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The Effect of DMSO of Different Concentrations and Freeze-Thawing
on Newborn Rat Neural Cell Survival

Wzyyanu neifctBue pasnuuHbIX KOHIEHTpamuid kpuonporekropa IMCO Ha cnocoOHOCTh K mpoiudepanuy W30IHPOBAHHBIX
HEPBHBIX KJIETOK HOBOPOXIEHHBIX KPbIC U UX OKpAIMBaHUE TPUIIAHOBBIM CUHUM JI0 U II0CJI€ KPUOKOHCEPBUPOBAHUSA. YCTaHOBIICHO,
uyro 7,5 u 10% — onTHUManbHble KOHIIEHTPALMH KPUONPOTEKTOPA, MPU KOTOPBIX HEPBHBIC CTBOJIOBBIC/IPOTEHUTOPHBIC KIETKH
HOBOPOJK/ICHHBIX KPBIC COXPAHSIOT CIIOCOOHOCTH K nposnudeparnuu u quddepeHiuaiyy nocie Kppokoncepsuposanus. [lokazano, 4to
JUIs cOXpaHeHHs] QYHKIMOHAIBHONH aKTHBHOCTH HEPBHBIX KJIETOK HOBOPOXJIEHHBIX KPBIC NMPHCYTCTBHE CHIBOPOTKH B Cpele
3aMopakuBaHusl 00s3aTesbHO. [T0Ka3aHO, YTO JKU3HECTIOCOOHOCTh HEPBHBIX KIETOK HOBOPOXKIEHHBIX KPBIC, OIpEAEICHHAs 110
UCKITIOYCHUIO TPUITAHOBOTO CHHETO, JIMIIb YaCTHYHO KOPPENUpPyeT ¢ PyHKIIMOHATIBHOW aKTHBHOCTBIO KJIETOK.

Knroueesvie cnoea: HepBHBIE KIIETKH HOBOPOXKAECHHBIX KPbIC, KPHOKOHCEPBUPOBAHUE, )KU3HECIIOCOOHOCTD, KyJIbTUBUPOBAHUE.

BuBuanu 1iro pizHUX KOHLEHTpalii kpiomnporekropa JIMCO Ha 3matHicTh 10 mpoiidepaunii i1301b0BaHUX HEPBOBHUX KIIITHH
HOBOHAPO/KCHUX INypiB Ta iX 3abapBiieHHs TPUIIAHOBUM CHHIM [0 i micis KpiokoHcepByBaHHs. Bceranosneno, mo 7,5 i 10% —
ONTHMaJIbHI KOHLIEHTpALlii KPiOIPOTEKTOpa, IIPH SIKUX HEPBOBI CTOBOYPOBI/TPOreHITOPHI KJIITHHA HOBOHAPODKEHHUX I1ypiB 30epiraroth
3aTHiCTS 10 npoidepanii i udepernianii micns kpiokoHcepByBaHHs. [lokas3aHo, mo s 30epexeHHs! pyHKIiIOHAIBHOT aKTUBHOCTI
HEPBOBUX KJIITHH HOBOHAPOKEHUX LIYPiB MPUCYTHICTh CHPOBATKU B CEPEAOBHIL 3aMOPOXXyBaHHS € 000B's13k0Bo10. [1oka3aHo, 1110
JKUTTE3JaTHICTh HEPBOBHUX KIITHH HOBOHAPODKEHMX IIypiB, BU3HAUCHA 110 BUKJIIOYCHHIO TPUIAHOBOIO CHHBOTO, JIHIIE YaCTKOBO
KOpeIoe 3 QyHKIIOHAIBHOIO aKTUBHICTIO KIIITHH.

Kniouosi cnosa: HepBoBi KIIITHHY HOBOHAPODKEHUX IIyPiB, KPIOKOHCEPBYBAHHSI, )KUTTE3AATHICTD, KYJIbTUBY BAHHSI.

The effect of cryoprotectant dimethyl sulfoxide of different concentrations on the ability of isolated neural cells of newborn rats
to proliferate and to be stained with trypan blue before and after freeze-thawing was studied. The cryoprotectant concentrations of 7.5
and 10% were established as the optimal ones, which preserved the ability of the neural stem/progenitor cells of newborn rats to
proliferate and differentiate after freeze-thawing. Preservation of the functional activity of newborn rat neural cells demanded the
presence of serum in freezing medium. It was demonstrated that the viability of newborn rat neural cells, assessed by trypan blue

exclusion, only partially reflected the cell functional activity.

Key words: newborn rat neural cells, freeze-thawing, viability, culturing.

3a nocaenHee JECATUIETHE JOCTUTHYT OTPOMHBIN
Iporpecc B U3y4eHUHN OMOJIOTHYECKUX CBOWCTB U Xa-
PaKTEpUCTUK HEPBHBIX CTBOJIOBBIX KIETOK [4, 6]. [Ipu
9TOM OCHOBHOE BHHMMAHME HCCIEHOBaTeleil ynens-
JIOCh HEPBHBIM CTBOJIOBBIM/TTPOTEHUTOPHBIM KJIETKaM
3MOPHOHOB, TUTOJIOB, B3POCTIBIX YETIOBEKA U KUBOTHBIX.
[MocTHaTambHBIE CTBOJIOBBIE/TIPOTEHUTOPHBIC KIIETKH
JI0 HACTOSIIETO BPEMEHHM H3Y4YeHBI HEZOCTATOYHO.
HccnenoBanue paHHWUX MOCTHATAIBHBIX HEPBHBIX
kieTok (HK) ®UBOTHBIX 1 4e0BeKa Mo3BOIUT 00BsIC-
HUTH KJIETOYHBIE MEXaHU3MBbI aKTUBALIUU HEWpOoreHesa
B TIOCTHATaJIbHOM MO3T€, a TAK)KE U3yUYUTh BO3ZMOXK-
HBII HEMPOT€HHBIN penapalMoOHHbIN “0TBET” HEPBHBIX
CTBOJIOBBIX/IPOT€HUTOPHBIX KJIETOK IPU Pa3IHyHBIX
[aTOJIOTUAX M MOBPEXKACHUAX MO3Ta, YTO UMEET I10-
TEHIHAIBbHYO0 KITMHUYECKYO BAXKHOCTD.
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In the past decade a huge progress in studying bio-
logical properties and characteristics of neural stem
cells has been achieved [4, 6]. Herewith the research-
ers were focused on the neural stem/progenitor cells
of human and animal embryos, fetuses and adult or-
ganisms. Postnatal stem/progenitor cells have remained
poorly studied until now. The study of animal and hu-
man early postnatal neural cells (NCs) would enable
to explain cell mechanisms of neurogenesis activation
in a postnatal brain, as well as to study a possible neu-
rogenic reparative “response” of neural stem/progeni-
tor cells under different pathologies and brain injuries,
that is of potential clinical importance.

