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Optimization of Cryopreservation Technique for Human Cord
Blood Nucleated Cells Using Combination of Cryoprotectant
DMSO and Antioxidant N-acetyl-L-cysteine

Pecbepat: Y poboTi ouiHOBanu edeKkTUBHICTb 3acTocyBaHHsi aHTnokcuaaHTy N-auetun-L-uncteiny (AL) ans kpiokoHcepByBaHHS
SAPOBMICHMX KNITUH KopAoBsoi kpoBi (ABK KK) noavHu 3 pisHMMKM KOHLEHTpauisiMu eHOOoUEeNtoNApHOro KpionpoTektopa gumeTun-
cynbdokenay (AMCO). BeraHoBneHo, o 36inbweHHs koHueHTpauii AMCO (3 2,51 5% po 7,5 i 10%) Ta 4acy ekcrnosuuii cycnenasii
ABK KK i3 kpionpotektopom (3 15 go 30 xB i Ginblue) NpMBOAUNO A0 3HAYHOMO 30iNbLUEHHS KINbKOCTI KMITUH i3 HAAMIpHUM BMICTOM
akTBHUX dopm kucHio (APK) (3 (7,5 + 0,8)% npu 5% OMCO Ta 15-xBunuHHIN iHKy6auii fo (28,9 + 3,2)% npu 10% AMCO T1a 60-
XBUIUHHIN iHKyOaUiT), 3HWKXEHHN iX XUTTe3gaTHoCTi Ta 36epexeHHs. [ogaBaHHs 10 MM AL, B cepenoBuLle KpiOKOHCEPBYBaHHS
NPU3BOAUIIO A0 3MEHLLUEHHS KiNbKOCTI KNiTWH i3 HaaMipHuM BmicToM A®K i 36inbLUeHHS NMOKa3HUKIB iX 36epeXeHOCTi Ta XUTTE30aTHOCTI
Ha eTani ekBiniGpauii 3 KPioONPOTEKTOPOM, @ TakoX NiCrnsi 3amMopoXyBaHHS i BigirpisaHHs cycneHsii ABK KK. MakcumanbHuii edekt bys
pocsrHyTvn nicns gogasaHHs ALL oo cepepoBuly i3 7,5- i 10%-oto0 koHueHTpauieto OMCO. [JoBeaeHo, L0 BUKOPUCTAHHSA aHTUOKCUAAHTY
cripysie NiABULLEHHIO MOKa3HUKIB 36epexeHocTi Ta xuTTesgaTtHocTi FABK KK B ymoBax onTumanbHOI koHUEHTpaUii kpionpoTekTtopa Ta
yacy ekcrnosuuii 3 HUM.

Knio4yoBi cnoBa: kopgoBa KpoB NMIOAWMHU, SAPOBMICHI KNITUHW, akTUBHI POPMU KUCHIO, KPIOKOHCEPBYBaHHS, AUMETUNCYnbdoKeua,
aHTuokcngaHtTn, N-auetun-L-uncrein.

PedrepaTt: B pabote oueHvBanu aphekTMBHOCTb NpuMeHeHus aHTuokcuaanta N-auetun-L-unctenHa (AL) onst KpMOKOH-
cepBUpPOBaHUsA sgpocodepxawmnx knetok kopaoson kposu (ACK KK) yenoBeka ¢ pasHbIMU KOHLEHTpPaLMAMNU SHAOLIENAONASPHOrO
Kpuonpotektopa anmeTuncynbdokenga (AMCO). YctaHosneHo, 4To yBenunyeHne koHueHtpauum AMCO (¢ 2,5 n 5% go 7,5 n 10%) un
BpemeHun akcnosuumm cycnenaum ACK KK c kpronpotektopom (¢ 15 go 30 MuH 1 Gonee) NpuBOAUIIO K CYLLECTBEHHOMY YBEMUYEHUIO
KONMYeCcTBa KMeTok C M3ObITOYHBIM codepKaHnem akTuBHbIX dopMm kucropoaa (APK) (¢ (7,5 + 0,8)% npu 5% OMCO n 15-muHyTHOM
nHkyBaummn 1o (28,9 + 3,2)% npu 10% AMCO 1 60-MUHYTHOIM MHKYBaLmK), CHUXKEHWIO NMoKa3aTenen nx XKM3HecnocobHOCTM N COXPaHHOCTY.
[o6asnenne 10 MM ALl B cpedy KPMOKOHCEPBMPOBAHWS MPUBOAMIIO K YMEHbBLUEHWNIO KOMMYECTBA KIETOK C U3ObITOYHbIM COAepKaHUeEM
ADK 1 yBenuueHuo nokasartenen Ux COXpaHHOCTU W XU3HECMOCOBHOCTY Ha 3Tane SKBUNMOpauuy ¢ KpUONPOTEKTOPOM, a Takke nocrie
3amopaxuBaHus 1 otorpeBa cycneaun ACK KK. MakcumanbHbi addpekT Obin gocTurHyT nocne gobasnexnsa AL, k cpegam ¢ 7,5- n 10%-
1 KoHueHTpaumven OAMCO. [OokasaHo, 4YTO MCMOMb30BaHWE aHTUOKCUAAHTa CrocobCTBYET MOBLILIEHWIO MOKa3aTenen COXPaHHOCTU U
xm3HecrnocobHocTn ACK KK B ycnoBusix onTvMarnbHOM KOHLEHTPaLMM KpUONPOTEKTOPa U BPEMEHU 3KCTO3ULMU C HUM.

KniouyeBble crnoBa: kopAoBasi KpOBb YenoBeka, SApocoAepallme KneTkn, akTuBHble hopMbl KMCIIOpoaa, KPUOKOHCEPBMPOBaHWeE,
aumeTuncynbokens, aHTmokengaHTbl, N-aueTun-L-uncrenH.

Abstract: The paper evaluated the efficiency of N-acetyl-L-cysteine (AC) antioxidant during cryopreservation of human cord
blood nucleated cells (CBNCs) with various concentrations of endocellular cryoprotectant dimethyl sulfoxide (DMSO). It has been
found that rise in DMSO concentration (from 2.5 and 5 up to 7.5% and 10%) and exposure time of the CBNCs suspension with
cryoprotectant (from 15 to 30 min and more) resulted in a significant increase in the amount of cells with excess reactive oxygen
species (ROS) (from (7.5 £ 0.8)% at 5% DMSO and 15-min incubation to (28.9 * 3.2)% with 10% DMSO and 60 min incubation),
decrease in their viability and preservation rate. Supplementing 10 mM AC to the cryopreservation medium led to in a reduction in the
amount of cells with excess ROS and rise of their preservation rate and viability at the stage of equilibration with cryoprotectant, as
well as after freeze-thawing of CBNCs suspension. Maximum effect was achieved after AC supplementing to the media with 7.5 and
10% DMSO concentrations. We proved that the use of antioxidant contributed to the rise in preservation rate and viability of CBNCs
if cryoprotectant concentration and exposure time with it were optimal.

Key words: human cord blood, nucleated cells, reactive oxygen species, cryopreservation, dimethyl sulfoxide, antioxidants,
N-acetyl-L-cysteine.
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B ocTtanHI poku crocTepiraeThes TEHIASHIIIS 0
HIMPOKOTO BUKOPUCTAHHSA y KIIIHIYHIHM MPaKTUII KIIITHH
kopnoBoi kposi (KK). 3 2009 poky kiibKicTh mpoBe-
JCHHUX aJIOTPAHCIUIAHTALI reMONOETHYHUX CTOBOY-
poBux kiituH KK nmepeBumuia KinbKicTb TpaHC-
IJTAHTAIIH WX KIIITHH KiCTKOBOTO MO3KY [6, 15]. Ha
JaHWH 4Yac y CBITi MIOPIYHO MPOBOAUTHCS OIU3BKO
3 tuc. TpancrutanTaniil kiitua KK namienram i3 piz-
HuMH 3axBoproBanHamu [20, 16]. Taka yBara kii-
HIIKCTIB 10 BUKOPUCTAHHS Ta 301IBIIICHHS KITHKOCTI
TpancrutanTamnii KK mpussena 1o HeoOX1IHOCTI CTBO-
peHHs Mepesxi kKpioOaHkiB [13], B sskux 3pa3ku 30epi-
raloThCsS B 3aMOPOKEHOMY CTaHi 32 TeMIepaTrypH
—196°C 6e3 BTpaTH 0i0JOTIYHUX BIACTUBOCTEN IPO-
TSIrOM HeoOMexxkeHoro vacy. IIpote HeBenuki 00’emu
koxHO1 1031 KK Ta HeMOXITUBiCTH MOBTOPHOTO 3200-
PY BUKJIMKAIOTh HEOOXiIHICTh BUOOPY ONTHUMAILHO-
ro METOAY KPIOKOHCEPBYBaHHS SAPOBMICHUX KITITHH
(AIBK), mo sikux BXOISTh TEMOIOSTUYHI CTOBOYPOBI
KITHHA. Y 3B’A3KYy 3 OUM aKTyaJbHUMH € PO3poOKa
HOBUX 1 BIOCKOHQJICHHS ICHYIOUNX METOMIB KPIOKOH-
ceppyBaHHs KK.

