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OrnpeneneHbl TPAHCIIOPTHBIC XapaKTEPUCTHKH 3UTOT, 2- U 8-KICTOYHBIX IMOPHOHOB MbIIH. Ha OCHOBaHMH MOJYyYCHHBIX
K03 PUIHEHTOB IPOHUIIAEMOCTH U COOTBETCTBYIOIINX FE€OMETPUYECKUX MMAapaMeTPOB KJIETOK OBbUIO NMPOBEICHO MOJCINPOBAHHUE
OCMOTHYECKOTO TIOBEICHHS KJICTOK Ha dTarax A00aBJICHHs KPHOMPOTEKTOpa K SMOPHOHAM, 3aMOPaYKMBAHUS SMOPHOHORB C Pa3TMIHBIMU
CKOPOCTSIMH OXJIQXKICHHUS U yAAJICHHUsI KPUOIPOTEKTOPA U3 KIETOK.

Knrwouegvie crosa: >MOpUOH, STUIICHTIIUKOIIb, OCMOTHYCCKAS PEAKITHsI, KOA(DGHUIIUEHT TPOHUIIACMOCTH.

Bu3zHaueHO TpaHCTIOPTHI XapaKTEPUCTHKH 3UTOT, 2- Ta §-KIIITHHHIX eMOpioHiB MumIi. Ha 0CHOBI oTpiMaHUX KOe(Dilli€HTIB MPOHUKHOCTI

1 BIATIOBIIHUX T€OMETPUYHUX MTApAMETPIiB KIIITHH OyJI0 MPOBEICHO MOICITIOBAHHSI OCMOTUYHOT TOBEJIHKH KIIITHH Ha €Tarax 10JaBaHHs
KpIOTIPOTEKTOPA 10 eMOPiOHIB, 3aMOPOXKYBaHHS €MOPIOHIB 3 PI3HHUMH IIBUAKOCTSIMH OXOJIOKEHHS Ta BHIAICHHS KPIOMPOTEKTOPA 3

KJIITHH.

Knrouoei cnosa: eMOpioH, ETHIICHIJTIKOIIb, OCMOTHYHA PEaKIIist, Koe(Pilli€HT MPOHUKHOCTI.

There were determined the transport characteristics for zygotes, 2- and 8-cell murine embryos. Basing on the obtained permeabil-
ity coefficients and corresponding geometric cell parameters the modelling of cell osmotic behaviour at the stages of cryoprotectant
adding to embryos, as well as at the stages of embryo freezing with different cooling rates and cryoprotectant removal out of cells, was

carried-out.

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

Ycnex KprOKOHCEPBUPOBAHUS BO MHOTOM OTIpeIe-
JIZE€TCS OCMOTHYECKHUM ITOBEJCHHMEM KJIETOK Ha
OCHOBHBIX €T0 3Tarax, KOTOPO€ 3aBUCHT OT CTETICHH
COTJIACOBAHMS IPUMEHSIEMBIX TIPOIIEYP C TPAHCIIOPT-
HBIMU XapaKTepUCTUKAMHU TUIa3MaTHIEeCKIX MeMOpaH
KPHOKOHCEPBUPYEMBIX KJIIETOK H KX TE€OMETPUICCKUMHU
rapameTpamH.

dusnko-mMaTeMaTuuecKkas MOJIECNIb, TOCTATOYHO
aJICKBaTHO OIMMCHIBAIOIIAS OCMOTHYECKOE IIOBEACHHEC
HU30JIUPOBAHHBIX KJIETOK [2] HA OCHOBHBIX 3Tamax
KPUOKOHCEPBUPOBAHMS, BKIFOUAET KOA(DPUITMEHTHI
HPOHULAEMOCTH s Boabl (L,) M kpronmpoTekTopa
(k,), a Taxke HanOOJIEE CyIIECTBEHHBIE KIETOYHBIE
reoMeTpUIeCKue MmapaMeTphl: MOBEPXHOCTHO-
00BEMHOE OTHOIIEHHE KIeTKu (Y=S/V ) n oTHOCH-
TEJbHBIH OCMOTHYECKU HEAKTUBHBIN 00beM (0=V [V,
rae Vof 00beM MHTAKTHON KJIIeTKH). OCHOBHBIMU
peIIeHUSIMH ypaBHEHHH, ONUCHIBAIONINX ITOBEICHUE
KJIETOK Ha dTanax J00aBIeHUS U YIaJIeHUSI KPUOTIPO-
TEKTOpa NpM u3BeCTHBIX L, 1 k,, ABIsIOTCA: 3aBHCH-

Successful cryopreservation is largely determined
by cell osmotic behaviour at its main stages, depending
on the coordination degree of applied procedures with
transport characteristics of plasmatic membranes in
cryopreserved cells and their geometric parameters.

