TEOPETUYECKAS THEORETICAL
M SKCMEPUMEHTAABHASA AND EXPERIMENTAL
KPUOBUOAOTUS CRYOBIOLOGY

VK 57.043:548.56:576.3/.7:616.151.1 UDC 57.043:548.56:576.3/.7:616.151.1
Kpnomukpockonnuecknii aHaAn3 3amoOpakMBaHusi SMOPUOHOB MbllK

PaHHUX CTaAuK pPa3BUTUS

A.T. Kyaewosa, O.B. INMuwko
MHCTUTYT npobaem kpmuobmororum n kpuomeanumHsl HAH YkpauHbl, 1. Xapbkos

Cryomicroscopic Analysis of Freezing of Mouse Embryos at Early

Developmental Stage

L.G. KuLesHova, O.V. PisHkO
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

B paboTe MeTo10M KPHOMUKPOCKOIINH U3Yy4€HO BIMSHHUE [IPEABAPUTEIBHOTO 00E3BOKUBAHMUS IMOPHOHOB MBI PAHHUX CTaIUH
Pa3BUTHS U MX HACHIIIEHUS BHICOKOW KOHI[EHTpauMeil NPOHUKAIOLIEro KPUONPOTEKTOpa 3TUJICHIVIMKOIS Ha BEPOSTHOCTH
BHYTPHUKJIETOYHOTO JIbZI000pa3oBanus. [lokaszano, uto npenBaputeiabHoe obe3poxuBanue B 0,5 u 1,0 M pactBopax NaCl u caxapo3sl
HE MCKJII0YAeT BHYTPUKJIETOYHYIO KPUCTAJUIN3ALUI0. YCTAaHOBIIEHO, YTO HCIIOJIb30BaHHE KpHOKoHcepBupytomei cmecu (100%-ro
STHIEHIIUKONIA 1 1 M caxapo3bl B COOTHOLIEHUH 3:7) IPUBOJAUT K CTEKJIOBAaHUIO Aa)Ke IPU MEJICHHBIX CKOPOCTSX 3aMOPaXXHMBAHUA
(5°C/mun).

Knrouegvie cnosa: xpruoMHUKpOCKOIUS, SMOPUOHBI MBIIIM PAaHHUX CTaAWH Pa3BUTHUS, NETUApPATALUsA, BHYTPUKICTOUHAS
KPHCTAUTM3aLHs], BUTPUDHUKALIHSL.

B po6oti MeTosoM KpioMiKpOCKOMIT BUBYEHO BILIMB IONIEPEIHHOTO 3HEBOAHCHHS eMOPIOHIB MHIIII PaHHIX CTaAill PO3BHUTKY i iX
HACHYEHHS BHCOKOIO KOHIICHTPALI€I0 IIPOHMKAIOUOr0 KPIOMPOTEKTOPa €THJICHIIIKOIIO Ha BipPOTiAHICTh BHYTPILIHBOKIITHHHOTO
nbooyTBopeHHs. [Tokazano, o nonepense 3HeBoHeHHs B 0,5 1 1,0 M pozunnax NaCl i caxapo3u He BUKIIFOYa€ BHY TPILTHBOKIII THHHOT
Kpucraiizauii. BcraHoBieHO, 110 BUKOPUCTaHHs KpiokoHcepByrouoi cymiti (100%-ro ernnenriikomnto i | M caxapo3u B CIiBBiTHOIICHHI
3:7) npU3BOOUTH JI0 CKIYBaHHS HaBIiTh IIPH MOBUIBHUX MIBUAKOCTIX 3aMopoxxyBaHHs (5°C/MUH).

Kniouosi cnoesa: xpiomikpockortisi, eMOpiOHH MUILI paHHIX CTail PO3BUTKY, JeTiApaTaiisi, BHYTPIIIHbOKITITHHHA KPUCTATi3aLis,
BiTpUdiKaris.

There was studied the effect of preliminary dehydration of mouse embryos at early stage of development and their saturation with
penetrating cryoprotectant, ethylene glycol of high concentration on the probability of intracellular ice formation. It has been shown
that preliminary dehydration in 0.5 and 1.0 M NaCl and sucrose solutions does not exclude an intracellular crystallisation. The mixture
(100% ethylene glycol and 1M sucrose in the 3:7 ratio) as cryopreserving medium has been found resulting in vitrification even at slow

freezing rates (5°C/min).

Key-words: cryomicroscopy, mouse early embryos, dehydration, intracellular crystallisation, vitrification.

®da30BBI mepexon “Boma-jien’, SBISIOMIUNACS
HEOTHEMIIEMBIM 3TallOM TEXHOJIOTHYECKOTO IMpOo-
necca HU3KOTEMIIEPaTypHOT'0 KOHCEPBHPOBAHUS
Ononornyeckux 00bEKTOB, 00YCIOBIUBAET BOZHUKHO-
BEHUE LIEJI0H ENOYKH MOBPEXIAI0MINX (akTopoB, K
KOTOPBIM, TIPEXKJIE BCEro, CIENyeT OTHECTH JeTruapa-
TallMI0 ¥ BHYTPHUKJIETOYHYIO KPHUCTAIU3ALHUIO.
OnTtumainbHas CKOPOCTh 3aMOPa)KUBAaHUS, CIICLH-
(buuHas 111 KOHKPETHOTO THIIA KJIETOK, 00eCIIeYnBaeT
OanaHc TpaHCMeMOPaHHOI'O MaccOooOMeHa “KIeTKa-
cpena”, B pesyibTaTe KOTOPOTo 00e3BOXKHBaHUE
KIIETOK, C OJJHOH CTOPOHBI, SIBJISIETCS JIOCTATOYHBIM
JUTS. KCKITFOYCHHS BEPOSITHOCTH BHYTPUKIETOYHOTO
NbpJI000pa3oBaHusl, a ¢ JPYyrodl — HE JOCTUTAET
KPUTHYECKOTO yPOBHS, YTOOBI MPUBECTH K HEU3-
0e)KHOMY TOBpPEXKJeHUIO KieToK. CyIlecTBeHHYIO
POJIb B 3TOM MPOILIECCE HTPAFOT OCOOCHHOCTH CTPOCHUS
IUIa3MaTHYECKUX MEMOPaH KIETOK, TUMUTUPYIOIINX
BOJIHBIHA IMOTOK.

“Water-ice” phase transition being an integral stage
of technological process of low temperature
preservation of biological objects, stipulates an
appearance of the whole chain of damaging factors
which are firstly represented by dehydration and
intracellular crystallisation. Optimal freezing rate, which
is specific for each certain cell type, provides the
balance of “cell-medium” transmembrane exchange
in the result of which cell dehydration from one side is
sufficient for excluding the probability of intracellular
ice formation and from another it does not reach critical
level to result in an inevitable cell damage. Significant
role in this process is played by the peculiarities of the
structure of plasma membranes of cells limiting an
aqueous flux.

