric conductivity of 2-cell murine embryos after their exposure in ethylene glycol
and sucrose medium and complete cryopreservation cycle by vitrification were determined using the method of impulse conductometry.
It has been shown that embryo exposure in vitrifying medium led to an increase in their electric conductivity values in comparison with
the control ones ((2.24 + 0.64) + (3.86 + 0.68)x10=° S/m) and (1.54 + 0.11)+ (6.12 £ 0.34)x10-® S/m, respectively). Extension of
exposure time from 1.5 min to 3 min led to a decrease in embryo plasma membrane resistance to pulse electric field action. The
investigation showed that electric conductivity could be a sensitive diagnostic cell parameter reflecting disturbances in cell
morphofunctional integrity at various stages of cryopreservation.

Key words: mouse embryo, electroporation, electric breakdown, vitrification, ethylene glycol, cryopreservation.

B Hacrosmee BpeMsi METOJ] BUTPUDUKAITUK JIJIS
KPHUOKOHCEPBUPOBAHUS TaMeT M PaHHUX SMOPHOHOB
MJIEKOTIUTAIONINX SIBIIAETCS OIHHUM M3 CaMbIX pac-
MIPOCTPAHEHHBIX B COBPEMEHHBIX BCIIOMOTATENbHBIX
PenpOoAyKTUBHBIX TexHOMOrHAX [17, 19, 21,23-26]. Ta-
KOM MOJXOJ MO3BOJAET COKPATUTH JIIUTEIBHOCTH
LMKJIa KPHOKOHCEPBUPOBAHUS 110 CPAaBHEHUIO C MEIIEH-
HBIM 3aMOPaKMBaHNUEM M CBECTU K MUHUMYMY H3Me-
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Nowadays, application of vitrification to cryopreser-
ve mammalian gametes and early embryos is one of
the most widespread in the contemporary assisted
reproductive technologies [17, 19, 21, 23-26]. This
approach allows to reduce the duration of preparation
steps in comparison with slow freezing protocols and
to minimize the changes in cell volume at the steps of
cooling and warming. However, high concentrations
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HEHHUS KIIETOYHOT0 00heMa Ha 3Tarax 3aMOpPayKUBAHHUS
Y OTTauBaHus. BMecTe ¢ TeM BBICOKHE KOHLIEHTPaluu
KpUONPOTEKTOPOB B KPHO3AIIUTHBIX CpefjaXx OKa3bl-
BaIOT TOKCHYHOE BIIMSIHUE Ha IMOPHOHBL, TEM CAMBIM
CHIDKas MX KOHEUHYIO )KU3HECTIOCOOHOCTD, YTO Orpa-
HAYWBAET BHEAPECHUE 3TOTO METO/IA B IPAKTHUKY [4, 8,
10, 11, 26]. IIpu sTOM ciegyeT pa3nudyarh UCTHHHO
XUMHYECKYIO TOKCHIHOCTD U «KAXKYIITYIOCS) TOKCHY-
HOCTbH, BBI3BAHHYIO JIEHICTBHEM OCMOTHYECKOTO (haK-
TOpa, KOTOPYIO MOXKHO YCTPAaHHTh ITyTEM YCOBEp-
LIEHCTBOBAHMUS KOMIIO3MIIMOHHOTO COCTaBa CPEAbI
3aMOPaKMBAHUS U YCIIOBUH IKCIIO3UIMH B HUX HMO-
PHIOHOB.

’KuzHecrmocoOHOCTh JIEKOHCEPBUPOBAHHBIX IMO-
PHOHOB OIIEHUBAIOT 110 X MOP(OIOrnIEeCKIM NpU3HA-
KaM U CIOCOOHOCTH Pa3BHBAThCS B YCIOBUSX in ViVO
WK in vitro. OIHAKO TI0 STUM KPUTEPHUSIM HEBO3MOKHO
OTIPEACTTUTH POJIb OTACIBHBIX (PAKTOPOB, NEHCTBYIO-
IIMX Ha Pa3IMYHbIX dTanax MPOTOKOJIa KPUOKOHCEP-
BHpOBaHMs. Pacmmpenne crieKTpa AMarHoCTUIECKIX
KJIETOYHBIX TTapaMeTPOB M METOJIOB MX HM3MEpPEHUs
[TO3BOJIUT PEMIUTH 3Ty MPOOIEMY B CO3/1aTh IKCIIEPH-
MEHTaJIbHO-TEOPETHYECKYIO 0a3y Il ONTUMHU3ALNH
PEKHMHBIX TApaMETPOB CYIIECTBYIOIUX TPOTOKOJIOB
1 pa3pabOTKK HOBEIX. B yacTHOCTH MOKa3aHo, 4To Ta-
KHE JEKTPUYECKUE XAPAKTEPUCTUKU KIETOK, KaK
MeMOpaHHBII MOTEHIMANl U TPAHCIIOPT MOHOB Yepe3
IJ1a3MaTHYECKUE MEMOpPaHBI SBJISIOTCS YyBCTBU-
TETHHBIMH MTapaMeTPaMH, OTPAXKAIOIIIMH COCTOSTHHE
KJIETOK 1 €T0 U3MEHEHHE TMOJT IEHCTBUEM Pa3IMIHbIX
9H/IOTEHHBIX M 9K30T€HHBIX ()aKTOPOB, HATIPUMED CTe-
TICHU 3PEJIOCTH OOIUTOB MieKommTaromux [20, 32].

B coBpemeHHO# OHOTEXHOIOTHH IHPOKO HCTIONb-
3yeTCsl METOJ UMITYILCHOM KOHAYKTOMETPUU, WU
snekTponopauuu [12, 16,22, 28, 29], ocHOBaHHBIHI Ha
CIIEeTyIOIIeM sIBICHHUH. [Ipu BO3IEHCTBUHU Ha KIIETKY
OJTHOPO/IHOTO JIEKTPUYECKOTO MOJI TPOUCXOIUT PE3-
KO€ yBeJIHMYeHHe MEMOpaHHOTo noTeHuuana. [1pesol-
LIeHHE HEKOTOPOT0 KPUTHUECKOTO 3HaYeHHsI MeMOpaH-
HOT'0 IIOTEHIIMAJIa IIPUBOIUT K JIOKAJIbHBIM I1€PECTPON-
KaM B JINMIUTHOM OHCJIO€ ¥ PE3KOMY YBEIWUYEHHUIO
AMEKTPUICCKOH MPOBOAMMOCTH KIIETOUHON MEMOPaHbI
BCJICCTBUE MOSIBICHUS B HEH KPAaTKOBPEMEHHBIX JIE-
(hexToB THTIA TUAPOGDHOOHBIX WITH THAPODUIHHBIX ITOP
[31, 33, 34]. PaznmnuaroT 0OpaTUMBIi 1 HEOOPATHMBIN
anexTpuueckuii npoooi. Ecnu panuyc ruapoduinbHOiM
[IOPBI HE IPEBBIIIAET HEKOTOPOE KPUTHUECKOE 3HAYE-
HUE, TO 10 UICTEUEHHH OIPEIEIIEHHOT0 BPEMEHH ITopa
3aJIeYnBaeTCs, T. €. UMEET MECTO TaK Ha3blBacMbI
oOpaTtuMebIii 3ekTpuueckuil npodoi. Eciu panmyc
TUAPOQIILHOM MOPHI MPEBBIIIACT HEKOTOPOE KPUTH-
Yeckoe 3HaUY€HUE, TO MPOUCXOAUT HEOOPaTUMBIH
AJIEKTPUICCKUN TTPOOOI MeMOpaHbI, COIIPOBOXKIAIO-
IIUKACS pa3pylIeHUEM U JIM3UCOM KileTku. HampsixkeH-
HOCTh UMITYJILCHOTO 3JiekTpudeckoro nojs (MO3IT),
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of cryoprotectants in cryoprotective media render toxic
effects on the embryos, thereby reducing their final
viability, which restricts the introduction of this method
into practice [4, 8, 10, 11, 26]. Herewith, one should
distinguish between true chemical toxicity and
‘apparent’ toxicity caused by osmotic factors that could
be eliminated by improving the composition of vitrifying
media and conditions of embryos exposure in the media.

