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Omnpenenens! K03()GUIUESHTH IPOHAIIAEMOCTH IIa3MaTHYECKUX MEMOpaH 0OIUTOB, OJJHO-, IBYX-H BOCEMHUKJIETOUHBIX SMOPHOHOB
MBI U1 Monteky 1,2-nponananona (1,2-I111) u Bogs!. [TokazaHo, ITO OIIONOTBOPEHNE U CTaHS Pa3BUTHS YMOPHOHA HE BIHAIOT HA

TPaHCIOPTHBIC XapaKTCPUCTHUKHU KIICTOYHBIX M6M6paH.

Knroueswie cnosa: OOIIUT, 3M6pI/IOH, 1,2-Hp0HaHI[I/IOJ'I, OCMOTHYCCKOC ITIOBCIICHHC, KOSCI)CI)I/IHI/IGHT MPOHUIAEMOCTH.

BusnaueHo koedilieHTH MPOHUKHOCTI MIa3MaTHYHUX MEMOpaH OOIUTIB, OJHO-, ABO-Ta BOCBMUKIITHHHUX €MOPIOHIB MHIII IS
Motekyn 1,2-nmponanaiony Ta Boau. [lokaszaHo, 1110 3arutiJHEHHS Ta CTa sl PO3BUTKY HE BIUTUBAIOTh Ha TPAHCIIOPTHI XapaKTePHCTHKH

KITITHHHHUX MEMOpaH.

Knrouosi cnosa: oouut, eMOpioH, 1,2-nponaHaios, 0CMOTHYHA MMOBEIiHKA, KOS(DIIlIEHT MPOHUKHOCTI.

The permeability coefficients of plasma membranes of oocytes, 1-, 2- and 8-cell murine embryos for 1,2-propane diol (1,2-PD)
and water molecules were determined. The fertilisation and embryo development stage were shown as not affecting the transport

characteristics of cell membranes.
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[IpoHnmaemMocTs MIa3MaTHYECKUX MeMOpaH A
MOHOB U HEJJIEKTPOJIUTOB SABJIAETCS BaXKHEHIITUM
O6ro(u3MIecKuM TapaMeTpoM KIIETOK, OMpenessio-
LIMM UX DJEKTpUUYECKHE, 00bEMOPETYISTOPHbIE H
MHOTHE JIpyTrHe (yHKIHOHAIBHBIE CBOMCTBA [6].

[Ipu HHU3KOTEMIIEpAaTypHOM KOHCEPBUPOBAHUHU
[IPOHUKHOBEHUE B KJIETKY BHEKJIETOYHBIX HOHOB B
pesyabTare HapyleHHH MeMOpaHHOH MPOHULIAEMOCTH
BHYTPUKJIETOUHBIM JIbZ000pa30BaHUEM WK AECTHADPA-
TaIe conpsHKeHo ¢ HaOyXaHreM U THOEIBIO KIIETOK.
3Hast k03P PUIHEHTHI TPOHUIIAEMOCTH JIJIsI KPUOTIPO-
TEKTOPOB 1 BOJIbI, MOYKHO KOHTPOJIHPOBATH U3MEHEHHE
o0beMa KJIETKM Ha OCHOBHBIX 3Tamax KPHUOKOH-
CEepPBHUPOBAHUS, YTOOBI M30EkKaTh TTOBPEKTAIOIIETO
JEWCTBHA KaK BHY TPUKIIETOYHON KPHUCTAITH3AIINH, TaK
U JeTUApaTaluy.

[Iponukaromuiit kpuonporekrop 1,2-I1J[ mupoxo
MIPUMEHSETCS 17151 KpHOKOHCEPBUPOBAHUS IMOPHOHOB
pa3NIUYHBIX BHAOB XUBOTHBIX [4, 8, 10, 11]. On
SIBJISIETCS. OJTHUM U3 Hambosee 3((EeKTUBHBIX KPUO-
MIPOTEKTOPOB, UCHOIB3YIOLUIMXCSI IPH BUTPHPUKALIUH

Plasma membrane permeability for ions and non-
electrolytes is known to be the most important bio-
physical parameter, which determines cell electrical,
volume regulatory and many other functional properties
[6].

During low temperature preservation an extra-
cellular penetration of ions inside a cell as a result of
membrane permeability impairments by either ice-
formation or dehydration causes cell swelling and
death. Being aware of the permeability coefficients
for cryoprotectants and water we are able to control
cell volume at basic cryopreservation steps in order to
avoid the damaging effect of both intracellular crys-
tallization and dehydration.