Physical and mathematical model, describing
adequately an osmotic behaviour of isolated cells [2]
at the main stages of cryopreservation, comprises the
permeability coefficients for water (Lp) and cryo-
protectant (Kp), as well as the most significant
geometric cell parameters: surface-volume cell ratio
(y=S,/V,) and relative osmotic inactive volume
(a=V /V,, where V is the intact cell volume). The
main solutions of theoretic equations, describing cell
behaviour at the stages of cryoprotectant addition and
removal at known L andK areas follows: y(t)= VIV,
is the dependency on time of a relative cell volume;
T "(t) is that for cryoprotectant concentrations and
1, "(t) for non-penetrating osmotically active
substances in a cell. When modeling the freezing stage
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MOCTh OTHOCHUTEJIBHOTO KJIETOYHOrO O0BEMa OT
BpeMeHHu y(t)=V/V ; 3aBUCUMOCTH OT BPEMEHHU
KOHLEHTpalUil KpUONPOTEKTOPa U HEPOHUKAIOIIHUX
OCMOTHYECKM aKTUBHEIX BEIIECTB B KieTke T[™(t) u
T,"(t). [Ipu MojenmupoBaHuK 3Tana 3aMOPaKHBAHUS
pemenusmu cranopstes sapucumoctu y(T), 117(T)
u 1" (T) or Temnepatypel. Takue 3aBucUMOCTH
JOCTaTOYHO HECIIOKHO MOJYyYUTh IS JINHEHHBIX U
9KCIMOHEHITHATEHBIX PEXIMOB OXTKICHHS.

AHaJIN3 OCMOTHYECKOTO MOBEACHHS KJIETOK IpPH
pa3IuUHBIX OpoLeaypax KPUOKOHCEPBUPOBAHUS
MMO3BOJISIET OMNpeNeNsiTh Hanboliee ONTUMAaIbHBIC
YCIJIOBUS HACBIILIEHUS KIETOK KPUOIPOTEKTOPOM U €TI0
yaaJeHusl U3 KIETOK, COINIacOBBIBATH MPOLEAYPY
9KCIO3UIIMHU KJIETOK B paCTBOPE KPUOMPOTEKTOPA C UX
MOCJEAYIOIIUM 3aMOPAXKUBAHUEM.

Lens ncciaenoBaHus — onpeaeneHne TPaHCIIOPT-
HBIX XapaKTEPHUCTHK 3UTOT, 2- U 8-KJIECTOYHBIX
SMOPHOHOB MBIIIIN 1 TPOTHO3UPOBAHHUE UX OCMOTHYEC-
KOTO TIOBEACHUS TIPY KPHOKOHCEPBUPOBAHHH.

Matepunanbl 1 metoAbI

OMOpPHOHBI MBIIIHA MOJyYald MO CTaHAAPTHOU
METOIUKE OT caMOK Mbliiei nuauu CBA, monsepras-
IIMXCS CynepoByIsimH [ 1]. OMOPHOHBI pa3HbIX CTaAUN
Pa3BUTHUSA BBIICIISIIN YePE3 ONPEICICHHbBIC HHTEPBAJIbI
BpEMEHH TOCIe HHbEKINU YX] IMyTeM MPOMBIBAHUS
OTIpENapupOBaHHBIX SHIIEBOIOB (PU3HOIOTHUYECKON
cpenoii dronp0exko. [y mpUroToBIEHUS pacTBOPOB
KPHOIPOTEKTOPA TAKXKE HCIIOI30BANIN JAHHYIO CPEITy.
OKCTepuMEHTATFHBIE UCCIIEIOBAHUS OCMOTHYECKHUX
peakuuii SMOPHOHOB MBIIIN MPOBOAWUIN METOIOM
cBeToBoil Mukpockornuu (MBU-13) mpu Temmieparype
19+1°C, peructpupys mojydyaeMble MHUKPOCKO-
MUYECKHE N300pakeH!Us Ha KUHOIUICHKY. DMOPHOHBI
B Kamje (U3UOJOTHYECKON Cpeanl MOMEeIlald B
KIOBETY, YCTAaHOBIIEHHYIO Ha IIPEJIMETHOM CTOJIUKE
MHUKpockomna. {ad mpenoTBpalieHus CMEIeHUs
(moTepn) oObEKTa B MOMEHT CMEHBI BHEKJIETOUHOM
cpensl SMOPUOH (UKCUPOBANN B IMOJIC 3PECHUSI
MHKPOCKOIIa C TMOMOIIBI0 MUKpomnpucocku. [locme
CHEMKH MCXOAHOTO COCTOSIHHSI SMOPHOHA B KIOBETY
nobasisanu 10%-it pactBop stuneHrnukomns (O17),
MIPUTOTOBIIEHHBINA Ha cpene ronpbexko B oobeme, B
20 pa3 mpeBHITIaroIeM 00heM BHEKICTOYHON CPEIBI.

