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Pedrepat: N3yyanu BnusHne runotepmMmM4eckoro XxpaHeHust M30NMpoBaHHbIX HEPBHBIX KNETOK HOBOPOXAEHHBIX KPbIC B Caxapo3o-
cogepxallem pactsope u conesov cpege DMEM/F-12 B npucyTCTBMM CbIBOPOTKM UMM SKCTPAKTOB MEYEHU/TONOBHOrO MO3ra Ha ux
nosefgeHve B Kynetype. Moka3aHo, 4YTo runotepMmuyeckoe xpaHeHne B DMEM/F-12 ¢ CbIBOPOTKOM MnM 3KCTpaKTamu neyYeHu/ronos-
HOro Mo3ra, a Takke B Caxapo30-COfIeBOM pacTBope 6e3 CbIBOPOTKU MMM C IKCTPaAKTOM FONIOBHOIO MO3ra Mo3BOSsieT COXPaHsAThb
nonynaunn anddepeHLMpoBaHHbIX U CTBONOBbIX/MPOrEHUTOPHBLIX KMNETOK B TeYeHne 2-x cyTok. ['unotepmuyeckoe xpaHeHue 6o-
nee 2-x CyTOK MpPUBOAMWT K rMGenn HepBHbIX KNEeTOK HOBOPOXAEHHbLIX KpbIC. [1pn 3TOM npouecce rmnoTepMrU4eckoro XpaHeHus B
cpege DMEM/F-12 aKkcTpakT ronoBHOro Mosra/meyeHu Hapsigy C CbiIBOPOTKOM yBEMMYMBAIOT MoKa3aTefb BbIXKMBAEMOCTU HEPBHbIX
KNeToK HOBOPOXAEHHbIX KPbIC, @ NPW MMNOTEPMUYECKOM XPaHEHUM B Caxapo30-CcofepKalleM pacTBope 3KCTPaKT rofloBHOro Mo3-
ra okasblBaeT MOMOXUTENbHOE, @ IKCTPaKT NeyeHn oTpuuaTenbHOEe BNUSHWE HA BbKMBAEMOCTb HEPBHbIX KNeToK. [onyyeHHble
pe3ynbTatbl MO3BONSAT yTBEPXAATb, YTO 3KCTPAKTbl MEYEHU W TONOBHOIMO Mo3ra 3(EeKTUBHO 3aMEHSIOT CbIBOPOTKY Mpu
rMNOTEPMUYECKOM XPaHEHUM HepBHbIX Knetok B cpege DMEM/F-12.

KniouyeBble crnioBa: HOBOPOXAEHHbIE KPbIChl, HEPBHbIE KNETKW, 3KCTPAKT FONIOBHOrO MO3ra, 3KCTPaKT NneveHu, rmnotepmmuyeckoe
XpaHeHue, KynbTUBMpOBaHMWE.

Pecbepar: Bvueuyanu BnnuB rinotepMiyHoro 36epiraHHs1 i30rbOBaHNX HEPBOBUX KNITUH HOBOHAPOOXKEHUX LLYPIB Yy Caxapo30BMic-
HOMY PO34uHi Ta conboBoMy cepegosuili DMEM/F-12 3 cupoBaTKOIO 4K eKCTpakTaMu NeYiHK1/rofioBHOMO MO3KY Ha iXHIO NOBEAiHKY
B KynbTypi. MokasaHo, wo rinotepmiyHe 36epiraHHs B DMEM/F-12 3 cupoBaTkoto abo eKkcTpakTaMu MeYiHKU/ronoBHOro MO3Ky, a
TaKoX Yy caxapo30-CONbOBOMY po34uHi 6e3 cupoBaTku abo 3 eKCTpakTOM rofoBHOIO MO3Ky [03Bonsie 36epiratu nonynsuii gude-
peHLioBaHuX i CTOBOYPOBUX/NPOreHITOPHUX KNiTUH NpoTsrom Ginblie 2-x Ai6. FinotepmiyHe 36epiraHHs Ginblie 2-x Ai6 npusBoanTb
0o 3arnbeni HepBOBUX KIMiITUH HOBOHapPOXKeHUX LWypiB. [Mpu ubomy B npoueci rinotepmiyHoro 36epiraHHs B cepeposuiyi DMEM/F-12
E€KCTPaKT rofoBHOr0 MO3KY/MEYiHKM HapiBHi 3 CMPOBATKOK 36iMblUYHOTb MOKa3HUK BUXMBAHOCTI HEPBOBUX KMiTUH HOBOHAPOMKXEHMUX
wypiB, a npu rinotepMmiyHomy 36epiraHHi y caxapo3o0-BMiCHOMY PO34YUHi €KCTPaKT FONIOBHOrO MO3KYy 3AiMCHIOE MO3UTUBHUMA, a
EKCTPaKT NeYiHKM HeraTMBHWIA BMIUB Ha BMXMBAHICTb HEPBOBUX KNiTUH. OgepikaHi pesynbraTtu A03BONSAOTb CTBEPAXYBaTW, LUO
EKCTPaKTU NeYiHKU Ta rofOBHOIO MO3KY 3aMiHIOTb CMPOBATKYy Mpu rinotepmiyHoMy 36epiraHHi HEpPBOBUX KMiTUH Yy cepenoBuLLi
DMEM/F-12.

KnioyoBi cnoBa: HOBOHapOXeHi Lypu, HEPBOBI KNITUHU, EKCTPaKT FONIOBHOIO MO3KY, EKCTPaKT MeYiHKM, rinoTepMivyHe 36epiraHHs,
KYNbTUBYBaHHS.

Abstract: The behavior of isolated neural cells of newborn rats in culture after hypothermic storage in sucrose-based solution
and saline medium DMEM/F-12 in the presence of serum or brain and liver extracts was studied. Hypothermic storage in saline medium
DMEM/F-12 in the presence of serum or liver and brain extracts and sucrose-based solution without serum or in the presence of brain
extract allows to preserve the differentiated and stem/progenitor cells populations for 2 days. The hypothermic storage of cells for
more than this period results in their death. During the hypothermic storage in DMEM/F-12 the brain/liver extracts together with the
serum augment the survival rate for newborn rats neural cells, and under hypothermic storage in sucrose-based solution the brain
and liver extracts cause positive and negative effects, respectively, on neural cell survival. It was found that the brain and liver
extracts allow to effectively substitute the serum during the hypothermic storage of neural cells in DMEM/F-12 medium.

Key words: newborn rats, neural cells, brain extract, liver extract, hypothermic storage, culturing.