The usage of isolated human and animal early post-
natal NC culture enables to perform detailed investi-
gations of mechanisms of neural differentiation, gene
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Hcnonb3oBanue KyabTyphl H30JIMPOBAHHBIX PAHHUX
noctHatanbHbIX HK uenoBeka 1 JKUBOTHBIX O3BOJIET
MIPOBOJUTH JETAJIbHBIE UCCIEIOBAHUSA MEXaHU3MOB
HEpBHOTO 1 PepeHINPOBAHHS, IKCIIPECCHU T€HOB, a
TaKXKe BIMSIHNSA CUTHAIOB MUKPOOKPYKEHHS, KOTOphIE
pPEryIupyIOT (GEHOTUITUYECKYIO CIEIUATH3AIUI0 B
HEPBHBIX TKAHAX MiIeKonuTaromux. [loatomy akTyasns-
HO CO3/1aHH€ HHU3KOTEMIIEpaTypHOTO OaHKa pPaHHHUX
noctHaranbHEIX HK, 9to TpebyeT pa3padorku 3ddek-
THUBHBIX METOZ0B UX KPHOKOHCEPBHUPOBAHUSI.

HawuGomnee yacto 111 KpHOKOHCEPBUPOBAHUS sIIIEP-
HBIX KJIETOK HUcmojib3yercs kpuomnporektop AMCO.
Ero 3amuTtHOE AeiicTBHE OCHOBAHO HA BBICOKOM CKO-
POCTH IPOHUKHOBEHUS Yepe3 KIETOUHYI0 MeMOpaHy
1 00pa30oBaHUM OOJIBIIOTO KOJIMYECTBA BOAOPOTHBIX
CBsI3EHM C MOJEKYJIaMH >KUIKOW (a3bl KIETKH. ITO
MIPUBOANT K YMEHBIIIEHHIO BEPOSITHOCTH 00pa30BaHuUs
BHYTPHUKIIETOUYHBIX KPUCTAJUIOB JIbJA, a TAKXKE K CHH-
KEHHIO 3PP eKTa KOHIIEHTPUPOBAHUS BHY TPUKIIETOY-
HBIX COJIEH MPH OTPHUIATEIBHBIX TeMIIepaTypax, 4To
YMEHBINIAET CTENEeHb KPUOTIOBPEKACHHS KIETKHU [3].
OmHako, TOMUMO KPHO3aNIUTHBEIX cBoicTB, [IMCO
o0najgaeT TOKCHYECKUM JACHCTBHEM IO OTHOILICHHUIO
K 3aMOpakuBaeMbIM 0noo0bekTam [9]. [loaTomy ak-
TyaJIbHBIM SIBIISICTCS MOI00P ONTHMAaTbHOW KOHICHT-
pauuu JIMCO, obecrnieunBarIieil MakCUMallbHbBIC
KPUOMPOTEKTOPHBIE CBOWCTBA MPU MUHUMAIbHOM
MOBPEKAAIOIIEM JACHCTBHH.

[Ipu HU3KOTEMITEpPAaTYPHOM XpaHEHUH TOCTHATAb-
HbeIX HK BayKHO M3Y9IHTE POITH CHIBOPOTKH KPOBH, KOTO-
pasi 9acTo UCIOIB3YETCs B MPOTOKOJIAX KPHOKOHCEP-
BHPOBAHMS PA3IUYHBIX SACPHBIX KIETOK.

Lens paboThl — U3y4YeHHNE BIUSHUSA Pa3INYHBIX
koHueHTpauii JIMCO, cbIBOPOTKH 1 3aMOpayKUBAHUS-
OTOTIpEBa Ha COXPaHHOCTH (KOHLEHTPALHIO U KU3HE-
CHOCOOHOCTB), a TAK)KE IOBEACHUE B YCIOBHUAX KYJIb-
THBHpOBaHus in vitro HK HOBOpOXXIEHHBIX KpBIC.

Martepunaabl U meTOAbI

OKCIEPUMEHTHI ITPOBOIMIN Ha OSCIIOPOTHEBIX Oe-
JIBIX HOBOPOJKACHHBIX Kpbicax. HepBHbIC KIETKH BBI-
JIeTISUT U3 TKAHW MO3Ta )epMEeHTAaTHBHO-MEXaHnvec-
KHUM MeTOJIOM. J[J1s 3TOTO TKaHb MO3Ta HHKYOHUPOBaIIH
10 muH B 0,25%-M pactBope TpurcuHa npu 37°C, 3a-
TEM JIe3arperupoBay BuOparueit [8] Ha equHUIHBIC
KJIIETKH, 100aBmss 2-kpaTHbI 00beM cpeasl DMEM/
F12 (“Sigma”, CILIA) ¢ 10% chIBOpOTKH KPOBHU KPBIC.
[Mony4eHHy!0 cycrnieH3uto GUIBTPOBAIN Yepes3 HeHo-
HOBBII (QUIIBTP, TIOCJIE YETO OTMBIBAJIM OT TPUIICHHA
uenTpudyrupoanuem npu 1500 06/muH. Aucneprupo-
BaJIM OCAJIKH KJIETOK B CpeiaX C CHIBOPOTKOW U Oe3 Hee.

Oxnaxnanu xietku B cpene DMEM/F12 ¢ 10%
CBIBOPOTKH KPOBH KpBIC M 0€3 Hee CO CKOPOCTHIO
1 rpag/mun 10 —80°C B kpuokonTeiHepax (“Corning”,
CHIA). [Tepen 3amopaXuBaHUEM CYCIIEH3HIO KIETOK
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expression, as well as the effect of microenvironment
signals, regulating phenotypical specialization in mam-
malian neural tissues. Proceeding from this fact of
current interest is to establish the low temperature bank
for early postnatal NCs, requiring the development of
efficient methods for their cryopreservation.

The DMSO is the most often used cryoprotectant
for cryopreservation of nucleated cells. Its protective
effect is based on a high rate of penetration through
cell membrane and formation of a large number of
hydrogen bonds with molecules of cell liquid. This re-
sults in a decrease of intracellular ice crystal forma-
tion probability, as well in a reduction of the effect of
intracellular salt concentrating under negative tempera-
tures, thereby decreasing the cell cryoinjury degree [3].
However, in addition to cryoprotective properties,
DMSO possesses a toxic effect towards processed
bioobjects [9]. Therefore of relevance is to select the
optimal DMSO concentrations, providing the maximum
cryoprotective properties together with minimum dam-
aging effect.

Under postnatal NC low temperature storage of
importance is to study the role of blood serum, being
frequently used in cryopreservation protocols for dif-
ferent nucleated cells.

The research was aimed to study the effect of
DMSO of different concentrations, serum and freeze-
thawing on survival (concentration and viability), as well
as behavior during in vitro culturing of newborn rat
NCs.

Materials and methods

The experiments were carried-out in breadless
white newborn rats. Neural cells were isolated from
brain tissue using the enzymatic and mechanical
method. For this purpose the brain tissue was incu-
bated within 10 min in 0.25% trypsin solution at 37°C,
then disaggregated by vibration [8] into single cells and
suspended in two-fold volume of DMEM/F12 medium
(Sigma, USA) supplemented with 10% rat blood se-
rum. The obtained suspension was filtered through
nylon filter, then washed-out of trypsin with centrifu-
gation at 1500 rpm. Cell sediments were dispersed in
media with/without serum.