ConocraBisis KCIEPUMEHTAIBHYIO 3aBUCHMOCTb
y(t) ¢ TeopeTHYeCKOW, METOJOM HAMMEHBIIUX
KBaJIpaToB ONpeessiii ko3 (HULIUEHTHI TPOHULIAEMOC-
TH JUis BoAbl 1 O mpu OAHO- U IBYX3TAITHOM
nobasnenuu kpuonporekropa. Onpenenenne L, u k,
MIPOBOJIMIIA B JBa 3Tama. ANMPOKCHUMAIHS y4acTKa
KpHUBOH y(t),COOTBETCTBYIOIIETO (pa3e Aeruapararum
KJIETOK a/ICKBaTHBIM, PEIICHHEM YPaBHEHUH MO3BO-
JsieT onpenenuTh 3HaueHue L,. Ha sTom yuactke
3HA4YCHUA Kk, MEHbIIE peaNbHBIX, TaK KaK MOTOKY
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the y(T), 1™ (t) and T, (t) dependencies on
temperature become the solutions. This is quite simple
to obtain such dependencies for linear and exponential
cooling regimens.

The analysis of cell osmotic behaviour under
different cryopreservation procedures permits to
determine the most optimal conditions for cell saturation
with cryoprotectant and its removal out of cells, to
coordinate the procedure of cell exposure in
cryoprotectant solution with their following freezing.

The investigation aim was to determine the transport
characteristics in zygotes, 2- and 8-cell murine embryos
and to forecast their osmotic behaviour during
cryopreservation.

Materials and methods

Murine embryos were procured according to the
standard methods from CBA murine female, subjected
to superovulation [1]. The embryos of different
development stages were procured in the certain time
interval after hCH injection by washing the prepared
oviducts with Dulbecco physiological solution. This
Dulbecco medium was also used for cryoprotectant
solution preparation. Experimental investigation of
murine embryo osmotic reactions was performed with
light microscopy (with MBI-13 microscope) under the
temperature of 19+1°C with recording the obtained
microscopic images on film camera. The embryos in a
physiological medium drop were placed into the flask,
set on an object table. In order to prevent the shift
(loss) of an object in the moment of extracellular
medium change, the embryo was fixed in a visual field
of microscope by means of micropipette. After filming
the initial state of an embryo, the 10% ethylene glycol
(EG) solution, prepared on Dulbecco medium in the
volume, 20 times exceeded the extracellular medium
one, was added into the flask. When comparing an
experimental dependency y(t) with the theoretic one
using the least square method we determined the
permeability coefficients for water, EG at one- and
two-stage cryoprotectant addition. The determination
of Lp and Kp was performed in two stages. Lp was
determined when approximating by an adequate
solution of theoretic equations the y(t) curve site,
corresponding to the cell dehydration phase. At this
site the Kp values are lower than the real ones, as an
opposite water flow interferes the cryoprotectant one
into a cell. The real K_values were found out by
approximating the curve site y(t) by the equation
solution, describing the cell rehydration phase. At the
same time the Lp values, obtained as a result of the
first approximation, were inserted into the model.