Viability of devitrified embryos is being evaluated
by their morphological characteristics and the ability
to develop in vivo or in vitro. However, these criteria
could not show the impact of individual factors acting
at different stages of the cryopreservation protocol.
Expanding the range of characteristic cell parameters
and methods for their assessment would allow to solve
this problem and to create experimental and theoretical
basis for optimization of regime parameters of exis-
ting protocols and to develop new ones. In particular,
it was shown that the electrical characteristics such
as cell membrane potential and the transport of ions
via plasma membranes are sensitive parameters re-
flecting the state of the cells and its changes under the
influence of various endogenous and exogenous fac-
tors, e.g. the maturity stage of mammalian oocytes
[20,32].

Contemporary biotechnology widely utilize the me-
thod or pulse conductometry or electroporation [12,
16, 22, 28, 29], based on the following phenomenon.
Uniform electric field exposure on the cells causes
sharp increase in the membrane potential. Exceeding
of certain critical membrane potential leads to local
modifications in the lipid bilayer and a sharp increase
in the electric conductivity of cell membrane due to
appearance of short-living defects such as hydrophobic
or hydrophilic pores [31, 33, 34]. One discern reversible
and irreversible electrical breakdown. If the radius of
a hydrophilic pore does not exceed a certain critical
value, after some time the pore ‘heals’, i. e. so-called
reversible electrical breakdown occurs. If the radius
of the hydrophilic pores exceeds certain critical value,
the irreversible electrical breakdown of the membrane
occurs, accompanied by the destruction and lysis of
cell. The intensity of pulsed electric field (PEF) causing
the electrical breakdown, could be an important para-
meter characterizing the structural integrity of the
membrane. It was shown that even small changes in
the structure of the membrane under the exposure of
external chemical or physical factors affected the value
of the critical electric breakdown [3, 12, 30]. The
electric pulse action is conventionally applied to intro-
duce into cells the foreign DNA or the substances
which normally do not penetrate, as well as for cell fu-
sion [16, 22, 28, 29]. Electric characteristic of this pro-
cess is the electric conductivity of the cell, which chan-
ges significantly with an increase in the electric field
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BBI3BIBAIOLIETO AJIEKTPUUYECKHIA TPOOOii, MOKET CiIy-
YKUTh Ba)XKHBIM MapaMETPOM, XapaKTEPU3YIOLIUM I1e-
JIOCTHOCTB CTPYKTYphl MeMOpansl. [Tokaszano, 4ro na-
e Majble U3MEHEHHs B CTPYKTYpe MeMOpaHbl IMOA
BO3/ICHICTBUEM BHEIIHUX XUMUYECKUX WIH (pU3NIec-
KHX (haKTOPOB BIIMSIOT HAa 3HAYCHNE KPUTHIECKOH Ha-
MIPSDKEHHOCTH AIEKTPHUECKOTo 1mpobost [3, 12, 30]. Tpa-
TUITMOHHO JEMCTBHE JIEKTPHIECKOTO UMITYIIbCA HC-
MIOJIB3YIOT JIJISl BBEICHUS B KJIETKU HE TIPOHUKAIOIINX
B HOpME areHTOB, BBEJCHHS B KJIETKH Uy>KEPOJHOU
JHK, cnustaus knetok [16, 22, 28, 29]. Dnektpuuec-
KOM XapaKTepUCTUKON 3TOTO MPOLECCa SIBIISETCS dIEK-
TpUYeCKasi MPOBOAUMOCTb KJIETKH, KOTOpas CyIIeCT-
BEHHO U3MEHAETCS NIPU HApaCTaHUU HAIIPSKEHHOCTH
anekTpuieckoro o [ 13—15]. B npeapiayux ucce-
JOBaHUSX HAMU OBLIO IOKA3aHO, YTO AJIEKTpHUYECKast
MIPOBOANMOCTb TaK)K€ MOKET OBITh KJIIETOYHBIM ITapa-
METPOM, XapaKTePU3YIOIINM H3MEHEHHSI B (DYHKITNO-
HaJHHOM COCTOSTHMH OOIMTOB U SMOPHOHOB MBIIIH B
3aBHCHMOCTH OT CTENIEHH UX 3pesiocTH [3, 7] u craanu
pa3BUTHS B IpoIiecce AesieHus npooiaeHus [6]. Takxke
OBLITO TIOKA3aHO, YTO 3HAYSHHS SIMEKTPHUECKON TPOBO-
JUMOCTH OOILIUTOB MBIIIN MEHSIOTCS O] AEHCTBUEM
PacTBOPOB MPOHUKAOLINX KPHOTIPOTEKTOPOB [15].
Hensio nHacTosmed paboOTHl SBUIOCH MCCIENO-
BaHUE BIUSHUS Pa3INYHBIX ITAOB IPOTOKONA KPHO-
KOHCEpBHPOBAHMS METOZOM BUTPU(DHUKALIUH B STHIICH-
IJIMKOJIb-CaXapO3HOH cpejie Ha ANEKTPUUECKYTO IPOBO-
JTUMOCTD 2-KJI€TOYHBIX SMOPHOHOB MBIIIEH.

Martepuajbl 4 MeTOABI

OOBEKTOM HCCIICTOBAHUS CITYKUITH 2-KIIETOTHBIC
smOpuonbl Meimei F, (C57B1 x CBA) Bo3pactom 6—
8 Hemenb. [y CTUMYISILIMK CYTIEPOBYIISILUN CaAMOK
MBIIIEH TOABEPraId FTOPMOHATIBHOM 00paboTKe MyTeM
BHyTpHOprommHHOTO BBeAeHus 5 ME ronanorponuna
CBIBOPOTKH kepeOrix koobu1 («Folligon», Hunepnan-
as1) ¥ 7,5 ME yenoBedeckoro XOpuOHHYECKOTo roHa-
norporuHa (uXI') («Chorulony, Hunepianner) ¢ uH-
tepBanoM 46—48 4. Camox mociie BBeneHUs udXI
MOJICAKUBAIM K caMIlaM JuIsi oceMeHeHus. Ha cie-
OYIOIIWHN 1eHb TPOBEPSIN HATMIXE KOMYISITHOHHBIX
MpOOOK, YTO COOTBETCTBOBAJIO MEPBOMY JHIO Oepe-
MEHHOCTH caMoK. Yepe3 48 1 mocie BBeaeHUS 9XI
CaMOK 3a0MBajii TUCIIOKAIMEH MIeHHBIX TTO3BOHKOB.
OMOpHOHBI HA CTaIUH JIBYX OI1acTOMEpOB MOTydYan
MPOMBIBAHHEM OTIPENapupOBaHHbIX SIHIIEBOIOB (Hu-
3MOJIOTHYECKOM cpenoii Jromp0ekko ¢ qo0aBiIeHrEM
5%-1i peranbHON TeNsUbe CHIBOPOTKHU («Sigmay,
CIIIA) npu KOMHaTHOM TeMIepaType 1o CTaHAapTHON
MeToauke [1]. 3aTeM KIeTKH TPHKABI OTMbIBaIHN (Hu-
3UOJIOTUYECKON CPEeIoi M HEMEUIEHHO HUCIIOJIb30BaIl
B OKCTIEpUMEHTAX.

