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HccnenoBany BIMSIHIE pa3IMIHBIX STAIIOB OBICTPOTO 3aMOPaXUBAHMS B NINLIEPHH-CAXapO3HOH Cpesie Ha yPOBEHb )KU3HECIIOCOOHOCTH
1 OCMOTHYECKYIO YCTOHUMBOCTD 8-KIETOYHBIX YMOpHOHOB MbIIH. [Toka3zaHo, 9TO AIUTENFHOCTD IPEABAPUTEIHHON SKBHIHOpanu
SMOpPHOHOB B Cpelie 3aMOPaKUBAHUS SIBISICTCS KIIFOYEBBIM ATATIOM, BIHSIONINM HA KOHEUHYIO COXpPAaHHOCTh 3MOPHOHOB. BrIsiBIIEHO,
YTO OJHO- U ABYXJTAIlHOE H00aBICHHE PACTBOPOB INIHIEPHHA K SMOPHOHAM OKa3bIBaeT PAa3IMIHOC BIHMSHHE HA KOJIWYECTBCHHBIC
3HAYEHHS TPAHCIIOPTHBIX XapaKTEPUCTHK IUIa3MaTHYECKHX MeMOpaH paHHHX 3apopbimei. OGCyKIal0TCsI BOZMOXKHBIE MEXaHU3MBI
MOBPEKAAIOIIETO JEHCTBHS PACTBOPOB IIIMIIEPHUHA BRICOKHX KOHIIEHTpanuii Ha MeMOpaHHbIE CTPYKTYPHI SMOPHOHOB MBIIIIH.
Knrouesvie cnosa: GpICTpOE 3aMOpaKNBAHUE, SMOPHOHBI, IPOHUIIAEMOCTb, TNIUIEPHH, )KU3HECIIOCOOHOCTS.

BuBuasnu BIUTMB Pi3HHUX €TaIliB IBHAKOTO 3aMOPOXKYBaHHS B ITiLIEPHH-CaXapo3HOMY CEpEeIOBHILI Ha XXUTTE3IATHICTh TA OCMOTHYHY
CTiliKicTb 8-KIIITHHHIX eMOpioHiB Mui. [Toka3aHo, 110 TPHUBAJIICTh NONEPEIHBOT eKBIIIOpaLlil eMOPIOHIB y CepeIOBHILII 3aMOPOKYBaHHS
€ KJIIOYOBHM €TaroM, L0 BIUIMBAE Ha KiHIEBY 30epexeHicTh eMOpioHiB. BusiBiIeHO, 1110 0JJHO- Ta AByXeTallHe JOAaBaHHS PO3UUHIB
DIILEpUHY Ma€ pi3HUH BIUIMB Ha KiNbKICHI 3HaYE€HHs TPAHCIIOPTHUX XapaKTEPHCTHK IJIa3MaTHYHHX MeMOpaH paHHIX 3apOAKiB.
OOroBOPIOIOTHCST MOMJIMBI MEXaHI3MHU IOIIKO/KYIOYOT /1ii PO3UMHIB INIILEPUHY BEIMKHUX KOHLEHTpAIiii Ha MeMOpaHHI CTPYKTYpH
eMOPIOHIB MHIII.

Kniouosi cnosa: niBuxe 3aMopoXyBaHHsI, eMOPiOHH, IPOHUKHICTb, ITILEPUH, XKUTTE3AATHICTb.

Effect of several steps of ultra-rapid freezing in glycerol-sucrose medium on 8-cell mice embryo osmotic resistance and viability
has been studied. It has been shown that the procedure of embryos treatment before freezing makes a determinant influence on final
embryo survival. The different influence of one-step and two-step addition of the glycerol solutions to embryos on the transport
parameters of their plasma membranes has been revealed. The possible mechanisms of detrimental effect of glycerol solutions of high

concentrations on membrane structures of mouse embryos are discussed.
Key words: rapid freezing, embryos, permeability, glycerol, survival.

Butpudukanus BHy TPUKIETOUHOM CPEJIBI SABIISETCSI
HE0OXOJMMBIM YCIIOBHEM 00€CIIEYEHHS COXPAaHHOCTH
KJIE€TOK KaK MPH MEJJIEHHOM, TaK U OBICTPOM
3aMopakuBaHuu. [Ipy MeIIEHHOM 3aMOpaKUBaHUU
oHa o0ecneynBaeTcs AeTUApaTanuell KIETOK B
IpoIecce BHEKJIETOYHOTO KPHCTAIII000Pa30BaHHUA.
HcknounTs BHYTPHUKIETOYHOE KpHUCTaIiooOpa-
30BaHUE NPHU OBICTPOM 3aMOpPaKMBAaHUU MOYKHO
JeTuapaTanieil KIeTOK Ha dTane 3KBUIMOpanuu B
BBICOKOKOHIICHTPUPOBAHHBIX CMECSAX HEIPOHUKAIOLIUX
1 NPOHUKAKIUX KPUOIPOTEKTOPOB B COYETAHUU C
BBICOKMMM CKOPOCTSIMH OXJIaKICHHUS.

Intracellular medium vitrification is known to be the
essential condition to provide the cell integrity at both
slow and rapid cooling. At a slow one it is provided by
cell dehydration during the process of extracellular
crystal formation. It is possible to avoid intracellular
crystal formation at a rapid freezing by cell dehydration
at the stage of equilibration in highly concentrated
mixtures of penetrating and non-penetrating cryo-
protectants combined with high cooling rates.

To cryopreserve the mammalian early embryos
there have been used strongly penetrating cryo-
protectants such as glycerol, 1, 2-propanediol, ethylene
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Jl1s KpHOKOHCEPBUPOBAHUS PaHHUX 3MOPHOHOB
MJIEKOMMUTAIOMUX MPUMEHSIOTCS TaKHE XOPOIIO
MIPOHUKAIOLIUE KPUOIPOTEKTOPHI, KaK INIULIEPUH, 1,2-
MIPOTIAH/IAOJT, ATUIICHTITUKOJb, TUMETUIICYIb(OKCHT B
OTHOCHTEIIFHO BBICOKUX KOHIIEHTparusx [4, 5, 9, 11,
13]. OgHaKo mpy UCTIONH30BAaHUN BBICOKHX KOHIIEHTPA-
IUH KPHOMPOTEKTOPOB MPEABABIIIOTCA 0COObBIE
TpeOOBaHUS K MpomeaypaM HX HOOaBICHHUS U
yaanennsa. CKOpOCTH HACBHIEHUS KIETOK KPHUOIIPO-
TEKTOPOM M €ro BBIXOJa Ha 3Tame OTMBIBAHUS OT
KPHO3aILUTHON Cpebl 3aBUCAT OT KO3((PUIHCHTOB
MPOHUI[AEMOCTHU TJIa3MaTHUYECKUX MeMOpaH s
MOJIEKYJ BOZIbI M KpHO3aIUTHBIX BemecTB. Onpene-
JICHUE ATUX KJIETOYHBIX XapaKTEPUCTUK B HKCIIEPHU-
MEHTaX, MOJACIUPYIOMUX Pa3JIUUYHBIC YCIOBUS
KPHUOKOHCEPBUPOBAHUSA, SIBISETCA TEOPETUUECKOU
OCHOBOW JIJI51 ONITUMHU3AIINH €TI0 OCHOBHBIX ATAIOB.