The analysis of the murine embryos’ osmotic
behaviour at the main cryopreservation stages was
carried-out by inserting into the model the found out
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KPUOMPOTEKTOPa BHYTPh KIETKU MPEMSITCTBYET
BCTPEYHBIA IMOTOK BOABI. VcTuHHBIE 3HaueHns k,
HAXOIWJIH, alllIPOKCUMUPYs PELICHHEM YpaBHEHHM
y4acTOK KpuBOH y(t), onuceiBaromuii pasy peruapa-
Tauuu Kiaetkd. [Ipm 3TOM B MOJenas MOACTaBISIN
3HaueHus L,, monydeHHbIe B pe3yabTaTe MEepBOA
anMnpoKCUMAaLIUH.

AHanM3 0CMOTHYECKOTO MOBEIEHUS SMOPHOHOB
MBIIIM Ha OCHOBHBIX 3Tanax KPHOKOHCEPBHUPOBAHUS
MPOBOAMIHN, TOACTABISAA B MOJEIb HalWJAEHHbIE
K03 GUIMEHTH MPOHUIIAEMOCTH U TMapaMeTpHI,
COOTBETCTBYIOIINE 3aJaHHBIM YCIOBUSM JKCIIEpH-
MEHTA.

Pe3yAbTathl M 00Cy)XA€HHe

[Tony4eHHbIe SKCTIEPUMEHTANBHBIE 3aBUCUMOCTH
y(t), onuckIBaOIe U3MEHEHHE OTHOCHUTEIHHOTO
obbema 0yacTOMEpPOB 3UTOT, 2- U §-KIETOUHBIX
sMOpuoHoB B 10%-M pactBope OI, mpencraBisioT
coboit nByx(dasznubie kpuBbie. OOBEM KIETOK OBICTPO
YMEHBIIIAETCS 32 CUET OCMOTHYECKOTO OTTOKA BOJBI,
3aT€M MOCTETIEHHO BOCCTAaHABJIMBAETCS MO Mepe
[IPOHUKHOBEHHS KPHOTIPOTEKTOPA B KIIETKY, COIIPOBOXK-
JAeMOT0 TOTOKOM BOZBI, OAAEP>KUBAIOLITIM OCMOTH-
YyecKoe paBHOBecue. B Tabnuiie mpuBeeHb! MOTyYeH-
HbIE HAMH 3Ha9eHUs K0P PHUIINEHTOB MPOHUIIAEMOCTH
3WIOT, 2- U §-KJIETOYHBIX SMOPHOHOB MBILLIH JIJIs BOJIBI
L,uOr k,.

HUcnone3ys nomydenHbie Ko3hHUIMEHTH TPOHULIAe-
MOCTH U COOTBETCTBYIOIIUE T€OMETPUUYECKHE
napaMmeTpsl KIETOK, Mbl MOJEINPOBAIN OCMOTHYEC-
KO€ MOBEIECHUE KJIETOK Ha 3Tamax Ho0aBiIeHUA
KPHONIPOTEKTOpa K 3MOPHOHAM, 3aMOPaKHUBAHMUS
SMOPHOHOB C PA3INIHBIMU CKOPOCTSIMH OXJIAXKICHUS
Y yaJeHHs KPUOTPOTEKTOPa M3 KIETOK.

Kpusast 1 ma puc. 1 mwumrocTpupyeT mporHO3H-
pyeMoe m3MeHeHue o0beMa 3UTOT IPHU IOCIEN0-
BarenbHON cMeHe pacTBopoB (10% — 30%) Ha sTame
nobasnenns Ol. Ha puc. 2 mpeacraBineHa COOTBET-
CTBYIOILAsl TMHAMHUKA U3MEHEHUS! BHYTPHKJICTOYHOM
KOHLIEHTpALUY KPHOIPOTEKTOPA.

Pesynprarsl MopenupoBaHUs OKa3bI-
BalOT, YTO BPEMs BOCCTAHOBICHHS KIle-
TOYHOTO 00BbeMa Ha MEPBOM M BTOPOM
JTamax H00aBIE€HUS KPHOMPOTEKTOpa

permeability coefficient and the parameters, corres-
ponding to the fixed experimental conditions.

Results and discussion

The obtained experimental dependencies y (t),
describing the change in a relative volume of zygotes,
2- and 8-cell embryo blastomeres in 10% EG solution,
represent the two-phase curves. There is a rapid
reduction in cell volume due to an osmotic water
outflux, then it gradually recovers as far as a
cryoprotectant penetrates into a cell, that is
accompanied with water flow, supporting an osmotic
balance. Table shows the obtained by us values of
permeability coefficients for zygotes, 2- and 8-cell
murine embryos for water L_and ethylene glycol Kp.
When using the obtained permeability coefficients and
the corresponding geometric cell parameters we
modelled an osmotic cell behaviour at the stages of
cryoprotectant addition to embryos, freezing of
embryos with different cooling rates and cryopro-
tectant removal out of cells.

