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Onpenenenbl K03 HUIMEHTH TPOHULIAEMOCTH OIHO- U IBYXKJICTOYHBIX SMOPHOHOB JJIsl MOJISKYIT dTHIeHIHKOIs (D7) 1 BozibI €
MCIIOJIb30BAHUEM METO/IA BOJIFOMOMETPHH U (PU3HUKO-MATEMATHIECKOI MOJICITH, OITUCHIBAIOIICH MPOIIECChI MACCOOOMEHA MEK Ty KIICTKOM
U OKpyKaroleii ee cpenoii. [Tokasano, 4to ApoOiieHNe He OTpakaeTcs Ha TPAHCIIOPTHBIX XapaKTePUCTUKAaX MeMOpaH, HO IMTOBBILIAET HX
YCTOHYMBOCTB K I€HCTBUIO YBEIMYECHHBIX KOHIICHTPALUI KPUOIIPOTEKTOPA.

Knrouesvie cnosa: s3MOp1oH, STHICHIINKONb, KOY(GHUIMESHT IPOHUIIAEMOCTH.

BusnaueHo koe(ilieHTH IPOHUKHOCTI OJTHO- Ta IBOKJIITHHHUX eMOPiOHIB MHILIi TSI MOJIEKYJT €THIICHIJIIKOJIFO Ta BOJM 3 BUKOPUCTAHHIM
METO/y BOJIFOMOMETPIT i (hi3HKO-MaTeMaTHIHOI MOJIEII, SIKa OIUCYE MPOLECH MacOOOMIHY MiXK KIIITHHOIO T2 OTOYYIOUUM ii CepeIOBHUIIEM.
IokazaHo, 110 IpoOiIeHHs He BIUIMBAE HA TPAHCHOPTHI XapaKTepHUCTUKH MEeMOpaH, aje MiJBHILYe IX CTIHKicTh A0 Aii 301IbIIeHIX

KOHIICHTpAIlii KpiompOTEeKTOpa.

Knrouosi cnosa: em6pioH, eTUIICHIIKONb, KOS(IL[IEHT TPOHUKHOCTI.

The permeability coefficients for one- and two-cell embryos for ethylene glycol (EG) and water molecules using the volumetry
method and physical-chemical model, describing the mass exchange processes between a cell and its environment, were determined.
The cleavage was shown as not affecting the transport characteristics of membranes, but augmenting their resistance to the increased

cryoprotectant concentration effect.

Key-words: embryo, ethylene glycol, permeability coefficient.

KoaddunmeHTs mpoHUIIaeMOCTH IIa3MaTHIECKUX
MeMOpaH KJIETOK IJIsl MOJEKYJ KPHOIPOTEKTOPOB U
BOJIBI, HAPSTy C IOBEPXHOCTHO-00BEMHBIM OTHOIIIE-
HUEM, OCMOTHYECKH HEAKTUBHBIM 00BEMOM KIIETOK
U UX KOHIIEHTpALMEHN B CyCIIEH3UH, ONPENEISIIOT KaK
OCMOTHYECKOE TIOBEJEHNE, TAK U KOHEUHYIO COXPaH-
HOCTB KJIETOK IIPY KPHOKOHCEPBUPOBaHUH [2].

W3mMeHeHHsT 0CMOTHYECKOTO JIaBJICHHs BHEKIE-
TOYHOH Cpeibl, BBI3BIBAEMBIE MPOLIEAYPOH KpPHO-
KOHCEPBHUPOBAHUS, OTPAXKAIOTCS HA COJAEPKaHUU
BHYTPHKJIETOYHOU BOJIBI B KJIIETKAX, BEIMINHE KIETOU-
HOTO 00beMa U cTerneHu AedopManiu MeMOpaHHBIX
cTpyktyp [1, 6, 8, 9]. Ha aTame nobasneHmst Kpuompo-
TEKTOpa KJIETKH MOTYT NMOTHOHYTH OT THIEPTOHH-
geckoro crpecca [7-9], Ha srame ygajeHus — B
pe3ynbTare NoCTrunepToHnyeckoro crpecca [2]. [lpu
3aMOpaKMBAaHUU JIeTHIpaTalys MOXET CTaTh Kak
MPUYMHON MOBPEXICHHUS B PE3yJbTaTe TMIEPTOHU-
YECKOro CTpecca, Tak U Cloco0OM Npel0oTBpaIleHHs
BHYTPUKIIETOYHOI'O KpucTamioodpazoBanus [1, 9].
Onpenenenue kK03()PULHEHTOB MPOHUIAEMOCTH
KJIETOK JJI1 KPHOMPOTEKTOPOB M BOJABI ABJIAETCS
HEOOXOAMMBIM YCJIOBHEM MPOTHO3WPOBAHMS OCMO-
THUYECKOTO TOBEJIECHHUS KIJIETOK B NMPOLIECCE KPHO-
KOHCEpBUPOBaHUs. Takoe MpOrHO3UpOBaHUE TIO3BOIHAT

