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PedepaT: OkcnepumeHTanbHO nokasaHa BO3MOXHOCTb 3aMeHbl CbIBOPOTKU KPOBW B CpeAax Ans KPMOKOHCEPBUPOBaHUSA Mne-
peBMBaeMbIX Knetok Ha metunuennonosy (ML). Hanbonee Bbicokne nokasaTenu COXPaHHOCTM KMETOK Mocre 3amMopaXuBaHUS-
oTorpeBa obecrneuyuBano Mcrnonb3oBaHWe B cpefe KOHcepBupoBaHusa kombuHaumm ML c aumetuncynsdokcugom (AMCO) B
KoHueHTpaunsax 0,1 n 5% cooTBeTcTBeHHO. [locne 3amopaxuBaHusi-oTOorpeBa B cpefe, codepxaslen MLl n He BknovaBLluen
OMCO, konnyecTBO COXPaHHbIX KMETOK CYLLECTBEHHO CHuxanocb. KneTku, npeaBapuTenbHO KynbTuBMpoOBaHHble B cpede ¢ 0,5%
amMbpuoHansHon cbiBopoTkn (BC) u 0,1% ML, nokasanu ny4ylwy COXPaHHOCTb NOCNe 3aMopaxuBaHUs-oTorpeBa B 6ecchbl-
BOPOTOYHOW Cpefe MO CPaBHEHMIO C KreTkamu, npeaBapuTenibHO KynbsTMBUMPOBaHHbIMU B cpefde ¢ 10% OC.

KnioyeBble crnoBa: nepeBmBaemMble KNeTKU, KPMOKOHCEPBMPOBaHWe, 3aliMTHaa cpeda, MeTurnuennionosa.

Pechepat: EkcnepumeHTanbHO NokasaHa MOXIUBICTb 3aMiHWM CMPOBATKN KPOBi B cepefoBumLLax ANs KPiOKOHCEPBYBaHHS KNIiTUH,
Lo nepesBuBaloTbcs, Ha MeTunuentonody (ML). Hainbinblw BUCOKI NOKa3HUKM 36epexXeHOCTi KMiTUH MiCrsi 3aMOpOXYyBaHHS-BiAirpisy
3abe3neyvyBarno BUKOPUCTaHHSA cepeaoBULLa KOHCEPBYBaHHs 3 kombiHauieto ML, i3 gumeTtuncynsdgokecugom (QMCO) B koHLEHTpaLisix
0,1 n 5% BignogigHo. Micna 3amopoxXyBaHHA-BIAIrpiBy B cepenosulli, sike mictuno ML i He mano OMCO, kinbkicTb 36epexeHux
KNiTUH iCTOTHO 3HWXyBanacs. KnituHu, ski 6ynu nonepeaHbo KynbTuBOBaHi B cepeposulli 3 0,5% embpioHansHoi cuposaTku (EC)
i 0,1% ML, nokasanu kpally 36epexeHiCTb NiCns 3amMopoXyBaHHA-BIAiIrpisy B 6e3crpoBaTKOBOMY CepefoBWLLi B MOPIBHSAHHI 3
KniTMHamu, ki 6ynn nonepeaHbO KynbTUBOBaHI B cepeposuLli 3 10% EC.

KnroyoBi cnoBa: knituHu, siki nepeBnBaloTbCH, KPIOKOHCEPBYBAHHS, 3aXUCHe cepeaoBuLLe, MeTunuentonosa.

Abstract: There was experimentally shown a possibility to replace blood serum for methylcellulose (MC) in the media for
cryopreservation of inoculated cells. Combination of 0.1% MC with 5% dimethyl sufoxide (DMSO) in the preservation media provided
the highest indices of post-thaw cell survival. Freeze-thawing of cells in the medium contained MC, but without DMSO resulted in a
significant reduction of survived cells. The cells, which were pre-cultured in the medium with 0.5% fetal serum (FS) and 0.1% MC,
showed higher survival post freeze-thawing in serum-free medium comparing to the cells, which we pre-cultured in the medium with

10% FS.
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CoBpeMeHHBIE IPOTOKOIIBI KPHOKOHCEPBUPOBAHHSA
IIepeBUBAEMBIX KJIETOYHBIX KYJIBTYp MpeaycMmar-
PHUBAIOT BBEJICHUE B COCTaB KOHCEPBUPYIOLIEH Cpebl
KpUONIPOTEKTOPOB U CBIBOPOTKH KpoBH [4, 5]. CpIBO-
POTKa KPOBH SIBIISIETCSI TAKXKE 00sI3aTEIbHBIM KOMIIO-
HEHTOM POCTOBBIX CPEJ ISl KyJIGTUBUPOBAHUS Kile-
TOYHBIX KyNbTyp [2, 5]. KpuokoHcepBUpOBaHHbIE
KJIETOYHBIE KYJIBTYpBl BCE IIHMPE MCHOJB3YIOTCA B
MEIUIIMHE U OMOTEXHOJIOTHIECKUX mporieccax [1, 4].
B cBs13u ¢ TeM, 4TO CHIBOPOTKA KPOBU MOKET COJIEP-
KaTb PsiJl KOMIIOHEHTOB, BAPbUPYIOLIUX MO0 HATHUYHUIO

OTaen A0NroCPOYHOrO XpaHeHusi Broniormyecknx o6BHEKTOB NpU HUS-
KMX TemnepaTypax U Kpuomukpobuonorum u otaen kpuobuonoruu
cuctembl penpoaykuuun, MHCTuTyT npobnem kpuobuonoruu n
kpromeanumnHel HAH YkpauHbl, . XapbkoB
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inoculated cells, cryopreservation, preservation medium, methylcellulose.