Plasma membranes of mammalian embryos are
characterised by low permeability for water molecules
[13, 14]. In this connection optimal cooling rates for
embryos make 0.2-0.5°C/min [7, 17, 18]. Under cooling
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[Mnasmarndeckne MeMOpaHbl SMOPUOHOB MIle-
KOTHUTAIONINX XapaKTepHU3yIOTCS HU3KOW MPOHHMIIA-
€MOCTBIO JUIsl MoJieKy Boabl [13,14]. B cBsi3u ¢ 3TuM
ONTHMAaJIbHBIE CKOPOCTH OXJaKICHUS 3MOPHOHOB
cocrapmstrot 0,2-0,5°C/muH [7,17,18]. Ilpu ckopocTax
oxnaxaenus Boite 0,5°C/MUH BEpOSITHOCTh BHYTPH-
KJIETOYHOTO JIb000pa3oBanus Bo3pactaer. [Ipo-
HUKAIOIINE KPHOIPOTEKTOPEI, 3aMEIAsi WJIK YaCTHYHO
CBSI3bIBasi BHYTPHUKJIETOYHYIO BOJY, CHHKAIOT
BEPOSATHOCTHh 00pa30BaHHUA BHYTPHUKIETOUHBIX
KpPHCTAJIOB, CIIOCOOCTBYIOT N3MEIBIEHNIO KPUCTAI-
JINYECKON CTPYKTYpPBI, 4TO KOPPEIHPYET C MOBBI-
HICHUEM COXPAaHHOCTH OMOJIOTHYECKUX O0BEKTOB.

W3BecTHO, 9TO 3MOPHOHBI MBI PAHHUX CTaIUH
pa3BUTHS OYE€Hb YYBCTBHUTEIBbHBI K AEHCTBHIO
pa3nUYHBIX QU3HKO-XUMHUYECKUX (pakTopoB [3], 4To
MOXET OBITh CBSI3aHO C BO3pacTaHWEM HHTEHCHBHOCTH
MpoLEeCcCOB CHUHTE3a B KieTke. Ha ctanum aByx
0JacTOMEPOB OCYIIECTBIAETCS IEPEXO] KOHTPOJIS OT
MaTEpUHCKOTO0 IreHoMa K 3MOpuoHaibHOMY [8], B
pe3yabpTaTe 4Yero pe3Ko YBEIMYHMBAETCA OENKOBBIN
CUHTE3 U IMOSBJISAIOTCS XxapakTtepHble Oenku [9]. Ha
3TOH cTaauu SMOPHUOHATIHHOTO PAa3BUTHS HAYMHAETCS
taxxe cuate3 PHK. IToatoMmy kprokoHCEpBUpOBaHUE
SMOpPHOHOB MBIIIM HA PAaHHUX CTAIUSIX Pa3BUTHSA —
BEChbMa CJIOXHAs 3a/1ad4a.

Hens nanHOW pabOTBl — M3y4YEHUE BIUSIHUSI
NpeIBapUTEIbHOT0 00€3BOKUBAaHUSA SMOPHUOHOB
MBI paHHUX CTaJul Pa3BUTUS M MX HACBHIILEHUS
BBICOKON KOHLEHTpaluel NPOHHUKAIOMEro KpHo-
MIPOTEKTOpPa Ha BEPOSITHOCTh BHYTPUKJIETOYHOTO
JB1000pa30BaHMUS.

Matepnanbl 1 metoAbI

MarepuanoMm HCCIENOBAaHUM CIYXHUIU OJHO- U
JIBYXKIJIETOYHBIE dMOpUOHBl Mblmu JuHUU CBA,
[OJTy4YeHHBIE METOJIOM cyTmiepoBysiiun [2]. KagecTBo
BBIJIEJICHHBIX KJIETOK, @ TaK)K€ X COXpPAaHHOCTH B
SKCIMEPUMEHTAIBHBIX MCCIEIOBAHUSIX OIEHUBAIU
BHU3YaJbHO IO OOMICTIPUHATHIM MOP(OIOTHIECKIM
MpU3HAKaM: IIEIOCTHOCTD zona pellucida v muToruias-
MaTH4ecKoi MeMOpaHBbl, IPO3PaYHOCTh IUTOIIa3MBI,
npaBuibHas ¢opma OGmactomepoB [1]. Paznuunsrii
YPOBEHb AETHUIpaTalli KJIETOK JOCTUTAIH MHKY-
Oanueii s5MOpuonoB B Teuenue 10 mun npu 22°C B 0,5
n 1 M pactBopax caxapossl unu NaCl. Hacelmenne
SMOpPHOHOB MPOHUKAIOUIUM KPHOMPOTEKTOPOM
srmineHrukoineM (O17) mpoBonmim cTymeH4YaThIM
MTOBBILIEHUEM €TO KOHIIEHTPAINY B CPEIe HHKYOaluu
[6]. Ha mepBOM 3Tame 3MOPHOHBI BBIACPKUBATIH B
1,8 M pactBope OI' 10 muH, a 3aTtem Ha 1,5 MuH
MEPEHOCHIIM B CPEAy 3aMOPaKUBAHUS, MPEACTAB-
aaromyto cmech 100%-ro 3I' 1 1 M caxapo3ssl B
cooTHoweHuu 3:7 [4]. YpoBeHb eruaparaiuuu KIeToK
B HMCCJIEOYEMBIX Cpelax KOHTPOIHMPOBAIH BOIIOMO-
METPHYECKH M0 N3MEHEHHIO KJIETOYHOT0 00bema. J{is
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rates higher than 0.5°C/min the probability of
intracellular ice formation increases. Penetrating
cryoprotectants by substitution or binding of
intracellular water reduce the probability of formation
of intracellular crystals, contributing to the lessening
of crystal structure, that correlates to a rise in the
integrity of biological objects.

It is known that mouse embryos of early de-
velopmental stages are very sensitive to the effect of
different physical and chemical factors [3], that may
be related to the increase in intensity of synthesis
processes in a cell. At the stage of two blastomeres
there is a control transition from the mother’s genome
to embryonic one [8], resulting in a sharp increase of
protein synthesis and appearance of characteristic
proteins [9]. At this stage of embryonic development
the RNA synthesis also starts. Therefore cryo-
preservation of mouse embryos at early developmental
stages is quite complicated task.

The research aim of this work was to study the
effect of preliminary dehydration of mouse embryos
at early developmental stages and their saturation with
cryoprotectant of a high concentration on the
probability of intracellular ice formation.