s 3amopoxxyBaras SIBK KK wmaitgacrimre Buko-
PHUCTOBYETHCSI KPIOMPOTEKTOP TUMETHICYIb(POKCH]T
(IMCO) y xonnentpartii 5—10% [14]. Ilix gac kpio-
koHcepByBaHHs ABK KK 3a3HaroTh 3HauHOrO Crpe-
COPHOTO BILJIMBY, LII0 MOKE ITPU3BECTH JI0 IX allONTO3Y
SIK 10, TaK 1 micist po3mopoxysanHs [17]. Tomy Bax-
JIMBOIO € OI[IHKA 30€PEKEHOCTI Ta JKUTTE3IATHOCTI KJTi-
THH HE TUIBKH B1{pa3y Miclisi pO3MOPOKYBaHHS, ajie i
yepes JesIKUi yac micis iX MepeHeceHHs 10 YMOB, sIKi
HaOmkeHi 70 dizionoriyanx. Citif] 3a3Ha4UTH, 1110 aIloTl-
TO3 KJIITUH MOe OyTH BUKJIUKAHUN Pi3HUMHU (PaKTo-
pamu, 30kpema akTHBHUME popmamu kucHio (ADK).
Y 3B’53Ky 3 ITUM BOKJIIUBOIO € pO3pOOKa METOJIB, 3a
JIOTIOMOT'00 SIKMX OyJiI0 O MOXJIMBHM 3aroOiraHHs
HakormmueHHIO ADK Ha BCix eTamax KpioKOHCEpPBYBaH-
HS1, [Ie JO3BOJIMIIO O YHUKHYTH 200 CTIOBUTBHUTH PO3BHU-
TOK OKCHJIATHBHOTO cTpecy. [lepCcrieKTHBHUM MOKe
OyTH JI0IaBaHHS JI0 CYyCIEH3il KIIITUH PEYOBHH, SIKi
MaroTh BUPAKEH] aHTHOKCUIAHTHI Ta UTONPOTEKTOPHI
BiacTUBOCTI. JIo Takux peuoBuH BiHOCTH N-aneTu-
L-uucrein (ALL), skuii XapakTepU3yeTbCsl HE TiNBKH
Oe3ocepeIHbOI0 aHTUOKCHIAHTHOIO aKTUBHICTIO, ajie
i Oepe y4acTh y CHHTE31 [Ty TaTioHy Ta 3a0e3e4eHH1
TIOJIOBUMH TPYINaMH IIUTOCKENETHUX CTPYKTYP, IO
J03BoJIsI€ 30epirat KIITHHU Bix pydHHyBaHHs [11].
Opnak po3poOKka METOAIB KPIOKOHCEPBYBAaHHS He-
MOXJIMBa 03 BU3HAYCHHSI BIUTMBY JaHOTO aHTHOKCH-
nanty Ha SIBK KK min wac 3amMmopokyBaHHS-BiJIITPIBY.
Tomy MeTor0 1anoi poOoTH OYII0 IPOBEICHHS JIOCIi-
JKEHb 11[010 BU3HAYCHHS BIUTUBY PI3HUX KOHLICHTPALIH
mumetuicynbdokcuay (IMCO) ta N-anerni-L-muc-
TEIHY Ha MOKa3HUKHU 30€peKeHOCTI, )KUTTE3AATHOCTI
Ta BMICTY aKTUBHUX ()OPM KUCHIO B SIAPOBMICHHX KJTi-
THHAX KOP/IOBOT KPOBI JI0 Ta TicHst KPiOKOHCEPBYBaHHSI.
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Recently the application of cord blood (CB) in clini-
cal practice has become widespread. Since 2009, a
number of performed allotransplantations of CB
hematopoietic stem cells exceeded that of transplanta-
tions of the bone marrow cells [5, 14]. Nowadays about
3 thousand transplantations of CB cells are annually
performed around the world to patients in different
diseases [20, 15]. Such an attention of clinicians to
CB application and increased number of its transplanta-
tions have resulted in a need to establish the network
of cryobanks [12], where the samples are stored in a
frozen state at —196°C with no loss in their biological
properties for unlimited time period. So, the small
amounts of each CB dose and impossible re-sampling
make it necessary to choose the optimal cryopreser-
vation method for nucleated cells (NCs), comprising
hematopoietic stem cells. In this regard, the develop-
ment of novel methods for CB cryopreservation and
optimizing the existing ones have still remained actual.

The cryoprotectant dimethyl sulfoxide (DMSO) at
5-10% concentration is quite often used to freeze the
CB NCs [13]. During cryopreservation the CB NCs
undergo a significant stress effect, which may result
in apoptosis, both prior to and after thawing [16]. So, it
is important to assess the cell survival and viability not
only immediately after thawing, but some time after
transferring them into the conditions close to physio-
logical ones. It is to be noted that the cell apoptosis
may be initiated infer alia by different factors, in par-
ticular, reactive oxygen species (ROS). Due to this
fact of importance is to develop the methods, which
could prevent the ROS accumulation at all the cryopre-
servation stages, to either avoid or slow down the
oxidative stress development. The supplement of cell
suspension with the substances possessing pronounced
antioxidative and cytoprotective properties may be
prospective. Among others one could mention N-acetyl-
L-cysteine (AC), not only featured by a direct anti-
oxidant activity, but also participating in glutathione
synthesis and providing the cytoskeletal structure with
thiol groups, protecting the cells from destruction [10].
However, the design of cryopreservation techniques
is impossible without determining this antioxidant effect
on CB NCs during freeze-thawing. Therefore this
work purpose was to determine the effect of different
concentrations of DMSO and N-acetyl-L-cysteine on
the survival and viability indices and reactive oxygen
species content in cord blood nucleated cells prior to
and after cryopre-servation.

Materials and methods

We used the human CB, collected after obtaining an
informed consent of pregnant woman, with previous
thorough prenatal screening for contraindications to
donation. Blood exfusion was done into a closed blood
sampling system with 25 ml anticoagulant from umbilical
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Marepianu Ta MeTOaU

VY po6ori BukopucroByBasm KK mronuau, 36ip sikol
MIPOBOJIMIIN TICHSA OTPUMaHHS 1H(QOPMOBAHOI 3roau
y BariTHOI, 3 MONEPEIHIM MPOBEACHHSAM PETEIBHOTO
JIOTIOJIOTOBOIO CKPUHIHTY Ha HasiBHICTb NPOTHIIOKA3aHb
110 JoHOpcTBa. Ekc(hy3ito KpoBi 3IIHCHIOBAIIH 3aKPUTHM
LIJTSIXOM Y CUCTEMY I 3a00py KPOBi 3 25 MJT aHTHKOA-
TYISHTY 3 IYTKOBOI BEHU il 4ac MPUPOAHUX ITOJIOTIB
TTiCTISI HAPOPKEHHS TUTHHH 1 BIZUTUTICHHS 1i BiJT ITAIICHTEL.

Buninenns dpaxuii ABK i3 iiineHoi KK npoBoaumm
METOJIOM CETMMEHTAIII] B TTOITTIOKiHI (6%-1 po3unH
nexctpany (OAO «bioximiky», Pocist) 3 MoneKysipHOIO
macoro 60 000). 175t 1150ro croyaTky 10 KpoBi J01aBaIn
TIOJTITTFOKIH Y CITiBBiHOMIEHH 1:1 32 00’ eMoM, TOTiM
BiZICTOIOBAJIH JI0 YiTKOT'O PO3IOALTY EpUTPOLMTAPHOTO
mapa ta pakiii saposmicHux KiituH ( Big 30 10 50 XB).
CynepHartaHT BiOMpanu Ta LeHTpUYTyBalIH MPOTs-
rom 5-7 xB nipu 800g 1711 OTpUMaHHS KOHIIEHTpATy
SBK.