Current protocols for cryopreservation of inocula-
ted cell cultures involve the introduction of cryopro-
tectants and blood serum into preservation medium
[4, 5]. Blood serum is also a mandatory component
of growth media for culturing the cell cultures [2, 5].
Cryopreserved cell cultures are increasingly widely
used in medicine and biotechnological processes [1,
4]. Since the blood serum can contain the range of
components with concentration varying from batch
to batch (immunoglobulins, various proteins and biolo-
gically active substances, infectious agents etc.) the
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Y KOHIIEHTPAIMU B Pa3HBIX MApTUAX HU3TOTOBIECHUS
(MMMyYHOTIIOOYTMHBI, pa3IUYHbIe OeNIKK U OUOJIOTH-
YEeCKH aKTHBHBIC BELIECTBA, MH()EKINOHHBIE areHThI
U T.11.), TproOpesia akTyalbHOCTh IpobieMa pa3pador-
KH TIpenaparoB Ui KJIETOYHOW Tepamuul C HCIIONb-
30BaHUEM OECCHIBOPOTOUYHBIX CPEI.

Buumanune uccnenoBatenell NpuBIeKiIa BO3MOX-
HOCTb 3aMEHBI CBIBOPOTKH KPOBH B COCTaBE KOHCEPBH-
pytorieit cpensl Ha MeTrieuToo3y (ML) —rerepo-
TeHHBIN TIOJIMMED C BEBICOKOMETHIIMPOBAHHBIMHU THIPO-
(0oOHBIMU y4acTKaMU M HU3KOMETHJIMPOBAaHHBIMU
ruapoguIbHEIME 30HaMH. BogHbie pacTBopsl MI]
00J1a/1a10T CITIOCOOHOCTHIO K CO3JJaHHIO TeTIe00pa3HOi
CTPYKTYpHI B pactBope [14]. lnsg atoro monmmmepa
XapaKTepHBl TOCTYIHOCTh, HU3Kas CTOMMOCTb, OHO-
COBMECTHUMOCTB, Ononerpaganusi OObIYHBIMU METa-
00MMYEeCKUMU Ty TSIMH, OTCYTCTBHE UIMMYHOTE€HHOCTH,
OTPHUIATENFHOTO JACHCTBHS Ha aire3uo U nponnde-
paluIo KJIETOK, a TaKXKe CXOJCTBO C HaTypalbHBIM
SKCTPaLEIUIIONSAPHEIM MaTpukcoM [15]. Metunuen-
JIF0JI03a IPUMEHSAETCA B BUJE OMOJOTHYECKH HEHT-
pansHOTO Teist (B koHnentpanuu 1,0-3,0%) xak mar-
pHLa 115 KyJI6THUBUPOBAHHS HOPMAJIBHBIX U OITyXOJIe-
BBIX KJIETOK B TKaHEeBOW MHkeHepuu [12]. YcraHoB-
neHo, yro M1 B konniearparnmu 0,1% npu BBeaeHNnH B
COCTaB KYJIBTYpaIbHBIX O€CCBIBOPOTOYHBIX CPE]] CTIO-
COOCTBYET MOBBILICHUIO YCTOMYHUBOCTH MEMOpaHBI
KJIETOK K MEXaHWYECKUM CTpPECCaM U CTUMYJIHPYET
nposudeparturo kietTok [2, 10, 13]. Ilokazana Bo3MOXx-
HOCTh TIpuMeHeHuss ML B KoMOWHAIIUN C TUMETHII-
cynsporcugoMm (AMCO) amst KpHOKOHCEPBUPOBAHUS
MEPEBUBAEMBIX KJIETOUHBIX KYJBTYp, KyJBTHBHpYE-
MBIX B CBOOOTHOM OT CBIBOPOTKH cpere [3,11], mepBud-
HBIX KYJNBTYyp acTporuToB [17], Me3eHXUMaIbHBIX
CTBOJIOBBIX KIJIETOK desioBeka [16].

Ha ocHOBaHMM BbIIECKa3aHHOTO LEIBbIO PabOTHI
OBLIO N3YYEeHHE COXPAHHOCTH NIEPEBUBAEMBIX KIETOK
rocje KpUOKOHCEPBHUPOBAHUS B O€CCHIBOPOTOYHOU
cpene, coneprxamieit ML B pa3HbIX KOHIIEHTpaLHX.

Martepuajbl 4 MeTOABI

UccnenoBanns mpoBOAWMIN C TPeMs KyIbTypaMu
MepEeBUBAEMBIX KJIETOK: MBIIMHBIME PprOpoOIacTamMu
muand 1929 u nByms cyONMHUSIMU 3TUTETHATBHBIX
KJIETOK mo4KH 3MOproHa ceunabu CI19B-5, CIT9B-0,5.
®ubpobdmactel muauu L929, momydyeHHbIe U3 KOMIeK-
uuu MuctutyTta Bupyconoruu uM. J[. M. IBanoBckoro
PAMH (Mocksa), kynsTUBUpOBaH B cpeae 199 ¢
nobasienneM 10% smOpruonanbHOU chiBOpoTKH (DC)
KpYTHOTO poraToro ckora («bnomor», Poccust). Knet-
ku CIIDB-5, nonyuennsie u3 xonanexkuuu HHIJ
«MOKBM» YAAH (XapbkoB), BEIpAIIMBaIH B Cpese
199 ¢ noGasnenmem 5% DC. CyOnuHUS KIETOK
CIIBB-0,5, agantupoBanHas K pocty B cpeae 199 ¢
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issue of developing the preparations for cell-based
therapy on the base of serum-free media is signifi-
cant.