1,2-propane diol permeating cryoprotectant
(1,2-PD) is widely used for embryo cryopreservation
of various animal species [4, 8, 10, 11], and it is known
to be one of the most effective cryoprotectants used
for vitrification of different biological objects vitri-
fication [5, 9]. However the data on frozen-thawed
embryo viability after being treated with this cryo-
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Pa3TUYHBIX OMOIOTHYECKHX 00BEKTOB [5,9]. OmHako
JaHHBIE TI0 KU3HECTTOCOOHOCTH IEKOHCEPBUPOBAHHBIX
SMOPHOHOB mocie 00pabOTKU MX 3THUM KPHUONPO-
TEKTOPOM BECbMAa Pa3HOPEUMBBI, IOITOMY HCCIEN0-
BaHWA, HAIlPaBJIICHHbIE Ha M3yYE€HHE OCMOTHYECKHX
peaxiuii 00IUTOB 1 SMOPHOHOB B pacTBopax 1,2-11/1,
a TaKXKe ero UCCIe0BaHue TPAaHCIIOpPTa Yepes3 Mmiias-
MaTHYECKYIO0 MEMOpaHy KIETOK MOTYT IPEI0CTABUTD
JOTIOJTHUTENTBHYTO MH(POPMAITHIO O BIMSHUN Pa3TNIHBIX
3TaroB KPHOKOHCEPBUPOBAHUS HAa COXPAHHOCTHh U
KHU3HECIIOCOOHOCTH SMOPHOHOB.

Lenb paboThl — H3yYUTh HA MOJENN HEOIJIOAOT-
BOpPEHHAS SHIIEKIIETKA-3UT0Ta-2-KJIETOUHBIH SMOPHOH-
8-KIIEeTOYHBIN YMOPHOH BIHMSHNE OILTIOOTBOPEHUS U
CTaJlMU Pa3BUTHs Ha MPOHHUIIAEMOCTH Ma3MaTH4eC-
KHX MeMOpaH 3MOpHOHOB 1uist Boasl U 1,2-T1]1.

Matepnanbl 1 metoAbI

HeomnmogoTBopeHHbIE SHUIIEKIECTKU (OOIUTHI) U
SMOPHOHBI MBIIIN NOTYYaJIH OT CAMOK MBIIIEH JINHIH
CBA co cTtumynsnueil cynepoByJISIHU IO CTaH-
nmaprtaoi Metonuke [ 1]. B pabote ncronszoBam 10%-,
20%-,30%-¢ (06bem/00beM) pacTBops! 1,2-11]1, npu-
TOTOBJICHHBIE Ha (U3HONOruueckoin cpene Jwomb-
6exko.KnHeTnky ocMoTHueckoil peakiiuu OmacTome-
POB Ha JI00aBJIEHUE HCCIIEAYEMOTO PacTBOPa U3yUallH
METOJOM CBETOBOW MHUKPOCKONHU HNPU MOMOIIH
Mukpockona bBMU-13, ¢ nocneayomuM aHanIu3oMm
(dotorpadnueckux n3obpaxennii kietok. Mccmemo-
BaHMs poBoawM pu Temmeparype 19+1°C. Koaddu-
LUEHTHI MPOHUIIAEMOCTH ISl MOJIEKYJI KPUOTIPOTEK-
TOpa (kp) Y BOJIBI (Lp) OIIPEACTSUIA TP MOMOIIH (pU3H-
ko-matemaruueckoi mozaenu Kedem-Katchalsky [2].

DKCIEepUMEHTHI IPOBEICHBI B COOTBETCTBHH C I10-
noxeHusmu “EBponeiickoit KonBeniuu o 3amure
MMO3BOHOYHBIX JKMBOTHBIX, UCHOJIb3YEMBIX AJISI DKC-
MIEPUMEHTABHBIX U APYTUX Hay4IHBIX eneit” (Ctpac-
oypr, 1985).

Pe3yAbTaTbl M 00CyXXAeHHe

YCTaHOBJIEHO, YTO MTPH MOBBIICHUH KOHIICHTPAITHH
1,2-I1J1 B nuama3one 10-30% Bo3pacTaetr BeposT-
HOCTb “aHOMaJIbHOT0” MOBEJICHHSI KIIETOYHOTO 00be-
Ma 1 yBEIMYCHHUSI IPOHUIIAEMOCTH KJIETOUHBIX MEMO-
paH I MOJICKYJ KPUOTIPOTEKTOPA.

B pactBopax 1,2-I1]1 ¢ kornenTpanuei Beime 10%
KIIETKH C)KUMAIIUCh HepaBHOMEPHO (puc. 1), a mpeBkI-
[IeHUE KIETKAMH MCXOAHOTO 00beMa Ha JTarme pe-
TUAPATAIIAN MOXET CBUIETEIHCTBOBATH O IPOHUKHO-
BEHUH B KJICTKY HEMPOHHUKAIONINX BHEKICTOUYHBIX
KOMITOHEHTOB (pHc. 2). [I[pHurHbI pe3Koro yBeIHUeHUs
MPOHHUIIAEMOCTH MeMOpaH KIETOK JJIs KPHOIIPO-
TEKTOpa HE BBISICHEHBI. BceieacTBue yBeIHUCHUS
MIPOHUIIACMOCTH TIA3MaTHICCKUX MEMOPAH OOITUTOB
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protectant are quite contradictory, therefore the re-
search on studying osmotic responses of embryos and
oocytes in 1,2-PD solutions, as well as its transport
through cell plasma membrane may provide us the
effect of additional information on different cryo-
preservation stages on embryos integrity and viability.

