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Search of Cryoprotective Medium for Vitrification
of Fetal Fibroblast-Like Cell Suspension

Ormnpenessiyii coOCTaB KPHO3AIUTHBIX CPEI, TI03BOJISIONIMX HCKITIOYUT KPHCTAUIN3ALHIO IIPU OBICTPOM 3aMOPaKUBAaHUH U OTOTPEBE
B CTaHIApPTHBHIX KPHONPOOUpPKAX, a TAKXKE HCCIEAOBAIM BIMSIHHE KCIO3MLIUHN H KPHMOKOHCEPBHUPOBAHUS B ITHUX cpelax Ha
KHU3HECIIOCOOHOCTh IMOPHOHAIBHBIX (PUOPOOIACTONONOOHBIX KIETOK. B cOCTaB BUTPUGHUUUPYIOIINXCS PACTBOPOB BKIIOYAIH
mumetwicyabpokcua (AMCO), stunerrmukoins (O, 1,2-nponananon (1,2-I1/1), caxapo3y u BU3yaJbHO OMPEICIISUIH HATNIHE WIN
OTCYTCTBHE KPUCTAILTM3AIINH [IPH 3aMOPAKUBAHHUH U OTOrpeBe. s BUTpU(HUKALIMK CYCIICH3HH KIIETOK ObLIIH 0TOOpaHbI 1Ba pacTBOpa,
ob6o3nauennsie JIDI1C-1 (10% AMCO, 20% 3T, 20% 1,2-I1/1, 0,5 M caxapo3ssl) u ADIIC-2 (10% AMCO, 15% 2T, 15% 1,2-I1]1,
1 M caxapo3snn). [Tocne sxcniozunuu B JI211C-1 u IDTIC-2 Habnroganock CHUKEHAE COXPaHHOCTH U 3P PEKTHBHOCTH PUKPETUICHUS
KJIETOK K IUIACTHKY II0 CPaBHEHHUIO ¢ KoHTpousieM. ITocie 3amopaxuBanus-otorpesa B pactsope J[OIIC-2 coxpaHHOCTb KJIETOK
cHmkanack Ha 30% Mo CpaBHEHHIO CO 3HaYEHHSIMH JI0 3amMopaxuBaHus, a B JIOIIC-1 He n3MeHANach, KIETKH NMPUKPEIUIINCH K
IUIaCcTUKY U ponudepuposanu. [TokazaHa BO3MOXKHOCTh BUTPH(HKALNH CYCIICH3HMU SMOPHOHAIIBHBIX (HHOPO6IaCTONONOOHBIX KIIETOK
I10J] 3aI[UTOH MHOIOKOMIOHEHTHBIX KPHO3AI[UTHBIX CpeJ MPH OBICTPOM 3aMOpPaXMBAHHU B CTAaHIAPTHBIX IJIACTHKOBBIX
KpHOTIPOOHpKAX.

Knrouesvie cnosa: sutpudukaiys, CycreH3us KIEToK, SMOpHoHanbHbIe QUOPOOIACTONORO0OHBIC KIETKH, COXPAHHOCTb.

BusHavanu ckian Kpio3aXUCHUX CEPEIOBHIL, SIKi JO3BOJISIOTh BUKIIOYUTH KPUCTAJI3AMIIO MiJl 4ac IIBUIKOTO 3aMOPOKYBaHHS Ta
BiZIirpiBaHHs B CTAHJAPTHUX KpionpoOipKax, a TaKoXk JOCIIPKYBAJIN BIIMB €KCIIO3UIIT Ta KPIOKOHCEPBYBAHHS B [IUX CEPEIOBHUINAX
Ha JKUTTE30AaTHICTh eMOpioHanbHUX (QibpobnacTonoaiOHux KmiTHH. Jlo Ckiaxy po34uHiB, 110 BITPUQIKYIOTHCS, BBOIMIN TUMETHII-
cynboxeun (IMCO), erunenrikons (EI), 1,2-nmponangion (1,2-T1[), caxapo3y i Bi3yanabHO BH3HA4YalM KpHUCTali3alilo 4u if
BIZICYTHICTB ITil Yac 3aMOpPOXXyBaHHsI Ta BifgirpiBanus. s BiTpudikauii cycnensii kiitun Oyno Biniopano asa posuunu: JEIIC-1
(10% AMCO, 20% ET;, 20% I1[1, 0,5 M caxaposu) i JEIIC-2 (10% AMCO, 15% ETI, 15% 1,2-T1[, 1 M caxapo3sn). ITicis ekcro3umii
B JIETIC-1 i IETIC-2 criocrepiraiu 3HIKEHHs 30epexKeHOCT] Ta e()eKTUBHOCTI MPUKPITUTIOBAHHS KIIITHH JI0 IUIACTHKY B OPiBHSHHI
3 kouTponeMm. [Ticist 3amopoxkyBanns-BifirpiBanHs B JIETIC-2 30epekeHicTh KIITHH 3HIKYBasiach Ha 30% B MOPIBHSHHI 3 TOKa3HUKOM
10 3amopoxxyBanHsi, a B JIETIC-1 He 3miHIOBazach 1 KiIiTHHYU nponidepyBaiu B KynbTypi. [lokazaHo MoxJIUBiCTh BiTpudikarii cycneHsii
eMOpioHabHKUX (GiOPOOIACTONONIOHUX KITITHH y 0araTOKOMITOHEHTHHUX KPi03aXMCHHUX CEPEIOBHIIAX ITPH IIBUIKOMY 3aMOPOXKYBaHHI
B CTQHJIAPTHUX IIACTUKOBHX KpiompoOipkax.

Kniouosi cnosa: BitTpudikanisi, CycrneHsis KIiTHH, eMOpioHanbHi (iOpo61acTononiOHi KIIiTHHH, 30epeKEeHICTb.

The paper covers the search of cryoprotective medium composition, allowing to avoid the crystal formation during rapid freeze-
thawing in standard cryovials, as well as the effect of exposure and freezing-thawing in the media on survival of fetal fibroblast-like
cells. The composition of vitrification media included dimethyl sulfoxide (DMSO), ethylene glycol (EG), 1,2-propane diol (1,2-PD)
and sucrose. The applicability of the media was visually assesed by presence or absence of crystal formation during freeze-thawing,
and two media were selected for vitrification of cell suspensions: DEPS-1 (10% of DMSO, 20% of EG, 20% of 1,2-PD and 0,5 M of
sucrose) and DEPS-2 (10% of DMSO, 15% of EG, 15% of 1,2-PD and 1 M of sucrose). Exposure to DEPS-1 and DEPS-2 led to
decrease in cell survival and ability to adhere to plastic. After freeze-thawing in DEPS-2 the cell survival decreased by 30% comparing
to the values before freezing, and in DEPS-1 no changes were observed and the cells proliferate in culture. Thus the possibility of
fetal fibroblast-like cell suspension to be vitrified in multicomponent cryoprotective media during rapid freezing in standard plastic
cryovials was shown.