Permeability coefficients for cell plasmatic mem-
branes of cryoprotectant and water molecules along
with a surface-volume ratio, osmotically inactive cell
volume and their concentration in a suspension, deter-
mine both an osmotic behaviour and a final cell integrity
during cryopreservation [2].

The changes in an osmotic pressure of extra-
cellular medium, caused by cryopreservation procedure,
affect the content of intracellular water in cells, a value
of cell volume and a degree of membrane structure
deformation [1, 6, 8, 9]. At the stage of a cryoprotectant
addition the cells can die because of a hypertonic stress
[7-9], and as a result of a posthypertonic stress when
removing [2]. Under freezing the dehydration can be
both the cause of a damage as a result of hypertonic
stress and a preventive way for intracellular crystal
formation [1, 9]. The determination of cell permeability
coefficients for cryoprotectants and water is an im-
portant condition to forecast an osmotic behaviour of
cells during cryopreservation. Such a forecasting will
allow to avoid the reaching by a cell of extreme states
or to reduce the time of its staying under these states.

The bases for a quantitative description of cell
osmotic behaviour as well as for determination of the
cell membrane permeability coefficients for water and
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n30exarb JOCTHXKEHHs KIETKOH 3KCTpeMalbHbIX
COCTOSTHUM WJIM COKPAaTUTh BpPEMs €€ HaXOXKIEHUS B
3TUX COCTOSHHUSAX.

OCHOBO# /17151 KOJITYECTBEHHOTO OMUCAHHS OCMOTH-
YECKOT'0 MOBEJEHMSI KJIETOK, paBHO KaK M AJIs OIpe-
neneHus KO3 QUIMeHToB MPOHNUIAEMOCTH KJIETOUHBIX
MeMOpaH T BOJBI U KPHOTIPOTEKTOPOB, CITyXKaT (hu-
3UKO-MaTeMaTHIEeCKIE MOJIEITH, OITUCHIBAIOIINE TPAHC-
MOPT Yepe3 KIETOUYHYI0 MeMOpaHy pacTBOPEHHOTO
BelIecTBa (IPOHHUKAOIIETO KPUOIIPOTEKTOPA) U pacT-
BopuTels (Boabl). TeopeTnaeckoe ommcaHne 0CMOTH-
YECKOrO MOBEJEHUS KJIETOK Ha OCHOBHBIX 3Tarax
KPHOKOHCEPBHPOBAaHHSI BO3MOYKHO ITyTEM MOICTAHOBKU
B YpaBHEHHUS! MOJEIHM U3BECTHBIX KO3 ULINEHTOB
MIPOHUIIAEMOCTH U MAPAMETPOB, XapaKTEPUIYIOIINX
MpenoaraeéMble YCIOBUS dKCIiepuMeHnTa. J{ist ornpe-
JeneHns KO3 GULIUEHTOB TPOHULIAEMOCTH JMHAMHKA
OCMOTHYECKOTO MOBEACHUS KIETOK, U3yUEHHas B
KOHKPETHO 33JIaHHBIX YCIIOBUSX, aMPOKCUMHPYETCS
pelieHreM ypaBHEHUH MOJIEIH TPy Haubosee onTH-
MaJIbHBIX 3HAYEHUSIX HCKOMBIX K03()(YUIIMEHTOB METO-
JIOM HaHMMEHBIINX KBaJpaTOB.

Less manHO# paboTHI — OTIpeaeneHne Ko puineH-
TOB TPOHHUIIAEMOCTH OJHO- U JBYXKJIETOYHBIX 3MO-
PUOHOB MBIIIHU AJI1 MOJEKYJ BoAbl U DI ¢ oLleHKOU
BO3MOXXHOTO BIMSHHS [4] Ha 3TH KO3 (ULIHEHTHI
KOHIIEHTPAINX KPHOIPOTEKTOPA.

