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

Pecbepat: B paGote mMeTo4OM MMNYyNbCHOW KOHAYKTOMETPUMW OnpeaeneHbl 3HAYeHUst 3MeKTPUYECKoW NPOBOAMMOCTU OOLM-
ToB MblwK B 1,0 M pacTBopax MpOHUKalLWMX B KINETKY KPUMOMNPOTEKTOPOB, a Takke MCCrnefoBaHa YCTOMYMBOCTb MX MnasmMaTtu-
Yyecknx MembpaH K AeWACTBUIO UMMYNbCHOMO 3M1EKTPUYECKOrO MOMs Bo3pacTalowen HanpshkeHHoCcTW. Ons ooumToB, MHKYGUpOBaH-
HbIX B pacTBopax atuneHrnukons (3I), 1,2-nponanguona (1,2-MA), 2,3-6ytaHgvona (2,3-6A) n gumetuncynbdokenga (AMCO),
3HayYeHWs yAenbHOW 3reKTpu4eckon npoBoauMmocTu coctaBunm (23,6 + 3,4), (21,3 + 5,8), (21,0 + 2,3) n (23,6 £ 7,1) mkCm/cm
cooTBeTCTBEHHO. B pactBopax auetamupa (AL) n dopmammnpa (PA) 3HayeHMS INEKTPUYECKON MPOBOSUMOCTM OOLIUTOB Mbi-
wwn coctaunu (16,5 £ 6,1) n (16,9 + 10,7) MkCm/cm cooTBeTCTBEHHO. [MokasaHo, YTO pacTBOPbI KPUMOMPOTEKTOPOB, MpUHaane-
Xawwmx k knaccy cnuptoB (3, 2,3-b[l), a Takvke AMCO okasbiBaloT CTabunuaupylollee BNWsSHUE Ha nna3matuyeckue memob-
paHbl OOLMUTOB MbIWN NpU OEACTBUM anekTpuyeckoro nonsi. PacteBopbl ALl n @A He okasbiBaloT ctabunusupytowlero AencTBus
Ha MembpaHbl OOUMTOB MbILWN, YTO MPOSIBMSIETCS B Pa3BUTUM HEOGPATUMOro 3neKkTpu4eckoro npobosi nnasmaTuyeckux mMemo-
paH npu yBENUYeHUn HanpsXKEHHOCTU 3NEKTPUYECKOro nons.

KntoueBble crnioBa: oouuThl MbILLK, NnasmMaTuyeckas MembpaHa, anekTpuyeckas NpoBOAMMOCTb, KPUONPOTEKTOP, 3MeKTponopauums,
3AnNeKTpuYeckunii Npoboi, UMNYNbLCHOE 3EKTPUYECKOE MOoSIe, HanpPsXKEHHOCTb.

Pedrepat: ¥ poboTi MeTogom iMnynbCHOT KOHAYKTOMETPIl BNepLlle BU3HAYEHO 3HAYEHHSA eNeKTPUYHOT NPoBiAHOCTI oounTIB
muwi B 1,0 M po3unHax npoHMKa4mx y KMiTUHY KPiONpOTEKTOPIB, @ TAKOX AOCMIAXEHO CTINKICTb X nna3maTuyHux MembpaH ao
ai1 iMNynNbCHOrO €enekTPUMYHOro MONs 3pOCTaloyoi HanpyXeHocTi. [ns oouuTiB, €KCMOHOBAHWX Yy PO3YMHAX ETUMEHrNiKoMo
(El), 1,2-nponaxgiony (1,2-NA), 2,3-6ytangiony (2,3-b) i gumetuncynbgokcuagy (OAMCO), 3Ha4YeHHs MUTOMOI EeneKkTPUYHOT
nposigHocTi cknanu (23,6 + 3,4), (21,3 + 5,8), (21,0 + 2,3) Tta (23,6 + 7,1) mkCwm/cMm BignoBigHo. Y posumHax aueTtamigy
(AL) i dbopmamigy (PA) 3HaueHHS enekTpMYHOI NpoBiAHOCTI oounTiB mMuwi cknanm (16,5 + 6,1) Ta (16,9 + 10,7) mkCwm/cm
BignoBigHo. Moka3saHo, WO po3ynHM KPioNnpoTEeKTOPIB, SiKi HanexaTtb Ao knacy cnupTis (El, 2,3-B[1), a Takox OMCO 3gificHiooTh cTa-
6inisytoumii BNAMB Ha nNnasMaTuyHi MemGpaHu oouuTiB MUWI B ymMoBax Aii enekTpuyHoro nonsi. Po3uuHu ALl i ®A He um-
HATb cTabinidylo4oro BNAMBY Ha MembpaHu OOUMTIB MULLI, LLO MPOSIBMSETLCS B PO3BUTKY HEOOOPOTHOrO enekTpuyHoro npoboto
npu 36inbLUEHHI HaNpyXXeHOCTi eNekTPUYHOro Nons.

KnrouoBi cnoBa: oounTy muLi, nnasmatmyHa MeMmbpaHa, enekTpuyHa NpoBigHICTb, KPiIONPOTEKTOP, enekTponopais, enekTpudHumn
npo6ili, iMMynNbCHe enekTpuYHe nomne, HanpyXeHiCTb.