VY KkiiTHHHY cycrnieH3ilo BHOCWIH 25%-i po3unH
JAMCO no xiHIIeBUX KOHIICHTpAIliid y Ipobi 2,5; 5; 7,5
ta 10%. Cycnensii KIiTHH 00pOOISITH KPIOPOTEK-
TopoM 3a Temmepatypu 0...4°C. [lepen 3minryBaHHIM
CYCTICH3110 KJITHH 1 pO3YMHH KPIOIIPOTEKTOPA JOBOAVIN
no BimmoBimHuUX Temmepartyp; AMCO momaamu
KparejabHUM [UISIXOM TPU TMOCTIITHOMY IepeMimny-
BaHHI.

Y po6orti BukopuctoByBanu Al («Sigma-Aldrichy,
CIIIA) y xinneBii kornenTpariii 10 MM, skuii nepen
KpiOKOHCEpBYBaHHSIM BHOCHIU B ipodu 3 JIMCO.

3pa3Ku KpiOKOHCEPBYBAJIU B IPOrPAMHOMY 3aMOPO-
xyBadi («Cryoson», HimeuunHna) 3i mBuzakictio 1—
3 rpan/xB 10 —80°C i3 HACTYIHHUM 3aHYPCHHSIM Y
piaxwii a3ot (—196°C) [3]. BixirpiBanus 3aiicHIOBANIN
3a temnepatypu 37-40°C Ha BomsHINA OaHi mpu
MIOCTIHHOMY TTOTOMyBaHHI 10 3HUKHEHHS TBEp0] (pa3u.

AOGCONIOTHY KINBKICTh KIIITHH IMiIPaXOBYBAJIH B
kamepi [ opsieBa 3riTHO 31 CTAHAAPTHOIO METOTUKOIO [7].
30epeKeHICTh KIIITHH BU3HAYAIH SIK BIICOTOK KIJTBKOCTI
KIITHH Y AOCIiIKYBAaHOMY 3pa3Ky IO BiIHOLICHHIO /10
[TOYATKOBOI iX KUTBKOCTI 10 Oy/Ib-SIKOTO BIUTHBY (1HKY-
0allis 3 KpiOMpPOTEKTOPOM, 3aMOPOIKYBaHHS-BIAITPiB).

Kurresparaicte CD45%-kiniTHH OLIHIOBAIN 3a
cragaapTauM npotokoioM ISHAGE (International
Society of Hematotherapy and Graft Engineering) 3
BHKOPHUCTAaHHSAM MOHOKJIOHAJILHOTO aHTUTiIa CD45-
FITC i JJHK-6apBauKka 7-amiHOakTHHOMIIHHY D
(7TAAD) [24] meTo1oM TPOTOYHOT TUTODITYOPHMETPIi.
Js mporo g0 50 MK IMITBHOI KPOBi TOAaBaIH IO
10 mxn pearentiB (FITC-miwennii CD45, xnon 2D1
ta 7AAD). IlepemimryBanu ¥ inkyOyBamu 15 XB 3a
KIMHATHOI TeMIiepaTypu B TeMpsiBi. J{o koxkHOI mpo-
Oipku nomaBanu 1 MJ PO3UYMHY XJIOPUIY aMOHIiIO
(«BDy, CIIIA), sxuii BUKJIHKAB JIi3UC KIITHH. AHa-
Ji3yBajii MPoOH 3a JOIIOMOTOI0 TPOTPAMHOTO 3a0e3-
nieueHHs «CellQuest Pro» («BD»).
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vein during natural labour after child birth and separa-
tion from placenta.

The NCs fraction was isolated from the whole CB
by sedimentation in Polyglucinum (6% dextran solution
(JSC Biokhimik, Russia) with 60,000 molecular weight).
For this purpose the blood was first mixed with Poly-
glucinumn 1:1 (v/v) ratio, then precipitated up to distinct
separation of erythrocytes and nucleated cells appea-
rance. Sedimentation time made from 30 to 50 min,
then the supernatant was collected and centrifuged
for 5-7 min at 800g to obtain the NCs concentrate.

Cell suspension was supplemented with 25%
DMSO solution up to 2.5; 5; 7.5 and 10% final concen-
trations in a sample. Cell suspensions were treated
with cryoprotectant at a low positive temperature
0...4°C. Before mixing the cell suspension and cryopro-
tectant solutions were brought to the appropriate
temperatures; DMSO was dropwise added during a
constant stirring.

Here we used the AC (Sigma-Aldrich, USA) in
a 10 mmol/L final concentration, supplemented to
DMSO containing samples prior to cryopreservation.

Samples were cryopreserved using a programmable
freezer (Cryoson, Germany) with 1-3 deg/min rate down
to —80°C, followed by immersion into liquid nitrogen
(=196°C) [4]. Thawing was done in a 37-40°C water bath
with constant shaking until a solid phase disappeared.

The absolute cell number was counted in Goryaev’s
chamber according to the standard procedure [9]. The
cell survival was determined as the percentage of cell
number in the studied sample with respect to their initial
one prior to any impact (incubation with cryoprotectant,
freeze-thawing).

The viability of CD45"-cells was assessed by the
standard ISHAGE protocol (International Society of
Hematotherapy and Graft Engineering) using a mono-
clonal antibody CD45-FITC and DNA dye 7-aminoac-
tinomycin D (7AAD) [24] by means of flow cytometry.
For this purpose the whole blood (50 ul) was supple-
mented with 10 pl of reagents (FITC-labeled CD45,
clone 2D1 and 7AAD), then mixed and incubated for
15 min at room temperature in the dark. Each tube
was supplemented with 1 ml ammonium chloride
solution (BD, USA), which caused cell lysis. Samples
were analyzed with the CellQuest Pro software (BD).

To determine the amount of the cells with excess
ROS we used the highly specific ROS indicator: dichlo-
rofluorescein diacetate (DCFH,-DA) (Sigma-Aldrich,
USA) [8, 28]. The measurements were carried out
using flow cytometry with FACS Calibur flow cyto-
meter (BD) at 488 nm excitation wavelength and
recording emission at 530 nm. Samples were supple-
mented with DCFH,-DA in a final concentration of
5 uM, and incubated then 30 min at 37°C in the dark.
The measurement results were assessed with the Cell
Quest Pro software (BD) [25]. The cells, the fluores-
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Jl1st BU3HAYEeHHS K1JIBKOCTI KITITHH 13 HaITUIIIKOBUM
BMicToM ADPK BUKOPHCTOBYBaJIM BHCOKOCTIEIIH(id-
Hu# ingukarop ADK-nuxnopodayopecuiein niarnerar
(DCFH,-DA) («Sigma-Aldrich») [10, 28]. Bumipro-
BaHHS MPOBOJMJIM METOJIOM MPOTOYHOI HUTO(ITYO-
pumetpii Ha npotouHomy uutToduryopumerpi «FACS
Calibur» («BD») ripu oBxuHi XBriti 30ymxeHHs 488 HM
Ta peecrpaniero emicii 530 am. lo mpob6 momaBanu
DCFH,-DA y xinuesiii konuenrpauii 5 MM 13 Ha-
CcTynHUM iHKyOyBaHHAM mpotsiroMm 30 xB mipu 37°C y
TeMmpsBi. Pe3ynpTaT BUMipIOBaHb OI[IHIOBAJIH 3a
JIOTIOMOTOF0 TIporpaMHoro 3adesnedyenns «CellQuest
Pro» («BD») [25]. KniTnHamMu 3 HaAJTMIIKOBUM BMicC-
ToM ADK y KOXHIM eKcrieprMeHTaIbHIi rpyTi BBa-
xKanucs Ti, GIyopecLeHIis KX MepeBHIlyBaia
¢dayopecuenuiro ABK Bigpasy micns BumineHss 3
uinsHOi KK.

Jist BU3HAYCHHS BiACTPOYCHOI 3arndesi 4acTuHy
KJTITHH MICIIS PO3MOPOYKYBaHHS [IEPEHOCHIIN JI0 PO3UHHY
Xenkca y cniBBinHomerHi 1:10 i inkyOyBanmu npu 37°C
npoTsiroM rofauHH. [licns nporo BU3Hauanw 30epe-
KEHICTb, JKUTTE3MATHICTH Ta BMicT ADK y kiiTrHAaX
METO/IOM MPOTOYHOT LIUTOITYOPUMETPII.