Matepnaabl 1 meToAbI

OO0beKkTaMu HCCIEJOBAHUS CIYXHUIU OJHO- H
JBYXKJIETOUHbIE SMOPHOHBI MbITH THHUU CBA 6-, 8-
HeJleJIbHOTO Bo3pacrta. st monmydeHus 60JbIIoro
KOJINYECTBA KJIETOK HCIIONb30Ballld METOJ Cymlep-
oByssiLmH [ 3]. CaMkaM HPOBOMIIN BHY TPHOPIOLIMHHYO
uHBeKIuio 5 ME roHaioTpoIinHa ChIBOPOTKH KepeObIX
koObL1 (Folligon, “Intervet”, Holland) u 7.5 ME
YEeJIOBEUYECKOTO XOPUOHUYECKOTO TOHAJOTPOIINHA
(aXT') (Folligon, “Intervet”, Holland) ¢ uatepBanom
46-48 4. ITocne BBeaeHus 4uX] caMOK IMOICaKHUBAJIH
K caMIlaM TOW >Ke€ JIMHUU JJI1 OCEMEHEHUS.

OMOPHOHBI NOJTyYaJId IPOMBIBAHHEM OTIpEIapH-
POBaHHBIX SHLEBOJOB CAMOK MBbIILIEH Qu3ronorniec-
Ko#1 cpenoit [{ronp0eKKo mpr KOMHATHOHM TeMIepaType
[0 CTAaHAApTHOH MeToAuKe [3]: OMHOKJICTOUYHBIC
AMOpHOHBI Tosydanu yepe3 20-22, a 2-KJIeTOYHbIE —
yepes 48 u nocne Beenenus uXI. s ynanenus kie-
TOK KyMYJTIOCA Y OJJHOKJIETOYHBIX SMOPHOHOB HCIIOIb-
30Bajil KPaTKOBPEMEHHYIO SKBHIMOPAIUIO KJIETOK B
pactBope ruamyponunassl (0,1 mr/im). [lomyueHnHsie
SMOPHOHBI TPUKIBI OTMBI-BaJH B cpeae ronp0eKko
U cpasy e UCIOJIb30BATIN B 3KCIIEPUMEHTE.

B pa6ore npumensiiu 10-, 20-, 30%-¢ (00Bbem/
o0beM) pacTBopsl OI, mpuroToBieHHbIe HA (HU3KO-
nmorudeckorr cpene HronbbOexko. Kunetnky ocmo-
THYECKOH PEaKLUH KJIETOK B YKa3aHHBIX pacTBOpax
HCCIeIOBAIH IPY KOMHATHOM Temmeparype (18-19°C)
METOJIOM CBETOBOW MUKPOCKOIIHH.
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cryoprotectants are the physical and mathematical mo-
dels, describing the transport of a solute (penetrating
cryoprotectant) and a solvent (water) through a mem-
brane. A theoretical description of cell osmotic beha-
viour at the principal stages of cryopreservation is
possible via the introduction into the model equations
of known permeability coefficients and the parameters,
characterising the supposed experimental conditions.
In order to determine the permeability coefficients the
dynamics of cell osmotic behaviour, studied under pro-
perly set conditions, is approximated by solving the mo-
del equations under the most optimal values for the coef-
ficients to be found using the method of least squares.

The aim of this work was to determine the
permeability coefficients of one- and two-cell murine
embryos for water and EG molecules with the
evaluation of a possible effect [4] on these coefficients
of a cryoprotectant concentration.

Materials and methods

The research objects were one- and two-cell
embryos of 6-8 weeks” CBA mice. In order to procure
a big number of cells there was used the superovulation
method [3]. The females were intraperitoneally injected
with 5 IU of pregnant mare serum gonadotropin
(Folligon, “Intervet”, Holland) and 7.5 IU of human
chorionic gonadotropin (hCG) (Folligon, “Intervet”,
Holland) with 46-48 hrs’ interval. After hCG injection
the females were placed together with males of the
same line for insemination.

The embryos were obtained by washing out of
prepared oviducts of murine females with Dulbecco’s
physiological solution under room temperature
according to the routine methods [3]: one-cell embryos
were procured in 20-22 hrs and two-cell ones in 48
hrs after hCG introduction. In order to remove cumulus
cell in one-cell embryos there was used a short-time
cell equilibration in hyaluronidase solution (0.1 mg/l).
The obtained embryos were thrice washed out in
Dulbecco’s medium and at once used in the experiment.