OKCTIEpUMEHTHI Ha YKUBOTHBIX TTPOBOIMIIH B COOT-
BeTCTBUH ¢ «OOIMNMHU MPUHITUTIAMH SKCTIEPUMEHTOB
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[13—15]. We have shown previously that the electric
conductivity may also be a cell parameter characteriz-
ing the changes in the functional state of mouse oocytes
and embryos, depending on their maturity [3, 7] stage
of development during cleavage [6]. The electric con-
ductivity of murine oocytes was also shown to change
after exposure in solutions of cryoprotectants [15].

The aim of our study was to investigate the effect
of different stages of cryopreservation protocol by
means of vitrification in ethylene glycol and sucrose
medium on the electric conductivity of two-cell mouse
embryos.

Materials and methods

Experiments were performed in 2-cell embryos of
68 week-old mice F, (C57BI x CBA). Superovulation
was stimulated by hormonal treatment: intraperitoneal
injection of 5 IU pregnant mare serum gonadotropin
(Folligon, Netherlands) and 7.5 IU of human chorionic
gonadotropin (HCG) (Chorulon, Netherlands), 46-48
hours post HCG administration the females were trans-
ferred to males for insemination. The next day, the
presence of copulatory plugs was checked, which cor-
responded to the first day of pregnancy. Females were
sacrificed by means of cervical dislocation 48 hours
post hCG administration. Two cell embryos were iso-
lated by washing the cut-out oviducts with Dulbecco’s
physiological medium supplemented with 5% fetal calf
serum (Sigma, USA) at room temperature using stan-
dard method [1]. The cells were then washed thrice
with physiological medium and used immediately in the
experiments.

The experiments in animals were carried out in
compliance with the General principles of experiments
in animals, approved by 3% National Congress on Bio-
ethics (Kiev, 2007), and with the European Convention
for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (Stras-
bourg, 1986).

In the present study we analyzed the cryopreser-
vation protocol based on vitrification method described
previously [2, 4, 8]. Embryos were divided into five
groups: the control and four experimental groups. The
control group (n=32) consisted of fresh 2-cell embryos
without signs of morphological abnormalities.

The first series of experiments were targeted to
elucidate the effect of duration of exposure in solution
of cryoprotectants and vitrifying medium on electric
conductivity in the murine embryo. Embryos of experi-
mental groups I (n = 25), and II (n = 28) were treated
with 10% solution of ethylene glycol (EG) during 5
minutes, transferred to a vitrifying medium (30% EG +
0.7 M sucrose) and incubated during 1.5 minutes
(group I) and 3 minutes (group II). Then the embryos
were transferred into drops of 0.5 M sucrose solution,
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Ha KUBOTHBIX», 07100peHHbMHE 111 HarmonansHeIMEU
koHrpeccamu no 6mostuke (Kues, 2001-2007 rr.) u
COTJIaCOBAaHHBIMHU C NMONOXEHUAMH «EBponeickoi
KOHBEHIIMH O 3alUTe NO3BOHOYHBIX JKUBOTHBIX, HC-
MOJB3yEMBIX JJI 3KCIEPUMEHTANBHBIX U APYTHUX
Hay4HbIX Henei» (CtpacOypr, 1986 1.).

B pabote aHanu3upoBaiu MpOTOKOJI KPUOKOHCEP-
BUPOBAHUS METOJIOM BUTPHU(PHUKALNU, ONUCAHHBIN
panee [2, 4, 8]. OMOpHUOHBI OBLTH pa3aeiICHEI HA TISThH
TPYTIT: KOHTPOJIBHYIO U YETHIPE SKCIIEPUMEHTAIHHBIX.
B xorTpONBHYytO0 rpymiTy (n = 32) BXOAWIHA CBEXXEBBI/E-
JIEHHBIE 2-KJIETOYHBIE YMOPHUOHBI O€3 IMPU3HAKOB MOP-
(honormuecKux HapyIIeHUH.

B nepBoil cepuu 3KCIEPUMEHTOB UCCIIEIOBAIN
BIIMSIHME BpEMEHH MHKYOALluU B pacTBOPE KPUOIIPO-
TEKTOpa U Cpele BUTPU(PHUKALNHN Ha SJIEKTPHUECKYIO
MIPOBOAMMOCTH SMOPHUOHOB MBIIITH. OMOpHOHBI [ (n =
25) n Il (n = 28) sxcnepuMeHTAIBHBIX TPYIII HOABEP-
ranu oopabotke 10%-M pacTBOPOM STHIICHIIUKOINS
(BI') B TevueHune 5 MHH, TIOCTIE YET0 MEPEHOCHITH B Cpe-
ny Butpudukammuu (30% O + 0,7 M caxapossl) u
BeepkuBany B HeH 1,5 muH (I rpynma) u 3 mun (11
rpymma). 3aTeM 3apobIIIH TEPEHOCHIIH B KarlTi pacT-
Bopa 0,5 M caxapo3sl, BeiaepxuBanu 10 MuH 1 miepe-
HOCHJIM B (pH3HOIIOTHYECKYIO cpeny J{ronb0ekko st
yIaJIeHus! KpUOTIPOTEKTOPA.

Bo BTOpOIl cepuM 3KCIIEPUMEHTOB HCCIIEIOBAIN
BIIMSTHUE TIOJHOTO IUKJIAa HU3KOTEMIIEPATYPHOTO KOH-
CEpBUPOBAHUSI 2-KJIETOUHBIX SMOPHOHOB MBIILIY HA UX
3NEKTPUYECKYI0 IPOBOAUMOCTE. OMOpHoHsI 111 n IV
9KCHEepUMEHTANBHBIX rpymil (n =26 un = 18 coorBer-
CTBEHHO) I10CJIe TIPEABAPUTEIBHON SKBUIMOpanny B
10%-m pactBope DI u cpene BUTpuHUKaLIMU Tepe-
HOCWIH (110 5—7 SMOPHOHOB) B 3apaHee MOATOTOBIICH-
HBIE TUTACTUKOBBIC COJIOMUHKH TuamMeTpoM 2 MM («Pa-
cific Vety, ABcTpanus), comepiKaime 5 MK CPeIbl
Butpudukanuu. COJOMHUHKH OBICTPO MOIPYKaIu B
KUIKUHA a30T ¥ XpaHUIH 3—7 cyTOK. Bpems sxcrio3urm
B 3THJICHIIMKOJIb-CaXapO3HOU Cperie Iepet OXIaxKie-
nuem 1 I rpynner cocraBuno 1,5 mun, ana IV
rpymisl — 3 MuH. COTOMUHKH OTOIpEBAITN HAa BOASHON
6ane (38°C). Ans ynaneHus: KpUorpoTeKTopa SMOpHo-
HBI, U3BJICYEHHBIC U3 COJIOMHHOK, IEPEHOCHIIH B pacT-
BOp caxapo3bl ¢ KoHueHTpauuei 0,5 M, Beraep kuBaiu
B HeM 10 MMH ¥ 3aTeM TPIKAbI OTMBIBAIN (HU3UOIO-
TUYECKOM cpeiol Mpu KOMHATHOH Temmeparype. Co-
XPaHHOCTh IEKOHCEPBUPOBAHHBIX 3aPOBIIIEH OLIEHH-
BaJIM 110 MOP(OIOTHIECKUM IPHU3HAKAM: IIETIOCTHOCTH
OacTOMEpOB M MPO3PAYHOCTH MX IUTOIIa3Mbl. B
JAbHEHIINX 9KCIIEPUMEHTaX UCTIOIh30BAIIN SMOpPHO-
HBI 0€3 MOP(OIOTHIECKUX HAPYIIICHHH.