Key-words: vitrification, cell suspension, fetal fibroblast-like cells, survival.

Burpudukanus sBisercst OAHUM U3 aNbTepHATUB-
HBIX MOAXOJ0B K MpoOJieMe KPUOKOHCEPBUPOBAHMUS.
Burpudukanus kak npouecc, B pe3yJbTare KOTOpOro
JOCTUTAETCsI CTEKIIONOA00HOE 3aTBEpACBAHIE CHCTe-
MBI 03 pOopMHUPOBaHNUS KPUCTAIUIOB JIbJA, II03BOJISET
MUHHAMHU3HUPOBATh KPUOMIOBPEXIeHNE KIIeTOK [4], a
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Vitrification is an alternative approach to conven-
tional cryopreservation. Vitrification is a process of
glasslike solidification that completely avoids ice
crystal formation and allows to minimize cell injury
[4]. At the same time vitrification considerably simpli-
fies and accelerates the cryopreservation process
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TaKXe 3HAYUTEIBHO YCKOPSET U 00JeryaeT mpouecc
KPHUOKOHCEPBHPOBAHMUSI, IIOCKOJIBKY HE TpeOyeT cIie-
[UAILHOTO JIOPOTOCTOSIIEro 000pynoBanus. Butpu-
(bmKanms MIMPOKO MPUMEHSETCS ISl KPUOKOHCEPBHU-
poBaHus siinekneTok [7, 15, 17], amOpuoHOB Bcex
CTaaui pa3BUTHS, BKJIFOUas onacronucty [11, 24, 25],
HeOoNnpmuX (hparMeHTOB TKaHew [3, 5], KoIOHHIA
SMOPHOHATBFHBIX CTBOJIOBBIX KJIETOK [6, 19] u mHKam-
CynupoBaHHBIX KeToK [13]. B paborax mo BuTpudu-
KaIli¥ TeMOMO3TUYECKUX KIETOK KOPIOBOH KpOBHU
[14], sHpoTennanbHBIX KIeTok quHun ECV304 [23],
MOHOUIHTOB [21], ocTeobmacToB [16] oTMeuaercs
MIEPCIEKTUBHOCTD €€ MPUMEHEHMSI A1 KPUOKOHCEP-
BHPOBaHUS KJIETOYHBIX CyclieH3ni. OHAKO BOTIPOCHI
Pa3paboTKH TEXHOJIOTHYECKUX ITAIOB JJisl BUTpHDU-
KaIli¥ KJIETOYHBIX CYCIIEH3WH OCTAIOTCS aKTyallb-
HBIMHU.

Bricokue KOHIIeHTpali KpHOIPOTEKTOPOB, HEOO-
XOJIMMBIE JIJIS BUTPU(DHUKAIIH, SIBISFOTCS TOKCUIHBIMH
JUTS KIIETOK, TI0O3TOMY BPEeMsI IX SKCITO3UIINH B BUTPH-
¢unupyromemMcsi pacTBope He JOKHO MPEBBIIATh
30 c [17]. D10 co3maeT TpyHOCTH IIPH TOOABICHUH U
yIaJeHIH KPUO3AIIUTHBIX CPEJ] U3 CYCIIEH3HUH KIIETOK.
Kpowme toro, anst BuTprduKanuu HeoOXo UMbl BBICO-
KHE CKOPOCTHU OXJIAKICHUS, YTO OOBIYHO TOCTUTACTCS
[IPU UCIIOJIB30BAHUN KPHUOKOHTEHHEPOB C BBICOKHM
[TOBEPXHOCTHO-00bEMHBIM OTHOIICHNEM, B YaCTHOCTH
COJIOMHHOK (cryo straws) [16, 17]. OnHaxo X MabIii
00BbEeM He [TO3BOJISICT KPUOKOHCEPBUPOBAThH M XPAHUTh
OoJIbLIIOE KOJIMYECTBO Onomarepuaia. BeICOKHX cKo-
pocTel OXJNaXKIEHUS TaK)Ke yHaeTcs NOCTUYb MpPH
HCIIONb30BAaHUM OTKPBITHIX KPHOKOHTEITHEPOB, 0bec-
MEYMBAIOIINX KOHTAKT C JKUAKHM a30TOM, HarpuMep
OTKpHIThIE conoMuHKU (open-pulled straws) [19],
kpuornetnu (cryo loops) [10]. B To e Bpems ux npu-
MEHEHHUE He 00eCIIeYrBaeT CTCPUIIBHOCTH [2], UTO HE
COOTBETCTBYET COBPEMEHHBIM CTaHJapTaM paboThI ¢
OunonornueckuM MarepuasioM. McrnonszoBanue Kpuo-
MIPOOHUPOK C TEPMETHIECKH 3aBUHYMBAIOICHCS KPBIIII-
KOW MPaKTUYECKH MOJTHOCTHIO HCKIIOYAET PUCK
KOHTaMHUHALMH NIPH XPaHEHUH KPUOKOHCEPBUPOBaH-
HOTO MaTepHaja B )KUIKOM a3oTe. Bompoc o Bo3Mox-
HOCTH IPUMEHEHUS CTAHJAPTHBIX KPUOTIPOOUPOK JIIsI
BUTPU(DUKAIIMH KIETOUYHBIX CYyCIIEH3UH OCTaeTCs OT-
KPBITBIM.

Lens nanHoi paboOThl — ONMpPENENHTh COCTAB
KPHO3AIMUTHBIX Cpe/l, MO3BOJSIONINX HCKIIOYUTh
KpUCTAJUIM3AMIO TIPU OBICTPOM 3aMOpPaKWBAaHUU U
OTOIpEBE B CTaHIAPTHBIX KPHONMPOOMpPKAX, a TaKxKe
WU3YUYUTh BIUSHHE JKCIO3UIUU M KPHOKOHCEPBH-
pPOBaHHSA B 3THUX Cpeaax Ha XKHU3HECIOCOOHOCTH
(pnbpob1acTONOAOOHBIX KIETOK.

Martepuanbl u meroabl

B cocrase BUTpUOHUIIPYIOIUXCS PACTBOPOB KOM-
ouanpoBanu IMCO B xoHuenTpamuu 10%, 3THICH-
rukonb (D) — 10, 15, 20 umu 25%, 1,2-nponananon
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without the application of expensive equipment.
Vitrification protocols are widely used for cryopre-
servation of oocytes [7, 15, 17], embryos at all stages
of development, including blastocyst [11, 24, 25],
small tissue samples [3, 5], embryonic stem cells
colonies [6, 19] and encapsulated cells [13]. Studies
concerned vitrification of cord blood haematopoietic
cells [14], endothelial cell line ECV304 [23], mono-
cytes [21], osteoblasts [16] showed availability of
vitrification for the cryopreservation of cell suspen-
sions. At the same time technical features of vitri-
fication procedure for cell suspensions have not been
worked out yet.