In the work there were used 10-, 20- and 30%
(volume/volume) EG solutions, prepared in Dulbecco’s
physiological solution. The kinetics of cell osmotic
reaction in the mentioned solutions were studied under
room temperature (18-19°C) using the method of light
microscopy.

The embryo in a small drop of physiological medium
(10-15 pl) was placed in to a plastic Petri dish, put on
a subject table of light inverted microscope MBI-13.
The embryo fixing under microscope was performed
with a manipulator (Fig.1). The kinetics of blastomere
osmotic responce to the addition of a tested solution
was studied by means of video recording with following
measuring the squares of obtained pictures. Cell volume
was calculated by assuming them to be spheric.

When determining the permeability coefficients of
murine embryos (2™ stage) for cryoprotectant (kp) and
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OMOpHOH B MaJioH Karuie (PU3HM0IOTHYECKON CpelIbl
(10-15 mxu1) moMenany B IJIacTUKOBYIO Yaiky [lerpu,
YCTaHOBJIEHHYIO Ha IPEIMETHOM CTOJIMKE CBETOBOTO
WHBEPTHPOBaHHOTO MUKpockona MBH-13. @ukcanuio
SMOpHOHa MOJ MUKPOCKOMOM OCYILECTBISIHN C
MOMOIIBI0 MUKpOMaHumyssTopa (puc. 1). Kunetuxy
OCMOTHYECKOH peakIiu 6J1lacTOMEpOB Ha T00aBIICHHE
HCCIIETyEeMOTO PACTBOPA U3Yydaly TyTeM KHHOPETHC-
TpallH C MOCIEAYIOUUM HU3MEPEHUEM IuIomanei
MOy YeHHBIX n300paxeHuil. OObEeMbI KIETOK paccuu-
TBHIBAJIH B IPUOJIMKEHUH X CPEPUIHOCTH.

[pu onpenenennu ko3P PUITMEHTOB TIPOHUTIAEMOCTH
SMOpPHUOHOB MBIIIHK (B 2 dTamna) Ajs MOJEKYJI KpHO-
npotexTopa k ¥ Bozel L, B Ka4ecTBe TEOPETHYECKOM
OCHOBBI HCTIOJB30BAH MO}IGHL E. A. Topauenxo [2].
Ha nepBom 3Tane onpenensnu L , TOOMBAsICh COBIIA-
JEHUS TEOPETHUUECKON KPUBOH ¢ yqaCTKOM 9KCIEpH-
MEHTAIbHON KPUBOM, COOTBETCTBYIOIIUM (a3e JeTH -
paranuu. Ha BTopom aTare ycTaHOBIEHHOE 3HAYCHHE
L, moCTaBsIN B YPABHEHHS MOJICIIU M I0OWBAIIMCh
HauJIy4lIero COBMAJAEHUS PEIICHUS TEOPETUYECKON
MOJIENIN C yYaCTKOM 3KCIEPUMEHTAIbHON KPHUBOH,
COOTBETCTBYIOUINM (ha3e peruapaTaruu, Ioa0upas u
ompenessiss TAaKUM 00pa3oM 3HAYCHUS k Cratuc-
THYECKYI0 00pabOTKy TaHHBIX (nonyquHHx IS OT-
JENBHBIX KIETOK KO3((HUIIMEHTOB MPOHUIAEMOCTH)
npoBogmi  MeTonoM CThIOACHTA.