Fig. 1 curve demonstrates a forecasted change in
zygote volume during a successive change of solutions
(10% — 30%) at the stage of EG addition. Fig. 2 shows
the corresponding dynamics of change in cryopro-
tectant intracellular concentration.

The results of modelling show that the time for cell
volume recovery at the first and second stages of
cryoprotectant addition considerably exceeds the period
of an efficient cell saturation with EG.

Ofnote is, that after adding both 10% and 30% EG
solution the level of cell dehydration considerably
decreases even within the first 5 minutes. In order to
keep a dehydrated cell state prior to rapid freezing it is
necessary to use a non-penetrating additive: 750 mOsm
(Fig, 1, curve 3), for example 70% 1M sucrose at the
second stage of EG addition [3].

The results of an osmotic behaviour forecasting for
8-cell murine embryos at freezing with different cooling
rates at the presence of 10% EG solution when using

KoadduineHTs! TpOHUIIAEMOCTH MEMOPaH IMOPHOHOB MBIIITH
pasHbIX cTaauit passutus s Boasl (L) u OI' (k)

Membrane permeability coefficients for murine embryos of different

development stage for water €L, and EG (k)

3HAYUTENHFHO MPEBBIIIAET Mepuos dPpQex-

THBHOTO HACKHIIICHHSI KJIETOK DI

BaxxHO OTMETHTB, YTO IOCjEe 100aB-
nenus kak 10%-ro, Tak u 30%-ro pactBo-
pa O ypoBeHb Aeruapatanuu KIETOK
3aMETHO CHUXKAETCS yXE€ B TCUCHUE
nepBbIX 5 MUH. )1 cOXpaHeHUs Aeruapa-
TUPOBAHHOTO COCTOSIHUSI KJIETOK Hepen
OBICTPBIM 3aMOpPaXKUBAHHEM HEOOXOIUMO
HCIION30BaTh Ha BTOPOM dTare 100aB-
neHust O HEMPOHUKAIOIIYIO T00aBKY

CpepHue pasMepsl .
CTaAéltlg %:??TH;I 6GAACTOMEPOB,MKM L,x10" w*/HId EP:}(());;{(/CS
devel% ment Average size of L,x10", m*/NI[s P '
P blastomeres,pM
%‘“OT& 625 4,26+0,78 1,12%0,6
ygote
ABYXKAETOUHBIN
5MOPHOH 48=+3 3,43%=0,17 1,25%+0,1
2—cell embryo
BocbMUKAETOUHBIN
3MOpPHUOH 32+2 2,44+0,20 0,64%+0,3
8— cell embryo
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Puc. 1. I3MeHEeHNE OTHOCUTENBHOTO 00beMa 3UTOTHI IPU
2-stanHoM pobasneHnn (10% - 30%) OI' (1) u B npucyT-
CTBHU Ha BTOPOM JTalle HEMpOHHWKarIeH nobdasku 450
MOcM (2) 1 750 MOcwMm (3) OT BpeMeHHU SKCTIO3HIIHH.

Fig. 1. Exposition time dependent changes in relative vol-
ume of zygote during 2-stage addition (10% — 30%) of EG
(1), and in presence of non-penetrating additive of 450 mOsm
(2) and 750 mOsm (3) on the 2™ stage.

~750 MOcwMm (puc 1, xkpusas 3), nanpumep 70% 1M
caxapossl [3].

Pe3ynbraTel MpOTHO3UPOBAHUS OCMOTHYECKOTO
MOBEACHUS §-KJIETOUYHBIX 3MOPHOHOB MBIIIH MPHU
3aMOPaKUBAHUU C PA3NTUYHBIMU CKOPOCTAMH OXJIaXK-
neHus B npucytctBun 10%-ro pactBopa OI ¢
WCIIOJIb30BaHUEM JIMHEWHBIX PEKUMOB OXJIAXKIACHUS
npenacrasieHsl Ha puc.3. Kak cienyer u3 npuseneH-
HBIX JaHHBIX 3G (GEKTUBHAS ACTHAPaTalHs 8-KIeToU-
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Puc. 3. OcmoTHyeckoe noBeieHNe §-KJIETOUHBIX YMOPHOHOB
MBIIIHU [IPU 3aMOPAKUBAHUH C Pa3IMYHBIMU CKOPOCTSIMHU
oxnaxnenus, °C/mun: 1 —100;2-10;3-2,5;4—1.