Cells were cooled in DMEM/F12 medium with or
without 10% rat blood serum with 1 degree/min rate
down to —80°C in cryocontainers (Corning, USA). Be-
fore freezing the cell suspension was mixed with
cryoprotectant solution in 1:1 ratio. DMSO solution was
added by drops up to 2.5; 5; 7.5; 10 and 12.5% con-
centrations. Herewith the cell final concentration was
20 mIn/ml and the volume was 200 pl. An equal volu-
me of culturing medium was added into the control cell
samples. After adding the DMSO the NC suspension
was incubated at 4°C for 15 min and then cooled down
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CMEIINBAIHU C PACTBOPOM KPHOIIPOTEKTOPA B COOTHO-
menuu 1:1. PactBop JIMCO mob6apisuia 1o Karumsim
JI0 KOHUeHTparmi 2,5; 5; 7,5; 10 u 12,5%. I1pu 3T70M KO-
HEYHasi KOHLIEHTpaLKs KIETOK cocTaBisiia 20 MiIH/MI,
a 00bpeM — 200 MxJ1. B KOHTpOJIbHBIE 00pa3LIBI KIETOK
n00aBysUIM paBHBIN 00bEM cpenibl KyTbTHBUPOBAHMS.
[ocne no6asnenust IMCO cycnensuto HK nakyou-
posaiu ripu 4°C B Teuenue 15 mun. HepBHbIE KIeTKH,
3amoposkeHHbIe 710 —80°C, yepe3 CyTKHU MOMenIali B
JKUJIKUK a30T. Pa3zMopakuBaiau KJIETKU Ha BOMASHOMN
6ane pu 40°C.

ITocne pasmopaxkuBanust HK oqHOKpaTHO OTMBbI-
Baiu ot JJMCO cpenoit DMEM/F12 ¢ chiBOpoTKOH
i 6e3 Hee ¢ MOCTeTYIOMUM IeHTPU(PYTHPOBAHUEM
Ha npoTspkeHnH 3 MuH npu 100g. Ocagok KIeTok auc-
MIEPTUPOBAIHN B CPEAE OTMBIBAHNS.

JKuznecnocoonocts HK onennBanu mo HCKIIroye-
HUIO BUTIBHOTO KPAaCUTENs TPUIaHOBOTro cuHero [10].
KonmuecTBo kneTok noacuuThIBain B kamepe [opse-
Ba. Ilozxcuer kn3HECIIOCOOHOCTH U KOJIMYECTBA Kile-
TOK TIPOBOJWIIN Cpa3y MOCIE BhIACTIEHUS, 15-MUHYT-
Hoi nHKyOanuu npu 4°C B npucyrersuu IMCO, a
TaKKe [TOCJIe OTMBIBAHUS IEKOHCEPBUPOBAHHBIX CyC-
nen3uit HK ot kpuonporexkropa.

HepaHble KIIeTKH KyTETUBUPOBAIH B 24-TyHOYHBIX
mwraamerax (“Corning”) B oborameHHONW cpenae
DMEM/F12 (“Sigma”) [1] B CO, unky6aTope mpu
37°C B atmocdepe 5% CO,, 95% Bozmyxa. Cpeny Kyib-
TUBHPOBAHHUA 3aMEHSIN Ha CBEXYIO depe3 3—4 mHsl.

Kyneryper HK, npeasapurensao 3adukcupoBaH-
HbIE B 4%-M napadopMalibaeruie, i MMYyHOLIUTOXUMU-
YecKH OKpallluBaiu [2] Ha MapKepHbIe OeNKHU HEH-
poroB (3 tubulin IIT), HEpBHBIX CTBOJIOBBIX KJIETOK
(nestin) 1 HEPBHBIX MPOT€HUTOPHBIX KJIETOK (Vimentin).
B kadecTBe IepBUYHBIX aHTUTEN HCIIOIH30BAIA MOUSE
monoclonal to 3 Tubulin ITT (“‘Sigma’’), mouse monoclo-
nal to Nestin (“Abcam”, BenukoOpuranusi) u rabbit
polyclonal to Vimentin (“Abcam”). B kauectse BTO-
PUYHBIX aHTUTEN ucmoib3oBaiaun Chromeo 546 goat
anti-mouse (“Abcam”), Chromeo 488 goat anti-rabbit
(“Abcam”). SAnpa knerok okpammBaiu Hoechst 33342
(“Sigma”).

MHUKpPOCKOTIUPOBAHUE K MUKPO(POTOCHEMKY KYIIb-
Typ npoBoauin Ha Mukpockone Observer Z1 (“Carl
Zeiss”, 'epmanus).

Pesynprarel craTuctudeckn o6padarsiBain MO
Metony CThIOIEHTA C MCIOIB30BaHUEM HPOTPAMMBI
MS Excel.

JKCHepUMEHTHI OBLTH TIPOBEJICHBI B COOTBETCTBUH
¢ “OO0MMH IPUHITUIIAME SKCTICPUMEHTOB Ha YKUBOT-
HBIX”, onoOpeHHbIMU [ KOHTpeccoMm 1o OMOITHKE
(20.09.07, Kues, YkpanHa) 1 COTJIaCOBAaHHBIMHU C ITOJIO-
xeHusamu “EBponelickoit KoHBEHIINH 0 3aIlIUTE TO3BO-
HOYHBIX )KHBOTHBIX, UCIIOJIb3YEMBIX JI51 9KCIICpUMEH-
TalbHBIX M APYTUX HayuyHbIX wmenei” (CtpacOypr,
1986).
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to —80°C. One day after the cells were transferred
into a liquid nitrogen. Cells were thawed in water bath
at 40°C.

After thawing the NCs were once washed-out of
DMSO with DMEM/F12 medium with/without serum
with following centrifugation for 3 min at 100g. The
cell sediment was dispersed in washing medium.

The NCs’ viability was assessed by trypan blue vi-
tal dye exclusion [10]. Cell number was calculated in
Goryaev’s chamber. The viability and cell number were
calculated right after isolation, after 15 minutes of in-
cubation at 4°C in DMSO presence, as well as after
cryoprotectant wash-out procedure of frozen-thawed
NC suspension.

Neural cells were cultured in 24-well plates (Cor-
ning) in the enriched DMEM/F12 medium (Sigma) [1]
in CO, incubator at 37°C under 5% CO,, 95% air at-
mosphere. Culturing medium was replaced for a fresh
one every 3—4 days.

The NC cultures, preliminarily fixed in 4% parafor-
maldehyde were immunocytochemically stained [2] for
marker proteins: mouse monoclonal to 3 Tubulin IIT
(Sigma) for neurons, monoclonal to Nestin (Abcam,
Great Britain) for neural stem cells and rabbit polyclonal
to Vimentin (Abcam) for neural progenitor cells. The
Chromeo 546 goat anti-mouse (Abcam), Chromeo 488
goat anti-rabbit (Abcam) were used as secondary an-
tibodies. Cell nuclei were stained with Hoechst 33342
(Sigma).

Microscopy and microimaging of cultures were
performed with Observer Z1 microscope (Carl Zeiss,
Germany).

The results were statistically processed using the
Student’s method with MS Excel Software.

The experiments were done in accordance with the
General Principles of Experiments in Animals, approved
by the 2" National Congress in Bioethics (Kiev, 2007)
and agreed to the statements of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

Results and discussion

Since DMSO has a manifested toxic effect on cells
under concentration higher than 12% [7, 11] in the re-
search we used the cryoprotectant concentration not
higher than 12.5%.

The viability and concentration of freshly isolated
NCs from newborn rats did not depend on serum pres-
ence in the medium and made 54 + 4.6% and 20.9 +
1.4 mln/ml in serum-free medium and 56.2 +4.2% and
21.6 = 0.8 mln/ml in serum-enriched one.