Methylcellulose (MC), heterogenic polymer with
highly methylated hydrophobic regions and lowly
methylated hydrophilic zones attracted the attention
of researchers as a possible alternative for blood se-
rum in the preservation medium. Aqueous solutions
of MC are able to form gel structures in the solution
[14]. This polymer is characterized by availability, low
cost, biocompatibility, biodegradation by common
metabolic ways, absence of immunogeneity, negative
effect on cell adhesion and proliferation as well as
similarity to natural extracellular matrix [15]. Methyl-
cellulose is applied as biologically neutral gel (in
concentration of 1.0-3.0%) being a matrix for culture
of normal and tumor cells in tissue engineering [12].1t
was revealed that MC of 0.1% concentration added
into the culture serum-free media contributed to the
rise in cell membrane resistance to mechanic stress
and stimulated cell proliferation [2, 10, 13]. The pos-
sibility of using MC combined with dimethyl sulfoxide
(DMSO) was reported for cryopreservation of inocu-
lated cell cultures cultured in serum-free medium [3,
11], primary cultures of astrocytes [17], human me-
senchymal stromal cells [16].

In view of the above, the research aim was to
study the survival of inoculated cells after cryopre-
servation in serum-free medium containing MC in
different concentrations.

Materials and methods

The investigations were performed with three
cultures of inoculated cells: murine fibroblasts of
L929 line and two sublines of epithelial cells of
porcine embryo kidney SPEV-5, SPEV-0.5. Fibro-
blasts of L929 line obtained from the collection of
the Ivanovsky Institute of Virology of the Russian
Academy of Medical Sciences (Moscow, Russia)
were cultured in medium 199 with 10% fetal bovine
serum (FBS) (Biolot, Russia). Cells of SPEV-5 line
obtained from the collection of the Institute of Expe-
rimental and Clinical Veterinary Medicine of the Na-
tional Academy of Agricultural Sciences (Kharkov,
Ukraine) were grown in medium 199 with 5% FBS.
Cell subline SPEV-0.5 adapted to the growth in me-
dium 199 with 0.5% FBS and 0.1% MC was pre-
viously derived by us [3, 8]. Cell adaptation was
performed by stepwise decrease of FBS concent-
ration in culture medium by 0.5-1%. Each decrease
of FBS concentration was carried out following 6-
10 passages. Concentration of MC during adapta-
tion period was 0.1%. Cell cultures were grown in
glass cultural flasks of 0.2 1 volume (area of culture
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0,5% 3C u 0,1% MII, Obu1a oTy4YeHa HaAMU paHee
[3,8]. s amanTanyy KJIETOK HOATATHO CHUYKAIN KOH-
neHTpanno 3C B KynbTypanbHOU cpene Ha 0,5-1%.
[Ipu kax oM CHIKEHNH KoHLeHTpayy OC mIpoBoIH-
nock 6—10 maccaxeii. Konnentpanus ML B Teuenne
amantanmuu cocrasisia 0,1%. Kinerounsie KyapTypsl
BBIPAILIUBAIN B CTEKIITHHBIX KyJIbTypalbHBIX (hIIaKo-
Hax o6pemom 0,2 11 (TITomIa s KynbTypaibHO ITOBepX-
moct 43 cm?). KieTounsle KynbTyphl IepeceBaIn
gepe3 2—3 CYTOK mociie 00pa30BaHUsA B KyJIETypallb-
HBIX (pr1akoHax KOH(IHOIHTHOTO MOHOCHOs. [loceBHas
no3a Bo ¢umakon cocrasisaa (0,8-2,0)x105 ki/mi.
Knerkn muanii L929 u CII9B-5 cMbIBanu co crekia
cmechio 0,25%-ro pactBopa tpuncuna u 0,02%-ro
pactBopa Bepcena (06a pacTBopa monaydeHbl U3
I'YIIUIIBD um. M.II. Uymaxosa PAMH, Poccus) B
cootHomeHuu 1:4—1:5, a kierku nmuanu CI19B-0,5 —
0,02%-m pactBopoM Bepcena. Xapakrtep v JTUHAMUKY
(hopMupOBaHUS KIETOYHOTO MOHOCIIOSI KOHTPOJIUPO-
BaJli BU3YaJbHO C UCTOJIH30BAaHNEM WHBEPTHPOBAH-
Horo mukpockona bBUOJIAM I1I-1 (JIOMO, Poccus).

Pactop ML B kontenTparuu 2% (MIL[-100, OAO
«YconbeXumrpom», Poccust) npeaBapuTebHO TOTOBU-
J1 Ha pocToBoi cpene 199: HaBecky cyxoit M1 crepu-
nm30Baiy B aBTokase 20 MuH npu 121°C, pactBopsinu
B cpene 199, nepemernBany, OCTaBIIsIM HA CYTKU IPU
KOMHATHOH TeMIlepaType, 3aTeM (IaKOHBI TOMEIIATH
B xonoquiibHUK (4°C) mo momHoro pactBopeHust ML,
OtoT pactBop MII BHOCHIN B KOHCEpPBUPYIOIINE
cpenbl 10 KOHeUHBIX KoHTleHTparuit 0,1 u 1,5%.