B nacTosmiee BpeMs 00JbIIoe BHUMAaHUE YISsIeT-
Cs1 UCCIIEIOBAHUIO HEPBHBIX CTBOJIOBBIX U IPOTEHUTOP-
HBIX KJIETOK Y€JIOBEKa U )XKUBOTHBIX. [Ipu 3TOM, eciiu
SMOPUOHATBHOE Pa3BUTHE HEPBHOM CHCTEMBI YEIIOBE-
Ka ¥ )KMBOTHBIX U3Y4Y€HO T0CTaTO4YHO xopoio [10, 11,
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A great attention is paid currently to investigations
of human and animal neural stem and progenitor cells.
Embryonic development of human and animal nervous
system has been studied quite well [4, 7, 12, 17, 19],
meanwhile, the processes of neuro- and gliogenesis in
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15, 17, 19], To mpoueccel HEWPO- U IITUOTeHe3a B MOCT-
HaTaJIbHOM MO3T€ HCCIEI0BaHbl HE B MOJHOW Mepe.
AZeKBaTHOW MOAETBIO Ui U3YYEHHS MEXaHHU3MOB
caMOBO300HOBJICHUS U AU PepeHInPOBKU MOCTHA-
TAJILHBIX HEPBHBIX CTBOJIOBBIX/IPOT€HUTOPHBIX KIIe-
TOK, a TaKXe JJIsl HCCIeJI0BaHus ocoOeHHocTel (hop-
MHPOBaHHA TKAaHW MO3Ta Y HOBOPOXKIEHHBIX MOTYT
OBITh H30JMPOBAHHBIE KIETKH TOCTHATAIBHBIX HEPB-
HBIX TKaHe# XUBOTHBIX. [y uxX 3G PEKTUBHOTO HC-
MOJIb30BaHUS BaykHA pa3pabOTKa COOTBETCTBYIOIIMX
cnoco6oB xpaHeHus. Yamie Bcero JaHHBIE KIIETKH
XpaHAT MpH HU3KUX TeMIlepaTypax; MOMELICHHE B
TUIMOTEPMHUUYECKUE YCIOBUS MOXET AOTOIHATH WM
OBITH albTEpPHATHBON 3aMopakuBaHuto. s addex-
TUBHOTO runorepmMuueckoro xpanerus (I'’X) neobxo-
JUMO CO3JaHUE€ YCJIOBHUH, MPHU KOTOPBIX HEpPBHbBIE
kinetku (HK) O6ynyT momBepraThbcsi MEHUMAJIbHBIM
MOBpeXACHUSAM. M3BECTHO, YTO JJISI HOPMAIBHOTO
(hyHKITMOHUPOBAHUS KIIETOK BaXKHO X MHKPOOKPY-
JKeHune (pa3HbIe BHIBI KJIIETOK, PaKTOPHI pOCcTa, MOJIe-
KYJTBI aJIT€3UH M BHEKIIETOUYHOTO Marpukca) [7-9, 13].
B npornecce BeiaeneHNs KIETOK MPOUCXOIUT YaCTHI-
Hasl yTpara KOMIOHEHTOB UX MUKPOOKPY>KEHHS, UTO
MOXXET MPUBOANTH K WX MOBPEKACHUIO U THOEIH,
0co0eHHO B rporecce XpaHeHus. MHorue u3 akTopos
MUKPOOKPY>KEHUS COAEPHKATCA B CBIBOPOTKE KPOBHU U
SKCTpaKTax TKaHEeH KUBOTHBIX U ueioBeka [5, 14, 18],
no0aBJIeHHE KOTOPBIX K CpeAaM MOXKET MOBBIIAThH
3¢ (HeKTHBHOCTD XpaHEHUS U30JIMPOBAHHBIX HEPBHBIX
KJIETOK B THIOTEPMHUYECKUX yCIOBHUAX. Vcmonb30-
BaHUE CBIBOPOTKHU COMPSIKEHO C ONMpeaeTeHHBIMU
TPYZHOCTSIMH, CBSI3aHHBIMHU C €€ HMMYHOT€HHOCTBIO
Y MUTOTOKCHYHOCTHIO. BHOJIOTHYEeCKH aKTUBHBIE Be-
LIECTBA, KOTOPHIE COAEPKATCA B IKCTpAKTaX TKaHEH,
UMEIOT Pa3HBbId KaueCTBEHHBIH M KOJINYECTBEHHBIH
cocrtas [1]. [ToaTomMy IpH HCTIONTB30BaHUU SKCTPAKTOB
B Kau€CTBE MCTOYHUKOB, COAEPKAIIUX SIEMEHTBI
MHUKPOOKPYKEHHUS, HEOOXOMMO YYUTHIBATH UX BUIO-
U TKaHEeCTeM(PUIHOCTB.

B cBA3U ¢ BBIIIEU3I0)KEHHBIM LIEJIBIO HACTOSIIIEH
paboThI OBLTO CPABHUTENEHOE UCCIIEAOBAHIE BIMSHUS
JKCTpaKTa TOJOBHOTO MO3Ta, YKCTPaKTa MEYEeHHU
HOBOPOXKICHHBIX KPBIC U CHIBOPOTKH Ha 3P (HEKTHB-
HOCTh TUTIOTEPMUYECKOTO XPAaHEHHS H30JTMPOBAHHBIX
[TOCTHATAIBHBIX HEPBHBIX KJIETOK TOJIOBHOTO MO3Ta
KpBIC.

MatepuaJbl 1 MeTOAbI

HepBHbIe KIIeTKH BBIACISUIN U3 TKaHEH TOIOBHOTO
MO3ra HOBOPOXKJICHHBIX KpbIC. J[J1 3TOro TKaHs Mo3ra
nHKyOupoBanu B 0,25%-M pactBope Tpurcraa 10 MuH
npu 37°C, nepenocuinu B cpeny DMEM/F-12
(«Sigmay, CLLIA), coneprxayto 10% CbIBOPOTKH Kpo-
Bu B3pociubiXx kKpeic (CKBK) u neszarperupoBanu Ha
eIMHUYHbIE KIeTKH. [10oayueHHy0 CyCIIeH3HIO IIPOITyC-
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a postnatal brain are still not fully understood. The
isolated cells derived from newborn animal nervous
tissue may be an adequate model to study the mecha-
nisms of self-renewal and differentiation of postnatal
neural stem/progenitor cells, as well as to investigate
the peculiarities of brain tissue formation in newborns.
Of importance is to develop the appropriate storage
technique for their efficient application. These cells
are most often stored at low temperatures, but storage
under hypothermic conditions may either supplement
or be an alternative way to freezing. For an efficient
hypothermic storage (HS) it is necessary to create the
conditions, when neural cells (NCs) will get only
minimum injuries. The microenvironment of cells
(different cell types, growth factors, adhesion mole-
cules and extracellular matrix) is known to be very
important for their normal functioning [1-3, 10]. During
cell isolation a partial loss of components from their
microenvironment occurs, that may result in their
damage and death, particularly during storage. Animal
and human blood serum and tissue extracts comprise
many of the microenvironment factors [5, 11, 18], and
itis possible to improve the efficiency of isolated neural
cells storage under hypothermic conditions if supple-
menting them into the media. The use of serum is
accompanied with the certain difficulties because of
its immunogenicity and cytotoxicity. The biologically
active substances, containing in tissue extracts have
different qualitative and quantitative composition [6].
Therefore, when using the extracts as the sources,
comprising microenvironmental elements, we should
take their species- and tissue specificity into account.
Proceeding from the mentioned above this research
was aimed to study the effect of the newborn rat-
derived brain extract as compared to that of liver and
serum on the efficiency of hypothermic storage of
postnatal neural cells isolated from rat brain.

Materials and methods

The NCs were derived from newborn rat brain
tissues. For this purpose the brain tissue was incubated
in 0.25% trypsin solution for 10 min at 37°C, then
transferred into DMEM/F-12 medium (Sigma, USA),
containing 10% adult rat blood serum (ARBS) and
disaggregated into single cells. The resulting suspen-
sion was passed through a nylon filter and washed
free of trypsin using 1.5 min centrifugation (100g).
After supernatant removal the cells were resuspended
with medium for HS. The NCs suspension in 40—
50 mIn/ml concentration was stored at 8°C for 1, 2, 3
and 4 days in DMEM/F-12, enriched with 0.6%
glucose solution, 2 mM glutamine, 3 mM sodium bi-
carbonate, and sucrose based solution (SBS) [8], using
10% ARBS and without it. Brain or liver extracts were
supplemented to the serum-free medium for HS in
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KaJu 4epe3 KalpoHOBbIi (PUIIBTP M OTMBIBAJIM OT TPHII-
cuHa ipu 1,5-munyTHOM neHTpudyruposanuu (100g).
[Tocne ynanenust HanOCcagOYHOM )KUIKOCTH K KJIETKaM
nobasismn cpeny s ['X. Cycnensuto HK B kon-
nenTtparpn 40—50 MITH/MIT XpaHWIH IPU TEMIIeparype
8°C B Teuenue 1, 2, 3 u 4-x cytok B cpenie DMEM/F-12,
oboramenHoi 0,6%-M pacTBOpOM TIIOKO3BI, 2 MM
mIyTamuHa, 3 MM GukapOoHaTa HaTpUA U caxapo30-
coneBoM pactBope (CCP) [6] ¢ ucrionp3oBarnuem 10%
CKBK u 0e3 Hee. DKCTpaKT MO3Ta WM HEYECHHU
no0aBisiian B OecchIBOPOTOUHYIO cpeny i I'X B
koHneHTparmu 0,3 mr 6enka/mi. KoHTponeM ciry Kuiu
ceexeBblaeneHHble HK, koTopeie He moaBepramuch
I'x.