The Fig. 1 shows that DMSO adding into NC sus-
pension reduced the viability and a number of cells both
in serum-free and serum-enriched media. Herewith a
decrease in viability and cell concentration was ob-
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Pe3yAbTathl M 00CyXXAeHUe

[Mockoneky AMCO o6nagaet BeIpa>KeHHBIM TOK-
CHYECKUM JIEHCTBUEM Ha KIJIETKH MPU KOHIICHTPAIIUU
Beie 12% [7, 11], B uccieqoBaHny MCIIOIB30BAIIN
KOHLIEHTPALIMIO KPUOMIPOTeKTOpa He bonee 12,5%.

Ku3HecrnocoOHOCTh M KOHLIEHTpALs CBEKEBbLIe-
seHHbIX HK HOBOPOXAEHHBIX KPBIC HE 3aBUCEIU OT
HaJIMYUS B Cpelie CRIBOPOTKU U COCTaBILUH: 54 + 4,6%
n 20,9 + 1,4 mia/MA B cpezie 6e3 ChIBOPOTKU 1 56,2 +
4,2% wn 21,6 = 0,8 MitH/MII B cpenie ¢ CHIBOPOTKOH.

Kax BumHo u3 puc. 1, mobasnenue JIMCO x cBexe-
BeLIeNeHHOH cycnien3nn HK cHmkano xxu3necnoco6-
HOCTb U YMEHBIIAJIO UX KOJIMYECTBO B Cpesie Kak Oe3
CBIBOPOTKH, TaK ¥ € CBIBOPOTKOM. [IpH 3TOM CHMMXKEHNE
JKU3HECIIOCOOHOCTH 1 KOHIIEHTPAILMU KJIETOK HaOJIt0-
Janoch yxxe nocie godasnenns 2,5% JAMCO. IToBsi-
menue koHueHTpauuu JMCO no 5% noctoBepHo He
HU3MEHSUIO KU3HECTIOCOOHOCTh U KOIUYECTBO KIIETOK
o cpasHenuio ¢ 2,5% JAMCO (puc. 1), a mpu koH-
nentpanuu JIMCO 7,5% xak B cpefie ¢ CBIBOPOTKOH,
TaKk ¥ 0e3 Hee KU3HECHOCOOHOCTh U KOHLIEHTPALMS
HK cumxanuces Ha 30-35% u 29% coOTBETCTBEHHO
MO0 CPaBHEHUIO ¢ 00pa3IaMu KIETOYHBIX CyCIIEH3UH,
He cogepxkamumu JIMCO. IoBeimieHne KOHIIEHTpa-
nuu IMCO o 10 u 12,5% B cpene ¢ CBIBOPOTKON U
0e3 Hee He MPUBOJMIIO K N3MEHEHHUIO KOJTMUECTBa Kile-
TOK, OJTHAKO IIPH ATOM HAOJIOAJI0Ch CYIIECTBEHHOE
CHIDKEHHE KU3HECITOCOOHOCTH KIIETOK: Ha 57% mpu
10% AMCO u na 72—76% nipu 12,5% AMCO (puc. 1).

[Tocne 3amopaxusanusi-ororpesa HK 6e3 kpuo-
MIPOTEKTOPA )KU3HECTIOCOOHOCTH M KOHLIEHTPAIHS KJle-
TOK CHIDKaIUCh Ha 60 1 67% 1Mo CpaBHEHHIO C UCXO/I-
HBIMH 3HaUCHUAMH (puc. 2, 3). [Ipu 3ToM npucyTcTBUE
CBIBOPOTKH B Cpe/ie 3aMOPa’KMUBAHNS HE BIMSIIO HA )KU3-
HECIOCOOHOCTh M KOHLIEHTpAIuIo KieTok. [IpucyTcT-
BHE B cpeae 3amMmopakuBanus 2,5 u 5% JIMCO coxpa-
Hs10 37 1 47% KineTok B cpezie 0e3 CHIBOPOTKH U 38
52% — ¢ cBIBOPOTKOH. JKI3HECTIOCOOHOCTH KIIETOK IPH
3TOM HE 3aBHCEJa OT MPUCYTCTBHS CHIBOPOTKH U
coctasisia 32—-37% (puc. 2). [loBbIIeHIEe KOHIICHT-
pauuu IMCO B cpene 3amopaxkuBanus o 7,5; 10 u
12,5% xax B IpUCYTCTBHH CHIBOPOTKH, TaK U Oe3 Hee
HE OKa3bIBAJIO BIUSHUS HA N3MEHEHNE KOHIIEHTPaIuU
KJIETOK, OTHAKO CHMYKAJIO KU3HECTIOCOOHOCTH 10 CPaB-
HEHUIO COo cpeniol, copepxameit 5% JIMCO (puc. 2,
3).IIpu 3TOM NaieHnE KU3HECTIOCOOHOCTH POIIOPLIHO-
HaJIbHO 3aBuceNo oT KoHIeHTpanuu JJMCO B cpene
3aMOpaKUBaHUS.

[Mockonpky JIMCO o6nagaer TOKCHYHBIM JIEHUCT-
BHEM Ha KJIeTKH [7, 11], Mbl U3y4anu BIUSHUE OTMbI-
BaHMS KPUOIPOTEKTOPA HAa KOHLIEHTPAIIHIO U KH3HECTIO-
coonocts HK mocie 3amopaxxuBanus-ororpesa. Kax
BUIHO U3 pHUC. 2, OTMBIBaHUE JAEKOHCEPBUPOBAHHBIX
kietok oT JMCO ¢akTiHuecky He IPUBOIUT K ITOBBI-
HICHUIO MX JXHU3HecnocoOHocTH. OJJTHAKO OTMBIBaHUE
ot IMCO Bo Bcex ciy4asix NPUBOJIUIO K YMEHbIIIE-
HUIO KOJTUYECTBA KIETOK B 1,5-2 pa3a (puc. 3).
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Puc. 1. Bausaue IMCO u CHIBOPOTKH Ha >KH3HECHO-
cobnocth (0) u KoHTeHTparuio (—) u3omupoBaHHEIX HK
KphIC: A — 6e3 CBIBOPOTKHU; B — ¢ CBIBOPOTKOH.

Fig. 1. DMSO and serum effects on viability (d) and con-
centration (—) of rat isolated NCs: A — serum-free; B —
serum-enriched media.

served even after adding 2.5% DMSO. Increasing the
DMSO concentration up to 5% did not statistically and
significantly change the cell viability and number if
compared to the case of 2.5% DMSO (Fig. 1). An
increase in DMSO concentration up to 7.5% both in
serum-free and serum-enriched media resulted in a fall
of NCs’ viability by 30-35% and a decrease in cell
concentration by 29% as compared to DMSO-free cell
suspension samples. An increase in DMSO concen-
tration up to 10 and 12.5% in serum-free and serum-
enriched media did not change the cell number, but at
the same time there was observed a considerable re-
duction in cell viability by 57, 72-76% at 10 and 12.5%
DMSO, correspondingly (Fig. 1).

After freeze-thawing of NCs without cryoprotectant
the cell viability and concentration reduced by 60 and
67% if compared to the initial values (Fig. 2, 3). Here-
with the presence of serum in freezing medium did not
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Puc. 2. BimsiHue OTMBIBaHHSI KPUOIIPOTEKTOpa Ha XHM3HECIOCOOHOCTH M30mmpoBaHHbIX HK, KpnokoHCepBHPOBAaHHBIX €
pazmanbIMH KoHLeHTpanusiMu JIMCO 6e3 ceiBopoTkH (A) 1 ¢ cbiBOpoTKOii (B); K —KH3HECTIOCOOHOCTD CBEKEBBIICICHHBIX
HK; O-xwusnectiocoonocts HK 10 otmeiBanus JIMCO; O—sxusaecnocobnocts HK mocie ormeiBanmst JIMCO.