Koncepsupyrormue cpeasl TOTOBUIN Ha OCHOBE
cpensl 199, B kotopyto godasmsimu JIMCO, 3C u M1
B CIEAYIOIMMX KOHIICHTPAIUSIX U KOMOMHAIUAX: 5%
JIMCO + 5% 3C; 5% AMCO + 0,5% 9C; 5% AMCO +
0,1%MILL; 5% AMCO + 1,5% MIL; 5% AMCO +
1,5% MLJ; 0,1% MILL; 1,5% MLI; 5% AMCO. Onun
oOpasel] KJIETOK, KOHCEpPBUPYEMBIX B cpene 199 ¢
nobasnenuem 5% JIMCO u 0,1% MII, nepen BHe-
CEHHUEM B Cpelly KOHCEPBHUPOBAaHHUSA IBAXKIbl OTMBI-
BaJIA OT POCTOBOM cpenbl. OcTanbHBIe 00pa3ibl Kite-
TOK ocakaany nentpudyruposanuem (1500 g) B Teue-
uue 10 MUH 1 IEpeHOCHITN B KOHCEPBUPYIOIINE CPEIBI
0e3 OTMBIBaHMUS.

KreTounsie cycrnieH3nn BHOCHIIN B KpHOTIPOOHUPKHU
(«Nuncy, [Janus) ¢ pabounm odosemom 1 mit. O6pas-
LBl 3aMOPAKUBAJIM B TPOrPaMMHOM 3aMOpaKuBaTesie
(«Cryosony», I'epmaHns) co CKOPOCTBIO OXJIAXKIEHUS
1 rpan/mun go —40°C, 3aTeM MOTpyXajlu B KUAKHHA
azot. Ilocne xpanenust npu —196°C B Teuenue 4-x
Mecs1eB 00pa3Lbl OTOrpeBajl Ha BOASHON OaHe MmpH
37°C. [And ynaneHus cpepl KOHCEPBUPOBAHUS K KIIET-
KaM II0CJI€ Pa3MOpPaXKUBaHUsI MEIUIEHHO 100aBIIsIN
cpeny 199 B koneunom cootHormennu 10:1. [Tocie sTo-
'O KJIETKU OCAX AN LEHTPUPYTUPOBAHUEM U OCAOK
pecycneHupoBaI B 1 Mil cpenbl KyJbTUBUPOBAHMS.
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surface was 43 cm?). Cell cultures were reinocu-
lated in 2—-3 days after formation of confluent mono-
layer in cultural flasks. Seeding dose in flask made
(0.8-2.0)x10° cells/ml. L.929 and SPEV-5 cells were
detached with the mixture of 0.25% trypsin solution
and 0.02% Versen solution (both solutions were
obtained from the Chumakov Institute of Poliomyelitis
and Viral Encephalitides of the Russian Academy of
Medical Sciences, Russia) in 1:4—1:5 ratio, and the
cells of SPEV-0.5 line were detached with 0.02%
Versen solution. Character and dynamics of cell mo-
nolayer formation were imaged with inverted micro-
scope BIOLAM P-1 (LOMO, Russia).

MC solution of 2% concentration (MC-100, JSC
Usoliekhimprom, Russia) was preliminary prepared
in growth medium 199: weighed portion of dry MC
was sterilized in autoclave for 20 min at 121°C,
dissolved in medium 199, agitated, left for 24 hours
at room temperature, then the flasks were placed in
the freezer (4°C) until complete dissolution. This MC
solution was added to preservation media to reach
the final concentrations of 0.1 and 1.5%.

Preservation media were prepared on the base
of medium 199 supplemented with DMSO, FBS and
MC in the following concentrations and combinations:
5% DMSO + 5% FBS; 5% DMSO + 0.5% FBS;
5% DMSO + 0.1% MC; 5% DMSO + 1.5% MC;
5% DMSO + 1.5% MC; 0.1% MC; 1.5% MC;
5% DMSO. One sample of the cells prior to intro-
ducing into medium 199 supplemented with 5%
DMSO and 0.1% MC was twice washed from
growth medium. Other cell samples were sedimented
by centrifuging (1500 g) during 10 min and transf-
erred into preservation media without washing.

Cell suspensions were transfered in cryovials
(Nunc, Denmark) with 1 ml handling volume. The sam-
ples were frozen in programmable freezer (Cryoson,
Germany) with the cooling rate of 1 deg/min down to
—40°C, then plunged into liquid nitrogen. After storage
at —196°C during 4 months the samples were thawed
in water bath at 37°C. To remove preservation medium
post thaw the cell samples were diluted with medium
199 in 10:1 final ratio. Thereafter the cells were sedi-
mented by centrifuging and the sediment was re-
suspended in 1 ml of culture medium.