Ku3HecrnocoGHOCTh KIIETOK OLIEHUBAJIH 110 TPHIIA-
HOBOMY TecTy [16], a moacyeT Uux KoInuuecTBa mpoBo-
nunu B kamepe [opsesa.

Ceexesineneaabie HK u kinetku mocie I'X kyib-
THBUPOBAJIN B KOHIIEHTparuu 2% 10° ki1/mi B 24-11yHOU-
HBIX MIAacTUKOBBIX MiaHmerax («Corningy», CIIA)
B oOorariennoi cpeage DMEM/F-12 ¢ 10% CKBK
B CO,-unky6arope npu 37°C, B atmoctepe 5% CO,
1 BIaXXHOCTH Bo3ayxa 95%. Cpeny KyJIsTHBHPOBAaHUS
MEHUI Kaxkable 3—4 cyTOK. DKCTPaKThl 100aBISIHN
B cpely KyJbTHBHPOBaHMs cBekeBblAeneHHbIX HK B
koHuentparuu 0,1; 0,2 u 0,3 mr Oemka/mi.

MukpodoTocheMKy KyJIBTYp IPOBOAMIH HA CBETO-
BOM MHBepTUpOBaHHOM MuKpockorne MT3000 («Am-
Scope», CILIA).

JuraMuky 00pa3oBaHNs MOHOCIIOS OIIEHUBAJIH 110
M3MEHEHHIO €T0 Pa3MepoB B Mpollecce KyJIbTUBH-
POBaHUSL.

J1st mpUroTOBNIEHUST SKCTPAKTOB MCIOIB30BAIN
TKaHb TOJIOBHOTO MO3Tra M NMEYEHU HOBOPOKAECHHBIX
KpBIC, KOTOPYIO [TOCIIE U3BJICUEHHU TOMOTEHU3HPOBAIIN
B paBHOM 00beme cpeasl DMEM/F-12 u nentpudyru-
posanu ipu 7000g B Teuenune 10 muH. CynepHaTaHThI
CTEPHIIN30BaJIH, TIPOITyCKasl 4epe3 pUuibTp ¢ AuaMeT-
pom nop 0,22 mxm («Millipor», CLHA). Conepxkanue
Oenmka B AKCTPAKTax ompenesu mo meroxy Jloypu
[12]. Bce MaHUITYASIINH TIO TIOTYYEHHIO SKCTPAKTOB
IIPOBOJIFITH B CTEPHITBHBIX YCIOBHUSX ITPH TEMITEPAType
4°C. DKcTpaKThl XpaHuu npu temmeparype —20°C.

Jna momyaenns CKBK B3pocibix 6ecriopoiHBIX
OeIBIX KPBIC JEKATUTUPOBAIN MO d3PUPHBIM HAPKO-
30M. CoOpaHHYyI0 KpOBb MTOMEIIAIH B XOJIOAWIBHUK
(8°C) na 15 MuH [y1 aKTHBALIUU TPOLIECCOB CBEPTHI-
BaHUs, 3aTeM ee HeHTpudyruposanu npu 1500g B
Tedenne 15 MuH. ChIBOPOTKY CTEPUIIN30BAIIH, ITPOITYC-
Kas uepe3 GuisTp ¢ ruamerpom mop 0,22 mxm («Milli-
pOr»), aMMKBOTUPOBAIM M XPAHWIIU IIPU TEMIIEpAType
-18°C.

Pesynprarel cratuctudeckn ob6padarsiBaim MO
Metony CThIOIEHTa C MCTONBb30BaHUEM HPOTPAMMBI
«Excel» («Microsoft», CILIA).
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0.3 mg of protein/ml concentration. The freshly iso-
lated NCs without HS served as the control.

The viability of cells was assessed by Trypan blue
test [13], and their number was counted in Goryaev’s
chamber.

Freshly isolated NCs and cells after HS were cultu-
red in 2x10° cells/ml concentration using 24-well plastic
plates (Corning, USA) in the enriched DMEM/F-12
medium with 10% ARBS in CO, incubator at 37°C, in
atmosphere with 5% CO, and 95% air humidity. The
culture medium was changed every 3—4 days. The
extracts were supplemented to the culture medium of
freshly isolated NCs in 0.1, 0.2 and 0.3 mg of protein/ml
concentration.

Photomicrography of cultures was performed with
light inverted microscope MT3000 (AmScope, USA).

Dynamics of monolayer formation was evaluated
by changes in its dimensions during culture.

In order to prepare the extracts we used the new-
born rat-derived brain and liver tissues, which were
homogenized after extraction in an equal volume of
DMEM/F-12 and centrifuged at 7000g for 10 min.
Supernatants were sterilized by passing through a filter
with 0.22 um pore diameter (Millipor, USA). Protein
content in extracts was determined by the Lowry
method [9]. All the manipulations on extract derivation
were carried-out aseptically at 4°C. Extracts were
stored at —20°C.

To derive ARBS the adult white outbred rats were
decapitated under ether anesthesia. The collected blood
was placed into refrigerator (8°C) for 15 min to activate
coagulation, and then centrifuged at 1500g for 15 min.
The serum was sterilized by passing through a filter
with 0.22 um pore diameter (Millipor, USA), aliquoted
and stored at —18°C.

The results were statistically processed with Stu-
dent’s t-test using Excel software (Microsoft, USA).

Experiments were performed in accordance with
the General Principles of Experiments in Animals
approved by the 5" National Congress in Bioethics
(Kyiv, 2013) and agreed to the statements of European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

Results and discussion

In experiments we used the freshly isolated NCs
suspension, the viability of which made 26-32%. To
study the efficiency rate of extracts influence we sup-
plemented the culture medium (containing ARBS) with
brain and liver extracts (BE and LE, correspondingly).

As it was shown previously [16], the brain cells,
freshly isolated from newborn rats were the hetero-
geneous suspension, comprising in addition to the finally
differentiated cells, the stem and progenitor ones,
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OKCIIEpUMEHTHI NMPOBOJUIN B COOTBETCTBUU C
«OO0ImMMH TPUHIIATIAMU SKCIIEPUMEHTOB Ha KUBOT-
HBIX», 000peHHbIMU V HalmoHamsHBIM KOHTPECCOM
o 6uoatrke (Kues, 2013) u cormacoBaHHBIMU C TIOJIO-
skeHneM «EBporneiickoil KOHBEHIIMHU O 3alIUTE MO3BO-
HOYHBIX )KHBOTHBIX, HCIIOJIb3YEMBIX IS SKCIIEPUMEH-
TaJIbHBIX W APYTUX Hay4yHbIX menei» (CrpacOypr,
1986).

Pe3yabTarnl u 00cy:xKaAeHHE

B skcneprMeHTax UCTONb30BaIN CBEXKEBbIIEICH-
Hyto cycneHsuro HK, xu3HecnocoOHOCTh KOTOPOH
coctaBisiia 26—32%. Ins usydenus 3¢pGexTHBHOCTH
BIIMSIHUSL DKCTPAKTOB B Cpelly KyJbTUBUPOBaHHSA (CO-
nepxamryro CKBK) moGaBnsiinm skCTpakThl Mo3ra
(BM) u neuenu (OI1).