Fig. 2. Effect of cryoprotectant washing-out on viability of isolated NCs, frozen-thawed in the presence of different
concentrations of DMSO in serum-free (A) and serum-enriched media (B); K denotes the viability of freshly isolated NCs;

O—NCs’ viability prior to DMSO washing-out; O—NCs’ viability after DMSO washing-out.
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Puc. 3. BinusiHue OTMBIBaHMSI KPHOIPOTEKTOpA Ha KOHIEHTpAlUio u3osiupoBaHHbIX HK, KproKoHCEpBHPOBaHHBIX C
pasnmnuabiMu KoHLEHTpanusmu JIMCO 6e3 ceiBopotku (A) u ¢ ceiBopotkoi (B); K — ncxonnas konnenrpanus HK; Il —
xoHnentpaius HK no ormeiBanus JIMCO; O—- xonnentpamus HK mocie ormeiBanus IMCO.

Fig. 3. The effect of cryoprotectant washing-out on concentration of isolated NCs, frozen-thawed in the presence of with
different concentrations of DMSO in serum-free (A) and serum-enriched media (B); K denotes NCs’ initial concentration;

B - NCs concentration prior to DMSO washing-out; O0— NCs’ concentration after DMSO washing-out.

Taxum o6pa3om, HauOomdbInee komuyecTBo HK,
HCKITIOYAIOIIUX BUTAIbHBIN KPAaCUTENb TPUIIAHOBBIN
CHHUH, COXpaHsIETCs TPU UCIIONB30BaHHUH AJIsI KPHOKOH-
cepBupoBanus 5%-ro IMCO. Hanuune cbIBOpOTKH
B Cpe/ie 3aMOPaKUBaHUS CYLIECTBEHHOTO BIUAHNS HA
KHU3HECTIOCOOHOCTh M KOJIMYECTBO KIETOK HE OKa3bl-
BaeT. Vcnonp3oBaHue HEHTPU(YTUPOBAHUS I OT-
MbIBaHus nekoHcepsupoBaHHbiXx HK ot IMCO He
MIPUBOJIUT K MOBBIIICHUIO )KU3HECTIOCOOHOCTH KIIETOK,
OJIHAKO COIIPOBOXAAETCS 3HAUUTEILHON UX IIOTEpEN.
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affect the cell viability and concentration. The presen-
ce of 2.5 and 5% DMSO in freezing medium preserved
37 and 47% cells in serum-free medium and 38 and
52% in serum-enriched one. The cell viability did not
thereby depend on serum presence and made 32-37%
(Fig. 2). Anincrease in DMSO concentration in freez-
ing medium up to 7.5, 10 and 12.5% both with and
without serum did not change cell concentration, but
resulted in a significant fall in their viability if com-
pared to the medium, containing 5% DMSO (Fig. 2,
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CrnenyeT OTMETHUTB, YTO OIPEEICHHE )KU3HECTIO-
COOHOCTH MO UCKIIFOYEHHIO TPUITAHOBOTO CHHETO KIIET-
KaMH — I0CTaTOYHO IpyOBIii METO, KOTOPBIH B 00JIb-
el Mepe sIBIsieTCsl TECTOM (PU3UYECKON LeNoCT-
HOCTH KJIETOK M HE OTPAXKAET X (PYHKIUOHAIBHYIO H
MeTaboInIecKyl0 coXxpaHHocTh. Hambomee “crpo-
UM’ TECTOM JKH3HECITOCOOHOCTH KJIETOK SIBIISICTCS
HX CITIOCOOHOCTH K pocTy (Tpornudeparuu u nuddepeH-
IUPOBKE) B KyJIEType. [103TOMY CIIeyIOIIM 3TaroM
Harei paboTsI OBIIO OTIpEIeIeHNE BIUSHUS 3aMOpa-
YKUBAHUSA-OTOIPEBA B CPEAAX C PA3IMUHBIMU KOHIIEHT-
paumsmu JIMCO ¢ cbIBOPOTKO# 1 6e3 Hee Ha Croco0-
Hocts HK dopmupoBarts arperatsl, NpuKpemiIsThCs
K IIOBEPXHOCTH IJIACTUKA, TPOTUPEPUPOBATD U JTUP-
(epennupoBatscs. s 3TOro cBeXXeBbIIEICHHBIE U
nexoncepupoBannbiec HK cesnu B 24-nyHouHbie
IJIAHIIICTHI B KOHTIEHTparnu 2 MitH/MiL. [Ipu aTom cyc-
neHsuro nexoHcepsupoanHbeix HK nmepen moceBom
pa3BommH 10 KOHEYHOUW KoHIeHTpamnu JMCO B
cpene kynpruBupoBanus 0,25%.

CeexenzonupoBannbie HK dopmupoBamm arpe-
raThl y’Ke 4epe3 CyTKH KyJIbTUBUpOBaHUs (puc. 4, A).
Ha nporsokennn 1-3 cyTOK KyIbTHBHPOBaHUS 0OJIb-
LIMHCTBO arperaToB MPUKPEIIAIOCH, UX COCTABIIAIO-
1I1e KJIETKH HauWHaIW MHTEHCHBHO MUTPUPOBATh U
i dhepeHnnpoBaThCs, POPMHUPYS YIACTKH MOHOCIIOS
(puc. 4, B). Ilpu 3TOM HabMIOOAIOCH 3HAYUTENHEHOE
KOJIMYECTBO KJIETOK ¢ Mopdomnorueii HelipoHos. Yepes
2—4 cyTOK KyJI6THBHPOBAaHMUS (POPMUPOBAIIFICH HEOOIb-
II¥I€ y9aCTKH KIJIETOYHOTO MOHOCIIOS, MOp(oJIornyec-
KH COCTOSIIETO MPENMYIIECTBEHHO U3 KJIETOK TIIHH.
Ha 5—7-e cyTKu KyJbTUBUPOBAHMS HA MOBEPXHOCTH
[JTMaJIHHOTO MOHOCIIOS OSIBISUIACH KIIETKH, MOp(oITo-
THYECKH TIOXOXKUE Ha HelipoOnacTsl (puc. 4, C), Konu-
YECTBO KOTOPBIX NMPH AaJbHENUIIEM KYJIbTUBHPOBAaHUI
yBenuuuBaiock. Ha 6-9-e cyTku KynbTUBHUpPOBaHUS
00pa30BBIBAIMCH KOJIOHUH HeAN(D(HepeHITMPOBAaHHBIX
B-TyOymun-111 monoxuTenbHBIX (IaHHBIE IO OKPALIX-
BaHUIO HE MIPEJCTAaBJICHbI) KIETOK (puc. 4, D), xoto-
pBI€ B TIpoIiecce KyIbTHBHPOBAHMS YBEITNIHBAINCH B
pasMepax U (popMHpOBaTN KOHTAKTHI C COCEAHUMH
KOJIOHHSIMH.