The cell survival was assessed by standard me-
thod of supravital staining with 0.4% trypan blue
solution characterizing the integrity of cell memb-
ranes. Index of survival was calculated as the ratio
of number of non-stained cells to their total number.
In addition we assessed the cell ability to adhere to
the cultural glass and calculated adhesion index, i.e.
relation of number of adhered cells to total number
of cells after 24 hrs of incubation in 0.2 1 cultural
glass flasks [2, 6].
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CoxpaHHOCTP KJIETOK OIpeNessuld CTaHJAPTHBIM
METOAOM CyINpaBHUTaNbHOTO OKpamuBanusa 0,4%-m
PacTBOPOM TPUIIAHOBOT'O CUHETO, XapaKTEPU3YIOIINM
LEJIOCTHOCTh KJIETOYHBIX MeMOpaH. Ilokasarens co-
XPaHHOCTH BBIYUCISUIA KaK OTHOLIEHHE YHMCIIa HEOK-
PAIICHHBIX KJIETOK K UX 001eMy KoJIndecTBy. Taxoke
OLICHUBAJIK COCOOHOCTB KJIETOK a/Ar€3UPOBATh K KyJIb-
TypajdbHOMY CTEKJy U BBIUUCIISIIN MHJEKC aAre3HB-
HOCTH, T. €. OTHOIIIEHHE YNCIIa TPUKPETTNBIITNXCS KIle-
TOK K 00IIeMy YHCIy KJIETOK 4depe3 24 4 MHKyOH-
POBaHHUS B CTEKJIIHHBIX KyJIbTYyPaJbHBIX (hIIaKOHAX
oowvemom 0,2 1 [2, 6].

g cratuctuyeckoit 06pabOTKM JaHHBIX HCTIONb-
3o0Banu naket nporpamMm Microsoft Office Excel 2007,
IIpH CPaBHEHUH CpelHUX — t-kputepuid CThIOAEHTA.
Paznuuus cuntanu gocroBepHeiMu mpu p < 0,05 [7].

Pe3yabTarsl U 00cy:KaAeHHE

[Tocne xpuOKOHCEPBUPOBAHUS KJIETOK JTUHUHN
CII2B-5 u CII3B-0,5 B cpexne, comgepxaieit 5%
JAMCO u 5% 3C, KOMU4ecTBO COXPaHHBIX KIETOK U
WX UH/IEKC aiT€3MBHOCTH HE U3MEHSIINCH (PUCYHOK,
A, B). UHIekc aare3MBHOCTH HATHUBHBIX KJIETOK JI0
IepeBoJia B KOHCEPBUPYIOIIYIO Cpely s JMHUU
CIISB-5 cocrasmsut — (94,8 £ 3)%; as muanu CIIOB-
0,5—(95,7 + 3,1)%. Camxenne xonnentparuu IC mo
0,5% npuBeno Kk yMEHBIIEHUIO KOJINYECTBA COXPAH-
HBIX KJIETOK MTOCJIe KpHOKOHCEPBUPOBaHUS 10 54,6 n
58,3% cooTBeTCTBEHHO. MHIEKC are3uBHOCTH Kile-
TOK JJOCTOBEPHO CHIKAJICS TIOCIIE TIEPEHOCAa MX B CPery,
coaepxaryro 5% JIMCO u 0,5% 3C, a Taxxe nocie
3aMOpaKMBaHUA-OTOTPEBA.

[Tocne 3amenst DC B cpene KOHCEPBUPOBAHHUS Ha
MI] B xoruentparmu 0,1% KomH4ecTBO COXpaHHBIX
knerok CI19B-5 nocne kpuokoHcepBUPOBaHUS YMEHb-
mtoch A0 89,2%, a muauu CIT9B-0,5 — He n3Menu-
sock. UHAEKC aire3uBHOCTH TIOCTIE IIEPEBOAA B CPENY,
coxepxarnyro 5% JIMCO u 0,1% MII, ymeHbIIIIICS
y knetok auauK CIIOB-5 u nanee He m3MeHsIcs y
KJIETOK 00eux JIMHUIA mocie otorpesBa. Korga B oty
K€ Cpely BHECHH KIIETKH, IBaYKABI OTMBITHIE OT POC-
TOBOH CpeJibl, KOMMYECTBO COXPAHHBIX KIETOK JINHUU
CII9B-5 ymeHpmMiIochs nocie KpHOKOHCEPBUPOBAHUS
1o 84,2%, a muauu CIIDB-0,5 — HE M3MeHnIOCh. Y
OTMBITHIX Ki1eTOK TuHun CI19B-5 mocie kpuokoHcep-
BHPOBAHMS B 3TOH CpeJie MHAEKC aare3uBHOCTH CHH-
xkancs. B cpene, conepxameit 5% IAMCO u 1,5%
ML, xonuuecTBO cOXpaHHbIX KiIeToK JJuHNU CII9B-5
OCJIe KPHOKOHCEPBUPOBAHHS COCTaBHIIO OKOJIO 68%,
maun CII9B-0,5 — oxono 80%. Y ki1eTok o0eux ju-
HUH ITOCJIE TIEPEBO/Ia B CPey KPMOKOHCEPBUPOBAHUS
WHJEKC aJre3UBHOCTH CHUXKAJCH, & Y KIETOK JIMHUN
CII9B-5 mociie 3aMOopaKWBaHHUSI-OTOTPEBa HAOIIO-
JTAJIOCH €0 TOTIOJTHUTENHFHOE CHIKEHHE.
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For statistical data processing we used Microsoft
Office Excel 2007 software, to compare the means
we used Student's t-criterion. The differences were
considered as significant at p < 0.05 [7].