Vitrification requires high concentrations of cryo-
protectants which are toxic to cells, so the exposure
to the final concentrations of vitrification solution
should be reduced to 30 s [17], that results in difficul-
ties with its addition and removal. Moreover to achieve
the vitrification, very high cooling rates are required,
most often achieved by flash-freezing in liquid
nitrogen within containers that possess a high surface-
to-volume ratio (cryostraws) [16, 17]. Howe-ver, the
relatively small volume of the straws is un-suited for
handling bulk quantities of cryopreserved cells. The
application of open containers, which provi-de contact
with liquid nitrogen, such as open-pulled straws [19]
and cryo loops [10], also allowed to achive high
cooling rates. At the same time the use of such
containers does not allow to keep samples in sterile
conditions [2] corresponding to modern standarts of
biological material processing. The use of hermetically
closed cryovials prevents contamination during storage
of cryopreserved material in liquid nitrogen. However
the questions about possibility of using plastic cryovi-
als for the vitrification of cell suspension are still open.

The aim of this research was to find the composi-
tion of cryoprotective media that could exclude ice
crystal formation during rapid cooling and thawing in
standard cryovials and to investigate the effect of
exposure and cryopreservation using these media on
viability of fibroblast-like cells.

Materials and methods

Vitrification solution included dimethyl sulfoxide
(DMSO) in concentration of 10% w/v, ethylene glycol
(EG) —10, 15, 20 and 25% w/v, 1,2-propane diol
(1,2-PD)—10, 15, 20 and 25% w/v and sucrose — 0.5,
1, 1.5 and 2 M in various combinations. Cryovials
(Corning Cat. Ne2028, Canada), containing 0.5 ml of
each vitrifica-tion solution were placed into ligiud
nitrogen. Samples were thawed on water bath at 40°C.
Glass-forming ability of solution was assessed by
visual observation of ice crystal presence or absence
during cooling and thawing [1, 3, 16].

Fibroblast-like cells were isolated by non-enzy-
matic method [9] from mesodermal tissue of human
fetuses of 5 weeks of gestation and cultured in medium
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(1,2-I11) — 10, 15, 20 wmm 25% u caxaposy — 0,5, 1,
1,5 unu 2 M. Butpudunupyromuecs pacTBOPbI TOTO-
BUJIM TPaBUMETPUUYECKH, HCIIONB3YS (HU3HOIOTHYEC-
kui pactBop. B kpuonpooupku (Corning Cat. Ne2028,
Canada) BHocuiu no 0,5 Mi pacTBOpOB, MOCIE YETO
UX TIOTPYXaJli B )KUAKHUH a30T. OOpa31bl OTOrpeBaju
Ha BoasHOM Oane mpu 40°C. CTexia000pa3yoryo
CIIOCOOHOCThH PacTBOpa OLEHUBAIN BU3YaJbHO IIO
HaJMYHUIO WM OTCYTCTBUIO KPUCTAJUIN3AIMY Ha 3Ta-
rax 3aMOopakuBaHUs U oTtorpena [1, 3, 16].
OubpobmacTomonoOHbIe KIETKH BRIISISLTN Hedep-
MEHTaTUBHBIM METOAOM [9] M3 Me30aepMaibHBIX
TKaHe# 3MOPHOHOB YENIOBEKA 5 HeNeNb TecTallui U
KynbTUBHpOBaNU B cpene 0-MEM (Sigma, CILA),
noronHeHHOH 10% sMOproHanbHO# chiBopoTkH (DC)
KpymHoro poraroro ckota (buonor, Poccus), 50 ex/mn
neHuIUIrHA ¥ 50 Mr/Mi1 ctpentomuninHa, pu 37°C,
rasosas cpena — Bo3ayx + 5% CO,.
OMOpHOHANBHBIN MaTepHa UCTIOIB30BANIH C THCh-
MEHHOTO COINacusi NpOMH()OPMHUPOBAHHOIO AOHOPA
B COOTBETCTBHH C HOPMaMHU KOMHCCHU 110 OMO3THKE
UITKuK HAH VYkpawnnsl. @ubpobnactomogoOHbIe
kieTkn 5-10 maccaka TPUIICHHU3UPOBAIN MOCIE
nocTkeHus Kynbrypoit 80-90% xoHbnyeHTa 1
uentpudyruposanu 7 mud mpu 200 g. [ToxyueHHbII
0Ca/IOK CYCIIEHAMPOBAII B Cpelle KyIGTUBUPOBAHUS
1 UCTHIOIB30BANIN 1)1 JAJbHEHIIINX YKCIIEPUMEHTOB.
Cpeny noOaBisiiv MpU KOMHATHOM TeMIepaTrype B
nBa orana. Ha nepsom arane 50 Mk cycneH3uu Kie-
TOK cMmemuBanu ¢ 50 MK KpHO3aIUTHOM cpeabl B
KpHONIPOOUpPKax U SKBUIMOpUpoBan 1| MUH. 3aTeM K
cycnen3uu o0aBisi 400 MK KpHO3AITUTHON CPEb
U TIOJTy4eHHBIE 00pa3Lbl MOTPY>KAIN B )KUIKUH a30T.
[Ipu 5TOM KOHEYHBIE KOHIICHTPAIIUH KPHUOTIPOTEKTO-
POB JOCTHTAINCH MPHU CMEIINBAHUHN C KIETOYHOU
cycnen3ueil B coorHomenunu 9:1.11pomexyTox
BpEMEHH TIOCIIe CMEIINBAHUSA CyCIIEH3MH C KpHo3a-
LIUTHOM Cpefon 0 MOIPY>KEHHsI B JKUJKHUM a30T Ha
BTOpOM 3Tane He npesbiman 15-20 c. OOpasmbl
XpaHWIH B )HUJIKOM a30T€ B TEUEHUE 24 4, IOCIIE YETO
oTorpeBasv Ha BoAsHOH Oane npu 40°C u oTMBIBANIN
OT KpHO3aIUTHON cpexsl. lapamiensHo uzyyanu
BJIMSHUE KCHO3ULHUU B BUTPUPUIUPYIOMIUXCS
pacTBopax Ha JKM3HECHOCOOHOCTD KIIETOK.
Hcnonp3oBanu 18a ciocoba yaaieH!ss KpHO3aIHT-
HO¥1 cpensl. [lepBeriif — o0pasis! nepeHocwnu B 0,5 M
pactBop caxapo3ssl (pazseneuue 1:10) u neatpudyru-
poBaym ipu 450 g B Tedenue 10 muH. K momydeaaoMy
0ocanKy MeIjieHHO ao0aBisuiu cpexy 199 (Ilandxo,
Poccwust), nomonaennyo 10% 2C, u uentpudyrupo-
Banu mipu 450 g B Teuenne 10 mun. BTOpoii cioco0
OTMBIBaHHUS UCKIIIOYAJ LEHTPUPYTHPOBAHUE TOCIE
MOMEIIECHHS AEKOHCEPBUPOBAHHON CYCIEH3UH B
pPacTBOp caxapo3bl M OCYIIECTBISUICA CIEAYIOLINM
obpaszom: 00pa3uel nepenocunu B 0,5 M pactBop
caxapo3sl (pazsenenue 1:10), a 3aTeM K MOIy4eHHON
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0-MEM (Sigma, USA), supplemented by 10% of fetal
calf serum (FCS; Biolot, Russia), 50 [U/ml penicillin
and 50 mg/ml streptomycine, in 5% CO, atmosphere
at 37 °C.