Materials and methods

One- and two-cell embryos of CBA mice obtained
by superovulation served as a research material [2].
The quality of isolated cells as well as their integrity in
experiments was visually estimated according to
traditional morphological parameters: integrity of zona
pellucida and cytoplasma membrane, cytoplasm
transparency, proper shape of blastomeres [1].
Different level of dehydration of cells was achieved
by incubation of embryos at 22°C in 0.5M sucrose or
NaCl for 10 min. Saturation of embryos with penetrating
cryoprotectant: ethylene glycol (EG) was performed
stepwise by increasing its concentration in incubation
medium [6]. At the first stage embryos were maintained
in 1.8M EG for 10 min and then for 1.5 min they were
transferred into freezing medium being the mixture of
100% EG and 1M sucrose in the 3:7 ratio [4]. The
level of cell dehydration in the studied media was
controlled volumetrically on the change of cell volume.
Physiological Dulbecco medium was used to prepare
the solutions. All preliminary experiments with mouse
oocytes and embryos (dehydration, saturation with
cryoprotectant) were carried-out on embryonic plates
with MBS-9 microscope (LOMO, USSR). Afterwards
2-3 embryos with incubation medium was transferred
into a specially designed well, which was placed into
operating chamber of cryoassembly to light microscope
MBI-15U (LOMO, USSR) [5]. A well prevented
drying of preparation and provided in-time search for
cells in microscope vision field. Cell suspension was
cooled with the rate of 5°C/min down to —30°C. To
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MPUTOTOBIICHUSI PACTBOPOB HCIIONB30BAIH (HUZHO-
morudeckyio cpeny Jronpbekko. Bece mpensa-
PUTENbHBIE IKCIIEPUMEHTAIBHBIE MAHUIYIALUH C
STALEKIIETKAMH 1 SMOPHOHAMH MBIIIH (JETHAPaTaLHIO,
HacbIIEHHE KPUONPOTEKTOPOM) HPOBOIHIU B
SMOPHOHANBHBIX CTEKJIaX oA MUKpockonoM MBC-9
(JIOMO, CCCP). 3arem 2-3 s3Mm0OpuoHa co cpemoi
WHKYOaIlMy NEpEeHOCHIN B CIEIHMaIbHO CKOHCTPYH-
POBaHHYIO S4EHKY, KOTOPYIO MOMEINaIl B pabodyio
KaMepy KPHONPHUCTABKH K CBETOBOMY MHKPOCKOITY
MBU-15Y (JIOMO, CCCP) [5]. SAueiika npemoxpa-
HsJla Tpermapar OT BBICBIXaHUS M oOecredynBaia
OTIepaTUBHBIN MMOUCK KJIETOK B ITOJI€ 3PEHHUS MUKPO-
ckora. CycrieH3HI0 KIETOK OXJIaKAAIN CO CKOPOCTHIO
5°C/mun mo —30°C. s HCKITIOUEHHS TEePeoxJiax-
JEHUS B SYEHKY BHOCHIIM 3aTPAaBOYHBIE KPUCTAILIBI
Agl. TemnepaTypy KOHTPOJMpPOBaIu B padoueid
Kamepe KpuomnpuctaBku. CKOpocTh OTOrpeBa
coctasisiia 5°C/mus. Kunetuky npouecco 3amopa-
KUBaHUI-OTTAaUBAHUS PETHCTpUpPOBanu ¢GoTorpa-
¢uuecku. YBenuueHHe MpPU ChEMKaxXx BO BCeX
skcriepumenTtax X100.

OKCIIEpUMEHTHI MPOBEIECHBI B COOTBETCTBUU C
“OO0MUMH MPUHITUIIAMH SKCIIEPUMEHTOB Ha KHBOT-
HBIX”, onoOpenHbME | HanmmoHamsHEIM KOHTpECCOM
no Ouostuke (Kues, 2001) u cormacoBaHHBIMH C
nonokeHusiMu “EBporeiickoil KOHBEHIIMH O 3allUuTe
MMO3BOHOYHBIX )KUBOTHBIX, UCIOJB3yEMBIX IS
SKCIEPUMEHTAJIBHBIX U APYTUX HAy4YHBIX Lienein”
(Crpacoypr, 1985).

Pe3yAbTathl M 00CyXXA€HHe

AHaJIN3 KPUOMHUKPOCKOITMYECKHUX HCCIeI0BaHUI
nokasan cienyromee. Ilpu 3amMopakMBaHUU 3UTOT
MBIIIK B (u3nonorndeckoit cpene Joab0eKkko
(ha3oBBII ITePEXO0T TPOUCXOIHI OMHOBPEMEHHO BO BHE-
Y BHYTPHKJIETOYHOI cpene (puc. 1, 0). BHekneTounsIi
JIeJl IpeJCTaBisAl cO00H MEJIKOKPUCTAUIMUECKYIO
CTPYKTYpY, KOTOpasi peKpHCTaIIN30Balachk Mpu
JanbHeHIeM MOHKEHUH TeMIlepaTypsl (puc. 1, B).
Pexpucrannu3anoHHble TPOLECChl BHYTPU KIETKH
orcytcTBOBaiM. [locTeneHHOe MPOCBETIIEHUE 3UTOT
Ha dTafe OTOrpeBa CBUACTEILCTBOBANIO 00 YKpPYI-
HEHHH BHYTPHUKIETOYHBIX KpUCTaLIOB (puc. 1, ). B
30HE HHTEHCUBHOTO IUIABJICHUS ITOJTHOE HCUE3HOBEHHUE
BHYTPHUKJIETOYHOTO JIbJa MPEAIICCTBOBAIO IJIAB-
JICHUIO BHEKJICTOYHOTO KPHCTAJTMIECKOTO MaTPUKCA
(puc. 1, n). lloBpexaeHne 3UroT MPOCIEKUBAIOCH
cpasdy XK€ IIOCJIC IJIAaBJICHHUA BHYTPUKICTOYHBIX
KpucTaimos (puc. 1, 1) ¥ COMPOBOKAATOCH TOTHBIM
PaspbIBOM IIIa3MaTUYC€CKUX MeM6paH N BBIXOAOM
BHYTPHUKJIETOYHOTO COZICPKUMOTO U3 KIETKH (pHC. 1, €).
AHaJOTrMYHbIE KPUCTAUIN3ALMOHHBIE MPOLECCHl U
MOBPEKACHUS HAOIIOAATUCH U IPU 3aMOPAKHBAHUH B
(bU3MOIOrNUEeCcKoil cpee IBYXKIETOYHbIX SMOPHOHOB
MBILIH.
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exclude overcooling seeding crystals Agl were
introduced into a well. Temperature was controlled in
operating chamber of cryoassembly. Thawing rate was
5°C/min. Kinetics of freeze-thawing processes was
recorded photographically, magni-fication for all
experiments made x100.

The experiments were carried-out in accordance
with “General principles of experiments in animals”,
approved by the First National Congress on Bioethics
(Kiev, 2001) and co-ordinated with the statements of
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1985).