DJIEKTPUUYECKYIO IPOBOAUMOCTH SMOPHOHOB MBbI-
LM OINpeNessUId METOJOM HMMITYJbCHOM KOHIYKTO-
meTpud [30] ¢ KCTIONB30BaHUEM alIapaTypHOTO KOMII-
JIeKCa, B COCTaB KOTOPOTO BXOAMJII T€HEPaTOp OJUHOY-
HBIX IIPSMOYTOJIBHBIX UMITYJIBCOB C JIMHEHHO BO3pac-
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kept for 10 minutes and thereafter transfered into a
Dulbecco’s physiological medium to wash-out the
cryoprotectant.

In the second series of experiments we investigated
the effect of complete cycle of low temperature pre-
servation of two-cell murine embryos on their electric
conductivity. Embryos of groups III and IV (n = 26
and n = 18, respectively) were transferred after pre-
equilibration in 10% EG solution and vitrifying medium
(5—7 embryos at once) into plastic straws of 2 mm
diameter (Pacific Vet, Australia) containing 5 pl of vitri-
fying medium. Straws were rapidly plunged into liquid
nitrogen and stored for 3—7 days. Duration of exposure
in the ethylene glycol and sucrose medium before
freezing for the group 11l and IV was 1.5 and 3 minu-
tes, correspondingly. Straws were warmed in a water
bath (38°C). To remove the cryoprotectant the emb-
ryos retrieved from straws were transferred into a
0.5 M sucrose solution, exposed during 10 minutes and
then washed thrice with physiological medium at room
temperature. Survival of devitrified embryos was as-
sessed by morphological criteria: integrity of blasto-
meres and transparency of their cytoplasm. Further
experiments were conducted in embryos without mor-
phological abnormalities.

The electric conductivity of mouse embryos was
determined by pulsed conductometry method [30] using
the device with the generator of single rectangular
pulses with linearly increasing amplitude. The gene-
rated voltage was applied to the gold thread microelect-
rodes sealed in glass capillaries. Each embryo was
washed twice in an isotonic sucrose solution to remove
the traces of salt buffer, and then placed between the
microelectrodes in a drop of sucrose solution. The spe-
cific conductivity was determined indirectly by mea-
suring the voltage amplitude on the calibrated resistor
sequentially connected with microelectrodes. Specific
electric conductivity of individual oocytes was calcu-
lated according to the previously developed algorithm
[14,30].

Eventually, there were plotted the experimental
curves of specific electric conductivity for individual
2-cell murine embryos vs. the electric field between
the micro-electrodes.

Statistical processing of the results was performed
using the parametric data analysis and software Micro-
soft Office Excel 2010, and Student t-test to evaluate
the significance of differences. Data are presented as
M = SE.

Results and discussion

Fig. 1 shows the dependence of electric conduc-
tivity of murine two-cell embryos of the control group
vs. the electric field intensity. The dependencies of
the electric conductivity of individual embryos were
of monotonous increasing character as amplitude of
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Tarome amnnutygo. Hanpsikenue ¢ reneparopa
[I0/1aBAJIOCh HA MUKPORJIEKTPOJBI U3 30JI0TOW HUTH,
3anasHHOM B CTEKIISIHHBIC Kanmuyuisipbl. Kaskaprit amM0-
PHOH 1BaYK1bl OTMBIBAJIM B U30TOHUYECKOM PAcTBOpE
caxapo3bl JUIsl yAaJeHuUs CIIEOB coeBoro oydepa, a
3aTeM B KaIule pacTBOpa caxapo3bl MOMEIIAINA MEXIY
MHUKPO3JIEKTPOAaMH. YAETHHYIO TPOBOIUMOCTB OTIpe-
TSI KOCBEHHO — MYTEeM H3MEPEHHS aMIUTUTYIbI
HaTpsOKEHUS Ha KaTHOPOBAaHHOM PE3UCTOPE, ITOCIIEI0-
BaTeJIbHO COCAWHEHHOM C MHUKPOIJIEKTPOJAMHU.
VienapHy0 3MEeKTPUYECKYI0 TPOBOJUMOCTD OTIEINb-
HBIX OOLIMTOB PacCUMTHIBAIM COIIACHO pa3paboTaH-
HOMY paHee anroputMmy [ 14, 30].

B pesynbrare ObUTH HOCTPOEHBI HKCTIEPUMEHTAITb-
HBIE 3aBUCIMOCTH YAEIBHON NIEKTPUIECKON IIPOBOIH-
MOCTH OTHENBHBIX 2-KJIETOYHBIX IMOPUOHOB MBIIIEH
OT HaIpPSHKEHHOCTH JJIEKTPUUYECKOTO TOJISI MEXIY
MHUKPO3JIEKTPOJaMH.

CrartucTuieckyio 00padoTKy pe3yIbTaTOB BBIIIOJ-
HSJTH C MCTIONIb30BaHMEM I1aKeTa MmapaMeTpHIecKoro
aHaJM3a JaHHbIX porpaMmMbl Microsoft Office Excel
2010 u t-xpurepus CTpioneHTa A7 OLIEHKH J0CTOBEP-
HOCTH pa3nuuuil. JlaHHBIE TIPEACTABIECHBI B BUJIE
M + SE.