Kak 6p110 MOKa3aHo paHee [2], cBexeBbIIeICHHBIE
KJIETKH MO3Ta HOBOPOXKACHHBIX KPBIC SIBJISIOTCS Te-
TEPOreHHOH CyCleH3UEeH, B COCTaB KOTOPOW, TOMUMO
OKOHYATENBbHO ¢ (HepeHINPOBAHHBIX, BXOAST CTBO-
JIOBBIE ¥ IPOT€HUTOPHBIE KIETKH, CTIOCOOHBIE ITPOJTH-
dhepupoBath 1 AUGGEPEHIUPOBATHCA B YCIOBHIX
KyJBTUBUPOBAHUS in vitro. B mpouecce KynIsTUBUPO-
BaHuA B npucytctBun CKBK HepBHBIE KIIETKH HOBO-
POXIIEHHBIX KPBIC (DOPMHUPYIOT arperarsl, B KOTOPBIX
BOCCO3/1a€TCsl YTEPSHHOE B MPOLIECCE UX BBIJCIECHUS
KJIETOYHOE MUKPOOKPYKEHHE U IPOUCXOAUT BOCCTa-
HOBJICHHUE KJIETOK. [ I[py 5TOM IJIOTHOCTB yIIaKOBKH KJIe-
TOK B arperarax MO)KeT YBEIMYHMBATHCS M B PE3Yib-
TaTe arperarsl MpeBpamaiTcs B chepouasl. Yactp
arperaroB B MPOIIeCCE KyJIbTUBHUPOBAHUS CIIMBAETCSI.
[Tocrne mpuKpenIeHus K MOATI0KKE KIIETKH arperaToB
HAYMHAIOT MUTPUPOBATH U PaCIUIaCThIBAThCs. Mur-
PHpYIOIIKE KIETKH XapaKTePH3YIOTCS KaK [TIHAIbHOM,
TaK 1 HepoHaJIbHOM Mopdoiorueii. Knetku ¢ Helipo-
HaJIbHOM Mopgonorueii sisisttores B-tyOysm [I-momo-
xutenbHbiMU [2]. [locne oOpa3oBaHUs TIIHATLHBIMA
KJIETKaMU MOHOCJIOS Ha HEM TOSIBIISIIOTCSI HeHpoOac-
Thl ¥ KOJOHWUU HECTHUH/BUMEHTHH-TIOJIOXKHUTEIBHBIX
CTBOJIOBBIX/TIPOTEHUTOPHBIX KJIETOK [2].

IToeenenue HK, koTopble KyJIbTUBUPOBAIIH B CPEJIE,
cozeprkariei JTo0yIo U3 CTIOIb30BAaHHBIX KOHIIEHTpA-
muii OM u 0,1 Mr Oenka/mn DI, He oTIMYAIOCH OT
KOHTPOJBHBIX KJIETOK (Tabim. 1). B pe3ynbrare Kyib-
tuBupoBanus HK ¢ 311 B konmenTparuu 0,2 1 0,3 mMr
Oeika/MIl arperatbl HAYMHAIU TPUKPEIUIATHCS K
MOJUIOKKE MO3KE M0 CPaBHEHUIO ¢ KOHTposeM. [Ipu
3TOM B TEUCHHE BCETO BPEMEHU KyJIHTUBHPOBAHUS K
MTOJITIOKKE MPUKPENIIIOCHh He Oosee 75% arperartos.
B npucytcreun 911 B konuentpanuu 0,2 Mr 6esnka/mi
KOJIOHUH Hegu(pepeHINPOBAHHBIX KJIIETOK Ha MOHO-
cioe He popMHPOBAINCE. B cpene KynbTHBUPOBaHUS
¢ OII B xonnenTparuu 0,3 Mr 6emka/MII KIIETOIHBIHA
MOHOCJOH 3aHuMan He 6oree 50% mromaay moBepx-
HOCTH JIYHKH, TIPH 3TOM HU HEHpoOIacTomoao0HbIe
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capable to proliferate and differentiate under in vitro
culture conditions. During culturing, in the presence of
ARBS the newborn rat-derived neural cells formed
the aggregates, where a cellular microenvironment, lost
during their isolation, was restored and the cell recovery
occured. In this case the density of cell packing in
aggregates might increase and raw aggregates thereby
could transform into spheroids. Some aggregates during
culturing were fused together. After attaching to
substrate the cells of aggregates begun to migrate and
flatten. Migrating cells were characterized by both glial
and neuronal morphology. Cells with neuronal morpho-
logy were B-tubulin ITI-positive ones [16]. After the
monolayer was formed by glial cells, the neuroblasts
and nestin/vimentin-positive stem/progenitor cell colo-
nies appeared on it [16].

The behaviour of NCs, cultured in the medium,
containing any of the studied concentrations of BE and
0.1 mg of protein/ml of LE, did not differ from the
control cells (Table 1). The NCs culturing with LE in
0.2 and 0.3 mg protein/ml concentration resulted in a
later start of aggregate attachment to the substrate, if
compared to the control. In this case, during all the
culture time no more than 75% aggregates attached
to the substrate. In the presence of BE in 0.2 mg
protein/ml concentration no colonies of non-differen-
tiated cells were formed in a monolayer. In culture
medium with LE in 0.3 mg protein/ml concentration a
cell monolayer occupied no more than 50% of surface
area of the well, and no appearance of neuroblast-like
cells and colonies of stem/progenitor cells was obser-
ved (Table. 1).

Based on these data, the concentration of 0.3 mg
protein/ml for BE was established to be the most
efficient in the effect produced on NCs. In further
work we used BE in 0.3 mg protein/ml concentration,
and to control the specificity of BE action the neural
cells were stored at the same concentration of LE.

In experiments on studying the extracts impact on
HS efficiency we used a heterogeneous population of
freshly isolated NCs with the viability of (28.8 +1.2)%,
which were stored in DMEM/F-12 saline medium and
SBS, enriched with BE and LE in 0.3 mg protein/ml
concentration. The ARBS-enriched DMEM/F-12
medium was used as the control. The presence of se-
rum in SBS was previously demonstrated to reduce
the NCs viability during HS [15], therefore we used
here serum-free SBS for storage. The control cells
formed aggregates, the cells of which after attachment
migrated and formed the monolayer, consisting of glial
cells and neurons. Neuroblasts and undifferentiated
nestin-vimentin-positive cell colonies appeared on
monolayer (Table. 1).

Every 24 hrs of storage we counted a total number
of cells and that of non-stained with Trypan blue.
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KJIETKA HU KOJIOHUH CTBOJIOBBIX/
MIPOTEeHUTOPHBIX KJIIETOK Ha HEM HE
MOSBISLTUCK (Tabm. 1).

Ha ocHOBaHWM MOJNYy4YEHHBIX

Ta6nuua 1. BnuaxHue pasHbix koHUeHTpaumi 3N n OM Ha ctagun
KynstuBnpoBaHus HK HOBOpOXOEHHbIX KpbIC

Table 1. Effect of differently concentrated LE and BE at the stage of new-

born rat NCs culturing

JTAHHBIX 6I)IJIO YCTaHOBJICHO, YTO KoHueHTpauua M, mr KoHueHTpauua 31, mr
? Cragun 6enka/mn 6enka/mn
KOHOCHTpausa 0,3 MmMr 6eJIKa/MJI JJIsL kynbTueuposatna HK | Kowtpons BE concentrgtion, mg of LE concentra}tion, mg of
DM Haubonee >ppeKTHBHA B OKa- NC culture Control protein/m! protein/m!
o milestones
3piBacMoM Ha HK nedcTBum. 0,1 0,2 0,3 0,1 0,2 0,3
B nanpHelimer paboTe MBI HC-
Hauano
MoJIb30Ba DM B KOHILIEHTPAIUU npUKpenneHmA
O’3 ML 6CHKa/MH, a JUIsl KOHTPOJISI arperaTtos, CYTKM 1 1-2 1-2 1-2 1-2 3 3
o Start of aggregate
cnenupuIHOCTH NeiicTBus OM attachment, day
HegBHLIe KJIETKU XPaHWIU IpU Ta- Nonkpennerme 90%
Kol sxe KoHueHTparuu JI1. arperaTos, CyTKM 4 5 5 5 5 _ _
B Attachment of 90%
AKCIIEPUMEHTAX 110 U3YUCHUIO aggregates, day
BIIMSIHUS DKCTPAKTOB Ha 3 dek-
FX erpauwﬂ KNeToK oT
THUBHOCTH HCITOJIE30BAIIN TeTe- arperatos, cyTki 54 . . . . 5 6 5 6
POTEHHYIO MOITYJISIUIO CBEKEBBIIIE- Cell migration from
aggregates, day
nenHpIx HK ¢ sku3HecnocoOHOCTRIO
(28,8 £ 1,2)%, KOTOpbIE XpaHWIIH B Hauano
o copmMmunpoBaHuAa
conesoii cpene DMEM/F-12 u CCP, MOHOCIOR, CYTKN 2 2 2 2 2 2 4
Start of monolayer
obOorateHHbIx OM u OI1 B KOHIIEH- formation, day
tpauuu 0,3 mr 6enxa/mi. B xauect-
dopmupoBaHme
BE KOHTPOJIS UCIIOJIB30BANIU CPEAY 70% moHoCT0A,
_ CYTKMN 6-7 7 6-7 5-6 7 7-8 -
DMEM/F-12, oboramennyro CKBK. Formation of 70%
Panee ObL10 TOKA3aHO, YTO IPUCYT- monolayer, day
ctBue cbiBOpoTKH B CCP cHmXaer NonsneHme
xu3HecrocobHocTh HK B mmpormecce Helipo6nacTos,
CYTKM 6-7 6-7 6-7 6 6-7 6-7 -
I'X [4], mosTOMY B TaHHOM HCCIIe- Neuroblast
JOBAHUH TS XPAHEHHS MBI HCIIOJTh- appearance, day
3oBaiu CCP 6e3 ceiBopoTku. KoHT- dopmmpoBaHme
pONbHBIE KJIETKH (HOPMHUPOBAIH Konowa HK, cymn 9-13 13 13 | 9-11 13 - -
arperarsl, KJIETKH KOTOPBIX MOCIIe formation, day