B cBs131 ¢ BBIIEN3I0KEHHBIM OYEBHIHA AKTyallb-
HOCTh HCCJIEAOBAHMI OCMOTHYECKOTO MOBEACHUS
OOIIMTOB M PaHHUX AMOPHOHOB MIIEKOITUTAIONINX B
KPHO3AIIUTHBIX CPelaxX ¥ ONpeIEIeHIS TPAHCTIOPTHBIX
XapakTepUCTUK HMX IJIa3MaTHYECKUX MeMOpaH B
YCIOBUAX, MOACIUPYIOMIHNX peajbHbIe KpUuoOuo-
JIOTUYECKHE CUTYaLlUH.

Ocoboe 3HaYeHNE B TAKUX UCCIICAOBAHUSAX UMEET
BBISICHEHHUE 3aBUCHUMOCTHU TPAaHCIOPTHBIX XapakTe-
PUCTHK M TJIa3MaTUYECKHUX MeMOpaH paHHUX
SMOPHUOHOB MJICKOTIUTAIOIINX KaK OT BUAA U CTaJUU
pa3BuTHa SMOpHoHOB [ 10], Tak 1 PU3NKO-XUMIUECKUX
CBOWCTB W KOHIICHTpAIMU KpHUompoTekTopa [3].
3aBUCUMOCTh KO3 PHUIIMESHTOB MPOHUIIAEMOCTH
[JIa3MaTHIECKUX MEeMOpaH KIETOK I MOJEKYII
KPHUOTIPOTEKTOPOB U BOZBI OT KOHIIEHTPAIMH KPHO3a-
LIUTHBIX BEIIECTB MOXET MPUBECTH K HEKOPPEKTHON
SKCTPANOISILUUA PE3yIbTAaTOB, MOJIYUYCHHBIX I
OTHOCHTENIFHO ManbIX KoHUeHTpauui (1,5 M) xpuo-
MPOTEKTOPOB, Ha pa3InyHble KPHUOOHOJIOTHYECKHE
CHUTYalllH C UCIIOIb30BaHUEM BBICOKMX KOHLEHTpaUi
(3-6 M) kpuo3anIuTHBIX BemecTB [§].

CormocTaBieHre JAHHBIX OCMOTHIECKON yCTONIH-
BOCTH pPaHHHX IMOPHOHOB MIIEKOMHUTAIOIHX B
KPHO3AIMHUTHBIX CPeJax Pa3INdHOTO COCTaBa C
NaHHBIMH WX COXPAaHHOCTH IOCIE€ KPHOKOHCEP-
BHPOBaHMS MPEICTABIACT HHTEPEC KaK IS BBISICHE-
HUS MEXaHU3MOB YCTOWYIHBOCTH ¥ YyBCTBUTEIHHOCTH
SMOpPHOHOB K (haKTOpaM KPUOIOBPEKJICHUS, TaK U
MTOWCKA Ty TeH ONTUMHU3AIUH OT/ICITbHBIX ITAIOB [TUKJIA
KPHOKOHCEPBUPOBAHMS.

Lens paboOThl — U3yUYCHUE BIUSHUS Pa3IMYHBIX
3TaNoOB KPHUOKOHCEPBUPOBAHUS C HCIIOJIb30BAaHUEM
OBICTPOTO 3aMOPaKUBAHUS B TIIULEPUH-CAXapPO3HOM
cpese Ha OCMOTHYECKYIO YCTOWYMBOCTBH M JKH3HE-
CIIOCOOHOCTh 8-KJIETOYHBIX SMOPUOHOB MBIIIH, a
TaK)Ke MCCIIEIOBAaHHE M3MEHEHHS TPaHCIOPTHBIX
ImapaMeTpoB IUTa3MaTHIECKUX MEMOpaH dMOPHOHOB

MPOBJIEMbI
KPMOBMOJNIOTUMU
2004, Nel

glycol, dimethyl sulfoxide at relatively high concentra-
tions [4,5,9,11,13]. However when using high
cryoprotectant concentrations there are the special
requirements for their adding procedures and removal.
Cell saturation rates with cryoprotectant and its release
during washing-out of cryoprotective medium depend
on the permeability coefficient of plasmatic membranes
for aqueous molecules and cryoprotective substances.
Determination of these cell characteristics in the
experiments, modelling various cryopreservation
conditions is the theoretical background for optimisation
of its main steps.

According to the data mentioned above we consider
to be obvious the actuality of studying the oocyte
osmotic behaviour and early mammalian embryos in
cryoprotective media, as well as the transport
characteristics determination under the conditions of
modelling the actual cryobiological events.

Revealing a dependence of the transport characte-
ristics and plasmatic membranes in early mammal
embryos is of a special value in these investigations
[10], as well as physical and chemical properties and
cryoprotectant concentration [3]. The coefficient
dependence of plasmatic membrane cell permeability
for aqueous molecules and the ones of cryoprotectants
may lead to an incorrect extrapolation of the results
obtained for the relatively low concentrations (1.5 M)
of cryoprotectants, on various cryobiological events
using high concentrations of cryoprotective substances
(3-6 M) [8].

Comparison of the data of osmotic stability of early
mammalian embryos in cryoprotective media of
different composition with the data on their integrity
following cryopreservation is of great interest both for
revealing the mechanisms of the embryo stability and
susceptibility to cryo-preservation factors, and
searching the optimisation ways for certain stages of
cryopreservation cycle.

The aim of the work was studying the effect of
various cryopreservation stages using a rapid freezing
under glycerol-sucrose medium on osmotic stability and
8-cell mice embryos’ viability, as well as studying the
change of transport parameters in embryos plasmatic
membranes during the process of cell saturation with
glycerol at its one- and two-step addition.

