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Electric Conductivity and Resistance of Mouse Oocyte Membranes
to Effect of Pulsed Electric Field in Cryoprotectant Solutions

Pecpepar: B pabote mMeTogoM UMMYNbCHOW KOHOYKTOMETPUM OnpedeneHbl 3HAYEeHUs 3neKTPUYeCcKor MPOBOAMMOCTM OOLM-
ToB MbiwKn B 1,0 M pacTtBopax NpOHMKaKLWMX B KIETKY KPMOMPOTEKTOPOB, a TakKkKe MccriegoBaHa YCTOMYMBOCTb MX MnasMaTu-
yeckux MembpaH K OeNCTBUIO MMMYSNbCHOrO 3NEKTPMYECKOrO MOMs Bo3pacTatolen HanpskeHHOCTU. Ons oounToB, MHKYOUpPOBaH-
HbIX B pacTtBopax atunexrnukonsa (3I), 1,2-nponaHanona (1,2-M4), 2,3-6ytanguona (2,3-b1) n gumetuncynedokcuga (4MCO),
3Ha4YeHUs yaenbHON 3NeKTpMYecKon NpoBoaMMocTu cocTtaBunum (23,6 + 3,4), (21,3 = 5,8), (21,0 £ 2,3) n (23,6 = 7,1) mkCm/cm
COOTBETCTBEHHO. B pactBopax auetamupa (AL) u dopmamuga (PA) 3HaYeHUs INEKTPUYECKOW MPOBOAMMOCTU OOLUTOB Mbl-
wun coctasunu (16,5 £ 6,1) n (16,9 = 10,7) mkCm/cm cooTBeTCTBEHHO. [MokasaHo, 4YTO pacTBOPblI KPUOMPOTEKTOPOB, MpUHaAre-
Xawmx Kk knaccy cnuptoB (3, 2,3-B[l), a Takwke OMCO okasbiBaloT cTabunusvpytloliee BNMWsHWE Ha nra3matudeckue memob-
paHbl OOLMTOB MbIIN MpU AEWCTBMM anekTpudeckoro nons. PactBopbl ALl 1 ®A He okasbiBalOT cTabunuanpytowero AencTeus
Ha MeMbpaHbl OOLMTOB MbILWKN, YTO MPOSIBNSETCA B pa3BUTMM HEOOpaTUMOro anekTpuyeckoro npobosi nnasmatuyecknx Memob-
paH nNpu yBenMYeHn HanpsXKEHHOCTM ANIEKTPUYECKOTO MOonsi.

KntoueBble crnoBa: oouuMThl MbIlWK, NasmaTuyeckas MembpaHa, anekTpuyeckas NpoBOAMMOCTb, KPUONPOTEKTOP, AMeKTpornopaums,
MNeKTPUYECKNii NPoBor, MMMNYNbCHOE 3NEKTPUYECKOE Nore, HanpsXKEHHOCTb.

Pecpepar: Y poboTi meTtogom iMnynbCHOI KOHOYKTOMETPIT Bneplle BU3HAYEHO 3HAYEHHSA eNeKTPUYHOI NpOBigHOCTI oouuTiB
muwi B 1,0 M po3ymHax NpoHMKao4MX y KNiTUHY KPiONpOTEKTOPIB, @ TaKoX AOCNIAXKEHO CTINKICTb X MNasmMaTtuyHux MembpaH go
Ail iMNYNbCHOrO eneKTPUYHOro Momfsi 3pOCTal4oi HampyXeHocTi. [ns oouuTiB, EKCMOHOBAHUX Yy PO34YMHAX ETUIEHITIKOo
(El), 1,2-nponangiony (1,2-MA), 2,3-6ytanaiony (2,3-bf) i anmetuncynedokcmay (AMCO), 3Ha4yeHHS MUTOMOI eneKTPUYHOI
nposigHocTi cknanu (23,6 + 3,4), (21,3 £ 5,8), (21,0 + 2,3) Tta (23,6 + 7,1) mkCm/cm BignoBigHo. Y po3uuHax aueTtamigy
(AL) i dopmamigy (PA) 3Ha4YeHHS eneKkTpu4HOi MpoBiAHOCTI oouuTiB Muwi cknanu (16,5 £ 6,1) Ta (16,9 £ 10,7) mkCm/cm
BiANOBiAHO. MNokasaHo, L0 PO34MHM KPIOMPOTEKTOPIB, siki Hanexatb Ao knacy cnuptis (El, 2,3-B[1), a Takox IMCO 3gincHiooTb cTa-
6inisytoumii BNAMB Ha nnasMaTuyHi MembpaHu oouuTiB MU B ymoBax Aii enektpmyHoro nons. PosuuHu ALl i ®A He uu-
HATb cTabini3y4oro BNAMBY Ha MembpaHyu OOLMTIB MULLI, WO NPOSIBNSETbCA B PO3BUTKY HEOOOPOTHOrO €rnekTpUYHOro npoboto
npw 36inNbLlUEHHI HaNPy>XeHOCTi eNeKTPUYHOro Mons.

Knro4oBi cnoBa: oounTt muLi, nnasmatnyHa membpaHa, enekTpyuyHa MpoBiAHICTb, KPIONPOTEKTOP, enekTponopadis, enekTpUYH1N
npobii, iMNynbCHe eneKTPUYHE Nose, HamnpyXeHiCTb.

Abstract: Using the method of pulsed conductometry, the values of electric conductivity of mouse oocytes in 1.0 M
solutions of penetrating cryoprotectants have been first determined and the stability of their plasma membranes to
the effect of pulsed electric field of increasing intensity has been investigated. For the oocytes, incubated in ethylene glycol
(EG), 1.2-propane diol (1.2-PD), 2.3-butane diol (2.3-BD) and dimethyl sulfoxide (DMSO) solutions, the specific electric
conductivity values were (23.6 + 3.4), (21.3 £ 5.8) and (21.0 = 2.3) and (23.6 + 7.1) uyS/cm respectively. The values of
electric conductivity for mouse oocytes in acetamide (AC) and formamide (FA) solutions were (16.5 £+ 6.1) and (16.9 %
+ 10.7) yS/cm, respectively. Cryoprotectant solutions, belonging to alcohols (EG, 2.3-BD), as well as DMSO, were shown
to have a stabilizing effect on the mouse oocyte plasma membranes under electric field action. The AC and FA solutions
caused no stabilizing effect on mouse oocyte membranes, which was manifested in development of irreversible electric
breakdown of plasma membranes with increasing electric field intensity.