Pe3yabTarsl m o0cyxaeHne

Ha puc. 1 npencraBieHsl 3aBUCUMOCTH YIE€TbHON
ANEKTPHYECKON IPOBOANMOCTH 2-KJIETOUHBIX SMOPHO-
HOB MBIIIIEH KOHTPOJIBHOM IPyMITHI OT HAIPSHYKEHHOCTH
ANEKTPUIECKOTO IMOJIs. 3aBUCUMOCTH IEKTPUUECKON
MIPOBOAMMOCTH OTIEITHHBIX YMOPHUOHOB 110 MEpE yBe-
JITYEHVS aMILTUTY/IBI [TOIAaBaeMOTo UMITYITbca (puc. 1, A)
HMEJIM MOHOTOHHO Bo3pactaromuil xapakrep. Ilpu
3TOM (DPUKCHPOBAIN 3aMETHBIC KOJeOaHUs 3HaYCHUI
MIPOBOIUMOCTH, KOTOPBIE CBUIETENBCTBOBAIN O MHO-
TOKpaTHOH MOpalyy Iia3MaTH4eckux MeMOpaH o:1ac-
ToMepoB. UnclieHHbIE 3HAUEHUS AEKTPUUECKOM Ipo-
BOIUMOCTH 2-KJIETOYHBIX 3MOPHUOHOB MBIIIN KOHT-
POJBHOM rPpyNITBl IPH YBETMYSHUH aMILTUTYAbI TT0/1a-
BaeMOT0 WMITYJIbCa MEHSUTUCh B muanasone ((1,54 +
0,11) + (6,12 £ 0,34))x103 Cm/m (puc. 1, B). B nmua-
masone Hanpspkearocteit MOIT ot 1X10* mo 5%10* B/m
ANIEKTpUYECKast IPOBOAUMOCTh SMOPHUOHOB 00YCIIOB-
JIeHa HAJIMYHUEM «ECTECTBEHHBIX» (DIYKTYyallMOHHBIX
Mop B JIMIIUJHOM OHCIIOe M OCJIKOBBIX KaHAllOB B
IUIa3MaTHYECKUX MeMOpaHax 3MOpPHOHOB, TIOATOMY
WHIUBHIYaJIbHbIE PA3INIHS MEX LY OTAEIbHBIMH 3MO-
pHOHaMU BBIpakeHb! ciiabo. [1pu npeBbliienny 3Have-
HHI HalPsDKEHHOCTH NIEKTpUIecKoro moist 5X10* B/m
3NIEKTpUYECKast MPOBOJUMOCTH 00yCIOBIEHA HHIYK-
nuel mporecca mopoodpa3oBaHus MOA ACHCTBUEM
MIPHIIOKEHHOTO 3IEKTPUIECKOTO UMITYIbCA, KOTOPBIH,
B CBOIO OY€pENb, ABIISETCS BEPOATHOCTHBIM IPOIIeC-
coMm [12, 33, 34] u 3aBUCUT OT UHAUBH Ty AIHBIX OCO-
OeHHOCTEH (IIEKTPOMEXaHUIECKUX CBOWCTB) MEMO-
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the applied pulse increased (Fig. 1 A).Herewith, signi-
ficant fluctuations in the conductivity values were regis-
tered, which indicated to occurred multiple blastomere
plasma membrane poration. The numerical values of
the electric conductivity of murine 2-cell embryos of
the control group with an increase in the amplitude of
the applied pulse varied in the range ((1,54 £ 0,11) +
(6,12+0,34))x10 S/m (Fig. 1B). In the PEF intensity
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Puc. 1. 3aB1CUMOCTb YAEeNbHON 3neKTpuyYeckon NnpoBoan-
MOCTU 2-KNEeTOYHbIX 3MOPMOHOB MbILM KOHTPOSbHOM
rpynnbl OT HanpsbkeHHocTn UN3M: A — 3aBucMMocTu Ans
oTAenbHbIX aMOpUoHoB; B — ctatuctnyeckn obpaboTaH-
Hble OaHHble.

Fig. 1. Dependence of specific electric conductivity of 2-cell
murine embryos of control group vs. PEF intensity: A — sin-
gle embryos dependencies; B — statistically processed
data.
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pas 3MOpuoHOB. [Ipu 3TOM B Hiccie0BaHHOM Juana-
30He 3HaYeHui HanpspkéHHOCTEel DI HeoOpaTuMblii
3NIEKTPUUIEeCKUui NpoOoit MeMOpaH 1 Tu3uc OnacTome-
POB He HaOIogaN1, YTO CBUAETENBCTBYET 00 yCTOM-
YUBOCTH TJIa3MaTHYECKUX MEMOpaH 2-KJIETOYHBIX
SMOPHUOHOB KOHTPOJIILHOM TPYIIITBI K JEHCTBHIO AJIEKT-
PHUYECKOTO UMITYIIbCA.

[Tocne 1,5-MUHYTHON 3KCHO3WIAKA YMOPHOHOB B
ATUIICHIIMKONIBb-caxapo3Hoit cpene (I rpynma) u yna-
JIEHUS! KPUOIIPOTEKTOpa 3HAUEHUS yACITBHOUW JJIeKT-
pHUYECKOil TPOBOAUMOCTH SMOPHOHOB OBUIN BBILIE 110
CPaBHEHUIO C TAKOBBIMH 3MOPHOHOB KOHTPOJLHOMN
Ipynnsl 1 MEHsUTHCh B amamnasoHe ((2,24 £ 0,64) +
(3,86 £ 0,68))x10° Cm/M (puc. 2). JIocToBepHBIE pa3-
maus (p < 0,05) Mexny HayaJbHBIMU 3HAYEHUSIMU
ANMEKTPUIECKON TPOBOAUMOCTH 3MOPHOHOB | rpymiiel
1 KOHTPOJIFHOW CBHJIETENBCTBYIOT O BIUSHUU KPHO-
3alIUTHBIX PACTBOPOB HAa CTPYKTYPY IIa3MaTHIECKUX
MeMOpaH 3MOpPHUOHOB, a TakKe 00 U3MEHEHHHU HX
3JEKTPOMEXAaHUIECKUX CBOMCTB. DOMOPHOHBI 3THX
TPyNI IEMOHCTPUPOBAIHN CXOXKYIO YCTOWYHUBOCTH K
JEVCTBUIO JIEKTPUIECKOTO UMITYIIBCA B HCCIEAYEMOM
Iuamna3oHe HanpsbkeHHocTel. HeoOpaTumelii mpoboit
U Iu3HUc OIacTOMEPOB TaKKe HE HAOMIOmamy.

[Nocne 3-MuHYTHOH 3KCIIO3UIIMN SMOPHOHOB B 3TH-
JICHTJINKOJIb-CaXapO3HOH Cpesie YNCIICHHBIE 3HAYEHUS
MPOBOTUMOCTH SMOPHOHOB MPAKTHYECKHU COBIAIaIH
C MOJy4YEHHBIMH TOcne 1,5-MUHYTHON SKCIO3UIUN
(((2,3+£0,87) + (4,1 £1,7))x103 Cm/m). OnHako 1o

0 T T T T
0 10 20 30 40

HanpsikeHHocTb nons Ex104, B/m
Field intensity Ex104, W/m

OnekTpuyeckas nposoaMmMocTb Gx102, Cm/m
Electric conductivity Gx10-3, S/m

()]
o

range of 1x10* to 5%10* V/m the electric conductivity
of the embryos was due to the presence of ‘natural’
fluctuation pores in the lipid bilayer as well as protein
channels in the embryo plasma membranes, so indi-
vidual differences among individual embryos are insig-
nificant. Exceeding the values of the electric field of
5%10* V/m the electric conductivity resulted from the
induced pore formation process due the applied electric
pulse, which in its turn was a probabilistic process [12,
33, 34], depending on the individual characteristics
(electromechanic properties) of embryo membranes.
In the studied range of PEF intensity values no irre-
versible electrical breakdown of membranes and lysis
of blastomeres were observed, which indicated the
stability of the plasma membranes of 2-cell embryos
of the control group to an electric pulse exposure.
After 1.5 minutes of exposure of embryos in ethy-
lene glycol and sucrose medium (group 1) and cryopro-
tectant removal the specific conductivity values revea-
led in the embryos were higher if compared with those
in the control group embryos and varied in the range
((2,24£0,64)+(3.86 £ 0,68))x10 S/m (Fig. 2). Signi-
ficant differences (p < 0,05) between the initial values
of electric conductivity of embryos in group 1 and the
control group testified the effect of cryoprotective
solution on the embryo plasma membranes structure,
resulted in the changes of their electro-mechanical
properties. Embryos of group 1 exhibited resistance to
the action of electric pulse in the studied range of
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Puc. 2. 3aBMCMMOCTb yOenbHOW 3NEKTPUYECKON NPOBOAMMOCTM 2-KIMETOYHbIX 3MOPMOHOB MbILWM OT HAMPSAXXEHHOCTU
M3M nocne 1,5 MuH akcnosunuum B cpede Butpudukaumm: A — 3aBUCMMOCTU NS OoTAeNbHbIX 3MOpUOHOB; B —
cTaTtucTnyeckn obpaboTaHHble OaHHbIe.