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) yS/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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Onrtumuzanus MporpamMM KPHOKOHCEPBUPOBA-
HUSl OOLUTOB U SMOPHOHOB MIICKOMHUTAIOUINX TeEC-
HO CBsI3aHA C TOUCKOM 3(PQEKTHBHBIX KPHOIPO-
TEKTOPOB, pa3paboTkol KOMOWHHUPOBAHHBIX CpEX
3aMOPXUBAHMS U CITOCOOOB CHMKEHUS MX TOKCHY-
HOTO BIWsHMS Ha kietku [13, 16, 17, 20, 21]. Pe-
MIEHUE MAaHHOW MPOoOIEeMBI 0COOCHHO aKTyajbHO B
CBSI3W C pa3pabOTKOW IMPOTOKOJIOB KPHOKOHCEPBH-
POBaHHSA OOLIUTOB M 3MOpPHOHOB METOIOM BHUTpPH-
(buKaIK, B KOTOPHIX HMCIONB3YIOT BHICOKHE KOHIICHT-
paluM MPOHUKAIOIIMUX KpUONpPOTEeKTOpoB [16, 20,
21]. Kak npaBuiio, 3peKTHBHOCTh KPHOIPOTEKTOPOB
U CTENEHb HMX TOKCHYHOCTH OIPEACHSAIOT MOocie
MOJTHOTO IUKJa HHU3KOTEMIIEPaTypHOTO KOHCEPBU-
poBaHHsI 1O MOP(QOIOTHYECKOH LEIOCTHOCTH OO0-
IIMTOB M WX CIIOCOOHOCTH K OIIOAOTBOPEHHIO, a
SMOpPHOHOB — K HmajpHedIeMy pasputuio [19, 25].
OpHako 3TH KPUTEPUH HE TO3BOJISIOT OTIEIHTH
«MCTUHHYI0» XUMHYECKYI0 TOKCHYHOCTH KpPHOIIPO-
TEKTOpa OT JpPYTUX COIMYTCTBYIOMHUX (AKTOPOB,
NEHCTBYIOMMX Ha pa3HbIX JTamax IUKIa KpHO-
KOHCEpBUPOBaHUA. Vcnonb30BaHUE THUIEPTOHHYEC-
KHX PacTBOPOB NPUBOIUT K MOSBICHUIO OOJBIINX
KOHI[CHTPAIIMOHHBIX T'PaJMCHTOB PaCTBOPSHHBIX
BEIICCTB, YTO MOXKET CTaTh NPUYMHON HapYIICHHS
0apbepHBIX CBOMCTB MeMOpaH M HMOHHOTO TOMEO-
ctaza [22], MOBBIINICHUS CCHCHOMIM3AIMH KJICTOK
Ha JTarmax OTOTpeBa M yAaJeHHs KPHO3ALIUTHOTO
pacTtBOpa. B nmreparype mpuBOASTCS IKCIIEPUMEH-
TalbHBIE JIAaHHBIE IO BIUSHUIO PAa3NUYHBIX KOH-
LEHTPAIUH KPUOTIPOTEKTOPOB, TEMITEPATYPHI U JJTH-
TEJTHHOCTH JKCIIO3WIIMN B KPHUO3AIIUTHBIX PACTBO-
pax OOLKMTOB M SMOPHOHOB MIIEKOTIMTAIONINX Ha
MOP(]OIIOTHYECKYI0 COXPAHHOCTh BHYTPUKICTOUHBIX
OpraHel W, MpexXJe BCero, MEHOTHYECKOIO Bepe-
TeHa [16, 19]. Takum oOpa3om, BOIIPOC O TOM, Kak
OTIMYUThH MOBPEIKICHHS, BEI3BAHHBIC JICHCTBUEM OC-
MOTHYECKOTO (paKTopa, OT MOBPEKICHUH, 00yCIOB-
JICHHBIX XUMUYECKUM JCHCTBHEM KpPHUO3aIIUTHBIX
areHTOB, OCTAETCSl OTKPBITHIM, a ISl €r0 pPEelIeHHUs
HE0oOXOAWM ITOWICK HOBBIX MapaMeTpOB OIEHKH CO-
CTOSTHUS KJIETOK M a/IeKBaTHBIX METOTUYECKHUX MO-
XOJIOB HIX OIPEEIICHUSI.

B nacrosee Bpemsi B OMOTEXHONOTHYECKHX OITe-
panusix MUPOKO MPUMEHSIETCS AJIEKTPOIopanus — 00-
paboTKa KHUBBIX KIETOK SIEKTPHYECKUM HOJIeM. DTOT
METOJI MCIIONB3YIOT ISl BBEICHUS B KIICTKU HENPO-
HUKAIOIINX B HOPME BEIIECTB, CO3IaHUS THOPHIOM,
IudIIeKTpodopesa, a TakKe CIUSHUS KieTok [14, 23,
28].

B npeapiaynmx paborax HaMH TIOKAa3aHO, 4YTO
ANIEKTpUIEcKasi TPOBOTUMOCTh SIBIsieTCss MH(popMa-
THBHBIM TIApaMETPOM, XapaKTEepPH3YIOIUM Mopdo-
(h)YHKIIMOHAJIBHOE COCTOSIHME OOITNTOB MBI Ha
pa3HBIX cTamusx 3perocta [6, 7, 10], smOproHOB
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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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MBILIH B Tpolecce NeneHus aApoobieHus [9], a Tak-
K€ Ha pasHbIX dTalnax LUKIA KPHOKOHCEPBHPOBA-
Hus [8].