Materials and methods

The objects of the study were 8-cell embryos
derived from mice females F1 (CBAXC57B1) of 6-8
gestation weeks which were subjected to the ovulation
hormonal stimulation. Embryos were obtained by
washing-out of the dissected oviducts and uterus horns
with a warm physiological Dulbecco medium according
to the standard method [1]. The cells were divided
into 3 experimental groups and the control one.
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B PO ECCC HACBIIICHUS KJIICTOK NIMICPUHOM IIPpU €TO
OJHO- 1 IBYXOTAaIlITHOM I[06aBJ'IeHI/II/I.

Martepuanbl n metoanl

OOBEKTOM HCCIeOBAHUS CIYKHUIIN §-KICTOUHBIE
sMOpuonbI camok Mbnneii F (CBAXC57BI) 6-8 nenens,
MTOABEPTHY THIX TOPMOHAIIEHOM CTUMYJISIIIAN OBYIISITUH.
OMOpHOHBI MOTyYald MPOMBIBAHUEM OTIpEnapu-
pPOBaHHBIX SHWIEBOJOB U POrOB MAaTKH TEIJIOH
(usuonornueckoii cpenoii Jromp0eKKo Mo cTaHmapT-
Hoil Meronuke [1]. Knerku Ovimu pasnenens! Ha 3
9KCMEPHUMEHTANbHbIE TPYIIIHI ¥ | KOHTPOIBHYIO.

Brin uccnenosan mMeton OBICTpOTO 3amopa-
x)uBaHus [4, 5]. OMOpuons! 1-it (n=37) u 2-ii (n=42)
9KCHEPUMEHTAIBHBIX TPYII MOCIE MTPEIBAPUTEILHON
sxkBrinOpanuu B Teuenre 10 mun B 10%-M pacTBope
[JUILEpUHA NEPEHOCHIIN B CPEAY 3aMOpakKMBaHUA,
cocrosmyto u3 30% rmunepuna u 70% 1 M pactBopa
caxapo3bl. DMOPHOHBI BBIIEPKUBAIIN B 3TOH cpefe
1,5 unu 3 muH, ocie dero nepeHocunu B 0,5 M
pacTBOop caxapo3sl Ha 10 MuUH AN yganeHusd
KpuonpoTekropa. OMOpuoHbs! 3-if rpynmsl (n=79)
niociie 10-mMunryTHOH SKBHITHOpariu B 10%-M pacTBope
[JIMIepUHA [TOMENIATH B IJACTHKOBbIE COJIOMUHKH,
NpeaBapUTENbHO 3all0JHEHHbIE KPHUO3aIUTHON
CPEIOH, BBIAECPKUBAJIN IPY KOMHATHON TEMIIEpAType
1,5 MuH, 3aTEM MOTPY>KATH B KUIKAN a30T. JmuTens-
HOCTh XpPaHEHHUS COJOMHHOK B JXHJKOM a30Te
cocrtaBiusna 3-7 cyT. OTTauBaHUe BBHINOJHSIIU B
BozstHOM Oane (38°C). [ns ynaneHusi KpuonpoTeKTopa
TaKXKe MCIOIb30Ba 10-MUHYTHYIO SKBUIIHOPALIMIO B
0,5 M pactBope caxapo3sl. [locie omucaHHBIX
npoueayp 3MOpPHOHBI BceX 3 AKCIEPUMEHTATbHBIX
IPYIIT TPHAK Bl OTMBIBAJIN (PU3MOIOTHYECKOM cpenoit
u nepenocunu B CO -uHKYOaTop s KyJabTH-
BHPOBaHUs. OMOPHOHBI KOHTPOJIBHOU rpynsl (n=44)
nomemanu B CO -MHKY0aTop HEMOCPEICTBEHHO T1OCIIE
WX TOJTy4EHUsI.

YpoBeHb KUIHECTIOCOOHOCTH SMOPHOHOB OIICHH-
BAJIM 110 UX PA3BUTHIO B YCIOBHUSX in Vitro 10 CTaAUN
pacuIMpeHHOM 0MaCTOLHCTHI.

MeToaoM CBETOBOW MHUKPOCKONHHU H3YydasId
OCMOTHYECKOE MOBeIeHNE §-KIETOYHBIX IMOPHOHOB
MBIIIH B Tiporiecce ux dKBuinoOparuu B 10%- u 30%-m
pacTBopax MIHIEpPHHA MPU OAHO- M JBYXATAITHOM
nob6asienun. B pesynsrare ObUIH MOTYy4EHBI SKCIIEPHU-
MEHTAJIbHbIE 3aBUCHMOCTH OTHOCHTEIHHOTO 00beMa
OTAENBbHBIX KJIETOK OT BPEMEHH IKBUIMOpAIuU B
pactBopax mmuepuna. Kosgdunuents nporunae-
MOCTH IJIA3MAaTUYECKUX MeMOpaH 3MOPHOHOB IS
morexyn Boas! (L) n xpuonporexropa (K) onpee-
JISUTA CAEAYIONUM 00pa3oM. DKCIepUMEHTaIbHbBIC
3HA4YEHUS] OTHOCUTENIBHBIX 00BbEMOB KJIETOK ampo-
KCUMHPOBAJIM YUCIEHHBIM PELICHUEM ypaBHEHUN
HEpPaBHOBECHOM TEPMOINHAMUKH [2] IyTeM COOTBET-
CTBYIOIIETO O100pa PeHOMEHOIOTHYeCKIX KO3 Du-
LHEHTOB, NOOMBasACh HAMITYUIIEr0 COTJIACOBAHUSA
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There has been studied a rapid freezing method
[4,5]. The embryos of the 1% (n=37) and the 2™ (n=42)
experimental groups after a 10 min preliminary
equilibration in 10% glycerol solution were transferred
into a freezing medium comprised 30% glycerol and
70% 1M sucrose solution. Embryos were kept at the
medium for 1.5 or 3 min, then transferred into 0.5 M
sucrose solution for 10 min in order to remove the
cryoprotectant. The 3™ group embryos (n=79) after a
10 min equilibration at 10% glycerol solution were
placed into plastic straws filled up preliminarily with a
cryoprotective medium, maintained at room tempe-
rature within 1.5 min, then immersed into liquid
nitrogen. Storage term of straws in liquid nitrogen
made 3-7 days. Thawing was performed in water bath
(38°C). To remove the cryoprotectant there was also
used a 10-min equilibration in 0.5M sucrose solution.
Following the procedures described the embryos of all
three experimental groups were thrice washed-out with
physiological medium, transferred into CO,-incubator
for culturing. Control group embryos (n=44) were
placed into CO,-incubator immediately after their
procurement.