KynsruBupoBanue HK, 3aMOpOKeHHBIX-OTOTPETHIX
CO BCEMH HCIOIB3yEeMBIMH HaMH KOHIICHTPAIHSMHU
JAMCO 6e3 CBIBOPOTKH, TTPUBOAMIIO K (POPMHPOBAHUIO
MEJIKHX, PHIXJIBIX U 0eCc()OPMEHHBIX arperaroB, KOTO-
PpBI€ IIPH JaJIbHEHIIEM KyJIbTUBUPOBAHHUH K ITOJIOKKE
HE MPUKPETUIUINCE. [Ipy 5ToM B TyHKax Habmonanoch
HEeOOBIIOE KOMNYECTBO IIIABAIOIUX SANHIYHBIX KIle-
TOK, HEKOTOPBIE U3 HUX MPUKPEIUBUINCH U pacIuiac-
THIBAJINCh.

ITpu xynsruBupoBanuu HK, 3aMopoKeHHBIX-0TO-
rpeTbix ¢ ceiBopoTkoi 6e3 JIMCO wmu ¢ 2,5% AMCO,
OTMEYaJIOCHh OOJBIIIOE KOTMYECTBO IJIABAIOIINX €1~
HAYHBIX KIJIETOK, a Takke (OPMUPOBAHHE MENKHX,
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3). At the same time the viability fall proportionally to
DMSO concentration in freezing medium.

Since DMSO has a toxic effect on cells [7, 11] we
studied the effect of cryoprotectant washing-out on
NCs concentration and viability after their freeze-thaw-
ing. The Fig. 2 shows the frozen-thawed cell washing-
out of DMSO as actually not resulting in their viability
increase. However, the washing-out of DMSO in the
all the cases resulted in cell number decrease in 1.5-2
times (Fig. 3).

Thus, the highest number of NCs, excluding trypan
blue vital dye is preserved when using 5% DMSO dur-
ing cryopreservation. The serum presence in freezing
medium does not significantly affect the cell viability
and number. The usage of centrifugation for frozen-
thawed NCs washing-out of DMSO does not augment
the cell viability, but is accompanied with their high loss.

Of note is the fact, that the viability assessment
from data of trypan blue exclusion by cells is quite a
rough method, and is more likely the test for physical
integrity of cells and does not reflect their functional
and metabolic state preservation. The most “rigorous”
test for cell viability is their capability to proliferate and
differentiate under in vitro culture. Therefore the next
step in our research was to determine the effect of
freeze-thawing in media with different concentrations
of DMSO with and without serum on the NCs’ capa-
bility to form aggregates, attach to plastic surface, pro-
liferate and differentiate. For this purpose the freshly
isolated and frozen-thawed NCs were inoculated into
24-well plates in 2 mIn/ml concentration. Herewith the
suspension of frozen-thawed NCs before inoculation
was diluted to the 0.25% final DM SO concentration in
culturing medium.

The freshly isolated NCs formed aggregates even
after one day of culturing (Fig. 4A). Within 1-3 days
of culturing the most aggregates attached, their com-
posing cells began an intensive migration and differen-
tiation, forming monolayer sites (Fig. 4B). At the same
time there was observed a great number of cells with
neuron morphology. Following 2—4 culturing days the
small sites of cell monolayer, being composed morpho-
logically of most glial cells, were formed. To the 54—
7™ culturing days on the surface of glial monolayer the
cells, being morphologically similar to neuroblasts, ap-
peared (Fig. 4C), and their number increased under
following culturing. To the 6"-9" culturing days there
were formed the colonies of non-differentiated (3 tubulin
III positive cells (no data on staining presented)
(Fig. 4D), which during culturing increased in size and
formed contacts with nearby colonies.

Culturing of NCs, frozen-thawed in the presence
of all studied DMSO concentrations in serum-free
media, resulted in formation of small, loose and form-
less aggregates, which did not attach to the substrate
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pBIXJIBIX U OecopMeHHBIX arperaToB. B mpouecce
JaTbHEUIIero KyJIbTUBUPOBAHMS NMPHUKPEIUICHUS H
pacIuTacThIBaHHUS €AMHUYHBIX KJIETOK U arperaToB HE
HaOJII01aJI0Ch.

B nepserie cyTku kynsTuBrnposanus HK, kpruokon-
CEPBUPOBAHHBIX C CHIBOPOTKOU U 5; 7,5; 10; 12,5%
AMCO, ¢dopmMupoBanucek arperaTbl CpeIHETO pas-
Mepa. HekoTopele u3 HUX B MpoLecce KyJIbTUBUPO-
BaHUS CIMBAJIUCD, YIUIOTHSITUCH U IPUKPEIUISUITUCH K
nomoxkke. Ha 3—4-e cyTku KyJIbTHBHPOBAaHUSA MpPH-
kperusiock 90% arperaroB. KiteTku npukpenieHHbIX
arperaToB MUTpUpoBaiu, nuddepeHInpoBaINCh U
nponudepuposanu. [lepBoHa4abHO MPOUCXOIUIA
nuddepeHIraysi MPEUMYIIECTBEHHO B HAITPABICHUN
KJIETOK C ThajabHOU Mopdonorueit. Ha 4—6-¢ cyTku
KYJIbTUBUPOBAHUS HaOII01a710Ch GOPMUPOBAHHE
Y4aCTKOB MOHOCJIOSI, COCTOSILIMX U3 KJIeTOK rmuu. Ha
7-10-e cyTKM KyIbTUBHPOBAaHUSA Ha TOM MOHOCIJIOE
MOSABISUTUCH KIIETKH, MOP(HOJIOTHYECKH MTOXOKHE Ha
HelipoOnacTsl (puc. 5, A). Ha 10-16-e cyTku Kyib-
TUBUPOBaHMUA OOPa30BHIBAIUCH KOJIOHUU HECTHH- U
BHMEHTHH-TIOJIOKUTEIBHBIX KIeToK (puc. 5, B, C).
Komnonuu B mporiecce nanpHeHmero KyasTHBUPOBAHUS
YBEIMUYHBAJIUCH B pa3Mepax.

MaxkcumanbHOE KOJMYECTBO HEHPOOIACTOB U KO-
JIOHUH CTBOJIOBBIX/IIPOTEHUTOPHBIX KJIETOK 00pa30BbI-
Banoch n3 HK, kxprokoncepBrpoBanusix ¢ 7,5 u 10%
AMCO. Ipu kynsruBUpoBannu HK, 3aMoposkeHHBIX-
ororpetbix ¢ 5 u 12,5% JIMCO, HelipobnacTsl U KO-
JIOHUU CTBOJIOBBIX/IIPOI€HUTOPHBIX KJIETOK IMOSIBIIS-
JIUCh HA 2—4 CYyTOK HO37Ke€ 110 CPAaBHEHUIO C KJIETKAMH,
KpuokoHcepBupoBaHHbIMU ¢ 7,5 1 10% JAMCO, n ux
KOJIMYECTBO OBIJIO MEHBIIIE.

npobnemobl

Kpuobuonorum
T.21,2011, Ne3

269

Puc. 4. ®opmupoBaHue cBexe-
n3onupoBanHbIMA HK HOBOpOX-
JICHHBIX KpbIC arperatoB (A),
KOTOpBIE B IIpoLecce AalbHeii-
IIETO KYJbTHUBUPOBAHHUS TPHU-
KPEIJIUINCh, X KICTKH MUTPHPO-
Basu, UG GepeHIIUPOBATUCH U
nposudepuposanu (B), hopmu-
pys MOHOCIIOH, Ha KOTOPOM
00pa30BBIBAIIMCH HEWPOOIIACTO-
noto6usIe ki1eTkH (C) 1 KonoHun
HenudepeHITPOBaHHBIX Kile-
ToK (D). Macmra6 100 Mxwm.