Results and discussion

Analysis of cryomicroscopic studies has shown as
follows. During freezing of mouse zygotes in
physiological Dulbecco medium a phase transition took
place simultaneously in extra- and intracellular medium
(Fig. 1, b). Extracellular ice was of a fine structure
which was re-crystallised at further temperature
reduction (Fig. 1, ¢). Re-crystallisation processes are
absent inside a cell. In the zone of intensive melting a
complete disappearance of intracellular ice preceded
the melting of extracellular crystal matrix (Fig. 1, d).
Damage of zygotes was traced just after melting of
intracellular crystals (Fig. 1, d) and accompanied with
a complete rupture of plasmatic membranes and release
of intracellular content out of cell (Fig. 1, €). Analogous
crystallisation processes and damages were observed
also during freezing of mouse two-cell embryos in
physiological medium.

Relative volumes of mouse embryos in dehydrating
solutions providing various level of cell dehydration are
presented in the Table.

Preliminary dehydration of mouse zygote in 0.5 and
1 M solutions NaCl resulted into reduction of their
volume maximum twice (Table, Fig. 2, a; 2, b; 3, a;
3, b). Cell cooling in these solutions was accompanied
by loosening of zygote cytomatrix of and insignificant
increase in their volume, which at the temperature
lower than 0°C was 0.6 of initial volume. Phase
transition in NaCl solutions as well as in Dulbecco
medium took place simultaneously in extra- and
intracellular medium. In 0.5 M NaCl ice formation was
accompanied by appearance of small crystals (Fig 2, ¢)
meanwhile in 1M NacCl linear structures of versatile
orientation were formed (Fig. 3, ¢). Re-crystallisation
processes in both cases resulted in enlargement of
crystal seeds (Fig. 2, d; 3, d). During thawing the
damages of plasma membranes of mouse zygotes
were also observed just after completing melting of
intracellular crystals. In 0.5 NaCl the zygote cytomatrix
if even it kept some compactness, but had an improper
shape and single granules released out of a cell
(Fig. 2, g). In 1M NaCl there was noted a complete
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OTHOCHUTENIbHBIE 00BEMBI IMOPHUOHOB MBIIIH B
JNETHIIPATHPYIONINX PACTBOPax, 00ecreuynBaonux
pa3IuUYHBId YpOBEHb 00€3BOXKHBAHUSA KIETOK,
MIPUBEJCHBI B TaOJIHIIE.

[IpenBapurensHOe 00€3BOKUBAHHE 3UTOT MBILIN
B 0,5 u 1 M pactBopax NaCl npuBoauio K yMeHb-
LICHHIO X 00beMa MakCUMyM B 2 pasa (Tabnuua,
puc. 2,a;2,6;3,a; 3,0). OxuraxaeHre KJISTOK B TAHHBIX
pacTBOpax COMPOBOXKAAIOCH Pa3pPBIXICHUEM ITUTO-
MaTpPHUKCa 3UTOT ¥ HE3HAYUTEbHBIM YBEIHUEHNEM HX
o0bema, KOTOpBIH npu Temmeparype Huxe 0°C
coctasysii 0,6 ncxomuoro oorema. @a3oBbIi IEpexo
B pactBopax NaCl, kak u B cpeae Jloabp0eKKo,
MPOUCXOINJI OJHOBPEMEHHO BO BHE- M BHYTpPHU-
kieroyHoi cpene. B 0,5 M pactBope NaCl npno-
00pa3zoBaHuE CONPOBOXKIATOCH BEICHIITAHIEM MEITKUX
KpHUCTaiuioB (puc. 2, B), B TO BpeMs Kak B 1 M pactBope
NaCl ¢hopmupoBanrch pa3HOHAINPABICHHBIE TMHEHHbIC
CTPYKTYpHI (puc. 3, B). PekpucraminzaunoHHble
MpoLecchl B 000MX CITy4asix IPUBOJUIN K YKPYITHEHHUIO
KPUCTAIUTMYECKUX 3epeH (puc. 2,T; 3, T). Ilpu oTorpese
MOBPEXACHUsSI MIa3MaTUUYECKHX MEeMOpaH 3UTOT
MBIIIK TakKXe HaONIalHuCh cpa3y XKe Iocle
3aBepUICHUA IUIaBJIEHUS BHYTPHUKIETOYHBIX KpHC-
tasuioB. B 0,5 M pacteope NaCl uToMaTprKC 3UrOThI
XOTSI I COXPaHsI HEKOTOPYIO KOMIAKTHOCTb, OJTHAKO
WMeJl HeNpaBUIIbHBIC OYEpPTAHUS, U CAUHUYHBIC
IpaHyJbl BBIXOOWIN U3 KIeTKH (puc. 2, k). B 1 M
pactBope NaCl ormeuanach NoJaHAs 1e30praHu3aIus
BHYTPHKIIETOUHBIX CTPYKTYP 3Ur0THI (puc. 3, k). [Ipu
temmnepatype 22°C B 0,5 M pactBope NaCl zona
pellucida Bu3yansHO OCTaBallach HE TIOBPEXKICHHOM
(puc. 2, 3), B To Bpems kak B 1 M pactBope NaCl ona
ObUIa IIOJIHOCTHIO paspyiieHa (puc. 3, 3). [To-Buaumomy,
MOBPEXKJACHHUSA PAHHUX 3MOPHUOHOB MBIIIN OBbLIN
CBsI3aHBI HE TOJBKO ¢ oOpa3oBaHUEM BHYTPH-
KJIETOYHBIX KPHUCTAJUIOB JIbJIa, HO M C HEMOCPEe.-
CTBEHHBIM JJIUTEIbHBIM XUMUYECKUM BO3/ICHCTBUEM

B

o

Puc. 1. Kunernka 3aMopakuaHUA-0TTaUBaHUS 3UTOTHI MBIIIH
B (usmonornueckoit cpene 1onb0ekko: a — MHTaKTHAs
KJIETKA.

Fig. 1. Kinetics of freeze-thawing of mouse zygotes in
Dulbecco physiological solution: a — intact cell.

disorganisation of intracellular structures of zygote
(Fig. 3, g). At 22°C in 0.5M NaCl zona pellicida
visually remained undamaged (Fig. 2, h), whilstin 1M
NaCl it was completely destroyed (Fig. 3, h).