Results and discussion

After cryopreservation of SPEV-5 and SPEV-0.5
cells in the medium containing 5% DMSO and 5%
FBS the number of survived cells and their index of
adhesion were not changed (Figure A, B). Adhesion
index of cells prior to transfer into preservation
medium for SPEV-5 line was (94.8 = 3)%; for
SPEV-0.5 it made (95.7 &+ 3.1)%. After decrease of
FBS concentration down to 0.5% the number of
survived cells post thaw lowered down to 54.6 and
58.3%, respectively. Adhesion index of cells signi-
ficantly decreased after their transfer to the medium
containing 5% DMSO and 0.5% FBS as well as
after freeze-thawing.

When FBS in preservation medium was replaced
by MC in 0.1% concentration the number of survived
SPEV-5 cells after cryopreservation decreased down
to 89.2%, and the one of SPEV-0.5 did not change.
Adhesion index after transfer into the medium
containing 5% DMSO and 0.1% MC was decreased
in SPEV-5 cells and later it was not changed in the
cells of both lines post thaw. When this medium was
supplemented with the cells twice washed of the
growth medium, the number of survived cells of
SPEV-5 line was reduced post thaw down to 84.2%,
and the one of SPEV-0.5 line was not changed. The
washed cells of SPEV-5 line had a decreased ad-
hesion index after freeze-thawing in this medium. In
the medium containing 5% DMSO and 1.5% MC the
number of survived cells of SPEV-5 line post thaw
made 68%, the one of SPEV-0.5 line was about
80%. The cells of both lines after transfer into cryo-
preservation medium had a decreased adhesion in-
dex, and the cells of SPEV-5 line were observed to
have additional reduction of the index post thaw.

After freeze-thawing of the studied cell cultures
in the media with monocomponent additives of 0.1
or 1.5% MC and 5% DMSO, the number of survi-
ved cells of both lines was lower than in the pre-
servation media with two-component additives. The
survival of SPEV-5 cells after freeze-thawing in the
medium with 5% DMSO was significantly higher if
compared to the media containing MC. Adhesion
index in the cells of both lines was decreased after
transfer into the media with monocomponent addi-
tives, in SPEV-5 cells it was lowered after cryopre-
servation in all the media with monocomponent
additives, and in SPEV-0.5 cells it was in the me-
dium with 5% DMSO.
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CoxpaHHOCTb M MHAOEKC afAre3vMBHOCTU NMepeBuBaeMbiX knetok nuHunm Cr139B-5 (A), CM3B-0,5 (B) n L929 (C) nocne
3amMopaxmBaHusi-oTorpesa B pasnuyHblx cpeaax: Ml — KonmMyecTBO CoXpaHHbIX KNEeTOK Nocne 3aMopaXnBaHMs-0TorpeBsa,
%; O—wuHAaekc aareanBHOCTM KNETOK A0 3aMopaxnBaHust, %; [ —uHaekc agreamBHOCTY KIMETOK NOCIe 3aMOpaXmBaHUsi-
otorpeBa, %. (2) — obpasubl C kKneTkamu, KOTopble ABaXAbl OTMbIBANM nepes nepeBooM B KOHCEPBUPYIOLLYIO CPeay;
* — ypOBEHb OOBEPUTENBHON BEPOATHOCTU PasnUYnin Mexay KONIMYECTBOM COXPaHHbIX KMNEeTOK U MHOeKcamu
aare3vBHOCTU [0 M Nocre KpuokoHcepBupoBaHus, p < 0,05; # — ypoBeHb 4OBEPUTENbHONW BEPOSTHOCTU pasnunyunin
Mexay MHAEKCOM aaresvBHOCTM KIeTOK A0 M Mocrne nepesoga B cpeay KoHcepeupoBaHus, p <0,05.

Survival and adhesion index of inoculated cells of SPEV-5 (A), SPEV-0.5 (B) and L929 (C) after freeze-thawing in diffe-
rent media: Bl - number of survived cells after freeze-thawing, %; O — adhesion index of cells prior to freezing, %; O0-ad-
hesion index of cells after freeze-thawing, %; (2) — samples with the cells twice washed before transfer into preservation
medium; * — the level of significance of differences between the number of survived cells and adhesion indices prior to
and after cryopreservation, p < 0.05; # — the level of significance of differences between the adhesion index of cells prior
to and after transfer into preservation medium, p < 0.05.
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[Tocne 3amopakxuBaHUA-OTOTPEBA MCCIIEyEMBIX
KJIETOYHBIX KYJIBTYP B CPElaX ¢ MOHOKOMITOHCHTHBIMHI
nobaBkamu, coxepxamumu 0,1 u 1,5% MLl u 5%
JAMCO, konM4ecTBO COXpaHHBIX KIETOK 00enX TMHUH
OBII0O HHMXKE, YeM B cpellaX KOHCEPBHPOBAHUS C
JIBYXKOMITOHEHTHBIMHU JToOaBkaMu. COXpaHHOCTB KJle-
Tok JIuHnK CII9B-5 nocne 3aMmopaxuBaHUsA-0TOrpeBa
B cpene ¢ 5% JAMCO Obina CyecTBEHHO BBILIE MO
CpaBHEHMIO CO cpeaamu, coaepxamumu ML Uuaekc
aIre3UBHOCTH Y KIIETOK O0CHX JIMHUI CHIKAJICS TIOCTIE
MepeBoia B CPEIbl C MOHOKOMIIOHEHTHBIMU J100aB-
Kamu, y kieTok tuauu CII9B-5 — mocne kpuokoHcep-
BHUPOBAHUS BO BCEX CPe/laX C MOHOKOMITOHEHTHBIMH
nmobaskamu, a y kietok quaun CI19B-0,5 — B cpene
¢ 5% AMCO.