Fig. 4. Freshly isolated newborn
rat NCs formed the aggregates
(A), which attached under follow-
ing culturing, their cells migrated,
differentiated and proliferated
(B), forming the monolayer, where
the neuroblast-like cells (C) and
colonies of non-differentiated
cells (D) were formed. Scale bar

100 pm.

during further culturing. At the same time a small
number of floating single cells was observed in wells,
and only some of them were attached and flattened.

When culturing the NCs, frozen-thawed in serum-
enriched media without or with 2.5% DMSO, there
was observed a big number of floating single cells, as
well as the small, loose and amorphous aggregates
were formed. During following culturing no attach-
ment and flattening of single cells and aggregates were
observed.

Within first culturing days of NCs, frozen-thawed
in serum-enriched media and in the presence of 5, 7.5,
10, and 12.5% DMSO the middle-sized aggregates
were formed. Some of them fused, become condensed
and attached to the substrate during culturing. To the
31—4" culturing days 90% of aggregates were at-
tached. Cells of attached aggregates migrated, differ-
entiated and proliferated. Initially the differentiation
occurred mostly towards cells with glial morphology.
To the 4"-6™ culturing days there was noted the for-
mation of monolayer sites, consisting of glial cells. To
the 7"—10% culturing days the cells, being morphologi-
cally similar to neuroblasts appeared on this monol-
ayer (Fig. 5A). To the 10"-16" days of culturing there
were formed the colonies of nestin- and vimentin-posi-
tive cells (Fig. 5B and C). Within further culturing the
colonies increased in size.

Maximum number of neuroblasts and colonies of
stem/progenitor cells was formed from NCs, frozen-
thawed in the presence of 7.5 and 10% DMSO. Dur-
ing culturing of NCs, frozen-thawed in the presence of
5 and 12.5% DMSO the neuroblasts and colonies of
stem/progenitor cells appeared to the 24" days later
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Taxum 06pa3oM, IPOBEACHHBIE HCCIIEIOBAHUS 110~
kazanu, 9yTo npucyrcreue JIMCO nake B HEBBICOKHX
KOHLIEHTPALHSIX B Cpelie KaK ¢ CBIBOPOTKOH, Tak U 0e3
Hee OKa3bIBaeT Tokcudeckoe aeiicteue Ha HK.

3amopaxuBanue-otorpes HK B cpexne 6e3 JIMCO
KaK C CBIBOPOTKOH, Tak 1 0e3 Hee MPUBOIUT K Haje-
HUIO KM3HECIOCOOHOCTH 1 TMOENTN 3HAYNTENILHOM Yac-
TH KJIETOK (KOJMYECTBO KJIETOK YMEHBIIUIOCH B JBa
pasa).

JAMCO B xornenTpamun 5—12,5% npemxoxpaHser
HK ot pa3pyuienuss B mpoluecce 3aMOpakMBaHUsI-
OTOTpEBA, YTO BBIPAXKAETCI B COXPAHEHNH OOJBIIETO
¥X KonudecTsa. [Ipy 3ToM MakCMMaIbHOE KOJTMYECTBO
HK, nckinrodaromux BUTaJIbHBIA KPAaCUTENb TPUIIA-
HOBBIA CHHUH, OTMEUAJIOCh IIPH MCIIOIB30BaHUU 5%
JAMCO. IIpucyTtcTBre CBIBOPOTKH B Cpefie KPUOKOH-
CEPBHPOBAHUA HAa COXPAHHOCTH KOJINYECTBA U )KU3HE-
cnocoonoctr HK BiusiHUS HE OKa3bIBAIO.

KynsruBuposanue nexoncepsupoBanHbix HK in
Vitro BBISIBUIIO, YTO KU3HECIIOCOOHOCTD, ONpeIeeH-
Has 10 HCKJTFOYEHHUIO KJIIETKaMHU TPUITAHOBOTO CHHETO,
HE BIIOJIHE COTIIACYETCS CO CIIOCOOHOCTHIO KIIETOK
MIPUKPETUISATHCS, PACIIIIACTHIBATHCS M PACTH B KYJIBTY-
pe. KyneTuBupoBanue, B OTNIMYHE OT IKCTIEPUMEHTOB
110 ompeneneHuio xuznecnocoornoctn HK ¢ mcmons-
30BaHUEM TPUIIAHOBOI'O CUHETO, NTOKa3ajo, 4To 7,5 u
10% — onntumansHbie KoHUEHTpanuu AMCO, npu xo-
TOPBIX MAKCUMAJILHO COXPAHSIOTCS (PYHKIIMOHAIBHBIE
ciocoonoctn HK. IIpu 3TOM nnprcyTCTBHE CHIBOPOTKH
B Cpeie KPHOKOHCEPBUPOBAHUSI 0053aTENBHO.

[Ipu xynsTuBupoBanun HK, 3aMopoxeHHBIX-0TO-
IPETHIX C pa3InYHbIMU KoHIeHTpauusamMu JJMCO, ux
XKHU3HECIIOCOOHOCTD, ONPEACTICHHAs 110 UCKIIIOUECHHIO

Puc. 5. UMMyHOLIUTOXUMHYECKOE
OKpalllMBaHNEe KPHOKOHCEPBHUPO-
BaHHBIX HK HOBOpPOXIEHHBIX
KpbIc nociie 14 CyToK KyJIBTHBHPO-
BaHus. [lepBUUHas KybTypa Ipo-
nudepupyromux kinetok (A) me-
MOHCTPHUPYET BBICOKHI YPOBEHB
HecTHH- (B) 1 BUMEHTHH-TIONOKH-
tenbHBIX (C) KIEeToK. Sapa KieTok
OBLIM OKpAaIICHBI KpacHuTeleM
Hoechst (D). Macmrra6 100 MmxM.

Fig. 5. Immunocytochemical stain-
ing of cryopreserved newborn rat
NCs after 14 days of culturing.
Primary culture of proliferating
cells (A) demonstrates a high level
of nestin (B) and vimentin (C)
positive cells. Cell nuclei were
stained with Hoechst dye (D).
Scale bar 100 pm.
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if compared to cells, frozen-thawed in the presence of
7.5 and 10% DMSO, and their number was lower.

Thus, the performed research demonstrated the
DMSO presence even in low concentrations in both
serum-free and serum-enriched media as causing a
toxic effect on NCs.

Freeze-thawing of NCs without DMSO in both se-
rum-free and serum-enriched media resulted in a fall
of viability and death of a great part of cells (cell number
reduced twice).

DMSO in concentration of 5-12,5% protects NCs
against damages during freeze-thawing, that manifests
in preservation of their greater number after thawing.
Moreover the maximum number of NCs, excluding
trypan blue vital dye was noted after freeze-thawing
in presence of 5% DMSQO. The serum in cryopreserva-
tion medium had no effect on the preservation of NCs’
number and viability at that.