Ilems pabOTHI — OIIpeIeIeHIE TIEKTPHUICCKON ITPO-
BOTUMOCTH oomuToB MbImm B 1,0 M pactBOpax
MIPOHUKAIONINX KPHOIPOTEKTOPOB, a TaKXKe HCClie-
JIOBaHHE YCTOMYMBOCTH WX IDIa3MarHuecKHX MeMO-
paH K JEHCTBHIO HMITYJIBCHOTO 3JIEKTPHYECKOTO
TIOJIS1 BO3PACTAIOMIEH HAPSKEHHOCTH.

MarepuaJibl H MeTOABI

OKCIIEPUMEHTHI Ha XUBOTHBIX MPOBOIWIHA B CO-
OTBEeTCTBUU C «OOIMMU TPUHIUIAMH SKCIEPHU-
MEHTOB Ha >KHMBOTHBIX», omoOpenneimMu [-III Ha-
IIMOHATLHBIMU KOHTpeccamu 1o Ouodtuke (Kues,
2001-2007) m corTacoBaHHBIMH C TIOJOXCHHUSIMHU
«EBponeickoil KOHBEHIIMK O 3alllUTe MO3BOHOYHBIX
KUBOTHBIX, HCIONB3YEMBIX I OJKCIIEPUMEHTAb-
HBIX U APYTHX Hay4IHBIX menei» (CtpacOypr, 1986).

Oomutel Ha cramun MII Mme#o3a momydanu ot
caMOK 6—8-HemenbHBIX MbImei auann CBA. s
CTUMYJIISIIUU CYTICPOBYJIALIMN KUBOTHBIX TIOBEPTa-
M TOPMOHAJLHOH 00paboTke myTeM BHYTpUOpIO-
muHHOTro BBeAeHus 5 ME ronagorponuna ceiBOpoT-
ku xepedbix koObu1 («Folligony, «Intervet»y, Hunep-
nauael) U 7,5 ME 4enoBe4eckoro XOpHOHHYECKOTO
ronagorponuHa (uXI') («Chorulon» «Intervety, Hu-
JepiaHasl) ¢ mHTepBaIoM 46—48 1. Uepes 13 1 moce
BBegeHH uXI' caMOK 3a0MBaiyM IUCIOKAIMEH Mei-
HBIX TIO3BOHKOB.

OouuThl MOMyYaqud MyTeM IPOKAJIBIBAHUS CTe-
HOK aMIYJISIPHBIX OTZIEJIOB SMIIEBOJOB B cpeje Jlromb-
Oekko ¢ noOapneHneM 5% QeTanbHOW TeNTYbeH
ceIBOpOTKH («Sigmay, CIIA) mpu KOMHaTHOW TeM-
neparype [4]. 3areM KIETKHM TpHXKAbl OTMBIBAIN
(usnonmornyeckoit cpemoii J[Fomb0eKKO U HEMEIICH-
HO HCIIONIb30BAJIN B DKCIIEPUMEHTE.

Uccnenoranus mpooaunu B 0,3 M pactBope ca-
xapo3sl 1 1,0 M pacTBOpax cCileqyOmUX IpPOHH-
KalOIMUX KPHOIPOTEKTOPOB: ATHICHIIHKONE (O1);
1,2-nponanuon (1,2-11)1); 2,3-6yranauon (B1); ame-
tamug (ALL); popmamug (PA); tuMeTHICYITbHOKCH
(IMCO). PacTBOpBI KpHOIIPOTEKTOPOB TOTOBHIIN HA
M30TOHMYECKOM pacTBope caxapossl (0,3 M).

DNEKTPUIECKYI0 TTPOBOJUMOCTH OOIIMTOB MBIIITH
B PacTBOpax KPHUOIPOTEKTOPOB OINPEHCISUIA METO-
JIOM HMMITYJbCHOW KOHAYKTOMETPHUU C HCIOIh30Ba-
HHUEM almnapaTypHOTo KoMIulekca [24], BKIIrouarolie-
TO TEHEPATOP OJWHOYHBIX MPSMOYTOJIBHBIX UMITYIb-
COB, HaNpSHKCHHE OT KOTOPOTO TOAaBaIOCh HA MUK-
PO3IEKTPOBI U3 TOHKOM 30JI0TOM HUTH, 3aMIassHHON B
CTEKJITHHBIEC KaIlTUJUISPHIL.

OouuThl MBI WHKYOUPOBAIM B HCCIEAYEMBIX
pacTBOpax KpHOIMPOTEKTOPOB B TedeHue 10—15 MuH.
JUMTEeNbHOCTh BBIIEP)KMBAHUS TaMeT B pPacTBOpax
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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 4648 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.