Fig. 3. Osmotic behaviour of 8-cell murine embryos at freez-
ing with different cooling rates, °C/min: 1 — 100;2—10;3 —
2.5;4-1.
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Puc. 2. VI3MeHeHue NpUBEIEHHOTO BHYTPHUKIETOYHOTO
OCMOTHYECKOTO JaBICHUS MPOHHUKAIOIIET0 KPHOIIPOTEKTOPa
npu aByxaTanHoM gobasnennu (10% — 30%) OI' ot BpemeHn
9KCIO3HUIINH.

Fig. 2. Exposition time dependent changes of normalised
intracellular osmotic pressure of penetrating cryoprotectant
under 2-stage addition (10% — 30%) of EG.

the linear cooling regimens are presented in the Fig.3.
As it follows from the data shown an efficient
dehydration of 8-cell murine embryos (and, conse-
quently, the prevention of intracellular crystal formation)
is possible in case of the linear freezing regimens only
under cooling rates lower than 1°C/min.

The Fig. 4 presents the dependencies for a relative
volume in murine embryos of different development
stage on temperature at cooling with 1°C/min rate.

F 0,95

0,9

1 L 0,85

Relative volume

0,8

OTHOCUTENbHBIN 06BEM

0,75

T T T T T T T 0,7
-40 -35 -30 -25 -20 -15 -10 -5 0
Temnepatypa, °C Temperature, °C

Puc.4. OcMoTHueckoe MOBEACHIE IMOPHOHOB MBIIIH
Pa3ITUYHON CTaIu¥l Pa3BUTHSA MPHU OXJIAKICHUH CO CKO-
pocthio 1°C/muH: 1 — 3urora; 2 — 2-KJIETOYHBIN; 3 —
4-KJIETOYHBIN.

Fig.4. Osmotic behaviour in murine embryos of different
development stage at cooling with 1°C/min rate: 1 — zy-
gote; 2 — 2-cell embryo; 3 — 8-cell embryo.
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Puc. 5. OcmoTnyeckoe noBeieHue 2-KJIeTOUHBIX SMOPHOHOB
MBIIIH Ha 3Tale yAaJIeHUs KpUoIpoTeKTopa. KoHIeHTparust
I B wiretke 10%. OcMoTHYECKOE aBIeHHE, 00YCIOBICHHOES
HEenpOoHUKaroIIel 106aBkoii B pactBope, MOcwm: 1 —300; 2 —
540;3-1075.

Fig. 5. Osmotic behaviour of 2-cell murine embryos at the
stage of cryoprotectant removal. EG concentration in a cell
is 10%. Osmotic pressure provided by the non-penetrating
addive in the solution, mOsm: 1 —300; 2 —540; 3 - 1075.

HBIX 3MOPHUOHOB MBI (M, CIEI0BATEIBHO, IPEIOT-
BpalleHHe BHYTPUKIETOYHOTO KpHCTaLIoo0pa-
30BaHMs) BO3MOXKHA B CIIydae JMHEHHBIX PEXKUMOB
3aMOpaKUBaHUSI TOJIBKO IPU CKOPOCTSIX OXJIAXICHHSI
ke 1°C/MuH.

Ha puc. 4 npencraBieHbl 3aBUCHMOCTH OTHOCH-
TENLHOT0 00beMa SMOPHUOHOB MBIIIU PAa3TUIHOM
CTaJIUM Pa3BUTHUS OT TEMIIEPATYPhI IPH OXJIAXKICHUH
co ckopocTteio 1°C/muH. C yBeIHMUYEHUEM CTETICHH
IOpoOneHust SMOPHOHOB MBIIIH CKOPOCTh UX 00€3BO-
XKUBaHUS NMPH 3aMOPaKMBAaHUU BO3PACTAET, YTO
MO3BOJISIET MCIIOJIB30BaTh 0Ojiee BBHICOKUE CKOPOCTH
OXJIAKJCHUSI ¢ MEHBIIMM PUCKOM BO3HUKHOBEHHUS
BHYTPUKJIETOYHON KPUCTAIITH3ALIUH.