Rate of embryo viability was estimated by their
development under in vitro conditions up to the stage
of extended blastocyst.

By the method of light microscopy there was studied
an osmotic behaviour of 8-cell mice embryos during
their equilibration in 10%- and 30% glycerol solutions
at one- and two-stage addition. As a result there have
been obtained the experimental dependencies of a
relative volume of some cells upon the time of their
equilibration in glycerol solutions. Permeability
coefficients of embryo plasmatic membranes for
aqueous molecules (L ) and cryoprotectant (K ) there
were evaluated as follows. Experimental values of
relative cell volumes were approximated by numeric
solving of the equations of non-equilibrium thermo-
dynamics [2] by selecting the phenomenological
coefficients, reaching the proper sequence of
experimental dependence and theoretical curve.

The data statistical processing (on Student’s criteria)
was accomplished by final quantitative values of
biophysical parameters obtained for some cells.

By the method of light microscopy there was
investigated the embryo osmotic behaviour at the stages
of glycerol adding, cell equilibration in a freezing
medium and cryoprotectant removal.

Results and discussion

According to the data obtained (Fig.1), equilibration
of 8-cell mice embryos in glycerol-sucrose medium
(freezing medium) within 1.5 min does not affect
significantly the embryo capability of developing in
culture to the stage of extended blastocyst if compared
with the control group (84.9 and 90.2%, correspon-
dingly). The following freezing process also does not
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SKCIEPUMEHTAIBHON 3aBUCUMOCTH U TEOPETHUUECKOMN
KpHUBOM.

CraTtucTiuecKyro 00paboTKy JaHHBIX (110 KpUTe-
pusam CTbIOZEHTa) OCYIIECTBIIN MO KOHEYHBIM
KOJTMYECTBEHHBIM 3HAUYCHUAM OMOPHU3NUECKUX Mapa-
METPOB, MOJYYEHHBIX AJIS1 OTAEIBHBIX KIETOK.

MeTonoM CBETOBOW MHKPOCKOIHMH HCCIEI0BAIH
OCMOTHYECKOE MTOBEJCHNE SMOPHOHOB Ha ATamax J10-
OaBiIeHHs IMIEPUHA, SKBUIMOPAIINH KIETOK B Cpejie
3aMOPaXUBAaHUA U YIAJICHUS KPUOIIPOTEKTOPA.

Pe3yabTarsl u o0cy:xkaAeHUE

Kak cremyer w3 moimydeHHBIX MaHHBIX (pucC. 1),
SKBHJIHOpAIHNS 8-KJIETOYHBIX YMOPHOHOB MBITIH B
IJIMLEPUH-Caxapo3HOH cperie (Cpena 3aMOpakKuBaHKs )
B TeueHue 1,5 MUH He OKa3bIBA€T CYIIECTBEHHOTO
BIIMSIHUSL HA CHOCOOHOCTH SMOPHOHOB Pa3BUBATHCS B
KyJIBTypE 10 CTaJIUU PACIIMPEHHON 01aCTOLUCTHI 110
CpaBHEHMIO C KOHTposibHOU rpynmoit (84,9 u 90,2%
cootBeTcTBeHHO). [locnenyromuii mporecc 3amopa-
KUBAHHUS TaKXX€ HE NPHUBOAUT K AalbHEHIIEMY
CHUKEHUIO ypoBHS xu3Hecnocodnoctu (80,2%).
YBenuueHne BpeMeH! SKBHINOpAIiH KJIETOK B cpenie
3aMOpaXMBaHUS 10 3 MHUH JOCTOBEPHO CHIDKAET
YPOBEHB XKH3HECTTOCOOHOCTH SMOPUOHOB (56,8%).

CrnexyeT OTMETHTH, YTO B MPOIECCE MHUKPOCKO-
MUYECKOT0 HAOIIOACHUS OCMOTHYECKOTO MOBEICHHS
8-KJIETOUHBIX SMOPHOHOB, ITOIBEPTaBIINXCS IKBUINO-
pauuu B pacTBOpE IIMLEPUHA U KPHO3AIIUTHOH cpere
(B Teuenue kak 1,5, Tak ¥ 3 MHH) C MOCIIEIYIOIUM
orMeiBanueM B 0,5 M pacTtBope caxapossl u ¢uzno-
JIOTHYECKOH cpelie, HUKaKuX MOP(oIorn4eckux Hapy-
IISHHH KIETOK He Ha0monaiock (puc. 2).

cause the further reduction of the viability rate
(80.2%). The equilibration time rise of the cells in a
freezing medium up to 3 min considerably decreases
the level of embryo viability (56.8%).

It should be noted that during microscopic obser-
vation of 8-cell embryo osmotic behaviour, which were
subjected to equilibration in glycerol solution and
cryoprotective medium no morphological cell damages
were noticed (Fig. 2).

Having supposed the embryonic plasmatic
membrane to be the major target for the damaging
factor effect, we studied the influence of the initial
glycerol concentration and the method of its adding to
cells on transport characteristics of plasmatic
membranes of 8-cell mice embryos. There was studied
the osmotic behaviour of mice embryos during their
equilibration in 10% and 30% glycerol solutions at one-
and two-step adding of the solutions mentioned (with
10-min interval).
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Puc. 1. YpoBeHb KHU3HECTIOCOOHOCTH 8-KIICTOYHBIX IMOPHO-
HOB MBIIIIH [TOCJIC HHKYOaImu B cpee 3amopakuanust (KIT)
1 MTOJTHOTO IMKJTa KpuokoHcepBupoBanus (Kpuo).

Fig.1. Viability level of 8-cell mice embryos after the incuba-
tion in freezing medium (CP) and complete cryopreservation
cycle (Cryo).
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Puc. 2. Kunerrnka ocMOTHYECKOIO MOBEAEHUS 8-KJIETOUHOTO
SMOpHOHA MBILIM B Mpolecce J0O0aBICHUS U yIalCHUs
KpUO3aITUTHON cpebl: | — HAaTHB; 2 — 2 MUH 9KCTIO3UIINH B
10%-M pacTBope niiuepuHa; 3 — 9 MuH skcro3utmu B 10%-m
pacTtBope muiepuHa; 4 — 1 MUH B cpejie 3aMOpaKMBaHUs
(30% rmuuepuna 1 70% 1 M pactBopa caxapossl); S —9 mun
50 ¢ skcmo3uimy B oTMBIBOuHOM cpene (0,5 M pactBop
caxapo3sbl); 6 — 10 MUH DKCIO3UIUHU B (hPH3NOJOTHUCCKOM
cpene [ronpOexko.