Craructnyny oOpoOKy pe3yiabTaTiB MPOBOIUIH
meTonoM CrrronenTta-dimrepa 3 BAKOPUCTAHHSM TIPOT-
pamu «Excel» («Microsoft», CIIIA) micist BcTaHOB-
JICHHSI HOPMaJILHOCTI po3nofiny. laHi npencTrasisiu
K M + m. BigMIHHOCTI BBa)Kajld CTAaTUCTUYHO 3Ha-
yymumu mpu p < 0,05.

Pe3yabTat Ta 00roBOpeHHH

TepaneBruuHa e(heKTUBHICTH KPIOKOHCEPBOBAHUX
nipenapatiB KK 3Ha4HOO MipOr0 3aJI€KUTh BiJT KUTBKOCTI
30epeKeHNX KIITHH Ta X (PYHKI[IOHATBHOI aKTHBHOCTI
micist po3MopoxkyBaHHs [4]. Tomy HeoOXigHO TPOBO-
TUTH PETEIbHY OLIHKY CTPYKTYPHO-(PYHKIIOHATIBHIX
MMOKa3HUKIB FeMONIOETHYHNX cTOBOYpoBuX KiiThH KK
micis KpiokoHcepByBaHHA. OKpiM 1IBOTO, Y 3B’ SI3KY 3
oomexernnM 00’emoM n1o3u KK (me Oimbire 100 mur)
Ta HEMOXKIIUBICTIO ii TIOBTOPHOTO 3a00py Ba)KJIMBO
30epertu MakcuMaibHy KinbKicTh SIBK, no ckiamy
SIKUX BXOJISIT 1 TeMOIIOETHYHI CTOBOYpOBI KIIITHHH [22].

Bix crany kniTHH mepea KpiOKOHCEpPBYBaHHIM
3aJICKUTD PE3YJIbTAT 3aMOPOKYBaHHSI-BIIIrPiBY, TOMY
BHU3HAUEHHSI IMOKa3HUKIB iX 30€peKEHOCTI i JKUTTE-
3IATHOCTI JI0 3aMOPOXKYBAHHsI HEOOX1THE /IS TPOTHO-
3yBaHHS Pe3yJbTaTy KpiOKOHCEPBYBaHHSI.

Panime 3a3znaganocs [9, 19], mo ocHOBHUM Kpio-
MPOTEKTOPOM, SIKHI BHKOPHCTOBYEThCS JUTsl KPIOKOHCEP-
ByBanHs IBK KK, € JIMCO. I1pote okpiM KpiompoTeK-
TOPHOTO €PEKTy BiH MOJKE BIUIMBATH Ha BJIACTUBOCTI
MeMOpPaHHOI OBEPXHi, CTPYKTYPHY BIIOPSIIKOBaHICTb
JIiIiiB, KoHQopMariito nepudepuuHAUX Ta IHTErpaTbHIX
OLJIKIB, a TAKOK HA META0OJIYHHI CTaH KJIITHH, 30KpeMa,
Ha iHri0yBaHHs aHTHOKCHIAaHTHOI cuctemH [ 12]. Brac-
JIJOK I[bOTO B KIITHHAX MOXXE 30UIBIIUTHCS PiBEHb
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cence of which exceeded that of NCs right after
isolating from the whole CB, were considered as having
excess ROS in each experimental group.

To determine a delayed death some cells after
freeze-thawing were transferred into Hanks’ solution
at 1:10 ratio and incubated at 37°C for 1 hr. Then the
survival, viability and ROS content in cells was
determined with flow cytometry.

Our findings were statistically processed with
Student-Fisher test using Excel software (Microsoft,
USA). Differences were considered as stastistically
significant at p <0,05.

Results and discussion

A therapeutic efficiency of CB cryopreserved
preparations mostly depends on a number of survived
cells and their functional activity after thawing [1].
Therefore a thorough assessment of structural and
functional indices of CB hematopoietic stem cells after
cryopreservation is necessary. In addition, because of
a limited volume of CB dose (no more than 100 ml)
and impossible re-sampling, it is important to preserve
the quality in the maximum possible amount of NCSs,
comprising hematopoietic stem cells inter alia [21].

The freeze-thawing outcome depends on cell state
prior to cryopreservation, therefore it is necessary to
determine their survival and viability indices prior to
freezing in order to estimate the cryopreservation out-
come.

As it has been mentioned previously, the DMSO
is the main cryoprotectant used for CB NCs cryopre-
servation [7, 19]. But, in addition to cryoprotective
effect [11] it may affect the properties of membrane
surface, structural regularity of lipids, conformation
of peripheral and integral proteins, as well as metabolic
cell state, antioxidant system inhibition, in particular.
This may result in an increased ROS level in cells,
which may lead to their further death. Due to this fact,
it is very important that the ROS level in cells meets
the physiological norm [21]. So the determination
of ROS content is one of the key integral parameters
to assess the NCs state and impact on them of incu-
bation in the cryoprotectant solutions of various
concnetrations at equilibration stage [26, 27].

In order to study the influences of concentration
and time span effect on NCs suspension we used
DMSO at 2.5; 5; 7.5 and 10% final concentrations
and incubation time from 0 to 60 min.

Our findings (Fig. 1) on ROS accumulation in the
cells prior to cryopreservation demonstrated the aug-
mentation of cell number with excess ROS to occur
with increasing DMSO concentrations up to 7.5 and
10% as well as incubation time (especially after
30 min), that might indicate an oxidative stress deve-
lopment and/or possible inhibition of endogenous
antioxidant systems, which have to neutralize free
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ADK, mo y mojanbiioMy MoxKe 35 - N
TIPU3BECTH JIO iX 3arudedi. Y 3B’ 13Ky
3 UM BaXIIMBO, 00 piBeHh ADK 30 1
y KIIiITHHaX BiAmoBizaB ¢iziono- 2 25 o .
riuniid Hopmi [21]. OTke, BU3HAYCH- g *
us1 BMicTy AQK € omauM i3 ocHOoBHEX £ 8 20 . * *
iHTerpajbHUX MapaMeTpiB OIiHKH 5 © . *
crany SIBK i BBy Ha HUX pi3HHX g é 151 *
KOHIIEHTpAIIiif KpioMIpOTEeKTOpa Ha E 2 10 A p
eTari ekBiiOparii 26, 27].

3 METOI0 BUBYCHHSI BIUTUBY KOH- 5
LIEHTPAITIHOTO ¥ 1aCOBOTO YMHHKKIB
Ha cycrien3ito SIBK BuxoprcToBy- 0 ' ' ' '

15 30 45 60

Banmu JIMCO y KiHIIeBilf KOHIICHT- 0
paii 2,5; 5; 7,5 Ta 10% i 4ac inkyOarrii
Bix 0 1o 60 xB.

OTpuMaHi aHi M010 HAKOIH-
yeHHs1 ADK y KITIITHHAX 10 KPIOKOH-
CepBYBaHHS MIOKA3aJIH, 110 3 T /IBU-
menHsiM koHnertpanii IMCO mo
7,5 Ta 10% 1 IOOBXKEHHSAM Yacy
ekBiTiOpartii (ocoOmBo micist 30 XB)
301Ny BaIACS KUTHKICTh KITITHH 13
HauukoBuM BMicToM ADK, 110
MOK€ BKa3yBaTH Ha PO3BHTOK
OKHCHOTO CTpecy Ta/ab0 MOXKIIIBE
MPUTHIYEHHS CHIOTEHHUX aHTHOKCHUIAHTHUX CUCTEM,
AKI HEWTpaTi3yroTh BUTbHI pagukai (puc. 1). Y 3B’ a3ky
3 UM IIiT 9ac PO3pOOKH MPOTOKOJIB KPiOKOHCEP-
ByBaHHS HEOOXiTHO 3a0e3MeUnTH MiHIMAJIHHHUIA Yac
koHTakTy K1ituH i3 JIMCO sk 110, TaK i 0COOTUBO TTiCTIs
KpIOKOHCEpPBYBaHHSI.