Key words: mouse oocytes, plasma membrane, electric conductivity, cryoprotectant, electroporation, electric breakdown, pulsed
electric field, intensity.
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OntuMu3anus NporpaMMm KpHOKOHCEPBUPOBa-
HUSl OOLMTOB U SMOPHOHOB MIICKONHTAIOLIUX TeC-
HO CBSi3aHA C TOUCKOM J(PQPEKTHUBHBIX KPHOIPO-
TEKTOPOB, pPa3pabOTKON KOMOWHUPOBAHHBIX Cpe
3aMOpPaKUBAHUSI M CITIOCOOOB CHMKEHUS WX TOKCHY-
HOTO BIMsSHMS Ha kietku [13, 16, 17, 20, 21]. Pe-
IIEHUE MaHHOW MPOoOIeMBI 0COOCHHO aKTyalbHO B
CBSI3M C pa3pabOTKOW TMPOTOKOJIOB KPHOKOHCEPBH-
pOBaHHSA OOLMTOB M 3MOPHOHOB METOJOM BHUTpPH-
(UKaIMK, B KOTOPBIX MCIOJB3YIOT BHICOKHE KOHIICHT-
pauuM MPOHUKAIOMMX KpuompoTekTopoB [16, 20,
21]. Kak npaBuiio, 3peKTUBHOCTh KPHOIPOTEKTOPOB
1 CTENeHb HMX TOKCHYHOCTH OIPEAEISAIOT IMOocie
[IOJIHOTO IUKJIa HHU3KOTEMIIEpaTypHOro KOHCEpBU-
poBaHHsA TO MOP(MOIOTUYECKON IETOCTHOCTH 00-
[IUTOB M WX CIIOCOOHOCTH K OIUIOAOTBOPEHHIO, a
SMOpPHOHOB — K JaibHeimeMy passutuio [19, 25].
OpHako ATH KPUTEPUH HE TO3BOJISIOT OTIEIHTH
«MCTUHHYIO» XUMHYECKYI0 TOKCHYHOCTH KPHUOTPO-
TEKTOpa OT JPYIUX COMYTCTBYIOIIUX (aKTOPOB,
NEHCTBYIOMMX Ha pa3HbIX JTamax IUKIa KpHO-
KOHCepBUpoBaHUs. Vcroiab3oBaHue THUIIEPTOHHYEC-
KHX PacTBOPOB IMPHUBOIUT K TOSBICHUIO OOJBIINX
KOHIEHTPALIMOHHBIX TI'PagUeHTOB pPaCTBOPEHHBIX
BEILIECTB, YTO MOYKET CTaTh NPUYMHON HapyLIEHUS
OapbepHBIX CBOMCTB MEMOpaH W HMOHHOTO TOMEO-
ctaza [22], TOBBIIICHUS CCHCHOMIN3AINK KJICTOK
Ha JTarmax OTOTpeBa W yAaleHHsl KPHO3AIIUTHOTO
pacTBOpa. B nmteparype mpuBOIATCS DKCIIEPHMEH-
TaJbHBIE JaHHBIE IO BIMSHAIO DPA3IUYHBIX KOH-
LEHTPALN KPUOTIPOTEKTOPOB, TEMITEPATYPHI U JJTH-
TEBHOCTH OJKCMO3UIMH B KPHO3AIIUTHBIX PacTBO-
pax OOIMTOB W SMOPHOHOB MIICKOITUTAIONIMX Ha
MOP(OITOTUIECKYIO0 COXPAaHHOCTh BHYTPUKIICTOYHBIX
OpraHessl M, MpexJe BCero, MEHOTHYECKOro Bepe-
Tena [16, 19]. Takum oOpa3om, BOOpoc O TOM, Kak
OTJINYUTH NMOBPEKIACHN, BEI3BAHHBIE AEHCTBUEM OC-
MOTHYECKOTO (pakTopa, OT MOBPEXKISHHH, 00yCIIOB-
JICHHBIX XHMHUYECKUM JEHCTBHEM KPHO3AIIMTHBIX
areHTOB, OCTAETCS OTKPBITHIM, a ISl €r0 pelIeHUS
HEOOXOAMM ITOWCK HOBBIX MapaMeTpoB OIEHKH CO-
CTOSTHUS KJIETOK M a/IeKBaTHBIX METOJMYECKHX TOA-
XOJIOB HIX OIpE/IEICHUSI.

B nacrosee Bpemsi B OMOTEXHONOTMYECKUX OITe-
palysaX MIMPOKO MPUMEHSETCS IIEKTPOIopanus — 00-
paloTKa KMBBIX KIJIETOK SJIEKTPUYECKUM TOJieM. DTOT
METOJI UCIIONIB3YIOT JUIsl BBEIEHUS B KJIETKH HEMNpo-
HUKAIOIUX B HOPME BELIECTB, CO3aHUsI THOPHIIOM,
IudreKkTpodopesa, a TakKe CIUsHUS KieTok [14, 23,
28].

B npempiaymmx paborax HamMHM TIOKa3aHO, 4YTO
AIIEKTPUYECKas MPOBOJUMOCTD sIBIsieTCsl WH(OpMa-
TUBHBIM TIapaMeTPOM, XapaKTepu3yoImuM Mopdo-
(hyHKIIMOHAJIEHOE COCTOSTHME OOITUTOB MBI Ha
pasHbBIX cramusax 3penoctu [6, 7, 10], smOpuoHoB
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The optimization of cryopreservation programs
for mammalian oocytes and embryos is tightly
related to discovering the efficient cryoprotectants,
the development of the combined freezing media,
and the ways to reduce their toxic effect on cells [1,
6, 7, 12, 14]. This task may be solved by designing
the cryopreservation protocols for oocytes and emb-
ryos using vitrification, where the penetrating cryo-
protectants of high concentration are used [6, 12,
14]. The efficiency of cryoprotectants and degree
of their toxicity are generally determined after a
complete cycle of low-temperature preservation
according to the morphological integrity and the
fertilization ability of oocytes and the capability of
embryos for further development [10, 25]. Howe-
ver, these criteria do not enable distinguishing the
‘true’ chemical toxicity of cryoprotectant from other
related factors, acting at various stages of cryopre-
servation. The use of hypertonic solutions entails
the appearance of large solute gradients, which may
provoke a disorder of semi-permeability properties
of membranes and ionic homeostasis [16], an increa-
sed cell sensitization during thawing and removal
of cryoprotective solution. There are the reported
experimental data on the effect of the cryoprotec-
tants of various concentrations, temperature and ex-
posure duration in cryoprotective solutions of mam-
malian oocytes and embryos on morphological
integrity of intracellular organelles and, first of all,
meiotic spindle [6, 10]. Thus, the question of dis-
tinguishing the damages, caused by osmotic factor
impact from those, stipulated by chemical action
of cryoprotective agents has still remained open,
and to solve it new cell parameters and adequate
methodological approaches to determine them should
be found.

To date, the electroporation, i. e. the living cell
treatment with electric field, is widely used in bio-
technology. This method is applied to introduce the
substances, normally not penetrating into the cells,
for activation, creating hybridomas, dielectropho-
resis, cell fusion [3, 17, 28].

In previous research, we demonstrated the elect-
ric conductivity to be an informative cell para-
meter, characterizing the morphofunctional state
of mouse oocytes at different stages of maturi-
ty [20, 21, 24], mouse embryos during cleavage
[23], as well as at various stages of cryopreserva-
tion [22].

This research aim was to determine the elect-
ric conductivity of mouse oocytes in 1.0 M solu-
tions of penetrating cryoprotectants, as well as
to study the resistance of their plasma membranes
to the effect of pulsed electric field of increasing
intensity.
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MBI B TIPOIECCE JeNIeHus npooneHus [9], a Tak-
K€ Ha pa3HBIX JTamax [UKIAa KPHOKOHCEPBHPOBA-
Hus [8].