Pe3yAbTaTbl M 00CyXXAeHHe

Ha puc. 2 npeacraBineHsl XapakTepHbIE 3aBHCH-
MOCTH OTHOCUTEIILHOTO 00beMa 01acTOMEPOB OJTHO-
U IBYXKJIETOYHBIX 3MOPHOHOB MBIIIH OT BPEMEHHU
skBriMOpanun B pactBopax A1 10-30%-ii KoHIIEHT-
pauuu. Ha pucyHke sKkcneprMeEHTalbHbIE JaHHbBIE
MIpeICTaBICHBl TOYKaMH, a allPOKCUMHPYIOIINE HX
TEOPETHIECKHE 3aBUCUMOCTH — CTIJIONTHBIMU JIHHS-
MH. MOXHO BUAETH, YTO TEOPETUUECKAs 3aBUCH-
MOCTB TOCTaTOYHO XOPOIIIO anfpOKCUMHPYET IKCIIE-
pUMeHTanbHbIe AaHHbIe. [Ipu OIU3KKMX 3HAUYECHHSIX
K03((HUIIMEHTOB TPOHUIIAEMOCTH, TOTYYSHHBIX IS
JBYXKJIETOUHOTO 3MOPHOHA B PACTBOPAX Pa3IMUHBIX
KOHILIEHTpAaIui, BpeMsi BOCCTAHOBJIEHHSI OTHOCH-
TEJILHOTO KJIETOYHOTO 00beMa C yBEJIMYeHHEM KOH-
LeHTpaluu Bo3pactaer. Takoi 3aBUCHMOCTH HE
HaOIoaeTcs A1 OTHOKIeTOYHOTro AMOproHa. [pen-
CTaBJICHHbIC B TaONHIlEe CpelHUE 3HAUCHHUS KOdhu-
LIMEHTOB ITPOHUIIAEMOCTH MEMOPaH OTHO- U IBYXKJIe-
TOYHBIX dSMOPHOHOB it D" 1 BOABI B 3aBUCUMOCTH
OT KOHIIEHTpaIK KPHUOIIPOTEKTOPa IOKA3bIBAIOT, UYTO
JUTSL MOJIEKYJT BOZIBI OHU JIOCTOBEPHO HE OTIUYAIOTCA.
He nmMeercst 10CTOBEpHBIX OTIMYUN U JJISI MOJIEKYJ
O (B pactBopax 10%-# xormentpanuu). OmxHaKO
MIPOHUIIAEMOCTh OJJHOKJICTOYHBIX SMOPHOHOB 3aMETHO
nosslmaercs B 20- u 30%-x pactBopax 31, npu s3ToM
HaOnionaeTcss 3HAYUTEIbHBINA pa3dpoc KoJIMYeCT-
BEeHHBIX 3HaueHui k . THTepecHO 3aMeTHTh, 4TO BO3-
pacranue noToka DI’ B OJTHOKJIETOYHBIN SMOPHOH, KaK
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Puc. 1. OcMmoTHveckast peakiys 0JJHOKJIETOYHOT0 SMOPHOHA
MBIIIH pH SKkBHIMOparmu B 10%-m pactBope OI': 1 —HaTHB;
2—-15¢;3-30c¢;4—1mun; 5— 5 muH; 6 — 20 MHH SKBHITHO-
panuu.

Fig. 1. Osmotical reaction of one-cell murine embryo during
equilibration in 10% EG solution: 1 —native; 2 —15s; 3 —
30 s;4—1min 30s; 5—5 min; 6 —20 min of equilibration.

water (L) molecules we have used as a theoretic
ground the E.A. Gordienko’s model [2]. Atthe 1% stage
we determined L , by approaching the coincidence of
theoretical curve with the site of experimental curve,
corresponding to dehydration phase. At the second
stage the found L_value was introduced into the model
. P . .
equation, and afterwards the best fitting of theoretical
curve and experimental data was reached by kp value
selection — the best fit corresponds to the proper k_
value. The data statistical processing (obtained for
some cells permeability coefficients) was done using
the Student’s method.

Results and discussion

The Fig. 2 shows the typical dependencies of a
relative volume of blastomeres in one- and two-cell
murine embryos on the equilibration time in EG solutions
of 10-30% concentration. In the figure the experi-
mental data are presented by points, and the appro-
ximating them theoretical dependencies by solid lines.
Theoretical dependency can be seen, to quite well
approximate the experimental data. Under close values
of permeability coefficients, obtained for two-cell
embryos in the solutions with different concentrations
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Puc. 2. DxcniepuMeHTaNbHBIE TOYKH M TEOPETUYECKUE 3aBUCHMOCTH OTHOCHUTEIHHOTO 00BheMa IMOPHOHOB MBIIIH OT
BpPEMEHH SKCIIO3HUIIMH B PACTBOPAX ITUIICHITIMKOJS: & — OHOKJIETOUHbIE; O — IBYXKJIeTouHbIe 3MOpHOHBI, O — 10%-ro OT;

@ —20%-ro OT'; []—30%-ro OT.