Oxpim Bu3HaueHHs BMicTy ADK y kiiTHHAxX Mu
[IpoaHai3yBaly BIUIMB pi3HUX KoHIeHTpauiit JMCO
Ta yacy eKBiIiOparii 3 HUM Ha 30€pPeKEHICTD 1 JKUTTE-
snatHicTh SIBK. Otpumani nani (Tadn. 1) BkasyrooThb
Ha Te, 10 30UIbIICHHS K KOHIEHTpaIii Kpiompo-
tektopa (1o 7,5 Ta 10%), Tak i yacy €KCIIO3HIIii 3 HUM
(mricns 45 XB) MPU3BOJUTH 10 BUPAKEHOTO 3HIKEHHS
nux nokas3HukiB. Ciin 3a3Haunty, mo JIMCO y koH-
meHTpamisx 2,5 Ta 5% 3HadHO MEHIIIE BIUTMBAB Ha HUX,
110 MOXE OYTH TTOB’SI3aHO 3 HU3HKOIO KOHIICHTPAITIEI0
KpiOTIpOTeKTOpa.

[Toka3HUKM KHUTTE3AATHOCTI KIIITHH PI3HUX EKCIIe-
PUMEHTAJILHUX IPYI Ha ertari exkBiniopauii 3 JJMCO
MiK 00010 3HATY1IE HE BIAPI3HSIIUCS. 3HAYHE 3HIKCHHS
JTAHOTO TIOKa3HUKA CIIOCTEPITaiocs micis eKBimiopartii
3 10% AMCO Brpogosx 30 xB (Tabdm. 1).

Ockinbku B Haiil poOoTi nmokazaHo 301IbILICHHS
BMmicty ADK min gac exBiniOpamnii ABK KK i3 IMCO,
TO OYJI0 JAOLIJIbHIM BUKOPUCTOBYBATH PEUOBUHY, SIKa
3/1aTHA «IIEPEXOTUTIOBATHY BITbHI paiuKam abo HEel-
TpaJi3yBaTH [KEPEIIO iX BAHUKHEHHS. OTHI€IO0 3 TAKIX
peuoBuH € All, npsiMa aHTHOKCHIAHTHA JTis1 SIKOTO 00Y-
MOBJICHA HAasIBHICTIO BUTBHOI TIOJIBHOI TPYIIH, III0 B3a€-
MOIi€ 3 eEeKTPOQIIbHIMH rPyIaMH BUTbHUX PAAUKaIIB
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Yac eksinibpaii, xB
Equilibration time, min

Puc. 1. Kinbkictb ABK KK i3 Hagnuwkosum Bmictom APK 3anexHo Big
koHueHTpauii AMCO Ta 4yacy ekBinibpauii go kpiokoHcepByBaHHs: - 2,5%
OMCO; - 5% OMCO; &B- 7,5% OMCO; O- 10% OMCO; * — pesynbtatu
BiApi3HAOTLCA Big HyNbOBOI TOYKM iHKYOauii 3 AMCO, p < 0,05.

Fig. 1. CB NCs amount with excess ROS depending on DMSO concentration
and equilibration time prior to cryopreservation: O is 2.5% DMSO; l- 5% DMSO;
- 7,5% DMSO; O - 10% DMSO; * - significant differences comparing to
zero point of incubation with DMSO, p < 0.05.

radicals. In this regard, when designing the cryopreser-
vation protocols it is necessary to ensure the minimum
time of cell contact with liquid DMSO phase both prior
to and especially after cryopreservation.

In addition to determine the ROS content in cells
we analyzed the effect of different concentrations of
DMSO solutions and incubation time span with it on
NCs survival and viability. Our findings (Table 1) de-
monstrate an increase in both cryoprotectant concen-
tration (up to 7.5 and 10%) and exposure time with it
(after 45 min) to result in a pronounced reduction of
these indices. Of note is the fact, that DMSO in 2.5
and 5% concentrations affected these indices in a much
less degree, that might be associated with its low and
ultra low concentration.

The cell viability indices in different experimental
groups at the stage of incubation with DMSO did not
significantly differ. A significant decrease in this index
was observed after equilibration with 10% DMSO
within 30 min (Table 1).

Since our research demonstrated the augmentation
of ROS content during CB NCs equilibration with
DMSO, it would be expedient then to use the substance
capable to either ‘scavenge’ free radicals or neutralize
the source of their origin. One of these substances is
AC, an antioxidant effect of which is stipulated by the
presence of free thiol group, interacting with electro-
philic groups of free radicals and reactive oxygen meta-
bolites. This substance inactivates virtually all the species
of active oxygen metabolites, including the most reactive
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Tabnuusa 1. 36epexeHicTb Ta xuttesgatHicTb ABK KK (%) 3anexHo Bifg koHUeHTpauii
OMCO Ta vacy eksinibpaii go kpiokoHcepByBaHHs (M + SE)
Table 1. CB NCs survival and viability (%) depending on DMSO concentration
and equilibration time prior to cryopreservation (M + SE)

36epexeHicTb MutTespaTHicTb
Yac Survival Viability
iHKy6aLii, xB
Incubation 2,5% 5% 7,5% 10% 2,5% 5% 7,5% 10%
time, min AMCO AMCO AMCO AMCO AMCO AMCO AMCO DMSO
DMSO DMSO DMSO DMSO DMSO DMSO DMSO AMCO
0 99,6+0,4 98,8+0,96 96,4+1,38 96,4+0,78 97,2+1,48 97,0+0,8 96,6 +0,64 95,6+0,92
15 99,2+1,09 98,8+0,92 95,6+0,76 96,0+0,86 96,1+1,42 95,3+0,64 95,3+1,8 94,6+0,78
30 98,8+0,91 98,4+0,76 95,6+2,8 87,6+2,92* 95,6+1,568 94,5+1,42 94,4+2,13 92,0+1,74
45 98,8+1,23 96,4+1,41 91,6+0,75% 83,7+2,16*% 95,0+1,74 94,6+0,98 94,7+1,31 92,8+1,45
60 97,6+1,63 95,6+0,76 87,6+£2,37% | 71,7+£2,92* 95,8+0,92 96,0+£1,17 96,2+ 1,45 95,5+1,4

MpumiTtka: * — pe3ynsratv CTaTUCTMYHO 3HauyLLi MO BiOHOLUEHHIO [0 HYNbOBOI TOYkM iHKyGauii 3 AMCO, p < 0,05.

Note: * — significant differences comparing to zero point of incubation with DMSO, p < 0.05.

1 peaKTUBHUMU KHCHEBHMH MeTaboititamu. Ls pedo-
BUHA IHAKTUBYE MPAKTUYHO BCi POPMU aKTUBHUX METa-
0O0IiTIB KUCHIO, B TOMY YHCJIi HAaHOIIbII peaKiiiHi.
HenpsiMa aHTHOKCHIaHTHA JTisl TTpeTiapaTy 3yMOBJICHA
posnanom Al i3 yTBOpeHHSIM aMiHOKHCIIOTH IHCTETHY,
sIKa CTUMYJTFOE CHHTE3 [Ty TaTiOHY Ta MOCHITIOE aKTHB-
HICTh TiyTaTioH-S-Tpancdepasu. laHi pedoBHHHU
0epyTh aKTHBHY Y4acTh B aHTHOKCHIAHTHOMY 3aXHCTI
KJITHH 1 poIiecax BiJHOBJICHHS AUCY/Ib(IAHUX 3B’ A3KIB
[8,23].

st 3’sicyBaHHS ONTUMANBHOT KOHIIeHTpartii ALl
paHirie OyJau MPOBEICHI EKCIIEPUMEHTH 3 BUBUCHHS
AHTUOKCHJIAHTHOI JTi1 pi3HUX HOTO KOHIIEHTpalliit: 5; 10;
15130 mM [1, 2, 5]. Pe3ynbrarn excriepuMeHTIB
MOKa3aju, o KoHeHTpauii 5 Ta 30 MM pozunny ALl
ITiJ] 9ac JI0IaBaHHsl JI0 CYCIeH311 KIIITHH, iIHKYOOBaHHUX
i3 pizHUME KoHIIeHTpatismu [IMCO, He3aiexHO Bif
KOHIIEHTpAIIil KpiONPOTEKTOPa HE MPOSIBIISLIIA aHTHOK-
CHJIaHTHOI /1i1, @ y BUTIAJIKy BUKOPHUCTAHHS KOHIIEHTPAITi{
30 MM HaBiTh criocTepiraBcs MPOOKCHUAAHTHUIM e(EKT.
Y xormenTparisix 10 ta 15 MM ALl 3mMeHtTyBaiacs Kijib-
KICTb KIIITHH 13 HaAJTUIIKOBUM BMicToM ADK 1, sk Hac-
JIJ0K, BiAOYBaBCs IUTOMPOTCKTOPHIA BIUIMB, HA 1110
BKa3yBaJll MOKAa3HUKHU 30€PEekKEHOCTI, SIKi CIOCTepi-
raroThCs MY BUCOKKX KoHneHTpanisx JIMCO. [l nac-
TYIIHOI cepil eKCIIEPUMEHTIB BUKOPHCTOBYBAJTH KOHIICHT-
pattiro 10 MM, ocKiJTbKM BOHA BUSIBHJIACS Kpatoro [§].