Fetal material was obtained under written consent
of informed donors under regulations of ethical com-
mittee of [PC&C NAS of Ukraine. Fibroblast-like cells
at 5-10 passages were trypsinised on reaching 80-90%
confluence and centrifuged at 200 g during 7 min.
Obtained cell pellets were resuspended in culture me-
dium and used for further experiments.

Medium was added in two stages at room tempe-
rature. At first stage 50 ul of cell suspension was mixed
with 50 pl of cryoprotective medium and incubated
for 1 min. Then 400 pl of cryoprotective medium was
added and obtained samples were immediately (during
15-20 s) placed into liquid nitrogen. Final concentra-
tions of cryoprotectants were obtained after mixing
with cell suspension in ratio 9:1. Samples were stored
in liquid nitrogen during 24 hrs, then thawed on water
bath at 40°C and washed out from cryoprotec-tive
medium. Simultaneosly the effect of exposure of cells
to vitrification solutions on cell viability was stu-died.

Two different washing out procedures were used.
First procedure consisted in transferring of the samples
into 0.5 M sucrose solution (dilution 1:10) and follo-
wing centrifugation at 450 g during 10 min. Then, pel-
lets were slowly mixed with medium 199 (PanEco,
Russia), supplemented by 10% FCS and centrifuged
at 450 g during 10 min. Second procedure involved
transferring of the samples into 0.5 M sucrose solution
(dilution 1:10), slow mixing of the obtained suspension
with medium 199, supplemented by 10% FCS (dilution
1:2) and centrifugation at 450 g during 10 min. Cell
pellets were resuspended in culture medium.

The cell survival was assessed by trypan blue
staining (Sigma, USA) [16]. The cell number was
calculated in Neubauer’s haemocytometer (USA). The
ability of cells to adhere was determined under culture
condition during 24 hrs [18].

Results were statistically processed using Student’s
t-test. Data are presented as M+m, where M is the
mean, and m is the standard error.

Results and discussion

The effectiveness of vitrification process depends
basically on composition of vitrification solution. An
ideal vitrification solution is characterized by the
ability to form stable glass during rapid cooling in
combination with low toxicity. The reduction of che-
mical toxicity of a vitrification solution without
diminishing its glass-forming ability may be reached
if the cryoprotectants with different mechanisms of
toxicity are combined in the solution [3]. DMSO and
EG are the basic cryoprotectants in vitrification proto-
cols for different mammal species embryos [8, 25].
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CyCTIeH3UH MeJICHHO n00aBisutu cpexy 199, momod-
HeHnyto 10% OC (pa3Benenue 1:2) u ueHTpudyru-
poBanu npu 450 g B reuenue 10 muH. [TomyuenHsi
0CalloOK pecycleHINPOBAIN B CpeAe KyJbTUBUPOBA-
HUSL.

CoxpaHHOCTH KJIETOK OLEHHMBAIH MO OKpallH-
BaHUIO BUTAIBHBIM KPACUTEJIEM TPUIAHOBBIM CHHUM
(Sigma, CIIIA) [16]. KonnyecTBO KIETOK OJCYUTHI-
Baiu B remoruromerpe Neubauer’s (CILIA). Crioco06-
HOCTh KIIETOK K aJITe3UH ONPEIENsId B YCIOBHUIX
KyJIbTUBUpPOBaHUS B TeueHue 24 41 [18].

[TomyuenHbIe pe3ynbTaThl CTAaTUCTHYECKH 00pabda-
TBIBAJIM, UCTONB3ys t-TecT CThlogeHTa. J[aHHbIE
MIpeACTaBICHBI B BuIe M+m, re M — cpenHee 3Hade-
HHUE, M — CPEeIHsIsI OINOKa.

Pe3yAbTatbhl M 00CYyXXA€HHe

OddexTuBHOCTH TpoLecca BUTPUUKAUU B
3HAUUTEIbHOU CTENEHU OMpPENeNsieTCs] COCTaBOM
BUTpHUUIIUpYIOIIerocs pactBopa. s maeanbHOTO
BUTPUQUIMPYIOLIETOCS pacTBOpa XapaKTepHa CIIo-
coOHOCTh (popMHUPOBATH CTAOMIILHOE CTEKJIO MPH
OBICTPOM 3aMOPaKUBAHUY B KOMOWHAIIMHA C HU3KOU
TOKCHYHOCTHIO. YMEHBIIIEHUE CTETIEHH TOKCUIHOCTH
BUTPH(DUIIUPYIOMIETOCS pacTBopa 0e3 CHIDKEHHS ero
CTEKJI000pa3yoIei CIoOCOOHOCTH MOXET OBITh
JOCTUTHYTO ITPY KOMOWHUPOBAHHUH B COCTABE PACTBO-
pa KpPUOMPOTEKTOPOB C Pa3IMYHBIMU MEXaHU3MaMU
TokcHuHOCTH [3]. AMCO u OI SBIs10TCSI OCHOBHBIMHU
KpUOIPOTEKTOPAMH B IMTPOTOKOJIAX 10 BUTPUPHUKAIINN
SMOpPHOHOB PA3IMYHBIX BHUJIOB MIICKOIUTAIOMUX |8,
25]. Yacto ucnonsiyiot 1,2-I1J[, mOCKOJIBKY OH
SIBIISIETCS CUJIBHBIM BUTpHU(HKaTopoM (glass former)
[1]. Kpome Toro, B cocTaB BHTPUGHIIUPYIOMIAXCS
pPacTBOPOB BKJIIOYAIOT HEMPOHHUKAIOIIHE T00aBKHU
Ficoll 70000 unu nmexctpan 69000 [12]. IIpu
MIPIMEHEHNN CaxapoB CHIDKAETCS CKOPOCTh OXJIaXK-
neHus, HeoOxoxmmas s BuTpudukanuu [20], u
TakuM 00pa30M YMEHBIIAIOTCS KOHIICHTPALKs TPOHH-
KaroMINX KPUOMPOTEKTOPOB U 00IIasi TOKCHYHOCTh
pactBopa [11].