Fig. 2. Experimental and theoretical dependencies of a relative volume of murine embryos on the exposure time in EG
solutions: a — one-cell embryos; b — two-cell embryos; O — 10%; @ — 20%; []-30%.

MIPaBMIIO, HE COMPOBOXKAAIOCH HabyxaHneM Omacrto-
MepoB. [TonydyeHHbIE JaHHBIE TO3BOJISIOT MPEIOIO0-
KHTb, YTO SKBIIIMOPAIHS OJHOKJIETOYHBIX SMOPHOHOB
B pacTBopax OI' ¢ koHmneHTpauusMu Beime 10%
MPHUBOJIUT K HApYIICHHUSIM H30UPATEILHBIX CBOWCTB
MIa3MaTUYECKUX MEMOpaH MoJ| JeHCTBUEM OCMOTH-
yeckoro crpecca[8]. MemMOpaHbl ABYXKIETOYHBIX
SMOPHOHOB OKa3aJUCh O0Jee YCTONUYNBBIMU K ITOBBI-
IICHHBIM KOHIIEHTpausiM JI, 9TO CBUAETENLCTBYET
00 OTCYTCTBUH 3aBUCHMOCTH KO3 PHUITEHTOB TPOHU-
LAeMOCTH UX MEMOPaH OT KOHIIEHTPaLUN BHEKJIETOU-
HOTO KpUOMPOTEKTOpa. TeM He MeHee U ABYXKIIETOU-
HbIe SMOpHoHHI B 20- 1 30%-x pactBopax JI" nHOTHA
OTKJIOHSUIACH OT HOPMaJIbHOTO OCMOTHYECKOTO ITOBE-
nenus. Ciiydan HOPMalIbHOTO U aHOMaJIb-
HOTO OCMOTHYECKOTO MOBEJCHHUS 01acTo-
MEpPOB JABYXKIETOUHBIX 3MOPUOHOB TIpei-
CTaBJeHBl Ha puc 3. XapakTEPHBIM IS
AHOMAJIBHOTO TOBEICHHUS OBLJIO HaIU4He
(a3el pe3koro yBenuueHus odbeMa B Ha-
YalbHOU CTaJIuM PErHpaTaIHY.

the recovery time of a relative cell volume with the
concentration augmentation increases as well. Such a
dependency is not observed for one-cell embryo.
The presented in the Table average values about
membrane permeability coefficients of one- and two-
cell embryos for EG and water depending on a
cryoprotectant concentration demonstrate, that for
water molecules they do not statistically and sig-
nificantly differ. There are no statistically significant
differences for EG molecule, measured in solution with
10% concentration. However the permeability of one-
cell embryos considerably increases in 20 and 30%
EG solutions, at the same time there is observed a
considerable spread of K quantitative values. It is

KosdduimenTs! npoHMIIaeMoCcTH MEMOpaH OJJHO- U 1By XKJIETOYHBIX
9MOpHoHOB [u1s Boasl (L,) 1 kpuonporekTopa (k,), ©3MepeHHbIE B

pactBopax OI' 10-, 20- 1 30%-i1 kKoHLIeHTpauui

Coefficients of membrane permeability of one- and two-cell embryos
for water (L,) and cryoprotectant (k,), measured in EG solutions of 10-,

20- and 30% concentrations

AHHpOKCI/IMaLII/IH JaHHBIX BOJIOMO-

METPUU PEUICHUEM TEOPETUUECKON MOze-
JIA TIO3BOJISET HE TOJIBLKO OMPENETUTh UCKO-
Mble K03()OUIIMEHTHI TPOHUIIAEMOCTH ISt

KPUOIIPOTEKTOPA U BOJAbI, HO 1 OUCHUTD JU-
HaMHKY U3MCHCHUA KOHICHTPALIUNU KPUO-

MpoTeKTopa B KjieTke (puc. 4). Omenka
MTOKa3bIBaCT, 9TO BpeMs 95%-T0 HacHIIIIe-

HUS OJIHO- U JIByXKJIETOYHBIX 3MOPHOHOB
MbIK O He MpeBbIIaeT 5 MUH.