[IpoBeneHi KoCITiKEHHS JO3BOJIUIA BCTAHOBHTH,
mo AL, noganwuii 1o cepenosumia 3 IMCO, cripuss
3MEHIIEHHIO KUILKOCTI KJIITHH 13 HaUIMIIIKOBAM BMICTOM
ADK (Tabi1. 2), a TAKOXK MIJBHUIICHHIO iX 30epeKeHOCTI
Ta KUTTE3aTHOCTI (Tabi. 3). Bapro 3a3HaunTtH, 1110
MOJIOBKEHHSI SIK Yacy 1HKyOallii, Tak 1 KOHIeHTparii
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ones. Indirect antioxidant effect of this drug is stipulated
by the AC decay, which stimulates glutathione synthesis
and strengthens glutathione-S-transferase activity.
These substances are actively involved into cell anti-
oxidant protection and disulfide bond renewal [6, 23].

Previously, to elucidate the AC optimal concentra-
tion the experiments on studying an antioxidant effect
of'its different concentrations: 5; 10; 15 and 30 mmol/L,
were carried out [2, 3, 17]. The findings showed 5 and
30 mmol/L AC concentrations of AC solutions as not
manifesting antioxidant action while adding to cell
suspension, incubated with different DMSO concentra-
tions, irrespective of cryoprotectant concentration,
moreover in case with 30 mmol/L a prooxidant effect
was observed. The AC at 10 and 15 mmol/L concentra-
tions reduced a cell number with excess ROS, and as
a result, had a cytoprotective effect, as indicated by
the survival indices, observed at high concentrated
DMSO. For the next series of experiments we used
10 mmol/L concentration, as it occurred to be the most
suitable [6].

The performed studies enabled establishing the fact,
that the AC supplemented to the medium with DMSO,
contributed to reduce a cell number with excess ROS
(Table 2), as well as to enhance their survival and viability
(Table 3). It should be noted that the augmentation of
both incubation time and cryoprotectant concentration
results in an increased number of cells with excess
ROS. However, in the samples with 10 mmol/L these
changes were less pronounced, even after increasing
the cryoprotectant concentration up to 7.5 and 10%.
Thus, the AC introduction into the NCs incubated with
DMSO may play a key role in keeping lipid assymetry
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KPIOIPOTEKTOpa MPU3BOIUIO JI0
301JIBIIEHHS KIJIBKOCTI KJIITHH 13
HaUIMIIKOBUM BMicToM ADK.
[Ipore y mpobax i3 KOHIIEHTpa-
uiero 10 MM 1i 3minu Oy MeHII

Tabnuusa 2. Kinskictb ABK KK (%) i3 Hagnuwkosum Bmictom APK 3anexHo
Bif, koHUeHTpauii AMCO Ta yacy iHky6auii npy gogasaHHi 10 MM ALl po

KpiokoHcepByBaHHs (M + SE)

Table 2. CB NCs number (%) with excess ROS depending on DMSO
concentration and equilibration time when supplementing with 10 mmol/L
AC prior to cryopreservation (M + SE)

BUPa)KEHI HaBiTh MiCJs MiABHU- iy o .
. KinbkicTb KniTuH i3 Hagnuwkoeum BMmicTom APK
LIEHHSI KOHIEHTPALi1 KPIOMPOTEK- - Yac Cell number with excess ROS
o iHKyGauii, x8 Groups
topa o 7,5 ta 10%. Takum uu- Incubation Tpymu
) time, min 2,56% AMCO | 5% AMCO | 7,5% AMCO | 10% AMCO
HoM, BBeieHHs ALl mo SIBK, inky- 2.5 % DMSO | 5% DMSO | 7.5% DMSO | 10% DMSO
6oBanux 3 JIMCO, moxe rpatu co
KITFOYOBY POJIb Y 30€peKeHH] Ji- DMSO 6:3+03 6,4+04 71£05 7.6+0.6
i gHOT acuMeTpii MeMOpaH sk Ha 0
o : AMCO + ALl
eTartl ImiITOTOBKH JI0 KPiOKOHCEeP- DMSO - aC | 47%044" | 51+055' | 4,9+069' | 63+0,64
ByBaHHS, TakK 1 MICIS 3aMOPOXKY-
JL MCO
BaHHﬂ-BlZ[lelB}’. gMSO 7,2+0,6 7,56+0,8 10+1,3*% 13,1+1,7*%
Haii0inpm Hebe3neyHuMu eta- 15
. . . MCO +A . .
TIaMH¥ JUTSE KIJIITHH ITiJ] 9ac KPIOKOH- gMSOJrAg 7+0,56* 6+0,66 8+0,92 11,2+0,61
CEpBYBaHHS € 3aMOPOKYBaHHS Ta
AMCO . . . .
po3MopoxyBanHs [8]. Tomy Hac- DMS0 9,4%1,2 10,2+1,5 13,9+1,8 18,7+2,6
TYITHUM 3aBJIaHHSM Halol poOOTH 30
. . . AMCO + ALl . .
0yJ10 OLIHUTH €(hDEKTUBHICTh Kpio- DMSO+AC | 7:2+0,66* | 9,7+0,49% | 12,4%0,72* | 15,3+0,9
rxoHcepByBaHHs1 SIBK KK B kpi03a-
XHUCHUX PO3YMHAX, SKI MICTSTB Pi3HI gmgg 15,7+1,8% | 16,3+1,6% | 21,4+2,1% | 30,1+2,9*
ronrenrpamii JIMCO ta 10 MM 45
AMCO + ALl . «s | 16,7+£0,49- | 22,4+0,78-
Al . DMSO 4 aC | 14:3+0,81 12,9+0,9*% 5 *
OtpumaHi pe3yasrari (Tad. 4)
MIPOJIEMOHCTPYBaJIH 301IbIICHHS g'\,clgg 14,9+2,1% | 158+1,8% | 20,3+2,5% | 28,9+32*
KIJIBKOCTI KJIITHH 13 Ha UIAIIIKOBUM 60
Bmictom ADPK, KpiokOHCEpBOBa- Ao T Al | 1474072% | 16,4£0,66% | 19,6+0,66" | 27,4+2,21*
HuX i3 2,5 Ta 5% JAMCO 06e3 no- - , . -
an/IMITKa: *— pe3ynbrat CTaTUCTUYHO 3HaA4YyLll NO BIAHOLWEHHK OO0 HYINbOBOI TOYKU

naBaHHs ALl TOpIBHSHO 3 TaHUMU
JI0 KPIOKOHCEPBYBAHHS 3 TOYKOIO
iHKyOarii 30 XB (BiAPi30K Yacy Bif
00pOOKH KIIITHH KPIOIPOTEKTOPOM
JI0 3aMOPOXKYBaHHs ) (IUB. Ta0II. 2).
Husbkuii BiACOTOK KIIITUH 13 HAJ-
nikoBuM BMicToM ADK y mpo0i, KpioKoHCepBOBaHiH
3 2,5% JAMCO, BoueBUAb 3yMOBICHUN 3HAYHOIO
py#Hamiero kaiTuH (auB. Tabmn. 3). Lle cBiguuTh mpo
T, 0 Y 3pa3Ky 3TUIIHINC MAKCUMAaIbHO KPiOCTIHKI
kiituay. [licns 3amopoxxyBanns 3 JIMCO B KOHIIEHT-
pamisx 7,5 1 10% 3Hauymmx BiAMiHHOCTEH MK ITUMHU
rpynamMu BUSBIEHO He OyIio.