OCHOBBIBasICh Ha 3TOM, B COCTaB BUTPUPUITUPYIO-
muxcst pactBopoB Bkimouanu JMCO, 9T, 1,2-11]] u
caxapo3y. B coctaBe cMecu onpenensiiym HauMeHbIIe
KOHIICHTPAMN KPUOTPOTEKTOPOB, MO3BOJISIONINE
WCKITIOYXTH KPUCTAIITU3AIUIO IIPH 3aMOPAKUBAHNHN U
OTOTpEBE.

KoHnieHTpanus caxaposbl B COCTaBe BUTPHUQHIIU-
PYIOIIMXCS pacTBOPOB, KakK MpaBuiio, cocrasisieT 0,5
wiu 1 M [11, 23]. IToaTomMy 3TH KOHIIEHTpAIUH caxa-
PO3BI BKIIIOUAJIN B COCTAB PacTBOPOB B COYETAHUU C
Bo3pacTaromumu kKoHueHTpauusamu O u 1,2-TT]1. Kax
BuAHO 3 Tabn. 1, B mpucyrcrBun 10% AMCO npu
koMmOunupoBauuu 0,5 M caxapossl ¢ 10% 3I' u 10%
1,2-I1J1 B mporecce 3aMopakuBaHus HaOIrOIaIach
kpuctamnuzauus. [loBeimenue koHuenTpanuit O u
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1,2-PD is frequently used, because of its high glass-
forming ability [1]. Besides, non-penetrating additives
such as Ficoll 70000 or dextran 69000 [12] are
included into vitrification solution. The use of saccha-
rides decreases the cooling rate, required for vitrifica-
tion [20], thus reduces the concentration of the
penetrating cryoprotectants and general toxicity of
solution [11].

In this study vitrification solutions consisted of
DMSO, EG, 1,2-PD and sucrose. The minimal concen-
trations of cryoprotectants, which allowed to exclude
the crystallization during cooling and thawing were
determined in mixes of compounds mentioned.

The concentration of sucrose in vitrification
solution is generally 0.5 or 1 M [11, 23]. These sucrose
concentrations were combined with increased concen-
trations of EG and 1,2-PD in solution composition.
As it is shown in Table 1, crystal formation during
cooling was observed when 0.5 M sucrose was combi-
ned with 10% EG and 10% 1,2-PD in the presence of
10% DMSO. The increase of EG and 1,2-PD concen-
tration up to 15% allowed to prevent crystal formation
during cooling, but this was observed during thawing.
The crystal formation during both cooling and thawing
was excluded when 0.5 M sucrose was combined with
20 or 25% EG and 1,2-PD. The application of 1 M of
sucrose prevented crystallization during cooling even
in case of using 10% EG and 1,2-PD (Table 1). At the
same time increase of their (EG and 1,2-PD)
concentration to 15% allowed to exclude crystal for-
mation during thawing. So the increase of sucrose con-
centration allowed to reduce the concentrations of EG
and 1,2-PD, required for solution vitrification.

The possibility of reduction of EG and 1,2-PD
concentrations to 10% at the expense of increase of
sucrose concentration was studied in the further series
of experiments. The increase of sucrose concentration
up to 2 M in the presence of 10% DMSO, 10% EG
and 10% 1,2-PD could not exclude crystallization
during thawing.

To minimize toxicity, solutions, which contained
lowest concentrations of DMSO, EG, 1,2-PD and
sucrose (DEPS-1 and DEPS-2), but could prevent the
crystallization during cooling and thawing were used
in the further experiments. The composition of
solutions is presented in Table 2.

The cell survival and adhesion ability were deter-
mined both after exposure with DEPS-1 and DEPS-2
solutions and after freeze-thawing. Intact cells after
trypsinization were used as a control group.

The survival of fibroblast-like cells in control group
assessed by trypan blue staining was 90.3+2.9%. The
cell survival after exposure to the solution DEPS-1
and removal of cryoprotective medium was 71.7+£2.1%
for first washing out procedure and 78.34+2.5% — for
second (Fig. a). The cell survival after exposure to
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Tadmuna 1. BuzyanbHblil aHaM3 KpUCTAUTU3AIMN PACTBOPOB, COJEPIKALIUX PA3JIMUHBIE KPUOIIPOTEKTOPBI, IIPH
OBICTPOM 3aMOpaXHMBaHUU U OBICTPOM OTOTpeBe (n=5)
Table 1.Visual analysis of crystallization in solutions, contained different cryoprotectants, during rapid cooling and
rapid thawing (n=5).

CocraBpacrBopa Composition of solution

10% AMCO 10% DMSO

ﬂo;{sgile/\h 0,5 M caxapo3sst 1 M caxapo3sbl
0.5 M of sucrose 1 M of sucrose
10% OT 15% OT 20% 9T 25% 9T 10% 9T 15% 9T 20% OTr 25% 9T
10% 1,2-TTA, 15% 1,2-TIA 20% 1,2-TTA, 25% 1,2-TTA, 10% 1,2-TTA, 15% 1,2-TTA, 20% 1,2-TTA, 25% 1,2-TTA
10% EG 15% EG 20% EG 25% EG 10% EG 15% EG 20% EG 25% EG
10% 1,2-PD 15% 1,2-PD 20% 1,2-PD 25% 1,2-PD 10% 1,2-PD 15% 1,2-PD 20% 1,2-PD 25% 1,2-PD
Kpucraranzanus
TIPYA 3aMOpPa’kKUBaHUU + _ _ _ _ _ _ _
Crystal formation
during cooling
Kpucrarimsanug
IIpU OTOTpeBe _ _ _ _ _
Crystal formation + + +
during warming

IIpumeyanne: “+” — npuodpereHne OOl OKPACKH U MOMYyTHEHUE 00pasiia;

[T}

Note: “+” — whitening and turbid sample;

1,2-I1J] no 15% 1mo3Bos10 MPeROTBPaTUTh KPUCTAII-
JU3ALMIO IPH 3aMOPaKUBaHNUHU, OAHAKO 00pa3oBaHUe
KpPUCTAJIOB JIbJla HaOII0AaI0Ch IPU OTOTPEBE.
HckimiounTh KPUCTAIUTN3ALMIO Ha ATAMax 3aMOPaXKH-
BaHUS M OTOTPEBa YAAIOCH MPH KOMOMHHPOBaAHUH
0,5 M caxapossl ¢ 20 uiau 25% OI' u 1,2-I11. dnsa
pactBopoB ¢ 1 M caxapo3bl yxe mpu BKIroueHun D1
u 1,2-I1J1 B xonuenrpanusx 10% ne nHabmogamu
KpPHCTAIIM3aLUIO IPU 3aMOPaKUBAaHHUH, @ OTCYTCTBHUE
KpUCTAJUTM3ALUU TIPU OTOIPEBE AOCTHUIajoCh MpPH
MOBBINIEHUHN WX KOHIeHTpamuit g0 15% (Tabmn.1).
Taxum 06pa3om, MOBBIIEHHE KOHIIEHTPAIIUU CaXxapo-
3bI IO3BOJISLIIO CHU3UTH KOoHLeHTpauuu D1 u 1,2-11/],
HEOOX0oIUMBbIE 17151 BUTPU(HUKALIUN PACTBOPOB.