Fig. 2. Kinetics of osmotic behaviour of §-cell mice embryo
when adding and removing the cryoprotective medium: 1 —
native; 2 — 2 min exposure in 10% glycerol solution; 3 —
9 min exposure in 10% glycerol solution; 4 — 1 min under
freezing medium (30% glycerol and 70% 1M sucrose solu-
tion); 5 —9min 50 s of exposure under washing-out medium
(0.5 M sucrose solution); 6 — 10 min exposure under physio-
logical Dulbecco’s medium.
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Puc. 3. Teoperuueckue ([ ) u sxcriepumenTanshbie (O 1 () 3aBUCHMOCTH OTHOCHTEIBHOTO 00beMa 8-KIIETOYHOr0 SMOPHOHA
MBIIITH OT BPEMEHH 3KBHIMOPAIMK MPH OJHOITAHOM (a) ¥ AByXdTamHoM (0) A00aBJIEHHH PacTBOPOB IIHUIICPUHA C
koHueHntpanuei: 1 — 10%; 2 —30%.

Fig. 3. Theoretical (O ) and experimental (O and [J) relative volume dependences for 8-cell mice embryo upon equilibra-
tion time at one-step (a) and 2-step (b) addition of glycerol solutions with the following concentrations: 1 — 10%; 2 —30%.

[penmnonarasi, 4to mua3marudeckas MeMOpaHa
SMOpPHOHOB SBIAETCS OCHOBHOU MHUIICHBIO IS
JNEHCTBUS MOBPEXKAAIOIMNX (aKTOPOB, MBI HCCIe-
JOBaJIM BIIMSIHUE HAYQJILHOM KOHLIEHTPALMH [IULEPUHA
U METOJa ero J00aBJIeH!s K KJIETKaM Ha TPaHCIIOPT-
HbIE XapaKTePHUCTHKU IUIa3MaTHYECKUX MeMOpaH
8-KJIeTOUHBIX ASMOPHOHOB MbIIH. BbIIO M3yueHo
OCMOTHYECKOE MOBeAeHHE SMOPUOHOB MBIIIU B
npouecce ux 3kBunubpanuu B 10%- u 30%-x
pacTBopax IIUICPUHA TIPH OJHO- M JABYXATAITHOM (C
10-MHHYTHBIM HHTEPBAJIOM) JOOABIEHUHN YKa3aHHBIX
pPacTBOpPOB.

Ha puc. 3 npezacraBieHsl SKCIiepUMEHTATbHBIE U
TeopeTHYEeCKHe 3aBUCUMOCTH OTHOCUTEIHLHOTO
o0Bpema 8-KIeTOYHOTO IMOPHOHA MBIIIH OT BPEMEHH!
SKBHIIMOPALIMH B UCCIIEyEMBIX PACTBOPAX IIMLIEPUHA
IIPY OJTHOITAITHOM (PHC. 3, ) U ABYXATAITHOM (pHC. 3, 0)
ux nobasieHuu. llpu onHOdTAanHOM HOOABICHHUH
YBEIUYCHUE MCXOJHOW KOHLEHTpALUHU IIULEpUHA
MPHUBOAUT K YCHJIGHUIO CTENICHH C)KAaTHUS KJIETKU Ha
sTane 00e3BOXKMBAHHUSA M K Oojiee IIUTEIbHOMY
BOCCTAHOBJICHHIO MCXOJHOTO 3HAYEHUS KICTOYHOTO
obobema. [Ipu aByXdTarmHOM JOOAaBICHHH PACTBOPOB
IJIMIEPUHA YKa3aHHBIX KOHIIEHTPAIlMi MUHAMAITbHBIE
3HAYCHHUS KIETOYHOTO 00beMa, QUKCHUpyeMble Ha
sTane 00e3BOXKUBAHUS, B 000X PacTBOPax MpPaKTH-
YeCKH OIMHAKOBBI. BIIM3KH TakKe U 3HAYCHHUS BpEMEHH
BOCCTAHOBJICHUSI MCXOIHBIX 3HAYCHHUH KJIETOUYHOTO
o0beMma.

B tabnuie npuBeaeHb! KONNYECTBEHHBIC 3HAYCHUS
K03 PHULIKMEHTOB MPOHULAEMOCTH IMIa3MaTHYEeCKUX
MeMOpaH 8-KJIETOYHBIX 3MOPHOHOB MBIIIH JJIs
MOJIEKYJI BOIBI M DIMLEPHHA, ONpPEIeICHHbIC B YKa-
3aHHBIX ycloBUsX. Kak BUJIHO, 3HaYEHUS] TPaHC-
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Fig. 3 presents the experimental and theoretical
dependencies of a relative volume of 8-cell mouse
embryo upon the equilibration time in studied glycerol
solutions under their one- (Fig. 3a) and two-step
(Fig. 3b) adding. Under a one-step adding the rise of
the glycerol initial concentration causes an increase of
the level of cell shrinkage at the dehydration stage and
longer recovery of the value of initial cell volume At
two-step adding of glycerol solutions of the mentioned
concentrations the minimum values of cell volume being
noted at the dehydration stage were nearly the same
in both solutions. There were also similar the time
parameters of the recovery of cell volume initial values.

The table presents the quantitative values for
permeability coefficients of plasmatic membranes of
8-cell mice embryos for water and glycerol molecules,
determined under the conditions mentioned. The values
of the embryonic membrane transport parameters are
noticed to be dependent upon the initial concentration
of'the cryoprotectant and the method of its adding to cells.

While a 1-step adding the values of permeability
coefficients of embryo plasmatic membranes for
glycerol molecules are significantly decreasing with
the initial cryoprotectant concentration (P<0.05). At
two-stage adding of 10 and 30% solutions the values
of this parameter determined in both solutions were
practically the same. It should be noted that the method
of glycerol addition did not significantly affect the
coefficient values of embryonic membrane permeability
for water molecules.