MIPUKPEIUICHUS] MUTPHPOBAITH 1 00-

Pa30BBIBATIM MOHOCIIOH, COCTOSIITHIA

13 KJIETOK IMMM U HeilpoHoB. Ha

MOHOCJIOE MOSBISINCH HEHPOOIACTH U KOJIOHUHU
HephepeHIPOBaHHBIX HECTHHBUMEHTHH-TTOJIOKH-
TENBHBIX KIETOK (Tabm. 1).

Kaxnasie 24 4 XpaHeHUs MOJCUYUTHIBAIN 00IIee
KOJIMYECTBO U KOJIMYECTBO HE MIPOKPANIEHHBIX TPHUTIA-
HOBBIM CHHHM KJIETOK. ITociie 3TOTro KJIeTKU CeslIk U
KYJIBTUBHPOBAIIA. B KyIbType OTMEYaIoCh HAdaso
(hopmMupoOBaHMS arperaToB, N3MEHEHHE UX Pa3MEPOB
Y TUTOTHOCTH YITAKOBKH, MPUKPEIICHUE K TIOJIOXKKE,
MUTpaIs KIETOK arperaToB, CKOPOCTh (DOPMHUPOBAHUS
¥ pa3Mepbl MOHOCTIOS, BpeMs MOsIBJICHHS HepoOac-
TOB ¥ KOJIOHWI HeAr(pepeHIIMPOBaHHBIX KIETOK.

[IpoBeneHnnsie ucciaeq0BaHUS MOKa3add, YTO B
nporecce I'X konnenTpanus HK canxanaces He3aBu-
CHUMO OT Cpebl XpaHEHUs U IPUCYTCTBUA B HEH 3KC-
TpakToB (puc. 1). [Tocie 4-X CyTOK XpaHEHWsI KOHIICHT-
panus kiretok coctasisuia 20,8-26,2% OT HCXOTHOM.
[Tocne cytok I'X B CCP He3aBHCHMO OT MPUCYTCTBUS
SKCTPAKTOB KOJIMYECTBO KIETOK PE3KO CHIXKAIOCH, IPU
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Afterwards the cells were plated and cultured. In the
culture there were noted the beginning of aggregate
formation, a change in their dimensions and packing
density, attachment to substrate, migration of aggregate
cells, rate of monolayer formation and dimensions, time
of neuroblasts and non-differentiated cell colonies
appearance.

The performed research demonstrated the NCs
concentration to reduce during HS independently on the
storage medium and presented in it extracts (Fig. 1).
After 4 day long storage the cell concentration made
20.8-26.2% of the initial one. After 1 day long HS in
SBS independently on the presented extracts a number
of cells was sharply decreased, and with further storage
it reduced slightly. During the whole storage period a
number of NCs in DMEM/F-12 was intensively
reduced independently on the extract presence. Thus,
after 1 day long HS in DMEM/F-12 with ARBS the
cell concentration decreased by 30%, but in the pres-
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JlaJIbHEUIIIEM XpaHEHUH OHO

YMEHBIINIIOCh HE3HAYUTENb-
Ho. Ha mpotsxkenun Bcero
CPOKa XpaHEHHUs KOJIMYECTBO
HK B cpene DMEM/F-12 He-
3aBUCHUMO OT IPUCYTCTBHS
9KCTPAKTOB MHTEHCUBHO CHH-
xanock. Tak, mocie cyTok
I'X B cpene DMEM/F-12 ¢
CKBK koHIIEHTpaIus KJIETOK
cHmkanach Ha 30%, a B npu-

S (4] D
o o o
I I I

KoHueHTpauus knetok, %
Cell concentration, %
w
o
‘

N
o
I

-
o
I

o

100 T

80 A
70 A
60

50 -
40 * #

Cell concentration, %

30 1

KoHueHTpauus knetok, %

20 1

CYTCTBUM 3KCTPAKTOB — Ha
56% (puc. 1, A). Ilpu manb-
HelllleM XpaHEHUHU B Cpele
DMEM/F-12 ¢ CKBK xo=-

KoHtpons 1
Control

Bpemsi xpaHeHus1, cyTku
Term of storage, days

KoHTponb 1 2 3 4
Control
Bpemsi xpaHeHus, cyTku

Term of storage, days

3 4

Puc. 1. NameHeHue konunyectea HK npu X B cpeae DMEM/F-12 (A) u CCP (B):

LIEHTpaLus KJIETOK yMEHbIIa-
nack Ha 45%, B IPUCYTCTBUU
3KCTpakToB — Ha 22%. [lpmn
3TOM B IPUCYTCTBUHU Kak OM,
Tak u DIl KoHIEeHTpanus Kie-
TOK B TEUEHHUE BCETO MEPHOJIa
XpaHeHus OblIa 3HAYUMO 00-
Jiee HU3KOH, yeM B cpeje
DMEM/F-12 ¢ cCEIBOPOTKOA.

Pesynbrarel aHanmmza KOJTWYECTBA KU3HECTIOCO0-
HBIX KJIETOK (KOTOpBIE HE MPOKPAIINBAIUCH BUTAJIb-
HBIM KpacuTeJeM TPUIIAHOBBIM CHHHUM ) CBUICTENBCT-
BOBAJTH, YTO JaHHBIHN IIOKA3aTeNb YMEHBIIMICS (PHC. 2).
Ha mpoTtskeHnn Bcero BpeMEHHM XpaHEHHS B Cpelie
DMEM/F-12, o6oramennoii CKBK, nHTeHCUBHO
yMEHBIIAIOCh KonuuecTBO HempokpameHHslx HK;
rocyie 4-X CyTOK XpaHEeHHsI OHO CHM)KAJIOCh B 2,5 pas3a
(puc. 2, A). B cpene DMEM/F-12 B npucyrctBun
9KCTPAKTOB HanboJee HHTEHCHBHO KOJIMYECTBO HETPO-
KpAIlIEHHBIX KIETOK YMEHBIIAJIOCh MIOCIE CYTOK Xpa-
Henus (B 1,4 paza), B nabHEUIIIEM CHIKAIOCh HE3HA-
YUTENHHO, a Mocie 4-X CyTOK XpaHeHus — B 1,9 pasza.
IIpu xpanenun B CCP kxonn4ecTBO HEMPOKPAIIEHHBIX
KJIETOK HanboJiee MHTEHCUBHO CHMXKAJIOCH 1ocie 1- u
4-x cyTok xpanenus —B 1,3 u 1,4 pa3a COOTBETCTBEH-
HO (puc. 2, B). B npucyrcreuun 8 CCP OM Ha
MIPOTSKEHUH MEPBBIX JBYX CyTOK XPaHEHHS KOJTHYECT-
BO HENPOKPALIEHHBIX KJIETOK HE U3MEHAIO0Ch, MPHU
JaJbHEWIIeM XpaHeHHH OHO MOCTETIEHHO YMEHB-
I1aJI0Ch.