Lens paboThI — OIpe/ieieHue MMEKTPUIECKON Mpo-
BOIMMOCTH oonuToB Mbi B 1,0 M pactBopax
MIPOHMKAIONTNX KPHUOMPOTEKTOPOB, a TarKkKe HCCie-
JIOBAHWE YCTOMYMBOCTU HX ILIA3MaTHUSCKHX MEMO-
paH K JCHCTBHUIO HMITYJIbCHOTO DJJIECKTPUICCKOTO
TI0JISI BO3PACTAIONICH HAIPSDKEHHOCTH.

MarepuaJjibl U METOAbI

OKCIepUMEHThl Ha UBOTHBIX MPOBOJWIN B CO-
oTBeTCTBUH € «OOIMMH NPHHLIUIIAMH SKCIEPH-
MEHTOB Ha >XHMBOTHBIX», omoOpeHneiMu [-III Ha-
IMOHAIFHBIMU KOHTpeccamu 1o Ouodtuke (Kwues,
2001-2007) m corTacoBaHHBIMH C TIOJOXKCHUSIMH
«EBponeickoil KOHBEHIIMH O 3alllUTe MO3BOHOYHBIX
JKUBOTHBIX, HCTONB3YEMBIX I SKCIIEPUMEHTAb-
HBIX U ApYyTHX Hay4IHBIX menei» (CtpacOypr, 1986).

Oomutel Ha cramuu MII meiio3a momydanu ot
caMoKk 6—8-uHemenbHbIX Mbimiel auHEH CBA. s
CTUMYJISILIMU CYNEPOBYJISLIMU KUBOTHBIX TO/IBEpra-
U TOPMOHAJILHOH 00paboTke MyTeM BHYTpPUOpIO-
LIMHHOTO BBeleHUs 5 ME ronagorpornuHa ceIBOpOT-
k1 xepedbix koObL1 («Folligon», «Intervet»y, Hunep-
naHael) U 7,5 ME d4enoBe4eckoro XOpHOHHYECKOTO
ronagorponuHa (4XI') («Chorulon» «Intervety», Hu-
JepiaHasl) ¢ HHTEpBaIoM 46—48 1. Uepes 13 4 mocie
BBeneHN uXI' caMOK 3a0WBanyM IMCIIOKAITUEH miei-
HBIX TIO3BOHKOB.

OouuTel TMOMyYadud MyTEM IPOKAJIBIBAHUS CTe-
HOK aMITyJISIpHBIX OTZEJIOB SHMIEBOJOB B cpefe Jlromb-
Ockko ¢ noGasneHneM 5% QeTanbHON TenTube
ceiBopoTKH («Sigmay, CHIA) nmpu KOMHaTHOW TeM-
neparype [4]. 3areM KIETKH TPWXKAbl OTMBIBAJIN
¢usnonornueckoii cpenoit JronpOekKo U HEMeIeH-
HO HCITOJIb30BAIIN B KCIIEPUMEHTE.

Uccnenosanusa npooaunu B 0,3 M pactBope ca-
xapo3bl 1 1,0 M pactBopax cienyroumx IpOHHU-
KaloIUX KPHOMPOTEKTOPOB: ATHICHTINKOIE (OI);
1,2-ipomaramon (1,2-11]1); 2,3-6yranamnon (B1); are-
tamug (ALL); popmamun (DA); muMeTHICyIbHOKCHT
(AMCO). PacTBOpBI KPHOMIPOTEKTOPOB TOTOBHUIIN Ha
M30TOHMYECKOM pacTBope caxapossl (0,3 M).

ONEeKTPUYECKYI0 TPOBOAUMOCTh OOLIUTOB MBIIIH
B PAacTBOpax KPHUONPOTEKTOPOB OMNPENEsIN METO-
JIOM HMMITYJbCHOH KOHAYKTOMETPHUH C HCIOJIb30Ba-
HHUEM amnmnapaTypHOTo KoMIulekca [24], BKIIrodaromie-
TO TEHEPaTOp OJMHOYHBIX MPSMOYTOJIHHBIX UMITYITh-
COB, HaNpsDKEHHE OT KOTOPOTO TOAAaBaIOCh Ha MUK-
POBJIEKTPO/IbI U3 TOHKOM 30JI0TOM HUTH, 3aMastHHOMN B
CTEKJISTHHBIEC KaIlTUJUISPHIL.

OounThel MBIIIA WHKYOWPOBAJIN B MCCIEAYEMBIX
pacTBOpax KpHOMPOTEKTOPOB B TeueHune 10—15 MuH.
JUIMTENbHOCTh BBIIEP)KMBAaHUS TaMeT B pacTBOpax
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Materials and methods

Experiments in animals were carried out in
compliance with the General Principles of Expe-
riments in Animals, approved by the 13" Na-
tional Congresses in Bioethics (Kyiv, 2001-2007)
and agreed with the statements of the European
Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

The MII oocytes were derived from the 6-8-
week-old CBA female mice. To stimulate supero-
vulation, the animals were hormonally treated via
intraperitoneal administration of 5 IU pregnant
mare serum gonadotropin (Folligon, Intervet, Ne-
therlands) and 7.5 IU of human chorionic gona-
dotropin (hCG) (Chorulon, Intervet, Netherlands)
with 46-48 hrs interval. In 13 hrs after hCG admi-
nistration the females were sacrificed by cervical
dislocation.

The oocytes were procured by piercing the walls
of oviduct ampullar segments in Dulbecco’s me-
dium, supplemented with 5% fetal bovine serum
(Sigma, USA) at room temperature [13]. Then
the cells were thrice washed out with physiolo-
gical medium and used immediately in the expe-
riment.

The studies were performed in 0.3 M sucrose
solution and 1.0 M solutions of penetrating cryo-
protectants: ethylene glycol (EG); 1,2-propa-nediol
(1,2-PD); 2,3-butanediol (BD); acetamide (AC); for-
mamide (FA); dimethyl sulfoxide (DMSO). Cryo-
protectant solutions were prepared with isotonic suc-
rose solution (0.3 M).

The electric conductivity of mouse oocytes in
cryoprotectant solutions was determined by pul-
sed conductometry using the device [19], consis-
ting of the generator of single rectangular pulses,
the voltage from which was supplied to the gold
thread microelectrodes sealed into glass capilla-
ries.

The mouse oocytes were exposed to the studied
cryoprotectant solutions for 10—15 min. The dura-
tion of gamete exposure in cryoprotectant solu-
tions was determined by the time, required for a
complete equilibration of extra- and intracellular
concentrations of penetrating substances and oocy-
te volume renewal. Then, the oocytes in a drop
of solution were placed between microelectrodes,
whereto the single voltage pulses were supplied,
the amplitude of which increased uniformly from
zero with 50 ps duration. The mode parameters
of the field were selected in such a way that the
energy value of initial electric pulse was signifi-
cantly lower than the threshold one, causing an
electric breakdown of membrane.
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KPHOIPOTEKTOPOB ONpeIesisiiack BpeMeHeM, He00Xo0-
JUMBIM ISl IOJTHOTO YPaBHOBEILIMBAHUS BHE- U BHY-
TPUKJIETOYHBIX KOHLEHTPALUH NPOHUKAIOIUX Be-
LIECTB M BOCCTaHOBJIEHMS oObeMa oouuTa. 3areM
OOLIMTHI B Kalje pacTBOpa IOMELIAd MEXKIYy MHU-
KPOIEKTPOJaMH, Ha KOTOPBIE II0aBAIN OJUHOYHbIE
MMITYJTbCHl HAIPSDKEHUSI ¢ PAaBHOMEPHO BO3pacTaro-
e OT Hyls aMIUTUTYION JUIUTENbHOCThI0 50 MKC.
PexxuMHBIC MapamMeTpsl MMOJsi BHIOUpAM TakuM 00-
pa3oM, 4TOObI BEIWYMHA SHEPTHU MEPBOHAYATBEHOTO
ANEKTPUIECKOTO UMITYIIbCa OblIa 3HAYUTEILHO MEHB-
1€ [TOPOrOBOTO 3HAYEHUS, BBI3BIBAIOIIETO JJIEKTPO-
po6oit MeMOpaHBI.