OTHOCHUTEIBHBIN 00bEM KJIETOK B JETHAPATUPYIOIINX PACTBOPaX
Relative volume of cells in dehydrating solutions

c Cpeaa
axapo3sa OTHUAEHTAUKOAD
NaCl S 3aMOpa’kKuBaHUsA
ucrose Ethylene glycol g .
KoHIIeHTpanus pacTBopa, Freezing medium
MOAB
Solution concentration, ABYXKACTOUHBILH ABYXKAETOUHBII ABYXKAETOUHBLA
M 3urora 3urora 3MOpHUOH 3urora IMOPUOH 3MOpHUOH
Zygote Zygote Two —cell Zygote Two —cell Two —cell
embryo embryo embryo
0,5 0,470,009 0,77+0,012 0,79+0,011 - - -
1 0,500,010 0,610,010 0,630,009 - - -
537 - - - 0,370,011 0,33+0,008 =
537 OT B1 M caxapo3ssl _ _ _ _ _
5.37 EG in 1 M sucrose 0,400,007
IIpumeuyanue: pe3ynbTaThl 10cTOBepHBI A P<0,05.
Note: results are statistically significant for P<0.05.
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Puc.2. Kunernka 3aMOpaKUBaHUS-OTTAaUBAHUS 3UTOTHI
mbi B 0,5 M pactBope NaCl: a — uHTaKTHas KieTka; 0 —
o6e3BoxkuBaHue 3UroThl MK B 0,5 M pactBope NaCl.

Fig. 2. Kinetics of freeze-thawing of mouse zygotes in 0.5M
NaCl: a— intact cell, b — dehydration of mouse zygote in
0.5M NaCl.

BBICOKMX KOHIICHTPAIIUH AIIEKTPOIUTA Ha KJICTOYHEIE
CTPYKTYPBI.

B pactBopax 0,5 u 1,0 M caxapo3sl ypOBEHb
00€3BOKMBAHUS 3UTOT U JIByXKJIETOYHBIX SMOPHOHOB
ObL1 HIKe, yeM B NaCl (tabnuna, puc.4, 0; 5, 6; 6, 6),
YTO €CTeCTBEHHO, MTOCKOJbKY ATH PacTBOPHI MEHEE
OCMOTHUYECKH aKTUBHBIL. [IpH OXJTaKACHUHU pa3Mep U
Mopdosorus AETUAPaTHPOBAHHBIX KIETOK COX-
paHsnuck. JIpmooOpa3zoBaHue BO BHEKIETOYHOM
pacTBOpe COMPOBOXKAAIOCH (POPMHUPOBAHUEM OoJiee
M3MENBICHHON CTPYKTYpHI (puc. 4,T, 5, B, 6, B), 4eM B
COJIEBOM, YTO OOYCIIOBIICHO MOBBIIIEHHON BA3KOCTHIO
KpHO3allUTHOU Cpefibl, coieprkaiieit caxaposy. [lpu
3aMOpaXKMBaHUH B JIAHHBIX CpellaX Kak 3WroT, TaK W
JBYXKIJIETOYHBIX SMOPHOHOB OTMEUa i CMEIICHHE
TEMITepaTypbl BHYTPHKIIETOYHOTO (ha30BOTO Mepexoia
OTHOCHUTEIBLHO TEMITEPaTyphl KPUCTATUIM3AIUN BO
BHEKJIETOUYHOM pacTBope. [lepeoxnaxknenue muro-
maa3Mbl SMOPHOHOB cocTaBisiyio He Gonee 1°C
(puc.4, n; 5, r; 6, T). BaxkHO OTMETUTH, YTO BHYTpPH-
KJIETOYHAsT KPUCTAJIU3AIHSI B JIBYXKICTOUHBIX
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Puc.3. Kunernka 3aMOpaKuBaHHUSI-OTTAaUBAHUS 3UTOTHI
mbi B 1,0 M pactBope NaCl: a — uHTaKkTHas KieTka; O —
o6e3BoxuBaHue 3UroThl MK B 1,0 M pactBope NaCl.

Fig. 3. Kinetics of freeze-thawing of mouse zygotes in 1.5M
NaCl: a — intact cell, b — dehydration of mouse zygote in
1.0M NaCl.

Impairments of mouse early embryos were associated
evidently with not only the formation of intracellular
ice crystals but also with a direct chemical effect
of electrolyte high concentrations on cell structures.

In 0.5 and 1.0 M sucrose the dehydration level
for zygotes and two-cell embryos was lower than
the one for NaCl (Table, Fig. 4, b; 5, b; 6, b), that is
quite natural because these solutions are less
osmotically active. During cooling the size and
morphology of dehydrated cells were kept. Ice
formation in extracellular solution was accompanied
with the formation of finer structure (Fig. 4, d; 5, ¢;
6, ¢) in comparison with saline one, that is explained
by an increased viscosity of sucrose-containing
cryo-protective medium. During freezing in these
media of both zygotes and two-cell embryos there
was noted a temperature shift of intracellular phase
transition in respect of crystallisation temperature in
extracellular solution. Overcooling of embryo cytoplasm
made not more that 1°C (Fig. 4, e; 5, d; 6, d). It is
important to note that intracellular crystallisation in
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Puc. 4. Kuaetnka 3aMopaXHBaHUSI-OTTAMBAHHS 3UTOTHI
M B 0,5 M pacTBope caxapo3bl: a — HHTaKTHas KJIeTKa; 0 —
00e3BoKMBaHKE 3UTOTHI MbIIIH B 0,5 M pacTBope caxapo3bl.

Fig. 4. Kinetics of freeze-thawing of mouse zygotes in 0.5 M
sucrose: a- intact cell, b — dehydration of mouse zygote in
0.5M sucrose.

SMOpHOHAX MPOUCXOAUIA MOCIEI0BATEIbHBIM
3aKpUCTAIIM30BBIBAHUEM OJIACTOMEPOB, YTO MOTJIO
OBITH CIEICTBHEM KaK Pa3IMYHON CTENEHH Hepeox-
JKJEHUS UX LIUTOILIA3Mbl, TAK U BEPOSITHOCTHOTO
XapakTepa BHYTPHUKIETOYHOTO JIbJ1000pa30BaHUA
(puc.5, B; 5, ). Ha atamne otorpesa B 30He (ha30BOTO
repexona “neA-poja’” IIaBICHUE BHYTPUKICTOTHBIX
KpUCTAJUIOB 3aKOHOMEPHO 3aBepIIaloch OBICTpee,
4yeM BHEKJIETOUYHBIX (puc.4, x; 5, xk; 6, k). [los-
PEXIEHUs 3UTOT U ABYXKJIETOUHBIX 3MOPHOHOB,
3amMopokeHHBIX B 0,5 M pacTBOpax caxapo3ssl,
(PMKCHUPOBANKUCE €I1Ie B 30HE IJIaBICHHS BHEKJIETOUHBIX
KpUCTAILIOB (prc.4, 3K; 5, 5K) U yCyTryOJIsINCh 110 Mepe
MOBBIILIEHHS TeMIIepaTypsl (puc 4, 3; 5, 3). Ipu Temmnepa-
type 22°C zona pellucida 3urotr nmena HeperyispHbIe
IPaHULIBL, a M1a3MATHYECKHE MEMOPAHbI — JIOKAJIbHbBIE
paspbiBbl. Tem He MeHee, BHYTPHKIETOUHOE COAep-
KHMO€ 3UTOT OCTaBaJoCh KOMIAKTHBIM (puc.4, ).
[ToBpexxaeHnus IBYXKIETOYHBIX SMOPHOHOB MBIIIN
COIPOBOKAAIMCH OTEPEH TPaHULl MEX Iy OJ1acToMe-
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Puc. 5. Kuneruka 3aMopakxMBaHUs-OTTauBaHMS IBYXKJIE-
TOYHBIX SMOPHOHOB MbIM B 0,5 M pacTBope caxaposbl: a —
MHTAaKTHAas KJIeTKa; 0 — 00e3BOKUBAHUE JBYXKJICTOUHBIX
9MOproHOB MbIH B 0,5 M pacTBope caxapo3bl.