Fig. 2. Dependence of specific electric conductivity of 2-cell murine embryos vs. PEF intensity after 1.5 min long exposure
in vitrifying medium: A — single embryos dependencies; B — statistically processed data.
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JOCTHKEHUH HEKOTOPOTO 3HAUEHUs HAPSHKEHHOCTH
UDOII nabnronaincst pe3kuii pocT IMEKTPHUUECKOM MPo-
BOJAMMOCTH Y MeMOpaH BceX 3MOPHOHOB, COITPOBOXK-
JAIOLIUICS TU3UCOM OJIaCTOMEPOB, UTO CBHIACTEIbCT-
BOBAJIO O HEOOPATUMOM IIEKTPUIECKOM IPOOOE IIa3-
Marudeckoil MemOpans! (puc. 3, B).

Ha puc. 4 npencraBnensl MmukpodoTorpaduu, se-
MOHCTPHUPYIOILIHNE SIBICHNE HEOOPATHMOTO 3JIEKTPH-
YeCKOTro Mpo0os 2-KJIETOYHOTO 3MOPHOHA MBIIIIH.

Bo BTOpOIi cepun 3KCIEPUMEHTOB MBI OIIPEAEIISIIN
3NEKTPUIECKYIO IPOBOTUMOCT Uy CTOHUMBOCTD 2-KJIe-
TOYHBIX 3MOPHOHOB MbIlIeH K neiicTBuio MDII mocne
MIOJTHOTO LINKJ1a KPHOKOHCEPBUPOBAHUSL.

Ha puc. 5 npeacraBineHsl 3aBUCUMOCTH 3JEKTPHU-
YEeCKOM MPOBOAUMOCTH SMOpHOHOB [V rpymnmsl nocie
MIOJIHOTO [MKJIa KPUOKOHCEPBUpOBaHUs. UHcieHHbIe
3HAYEHHA 3TOTO mapameTpa st amOpuonos I u IV
TPy MPAKTUYECKH HE OTINYAINCH U HU3MEHSUTHCH B
npenenax ((2,38 £ 0,83) + (9,49 + 1,18))x107° Cm/m.
HeoOparumsIii anekTpudaeckuii mpo0oii u mu3mnc omac-
TOMEPOB SMOPHUOHOB HAOIOAAJICS 11 SMOpHOHOB [V
rpymmsl. OnHako 11 SMOproHOB I rpymmer oH oTCyT-
CTBOBAI.

Kak BuaHO M3 NpencTaBlIEeHHBIX JAHHBIX, dTall
BUTPU(UKATUN-OTOTPEBA HE OKA3bIBAET CYILECTBEH-
HOTO BJIMSHHS Ha YHMCJIEHHBIE 3HAUECHUS JJIEKTPH-
YEeCKOH MPOBOIUMOCTH 3MOPHOHOB MbIH. CyIiecT-
BEHHOE YBEIMYEHUE IEKTPUUECKOW MPOBOJUMOCTH
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intensities similar to that of the control group. No irre-
versible breakdown or blastomeres lysis was also obser-
ved.

After 3 minute-long exposure of the embryos in
ethylene glycol and sucrose medium the numerical
values of the conductivity of the embryos were almost
equal to the of previous ones: ((2,3 = 0,87)+(4,1 £+
1,7))x10° S/m. However, after reaching a certain
value of PEF intensity there was a sharp increase in
the electric conductivity observed in the membranes
of all the embryos, which was accompanied by lysis
of blastomeres, indicating an irreversible electrical
breakdown of the plasma membrane (Fig. 3B) .

Fig. 4 shows photomicrographs depicting the phe-
nomenon of irreversible electrical breakdown of 2-cell
murine embryo.

In the second series of experiments, we determined
the electric conductivity and resistance of murine 2-
cell embryos to the action of PEF after a full cycle of
cryopreservation.

Fig. 5 shows the dependencies of the electric con-
ductivity of embryos in group IV of after full cryopre-
servation cycle. The numerical values of this parameter
for embryos in groups 3 and 4 did not differ and were
in range of ((2,38 + 0,83)+(9,49 + 1,18))x10* S/m.
Irreversible electrical breakdown and lysis of embryos
blastomeres was observed for the embryos of group
4. However it was not observed in embryos of group 3.
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Puc. 3. 3aBMCMMOCTb yOenbHOW 3NEKTPUYECKON NPOBOANMOCTU 2-KMETOYHbIX 3MOPUOHOB MbILWM OT HaMpPSXKEHHOCTU
M3 nocne 3 MUH 3Kkcno3uummn B cpeae BUTpudmkauum: A — 3aBUCMMOCTM AN OTAENbHbIX 3MOPUOHOB; B — cTaTucTUyecku
obpaboTaHHble faHHbIE.

Fig. 3. Dependence of specific electric conductivity of 2-cell murine embryos vs. PEF intensity after 3 min long exposure
in vitrifying medium: A — single embryos dependencies; B — statistically processed data.
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sM6puoHoB | u Il rpynm no cpaBHe-

HUIO C IPOBOJUMOCTBIO SMOPHOHOB A
KOHTPOJIBHOW TPYNIIbI CBUAETENb-
CTBYET 00 M3MEHEHHUHY CBOWCTB IJIa3-
MaTHYeCcKuX MeMOpaH 01acToMepoB
SMOPHOHOB MOCJIE DKCIO3UIUH B
pactBope OI" u cpenie BUTpHDUKAIIIH.
MOXHO TIPEANOIOXKUTh, YTO B pe-
3ynsTaTe 006paboTKu dSMOPHOHOB
KPHUO3aIUTHBIMUA PacTBOPaMHU B
I1a3MaTHIecKuX MemOpaHax Oiac-
TOMEpPOB (POPMHUPYIOTCS CTPYKTYp-
HBbIE Je(QEKTHI, B 00JACTH KOTOPBIX
O[] AEUCTBUEM JIEKTPUIECKOTO UM-
myJibca MOTYT (OPMHPOBATHCA TO-
PBbl, UTO U IPUBOJUT K YBEIUUCHUIO
3HAYEHUH 3JIEKTPUYECKOI MPOBOIU-
MOCTH SMOPHOHOB 3KCIIEPIMEHTAIBHBIX Tpymil. BaxkeHn
TOT (pakT, YTO AMANA30H 3HAUYCHUU 3IEKTPUUIECKOU
MPOBOAUMOCTH 3MOPHUOHOB DKCIIEPUMEHTAIbHBIX
TPYTII CYIIECTBEHHO yKe, 4eM KOHTPOJIbHBIX 3MOpPHO-
HOB. MOXHO TIPEIMOI0KUTD, YTO TIPH HAPyIIIEHUH YIIO-
PAOOYEHHOCTH CTPYKTYPHI TJIa3MaTHYECKUX MEMO-
paH 3MOPHOHOB MOJ AECHCTBHEM KPHUO3AIUTHBIX
PacTBOPOB U3MEHSIOTCS IIEKTPOMEXAaHUUYECKHUE
cBOWicTBa MeMOpaH M, Kak ClIeICTBUE, XapaKTep
pacmpeneneHus u pa3Mepbl MEMOpPaHHBIX IO, UHAY-
uupoBaHHbIX AeiictBueM UIII. Kpome Toro, ussect-
HO, 4TO HaIpsDKEHHE BICKTPUUECKOT0 MpoOos