st onpeneneHust yneabHON TPOBOIMMOCTH OOLH-
TOB M3MEPSUIM aMIUIUTYAy HalpsDKeHHs Ha Kajuo-
POBOYHOM PE3UCTOPE, COSAMHEHHOM I10CJIEA0BATEIIb-
HO C MUKPOJIEKTPOJIaMH.

Mopdonoruueckyro 1enoCcTHOCTb OOLUTOB B IIPO-
1ecce dKCIeprMeHTa OIIEHNBAIM METOJIOM CBETOBOM
MUKPOCKOIIHH.

Hckomass BenuYMHA YACNBHOW IMPOBOAUMOCTH
OJIMHOYHOM KJIETKM PaBHA Pa3HOCTH MEXIY MPOBO-
JUMOCTBIO O0BEKTa W IMPOBOAMMOCTBIO PacTBOpa,
KOTOPYIO U3MEPSIIOT B OHOM U TOM ke 00pasie, mo-
CKOJIBKY coriacHo 3akony Koibpayma nanHslid napa-
METp MpPEACTaBISET CO00H aJAUTHUBHYIO BEJINYHMHY
[1]. Anroput™ pacyeTa 3MEKTPUUECKON MPOBOIUMO-
CTH TIOAPOOHO omucaH paHee [24].

Ha ocHoBaHMM NOJy4YEeHHBIX JaHHBIX ObUIM IIO-
CTPOEHBI 3aBHCHMOCTH PACCUYMUTAHHBIX 3HAYECHUN
YAETBHOW TPOBOAMMOCTH OTAENIBHBIX OOLMTOB OT
BEJIMYUHBI HANpPSKEHHOCTH TOJNISI MEXIY JIEKTPO-
namu. [lo xapakrepy 3aBHCHMOCTH OLIEHUBAJIN yC-
TOWYMBOCTH OOLIMTOB MBIIIM B PACTBOPaxX KPHUOMPO-
TEKTOPOB.

JlaHHBIC TIpENCTaBICHBI B BHJE CPEIHHUX 3HAUe-
HUH £ cTaHIapTHOE OTKJIOHEHHE C UCIOJIb30BaHUEM
nporpammel «Excel» («Microsofty, CILIA).

Pe3yabTarbl 1 00CyxIeHTE

JlelicTBrE AIEKTPUUYECKOTO OIS Ha KIETKY MpHU-
BOIUT K PE3KOMY YBEIHUYEHHIO MEMOpPaHHOTO IIO-
TEHIalla U POCTY JJIEKTPUUYECKOW IMPOBOTUMOCTHU
KJIETOYHOH MeMOpaHbl. DTO SBJICHUE CBS3aHO ¢ (op-
MHpOBaHHEM B MeMOpaHe KpaTKOBPEMEHHBIX Je-
(beKTOB THMA CKBO3HBIX IOpP BCIICACTBHE JIOKAJIb-
HBIX MIEPECTPOCK B JIMITATHOM OHCIIOE O] JCHCTBAEM
ANIEKTPUYECKOTO HMITYIbca. B HacTosIiee Bpemsi 00i1b-
IIMHCTBO HCCJIEOBaTeNIeld TPUACPKUBACTCS MHe-
HUsS, 4TO HamOollee BEPOSTHOE MECTO DJIEKTpUYe-
CKOTO TIp000sT MeMOpaHbl — JIUIHUIHBINA OuCIoH [14,
26-28]. M3BecTHO, YTO N1Ba CBOWCTBA JIMIIHIHOTO
OuCIIOsN MEMOpPAHBI ONPEACIIAIOT UyBCTBUTEIHHOCTD
MeMOpaH K JIEHCTBHIO SJIEKTPHUYECKOTO TMOJs: 3a-
pAAbl UKW JUSJICKTPUYCCKUE JUITOIIW  JIUIMAAHBIX
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The specific conductivity of oocytes was deter-
mined by measuring the voltage amplitude on the
calibration resistor, sequentially connected with mic-
roelectrodes.

The morphological integrity of oocytes during
experiment was assessed by light microscopy.

The required value of specific conductivity of a
single cell equals to the difference between the ob-
ject’s conductivity and that of the solution, measured
in the same specimen, since this parameter is an
additive value according to the Kohlrausch’s law [5].
The algorithm for electric conductivity calculation
was specified previously [19].

Proceeding from these findings, there were plot-
ted the curves of calculated values of specific conduc-
tivity for individual oocytes vs. the field intensity
between electrodes. The mouse oocyte resistance in
cryoprotectant solutions was assessed by the curve
features.

The data are presented as mean values + standard
deviation using Excel software (Microsoft, USA).