KPHOIPOTEKTOPOB ONpeaeisiiack BpeMeHeM, He00Xo0-
JUMBIM JJIs1 TTIOJTHOTO YPaBHOBEIITUBAHYSI BHE- U BHY-
TPUKJICTOYHBIX KOHIICHTPAIUI NPOHHUKAIOIIUX BeE-
IIECTB M BOCCTAaHOBIEHHS O0ObEeMa OOIMTA. 3areM
OOITUTHI B KaIlJle PacTBOpa MOMEMAIH MEXIY MH-
KpPODJIEKTPO/IaMH, Ha KOTOpPbIE TOaBal OAMHOYHBIC
VMMITYJTbCHI HaMPsDKEHUSI ¢ PaBHOMEPHO BO3pacTaro-
el oT Hysl aMIDTUTYION JIUTEIRHOCTRI0 50 MKC.
PexxuMHBIE TapaMeTpsl TOJIST BEIOMpAN TaKuM 00-
pa3oM, 4TOOBI BEIWYHMHA SHEPTHH MEPBOHAYATBEHOTO
ANEKTPUIECKOTO UMITYIIbCa ObLIa 3HAYUTENEHO MEHB-
1€ TIOPOTOBOTO 3HAYEHUSI, BBI3BIBAIOLIETO 3JIEKTPO-
po0oit MeMOpaHBI.

st onpenenenus ynenbHON NPOBOIUMOCTH OOLH-
TOB M3MEPSUIM aMILUIUTYAY HAIPSDKEHUS Ha KaJuo-
POBOYHOM PE3UCTOPE, COETUHEHHOM TI0CIIEIOBATEb-
HO C MHKPOSJIEKTPOAAMH.

Mopdonorugeckyro neJ0CTHOCTh OOIIMTOB B IPO-
1ecce SKCIepruMeHTa OIIEHUBAIA METOJJOM CBETOBOM
MHUKPOCKOTIHH.

Hckomass BennunMHa YyAEJIbHOW MPOBOAUMOCTU
OMHOYHOM KJIETKH pPaBHA Pa3sHOCTH MEXKIY IPOBO-
JUMOCTBIO O0BEKTa W MPOBOAMMOCTHIO PacTBOpa,
KOTOPYIO U3MEPSIOT B OIHOM U TOM ke o0pasle, 1o-
CKOJIBKY COTIaCHO 3akoHy Konbpayiiia naHHbIN mapa-
METp MpEACTaBIsIET CO00H aJAUTHBHYIO BEIUYHUHY
[1]. AnropuTM pacyeTa 3MEKTPHUECKON MPOBOAUMO-
CTH TIOAPOOHO omucaH panee [24].

Ha ocHOBaHWM TOJMYYEHHBIX NAHHBIX OBLTH TIO-
CTPOEHBI 3aBHCHMOCTH PACCUYMTAHHBIX 3HAYCHUN
YIAENBHOW TPOBOIMMOCTH OT/ENBHBIX OOIMTOB OT
BEJIMYMHBI HANPSHKCHHOCTH TIONS MEXIy 3JIEKTPO-
namu. [lo xapakrepy 3aBHCHMOCTH OIEHUBAJIN yC-
TOWYMBOCTH OOLIMTOB MBIIIM B PacTBOPax KPUOIPO-
TEKTOPOB.

JaHHble TpencTaBIeHbl B BHAE CPEIHHUX 3HAde-
HUH £ cTaHZapTHOE OTKJIOHEHHE C UCIOIb30BaHUEM
nporpammel «Excel» («Microsoft», CILA).