I'mnorepmuueckoe xpanenue kiaetok B CCP B
npucyTcTBUM O11 Ha NPOTSKEHNH CYTOK HE OKa3bIBa-
JI0 BIIHSTHUS Ha KOJIMYECTBO HEMPOKPAIIEHHBIX KIETOK.
IIpu nanpHEHIEM XpAaHEHUU UX KOJIUYECTBO MOCTE-
[IEHHO CHIKAJIOCh, a IOCTE 4-X CYyTOK YMEHBIIMIOCH
B 1,6 pasa.

st onpeneneHust GyHKITMOHATHHOW aKTUBHOCTH
HK, noaBepruyThix I'X, ux KyJIbTHBUpPOBaJIU B
YCIIOBUSX in vitro. YCTaHOBIIEHO, uTo I'X Ha mpots-
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A\ — 6e3 cblBOPOTKM; A — B MPUCYTCTBUM CbIBOPOTKY;
NPUHATO KOMUYECTBO MOCESHHbIX KNETOK; *, # — oTNnYnsi CTaTUCTUYECKM 3HAYUMBI
no cpasHeHuto ¢ AM n 3l cooTBeTCTBEHHO, p < 0,05.

Fig. 1. Changes in NCs content during HS in DMEM/F-12 (A) and SBS (B): A —
serum-free medium; A — in the presence of serum; ¢ — BE; Ml — LE; 100% was
the content of seeded cells; *, # — differences are statistically significant as
compared to BE and LE, respectively, p<0.05.

4 - OM; M- 30; 33 100%

ence of extracts it did by 56% (Fig. 1). During further
storage in DMEM/F-12 with ARBS the cell concent-
ration decreased by 45%, and in the presence of
extracts it did by 22%. In this case in the presence of
both BE and LE the cell concentration during the whole
storage period was significantly lower than in DMEM/
F-12 with serum.

Analysis of a number of viable cells (not stained
with Trypan blue dye) showed this index decreased
(Fig. 2). During all the storage time in the ARBS-
enriched DMEM/F-12 a number of non-stained NCs
was intensively reduced; after 4-day storage it decrea-
sed in 2.5 times (Fig. 2). In DMEM/F-12 with presented
extracts the most intensive decrease in non-stained
cell number was observed after 1 day long storage
(1.4 fold), thereafter it reduced slightly, and after 4
day long storage it did in 1.9 times. During storage in
SBS a number of non-stained cells decreased most
intensively after 1 and 4 day long storage: in 1.3 and
1.4 times, respectively (Fig. 2). If BE was present in
SBS, a number of non-stained cells remained unchanged
during first two days of storage, during further storage
it decreased gradually.

The 1 day long hypothermic storage of cells in SBS
in LE presence had no effect on a number of non-
stained cells. During following storage their number
decreased gradually, and after 4 days it decreased in
1.6 times.

To determine a functional activity of NCs, subjected
to HS, they were cultured in vitro. The 1 day long HS
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35

YKEHUH CyTOK HE3aBUCUMO OT
HCIIOJIb3YEMOM CpeIbl U MTPH-
CYTCTBHS B HEH AKCTPaKTOB
MPaKTUYECKH HE BIMUIO Ha
MIOBEZICHUE KIJIETOK B KYJIBTYpPe
(tabm. 2). I'umotepmudeckoe
XpaHEHHUE KJIETOK B TEUCHHE
2-X CYTOK BO BCE€X HCCIEJO-
BaHHBIX Cpexax, Kpome
DMEM/F-12 6e3 cBIBOPOTKH
U 3KCTpakToB, a Takxe CCP,

30 1

25 1

20

15 1

Non-stained cell content, %

10 1

& 3 R 8 &

Non-stained cell content, %

-
o

oborariennoi JI1, He BaUAIO
Ha UX CIOCOOHOCTH K 00pa-
30BaHuUIO arperatoB. OHaKo
IpH 3TOM yBEIWYHUBAJIOCH
BpeMsi IPUKPEIJICHNUS arpera-
toB HK x moamoxkke u cHU-
’KajJach CKOPOCTh (POPMHUPO-
BaHUS KJIETKaMU MOHOCIIOS
(tabm. 2). ®opmupoBaHUe
MoHocJ04 Ha 70% miommanu
TTOBEPXHOCTH JIyHKH TIPOUCXO-
IUI0 Ha 2—4 CyTOK NO3XKe,
YeM B KYJIBTYPE CBEXKEBBI-
nenenabix HK. HefipobmacromogoOHbIE KIETKHA Ha
MOHOCJIO€ TIOSIBIISIIUCH B Oo0Jiee MO3THUE CPOKH IO
CpaBHEHHUIO C KOHTpojeM. Bpemst hopmupoBaHus
KOJIOHUH HennddHepeHITMPOBAHHBIX KJIETOK MPAKTH-
YEeCKH HE OTINYAJIOCh OT KOHTpOIs (Tad. 2). Kynbru-
BupoBanue HK, koToprie XxpaHuIu Ha NpOTSHKEHUH
2-x cyTok B cpene DMEM/F-12 6e3 chIBOPOTKH U
skcTpakToB 1 B CCP obGoramennoii JII, xapak-
TEPHU30BAIOCH HYOPMHUPOBAHNEM MEJKHX PHIXJbIX ar-
peraroB, Oonbliasi 4acTb KOTOPBIX K MOIJIOXKKE HE
npuKperusiack. MoHocnoi He (GopmupoBaics U B
pe3yabTare NaHHbIe KIETKH MOrH0au.

HepsHbie kiteTkH, XpaHUBIINECS Ha TPOTSHKEHUH
3-x u Ooxnee cytok B cpene DMEM/F-12 u CCP,
HE3aBHCHMO OT NMPUCYTCTBHUS IKCTPAKTOB M CHIBOPOT-
KH B TIpoIiecce KyJIbTHUBUPOBAHUS ()OPMHUPOBAIIN MEJ-
KM€ PBIXJIBIE arperaThbl, KOTOPBIE K MOJIOKKE HE TPH-
KPEIUSUTHCH U B ITPOLIECCE KYJIBTUBHPOBAHNS TOTHOANH.

[IpoBenennsle uccnenoBaHMs TOATBEPAMIIN OTY-
YeHHbIC HAaMU paHee naHHble [5] o ToM, uto I'X B
CCP u DMEM/F-12 npuBouT K rubeim 4yacTu Kie-
TOK, IOBPEXIEHHBIX, OUEBUIHO, B IIPOLIECCE BhIIETE-
Hus [4]. I'nbenp KIETOK HE 3aBUCUT OT MPHUCYTCTBUS
B Cpelax CHIBOPOTKH M SKCTPAKTOB MIEUYEHU U MO3Ta.
Kpowme toro, yctaHoieHo, 4to B rpouecce I'X ymeHb-
maercs konuuectBo HK, KoTopele He mpokpamu-
BalOTCA TPUMAHOBBIM CHHUM. OHAKO, HECMOTpS Ha
TaKoe CHWXXEHWE OOIIel KOHLEHTPAINH KIETOK U
KJIETOK, HE MPOKPAIIEHHBIX TPUIIAHOBBIM CUHUM, UX
MOBEJIEHNE B KYJBType nocie cyTok ['X cymecTBeHHO
HE OTJINYAJIOCh OT NMOBEAECHHS CBEKEBBIACICHHBIX

5 T T

KoHtporb 1
Control

KonnyecTBo HenpokpalleHHbIX KNeTok, %
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Bpemsi xpaHeHus, cyTku
Term of storage, days

5 T T T T

KoHtporb 1 2 3 4
Control
Bpemsa xpaHeHus, cyTku
Term of storage, days

KonuyectBo HenpokpalleHHbIX KneTok, %

3 4

Puc. 2. lameHeHne konnvectsa HK, koTopble He npokpallMBanncb BUTaNbHbIM
Kpacutenem TpunaHoBbiM cuHuMm, npu X B cpege DMEM/F-12 (A) u CCP (B): A —
6e3 CbIBOPOTKU; A — B MPUCYTCTBUM CbIBOPOTKY; € - 5M; B - 3r1; 3a 100% npuHATO
KOINMYECTBO MOCESIHHbIX KNEeTOK.