Results and discussion

The effect of electric field on cell cause a sharp
rise of membrane potential and an increase in electric
conductivity of cell membrane. This phenomenon
is associated with the formation of short-term de-
fects of a kind of transverse pores in membrane due
to the local rearrangements in lipid bilayer under
electric impulse impact. Currently, most researchers
consider the lipid bilayer to be the most probable
place for electric breakdown in membrane [3, 26—
28]. It is known that two features of membrane lipid
bilayer determine the membrane sensitivity to elect-
ric field effect, i. e. existing of the charges or di-
electric dipoles of lipid molecules and a low per-
meability of membranes to ions [27]. The walls
of membrane pore may be formed either by hyd-
rocarbon tails of lipids (hydrophobic pores) or by
polar heads of lipid molecules (hydrophilic ones).
For relatively large pore radii (> 0.5 nm), the free
energy of hydrophilic pore is significantly lower
vs. hydrophobic one, i. e. according to thermodyna-
mic principle of minimum energy, the existence
of hydrophilic pore is more energy-efficient [27].
The reported findings prove the fact, that the large
pores, resulting in lipid bilayer rupture during
its electric breakdown are hydrophilic [3, 26]. If
the radius of a hydrophilic pore does not exceed
a certain critical value, then it disappears after
some time, i. e. there is a reversible electric break-
down of the membrane. If the pore radius exceeds
a certain critical value, then the irreversible elect-
ric breakdown, accompanied by a cell destruction,
occurs. It is known that the value of critical voltage
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MOJIEKYl M Majas MPOHHLAEMOCTb MeMOpaH JuIs
noHOB [27]. CTeHKH MEMOpPaHHOH MOPBI MOTYT OBITH
00pa3zoBaHbl JHOO YIVIEBOJOPOIHBIMH XBOCTaMH
munuaoB (TuapodoOHBIe TOPHI), THUO0 TOIAPHBIMH
TOJIOBKAMHU JIMIMIHBIX MOJEKYNI (MMIpoQHIbHbIE
mopsl). JI7s OTHOCHTETHHO OONBIINX PATAyCOB TIOP
(> 0,5 am) cBoOomHAs PHEPTUS TUAPOPUILHON TIO-
PBl 3HAYUTEIHLHO MEHBIIE, YeM dHEeprust Tuapodoo-
HOM, T. €. B COOTBETCTBMHU C TEPMOJUHAMHUYECKUM
MPUHIATIOM MUHAMYMa CBOOOTHOW SHEPIUH CYIIECT-
BOBaHUE THAPOPHILHON MOPBI SHEPrETHYECKH 0O-
nee BbIrogHO [27]. B numTeparype npencTaBieHbI
JKCIIEPUMEHTAJIbHBIE aHHBIC, JO0Ka3bIBAIOIINE, YTO
OoJiplIKE MOPBI, KOTOPbIE NMPUBOAAT K Pa3pbIBY JIH-
MUIHOTO OMCIOSl IPU €ro 3JIEKTPUUYECKOM Ipodoe,
sBIsIIOTCS TUApodmibHEIME [14, 26]. Ecnmn pamuyc
rugpoGuIbHOM IOPHl HE MPEBBIMIAET HEKOTO-
pPOro KpUTHYECKOTO 3HA4YEHUs, TO OHAa MCYE3aeT 4e-
pe3 OmpeneneHHoe BpeMs, T. €. UMEeeT MecTo o0pa-
TUMBIA DJIEKTpUYECKU mpoboit memOpansl. Ecnn
paanyc TOpBI MPEBHIIIAET HEKOTOPOe KPUTHUYECKOE
3HauUeHHEe, TO MPOUCXOJUT HEOOPATHUMBIH 3JIEKT-
puueckuii npoOoii, KOTOPBIA COMPOBOXKAACTCS Paspy-
LIeHueM KieTku. M3BecTHo, 4To 3HaYeHue KpUTUYe-
CKOTO HANPSDKEHUS MOXKET CIIY>KUTh Ba)KHBIM Iapa-
METPOM, XapaKTePU3YIOUIMM CTPYKTYpY MeMOpaHbI
u creneHb ee nenoctHoctr. L. V. Chernomordik [14]
[I0Ka3ajl, YTO M3MEHEHUs B CTPYKType MeMOpaHBbI
107l BIUSIHUEM BHEIIHMX XMMHYECKHUX areHTOB WM
(bm3udeckux (HaKTOPOB OTPAXKAIOTCS HA 3HAYCHUH
KpUTHYECKOro HampspkeHus: mpobos. H.P. Yexyposa
u coanT. [11] mokaszanu, 4TO KPHUOMPOTEKTOPHI, MIPH-
HaJJIeKalue K pasiu4YHbBIM KjlaccaM XUMHYECKHX
BEIIECTB, OKAa3bIBAIOT CYIECTBEHHOE BIMSIHME Ha
MeMOpaHHBIH TOTEHLIHAN 2-KJIETOYHBIX MOPHUOHOB
MbIIIH. M3MeHeHne MeMOpaHHOTO MOTEHIHAaja MO
JeCTBUEM KPHO3AIIUTHBIX PACTBOPOB MOXKET OKa-
3bIBaTh BIUSIHUE HA BEIWYMHY HANpPsDKEHHUS SIICK-
TPUYECKOrO MPOo0OO0st MPpH IEHCTBUU HIEKTPUUECKOTO
IOJISL.

W3BecTHO, 4YTO CTENEHb MOBPEXKICHUS KIIETOK
B THIIEPTOHUYECKUX PACTBOpPaxX KPHOIPOTEKTOPOB
3aBUCUT OT WX KOHIIEHTPAIMHW, IIO3TOMY B JIAHHOM
paboTe KOHIEHTpAIMsl PAacTBOPOB BCEX HCCIEaye-
MBIX KpHonpoTekTopoB coctaBmia 1,0 M. CornacHo
JUTEPaTYPHBIM JaHHBIM Takas KOHIECHTpaLus IO-
3BOJIsIET M30€KaTh MOBPEXKICHHUS KJIETOK KakK 3a CUeT
OCMOTHYECKOTO (DaKTOPa, TAK U TOKCHYECKOTO JCHCT-
Bus [16].

3aBUCUMOCTb  DJIEKTPHUUECKOH MPOBOAUMOCTH
OOLIUTOB MBI OT HANPSHKEHHOCTH HMITYJIbCHO-
ro anekrpudeckoro nois (MOII) B m30TOHHYIECKOM
pacTBope caxapo3sbl (puc. 1) mMeeT BO3pacTaroIIniA,
HO He TUHEeHHbIN xapakTep. /s 60mMbpIIMHCTBa 00IH-
TOB MBIIIA MO JOCTHKEHHUIO HANPSHKEHHOCTH OIS
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may be an important parameter, characterizing
the membrane structure and the degree of its inte-
grity. L.V. Chernomordik [3] showed that the chan-
ges in membrane structure under the effect of either
external chemical agents or physical factors affected
the value of critical breakdown voltage. N.R. Cheku-
rova et al. [2] demonstrated the cryoprotectants
belonging to different classes of chemicals to have
a significant effect on membrane potential of 2-cell
mouse embryos. Changes in membrane potential
under cryoprotective solution impact may affect
the electric breakdown voltage during electric field
action.

The cell damage degree in hypertonic solu-
tions of cryoprotectants is known to depend on
their concentration, therefore, in this research the
concentration of solutions for all the studied
cryoprotectants was 1.0 M. According to the reported
data, this concentration enables avoiding the cell
damage both due to osmotic factor and toxic effect
as well [6].

The dependency of electric conductivity of mou-
se oocytes on the pulsed electric field intensity in
isotonic sucrose solution (Fig. 1) was of increasing,
but not linear character. For most mouse oocytes,
upon reaching the field intensity of 3.5 kV/cm, a
sharp increase in conductivity, accompanied with
the gamete swelling and plasma membrane de-
struction, was observed, suggesting thereby an irre-
versible electric breakdown. Within the range of ini-
tial values of field intensity (0.2—0.5 kV/cm), the
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Fig. 1. Dependency of specific electric conductivity of
mouse oocytes vs. pulsed electric field intensity in 0.3 M
sucrose solution: e — oocyte conductivity; m — conductivity
of 0.3 M sucrose.
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3,5 kB/cm Habmoganoch pe3koe yBEIHUCHHE TIPO-
BOJMMOCTH, COIPOBOXKAAolLIeecs HaOyxaHHEM Ta-
MET W pa3pylleHHeM HuX IJIa3MaTHYeCKuX MeMO-
paH, 4TO CBUJETEIBCTBYET O HEOOPATUMOM IIEKTPH-
4yeckoM mpoboe. B anana3oHe HavanbHBIX 3HAYCHUI
HanpspkeHHocTed monst (0,2-0,5 kB/cm) uHIynu-
pOBaHHOE Ha MEMOpaHe HaNpsLKeHHE HEAO0CTaTOYHO
JUISL JIEKTPUYECKOro IMpo0Oosi, MO3TOMY PErucTpu-
pyemasi MpOBOAMMOCTH OOYCIIOBJIEHa COOCTBEHHOM
MIPOBOAMMOCTEI0 MeMOpaHbl. HauaneHoe 3HaueHue
YAETBHOM 3MEKTPUYECKOH IPOBOIUMOCTH OOLMTOB
B pactBope caxapossl coctaBmiu (20,0 + 4,5) MmxCwm/
CM.