Pe3yabTartsl U 00cyxkAeHUE

JleiicTBrE AIEKTPUUYECKOTO MOl Ha KIETKY MpH-
BOIUT K PE3KOMY YBETHMYECHHUI0O MEMOpPaHHOTO TIO-
TEHI[MAJIa U POCTY JIIEKTPHUECKOH MPOBOIUMOCTH
KJICTOYHOM MeMOpaHbIL. DTO SIBICHUE CBA3aHO ¢ (op-
MHpOBaHHEM B MeMOpaHe KpPaTKOBPEMEHHBIX e-
(beKTOB THMA CKBO3HBIX IOpP BCIEACTBHUE JIOKAIIb-
HBIX MIEPECTPOCK B JIUITUTHOM OHUCIIOE IO JCHCTBUEM
ANIEKTPUYECKOTO MITYJThca. B HacTosIIee Bpems 601b-
IIMHCTBO HCCIE0BATENIeH TPUACPKUBACTCS MHE-
HUs, 4TO HauOosiee BEPOSTHOEC MECTO DJICKTpUYC-
CKOTO TIpo00si MeMOpaHbl — JTUIHIHBIA Oucioi |14,
26-28]. N3BecTHO, YTO J1Ba CBOWMCTBA JIMIIHIHOTO
OUCIION MEMOPAaHBI ONPEACIISIOT YyBCTBUTEIHHOCTD
MeMOpaH K JEHCTBHIO 3JIEKTPHUYECKOTO MO 3a-
pAOBl WK JUDJICKTPUYECKUE MWTIONU JIAMTAAHBIX
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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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MOJICKYI W Mayiasg TPOHHUIIAEMOCTh MeMOpaH st
1noHOB [27]. CTeHKH MEMOpaHHO MOPHI MOTYT OBITH
00pa3zoBaHbl JHOO YIIEBOAOPOIHBIMH XBOCTaMH
TUATAAOB (THAPO(OOHBIE TOPHI), JTUOO MOSIPHBIMHU
TOJIOBKaMHU JIMMIAAHBIX MOJIEKYA (THAPOQHIBHBIC
opsl). JIs OTHOCHTENTHHO OONBIINX PaTdyCOB TIOP
(> 0,5 aM) cBoOomHasT PHEPTUs TUAPOGUILHON TT0-
pBl 3HAUUTEIHLHO MEHBIIE, YeM 3Heprus ruapodoo-
HOH, T. €. B COOTBETCTBUH C TEPMOIMHAMUYECKUM
NPUHIAIIOM MUHAMYMa CBOOOTHOW SHEPIUH CyIIECT-
BOBaHHE THAPOPHUILHON MOPBI SHEPTETHYECKH 00-
nee BbITonHO [27]. B numTepaType mnpencTaBieHbI
SKCIEPUMEHTANIEHBIC JTAHHBIC, JTOKA3bIBAIOIIUE, YTO
OOJIBIITE TOPBI, KOTOPBIC MPHUBOAAT K Pa3pbIBY JIH-
MUIHOTO OHCIOS TPU €ro 3MEKTPHYECKOM IMpodoe,
SIBISTIOTCS THapodbHEIME [14, 26]. Ecimm pagmyc
rUIpOGUIBHON TMOpPHl HE MPEBBIMIAET HEKOTO-
pPOTO KPUTHUYECKOTO 3HAYeHHS, TO OHA MCUE3aeT ye-
pe3 ompeneneHHoe BpeMs, T. €. UMeeT MecTo o0Opa-
THMBIH DJIEKTPUIECKUNA TIpoOoi MeMOpanbl. Ecmu
paanyc TOpBI MPEBHIIIAET HEKOTOPOE KPUTHUYECKOE
3HAUCHHE, TO MPOUCXOOUT HEOOPATHMBIH 3JEKT-
puueckuii mpoOoii, KOTOPBIH COPOBOKAACTCS Pas3py-
LIEHUEM KJIeTKU. M3BecTHO, 4TO 3HaYeHUe KpUTHYe-
CKOTO HaNPSHKCHHSI MOXET CIYKUTh BaKHBIM Tapa-
METPOM, XapaKTePU3YIOIUM CTPYKTYPY MeMOpaHbI
u crenesb ee nenoctHocT. L. V. Chernomordik [14]
MOKa3al, 4YTO W3MEHEHHS B CTPYKType MeMOpaHBI
O] BIMSTHUEM BHEUTHUX XUMHUYECKHX areHTOB HIIH
(dbm3udecknx (HaKTOPOB OTPAXKAIOTCS Ha 3HAYCHUH
KpUTHYECKOTO HampspkeHus npobos. H.P. Uekyposa
" coaBr. [11] mokasanu, 9T0 KPHOMPOTEKTOPEI, ITPH-
HaJJIe)Kale K PasIndHBIM KjaccaM XUMHYECKHX
BEIIECTB, OKAa3bIBAIOT CYLIECTBEHHOE BIUSHHE Ha
MEMOpaHHBI MOTEHIUAT 2-KJIETOYHBIX 3MOpPUOHOB
MbIIH. M3MeHeHne MeMOpaHHOTO TMOTEHIHMAaNa MOA
JeCTBIEM KPHO3AIIUTHBIX PACTBOPOB MOXKET OKa-
3bIBATh BIUSHUC HA BEIMYUHY HAMPSOKCHUS DIICK-
TPHUYECKOTO MPOOO0sI MPH AEHCTBUU BIEKTPUUECKOTO
TTOJISI.

M3BecTHO, YTO CTEMeHb MOBPEXKICHUS KIETOK
B TUIEPTOHWYECKHUX PaACTBOPAaX KPHOIPOTEKTOPOB
3aBHCHT OT WX KOHIEHTPAIMH, IMOATOMY B JaHHON
paboTe KOHIEHTpAIMsl PAacTBOPOB BCEX HCCIEmye-
MBIX KpHOTpoTeKkTopoB cocraBmia 1,0 M. ComracHo
JUTEPATYPHBIM JIaHHBIM Takas KOHIEHTpAIUs II0-
3BOJISIET M30€KATh MOBPEKICHHUS KIETOK KaK 3a CUET
OCMOTHYECKOTO (DaKTOPa, TaK ¥ TOKCHYECKOTO ACHUCT-
Bus [16].

3aBUCUMOCTb  DJIEKTPHUYECKOH  MPOBOIUMOCTH
OOITUTOB MBIIIM OT HANPSDKEHHOCTH HMITYJIBCHO-
ro anekrpudeckoro nois (MOIl) B M30TOHUYIECKOM
pacTBope caxapo3sbl (puc. 1) UMeeT BO3pacTaroIIniA,
HO HE JIMHCHHBIN XapakTep. s O0MpIIMHCTBA 00ITH-
TOB MBIIIH 0 JOCTH)KEHUIO HANPSIKEHHOCTH TIOJIS
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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 HaOII0MANOCh PE3KOE YBEIUYEHHE IPO-
BOIIMMOCTH, COIPOBOXKIaroImeecs HaOyxaHHeM Tra-
MET M pa3pylleHHeM HuX IIa3MaTHYeCKUX MeMO-
paH, 9TO CBHIETENHCTBYET O HEOOPATUMOM DIIEKTPH-
YeckoM IpoOoe. B nmuamna3oHe Ha4anbHBIX 3HAYCHUN
HanpspkeHHocted nonst (0,2-0,5 kB/cm) uHmynu-
pPOBaHHOE Ha MeMOpaHe HaNpsHKCHHE HETOCTATOYHO
JUIS 3TICKTPUYECKOTO TPOO0O0s, MO3TOMY PETHCTPH-
pyemasi IpOBOJAMMOCTh OOYCJIOBICHA COOCTBEHHOM
MTPOBOJIMMOCTBI0 MeMOpaHbl. HauanbHOe 3HaYcHHE
YIEIbHOU 3JEKTPUYECKOM MPOBOAUMOCTH OOILHUTOB
B pactBope caxapo3sl coctaBmiu (20,0 £+ 4,5) MxCwm/
CM.