Fig. 2. Content of NCs, non-stained with Trypan blue dye during HS in DMEM/F-12
(A) and SBS (B): A — serum-free medium; A — in the presence of serum; ¢ — BE;
M - LE; 100% was the content of seeded cells.

regardless of the medium used and presented in it
extracts was established as virtually not affecting the
cell behaviour in culture (Table. 2). The 2 day long
hypothermic storage of cells in all the studied media,
except DMEM/F-12 without serum and extracts, as
well LE-enriched SBS caused no effect on their
capability to form aggregates. However, in this case
the time of NCs aggregate attachment to substrate
increased and the rate of monolayer formation by cells
reduced (Table 2). The formation of monolayer
occupying 70% surface of the well occurred 2—4 days
later, than in the culture of fresh NCs. The neuroblast-
like cells appeared on a monolayer at later terms as
compared to the control. The time of formation of
undifferentiated cells colonies virtually did not differ
from the control (Table 2). The culturing of NCs, stored
for 2 days in DMEM/F-12 without serum and extracts,
and in LE-enriched SBS, was characterized by the
formation of small loose aggregates, most of which
did not attach to the substrate. Monolayer was not
formed and cell died.

Neural cells, stored for 3 days and longer in DMEM/
F-12 and SBS, regardless of the presence of extracts
and serum, formed small loose aggregates during cultu-
ring, which did not attach to the substrate and died
thereafter.

These studies confirmed our previously reported
data [5], that the HS in SBS and DMEM/F-12 resulted
in a death of some cells, obviously damaged during
their isolation [15]. Cell death did not depend on the
presence in media of serum and liver/brain extracts.
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Ta6bnuua 2. BnnsHue N'X B npucytcteum 3N n AM B cpegax DMEM/F-12 n CCP
Ha cTaguu KynstusmpoBaHns HK HOBOpOXOEHHbIX KpbIC

Table 2. Milestones in newborn rat NCs culturing following HS in DMEM/F-12 and SBS supplemented with BE or LE

Cragvu kynbtBuposaHua HK, cyTku
Milestones of NCs culturing, days
Cpok X,
CYTKM Cpepa xpaHeHun Hauano
HS term, Storage medium NPUKpenneHua Mpuvkpennexue dopmupoBaHue MoAsneHve MoAsneHve
days arperaTos 90% arperatos 70% moHocnonA HelipobnacTos KonoHuin HK
Beginning of Attachment of Formation of 70% Appearance of Appearance of
aggregate 90% aggregates monolayer neuroblasts NCs colonies
attachment
0 KQumpone 1-2 4-5 6 6-7 9-13
DMEM/F-12 3 6 6-7 6-7 9-15
DMEM/F-12 + CBK
DMEM/F-12 + ARBS 1-2 6 6 6-7 9-13
MM 15 T 1-2 6-7 6-7 6-7 12-14
. Ve 15 & 28 1-2 6-7 6-7 6-7 12-14
sse 1-2 6 6-7 7 9-15
Rt o 1-2 6-7 6-7 7-8 12-14
b o 1-2 6-7 6-7 7-8 14
DMEM/F-12 - - - - -
DMEM/F-12 + CBK
DMEM/F-12 + ARBS 3 7-8 8 7-8 9-13
DMEMIE 15 T 2-3 7-8 8-10 8 11-13
2 Ve 15 & oF 2-3 7-8 8-10 8 11-13
s 3 10 9-10 8 12-13
e o 3 10 10 8 11-13
CCP + 3N _ _ _
SBS + LE - _
3 Bce cpepbl _ _ _ _
All the media h
4 Bce cpepbl _ _ _ _
All the media -

kieTok. IIpu 3TOM HAOMIOAAIOCH JIMIIbL 3aMeICHHUE
CKOPOCTH ITPUKPETUICHHS arperaToB, C(OPMUPOBAHHBIX
JAHHBIMH KiieTKkamu. C OJTHOM CTOPOHBI, JAHHBIN (haKT
MO>KHO OOBSCHUTH T€M, 4TO B TedeHue cyTok [ X mo-
rudaer 4acTh KJIETOK, KOTOPHIE B MPOIIECCE BhIIENE-
HUSI TIOJIYYWIIH JIeTallbHble oBpexkaeHus. C npyrou
CTOPOHBI, KJIETKU B MMPOLECCE XPAaHEHUSI MOTYT MOJTY-
JaTh HEJICTAIIbHBIC ToBpexkaeHus. [Ipu mocnemxyro-
IeM KyJIBTHBUPOBAHUH KJICTOK ITPOUCXOIUT PeTIapariis
TaKUX MOBPEKICHUN, O Y€M MOXKET CBHUJIECTEIHCTBO-

In addition, a number of NCs, not stained with Trypan
blue, was established to reduce during HS. However,
in spite of such a reduction of total concentration of
cells and those, not stained with Trypan blue, their
behaviour in the culture after 1 day long HS did not
significantly differ from that of freshly isolated cells.
We only observed here the slowing down of attachment
rate of the aggregates, formed by these cells. On the
one hand, this fact may be explained by the death of
some cells, which got lethal damages during isolation
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BaTh YBEJIIMYEHUE BPEMEHH, HEOOXOAUMOTO ISl IPH-
kperuienus arperaroB HK u popmupoBanus knetkamu
arperatoB MOHOCJIOSI.

B npouecce nanpHENIEro XpaHeHNs: KOIMYECTBO
MTOBPEKACHHI KJIETOK BO3PACTAET, O YEM CBHICTENb-
CTBYET YBEJIHMYEHHE BPEMEHHU, HEOOXOAMMOTO ISt
npukperenus arperaros HK, xoropsle xpanwin Ha
MIPOTSKEHHUH 2-X CYTOK, K TTOJUIOYKKE U CHIKEHHE CKO-
poctu popMupoBaHUs MOHOCTOA. BO BCcex KymmbTypax
HK, xoropsie monsepranuce I'X u O6putH criocOOHBI
(hopMupoBaTH KOH(ITIOIHTHBIH MOHOCIIOH, HAOJIO/1a-
JIOCh TIOSIBJICHHE HEHPOOIacTOB U KOJIOHUN Heaudde-
PEHIIMPOBAHHBIX KJIETOK, YTO YKa3bIBAE€T HAa COXpaH-
HOCTB IIPOreHUTOPHBIX U cTBOOBBIX HK B mporecce
XpaHEHUsL.

Kpome Toro, mpoBesieHHBIE HCCIENOBAaHUS MOKa-
3aiy, 9To nobasnenue B cpexy DMEM/F-12 skctpak-
TOB MO3Ta M MEYEHH HOBOPOXKIACHHBIX KPBIC OKa3bl-
BaeT BIUSHUE, TOA00HOE JeHICTBHIO CHIBOPOTKH, yBe-
nuauBast Bpems dgdextuBHoro xpanenus HK mo 2-x
CYTOK. DTO CBHUACTEIBCTBYET O ToM, uTo OM 1 DI,
KaK M CBIBOPOTKA, Coiepkat crenuduaeckne GpakTo-
PBI, CTAOMIN3UPYIOIINE HOHHBIA TPAHCTIOPT U ONTUMU-
3UPYIOIIHE YHEPTETUUECKOE COCTOSHUE KIIETOK, yBE-
JMYUBas TEM CaMbIM BpeMsi 3(p(heKTUBHOTO XpaHEHUsI
HK.

OTCyTCTBHE CBSA3H MEX]Ly CHUKEHHUEM KOIHYECT-
Ba HK, xotopoe nabmonaercs npu I'X 8 DMEM/F-12
n CCP, u ux noBeziecHHEM B KyJIBTYype YKa3bIBaeT Ha
JIU3HC JETATFHO MOBPEKACHHBIX KJIETOK, N3HAYaJIHHO
HECMOCOOHBIX MPUKPEIUIATHCSA, PacIUIacThIBAaThC U
(hopmupoBate arperartsl. [Ipu 3TOM AMHaMHUKa CHH-
s)keHMs konndectBa HK B mpounecce ux XpaHeHHs
(puc. 1) Taxxe moaTBEpKAAET TOT (aKT, YTO JH3HC
0oJiee HHTEHCHBHO MPOTEKAET B OTCYTCTBHE CHIBOPOT-
KU.