B cnenyronieil cepun 3KCIIEpUMEHTOB HCCIIENO-
BaJId BO3MOXXHOCTh CHH3WUTH KOHIeHTpanuu O u
1,2-I11 1o 10% 3a cyeT MOBBIILIEHHS] KOHLICHTPALIUU
caxapo3ssl. OnHaxo B mpucytctBun 10% IMCO, 10%
OI' u 10% 1,2-11)] npu MOBBIIEHNN KOHIIEHTPAIIUU
caxapo3bl Jaxke 10 2 M He y#aiaoch HCKIIOYHTH
KPHUCTAJUIN3ALUIO IPH OTOTPEBE.

J1st MUHUMH3aLui TOKCHYHOCTH B OCIIETYIOLINX
9KCIEPUMEHTAaX MCIOIB30BANIN JIBA PACTBOPA, CONEP-
JKaBIMIMX HamMeHbInue KoHIeHTpanuu [IMCO, OT,
1,2-T1J] u caxapossl (IDI1IC-1 u JIDT1C-2) u xapakre-
PH30BaBIINXCS OTCYTCTBUEM KPUCTAILTU3AIHNH TIPH
3aMopaKuBaHUM 1 oTorpese. CocTaB pacTBOPOB IIPH-
BeJIleH B Ta0II. 2.

CoxpaHHOCTh U CITOCOOHOCTH KJIETOK K aare3uu
OTpEJIeISNIN MOCJIe IKCIO3UINU X B pacTBOpax
JADIIC-1 u AD3IIC-2 u mocne 3aMOpaXuBaHUS-0TO-
rpeBa. 3a KOHTPOJIb MPUHUMAINN KJIETKH, HE TIOJBEP-
raBIIMECs BO3JEHCTBUAM ITOCIE TPUTICHHHU3AIIH.

CoxpaHHOCTh (GUOPOOIACTONMOAOOHBIX KJIETOK,
OIICHEHHAs 110 OKPAITUBAHUIO TPUIIAHOBEIM CHHUM, B
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I3k

— obpaserr Ipo3pavHbIii.

—” — transparent sample.

the solution DEPS-2 was not significantly different
compared to DEPS-1 and comprised 71.8+2.6 and
78.4£3.5% for first and second methods of cryopro-
tectants removal, correspondingly (Fig. a). Fibroblast-
like cells in control group possessed high ability of
adherence to culture flask plastic. After the exposure
to the solutions DEPS-1 and DEPS-2 cells retained
their ability to adhere, however the effectiveness of
attachment did not reach the level of control group.

There was no significant loss of cell number after
cryopreservation of cells under protection of DEPS-1
and DEPS-2 and both washing out methods. The
survival of cells, cryopreserved under protection of
DEPS-1 did not differ from the survival after exposure
to this solution and comprised 70.6+£2.8 for first
washing out procedure and 70.6+2.7% for second
(Fig. b). At the same time, survival of cells, cryopreser-
ved with DEPS-2 decreased in 1.6-1.7 times relatively
to the washing out procedure being used (39.9+4.1%
and 45.2+1.6% after first and second procedure,
correspondingly). The effectiveness of cell attachment
to the surface of culture flask decreased in great extent
after cryopreservation under protection of both
DEPS-1 and DEPS-2. However cells cryopreserved
under protection of DEPS-1 showed higher ability of
flattening and proliferation during further culture. The
formation of small ice crystalls was revealed during
thawing of cell suspension cryopreserved under pro-
tection of DEPS-2.

In the present study, by combination of different
concentrations of EG, 1,2-PD and sucrose in the pre-
sence of 10% DMSO we determined the composition
of cryoprotective media, which allowed to prevent
crystallization during rapid cooling and thawing in
plastic cryovials. The question about the application
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Taoauna 2. CocTtaB pacTBOPOB, BRIOPAHHBIX I BUTpU(DUKAUU GrOPOOIACTONIOROOHBIX KIETOK
Table 2. Composition of solution for vitrification of fibroblast-like cells

CymMapHas
AMCO or 1,2-TIA, Caxaposa KOHI[@HTPAI[Hst
PactBop DMSO EG 1,2-PD Sucrose KPHOIPOTEKTOPOB,
Solution MOAB/A )
Total concentration
o MOAB/A o MOAB/A o MOAB/A MOAB/A of cryoprotectants,
° mol/1 ° mol/1 ° mol/1 mol/1 mol/1
ADTIC-1
DEPS.-1 10 1,4 20 20 2,6 0,5 8,5
ASTIC-2
DEPS-2 10 1,4 15 15 2 1 6,8

KOHTPOJBHOM rpymie coctanisia 90,3+2,9%. [Tocne
9KCHO3UIMHK K1eTOK B pacTBope AOIIC-1 u ynanenus
KPHO3AIMUTHON CPEIbl COXPAHHOCTH KIETOK COCTABIS-
na 71,742,1% npu nepBoM crocoOe OTMBIBAHUS H
78,3+2,5% — npu BTopom (puc. a). CoxpaHHOCTb
KieTok mociie skcno3uiuu B JIDI1C-2 cocrapisina
71,84+2,6 u 78,4+3,5% cootBeTcTBeHHO (pHC. a). CTa-
THUCTHYECKH 3HAYMMBIX P34y MO BIUSHUIO
skcriozunuu B JIBI1C-1 u JIDIIC-2 Ha coXpaHHOCTH
KJICTOYHOM CyCIIEH3UH BBISIBUTH He ynanaock. Pudpo-
O0macTonono0HBIE KIETKH KOHTPOJBHON TI'PYIIIBI
00aany BBICOKOH CITOCOOHOCTHIO MPUKPEIUIATHCA K
MOBEPXHOCTH KYJIbTypalbHOro miactuka. Ilocie
skcrnio3unuu B pacteopax JA3IIC-1 u ASIIC-2 knetkn
COXpaHsUTU CIIOCOOHOCTH K aJIre3uH, OHAKO dPdek-
THUBHOCTh IIPUKPEIUICHHS] HE JOCTUrana ypOBHS KOHT-
POJIBHOM I'PYyIIIIBL.