B pactBopax OI (puc. 2, A), 1,2-I1]] (puc. 2, B),
2,3-bBJ1 (puc. 2, C) HabmromaeTcss OTHOCUTEIBHO OBI-
CTpO€ yBeIWYeHHE MPOBOAMMOCTH YK€ B 00IacTu
MaJbIX 3HAYCHUW HampspkeHHocTH mons. [Ipu mak-
CUMAaJIbHOM 3HAueHWM HampsHKeHHOCTH 3,5 kB/cMm
HEOOpaTUMBIH 3JIEKTpUYECKHd NpPoOOH MeMOpaHbI
HE TIPOUCXOJIUT, a TPOBOUMOCTH OOITUTOB, JIOCTHUTas
HEKOTOPOW BEJIMYHMHBI B TUAMTa30HE HAMPSDKEHHOCTH
2-3,5xB/cM, nanee He MeHseTCs. MOXKHO MPEAITIOIo-
KUTh, 94TO pacTBOpbl Ol m 2,3-b]] oka3wpIBaroT cra-
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MOCTb KNeTku; m — npoBoamMMocTb 1 M pacTteopa 3r.

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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Owmusupylomiee NeHCTBHE Ha MEMOpPaHBI OOIMTOB
mbim. Opnako B 1,0 M pactBope 1,2-I1J1 ans or-
JIENBHBIX OOITUTOB IO JOCTHKCHUU MaKCUMAaJILHOTO
3HaYEHUs HaNpshDKeHHOCTH o (3,5 kB/cm) Habmio-
JaeTcss Pe3Kuil poCT MPOBOAMMOCTH, COIPOBOXKIA-
IOIIUIICS pa3pyIIeHHEM OOIUTOB, T. €. IMEET MECTO
HEOOpaTUMBIH IEKTPHICCKUI TIPOOOH.

3HaueHUS YICTHLHON IEKTPUIECKON MPOBOIUMO-
CTH OOIINTOB B 00JAacTH HaudaJbHBIX 3HAYCHWH Ha-
NPSHKEHHOCTH 1oJIst coctaBmim (23,6 + 3,4), (21,3 +
+5,8)u (21,0 £ 2,3) MmxCwm/cum B pactBopax OI, 1,2-I1]]
u 2,3-B]] coorBercTBeHHO. [lomyueHHble 3HaYEHUS
CPaBHHUMEI C COOTBETCTBYIOIUMH BEITMYUHAMH TIPO-
BOJIMMOCTH OOITUTOB B PACTBOPE Caxapo3kbl.

UucneHHbIC 3HAYCHUS ICKTPUYESCKON MPOBOIH-
MOCTH OOIIMTOB MBI B pactBopax JIMCO (puc. 3)
U pPOCT TPOBOAUMOCTH B 3aBHCHUMOCTH OT Hall-
PSKEHHOCTH HMITYJIBCHOTO 3JIEKTPUYECKOTO TIOJIA
AQHAJIOTUYHBI TIOYYEHHBIM B pacTBOpax CIIHPTOB.
BenuunHa yAenbHOM  3JIEKTPUYECKOM  TTPOBOJU-
MOCTH B 00JacTH HAa4aJbHBIX 3HAYEHUH HaTPSKEH-
HOoCTH Tojs coctaBmser (23,6 £ 7,1) MxCwm/cm, a
M0 JTOCTIKCHUHM MaKCUMAIIbHBIX 3HAUCHUH Harpsi-
KEHHOCTH TOJsI HeoOpaTUMBI mpoOol MeMOpaHbI
HE HaOJIIOIaeTCsl, YTO CBUJCTEILCTBYET O CTaOWIIH-
3upyloeM aeiicteun pactBopoB JIMCO Ha meMOpa-
HBI OOIIUTOB.