B pactBopax 3T (puc. 2, A), 1,2-I1]] (puc. 2, B),
2,3-BJ1 (puc. 2, C) Habiromaercss OTHOCUTEIHHO OBI-
CTpO€ yBEJIWYEeHHE MPOBOAMMOCTH YK€ B 00IacTu
MaJIbIX 3HAYEHWM HanpspkeHHOCTH nous. IIpu mak-
CHUMaJbHOM 3HAYCHUHM HANpsbKeHHOCTH 3,5 kB/cm
HEOOpaTUMBIH DIIEKTpUYEeCKHl MPoOOH MeMOpaHBbI
HE TIPOMCXOMIUT, a TPOBOJUMOCTH OOLUTOB, JOCTHUTas
HEKOTOPOW BETUYMHBI B JHANA30HE HANPSHKEHHOCTH
2-3,5xB/cM, nanee He MeHseTcsl. MOXKHO TPEATIOINO-
JKUTh, 4YTO pactBopbl DI u 2,3-BJ[ oka3piBaroT cTa-
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Fig. 2. Dependency of specific electric conductivity of
mouse oocytes vs. pulsed electric field intensity in 1.0 M
EG (A), 2-PD (B) and 2.3-BD (C) solution: e — cell con-
ductivity; m — conductivity of 1.0 M EG solution.

voltage, induced on membrane was not enough
for electric breakdown, therefore, the recorded con-
ductivity was stipulated by membrane’s own con-
ductivity. An initial value of specific electric conduc-
tivity of oocytes in sucrose solution was (20.0 +
+4.5) uS/cm.

In EG (Fig. 2A), 1.2-PD (Fig. 2B), 2.3-DB
(Fig. 2C) solutions a relatively rapid increase in
conductivity was observed even within the range of
low values of field intensity. With the maximum
intensity value of 3.5 kV/cm, no irreversible memb-
rane electric breakdown occurred, and, after reaching
a certain value within the intensity range of 2-
3.5 kV/cm, the oocyte conductivity then remained
unchanged. The EG and 2,3-BD solutions may be
assumed to have a stabilizing effect on mouse
oocyte membranes. In a 1.0 M solution of 1,2-PD,
the reaching of maximum field intensity (3.5 kV/cm)
was critical for several oocytes: a sharp increase
in conductivity was observed, accompanied by oocy-
te destruction, i. e. an irreversible electric break-
down occurred.

The values of specific electric conductivity for
oocytes within the range of initial values of field
intensity were (23.6 = 3.4), (21.3 £5.8) and (21.0 =
+ 2.3) uS/cm in EG, 1,2-PD and 2,3-BD solutions,
respectively. The obtained values are comparable
with those, corresponding to oocyte conductivity in
sucrose solution.

The numerical values of electric conductivity of
mouse oocytes in DMSO solutions (Fig. 3) and an
increase in conductivity depending on pulsed electric
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Ounm3upyloniee ASHCTBHE HAa MEMOpaHBI OOLMTOB
Mbimn. Opnaxo B 1,0 M pacteope 1,2-I1J1 ans ot-
JeNBbHBIX OOLHUTOB 10 JOCTHKCHUH MaKCUMAalbHOTO
3HAYCHUs HaNpsDKeHHOCTH 1o (3,5 kB/cm) Habmro-
JlaeTcsl PEe3KUil POCT MPOBOAMMOCTH, COIPOBOXK/A-
IOLIMHCS pa3pylIeHUEM OOLUTOB, T. €. UMEET MECTO
HEOOpaTUMBIN IEKTPUIECKHUH MPOOOT.

3Ha4YeHNUs YJIENbHOM AIIEKTPHUUECKON TPOBOAMMO-
CTH OOIIUTOB B 00JacTH HayaJbHBIX 3HAYCHWN Ha-
NpsOKEHHOCTH 1ot coctaBwin (23,6 + 3.4), (21,3 +
+5,8)u (21,0 £ 2,3) mxCwm/cm B pactBopax DI, 1,2-I1]]
n 2,3-bJ1 coorBercTBeHHO. [lomyueHHble 3HAUEHHUS
CPaBHHUMBI C COOTBETCTBYIOIIUMH BETMYMHAMH MIPO-
BOJIMMOCTH OOLIUTOB B PACTBOPE Caxapo3bl.

YucrieHHbIe 3HAYEHUs JIEKTPUUECKOW MPOBOAU-
MOCTH OOIIMTOB MBI B pactBopax IMCO (puc. 3)
U POCT IPOBOAMMOCTH B 3aBUCHMOCTH OT Hall-
PSDKEHHOCTH  MMITYJIBCHOTO  BJIEKTPUYECKOIO OIS
AQHAJIOTMYHBI IIOJyYEHHBIM B PacTBOpax CIMPTOB.
BennuuHa  ynenpHOM  2JEKTPUYECKOHM  MPOBOIU-
MOCTH B 00JaCTH HauyaJbHBIX 3HAUEHUH HampsKeH-
HocTH Tonst cocraBisier (23,6 £ 7,1) mxCwm/cm, a
[0 JIOCTMKEHUM MaKCUMAaJIbHBIX 3HAuU€HUM Hamps-
KCHHOCTH TOJSI HEOOpaTHUMbIH MpoOOH MeMOpaHBbI
He HaOMI0aeTCsl, YTO CBUAETEIILCTBYET O CTaOMIU-
3upylomeM aeiicteun pactBopoB JIMCO Ha memOpa-
HBI OOIIUTOB.

B pactBopax ALl u ®A (puc. 4) 3HaYEHHUS IIEKT-
PHUYECKOH IPOBOAMMOCTH OOLIMTOB MBIIIM B obnac-
TH HAYaJbHBIX 3HAYECHUH HANpsDKCHHOCTH MO
OBUTH HECKOJIBKO HIDKE, YeM B PAacTBOpPax CIHUPTOB
u JIMCO, u cocrasuwmu (16,5 = 6,1) u (16,9 +
+ 10,7) MxCwm/cM cooTBeTcTBEHHO. PocT mpoBoau-
MOCTH OOILIUTOB B pacTBOpax aMHJOB B 3aBUCH-
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Fig. 3. Dependency of specific electric conductivity of
mouse oocytes vs. pulsed electric field intensity in 1.0 M
DMSO solution: e — oocyte conductivity; m — conductivity
of 1.0 M DMSO.

field intensity were similar to those obtained for
solutions of alcohols. The value of specific electric
conductivity within the range of initial values of
field intensity was (23.6 £ 7.1) pS/cm, and upon re-
aching its maximum values no irreversible memb-
rane breakdown was observed, suggesting a stabili-
zing effect of DMSO solutions on oocyte mem-
branes.