Fig. 5. Kinetics of freeze-thawing of mouse two-cell embryos
in 0.5 M sucrose: a- intact cell, b — dehydration of mouse
two-cell emrbyos in 0.5 M sucrose.

two-cell embryos occurred with a subsequent
crystallisation of blastomeres that may be the result
of both various overcooling degree of their
cytoplasm and probable character of intracellular
ice formation (Fig. 5, ¢; 5, d). At the stage of thawing
in the area of “ice-water” transition the melting of
intracellular crystals regularly completed more
rapidly than in extra-cellular (Fig. 4, g; 5, g; 6, g)
ones. Impairments of zygotes and two-cell embryos
frozen in 0.5M sucrose were fixed even in the
melting zone of extracellular crystals (Fig. 4, g; 5, g)
and were aggravated with a temperature rise. At
22°C zona pelucida of zygotes had irregular
boundaries and plasma membranes did local
ruptures. Never-theless intracellular content of
zygotes remained compact (Fig 4,j). Impairments
of mouse two-cell embryos were accompanied with
the loss of boundaries between blastomers, multiple
ruptures of plasmat membranes and disorder of the
compactness of granuloplasm (Fig. 5, h; 5, j).
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Puc. 6. Kuretnka 3aMopaXHUBaHUSI-OTTAMBAHUS 3UTOTHI
MmbId B 1,0 M pacTBope caxapo3bl: a — MHTaKTHas KJIeTka; 0 —
00e3BOKMBaHME 3UTOTHI MBIIIH B 1,0 M pacTBope caxapo3bl.

Fig. 6. Kinetics of freeze-thawing of mouse zygotes in 1.0M
sucrose: a — intact cell, b — dehydration of mouse zygote in
1.0M sucrose.

paMu, MHOXXECTBEHHBIMHU Da3phIBAMHU IJIa3Ma-
TUYECKUX MEMOpaH M HapyUICHHEM KOMIIAKTHOCTH
rpaHyaoIa3Mel (puc. 5, 3; 5, n).

B 3urorax, 3amopoxeHHbsIXx B 1 M pacTBOpax
caxapo3sl, IOCJIe IUIaBICHUS BHYTPHUKICTOYHBIX
KPHCTAJUIOB TPpyObIe TOBPEXKICHUS IIa3MaTHIECKOM
MeMOpaHbsl oTcyTcTBOBanu. OJgHAKO MO Mepe
MOBBIIIEHHS TEMIIEPaTypbl OTMEYAIOCH TOCTEIICHHOE
HaOyxaHue kietok. Tak, yxke rpu —5°C 00beM 3UroThl
OblI CPAaBHUM ¢ 00HEMOM HHTAKTHOM KIETKH
(puc. 6, 3), a mpu 22°C oH npeBbIai ero B 1,27 pasa.
Mopdonornuecku BHYTPUKIETOUHOE COJIEPKUMOE
BBITVISZICNIO HECKOJIBKO Pa3phIXJICHHBIM. BuauMbix
NoBpeXACHUN zona pellucida n mnazmaTH4ecKou
MeMOpaHbl He Habmonanock (puc. 6, n). IByx-
KJIETOYHbIE YMOPUOHBI, 3aMOpPOKEHHBIE B | M
pacTBOpe caxapo3bl, HIMEJIN TaKUe K€ XapaKTepHbIe
Mopdooruyeckue MoBpeKACHH, KaK U IIPH 3aMOpa-
kuBaaud B 0,5 M pacTBOpe caxapo3Fbl.

Takum o0pa3om, npeaBapuTeabHOEe 00€3BO-
’KMBaHNWE PAaHHUX >MOPHOHOB MBIIIN B PacTBOpax
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Puc. 7. Kunernka 3aMOpa>KuBaHUsI-OTTauBaHUs JBYXKJIE-
TOYHOTO SMOPHOHA MBI B ATUJICHIIIUKOJIb-CAXapO3HOU
cpene: a — MHTAaKTHas KJIeTKa, 0 — 00e3BOXKHUBaHUE
JIBYXKJICTOYHOTO AMOPHUOHA MBIIIH B ATHICHTIUKOIb-
caxapo3Hoii cpene.

Fig. 7. Kinetics of freeze-thawing of mouse two-cell embryo
in ethylene-sucrose medium: a- intact cell, b — dehydration
of mouse two-cell embryo in ethylene-glycol medium.

In zygotes, frozen in 1 M sucrose after melting of
intracellular crystals rough impairments of plasma
membrane were absent. However with a tempe-
rature rise there was observed a gradual swelling
of cells. Even at —5°C the volume of zygote was
comparable with that for an intact cell (Fig. 6, h) and
at 22°C it was exceeded by 1.27 times. Morpho-
logically intracellular content was a little bit loosened.
No visible damages of zona pelucida and plasma
membrane were observed (Fig. 6, j). Two-cell
embryos frozen with 1 M sucrose had the same
morphological damages as during freezing in 0.5 M
sucrose.

Thus preliminary dehydration of early mouse
embryos in the solutions of non-penetrating
substances of sucrose and NaCl did not allow the
preventing of intracellular crystallisation which
inevitably would lead to manifested damage of cells.
In this connection there was used the approach of
combined effect of two factors: simultaneous
dehydration and saturation of mouse early embryos
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HETpOHUKAIMKUX BemecTB caxapossl u NaCl He
MMO3BOJIMJIO MPEAOTBPATUTH BHYTPUKIETOUHYIO
KPHUCTAJUIM3AINIO0, KOTOPasi HEM30€KHO MPUBOANIA K
BBIPa)KEHHBIM IOBPEXICHUSM KIETOK. B ¢BsI3U € 3THM
OBUI HCIIOJIB30BAH NOAXO/ COYETAHHOTO BO3ICHCTBHSA
IByX (haKTOPOB: OZHOBPEMEHHOTO 00E3BOKHBAHUS U
HACBIIICHNUS] PAHHUX SMOPHUOHOB MBIIIIY TPOHUKAIOIIUAM
KPHUOIPOTEKTOPOM B BBICOKOKOHIEHTPUPOBAHHBIX
pacTtBopax. B kagecTBe Takoro pacTBopa Oblna
MIPUMEHEHa KPHOKOHCEPBHUPYIOIIAs Cpeja Ha OCHOBE
OI' u caxapo3sl.