B pactBopax ALl u @A (puc. 4) 3HaUYESHUS ICKT-
pPUYECKOM TIPOBOJMMOCTH OOLIMTOB MBIIIH B 0OJac-
TH Ha4YalbHBIX 3HAYEHWH HANPSHKEHHOCTH TIOJIA
OBUTH HECKOJIBKO HIDKE, YeM B PAacTBOpPax CIHPTOB
nu JIMCO, u cocrasumu (16,5 = 6,1) u (16,9 =+
+ 10,7) MxCm/cM cOOTBETCTBEHHO. PocT mpoBou-
MOCTH OOIIUTOB B pPAacTBOpaX aMHUIOB 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) uS/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 TOJS 3aMETHO MEHb-
e, 4eM B pactBopax cnuprtos U JIMCO, BIIOTH 10
HEOOpaTUMOro BJIEKTPUUECKOro Mpo0os, KOTOPBIH
HaOIIomajaCcs TPH HANPSHKEHHOCTH TIONS  OKOJIO
3,5 kB/cm. HeoOpaTumblii 35eKTpUYIeCKHid TTPOOOit
Y pa3pylIeHHe OOIMTOB CBUIETENHCTBYIOT O HeCTa-
OWIBHOCTH MEMOpaH OOIMTOB B PAacTBOpAaX aMH-
TIOB.

[TomyuenHbIe pe3yabpTaThl 10 BIUSHUIO PACTBOPOB
KPHONPOTEKTOPOB Ha JIEKTPUYECKUE ITapaMeTphl
OOILINTOB MBIIIK MOKHO OOBSICHUTH (PU3MKO-XUMU-
YECKHMMHU CBOWCTBAMU MX MOJEKyN. [uapoduibHO-
ruapoQoOHbId OanmaHc, XapaKTepU3YIOMIUHCS Kod(-
(ULHMEHTOM pachpeAeieHus] BEUIECTB B CHCTEME
«OKTaHOJ-BO/Ia», KOA((OUIMCHT aIcopOluu u Ju-
JNIEKTpUYEcKas MPOHUIIAEMOCTh OTPAXKAaroT THUAPO-
(oOHBIC CBOWCTBA MOJICKYJI KPHOIPOTEKTOPOB U
HUX CIOCOOHOCTh B3aMMOIEHCTBOBaTh ¢ TUAPO(OO-
HBIMH y9acTKaMu MeMmOpaHn [3, 5]. VumHenne yrire-
BOIOPOJHOM IIETIH B MOJIEKYJIaX CHHPTOB MOBBIIIAET
uxX THAPOGOOHEIE CBOMCTBA, YBEITUIUBAET COOTBETCT-
BYIOLIME 3Ha4YeHUs KOd(PQHUIMEHTOB pacmpernesie-
HUSL M BCJIEACTBUE 3TOTO YCHIMBAaeT TUAPO(OOHBIE
B3aMMOJICHCTBUS ¢ MEMOpPaHHBIMU CTPYKTypamu. Jliist
Monekyn JJMCO xapakTepHO OTHOCHUTENIBHO BBICO-
Koe 3HayeHue koddduinuenta pacmpenencenus [12].
MOXHO TpENNoNOXKUTh, YTO PAcTBOPHI CIUPTOB H
JAMCO 0Ka3bIBalOT CTAOMIM3UpYIOIIEE ICHCTBUE
Ha MeMOpaHBI OOITMTOB MBIIMIK Onarofaps BBIpa-
KEHHOMY TUAPO(HOOHOMY B3aUMOIEHCTBHIO C MEM-
OpaHHBIMH CTpyKTypamu. J[aHHOE TpeanoiaoKeHne
XOpOIIIO COTTIACYeTCsS C JINTEPaTyPHBIMHU JaHHBIMH.
J.H. Crowe u coaBr. [15], ucions3ys meton ®ypne
HK-cnekTpockonu, moka3anm, YTo CTabuIM3HpyIo-
11ee BIMSHUE TPErano3bl 1 HEKOTOPbIX AMUHOKHUCIIOT
Ha MeMOpaHbI KJIETOK 00yCIIOBJICHO UMEHHO THIPO-
(OOHBIMH B3aMMOJCHUCTBUSIMUA. ABTOPBI BBIABHHYIIH
THIIOTE3y, YTO MOJIEKYJbl TaKUX KPHOINPOTEKTOPOB,
kak IMCO, B3auMOIEICTBYIOT C MEMOpaHHBIMU JIU-
MUaMH, OKa3blBasi TEM CaMbIM CTaOWIM3UpyIoIIee
neiicTBre Ha MeMOpaHbl kieTok. M.L. Fernandez u
R. Reigada [18], Mmomenupysl METOIOM MOJICKYIISIP-
HOM NWHAMUKH TPOLECC AIIEKTPOIMOPAIUH JIUITHI-
HBIX MeMOpaH B mpucytctBun JIMCO, nokazanm, 9To
O] er0 ACWCTBHEM B JIMMTUAHBIX MeMOpaHax MOTYT
(dopMupoBaThCsi ycTOW4HMBBIE TUAPO(GOOHBIE MOPHI
MaJIOro paauyca, BCIEICTBHE Yer0 MEHSIOTCS CBOM-
cTBa MeMOpaH, YBEJIIMUMBACTCA MX MPOHUIAEMOCTb
JUIl pa3fMYHBIX areHTOB, a TAaKXKe 3NEeKTpHYecKas
MPOBOAUMOCTE. Mcxonst U3 NUTEepaTypHBIX AaHHBIX
MOXHO MpPEANONIOKHUTh, YTO CTaOWIN3UpYIOLIee
NeHCTBHE pacCTBOPOB KPHOMPOTEKTOPOB, B YacCT-
vHoctu JIMCO, mnpemoTBpamieHue HEOOPaTHMOTO
AIEKTPUIECKOTO TPOo0O0s, a Takke OBICTPBIA POCT
ANEKTPUYECKON TPOBOAMMOCTH B OOJIACTH Hadaib-
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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 3HAYCHWH HANPSHKCHHOCTH TOJS MOTYT OBITh
OIOCPEI0BaHbl  (DOPMUPOBAHHEM CTAOWIBHBIX TH-
Ipo¢oOHBIX TTOP.