Cumxenne xomuectsa HK, kotopsle He npokpariu-
BAalOTCS TPUIIAHOBBIM CHHHMM, HaOIIOJaeMoe MpH UX
xpanennn B DMEM/F-12 B mpucyTCTBIH KaK SKCTPaK-
TOB, TAK U CBIBOPOTKHU, MOKET YKa3bIBaTh HA BO3ZHUK-
HOBEHHE TIOBPEIKICHUH IJIa3MaTHIEeCKOW MEMOPaHEL.
Camxenne koHmeHTparuu HK He oka3piBaio BIusHIS
Ha CIIOCOOHOCTH KJIETOK (POpMHUPOBATH arperarthl,
HNPUKPEIUITHCS K HOJI0KKE U pacIlIacThIBATHCS, UTO
MOXET CBUJETEIBCTBOBATH O TOM, UTO 3TU IOBPEXK-
JICHUS HE SIBISIIOTCS JIETAIIBHBIMU U B IIPOLIECCE KYJIb-
THUBHPOBaHUs BOccTaHaBiuBarorcsa. Kpome toro,
oTpeJiesIeHUE KU3HECTIOCOOHOCTH KIIETOK IO TpUIa-
HOBOMY TECTY HE B IOJIHON MEpE COOTBETCTBYET
peaNbHOMY MOKa3aTeNo.

[IpoBeneHHBIE NCCIIEAOBAHNSI TAKIKE BBIBUIIM, UTO
MIPUCYTCTBHE DM OKa3bIBaeT MOJIOKUTENbHOE, a DI
OTPHIIATEIIFHOE BIIUSHIE Ha )ku3HeCTTocoOHOCTh HK,
OIIPENEJICHHYIO 10 TPUIIAHOBOMY TecTy. IIpu stom
MoJy4eHHble JaHHble 1o coxpanHocT HK xoppenu-
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and following 1 day-long HS. On the other hand, the
cells might have non-lethal damages during storage.
The reparation of these injuries could occur during
following cell cultivation, that may be testified by the
increment of time, necessary for NCs aggregate
attachment, and the monolayer formation by aggregate
cells.

During following storage a number of cell injuries
augments, that is testified by the increment of time,
needed for the attachment of NCs aggregates, stored
for 2 days, to the substrate and a decreased rate of
monolayer formation. In all the NC cultures, which
underwent HS and were capable to form a confluent
monolayer, we observed the appearance of neuroblasts
and non-differentiated cell colonies, that pointed to the
survival of progenitor and stem NCs during storage.

In addition, the performed research demonstrated
the supplement of newborn rat brain and liver extracts
into DMEM/F-12 as causing the effect, similar to the
action of serum, i. e. increasing the time for NCs
efficient storage up to 2 days. This testifies to the fact
that BE and LE, as well as serum, contain specific
factors, stabilizing ion transport and optimizing energetic
state of cells, thereby increasing an efficient storage
time for NCs.

Absence of dependence between a decrease in
NCs number, observed under HS in DMEM/F-12 and
SBS, and their behavior in culture might indicate the
lysis of lethally injured cells, initially incapable of
attachment, flattening and aggregate formation. In this
case the dynamics of decrease in NCs number within
their storage period (Fig. 1, 2) also confirms the fact
of more intensive lysis proceeding when no serum was
present.

A decreased number of NCs, not stained with
Trypan blue, observed during their storage in DMEM/
F-12 in the presence of both extracts and serum might
indicate the occurrence of injuries in cell membrane.
The reduction of NCs concentration did not affect the
capability of cells to form aggregates, attach to sub-
strate and flatten, that might testify to the fact that
these injuries were not lethal and could be recovered
during culturing. In addition, the determination of cell
viability by Trypan blue test does not fully correspond
to a real index.

The research performed also demonstrated the
presence of BE and LE to cause positive and negative
affects, respectively, on NCs viability determined by
Trypan blue test. In this case our findings on NCs
survival correlated with their behavior in culture (Fig. 2,
Table 2), that pointed to the tissue specificity of the
extract action, manifested if sucrose based solution
was used for storage. This was possibly associated
with a negative effect of specific factors, contained in
BE, and probably with an insufficient number or ab-
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PYIOT ¢ UX MOBEJEHHEM B Kynbrype (puc. 2, B;
TalbJI. 2), YTO yKa3bIBaeT Ha TKAHECHEIHU(PHUUIHOCTD
JENUCTBUS PKCTPAKTOB, KOTOPOE MPOSBISAETCS IIPH UC-
MOJIb30BAHUU JJIs XPaHEHUS Caxapo30-COJEBOrO
pactBopa. Bo3M0XHO, 3TO CBSI3aHO C HETATHBHBIM
neiicteueM crnenuduueckux HakTopoB, KOTOPBIE CO-
nepkarcs B OM, a BO3MOXHO — C HEOCTATOYHBIM
KOJIMYECTBOM HMIIA OTCYTCTBHEM (hDaKTOPOB, CIEIH-
¢uunbx uis HepBHOU TKaHU. B CCP Tarke Moxer
IpoSBISITECS cnenuduueckoe aeiictsue Ha HK
HU3KOMOJIEKYISIpHBIX BetecTs (550—-6800 [la), cocra
U KOJUYECTBO KOTOPBIX PA3IUYaETCA B IKCTPAKTAX
Mo3ra 1 neueHu [3]. Bo3MokHO, B HEIIEKTPOIUTHOM
CCP nuzkomonekynsapHsie Beuectsa J11 moBbIaoT
MOHHYIO TIPOHUIIAEMOCTh KJIETOYHBIX MEMOpaH, 4To
MOXET OBITh MPUYMHON M3MEHEHUsI BHYTPUKICTOY-
HOTO COCTaBa, 00Jiee NHTEHCUBHOTO 00Pa30BaHMS CBO-
OOJTHBIX PaJIMKAJIOB, AKTHUBAITUN KaJTBITNA3aBUCHMBIX
npoteas u hocQoIuTIas, MOBPEKIAIONTNX ITATOCKEIIET
Y TIPETISITCTBYIOIIHUX KICTOYHOHN aiTe3HH.

BroiBoabI

OKCTPaKT MO3ra U IIeYeHU HapsAgy C CHIBOPOTKON
YBEIMYUBAIOT BEKUBAEMOCTH HEPBHBIX KIIETOK HOBO-
POXIEHHBIX KPBIC IPU THIIOTEPMUYECKOM XpaHEHUH
B cpene DMEM/F-12.

DKCTpaKT MO3ra OKa3bIBAaeT MOJIOKHUTEIBHOE, a
9KCTPAKT [IEYCHU OTPHULIATENILHOE BIUSHHUE HA BEIKHU-
Ba€MOCTh HEPBHBIX KJIETOK MPH THIIOTEPMUYCCKOM
xpanenuu B CCP.

l'mmorepmuueckoe xpanenne 8 DMEM/F-12 u
CCP HE3aBUCUMO OT MPHUCYTCTBHUS B HUX CHIBOPOTKH
Y DKCTPaKTOB MO3Ta WJIH TIEYSHU Ha MPOTSHKEHUH 00-
Jee 2-X CyTOK MPHUBOAMT K TUOETH HEPBHBIX KIETOK
HOBOPO’KACHHBIX KPBIC.
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sence of factors, specific to nervous tissue. During
storage of NCs in SBS there could be manifested a
specific effect of low molecular weight substances
(550-6,800 Da), the composition and amount of which
vary in brain and liver extracts [14]. Probably, due to
non-electrolyte nature of SBS the low molecular weight
substances of LE increase an ion permeability of cell
membranes, that may change an intracellular ion
composition, intensify the formation of free radicals,
activate calcium-dependent proteases and phospholi-
pases, damaging cytoskeleton and preventing cell
adhesion.

Conclusions

Brain and liver extracts, along with serum augment
the survival of neural cells of newborn rats during
hypothermic storage in DMEM/F-12.

The brain and liver extracts have positive and
negative effects, respectively, on neural cell survival
during hypothermic storage in SBS.

Hypothermic storage in DMEM/F-12 and SBS
independently of the presented in them serum and brain/
liver extracts for more than 2 days results in a death
of newborn rat neural cells.
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