The research aim was studying the effect of ferti-
lization and development stage on water and 1,2-PD
embryo plasma membrane permeability in the following
model: unfertilized oocyte-zygote-2-cell embryo-8-cell
embryo.

Materials and methods

Mice oocytes and embryos were procured in CBA
mice females with supe-rovulation stimulation using
standard method [1]. In the work we used 10, 20, 30%
physiological Dulbecco’s medium-based (volume/
volume) 1,2-PD solutions. Kinetics of osmotic reaction
of blastomeres on adding the solution under study there
was studied by light microscopy (microscope MBI-13)
by means of analysis of cell images. Investigations
were accomplished under the temperature of 19+1°C.
Permeability coefficients for cryoprotectant (kp) and
water (LP) molecules were determined by Kedem-
Katchalsky model [2].

Experiments were performed according to the
requirements of the European Convention on Verte-
brates Protection used for Experimental and other
Purposes (Strasbourg, 1985).

Results and discussion

The probability of “abnormal” cell volume behavior
and rise in cell membrane permeability for cryo-
protectant molecules was established to increase along
with 1,2-PD concentration rise within the range of 10-
30%.

In 1,2-PD solutions with the concentration higher
than 10% the cells were unequally shrinked (Fig. 1),
and exceeding by cells of initial volume at the re-
hydration stage may testify to the penetration of non-
penetrating extracellular components inside a cell
(Fig. 2). Reasons for such a sharp increase of cell
membrane permeability for cryoprotectant have yet
remained unclear. As a result of permeability increase
of oocyte plasmatic membranes and embryos for
1,2-PD molecules in 20%, 30% solutions, the kp calcu-
lation was done only for 10% cryoprotectant solution.

The Fig. 3 shows the example how to calculate the
permeability coefficient of 1-, 2-, 8-cell murine embryo
membranes for 1,2-PD molecules.

The data, shown in the Table testify to the fact that
the permeability coefficient of murine embryo plasma
membranes for 1,2-PD molecules does not depend on
the development stage, at least, within the first three
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Puc.1. KuneTnka 0cMOTHYECKOM peakIluy 3UTOTHI MBIIIN B
30%-Mm pactBope 1,2-I11: 1-natus; 2—16¢c;3—-37c;4-52
¢; 5—1wmud. 30 ¢; 6 — 15 MUH SKCITO3ULIMH.

Fig. 1. Kinetics of mouse zygote osmotic reaction in 30%
1,2-PD solution: 1 —native; 2 —16s; 3 —37s;4—52s; 5— Imin
30s; 6 — 15 min of exposure.

u 3MOpuonHoB st mosiekya 1,2-I171 B 20 u 30%-x
pacTBopax, pacder kp MPOU3BOAUINA TOIBKO TSI
10%-ro pacTBOpa KpHOIIPOTEKTOPA.

Ha puc. 3 nmpencrasnen npumep pacuera ko3pdu-
[MEHTA IPOHUIIAEMOCTH MeMOpaH 1-,2-,8- KIIETOUHBIX
3MOPHUOHOB MBIIIH 1T Mojieky:1 1,2-T1]1.

JlanHbie, npuBeJCHHBIE B TaOMUIE, CBUACTEIb-
CTBYIOT O TOM, 4TO KO3((HUIUEHT MPOHHUIIAEMOCTH
[Ja3MaTHYECKUX MEMOpaH 3MOPHUOHOB MBIIIH JIs
mouekyn 1,2- I1]] He 3aBUCHT OT CTaJAuH Pa3BUTHS, TIO
KpaiiHell Mepe, B Ipeaesax TpeX MEPBBIX ACICHUI.
OII0I0TBOPEHHE TAKKE HE OKA3bIBAaeT BIMSHUS Ha
KO3 QHUIMEHT MPOHUIIAEMOCTH KJIETOYHBIX MEMOpaH
nms monekyi 1,2- I1J1, a Benuanna k|, miazmMaTuaeckoi
MeMOpaHbl oonMTa Onu3Ka K 3Ha4eHuro K, momy-
uenHomy Paynter et al. [7]. Bennuuna k, a1 monexysn
1,2-I111 B 1,5 pa3a BoImie, 9eM sl MOJISKYJT ITHIICH-
ITMKOJISL, B TO BPeMst Kak 3HadeHust L B pacTBopax
oI u 1,2-11]] He oTnuuarores [3].
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Fig. 2. Relative volume dependence of a 1-cell mouse em-
bryo upon the exposure time in 30% 1,2-PD solution.
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Fig. 3. Experimental and theoretical dependencies of rela-
tive volume: O- 1-cell; 00— 2-cell; A— 8-cell murine em-
bryos upon the exposure time in 10% 1,2-PD solution.