[Tocne 3amopakuBaHUA-OTOTPEBA C HCIIOJIH30Ba-
HueM JIDI1C-1 u JIDI1C-2 1 060ux crmoco00B OTMBIBA-
HUA 3HAUYNTEIHHOW TOTEPH KJIETOK HE HaOIIOmalIu.
IIpu aTom coxpanHocTh kietok ans [IDIIC-1 ne
OTNHMYaNach OT 3HAYEHUH HTOrO MOKa3aTels Mocie
9KCITO3UIIMHN KIIETOK B PAacTBOPE W COCTAaBIsUIA MPHU
repBoM criocobe ormberBanus 70,6£2,8 u 70,6£2,7% —
pu BTopoM (puc. 6). [Ipu ncnonszosanun J2I1C-2
COXPaHHOCTH JIEKOHCEPBUPOBAHHBIX KJIETOK CHIDKA-
J1ach TIPU IIEPBOM CIIOCOOE OTMEIBaHUSA B 1,6 pasa mo
CPAaBHEHHUIO CO 3HAUYCHMSIMH IOCIE IKCHO3UIUH
KJIETOK B pacTBope m cocrtaBmsuia 39,9+4,1%, mpu
BTOpOM — B 1,7 paza u coctaBisuia 45,2+1,6% . [Tocne
3aMOpaKUBaHUA-0TOTpeBa 3PPEKTUBHOCT HPUKPETI-
JICHUSI KJIETOK K IOBEPXHOCTH KYJIBTYPaIbHOTO (IIaKo-
Ha B 3HAYUTENIHOM CTETIeHN CHUKAJIACh ITPH UCTIONb-
3oBaHuu kak JIDIIC-1, tak u ASBIIC-2. OnHako
KJIETKH, KPUOKOHCEPBUPOBAHHBIE MO 3aIMUTON
ADIIC-1, nposBisinn OONBIIYIO CIIOCOOHOCTH K
pacIuIacTBIBAHUIO U NPOIH(EepUpOBaIH PH JaIbHEH-
IeM KyJIbTUBHUPOBaHUU. bbisio 06HapysxeHo, 9To pu
OTOTpEBE CYCIEH3UU KIIETOK, KPUOKOHCEPBUPOBAH-
HbIX nof 3amurToi JI2I1C-2, nabmronanock o6pa3zoBa-
HUE MEJKUX KPUCTAIJIOB JIbJa.

[Ipu KoOMOMHUPOBAHNY PA3IUIHBIX KOHIIEHTPALIUI
9T, 1,2-I1/1 u caxapo3sl B mpucytctBun 10% JIMCO
ObUIN OTIpeIeTICHbl CMECH KPUOTIPOTEKTOPOB, B KOTO-
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of standard plastic cryovials is substantial for the
development of cryopreservation protocols for cell
suspensions. At the same time data concerning the
application of standard plastic cryovials for the
vitrification of cell suspensions was not published for
the present moment.

The solutions DEPS-1 and DEPS-2 were selected
for the vitrification of cell suspensions. The exposure
of fibroblast-like cells to the solutions DEPS-1 and
DEPS-2 resulted in decrease of cell survival and
adhesion compared to control. The same effect of high
concentrations of cryoprotectants required for
vitrification was described in several studies. In [16]
the substantial reduction of osteoblasts viability was
observed after increase of DMSO and 1,2-PD
concentrations to 30%. Studies [22, 23] showed the
decrease of proliferative activity of endothelial cell
line ECV304 after exposure to 45% solutions of
DMSO, 1,2-PD, EG and 2,3-butane diol. The dama-
ging effect of high concentrations of cryoprotectants
takes place due to both their toxicity and osmotical
injury of cells during cryoprotectants addition,
exposure and washing out from vitrification solution.
The drastic change of osmotic pressure on plasma
membrane can be minimized during cryoprotectant
removal by introduction to the washing solution
osmotically inactive, non-penetrating compounds (e.g.
sucrose). Sucrose concentration may vary in wide
range from 0.2 [19] to 1 M [7]. In the present study,
the application of 0.5 M sucrose allowed to achieve
70-78% cell survival after exposure to the vitrification
solution with both methods of cryoprotective medium
removal.

The cell survival after exposure to the DEPS-1 and
DEPS-2 solutions decreased in the same manner. The
determination of this index after freeze-thawing
allowed to reveal the important difference in eftecti-
veness of studied solutions. The cell survival after
freeze-thawing in DEPS-2 decreased for 30% in
comparison with survival after exposure. At the same
time the survival was not changed in case of DEPS-1
application. The decrease of the survival in DEPS-2
group was the result of crystallization during samples
thawing possibly due to the destabilisation of
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pPBIX TIpH OBICTPOM 3aMOpPaKUBAHUHU U OTOTPEBE B
IJTACTUKOBBIX KPHOTIPOOMPKaxX HE pa3BUBaJIach KPHC-
Tajunu3anus. Bornpoc o mpuMeHeHHH CTaHIapTHBIX
IUTACTUKOBBIX KPUOTIPOOHPOK SABISETCS CYIIECTBEH-
HBIM IIpHU pa3paboTKe MPOTOKOJIOB KPHOKOHCEPBUPO-
BaHUA A CyCleH3W#l kieTok. OQHAaKo JaHHBIE O
MPUMEHEHNH TUTACTUKOBBIX KPUOTIPOOUPOK IS BUT-
pudurKanyy cycrieH3ui KJIETOK B IUTEpaType OTCYTCT-
BYIOT.