OTUEHIINKOIb B BBICOKMX KOHIIEHTpPAaIHUX,
obecrieynBasi BUTPUPUKANHIO BHE- U BHYTPH-
KJIETOYHOW Cpeibl, YCIEIIHO MCIONb3yeTcs IpHU
KPUOKOHCEPBUPOBAHUHM Pa3IMYHBIMU METOJAMHU
OOLIUTOB M AMOPHOHOB MHOTHX MJIEKOIHTAIOLINX
[10,11]. Cmech caxaposbl u DI okazamack 3¢ dek-
TUBHOH NPH 3aMOPaXKMBaHUHK SMOPHOHOB MOHU [12].
Onno u3 mpeumyniectB D' — ero HauMeHbLIAs
TOKCUYHOCThH IO CPAaBHEHHUIO C APYTUMH IPOHH-
KalIIUMH KPHOTPOTEKTOpaMu. DTOT (HakT ObLI
MOATBEpXIeH B pabore [15] mpu mcciegoBaHuu
BIIMSTHUS IPOHUKAIOIIMX KPUOTIPOTEKTOPOB: TUMETHII-
cynbokcuma, O1, 1,2-nmponananona, TIIUIEPUHA U
arieTaMu/ia, BXOJSIIUX B COCTaB BUTPUPHUKAIIMOHHOM
cmecu (40% nporukaromniero kpuonpoTrekropa + 30%
Ficoll+caxapo3a), Ha cocTosiHUE JEKOHCEPBUPOBAHHBIX
3MOpHOHOB. MakcuMalnbHas COXPAHHOCTh KJIETOK
ObUTa TOCTUTHYTa NMPH UcHoib30BaHuM Ol U rim-
nepuHa. Kak cuurator aBTopsl [15], Bce npyrue
KPHUOIIPOTEKTOPHI B TAKMX BBHICOKMX KOHIIEHTPALHUIX
0Ka3bIBalOT TOKCHYECKOE JEHCTBUE HAa BHYTPHU-
KJIETOYHbIE OpPraHeIUIbl SMOPUOHOB, Hapy1ast ()yHKLUH
nmociaenqHuX. M3BeCcTHO, 9TO dSMOPHUOHBI MEIIIHU
BBIAEPKMBAIOT IKCHO3UINIO B pacTBOopax Ol ¢
KoHIIeHTpamue 10 7 M [16]. OonuTel MBIIIH, B
OTJINYHE OT SMOPHOHOB, BBIAEPKHBAIOT JIUIIb
HEIIPOJOJDKUTEIBHYIO IKCIIO3HIMIO B 7 M pacTBope
Ol, a mpu yBeTTMUIEHUH BPEMEHH SKCITO3UITNH 10 5 MUH
B pactBopax O ¢ xoHueHtpanueit 6onee 4 M
MPUBOAUT K (HOpMHUpPOBaHHUIO 01¢00B U HAPYILIECHHIO
MHUKPO(HUIaMEHTOB.

Hcxons 3 BBILIEU3I0KEHHOT0, MOMBITKA HCIOJIB30-
BaTh IPU MOJATOTOBKE K 3aMOPaKUBAHHUIO SMOPHOHOB
MBILIHM PAaHHUX CTaANH pa3BUTH B Ka4€CTBE ACTHApA-
THUPYIOIIETO PAacTBOPAa BBHICOKOOCMOTHYHYIO CPENY,
coxepxarnryto 5,37 M OI' m 1 M caxapo3sl, SBHIIACh
BITOJTHE 0OOCHOBAHHOM. DTO MO3BOJIMIIO YMEHBIIUTh
00beM KIIETKH, IPH KOTOPOM OHA BXO/IMJIA B IPOIECC
3aMOpakuBaHus, 10 00beMa, coctanistomero 0,40
HMCXOJHOTO, OJHOBPEMEHHO YaCTHYHO 3aMECTHB
BHYTPHUKIJIETOUHYIO BOLY HPOHUKAIOLIUM KPHUOIIPOTEK-
TOpOM (TadyuIa).

KuneTtnka 3aMopakxuBaHHsl ABYXKJIETOYHOTO
SMOpHOHA MBIIIM B KPHUO3AIIUTHOW CMecH Mpen-
cTaBjeHa Ha puc.7. BuaHo, 4To oXnaxjacHUE
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with cryoprotectant in highly concentrated solutions.
EG and sucrose-based cryopreserving medium was
used a such a solution.

Ethylene glycol under high concentrations
providing vitrification of extra- and intracellular
medium is successfully used to cryopreserve
oocytes and embryos of many mammalians by
means of various methods [10, 11]. Mixture of
sucrose and EG occurred to be efficient when
freezing pony embryos [12]. One of the advantages
of EG is its the lowest toxicity in comparison with
other penetrating cryoprotectants. This fact was
confirmed in the paper [15] when studying the
effect of penetrating cryoprotectants: dimethyl
sulfoxide, EG, 1,2-propane diol, glycerol, acetamide,
composing the vitrification mixture (40% penetrating
cryoprotectant + 30% Ficoll + sucrose) on the state
of frozen-thawed embryos. Maximum integrity of
cells was reached using EG and glycerol. The
authors believe [15] all other cryoprotectants under
such high concentrations affect toxically intracellular
organelles of embryos thereby impairing the
functions of latter. It is known that mouse embryos
survive the exposure with EG solution of the
concentration up to 7 M [16]. Mouse erythrocytes
in contrast to embryos survive only a short-term
exposure in 7 M EG and when increasing the
exposure time up to 5 min in EG solutions with the
concentration higher than 4M results in the formation
of blebs and impairment of microfilaments.

Summarising all mentioned above the attempt to
use during preparing to freezing the mouse embryos
of early developmental stages highly osmotic medium
containing 5.37 M EG and 1 M sucrose was quite
reasonable as dehydrating solution. This enabled
decreasing a cell volume at which it entered freezing
process, down to the volume comprising 0.40 of initial
one simultaneously substitute intracellular water by
penetrating cryoprotectant (Table).