1000

fissions. The fertilisation does not affect the per-
meability coefficient of cell membranes for 1,2-PD
molecules as well, but the k_ value of oocyte plasma
membrane is close to the k_one, obtained by Paynter
et al. [7]. The kp value for 1,2-PD molecules in 1.5
times higher, than for ethylene glycol ones, meanwhile
the LP values in its solutions and in 1,2-PD one have
no differences [3].
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Comnocrapnsisi JaHHBIE O XOPOIIEH MPOHUKAIOIIEH
cniocobnoctu 1,2-11/] 1 moBpexxaaromiem IeCTBUH €ro
KOHILIEHTPUPOBAHHBIX paCTBOPOB, CIEIYET, BEPOSATHO,
HCKITIOYUTH BO3MOXKHOCTB AEHCTBHSA OCMOTHUYECKOTO
MexaHu3Ma MoBpexaeHus1. OueBUIHO, TOBPEKIA0-
it 3¢dexr 1,2-I1]] cBsA3aH ¢ MyTIMH U cITOCOOOM
€ro NPOHUKHOBEHHUA B KIIeTKH. He nckimtoueno, utol,2-
[TJI MoxeT HapyIIaTh CTPYKTYPY JUIHIHOTO OUCIION
1a3MaTudeckux MeMOpaH 3MOPHOHOB, CIIOCOOCTBYS
00pa30BaHHIO B HEM KOPOTKOKUBYIIUX JIEPEKTOB, 4TO
MO>KET IPUBOJUTH K TPOHUKHOBEHHUIO B KJIETKY BHE-
KJIETOYHBIX PacTBOPOB.

BuiBOADI

Takum 00Opazom, KO3QPHULINEHT MPOHULIAEMOCTH
MJ1a3MaTHYECKUX MEMOpPaH OOLIMTOB U 3MOPHOHOB
MBI 17151 MoteKy: 1,2-11J1 B mpemenax Tpex mepBhIxX
JIeJICHUI HE 3aBUCUT OT CTaIuH pa3BuTws U B 1,5 paza
mpeBbIaeT Ko3QPUIUEHT MTPOHUIIAEMOCTH I MO-
JIEKYN 3THIIEHDINKOS. Icroabp30BaHME OBBIIEHHBIX
koHIeHTpaui 1,2-11J] mprBOIUT K yBETMUEHHIO TIPO-
HHUI[AEMOCTH KJIETOYHBIX MEMOpaH JIJ1s1 MOJIEKYJ KPHO-
MPOTEKTOpa M OKa3bIBAET MOBPEKAAIOMINNA 3P PEKT.
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KoadduimeHTh NpOHUIIAEMOCTH MEMOpPAH OOIIMTOB U
SMOPHOHOB MBITIH TSI MOJIEKYJ BOIBI 1 1,2-T1]]

Permeability coefficients of murine oocyte and embryo
membranes for water and 1,2-PD molecules

CTapuy pa3BUTHS LpX10‘4,M3/H><c kleO7, m/c
Development stage LpXIO”,mi‘/NXs kpX107, m/s
Qo 4,100,20 2,500,10
ocyte
Surora 4,34%0,51 3,1020,40
Zygote
2 — KAETOYHBIM 9MOPUOH 3,52%0,30 2,08+0,34
2—cell embryo
8 — KAeTOYHBIN 9MOPUOH 2,04%0,33 2,77+0,21
8 — cell embryo

When comparing the data about high permeating
ability of 1,2-PD and a damaging effect of'its concent-
rated solutions, we should probably exclude the effect
possible of osmotic mechanism of damaging. Impairing
effect of 1,2-PD is obviously related to the ways and
means of its permeation into cells. It is not improbable,
that 1,2-PD can perturbate a lipid bilayer of embryo
plasma membranes, by contributing to the formation
in it of short-living defects, that may lead to penetration
of extracellular solutions into a cell.

Conclusions

Thus, the permeability coefficient of plasma mem-
branes of oocytes and murine embryos for 1.2-PD
molecules within the first three fissions does not depend
on the development stage and exceeds in 1.5 times
the permeability coefficient for ethylene glycol
molecules. The usage of increased 1.2-PD concentra-
tions resulted in the augmentation of permeability in
cell membranes for cryoprotectant molecules and cau-
ses a damaging effect.
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