In AC and FA solutions (Fig. 4), the electric
conductivity for mouse oocytes within the range of
initial values of field intensity was slightly lower
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Fig. 4. Dependency of especific electric conductivity of mouse oocytes vs. pulsed electric field intensity in 1.0 M AC (A) and
FA (B) solution: e — oocyte conductivity in solution; m — conductivity of 1.0 M AC solution.
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MOCTH OT HAaNpPSHKEHHOCTH TMOJsI 3aMETHO MEHb-
e, 4eM B pactBopax cnupros u JIMCO, BIIOTH 10
HEOOpaTUMOro 3JIEKTPUUECKOro Mpo0osi, KOTOPLIH
HaOmomasacss IpH  HAaNpsDKEHHOCTH IOl OKOJIO
3,5 xB/cm. HeoOpaTumerii sieKTpudecKkuii mpoOoit
U pa3pylIeHHE OOLMTOB CBUIETEIbCTBYIOT O HECTa-
OMJIBHOCTH MEMOpaH OOIIMTOB B PacTBOpax amu-
JIOB.

[ony4eHHbIe pe3yabTaThl O BIUSHUIO PACTBOPOB
KPHONPOTEKTOPOB Ha DIEKTPUYECKUE TapaMeTpsbl
OOIIUTOB MBIIIA MOKHO OOBSICHUTH (PU3MKO-XUMHU-
YECKHMMH CBOWCTBAMHU HX MOJEKYN. ['uapoduibHO-
ruapooOHbI OanaHc, XapaKTepU3YIOMIUHCS Kod¢-
(UIMEHTOM pAacHpeAeCHUs] BELIECTB B CHCTEME
«OKTaHOJ-BO/Ia», KOA(P(UIIUEHT aIcopOluu W JH-
JNIEKTPUYECKas NPOHHULAEMOCTb OTPaXKAKT THAPO-
(hoOHBIC CBOWCTBA MOJIEKYT KPHOIPOTEKTOPOB U
UX CIIOCOOHOCTH B3aMMOICHCTBOBATH C THAPOPOO-
HBIMH y4JacTKamu MeMmOpad [3, 5]. Yanunenue yre-
BOJIOPOJTHOM IIENM B MOJIEKYJIaX CIHPTOB MOBHIIIACT
uX ruipooOHbBIE CBOMCTBA, YBEIUIHBACT COOTBETCT-
ByIOIIUE 3HaYeHHUsS KOA(P(PUIMEHTOB pacrpeerie-
HUSL M BCJIEACTBUE 3TOTO YCHJIMBAeT TuapodoOHbIe
B3aHMOJZICHCTBUSI ¢ MEMOpPaHHBIMU CTPYKTypamu. st
mosekyn JJMCO xapakTepHO OTHOCHUTEIIBHO BBICO-
Koe 3HadeHue Kodd¢uimenTa pacrpenenenus [12].
MOXHO TPENNONIOXKUTh, YTO PAcTBOPBI CIIUPTOB U
JAMCO oka3piBatoT CcTaOWIM3UpYIOIIee JeicTBHe
Ha MeMOpaHBI OOITMTOB MBIIMK Onarofaps BBIpa-
KEHHOMY THUAPOPOOHOMY B3aMMOJIEHCTBHIO C MEM-
OpaHHBIMU CTPYKTypamH. JlaHHOE mHpearnookeHune
XOpOIIO COIVIACYETCsl C JUTEPATYPHBIMU JIaHHBIMHU.
J.H. Crowe u coasr. [15], ucnonn3ys meron dypoe
UK-criekTpockonuu, moKa3anu, YTo CTaOUIM3UpYIO-
iee BIMSHHUE TPErajio3bl U HEKOTOPBIX aMUHOKHCIIOT
Ha MeMOpaHbI KJIETOK 00yCJIOBJICHO UMEHHO THIPO-
(hoOGHBIMH B3aMMOJCHCTBUSIMUA. ABTOPBI BBIABHHYIIH
TUIIOTE3Y, YTO MOJIEKYJIbl TAKUX KPHOIPOTEKTOPOB,
kak JIMCO, B3anMOneHCTBYIOT C MEMOpaHHBIMH JIH-
MUIaMH, OKa3blBasi TEM CaMbIM CTaOWJIN3UpYIOILee
neficTBre Ha MeMOpaHbl kieTok. M.L. Fernandez u
R. Reigada [18], Momemupysi METOIOM MOJIEKYIISIP-
HOW JMHAMHUKHU TPOLECC 3JICKTPONOPAIIMU JIUTIH/I-
HbIX MeMOpaH B ipucytcteuu JJMCO, nokazanu, 4to
MOJ] €ro JeWCTBUEM B JIMIIMIHBIX MEMOpaHaX MOTYT
(dopmupoBarbcsi ycToW4HMBBIE THAPO(GOOHBIE MOPHI
MaJIOro pajuyca, BCIEACTBHE Yero MEHSIOTCS CBOK-
cTBa MeMOpaH, YBEIMYMBACTCS UX MPOHULAEMOCTb
JUIS. Pa3IMYHBIX areHTOB, a TaKXKe 3JIEKTpHYecKas
MIPOBOAUMOCTE. Mcxonst U3 JUTEpaTypHbIX AaHHBIX
MOXHO IPEINONIOKUTh, YTO CTaOWIN3Upyrollee
JeiCTBUE pAcTBOPOB KPUONPOTEKTOPOB, B 4YacT-
voctu JIMCO, mnpemoTBpamieHue HEOOPaTUMOTO
ANIEKTPUYECKOr0 Tpo0os, a TaKkke OBICTPBIA pPOCT
ANIEKTPUYECKON MPOBOJAMMOCTH B OOJIACTH Hayallb-
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than in alcohols and DMSO ones and made (16.5 +
+ 6.1) and (16.9 £ 10.7) uS/cm, respectively. An in-
crease in oocyte conductivity in amide solutions
depending on the intensity was noticeably lower
than in those of alcohols and DMSO up to irrever-
sible electric breakdown, observed at the field
intensity of about 3.5 kV/cm. An irreversible elect-
ric breakdown and oocyte destruction testified to
the oocyte membrane instability in amide solutions.

Our findings on the cryoprotectant solution im-
pact on electric parameters of mouse oocytes may
be explained by physical and chemical properties of
their molecules. Hydrophilic-hydrophobic balance,
being characterized by the partition coefficient of
substances in the octanol-water system, the adsorp-
tion coefficient and the permittivity reflect the hyd-
rophobic properties of cryoprotectant molecules and
their capability to interact with hydrophobic memb-
rane areas [11, 15]. The hydrocarbon chain exten-
sion in alcohol molecules increases their hydropho-
bic properties, augments the corresponding values
of distribution coefficients and, as a result, enhances
hydrophobic interactions with membrane structu-
res. For DMSO molecules, a relatively high value
of distribution coefficient is characteristic [18]. The
alcohols and DMSO solutions may be assumed to
have a stabilizing effect on mouse oocyte membrane
due to a pronounced hydrophobic interaction with
membrane structures. This assumption agrees well
with the reported data. J.H. Crowe et al. [4] used the
Fourier-transform infrared spectroscopy and sho-
wed a stabilizing effect of trehalose and some ami-
noacids on cell membranes to be stipulated namely
by hydrophobic interactions. The authors hypothe-
sized that the molecules of such cryoprotectants
as DMSO interacted with membrane lipids heads,
thereby causing a stabilizing effect on cell memb-
ranes. M.L. Fernandez and R. Reigada [8] simu-
lated the lipid membrane electroporation in DMSO
presence using the molecular dynamics method,
and showed that under its effect the stable hydro-
phobic pores of small radius might be formed in
lipid membrane, entailing a change in membrane
properties, an increase in their permeability for va-
rious agents, and electric conductivity as well. Pro-
ceeding from the reported data, we may assume
that a stabilizing effect of cryoprotectant solutions,
in particular DMSO, the prevention of irreversible
electric breakdown, as well as a rapid growth of
electric conductivity within the range of initial values
of fields intensity can be mediated by formation of
stable hydrophobic pores.