Pe3ynbrarel IpOrHO3UPOBAHUS OCMOTHYECKOTO
MOBEJICHNUSI 2-KIJICTOYHBIX SMOPHOHOB MBIIIIH HA dTaIe
yIaJleHHsI KPUOTIPOTEKTOPA U3 KIIETOK MPEICTABIICHEI
Ha puc. 5 u 6. Kak BUIHO M3 pacyeTHBIX NAaHHBIX,
KOHIIGHTpAIUsl HEPOHUKAIONICH JT00aBKU B cpelie
OTMBIBaHUS, 3P (HEKTUBHO MpeNOTBpallaolleH
ype3MepHoe HaOyxaHue KJIETOK, J0JKHA OBITh TeM
BBIIIE, YeM OOJBIIYI0 KOHLUEHTPALUHIO KPUOMPO-
TEKTOpa COACPKUT KIIETKA.

BbiBOABI

Takum o0pa3zom, pe3yiabTaThl NPOBEACHHOTO
MOJICTUPOBAHUS MOATBEPXAAIOT HEOOXOAUMOCTH
MIPUMEHATH Ha BTOPOM 3Tare godasieHus DI mepen
OBICTPBIM 3aMOpaXMBAHHEM HEIPOHUKAIOIYIO
no6aBky B koHIeHTparuu ~750 MOcM. Menbimas
3¢ (HEeKTUBHOCTh MPUMEHEHHS MEJICHHBIX PEKHMOB
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Puc. 6. OcMoTIYeCcKOE TOBENICHNE 2-KIICTOYHBIX SMOPHOHOB
MBIIIIY Ha JTarle yaajdeHus Kpuonporekropa. KoHmenrparus
OT B knetke 30%: OcMOTHYECKOE IaBIICHHE HETPOHUKAIO-
et nodasku B pactBope, MOcum: 1 —300; 2 —540; 3 -1075;
4-2000.

Fig. 6. Osmotic behaviour of 2-cell murine embryos at the
stage of cryoprotectant removal. EG concentration in a cell
is 30%. Osmotic pressure provided by the non-penetrating
addive in the solution, mOsm: 1 —300; 2 —540;3—-1075;4 —
2000.

2000

With an augmentation of fission rate in murine embryos
the rate of their dehydration at freezing increases as
well, that allows to use higher cooling rates with a less
risk of the intracellular crystallisation appearance.

The forecasting results of an osmotic behaviour in
2-cell murine embryos at the stage of cryoprotectant
removal out of cells are presented in the Fig.5 and 6.
The calculating data demonstrate that the concentration
of a non-penetrating additive into the washing-out
medium, efficiently preventing an exceeded cell
swelling, should be the higher, the bigger cryoprotectant
concentration is in a cell.

Conclusions

Thus, the results of performed modelling confirm
the necessity to apply a non-penetrating additive in 750
mOsm concentration at the second stage of EG addition
prior to a rapid freezing. Lower efficiency of slow
regimen application when freezing 2-cell embryos and
zygotes (in comparison with 8-cell embryos) can be
related to their slower dehydration during freezing due
to a less surface-volume blastomere ratio. The results
of theoretic calculations testify to the fact that the stage
of washing-out from a cryoprotectant is the most
critical during cryopreservation.
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IPY 3aMOPAKMBAHNH 2-KJIETOUYHBIX SMOPHUOHOB 1 3UTOT
(110 cpaBHEHHUIO € 8-KJIETOUHBIMUA AIMOPHOHAMHE ) MOJKET
OBITH CBsI3aHa ¢ UX Oojee MeIJICHHBIM 00€3BO-
KHUBaHHEM B IpoIecce 3aMOPaXKMBAHUS H3-3a
MEHBIIETO MOBEPXHOCTHO-O00BEMHOI'0 OTHOIICHHUS
OmacToMepoB. Pe3ynbraThl TEOPETHUECKUX PAacueToOB
CBHIIETEJILCTBYIOT, UTO 3Tal yAaJeHUs KPUOMPO-
TEKTOpa SBJIsIETCS] HauboJiee KPUTUYHBIM B TIpoLiecce
KPHOKOHCEPBHPOBAHHIS.
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