—
I

-
N
1

-
o
1

(o]
1

OnekTpuyeckas nposogumoctb Gx1073, Cm/M
Electric conductivity Gx10-3, S/m
o
1

0 10 20 30 40

HanpsikeHHocTb nons Ex104, B/m
Field intensity Ex104, W/m

n
o

Puc. 4. MukpodoTorpadumm 2-kneTo4HbIX aMOpMoHOB MbIwn Ao (A) n nocne
(B) HeobpaTmMoro anekTpuyeckoro npobosi. MacwtabHas nuHenka 50 Mkm.

Fig. 4. Photomicrographs of murine 2-cell embryos before (A) and after (B)
irreversible electric breackdown. Bar 50 pm.

As can be seen from the presented data, freeze-
thawing had no significant effect on numerical values
of the electric conductivity exhibited by the murine
embryos. A substantial increase in the electric conduc-
tivity of embryos from groups 1 and 2 if compared
with conductivity in the control group embryos indicated
the occurrence of changes in properties of embryo
blastomere plasma membranes after exposure in EG
solution and vitrifying medium. It can be assumed that
processing of embryos in cryoprotectant solutions
resulted in appearance of structural defects in blasto-
mere plasma membranes, around which the pores
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Puc. 5. 3aBMCUMOCTb yAENbHOW 3MEeKTPUYECKO NPOBOAUMOCTU 2-KMETOYHbIX 3MOPUOHOB MbILM OT HaNPSXKEHHOCTU
M3IT nocne NonHOro uMkna KpMOKOHCEPBUPOBAHWS; SKCNO3NUMS B cpeae BUTpUdmKaumm — 3 MUH.: A — 3aBUCUMOCTU
AN OTAENbHBIX 3MBPUOHOB; B — cTatnctnyeckm obpaboTaHHblE AaHHbIE.

Fig. 5. Dependence of specific electric conductivity of 2-cell murine embryos vs. PEF intensity after full cycle of cryo-
preservation; 3 min of exposyre in vitrifying medium: A — single embryos dependencies; B — statistically processed data.
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(006paTIMOTO) MIPOTIOPITHOHATEHO TOJIIIUHE MEMOPAHBI
[33]. Ancopbiust KpHOTIPOTEKTOpa Ha MeMOpaHe
YBEIIMYMBAET TAK HA3BIBAEMYIO «3P(PEKTUBHYIO» TOJ-
LIMHY MEMOpaHBI, U3MEHSET €€ AUIICKTPUUECKYIO
MIPOHHUIIAEMOCTH, YTO, B CBOIO OYEPE/lb, YBEIHMUNBAET
3HaUCHWE HANPSKSHUS TPO00s, HEOOXOMUMOTO IS
(hopMHPOBaHUSI TOPHI, U TEM CaMBIM CHIDKAs 3HAYCHUE
UIEKTPUUECKON MPOBOAUMOCTH. ClleyeT OTMETHTb,
YTO YBEIMICHUE BPEMEHH SKCITO3UITHH OT 1,5 10 3 MuH
MPUBOMUT K CHIWKCHUIO YCTOWYIMBOCTH MeMOpaH
aMOpHoHOB K neiictButo MBI, uTo oTpaxaercs B sSB-
JeHUH HeoOpaTuMOoTo ANeKTpudeckoro mpodos. [o-
BHINMOMY, YBEIWYEHNE DIEKTPUUECKON MPOBOIH-
MOCTH TUIa3MaTHYeCKUX MeMOpaH mociie NeHCTBUS
KPHO3AIIUTHBIX PACTBOPOB MOXKET OBITH CIECICTBUEM
W3MEHEHUS TPOHUIIAEMOCTH MEMOPAHBI JIJIsl HOHOB U
HapyIIeHUs HOHHOTO TOME0CTa3a, eCIIM BPeMs IKCITO-
3WIMHA B 3TUX PacTBOpax MPEBHIIIAET ONTHMAaIbHOE
3HaueHue. Panee MeTo0M 3JIEKTPOHHO-30HIOBOTO
MUKpOaHaIH3a HaMH OBLIO MIOKa3aHO, YTO MPH YBEIH-
YEHHUH BPEMECHH DKCITO3UINHU 2-KIICTOYHBIX SMOPHOHOB
MBIIIHK B 3TUJICHIIIMKOJIb-caxapo3Hoii cpene ot 1,5 no
3 MUH IPOUCXOUT TPEXKPATHOE CHUKEHUE IUTOILIA3-
MaTHU4eCKON KOHIIEHTPALIM1 OCHOBHBIX HEOPraHUYeC-
KHX 3JIEMEHTOB — Kajus 1 Hatpus [9, 27]. CHuxeHne
BHYTPHKJIETOYHOW KOHIIEHTPALUU 3THUX JJIEMEHTOB
TOCIIE IKCTIO3UIINU B Cpe/ie BUTPU(DUKAIINU IPUBOIUAT
K HapyIIICHUIO HHTETPAITEHON [IEIOCTHOCTA MEMOpPaHBI
1 ee CBA3W C IIUTOCKENETHBIMU CTPYKTYpamH, 4TO
OTpakaeTcs B PEe3KOM BO3PACTaHUHU AIEKTPUIECKOM
MIPOBOANMOCTH M HAaOMI01a€MOM HEOOpaTHMOM 3JIEKT-
prueckoM mpodoe MeMOpaHb! pH Bo3aeiicTBum MOI.
Taxxe ObUIO yCTaHOBJIEHO, YTO BHYTPHUKIIETOUHAS
KOHIICHTPALMS KaJI¥sl B SOMOPHOHAX MBIIITN B HOPME HE
SIBJISIETCA TIOCTOSIHHOM BEMYMHON U MpeTeprieBacT
LUKJINYECKUE U3MEHEHUS B 3aBUCUMOCTH OT CTaIuit
KJICTOYHOTO ITiKJIa [5]. Takue KOHIIEHTpaIMOHHEIE KO-
neGaHus OCHOBHOTO KJIETOYHOTO 3JIEMEHTa KOppeIH-
PYIOT C CHHXPOHHBIMHU MOJICKYJISIPHBIMU MIEPECTPOI-
KaMH B [IUTOILIa3Me U UMCIOT BaXKHOE (PH3HOIOTHYEC-
koe 3Hadenue [ 18]. Hapymenne nonHoro romeocrasa
3a CUET CHIDKCHHS BHYTPUKIICTOIHBIX KOHIICHTPAITHI
KaJIus ¥ HaTpUs PUBOJUT K Pa300IICHUIO KOOPMHA-
LMY LUTO- U KAPUOKHHE3A U 3aITyCKY allONTOTHYECKUX
MIPOIIECCOB B ITUTOILIA3Me. B 10163y TaHHOTO Ipero-
JIOKEHHSI CBUIETENHCTBYIOT PE3yNbTaThl pabOTHI
J.R. Trimarchi u coasr. [32], B KoTOpOIi OBLITO TTOKa3a-
HO, YTO BCJICICTBHE BO3ICUCTBYSI HA SMOPHOHBI MBIIIIN
(hakTOpOM, MHIYIHUPYIOUIUM aIrloNTO3, IPOUCXOIUT
BBIXOJI Kallns U3 OJ1lacToMepoB. Panee Hamu OBLIO yC-
TaHOBJIEHO, YTO IIPU YBEITMYECHUH SKCIIO3UIIIHN SMOpHO-
HOB B Cpe/ie BUTPU(UKAIUH TIepPe]l OTPYKCHUEM B
KUIKAH a30T ¢ 1,5 10 3 MuH MophohyHKIIHOHATHHAS
COXPaHHOCTh J€KOHCEPBHPOBAHHBIX 2-KIETOYHBIX
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could be formed due to effect of electric pulse, which
led to an increase in the electric conductivity values in
the experimental groups embryos. Interestigly, the
range of electric conductivity values exhibited by
experimental group embryos was significantly narrow
comparing to those of the control embryos. It can be
assumed that violation of ordered structure of embryo
plasma membranes under the influence of cryopro-
tective solutions could result in the changed electro-
mechanical properties of the membranes and, as a
consequence, in the distribution and size of the memb-
rane pores induced by the action of the PEF. Further-
more it is known that intensity of electric breakdown
(reversible) was proportional to the thickness of the
membrane [33]. Adsorption of cryoprotectant on the
membrane increased the so-called ‘effective’ thickness
of the membrane, changed its dielectric constant, which
in turn increased the breakdown intensity value, requi-
red for the formation of pore, thus reducing the value
of electric conductivity. It should be noted that increa-
sing the exposure time of 1.5 to 3 min reduced the
resistance of embryo membranes to the effect of PEF,
which was reflected in the phenomenon of irreversible
electric breakdown. Apparently, the increased electric
conductivity of the plasma membranes after exposure
in cryoprotective solutions could result from changed
membrane permeability for ions and disordered ion
homeostasis, if the exposure time in these solutions
exceeded a certain optimal value. It was shown pre-
viously using electron-probe micro-analysis that increa-
sing the exposure time of murine 2-cell embryos in
ethylene glycol and sucrose medium from 1.5 to 3 minu-
tes resulted in threefold decrease in cytoplasmic con-
centration of inorganic basic elements, potassium and
sodium [9, 27]. Reduction in the intracellular concent-
ration of these elements after exposure in vitrifying
medium led to a impairment of the membrane integrity
and its association with cytoskeletal structures, which
was reflected in a sharp increase in the electrical con-
ductivity and appearance of irreversible electrical
breakdown of the membrane under the influence of
PEF. It was also found that normally the intracellular
concentration of potassium in murine embryos was not
constant and underwent cyclic changes depending on
the cell cycle stage [5]. Such fluctuations in the concent-
ration of basic cell substances correlate with synchro-
nous molecular rearrangements in cytoplasm and are
of physiological significance [ 18]. Disturbing of ionic
homeostasis in terms of reducing intracellular concent-
rations of potassium and sodium results in the broken
coordination of cyto- and karyokinesis and initiation of
apoptotic processes in the cytoplasm. This assumption
is supported by observation of Trimarchi et al. [32],
reported that if murine embryos were subjected to a
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SMOpPHOHOB MBIIIEH TOCTOBEPHO CHIKaeTcs. B mpo-
LIECCE UX MTOCIEAYIOLIETO PA3BUTHS i1 Vitro YBEITUYH-
BAETCsI KOJINUECTBO aloONTOTUYECKUX SMOPHOHOB [8].