The AC and FA molecules are characterized by
relatively low values of partition coefficients [11,
18]. It is also known that the permittivity and the
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HBIX 3HAUCHWH HANpPsSHKEHHOCTH MOJSI MOTYT OBITH
OTIOCpeIOBaHbl (POPMUPOBAHUEM CTAOMIIBHBIX TH-
IpodoOHBIX 1OP.

st monekyn ALl u @A xapakTepHbl OTHOCUTEb-
HO HEBBICOKHE 3HaueHHs KO3(PQHIIMEHTOB pacrpe-
nenerns [3, 12]. M3BecTHO, YTO AMAICKTPHYCCKAs
MPOHUIIAEMOCTh ¥ JHUMOJBHBII MOMEHT MOJEKYI
OTIPENEIISIOT MOJIIPHOCTE Cpebl aKkcro3umn. Cpenn
WCCIIEZIOBAHHBIX B paboTe KPUOIPOTEKTOPOB HanOO-
Jiee BBICOKHME 3HAYEHMs AMAIEKTPUYECKOH MpPOHH-
11aeMOCTH XapakTepHbl ais Monekyn All u @A [2].
[Iponukas yepe3 mMeMOpaHbl, 3TH BEIIECTBA MOTYT
CYUIECTBEHHO H3MEHATh AMAIEKTPUUECKYIO MPOHHU-
LAEMOCTb JIMIMIHOTO OWCIION M MEXaHHUYECKHUe
CBOICTBA MEeMOpaH, BIUSATh Ha KOH(POPMAIMOHHOE
COCTOSIHHE MeMOpaHHBIX OETKOB M OEJIKOB IIUTO-
CKeJleTa, COo3JaBasi YCIOBHUS ISl TIOSBICHHUS CTPYK-
TYpPHBIX MEMOpaHHBIX JEPEKTOB M TEM CaMBIM
MTOHIDKAs BEWYMHY HANPSOHKEHHAS DIIEKTPHYECKOTO
pooosi.

Takum 00pa3oM, UMITYJIbCHAs KOHIYKTOMETPHS
MIpeJCTaBIAeT COOON MEePCIEeKTUBHBIA HKCIIEPUMEH-
TaJbHBIN MOJXO0J K MUCCIEIOBAHUIO BIUSHUS KpHO3a-
LIIMTHBIX CpeJ Ha IJa3MaTHYecKue MeMOpaHbl Kile-
TOK, B YaCTHOCTH T'aMET U SMOPHOHOB MJICKOTIMTA-
omux. [IpeuMymecTBo AaHHONO METONA COCTOUT
B TOM, 4YTO OH TIO3BOJII€T OICHUTH YCTOWYH-
BOCTh MeMOpaHbl OIMHOYHON KIETKH B PacTBOpax
KpPHOIIPOTEKTOPOB MO XapakTepy €€ IMPOBOIUMOC-
TH TIpH PaBHOMEPHOM HW3MEHEHUH HAaIpsKEHHOC-
i moms. llpu 3TOM AnexTpuueckas TPOBOAMMOCTD
MOXKET paccMaTpuBaTbcid Kak WH(OPMATHBHBIN Ta-
paMerp, XapaKTepU3yIOIUH COCTOSHUE OUOIOTH-
YeCKMX MEeMOpaH W MX HM3MEHEHHE MOJ| JIeHCTBHEM
Pa3IMYHBIX BHEITHUX (PAaKTOPOB, B TOM YHCJIE U KPHO-
KOHCEpPBUPOBAHMUS.

BrIiBOaBI

1. PacTBOpBI KPHONPOTEKTOPOB, IIPUHAATICKAILUE
K KJaccy cnupTosB, a Takxke JIMCO B KOHLIEHTpauuu
1,0 M oka3pIBaroT cTabWiIn3upyroliee IeHCTBIE Ha
IUIa3MaTHYeCKUEe MEMOpaHbl OOLMTOB MBIIIM, YTO
MPOSIBIISIETCST B yCTOWYMBOCTH TIA3MATHYECKUX MEM-
OpaH OOIMTOB K ACWCTBUIO AJIEKTPHUUECKOTO OIS
BO3pacraroliell HanpsbkeHHOCTH.  CTaOmim3upyro-
mee JiecTBrUe, BEpOSATHO, OO0YCIIOBICHO TUaApPodho0-
HBIM B3aUMOJICHCTBHEM MEXIy MOJIEKyJIaMH KpHO-
MPOTEKTOPOB U TUAPO(HOOHBIMH ydyacTKaMu MeMO-
paH.

2. PacTBOpBI KPHONPOTEKTOPOB Kiacca aMHJIOB
B KoHIleHTparuu 1,0 M He OKa3bIBafOT CTaOWIH3H-
pyroliero AeHCTBUS Ha MEMOpaHbl OOLUMTOB MBIIIH,
BO3MO)KHO, M3-32 BBICOKOHW I'Apo(HUIBHOCTH MOJIe-
Kyl U ¢1a00ro B3aUMOJEHCTBUS MOJIEKYJ KPUOIIPO-
TEKTOPOB C MEMOpPAHHBIMH CTPYKTYPaMHU.
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dipole moment of molecules determine the expo-
sure medium polarity. Among the cryoprotectants
we studied here, the highest values of permittivity
belong to AC and FA molecules [9]. By penetra-
ting into a cell, these substances may significantly
change the lipid bilayer permittivity and mechani-
cal properties of membranes, affect the conforma-
tional state of membrane protein and cytoskeletal
ones, by creating conditions for appearance of
structural membrane defects and thereby lowering
the electric breakdown voltage.

Thus, the pulsed conductometry is a promising
experimental approach to studying the impact of
cryoprotective media on cell plasma membranes, in
particular gametes and mammalian embryos. This
method advantage is to enable the evaluation of
membrane stability of a single cell in cryoprotectant
solutions according to the nature of change in
its conductivity when the field intensity changes
uniformly. Herewith, an electric conductivity may
be considered as an informative cell parameter,
characterizing the state of biological membranes
and their change under the effect of various external
factors, including cryopreservation.

Conclusions

1. Solutions of the cryoprotectants, being al-
cohol-containing compounds, as well as 1.0 M
DMSO stabilized the plasma membranes of mou-
se oocytes, that was manifested thereby in the
oocyte plasma membrane resistance to the effect
of increasing electric field. This stabilizing effect
was likely due to a hydrophobic interaction bet-
ween cryoprotectant molecules and hydrophobic
membrane sites.

2. Solutions of the cryoprotectants, belonging to
amides had no stabilizing effect on mouse oocyte
membranes at 1.0 M concentration, possibly due to
a high hydrophilicity of molecules and a weak inte-
raction of cryoprotectant molecules with membrane
structures.
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