KonnenTtpanusa OI' OAHOKAETOUHBIN 3MOPUOH | ABYXKAETOUHBIM 3MOPUOH
EG concentration One — cell embryo Two — cell embryo
L x10", k,x107, L x10", k x107,
% ﬁ;ggi m°/Hxc M/c m°/Hxc 1]:/1/C
m3/Nxs m/s m3/Nxs m/s
10 2573 4,26+0,78 1,12+0,60 3,43%=0,17 1,25%0,10
20 5146 4,58+1,48 4,88%+2,21 3,99+0,19 1,37+0,42
30 7719 4,25%+1,35 6,88*=3,19 3,94%+0,46 1,26+0,32

CrnexyeT OTMETHTD, UTO, HECMOTPS Ha
IMPOKOe pruMeHeHne D1 mpu KPpHUOKOH-
CEPBHPOBAaHUH SMOPHOHOB MJIEKOIIHMTAIO-

IMpumeuanue: * — CTATUCTHYECKHU TOCTOBEPHBIC PA3IIHYHS 110 CPABHEHHIO C
naHHbIME 1181 10%-1i koHuenTparuu, p<0,05.

Note: * — statistically significant changes comparing to data for 10% concen-

tration, p<0.05.
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OTHOCUTESNBHBIN 00beM
Relative volume
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Puc. 3. OcMmoTHueckoe MOBEICHNE IBYXKJICTOYHBIX 3MOPHO-
HOB MbIIU B 30%-M pactBope OI': — — TeopeTudeckas
3aBHCUMOCTh OTHOCHTEJIBHOI'0 00BeMa 01acToMepos,
NOCTPOEHHAs Ui CPEeJHUX 3HaueHUi K0d(pPHUIHEHTOB
nporunaemocti; O — 3KCIEPUMEHTaIbHAs 3aBUCHMOCTh
OTHOCHTENBHOT0 00bemMa GIacTOMEpOB, AEMOHCTPHU-
pyiomas OTKJIOHEHHS OT HOPMaJbHOTO OCMOTHYECKOTO
TIOBE/ICHMSI.

Fig. 3. Osmotic behaviour of two-cell murine embryos in
30% EG solution: — —atheoretical dependency of arela-
tive blastomere volume, built for average means of perme-
ability coefficients; O — an experimental dependency of a
relative blastomere volume, demonstrating deviations from
normal osmotic behaviour.

LIMX, BONPOC O BIWSHHUM CTaAUHM Pa3BUTHS U €ro
HCXOHOW KOHLEHTPALMU Ha TPAHCIIOPTHBIE XapaKTe-
PHUCTHKH IJIa3MAaTHYECKUX MEMOpPaH KJIETOK OCTaeT-
cs1 OTKpBITHIM. Tak, B pabote [10] Obutn onpenesieHbI
KO3(QGUIUEHTH MPOHUIIAEMOCTH IJIa3MaTHYECKUX
MeMOpaH HEOIUIOAOTBOPEHHBIX SHIIEKIETOK MBILIH
s mosekyn O mpu ux skBuwnmnb-pannu B 1,5M
pactBope 3toro kpuonporekropa (0,9+0,05 m/c). Co-
MOCTaBICHUE NaHHBIX 3TOW pabdOTH ¢ AAHHBIMH
MPOHHULIAEMOCTH IJIa3MaTHYECKUX MEMOpaH OJHO- U
JBYXKJIETOYHBIX SMOPHOHOB MbIH A5 OI', momyuen-
HbiMu Hamu i1t 10%-ro pactBopa OI' (6s1M3K0ro 1Mo
ToHHYHOCTH 1,5M pacTBOpy), MO3BOJIAET MPEITOIO-
XKUThb, YTO HU OIUIOJOTBOpPEHHUE, HU APOOIEHUE B
npejenax MEepBBIX ABYX CTaAuil He OKa3bIBaeT
CYIIECTBEHHOTO BIHMSHUS Ha cIOCOOHOCTH DI mpoHu-
KaTh 4epe3 MIa3sMaTU4ecKyl0 MeMOpaHy OOLMTOB H
SMOPHOHOB PaHHUX CTaJUH Pa3BUTHS, YTO CYLIECT-
BEHHO oTin4aeT O oT Apyrux KpHUONPOTEKTOPOB,
MPUMEHSEMBIX JJIs1 KPHOKOHCEPBUPOBAHUS SMOPHOHOB
MIIeKoTIUTaouX [S5]. MexaHu3M 3TOro SIBJICHUS
TpeOyeT nanbHeHIero n3y4eHusl.