¥ 3pa3kax, KpiOKOHCEPBOBAHUX 13 JomaBaHHsIM All,
CIocTepirajacs MeHIIa KUTbKICTh KIIITHH 13 HaUTATI-
koBuM BMicToM ADK 110 BiTHOIIEHHIO 10 BIAIOBIIHUX
TpyYIIL, KPIOKOHCEPBOBAHUX 0€3 aHTHOKCHUIAHTY (32 BUK-
moueHHsIM 2,5% JIMCO). Ix xinbkicth 6yna 3HauyIe
HWDKYOIO y 2,5 pa3u MOPiBHSHO 3 BiANOBIIHUMU IPY-
rmamMu 0e3 BHECEHHs aHTHOKcHIaHTy. Haiikpamii pe-
3yJIbTaTH OTPUMAHO B 3pa3Kax, KPIOKOHCEPBOBAHUX 13
7,5 ta 10% pozunaom JIMCO, 1110 IOBHICTIO BiJIIO-
BiJIa€ JAHWUM 111010 30€PEKEHOCTI Ta JKUTTE3ATHOCTI.

Pesynbraru aHamizy 30epeKeHOCTI KIIITHUH IiCHs
KpioKOHCepByBaHHS (Tabia. 4) MpoIeMOHCTpPYBaIn
3HMKEHHS [[LOTO TTOKa3HUKA Ta 3BOPOTHY 3AJIEKHICTh
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iHky6auii 3 OMCO; # — pisHMLSA CTaTUCTUYHO 3HauYyLla Mo BiAHOLIEHHIO OO BiANoBiAHOT
rpynn 6e3 BHeceHHs ALl; p < 0,05.

Note: * — results are significant in respect to zero point of incubation with DMSO; # —
difference is statistically significant in respect to corresponding group without AC; p < 0.05.

of membranes both at the preparation stage prior to
cryopreservation and after freeze-thawing.

Freezing and thawing are the most dangerous stages
for cells during cryopreservation [6]. So the next task
in our study was to assess the efficiency of CB NCs
cryopreservation in cryoprotective solutions containing
differently concentrated DMSO and 10 mmol/L AC.

Our findings (Table 4) showed an increased cell
number with excess ROS, cryopreserved with 2.5 and
5% DMSO without AC supplement as compared to
the data prior to cryopreservation with a 30 min incuba-
tion point (time interval from cell treatment with cryo-
protectant to freezing) (see Table 2). A low percentage
of cells with excess ROS in the sample, cryopreserved
with 2.5% DMSO, was apparently stipulated by a sig-
nificant cell disintegration (see Table 3). This testifies
to the fact that only the cells with maximum cryoresis-
tance remained in a sample. After freezing with 7.5
and 10% DMSO no significant differences between
these groups were found.

301



Tabnuusa 3. 36epexeHicTb i xutTesgatHicTb ABK KK (%) npw pisHomy yaci eksinibpauii 3 AMCO npw gogasaHHi

10 mM ALl po kpiokoHcepByBaHHS (M + SE)

Table 3. Survival and viability of CB NCs (%) at different equilibration time with DMSO when supplementing
with 10 mmol/L AC prior to cryopreservation (M + SE)

36epeeHicTb HuttespaTHicTb
Yac Survival Viability
iHKy6auii, x8
Incubation 2,5% 5% 7,5% 10% 2,5% 5% 7,5% 10%
time, min aMCO AMCO aAMco aAMco AMCO AMCO aAMco amMco
DMSO DMSO DMSO DMSO DMSO DMSO DMSO DMSO
0 99,4+0,6 99,1+0,4 97,3+1,7 97,1+2,8 97,2+2,3 97,5+0,7 97,2+1,0 95,0+1,7
15 99,0+0,8 99,0+0,3 96,2+3,1 96,6+2,7 97,0+1,7 97,0+0,9 95,8+1,4 93,8+3,3
30 98,4+0,7 98,7+0,8 96,0+1,7 91,3+2,7* 97,2+1,3 95,7+1,8 94,7+3,4 93,0+2,7
45 98,1+0,3 97,8+0,8 94,1+3,6 87,2+4,8* 96,8+3,1 92,7+4,2 96,2+1,7 93,3+2,6
60 97,1+1,8 97,3+£0,9 92,3+2,1* 77,3+4,3* 96,8+2,3 95,8+2,8 96,3+0,7 95,7+1,9

MpumiTka: * — pe3ynsTaT¥ CTaTUCTUYHO 3Ha4yLLi MO BiQHOLUEHHIO A0 HynbOBOi TOYKM iHKyGauii 3 AMCO, p < 0,05.

Note: * — significant differences comparing to zero point of incubation with DMSO, p < 0.05.

MiX YHCIIOM 30€PEeKEeHHUX KIITHH 1 KIJIBKICTIO KIITHH
i3 HaamUIKoBUM BMicToM ADK (32 BUHSATKOM 3pa3ka
32,5% JAMCO, y sixomy BinOyiocs HaagMipHe pyiHY-
BaHHS KJIITHH). Y 3pa3kax, KpiokoHcepBoBaHUX 0e3 ALl
13 BU3HAY€HUM MakcuMaabHuM BMicToM ADK, ciocte-
piranacst HaliMeH1Ia 30epexenicTs KIiTHH. Lle € pe-
3yJBTATOM 3aCTOCYBaHHS HeePeKTUBHOIT (HI3BKOT 200
HaJTHU3HKO1) KOHIICHTPAIil KPiOMpOTEeKTOpa 3a i€l
Iporpamu KpiokoHcepByBaHH:. Halikparrii mokasHuku
30epeskeHocTi Oyiu micist Bukopuctanuas 7,5 ta 10%
pozuuny JIMCO.

3amoposxyBanHs JIBK y cepenoBumiax, siki MicTATh
10 MM AL, 3a6e3neuyBaio OiJIbII BUCOKI TOKa3HUKH
30epexenocti SIBK KK mopiBHSHO 3 BiImoBiAHUMHU
KOHTPOJIBHUMH Tpynamu 0e3 All 3a BUKITIOUEHHSIM
po0, KPIOKOHCEPBOBAHUX 13 HATHU3BKOIO (2,5%) KOH-
LEHTPALIEI0 KPIOMPOTEKTOPA.

AHaJti3 BiJICOTKOBOTO BMICTY KHTTE3ATHUX KIITHH
MOKa3aB WOTO 3HIKEHHS IiCiA KPiKOHCEpBYBaHHS,
OITHAK HE BUSBYB 3HAUYIINX BIIMIHHOCTEH MIXK EKCIIe-
pUMeHTaILHUMHE Tpymniamu (tadu. 4). [Ipore mix yac
repepaxyHKy Ha KUTbKICTh 30epeKeHUX KIITHH (pHC. 2)
0OyJ10 3’5ICOBaHO, 10 KpioKOHCepBYBaHH: 3 ALl 3Hauy1IIe
MIIBUILYE 3aTrajbHy KUTBKICTh *kuTTE3AaTHIX JIBK y
pobax, kpiokoHcepBoBanux i3 JIMCO y koHLeHTpa-
misx 7,5 ta 10%.

TakuM 4MHOM, OTpUMAaHi Pe3yJIbTaTH BKa3ylOTh Ha
Te, mo kpiokoHcepByBaHHs SIBK KK i3 7,5 ta 10%
AMCO y npucytnocti 10 MM ALl 3a6e3neuye
HaWKpaii ToCIiPKyBaHi MOKa3HUKH CepeJl yCiX OIli-
HIOBaHWX KOMOiHaIIii (Tabm. 4).

Ha nactynHoMy eTamni Hamu Oyia mpoBejaeHa
OILIIHKA BIJICTPOYCHOI 3aru0esti KJIITHH MiC/Is PO3MOPO-
JKyBaHHsI. J{J1s1 1[bOro MM 3aCTOCYBAIH MMIIX1]1 13 IIepe-
necenns IBK KK no ymoB, HaOamkeHux 10 (iziosio-
riuyHuX. B eKcriepuMenTi MU BHKOPUCTOBYBAJIH ITPOCTY
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In the samples cryopreserved with AC we obser-
ved a lower number of cells with excess ROS with
respect to the corresponding groups with no antioxidant
(except 2.5% DMSO). Their number was significantly
lower in 2.5 times as compared to the corresponding
antioxidant-free groups. The best results were obtained
in those samples, cryopreserved with 7.5 and 10%
DMSO solution, which completely coincided with the
survival and viability data.