B skcnepumenTax ¢ kierkamu Jinauu 1929 Obin
MIOJTyYEHBI JAHHBIC, AHATIOTUYHBIC TS KIICTOK JIMHIH
CIIDB-5. Uunekc aare3sMBHOCTH HATHBHBIX KJIETOK
JI0 IEPEHOCA UX B KOHCEPBUPYIOILYIO CpEAy A IUHUU
L929 cocrasnsin 96,5 + 2,3%. Haubomee BrICOKHE TTO-
Ka3aTelld COXPaHHOCTH 3THX KIIETOK 00ecrednBaio
KpPHOKOHCEpPBHUPOBAHUE B cpeze, couepxameit 5%
AMCO u 5% 3C, u B cpene ¢ 5% AMCO u 0,1%
M. [Tocne ymensiienus konueHTpauuu IC 10 0,5%
¥ ToBbITIIeHUS KoHIeHTpamuu M1 1o 1,5% coxpan-
HOCTB KJICTOK ITOCJIC 3aMOPaKUBAaHUS-OTOTPEBA CHU-
anach. [lokazaTenu COXpaHHOCTU KIETOK JIMHUU
L929 nocne 3amopaxuBaHUA-OTOTPEBA B Cpelax ¢
MOHOKOMITOHEHTHBIMH JJ0OaBKaMU OBLIH HUXKE, IeM
B cpeaax ¢ 5% JAMCO u 3C 6o MII. /lanHbIii ToKa-
3aTeNb MOCIE 3aMOPaXKUBAaHUSI-OTOIPEBa B Cpelie C
5% AMCO npeBsiman TakoBo# B cpeaax ¢ 0,1 u 0,5%
MII.

[TomyuenHbIe pe3ynbTaThl CBHACTEIBCTBYIOT O
TOM, YTO AJIsI KPUOKOHCEPBUPOBAHUS KIETOYHBIX
KYJBTYP MOXHO HCIOIb30BaTh MHOTOKOMIIOHCHTHBIE
KOHCEPBUPYIOIIUE cpeabl, B KOTopbix JC 3aMeHeHa
Ha MII. O6s3aTenbHBIM YCIIOBHEM, 00€CTICTHBAIO-
M 3 (HEKTUBHOCTH TAKUX CPE/T ISl KPHOKOHCEPBH-
poBaHus, sBiseTcss Hamuuue B ux cocrase JAMCO.
Ecmu xpuozammutHelii 3¢ dexT cpeapl, coaepxanieit
OC, CHIKAJCSA C YMEHBIIEHUEM KOHIICHTPAIINH ChI-
BOpOTKH € 5 10 0,5%, TO B IPOBEACHHBIX HAMH JKCIIE-
PUMEHTax co cpenaamu, coaepxkamumu ML, on cHu-
JKaJsics 1o Mepe yBenndeHus korrerTpanua M1 ¢ 0,1
10 1,5%.

Mexannu3m kpuozamuTHoro aevicrsust ML mpen-
CTOUT U3y4nTh. MBI nipeanosiaraem, uro MII cBA3bI-
BAeT YacCTh BOJIBI K TEM CaMBIM BIIHSCT Ha MPOIECCHI
KpUCTaJTN3AIMHA BO BHEKJIIETOYHOM pacTBope. Kpome
TOTr0, IPY KyJIETUBUPOBaHNH KieTok uHuu CI19B-0,5
ML, Haxoasasics B cpeae KyJIbTUBUPOBAHUS, BEPOST-
HO, MOKET BEITIONTHSATE POJIb CTPYKTYPHO-MEXaHUUEC-
KOTO Oapbepa W 3aIuaTh KJISTKA OT BHEITHUX BO3-
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In the experiments with L929 cells we have
obtained the data similar to SPEV-5 cells. Adhesion
index of native cells prior to their transfer into pre-
servation medium for L.929 line made 96.5 + 2.3%.
The highest indices of survival of these cells were
provided by freeze-thawing in the medium containing
5% DMSO and 5% FBS and in the medium with 5%
DMSO and 0.1% MC. After decreasing the FBS
concentration down to 0.5% and increasing the MC
concentration up to 1.5% the cell survival after
freeze-thawing was increased. The indices of L929
cells survival after freeze-thawing in the media with
monocomponent additives were lower than in the
media with 5% DMSO and FBS or MC. This index
after freeze-thawing in the medium with 5% DMSO
exceeded the one in the media with 0.1 and 0.5%
MC.

The obtained results attest the fact that it is pos-
sible to use multicomponent preservation media
wherein FBS is replaced by MC for cryopreservation
of cell cultures. An essential condition providing the
efficiency of such media for cryopreservation is the
presence of DMSO in their composition. The cryo-
protective effect of the medium containing FBS was
decreased with the lowering of serum concentration
from 5 down to 0.5%, whereas in our researches it
was decreased with the augmentation of MC con-
centration from 0.1 up to 1.5%.