BbiBOADI
Takum o00pa3oM, MONydeHHBIE HAMH JaHHBIC
CBI/IJICTGIIBCTBYIOT, qTo paHHI/Ie 3M6pI/IOHLI MBIIIN
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Fig. 4. Dynamics of saturation with a cryoprotectant of two-

cell murine embryos under different EG concentrations: 1 —

10%; 2 —20%; 3 —30%.

interesting to note that the increase in EG influx into
zygote as a rule was not accompanied with swelling
of blastomeres. Obtained data allow the supposing that
the equilibration of one-cell embryos in EG solutions
with the concentrations exceeding 10% results in
impairments of selective properties of plasma mem-
branes under the effect of osmotic stress [8]. Mem-
branes of two-cell embryos occurred to be more resist-
ant to EG increased concentrations, that testifies to
the absence of the dependency of their membranes’
permeability coefficients on the concentration of extra-
cellular cryoprotectant. Nevertheless two-cell embryos
in 20-30% EG solutions sometimes deviated from nor-
mal osmotic behavior. The cases of normal and abnor-
mal osmotic behavior of blastomeres of two-cell emb-
ryos are presented in Fig. 3. The presence of the phase
of sharp increase in the volume at initial stage of
rehydration was characteristic for abnormal behavior.

Approximation of the volumetric data by theoretical
model solving permits not only to investigate the
permeability coefficients to be determined for cryopro-
tectant and water, but as well to estimate the dynamics
of change in cryoprotectant concentration in a cell
(Fig. 4). The evaluation shows that the time of 95%
saturation of one- and two-cell mice embryos with EG
does not exceed 5 min.

It should be noted that despite a wide application
of EG under cryopreservation of mammalian embryos,
the question about the effect of development stage
and its initial concentration on transport characteristics
of their plasma membranes remained to be open. Thus,
in the paper [10] there were found the permeability

PROBLEMS
OF CRYOBIOLOGY
2004, N2



TIEPBBIX ABYX CTaIUH IeNeHHS JpOOIeHIS IEMOHCTPH-
PYIOT Pa3sIuYHYI0 OCMOTHYECKYI0 YCTOHYHBOCTH B
runeproHndeckux pactsopax OI. IIpoHnnaemocts
IUTa3MaTHYECKUX MEMOpaH OJHO- U ABYXKJIETOYHBIX
SMOPHOHOB MBIIIN JII MOJIEKYJ BOABI U KPHOIPO-
TEKTOPOB HE 3aBUCHUT OT CTaauu pa3BuUTHsA. OJHAKO
ClIeyeT OTMETUTh 00Jiee BBICOKYIO YCTOWYMBOCTD
JIBYXKJIETOYHBIX SMOPHOHOB B BBHICOKOKOHLIEHTPH-
pOBaHHBIX pacTBOpax DI’ MO CpaBHEHUIO C YCTOM-
YUBOCTHIO OJHOKJIETOYHBIX 3MOPHOHOB, KOTOpas
MOXET OBITh 00ycCIIOBJIEHAa U3MCHEHHUEM IMOBEpX-
HOCTHO-00BEMHOT'O OTHOIIECHHSI KIETOK BCIIE/JICTBUE
TPOOJICHUSI.
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coefficients of plasma membranes of non-fertilized
mice oocytes for EG molecules under their equilibration
in 1.5M solution of this cryoprotectant (0.9£00.5 m/s).
The comparing of this work data with those about
permeability of plasma membranes of one- and two-
cell mice embryos for EG, obtained by us for 10% EG
solution (close on tonicity with 1.5M solution), allows
the supposing that neither fertilization nor cleavage
within the first two stages considerably affects EG
capability to penetrate via plasma membrane of oocytes
and embryos of early developmental stages, that
significantly distinguishes EG from other cryo-
protectants, applied for cryopreservation of mammalian
embryos [5]. This phenomenon mechanism requires
further studying.

Conclusions

Thus obtained by us data testify that early mice
embryos of the first two cleavage stages demonstrate
various values of osmotic resistance in EG hypertonic
solutions. The permeability of plasmatic membranes
of one- and two-cell mice embryos for the molecules
of water and cryoprotectants does not depend on
development stage. However higher resistance of two-
cell embryos should be noted in highly concentrated
EG solutions in comparison with that for one-cell
embryos, which can be stipulated by the change of
surface-volume ratio of cells as a result of cleavage.
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