BriBoabI

[IpoBeneHHBIE McCAENOBaHUS MOKa3alHd, 4TO
3NEKTpUYECKasi MPOBOAUMOCTb MOXET OBbITH YYBCT-
BHUTEIbHBIM JUATHOCTHYECKUM KJIETOUHBIM ITapaMeT-
POM, OTpaskaroIIUM CKPBIThIE HapyLeHust MopdodyHk-
LHOHAJIBHOW HETOCTHOCTH KJIETOK Ha pPa3IM4HBIX
JTanax KpHOKOHCEPBUPOBAHNSI.

OCHOBHBIM 3TaroOM MPOTOKOJIA KPHOKOHCEPBUPO-
BaHUS 2-KJIETOYHBIX YMOPHOHOB MBI METOOM BUT-
pruduKamu B STHJICHIINKOIb-CaXapo3HOH cpene,
OKa3bIBAIOIIUM BIIHSHUE HA 3HAYEHUS SJICKTPUIECKOM
MIPOBOJUMOCTH 3MOPHOHOB M WX COXPAHHOCTH, SB-
JIIETCS ATl SKCTIO3UIMHU B KPHO3AILUTHBIX PACTBOPAX.
Oran oXNaXAEHUA-0TOIpEBA HE OKA3bIBAET JIOTOIHHU-
TEIHHOTO BIUSHUS HA 3HAYEHUS DIIEKTPHUECKON po-
BOJMMOCTH.

Hapymenuns MmopdodyHKIHMOHAIBEHOM HETOCTHOCTH
SMOPHOHOB B KPUO3ALIUTHBIX PAaCTBOPax Ha OCHOBE
STHJICHTJIMKOJIS M Caxapo3bl BBI3BAHBI, TTIABHBIM 00pa-
30M, IEHCTBHEM OCMOTHYECKOTO (haKTOpa CPebl, IIPH-
YeM 3TH HapyIIeHUS UMEIOT OOpaTHMBI XapakTep,
€CJIA BPeMSI DKCTIO3UIINHA YMOPHOHOB B CpeJie BUTPHU-
(ukanuu He MPEBBIIIAeT HEKOTOPOE KPUTHYECKOE
3HAa4YEeHHE, U CTAHOBATCS HEOOPaTUMBIMH, €CITH BPEeMS
9KCMO3UIMH HE ONTUMAJIBHO.
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factor inducing apoptosis, the leakage of potassium
from the blastomeres was revealed. We have reported
previously that increasing the exposure duration of
embryo in vitrifying medium before plunging into liquid
nitrogen from 1.5 to 3 min resulted in significant decrea-
se in integrity of devitrified 2-cell murine embryos.
During following in vitro development, the number of
apoptotic embryos was increased [8].

Conclusions

Electric conductivity could be a sensitive diagnostic
parameter for the cell, reflecting the hidden impairments
in morphological and functional integrity of the cells at
different stages of cryopreservation.

The main step of cryopreservation protocol for 2-
cell murine embryos using vitrification in ethylene glycol
and sucrose medium which affected the electric
conductivity and survival of embryos was the exposure
in solution of cryoprotectants. Freeze-thawing step did
not additionally affect the values of the electric condu-
ctivity of 2-cell murine embryos.

Impairments in morphological and functional integ-
rity of the embryo in cryoprotectant solutions were
caused mainly by osmotic factor of the medium, and
these disorders were reversible if the exposure of
embryos in vitrifying medium did not exceed a certain
critical value, and became irreversible if the exposure
time was not optimal.
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