Analysis of the change dynamics of intracellular
glycerol concentrations has demonstrated that cell
saturation by cryoprotectant in 90-95% occurs during
1-2 min of embryo equilibration in the solutions studied.
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MIOPTHBIX MapaMeTpoB MeMOpaH
3MOPHOHOB 3aBHCAT OT HAYaJIbHON
KOHLIEHTPALMX JaHHOTO KPUOIIPO-
TEKTOpa W MeToJa ero ao0aB-
JICHUA K KIETKaM.

[Ipu onHO3TarTHOM HOOABIEHUN
3Ha4YEeHUs K03 PHULIMEHTOB IPOHH-
LAEMOCTH MJIa3MaTHYECKUX MEM-
OpaH dMOPHOHOB IJI MOJIEKYT
DIMIEPHHA JIOCTOBEPHO YMEHbIIIA-
FOTCSI ¢ YBEJIMUEHUEM HaYaJIbHOU

Koa¢h ¢urueHTs! MPOHUIIAEMOCTH IUIa3MaTHICCKHUX MEMOpPaH 8-KIIETOUHBIX
SMOPHUOHOB MBIIIH JIJTSI MOJICKYJ BOJIBI (Lp) u mnepuHa (K ) B 3aBUCHMOCTH OT
HA4YaJIbHO! KOHIIEHTPalUK KPUOIIPOTEKTOPA (TP=20°C)

Permeability coefficients for plasmatic membranes of 8-cell mice embryos for
water molecules (Lp) and glycerol (K ) depending upon initial

concentration of cryoprotectant (T=20°C)

Hauanabnas
KOHIIEHTPaIus
TAUIIepUHA, %

OpaHosTatHoe A0GaBACHTE
One — step adding

AByxaTanHoe poo6aBAeHUE
Two — step adding

KOHIICHTpAaIUNU KPUOIPOTCKTOpa

(P<0,05). Ilpu nByx>TartHOM 100aB-
neruu 10%- u 30%-x pactBopos 30

Initial
concentration of L, x10",m%/Hxc K, x10%m/c L x10"m%/Hxc K, x10°m/c
glycerol, % L, x10"m?/Nxs K, x10°m/s L, x10"m?/Nxs K, x10°m/s
10 559+ 0,84 8,61 = 0,71° 6,42 = 0,56 8,97 = 0,72
4,27 = 0,27 3,48 = 0,4° 4,86 = 0,91 8,09+ 0,57

IMLEPHUHA 3HAYECHUS 3TOTO Mapa-
MeTpa, onpeneseHHble B 000MX
pacTBopax, MPaKTUYECKH OAWHA-
KoBBI. ClleyeT OTMETUTh, YTO METOI JTOOaBICHUS
IJIMIIEpUHA HE OKa3bIBaJI CyIIECTBEHHOTO BIIUSHUS Ha
3HaueHHs K0A()OUIIMEHTOB IPOHUIIAEMOCTH MEMOpaH
SMOPHOHOB TSI MOJIEKYJT BOJIBI.

AHanu3 TMHAMUKU U3MEHEHUS BHY TPUKIETOYHBIX
KOHIICHTpAINi IIIMIIEPUHA TT0Ka3aJl, YTO HACHIIIIEHHNE
KJIETOK KpHonmpoTektopoM Ha 90-95% npoucxonut
NPaKTHYECKH B TeueHue 1-2 MHUH SKBHIMOpaunuu
SMOpPHOHOB B HMCCIEAyeMBbIX pacTBopax. IIpu aByx-
STaHOM J10OABJIEHUH MPOLECC HACHIIECHUS KIIETOK
runepuHoM B 30%-M pacTBOpe yCKOpSETCS IO CpaB-
HEHUIO C OJHOATAIHEIM (puc. 4, a, 0). [loatomy 1,5-
MUHYTHas SKBHJIMOpaLusl BIIOJIHE IOCTaTOYHA IS
MOJITOTOBKH KJIETOK K 3aMOPa)KMBAHUIO OBICTPHIM
METOJIOM.

Note: a:b — p<0.05
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At a two-stage adding the process of cell saturation
by glycerol in 30% solution is accelerated comparing
to the one-stage adding (Fig. 4 a, b). Therefore a 1.5-min
equilibration is thought to be quite sufficient for cell
preparing to a rapid freezing.

Thus our investigations showed that the viability of
8-cell mice embryos, cryopreserved at glycerol-sucrose
medium using a rapid freezing was mainly determined
by the term of cell equilibration in cryopreservation
medium and the condition of the cryoprotectant addition.

The presence of high concentration of non-
penetrating substance (sucrose) in a freezing medium
does not allow to determine experimentally the trans-
port characteristics of plasmatic membrane embryos
and, correspondingly, dynamics of cell saturation with
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Puc. 4. TeopeTnuecknue 3aBUCUMOCTH BHYTPUKIETOUHOIO OCMOTHYECKOTO JaBJICHHsSI KPHOIPOTEKTOPA OT BPEMEHHU
SKBUITHOPAIHH 8-KIETOYHOTO IMOPHUOHA MBIIIIY TIPH OTHOATAITHOM () U ABYX3TaImHOM (0) 100aBICHUH pAaCTBOPOB IIHIICPHUHA
¢ koHueHTpauusmu: 1 —10%; 2 —30%.

Fig. 4. Theoretical dependences of intracellular cryoprotectant osmotic pressure on equilibration time of 8-cell mice
embryo at one-step (1) and two-step (b) addition of glycerol solutions with the following concentrations: 1 — 10%, 2 —30%.
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Takum o00OpazoM, MPOBENICHHBIE HCCIEOBAHUS
MOKa3aJIM, YTO KU3HECIIOCOOHOCTD 8-KJIETOYHBIX SMO-
PUOHOB MBIIIN, KPHOKOHCEPBUPOBAHHBIX B IITUIICPUH-
caxapo3HOH cpelie C HMCMOJB30BAaHUEM OBICTPOTO
3aMOpaKUBAHMUSI, OTPENENIETCS, TJIaBHBIM 00pa3oMm,
JUTUTENBHOCTHIO SKBHJIMOPAIIUU KIETOK B cpejie
KPUOKOHCEPBUPOBAHUSI M YCIOBUEM J00aBICHUS
KpPHOIIPOTEKTOpA.