Jst monexynm ALl m @A xapakTepHBI OTHOCHTEITh-
HO HEBBICOKHME 3Ha4YeHUS Kod(ummeHToB pacmpe-
nenerns [3, 12]. M3BecTHO, YTO AMAICKTPHYCCKAsS
MPOHUIIAEMOCTh ¥ JTUMONBHBIII MOMEHT MOJEKYII
OTIPENEISIOT MOJISIPHOCTE cpeabl akcro3unun. Cpenu
HCCIIENOBAaHHBIX B Pab0Te KPUOMPOTEKTOPOB HAM0O0-
Jiee BBICOKHC 3HAYCHUS JAUAICKTPUYCCKON TPOHHU-
[aEMOCTH XapakTepHbl st Mmonekyn ALl u @A [2].
[IpoHukas yepe3 MeMOpaHbI, 3TH BEUICCTBA MOTYT
CYIIECTBEHHO HM3MEHSTH AMDJIEKTPHUUECKYIO MPOHH-
[IaeMOCTh JIMMIUAHOTO OWCIIOL HW MEXaHUYECKHe
CBOICTBA MEMOpaH, BIUSATh HA KOH(OPMALMOHHOE
COCTOSTHHEC MEMOpPAHHBIX OCJIKOB W OEJTKOB IIHTO-
CKeJeTa, co3laBasl YCIOBHUS ISl TIOSBICHHUA CTPYK-
TYPHBIX MEMOpaHHBIX JE(PEKTOB W TEM CaMbIM
MOHIDKAST BEWYMHY HANPSHKEHHAS JIIEKTPHYECKOTO
po6os.

Takum 00pa3oM, UMIYIbCHAs KOHIYKTOMETPHS
MPEJCTABISICT COOON TEPCIEKTUBHBIA DKCTICPUMEH-
TaBHBIN MOXO0J] K UCCIICIOBAHUIO BIIUSHUS KPUO3a-
IIUTHBIX CPE/ Ha IIa3MaTUYeCKUE MEMOpaHBI Kie-
TOK, B YaCTHOCTH T'aMeT M SMOPHUOHOB MIJICKOITUTA-
fommx. IlpenMymecTBO JaHHOTO METOAa COCTOUT
B TOM, 4YTO OH IIO3BOJISET OIICHUTH YCTOWYH-
BOCTh MeMOpaHBl OIMHOYHON KJIETKH B pPacTBOpax
KpPHOTIPOTEKTOPOB IO XapakTepy €€ IMPOBOIUMOC-
TH TIPA DPaBHOMEPHOM H3MEHEHWH HaNpPsSKEHHOC-
™ moms. Ilpm STOM SnexTpudeckas TPOBOAMMOCTD
MOXKET paccMaTrpuBaTbcsi Kak WH(OPMATHBHBIN Ta-
pameTp, XapakTepU3YyIOIIUH COCTOSTHHE OHOJIOTH-
YECKUX MEMOpaH M WX M3MCHEHUE IO JCHCTBHEM
Pa3IMYHBIX BHEIIHUX ()aKTOPOB, B TOM YUCJIC U KPUO-
KOHCEPBUPOBAHMUSL.

BrIBOABI

1. PacTBOpBI KPHOTIPOTEKTOPOB, IPUHAJICKAIIIUE
K KJaccy cnupToB, a Takxke JIMCO B KOHIIEHTpaIiu
1,0 M oxa3pIBaloT CTaOMIM3HpYIOIIee IEHCTBHE Ha
MIa3MaTH4ecKie MeMOpaHBI OOIMTOB MBIIIH, YTO
MPOSIBIISIETCA B YCTOMYHMBOCTH IJIa3MaTUIECKIX MEM-
OpaH OOIWMTOB K ACWCTBHIO AJIEKTPHUYECKOTO OIS
Bo3pacTaromeil  HanpspkeHHoCTH.  CTaOwmIm3upyro-
mee JCWCTBUE, BEPOATHO, OOYCIOBICHO THAPO(]OO-
HBIM B3aUMOJICHCTBUEM MEXIY MOJIEKYJIaMH KpPHO-
MPOTEKTOPOB U TUAPO(GOOHBIMH ydyacTKaMu MeMO-
paH.

2. PacTBOpBI KPHOIIPOTEKTOPOB Kjacca aMHJIOB
B KoHIleHTparuu 1,0 M He oka3biBalOT CTaOWIH3H-
pyIOIIEero AeWCTBUS Ha MEMOpPAHBI OOIIMTOB MBIIIH,
BO3MOXKHO, HM3-32 BBICOKOW THUAPOQUIBHOCTH MOJIe-
Kyl ¥ CJTaboro B3aMMOJAEHCTBHUS MOJEKYN KPHUOMPO-
TEKTOPOB C MEMOpPAaHHBIMHU CTPYKTYypPaMH.
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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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