In vitro culturing of frozen-thawed NCs revealed
the viability, determined by trypan blue exclusion by
cells, as not completely correlating to cell capability to
attach, flatten and grow in culture. In contrast to the
experiments on assessment of NCs viability with trypan
blue application, the culturing demonstrated the 7.5 and
10% DMSO concentrations as the optimal ones, when
NCs’ functional capabilities were maximally preserved.
Herewith the serum presence in cryopreservation me-
dium was obligatory.

The comparison of culturing results for NCs, fro-
zen-thawed in the presence of different concentrations
of DMSO with their viability, determined by trypan blue
exclusion, indicates to the fact, that cell staining with
trypan blue after freeze-thawing in DMSO presence
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TPUIIAHOBOT'O CHHETO, YKAa3bIBAET HA TO, YTO OKPAIIH-
BaHUE KJIETOK TPUIAHOBBIM CHHHM B IMPUCYTCTBUU
JAMCO ckopee oTpakaeT U3BMEHEHUE CTENEHU TPOHU-
LAeMOCTH KJIETOUHON MEMOPaHBI AJIsl KPACUTEIS, YeM
WX XU3HECTIOCOOHOCTD. [[efiCTBUTENHFHO, CHUKEHUE
sxkusHecnocoonoctd HK, ompenenseMoe 1o MCKIO-
YEHHUIO TPUTIAHOBOTO CHHETO KJIETKaMH B ITPUCYTCTBUU
AMCO, MoXeT onpenensaTbes IByMs (pakTopamu:
YBEIIMYEHHUEM IPOHUIIAEMOCTH KJIETOYHON MEMOpaHBbI
JUTSI KPACUTEIIA € TOBBIIIIEHUEM KoHTeHTparmu JIMCO
[12] m nanenuem xxusznecniocoonoctu HK Benenctue
TOKCHUYECKOTO JEHCTBUA BBICOKHUX KOHLEHTpaLUH
KpuonpoTtekTopa. I1oBbIlIeHre MPOHUIIAEMOCTH KJle-
TOYHOI MeMOpPaHBI 7151 TPUIIaHOBOTO CHHET'0 ¥ TOKCHU-
yeckuil 3QQeKT SABNAIOTCA CIEACTBUEM HU3MEHEHHS
CTPYKTYpBI MeMOpaHsbl B npucytcTBun IMCO [5, 13].
CreneHp TakMX U3MEHEHUH 3aBUCHT OT KOHIICHT AN
JAMCO, BcieacTBue KOTOPBIX HApyIIaeTCS TOMEO-
CTa3 KJIETOK ¥ M3MEHSIOTCS MeXKMeMOpaHHBIE B3an-
MOJIEHCTBHS, YTO, B CBOIO OYEPEIh, MOXKET HHAYITUPO-
BaTh aronTo3 Ki1eTok. OmHaKo, eCliv MPOHUIIAEMOCTh
KJIETOK H3MEHseTCs cpa3y nocie nodasnenus JJMCO
K KJETKaM, TO JUIS MPOSBIEHHUS TOKCHYECKOTO
neiictBust JIMCO HeoOXoauMbl BpeMs U YCIOBUS in
Vivo Ui in vitro. I1o3TOMy yBenM4eHHE KOIUYECTBA
HK, mpokpaliileHHbIX TPUIIAHOBBIM CUHHUM C TTOBBIIIIE-
nueM koHuentpanuu JIMCO B cpene, BeposiTHEe Bce-
T0, IPOMCXOANT BCIEACTBUE N3MEHEHUSI TPOHULIAEMOC-
TH KJIETOYHBIX MeMOpaH 1t kpacurens. C 3Tol To4-
KU 3pEHUS UCIIOIH30BAHIE TPUITAHOBOTO CHHETO JJIs
omnpenenenus xu3HecmocooHoctr HK B mpucyrerBun
JAMCO B cpene He 11€51€C000pa3HO.

BbiBOADI

HepBHble cTBOIOBBIE/TPOTEHUTOPHBIE KIETKH
HOBOPOXAECHHBIX KPBIC COXPAHSIOT CIIOCOOHOCTH K
nponudeparyu u qudhepeHraiy nocie 3aMOpaxK-
BaHUs-oTorpesa. [Ipu 3ToM HanbobIIEe KOINYECTBO
(yHKIMOHAJIBHO aKTUBHBIX KJIETOK COXPaHSIETCS IIPH
ucrnons3zoBanuu 7,5 u 10% JIMCO.

st coxpaneHust GyHKIMOHATEHON akTHBHOCTH HK
HOBOPOXJICHHBIX KPHIC IPUCYTCTBHE CHIBOPOTKH B
cpelie 3aMOpaXKUBAHUSI 00sI3aTENBHO.

JKuznecrmocoonocts HK HOBOPOXICHHBIX KPHIC,
oTIpe/ieNIeHHast 110 UCKIIFOYEHUIO TPUIIAHOBOTO CHHETO,
JIUIIb YaCTUYHO OTPaXKaeT PYHKIMOHAIBLHYIO aKTHB-
HOCTH KJIETOK.

Hcnonp3oBanue neHTpudyrupoBaHus s yaaie-
nust IMCO u3 cycnensun HK He nienecooOpasHo Beie-
CTBHUE 3HAYNUTENBHON MOTEPH KOJIMUECTBA KJIETOK IPU
HE3HAYUTEIFHOM ITOBBIIICHUH UX YKU3HECTIOCOOHOCTH.

Aemopwl svipadicaiom 61a200apHOCMb KAHO. OUOJL. HAYK
Kosanenxo U.®. u xano. 6uon. nayx Xonoonomy B.C. 3a
NOMOWD 8 NPOBEOCHUU MUKPODOMOCHEMKU.
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reflects a change in cell membrane permeability for a
dye rather than their viability. Really, a decrease in NCs’
viability, determined by trypan blue exclusion by the
cells after freeze-thawing in DMSO presence may be
specified by two factors such as: an increase in cell
membrane permeability for a dye with a rise of DMSO
concentration [12] and a fall of NC viability due to a
toxic effect of high concentrations of cryoprotectant.
The augmentation of cell membrane permeability for
trypan blue and a toxic effect result from a change in
membrane structure in DMSO presence [5, 13]. The
degree of such changes depends on DMSO concen-
tration, resulting in disordered cell homeostasis and
changed membrane-membrane interactions, that in its
turn may induce cell apoptosis. However, if cell per-
meability changes right after DMSO adding to cell sus-
pension, time and in vivo or in vitro conditions are
necessary for DMSO toxic effect manifestation. There-
fore, the augmentation of NCs’ number, stained with
trypan blue following DMSO concentration rise in the
medium, most probably occurs due to a changed cell
membrane permeability for a dye. In this aspect the
application of trypan blue for determining NCs viabil-
ity after freeze-thawing in presence of DMSO in me-
dium is not adequate.

Conclusions

Neural stem/progenitor cells of newborn rats pre-
serve the capability to proliferate and differentiate af-
ter freeze-thawing. Herewith the highest number of
functionally active cells is preserved when using 7.5
and 10% DMSO.

To preserve the functional activity of newborn rat
NCs the presence of serum in freezing medium is ob-
ligatory.

The viability of newborn rat NCs, determined by
trypan blue exclusion, coincides only partially with cell
functional activity.

It is not expedient to use centrifugation to remove
DMSO from NCs suspension due to a great loss of
cell number and only a slight increase in their viability.

The authors thank Dr. Kovalenko I.F. and Dr. Kholod-
nyy V.S. for the assistance with microimaging.
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