Mechanism of MC cryoprotective effect is still
to be discovered. We suggest that MC bounds a part
of water and thereby affects the crystallization pro-
cesses in extracellular medium. Moreover, during
culture of SPEV-0.5 cells MC could function as a
structure-mechanic barrier and protect the cells from
external impacts associated with crystallization
processes. The results obtained in the experiments
with the samples of cells exposed to freeze-thawing
after double washing from growth medium indicate
to the favor of this assumption. The molecules of
MC presumably preserved on the surface of cells
prevented cell aggregation due to hydrophilic pro-
perties of MC and contributed to their higher adhe-
sion to the surface of cultural flask. This suggestion
is conformed to the results of Medzon and Merchant
[9] who reported that MC was either on or near the
surface of cells and interacted with mono- and
divalent cations. Before freezing of the washed
SPEV-5 and L1929 cultures the serum from culture
medium was washed-out and did not affect the
following freezing. Peculiarities of MC effect on the
processes of intracellular ice formation and mecha-
nisms of decrease in cell survival followed the in-
creasing the MC concentration in preservation me-
dium are to be studied.
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JIEACTBUH, CBSI3aHHBIX C MPOIIECCaMU KPHUCTAILTU3ALIUH.
B moip3y 3TOrO mMpeanonokeHus CBUACTEIbCTBYIOT
PpE3yNbTaThl, TOJYYEHHBIE B 9KCIIEPUMEHTaX ¢ 00pas-
LIaMH KJIETOK, MOABEPraBIIMMHUCS 3aMOPAKUBAHUIO-
OTOrPEBY MOCJIE JIBYKPATHOW OTMBIBKM OT POCTOBOM
cpensl. [IpenmnonoxureabHO COXpaHUBIIKECS Ha TI0-
BepxHOCTH KieTok CIIOB-0,5 monexynsl M1 3a cuer
CBOUX TUAPO(DHUIBHBIX CBOMCTB MPEOTBPALIAIY arpe-
TaIyio KJIETOK U CII0COOCTBOBAIM UX O0sIee BRICOKOH
aAre3nH K MOBEPXHOCTH KYIBTYpajIbHOTO (prakoHa.
OTO MpEenINoNoKEHNE COTIIACYETCsl C pe3ysbTaTaMu
E.L. Medzon u D.J. Merchant [9], koTopbie moka3anu,
4TO MOJIEKYNbl MI] npHCyTCTBYIOT Ha UM OKOJIO MO~
BEPXHOCTH KJIETOK W B3aWMOJEHCTBYIOT C MOHO- U
JUBaJCHTHBIMU KaTuoHamu. [Ipu 3amopakuBaHuU
OTMBITBIX KynbTyp CIIOB-5 u L929 criBopoTka u3
KYJIBTYpaJIbHOI cpenbl Obljla OTMBITA M HE BIIKsAJIA Ha
MocieAyIoIiee 3aMopakuBanue. Bo3MoXHOCTh BIHSI-
Hus M1 Ha mponeccsl BHYTPUKIETOYHOT'O KPUCTAILIO-
00pa3oBaHMs U MEXaHU3MBI CHIDKEHHUS COXPAaHHOCTH
KJIETOK C yBeJM4YeHUueM KoHleHTpauu ML B cpene
KOHCEPBUPOBAHUS 10 HACTOSIIIETO BPEMEHH He H3yde-
HBI.

BoiBoabI

1. IToka3ana BO3MOKHOCTH 3(PPEKTUBHOTO KPHO-
KOHCEPBUPOBAHUS IIEPEBUBAEMBIX KJIETOUHBIX KYJIBTYP
B 0ECCHIBOPOTOYHOM Cpeie Ha OCHOBE KYyJIbTYPaIbHOI
cpensl 199 ¢ nobasnennem JIMCO u MII.

2. KprozamuTHbele CBOMCTBA Cpeabl ¢ MOHOKOM-
MOHEHTHOW noOaBkoi ML] 3HaUMTENBHO yCTyHaroT
KPHO3aIMUTHEIM CBOWCTBAM CpPEABI, COAEpkKalen
JIMCO u ML,

3. YBenu4ueHune KoH1eHTpanuu ML B kpuo3amur-
HbIX cpenax ¢ 0,1 no 1,5% npuBoaUT K CHUKEHHUIO KO-
JINYECTBA COXPAHHBIX KIETOK.

4. IlpeamecTByioniee KPUOKOHCEPBUPOBAHUIO
KyJIbTUBHPOBaHHNE KIETOK B POCTOBOM cpeze, comep-
xameit ML, cmocoOcTByeT ux Oonee BBHICOKOW CO-
XPaHHOCTH B ITPOIIECCE 3aMOPAXUBAHHA B OECCHIBOPO-
TOYHOH cpeae. MakcUMaabHOE YUCIO COXPAaHHBIX
KJIeTOK O0buT0 TToTydeHo st CII9B cy6muamm 0,5.
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Conclusions

1. It was shown the possibility of effective cryo-
preservation of inoculated cell cultures in serum-free
medium based on medium 199 supplemented with
DMSO and MC.

2. Cryoprotective properties of medium with mo-
nocomponent additive MC were significantly lower
if compared with the ones of the medium containing
DMSO and MC.

3. Increasing the MC concentration in cryopro-
tective media from 0.1 up to 1.5% led to the de-
crease of survived cells number.

4. Cell culture in growth medium containing MC
prior to freeze-thawing contributed to their higher
survival during freezing in serum-free medium.
Maximal number of survived cells was achieved for
SPEV-0.5 cells.
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