Freezing kinetics of mouse two-cell embryo in
cryoprotective mixture is presented in Fig. 7. It is seen
that cooling of mouse two-cell embryos down to
temperature of —100°C was not accompanied by the
changes both of extracellular and intracellular medium:
cryoprotective mixture remained optically transparent
and blastomeres kept initial optical density (Fig. 7, ¢).
This provided a ground to believe that the cryo-
protective mixture is capable of vitrifying. But at
thawing stage within the temperature range of —66+
—60°C there were fixed small crystals’ appearance as
dendritic rosettes (Fig. 7, d). With further temperature
rise the crystal structures with no development
gradually melted (Fig. 7, e, 7, ), that excluded the
probability of direct cell contact with formed ice
crystals. Embryos kept their morphology within range
of negative temperatures up to (Fig. 7, g). At
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JIBYXKJIETOUHBIX SMOPHOHOB MBIIIH 0 TEMIIEPATYPHI
—100°C He cOmpoBOXKIANOCh HM3MEHCHHUSMH Kak
BHEKJIETOYHOH, TaK U BHYTPUKIETOYHON CpPEabI:
KpUO3aIlUTHAA CMECh OCTaBajllach ONTHYECKH
MPO3pavyHOi, a GIacTOMEpHl COXPAaHSUIM HCXOIHYIO
OTNITUYECKYI NIOTHOCTH (puc. 7, B). D10 mano
OCHOBaHHME CUMTATh, YTO AaHHAS KPHUO3alIUTHAS
cMmech crnocoOHa cTeknoBarbes. OQHAKO Ha JTame
otorpesa B obyiactu temreparyp —62 +—60°C Obu10
3a(UKCUPOBAHO HEMHOTOUYMCIIEHHOE BBICHIITAHNE BO
BHEKJIETOYHOMN CpeJie KPUCTAIIMYECKUX 3apOIbIIIeit
B BHJIC JICHIPUTHBIX po3eTOK (puc. 7, r). Ilpn mams-
HeHIIeM MOBBIIIEHUH TEMIIEPATyPhl KPUCTAITHYECKHE
CTPYKTYDPBI, HE yCIEB Pa3BUTHCS, MOCTEINEHHO
pacmnaBnsnuck (puc. 7, o, 7, €), 9TO HCKIIOYHIO
BEPOATHOCTh HEMOCPEACTBEHHOTO KOHTAKTa KJIETOK
¢ 00pa30BaBUIMMUCS KPUCTAIUIAMH JIbJ1a. OMOPHUOHBI
COXpaHsJIM CBOIO Mopdonoruio B 00J1acTH OTPH-
LHaTeNbHBIX Temmepatyp BioTh 10 0°C (puc. 7, x).
[Ipu remnepatype Boite 0°C oTMeEUanoch HOCTENEH-
HOE TMpocBeTieHHe 0JIacTOMEpPOB, COMPOBOXK-
Jarorieecs yBeJIndeHneM ux pasmepa (puc. 7, 3). llpu
nocrmkernu 22°C 06beM 6J1acTOMEPOB IPEBOCXOHIT
WHTAKTHBIN MpakTryecku B 1,22 paza, 9To CBUAETEb-
CTBOBAJIO O IPOHUKHOBEHNH BHEKJIETOYHOTO pacTBOpa
B KJIeTKH (puc. 7, n). Tem He MeHee, TpaHUIAa MEXKIY
OnacToMepamMy OCTaBalach YETKOM, a TIa3MaTHIecKast
MeMOpaHa U zona pellucida He nMenu pa3pbIBOB.
Takum 00pa3zoM, KPHOMUKPOCKOIINYECKHE UCCTIe-
JOBaHUsS Mpolecca 3aMOpaXMBaHUs SMOPHOHOB
MBIIIM PAaHHUX CTAaAWI pa3sBUTHUS NOKa3alld, YTO
HanOoisiee 3((HEKTUBHBIM CIIOCOOOM HCKITIOUEHHUS
BBIPa)KCHHBIX MIOBPEXICHUH KIETOK, 00yCIOBIEHHBIX
KpHUCTanaoo0pa3oBaHuEM, SABIAETCS MPUMEHEHHUE
KpHO3amuTHOH cpensl Ha ocHOBE 100%-ro D' 1 M
caxapo3bl B COOTHOWIEHUH 3:7, CKIOHHOW K CTEK-
JIOBAHUIO Jake MPH MEJIEHHBIX CKOPOCTSIX 3aMO-
paxuBanus (5°C/mun). Habnrogaemoe B paHHOU
cpezne pu oTorpese (OPMUPOBAHNE KPUCTATUTNIECKOM
CTPYKTYPBI MOXKHO U30€XKaTh IPU NPOXOKIACHUH 3TOTO
TEMIIepaTypHOro HHTEpBaja ¢ OOIBIIONH CKOPOCTBIO.
VYkazaHHas 3TUIICHIVIMKOJIb-caxapo3Has cpeza
Obl1a HAMHU UCII0Ib30BaHa [IPU KPUOKOHCEPBUPOBAHUN
JBYXKJIETOUHBIX 3MOPHMOHOB MBIIIU B IIACTHKOBBIX
COJOMHMHKAaX METOJOM MPSIMOrO MOTPYXEHHS B
xunkuit a3ot (—196°C). Knetku k 3aMopakuBaHHIO
TOTOBHWJIH coriiacHO pekoMeHaarusm [4] ConoMuHKN
otorpeanu 20 ¢ Ha BoasHOoU Oane mpu 37°C.
KynpTHBUpOBaHMNE KIETOK B YCIOBUAX in Vitro
[MOKa3ajxo, 4YTO MOCJIe pa3MOpaXUBAHUSA KH3HE-
CIOCOOHBIME OCTaroTcs He MeHee 60% 3MOpPHOHOB.

BbiBOABI

KproMukpocKoImmuecKre NCCIe0BaH s TTO3BOJIMIN
000CcHOBaTh 3(pPEKTUBHOCTH HCITOIL30BAHMS ITUIICH-
DJIMKOJB-CaXapO3HOH CpelTbl TP KPUOKOHCEPBUPOBAHIH
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temperature higher than 0°C there was found a
gradual enlightening of blastomeres accompanied
with an increase in their sizes (Fig. 7, f). When
reaching 22°C the volume of blastomeres exceeded
an intact one practically in 1.22 times that testified to
a penetration of extracellular solution into cells (Fig. 7,
h). Nevertheless the boundary between blastomeres
remained distinct and there were no ruptures
plasmatic membrane and zona pellucida.

Thus cryomicroscopic studies of freezing process
for mouse embryos of early stages have shown that
the most efficient way to exclude manifested damage
of cells, stipulated by crystal formation is the use of
cryoprotective medium basing on 100% EG and 1 M
sucrose in the 3:7 ratio, inclined to vitrification even
at slow freezing rates (5°C/min).

Observed in this medium formation of crystal
structure during thawing may be avoided when
passing-by this temperature interval with a high rate.

The mentioned above ethylene-sucrose medium
was used by us for cryopreservation of mouse two-
cell embryos in plastic straws by the method of direct
plunging into liquid nitrogen (—196°C). The cells were
prepared to freezing as recommended [4]. The
straws were thawed at 20°C on water bath at 37°C.
In vitro cell culturing demonstrated that after freeze-
thawing not less than 60% of embryos remained
viable.

Conclusions

Cryomicroscopic studies enabled the sub-
stantiation of efficiency of using ethylene-glycol
medium during cryopreservation of early mouse
embryos by a direct plunging into liquid nitrogen,
thereby achieving high cooling rates.
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