IIpucyTcTBHE B cpene 3aMOpaXMBaHUSI BBICOKOU
KOHIICHTPAIlMA HETPOHHUKAIOMIETO BemlecTBa (caxa-
PO3BI) HE MO3BOJIAET B DKCHEPUMEHTE ONPEACIUTD
TPAHCIIOPTHBIE XapaKTEPUCTUKU ILIa3MaTHUYCCKUX
MeMOpaH SMOPHOHOB M COOTBETCTBEHHO AWHAMHUKY
HACBHIMIEHUS KIETOK KpHOompoTeKTopoM. CyauTs 00
ATON NMHAMHKE MOHO MO JKCIEPUMEHTAIBHOMY
MOZEIMPOBAHUIO OCMOTHUYECKOTO OBEICHUS SMOPHO-
HOB MBIIIY B THIIEPTOHUYECKUX PACTBOPaX ITIMIIEPHHA
B KOHIIEHTPAIUAX, KOTOPBIE UCTIOIB3YIOTCS B JTAHHOM
METOoJIe KPHOKOHCEPBUPOBAHUSI.

HccnenoBannas HaMu 3aBUCUMOCTh TPaHCIIOPT-
HBIX XapaKTEPUCTUK IJIa3MaTHYECKUX MeMOpaH
SMOPHOHOB MBIIIN OT MCXOMHOW KOHIIEHTPAIUU
[JIUIEpPUHA U METOJ/Ia €T0 J00aBJICHUS CBUACTEIBCT-
BYET O IOJb3€ JBYXITAIMHOTO HACHIIICHUS KJICTOK
HapaCTAIOUIIMHU KOHIIEHTPAIFSMH TIUIIEPHUHA. YMEHb-
[IeHNe TPOHUIIAEMOCTH TUIa3MaTHYECKUX MeMOpaH
SMOPUOHOB MBIIIH JIJISi MOJICKYJ TJIUIEPHHA C yBe-
JIMYCHUEM HCXOTHOW KOHIIEHTPAIIUHN KPHUOTIPOTEKTOPA
[P OTHOATAITHOM J00aBICHNAH K KJIETKaM, TTO-BUIH-
MOMY, CBSI3aHO C TTOBBIIIIEHHEM YPOBHS JIETUAPATAIHH,
MIPUBOSAIIEMY K YMEHBIICHHIO 3K THBHOM ILIOIIAN
[TOBEPXHOCTH MEeMOPaHBI 32 CUET 00pa30BaHUs AOMOJ-
HUTENBHBIX MUKpPOCKIaaoK. [logo6Has 3aBucuMocTh
TPAaHCIOPTHBIX XapaKTEPHUCTHUK TIa3MaTHIECKHUX
MeMOpaH 3MOPHOHOB OT KOHIICHTPAIIUU KPHO3ALTUT-
HBIX BEIIECTB HE SIBIISCTCS Crienu()UIHON U HAOIIO-
JAeTCs IJIs IPYTUX THUIIOB KIIETOK [6]. YBemmdeHue
CTEeTIEHH NETHAPATAINA W BPEMEHH HaXOXICHHS
KJIETOK B CHJILHO 00€3BO’KEHHOM COCTOSIHUH ITOBBI-
[IaeT PUCK UX MOBPEKACHUS B PE3yIbTaTe OCMOTH-
4ecKoro moka. CTaHOBHUTCS IOHSATHOW HEOOXOMMOCTh
10-MUHYTHOHW SKBUIUOpAIIM 3MOPHOHOB MEIIIHN B
10%-M pacTBOpe IMHILIEpHHA MEpe] MEPEHOCOM B
cpeny 3amopaxkuBanus [4].

OHUM U3 MPEUMYIIECTB CTYIIEHYATOTO 100aBIIe-
HUSI KPHUO3AIIUTHOTO PacTBOpa K KJIETKaM SIBIISETCS
CHI)KCHUE KOHIICHTPAIMOHHBIX TPAJHCHTOB, BO3HHU-
KaIolUX Ha IIa3MaTHYecKoil memOpaHe. Bripas-
HUBaHHE KOJMYECTBEHHBIX 3HAYCHNH KO HUITHEHTOB
MIPOHHUIIAEMOCTH TTa3MaTHIECKUX MEeMOpaH 8-KJI1eTou-
HBIX AMOPHOHOB MBIIIM IS MOJIEKYJ TIUIEPUHA,
onpeaeneHHsix B 10%- u 30%-x pacTtBopax 3TOro
KPHOIIPOTEKTOpa IPH ABYyXATAITHOM J0OABIICHUH, CBH-
JNETEeNHCTBYET O COXpPAaHEHHWH IONYMPOHHUIIAEMBIX
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cryoprotectant. The dynamics can be evaluated by
experimental modelling of mice embryo osmotic beha-
viour under glycerol hypertonic solutions at the con-
centrations used for this cryopreservation method.

The dependence of transport characteristics of mice
embryos plasmatic membranes studied by us upon the
initial glycerol concentration and method of its adding
testifies the benefits of two-step cell saturation with
increasing concentrations of glycerol. Decrease in the
permeability of mice embryo plasmatic membranes for
glycerol molecules with increasing the initial cryo-
protectant concentration at one-step addition to cells
is probably connected to the rise of dehydration level,
that results in the fall of effective membrane surface
square due to the formation of additional microfolds.
Such a dependence of transport characteristics of
embryo plasmatic membranes upon the concentration
of cryoprotective substances is not specific one and
observed for other cell types [6]. An increase of dehyd-
ration degree and time of cell maintenance at highly
dehydrated state increases the risk of their damage as
a result of osmotic shock. Now is getting clear the
necessity of 10-min equilibration of mice embryos in
10% glycerol solution prior to the transfer into freezing
medium [4].

One of the advantages of step-wise addition of cryo-
protective solution to cells is known to be the reduction
of concentration gradients, which appear in plasmatic
membrane. Levelling the quantitative values for
permeability coefficients of 8-cell mice embryo
plasmatic membranes for glycerol molecules found in
10% and 30% solutions of this cryoprotectant at two-
stage adding, testifies to keeping the semi-permeable
properties of embryo plasmatic membranes and
absence in membrane of osmotic stress-induced struc-
tural defects. No considerable effect of glycerol adding
to embryos on the coefficient value of plasmatic
membranes filtration of 8-cell mice embryos was found
during the work, though when increasing the initial
glycerol concentration there was observed the ten-
dency to reducing the quantitative value of this para-
meter. This tendency remained both for one-stage and
two-stage methods of adding the glycerol solutions.