PactBopet JIDIIC-1 u JIDIIC-2 Obuin 0TOOpaHbBI
JUTSL TIOCJIEYIONIMX SKCIIEPUMEHTOB 0 BUTpH(DUKA-
UM CYCIICH3UH KJIETOK. JKcro3unus hudbpobdracto-
MoI00OHBIX KIIeTOK B pactBopax JIDIIC-1 u JDIIC-2
MPUBOJWIIA K CHIKEHHIO COXPAaHHOCTH M CIOCO0-
HOCTH KJIETOK K aJT€3HUH1 110 CPABHEHUIO C KOHTPOJIEM.
[TonoOGHbIH 3P QEeKT BBICOKMX KOHLEHTPALUH KpHO-
MPOTEKTOPOB, HEOOXOAUMBIX A BUTPU(DUKALHH,
omucaH B psze pador. Tak, B pabote [16] oTmeuanoch
3HAUYUTEILHOE CHIDKEHHUE KU3HECTIOCOOHOCTH OCTEO-
OnactoB mpu noBblIeHUN KoHueHTpauun JMCO u
1,2-I11 mo 30%. B paborax [22, 23] moka3aHo CHH-
XKeHue npoiudepaTHBHOIN aKTUBHOCTH YHJIOTEITUAIb-
Heix kietok guanu ECV304 mocie SKCIo3unuu B
45%-x pactBopax JAMCO, 1,2-IT1, OI" u 2,3-6yTan-
muona. [ToBpexaaromee nelicTBHE BEICOKUX KOHIICH-
Tpamui KPUOMPOTEKTOPOB OOYCIOBJIEHO KaK HMX
TOKCHYHOCTBIO, TAK 1 OCMOTHYECKHUM MTOBPEKACHUEM
KJIETOK Ha 3Tamax 100aBlieHUs KPUOIPOTEKTOPOB,
9KCIIO3ULMH C HUMH, a TaK)Ke Ha dTare OTMbIBaHHS
OT BUTpUHLIHPYIOIIErocs pacTBopa. Pe3koe n3mene-
HUE€ OCMOTHYECKOTO JaBJIECHHS Ha MIa3MaTHYECKYyIO
MeMOpaHy Ha 3Tarle yaaleHHs KPHOIIPOTEKTOPOB MOX-
HO YMEHBIINUThH BBEICHUEM B OTMBIBOYHBIA PacTBOP
TaKAX OCMOTHYECKH aKTHBHBIX, HEMPOHUKAIONINX B
KJIETKY CO€IMHEHUH, Kak caxapo3a. IIpu aToM KoHIIeH-
Tpamusl caxapo3bl MOXKET BapbUPOBATh B HIMPOKHX
npenenax: ot 0,2 [19] no 1 M [7]. B nactosiuei padote
npumeHenne 0,5 M caxapo3bl O3BOIHIO TOOUTHCS
COXPaHHOCTH KJIETOK Ha ypoBHE 70-78 % mocie 3Kc-
MO3ULUHU B BUTPUPULUPYIOIMINXCS PAacCTBOpPax HpH
000uX croco0ax OTMBIBaHUS KPHO3AIUTHON CPE/bl.

CoXxpaHHOCTh KJIETOK NOCJIE 3KCIO3UIUU B
pactBopax JAJIIC-1 u J3IIC-2 cHuxkanace onuHa-
koBO. OnpeiesieHne 3TOro NoKasarelid ocie 3aMmopa-
XKUBaHHUI-OTOTPEBA MO3BOJUIO BBISIBUTH CYILECT-
BEHHYIO pa3HHIy B 3()(HEKTUBHOCTH HCCIEIYEMBIX
pactBopoB. Ecnu mocne 3aMopaKuBaHUSA-OTOTPEBA B
JOIIC-2 coxpaHHOCTb KJIETOK CHIKaigach Ha 30% 1o
OTHOIIIEHUIO K MOKA3aTEeII0 MOCje IKCIO3UIINH, TO B
JOIIC-1 — He m3mensack. CHIDKEHUE COXPAaHHOCTH
B JIOIIC-2 mponcxoauT 3a cueT KpUCTAITH3AIIH IPU
oTorpeBe 00pasLoB, YTO MOXKET OBITH 00YCIIOBICHO
nectabuin3anueil aMopQHOTO COCTOSHUS B PE3yJib-
Tare pasBeneHus pactsopa IOIIC-2 npu ageruapa-
Tanuu Ki1etok. Kpome Toro, KneTku u ux gpparMeHTs
MOTYT BBICTYHaTh B Ka4eCTBE LIEHTPOB KPHCTAJIIHU-
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CoxpaHHOCTH (PHOPOOIACTONONOOHBIX KIETOK MOCTE KC-
MO3MIUH B BUTPH(HUIIMPYIOIIEMCs] pacTBope (a) U mocie-
JIYIOIIEro 3aMopakuBaHusi-otorpesa (0) (n=8): [1— nepBblii
CrIoco0 OTMBIBaHUS OT KPHOTIPOTEKTOPA; [l — BTOPOH Cr1oco0
OTMBIBaHHUS OT KpUONPOTEKTOPa; # — p<0,05 1o OTHOLEHUIO
K 3HaUEHHMIO [T0KA3aTeJIs [IPH MIEPBOM CIIOCO0E OTMBIBAHNUS;
* — p<0,05 110 OTHOIICHMIO K 3HAYECHHUIO [TOKA3aTeNs MoCe
skcno3uuuu; + — p<0,05 Mo OTHOLIEHHIO K 3HAYECHUIO
MoKa3arelisi Mocie KPUOKOHCEPBUPOBAHUSI T1OJ1 3aLIUTON
JODIIC-1.

The survival of fibroblast-like cells after exposure to the
vitrification solution (a) and following freezing-thawing (b)
(n=8): O first washing-out procedure; ll— second washing-
out procedure; # — p<0,05 in comparison to the index for
first washing out procedure; * — p<0,05 in comparison to
the index after exposure; + — p<0,05 in comparison to the
index after cryopreservation under DEPS-1 protection.

amorphous state by dilution of solution DEPS-2 during
cell dehydration. Moreover cells and its frag-ments
could play role as the centers of crystallization. The
higher total molar concentration as well as higher
concentrations of EG and 1,2-PD in DEPS-1 solution
allowed to exclude crystallization in the presence of
cells. The obtained data showed that cell injury after
the application of DEPS-1 was the result of toxicity
of solution components, required for vitrification,
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3anuu. bosee BrICOKast cyMMapHas MOJISIpHAs KOHIICH-
TpaIs, a Takke O0ojee BRICOKHE KOHIeHTpanuu DI
n 1,2-I1]] B coctae pactBopa JADIIC-1 no3soauan
HCKIIIOYUTh KPUCTAUTU3ALINIO B IPUCYTCTBUU KIIETOK.
[TonyueHHble pe3yabTaThl CBUACTENBCTBYIOT O TOM,
YTO MOBPEXJCHHUE KJIETOK INPHU UCIOJb30BaHUU
JOIIC-1 00ycnoBiIeHO B OCHOBHOM TOKCHYHOCTBIO
KOMITOHEHTOB PacTBOPa, HEOOXOIUMBIX [T BATPH(H-
Karuy, a npu ucnoib3oBannu JOI1C-2 kak TokcHy-
HOCTBIO PacTBOPA, TaK ¥ MOBPEXKIAIOLTIM BO3IEHCT-
BHEM KPHUCTAJIU3AINN Ha 3Tale 3aMOpaKMBaHUA-
OTOTpEBA.
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while after the application of DEPS-2 it was
additionally enhanced by the damaging action of
crystallization during freeze-thawing.

Conclusion

Therefore the determined mixes of DMSO, EG,
1,2-PD and sucrose prevented ice crystal formation
during rapid cooling and thawing and allowed to save
in great extent the viability of fibroblast-like cells. The
obtained results showed the availability of vitrification
for cryopreservation of fibroblast-like cells and may
be used as the base for the development of cryopreser-
vation method for tissue-engineered constructions.
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