The cause of the viability level reduction for 8-cell
mice embryos when increasing equilibration time up
to 3 min in freezing medium has remained to be unclear.
The values of equilibration time studied in the work,
were shown to be insufficient to manifest the glycerol
toxic effect on cell structures. Cell damage in this case
may be supposed to be stipulated by the increase of
embryo maintenance at dehydrated state under the
effect of high concentrations of the medium freezing
components, that results in the impairments in the whole
integrity and interactions of intracellular structures.
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CBOMCTB IJIa3MaTHYECKUX MeMOpaH 3MOPHOHOB H
OTCYTCTBUHM B MeMOpaHe CTPYKTYpPHBIX Ie()EeKTOB,
HWHAYLMPOBAHHBIX OCMOTHYECKHM cTpeccoM. B pabo-
Te HEe OBUIO OOHAPYKEHO JOCTOBEPHOTO BIHMSHUS Me-
ToJa A00aBJICHHUS IIKIEpUHA K SMOPHOHAM Ha 3HaJe-
Hue koddduimenTa GuIbTpalUU MJIa3MaTHYSCKUX
MeMOpaH 8-KJIETOYHBIX IMOPHUOHOB MBIIIH, XOTS IIPH
YBEJIMYECHNN HAa4YaJIbHON KOHIIEHTpAIMH TIIHIIEpUHA
HaO;Ionanach TEHJAEHINS K CHHKEHUIO KOJINYEeCT-
BEHHOTO 3HAYEHUS 3TOTO ITapaMeTpa. ITa TeHACHINS
CoXpaHsach Kak JUIsl OAHOSTAITHOT0, TaK U JUIs IByX-
3TAIHOI'0 METOJO0B A00aBICHHS PacTBOPOB IIIHUIlE-
puHa.

[IpuunHa CHUKEHUS YPOBHSI )KU3HECTIOCOOHOCTH
8-KIeTOYHBIX 3MOPHOHOB MBIIIH MPHU YBEITUYCHUU
BpPEMEHH SKBHIHOPALMH B Cpe/ie 3aMOPAKUBAHHUS J10
3 MHH OCTaeTCs HE COBCEM MOHATHOW. 3HAUYCHUS
BpEMEHH SKBHIIMOpaIy, U3ydeHHbIE B HaIIel padote
HEJIOCTATOYHBI JUIS TPOSBICHUS TOKCHIHOTO BIUSAHUS
DIAIEPUHA YKa3aHHBIX KOHIIEHTPAIWH 32 CYET MPSIMOTO
XHUMHYECKOTO BO3ACHCTBHS Ha KIIETOYHBIE CTPYKTYPHI.
MO3KHO MPEATION0XHTD, 9TO B TOM CITydae TTOBPEXK-
JCHHE KIJIETOK 00YCJIOBICHO YBEIHMUYCHUEM JUINTEIb-
HOCTH IIpeOBIBaHMS SMOPHUOHOB B IETUIPATHPOBAHHOM
COCTOSTHMM TOJ] AEHCTBHEM BBICOKHX KOHIIEHTpALUI
KOMITOHEHTOB CpEJIbl 3aMOPAXKNUBAHU, UYTO IPUBOJUT
K HapyLIECHHUSIM 00LIel HHTErpalbHON LEJIOCTHOCTH 1
B3aUMOJICHCTBUI BHYTPUKIETOUYHBIX CTPYKTYD.

BuiBOADI

Taxkum oOpazoM, 3¢ HeKTHBHOCTh IKCIEPUMEH-
TadbHO-TEOPETHUECKOTO MOAX0Ja K U3YyUCHUIO
KOHKPETHBIX YCIOBHI KPUOKOHCEPBUPOBAHUS [103BO-
JSIET MOTYYHUTH OJIE3HYI0 HHPOPMAIHIO 0 (aKTopax,
JNEHCTBYIOMINX Ha KICTKH.

[IponomkuTen-HOCTD SKBUITHOPAIINH 8-KJIETOYHBIX
SMOPHOHOB MBIIIM B Cpele 3aMOpakKMBaHUS, Mpel-
HIECTBYIOIIEH MPSAMOMY MOTPYXEHHIO KIETOK B
KHUIKUNA a30T, ONpEAesieT KOHEYHYI0 COXPaHHOCTb
KIIeToK. KpaTtkoBpeMeHHOe IpeObIBaHuEe 8-KIETOUHBIX
SMOPHOHOB MBIIIH B BHICOKOKOHIICHTPHUPOBAHHOM
pacTBOpe KPUOKOHCEPBUPOBAHUSI CBOJUT K MUHIMYMY
TOKCUYHOE BIIMSIHUE TIIMIICPUHA 32 CYET XUMHUECKOTO
BO3JICHCTBHS HA KJIETOYHbIE CTPYKTypbl. CTymneH-
yaroe No0aBIeHUE BO3PACTAIONINX KOHIEHTPAIIHA
KpHOTIPOTEKTOpa K KJIETKaM IO3BOJISIET COXPAHUTh
n30upaTenbHbIE CBOMCTBA MJIa3MaTUYECKUX MEM-
Opan. CHI>XeHHE YPOBHS )KU3HECTIOCOOHOCTH AIMOPHO-
HOB IIPH YBEIWYEHNH JUTMTEIEHOCTH HX SKBHIIMOpaLuH
B KOHCEPBUPYIOLIEM PAacTBOpPE NAIOT OCHOBAHHE
MPEIION0XKUTh, YTO OCHOBHBIE MOBPEKICHHS KIIETOK
MIPOMCXOJIST Ha JTalle AeTHparaniy. B cBoto ouepes
9TO CBHJIETEIBCTBYET O MpeobiajaronieM BKIajae
OCMOTHYECKOTO (DAaKTOPa B IIOBPEXKICHHE KIIETOK MTPH
OBICTPOM 3aMOpaKUBAHUH.
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Conclusions

Thus the efficacy of experimental theoretical
approach to studying the certain cryopreservation
conditions allows getting the important data about the
cell-affecting factors.

The equilibration term for 8-cell mice embryos in a
freezing medium, preceding the direct cell immersion
into liquid nitrogen determines the final cell integrity.
Short-term equilibration of 8-cell mice embryos in
highly concentrated cryopreservation solution allows
us to minimise the glycerol toxic effect due to a
chemical effect on cell structures. Gradual addition of
the increasing cryoprotectant concentrations to cells
gives the possibility to keep selective plasmatic
membrane properties. Viability level reduction in
embryos when increasing the term of their equilibration
at the preservation solution allows to suppose the major
cell damages to occur at the stage of rehydration. It
testifies in its turn to a predominating osmotic factor
contribution into cell damage during a rapid freezing.
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