The results of cell survival analysis after cryopre-
servation (Table 4) demonstrated a decrease in this
index and an inverse relationship between a number
of survived cells and the excess ROS cell amount
(except the sample with 2.5% DMSO, where an excess
cell disintegration occurred). The lowest survival of
cells was observed in the AC-free cryopreserved
samples with the determined maximum ROS content.
This results from applying an inefficient (either low or
extremely low) cryoprotectant concentration in this
cryopreservation protocol. The highest survival indices
were obtained after using 7.5 and 10% DMSO solution.

The NCs freezing in the media containing 10 mmol/
L AC provided higher indices of CB NCs survival as
compared to the corresponding AC-free control groups,
excluding those samples, cryopreserved with extremely
low (2.5%) cryoprotectant concentration.

Analysis of a percentage of viable cells showed
the reduction of this index after cryopreservation, but
no significant differences between experimental groups
were revealed (Table 4). However, in terms of the
absolute number of survived cells (Fig. 2), the cryo-
preservation with AC was found to significantly
increase the total number of viable NCs in the samples
cryopreserved with 7.5 and 10% DMSO.

Thus, our findings indicate the NCs cryopreserva-
tion with 7.5 and 10% DMSO in presence of 10 mmol/L
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MOJIEITb, BiITBOPIOIOYH TUTEKH OC-
HOBHI IIPUHITUITY TpaHCy3ii: po3Be-
JICHHS1 ICKOHCEPBOBAHOT KJIITUHHOT
cycnensii, sike BigOyBaeTbcs MpH-
POIHUM YHMHOM y KPOBOHOCHOMY
PpYCIi peumieHTa; i300CMOTHYHICTh
cepe/loBHILIA Ta TEMIIEpaTypa iHKY-
Oamii (37°C). [linTpumaHHs TeMITe-
patypu 37°C mpoTATOM yChOTO Tie-
pioxy iHKyOaii KIITHH — BaXKTUBUHA
(haxTOp, 10 TO3BOJISIE BUSIBUTH TI0-
pyuieHHs MeTaboi3My, OCKIJb-
KM 30€peKeHHs KJIITHH B yMOBax
OUTBIT HU3BKUX TEMIIEPATYP MACKye
MOXKJIMBHI ICOANAHC Y KIITHHHOMY
MeTa0oi3Mi y 3B’SI3Ky 3 yIOBiJIb-
HEHHSIM (DYHKLIOHAJIbHOT aKTHBHOCTI
MIPaKTUYHO BCIX MPOIIECIB ITiJl Yac
3HM)KEHHs Temnepatypu. Cuin
3a3HA4YUTH, 10 BiIHOCHA HETPUBA-
JICTH TAHOTO EKCIIEPUMEHTY (TOTH-
Ha) 37aTHA 3a0€3MEYUTH IIiIJTKOM
32/I0BUTbHI YMOBH JIJISI OIIHKH CTa-
OimpHOCTI KpioKoHCepBoBaHMX SIBK
KK'y nHabmmxeHnx 10 (i310J0rHIX
yMOBax.

[lix wac ananizy pesyinbTariB
30€pEeXKEHOCTI Ta KUTTE3AATHOCTI
KJIITHH Hicis nepeHeceHHst 10 ¢izio-
JIOT1YHUX YMOB NPOTSTOM TOJUHU

Tabnuus 4. 36epexeHiCTb, XUTTE3AATHICTb i KiNMbKICTb KMITUH i3 HAOJIMLLKOBUM
BmicTom APK 'y ABK KK (%) nicna 3amopoxxyBaHHS 3anexHo
Big koHueHTpauii AMCO ta 10 mM ALl (M £ SE)
Table 4. Survival, viability and number of cells with excess ROS in CB NCs (%)
after freezing depending on DMSO concentrations
and 10 mmol/L AC (M + SE)

KinbKicTb KNiTUH
KoHueHTpauia i3 HaANMLWKOBUM
AMCO, % Mpynn 36epexKeHicTb HuttespaTHicTb BmicTom APK
Concentration Groups Survival Viability Number of cells
of DMSO, % with excess
ROS
AMCO
DMSO 47,2+3,7 21,8+5,1 12,1+£1,2
2,5
AMCO + AL
DMSO + AC 50,0+7,2 23,5+3,2 16,7+3,0*
aOMCO
DMSO 63,2+2,7 75,2+3,9 29,56+4,7
5
OMCO + AL M *
DMSO + AC 72,3+2,8 74,5+3,7 12,1+2,3
aOMCO
DMSO 72,1+3,2 78,5+4,2 20,6+3,2
7.5
AMCO + Al % *
DMSO + AC 83,9+4,3 80,1+3,9 8,7+1,5
AMCO
DMSO 73,4+2,1 76,9+3,1 21,2+1,9
10
OMCO + AL .
DMSO + AC 84,6+5,9 77,8+2,9 8,3+0,9*

MpumiTka: * — pesynsratm CTaTUCTUYHO 3HaYyLLi MO BiOHOLUEHHIO OO HYNMbOBOI TOYKM
iHky6auii 3 JMCO, p < 0,05.

Note: * — significant differences comparing to zero point of incubation with DMSO,
p < 0.05.

AC provides the best studied indi-

o 80 ces among all the investigated
£ _ 70 - * * combinations.
=
E% 60 As a next stage we assessed a
E % * delayed cell death after thawing.
3 ; 50 + For this purpose, we used the ap-
§§ 40 | proach with transferring CB NCs
i into conditions close to physiologi-
E © 30 :
S5 cal ones. In the experiment we
i £ 20 - used a simple model, reproducing
g 2 10 thereby only the basic features of
2 1 +- transfusion: dilution of frozen-
< 0 . . . thawed cell suspension, which pro-
25 5 7.5 10 ceeded naturally in a recipient’s

KoHueHTpauia OMCO, %
Concentration of DMSO, %

Puc. 2. Kinbkictb xuttesgatHux ABK KK nicns kpiokoHCepByBaHHSI 3 pPi3HOH
KoHueHTpauieto JMCO i N-auetun-L-ymucteiHoMm y koHueHTpauii 10 MM 3
ypaxyBaHHAM abCOMTHOI KiNbKOCTI 36epexxeHnx KrituH: [0 — 6e3 BHEeCEHHsI
ALl, B — B npucyTtHocTi ALL; * — pi3HMLA CTAaTUCTUYHO 3HaYyLla Mo BiAHOLLUEHHIO
[0 BiAnoBigHOI rpynu, kpiokoHcepBoBaHoi 6e3 BHeceHHs ALl (p < 0,05).

Fig. 2. CB NCs amount after cryopreservation with different concentrations of
DMSO and 10 mmol/L AC taking into account the absolute number of survived
cells: O — with no AC supplement, B — in AC presence; * — difference is statis-
tically significant in respect to the corresponding group of cells cryopreserved

without AC (p < 0.05).

blood stream; medium isoosmolality
and incubation temperature (37°C).
The maintenance of 37°C tempe-
rature within all the period of cell
incubation is an important factor
enabling to reveal metabolic disor-
ders, since the cell survival under
lower temperatures masks a pos-
sible imbalance in cell metabolism
due to the slowdown of functional
activity of virtually all the processes
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Oyno BusiBieHo (Tabmn. 5), mo 1mi
TTOKa3HUKH Oy MiHIMAQJTBHI y 3pa3-
Kax, KpiokoHcepBoBaHuX i3 JJMCO
y KOHLEHTpauii 5 Ta, 0co0IuBoO,
2,5%. Y naHux eKcrnepuMeHTalb-

Tabnuua 5. 36epeXeHicTb, XUTTE3AATHICTb i KiNbKICTb KMNITWUH i3 HAATULLKOBUM
BMicToM APK y ABK KK (%) nicns 3aMopoxyBaHHS 3anexHo Bif, KOHLeHTpauii
OMCO ta 10 MM ALl (M + SE)

Table 5. Survival, viability and number of cells with excess ROS in CB NCs (%)

depending on DMSO concentration and 10 mmol/L AC after freezing and
transferring into conditions close to physiological ones (M + SE)

HUX TpyTax BTpaTH abCcoNOTHOT _ R

KUIBKOCTI KJIITHH OynM 3Hauylie K‘ﬁ”ﬁ‘é‘gf’i};"” Foynn 36epeneHicTs Wurresgathicrs | 13 HAATMILKOBAM

BHILIMMH, HIXK Bi/Ipa3y ITicIst po3Mo- DMSO concent- | Groups Survival Viability \icTom APK.

posxyBarHs. Haiikpamri pesymnbTa- ration. % with excess ROS

1 Oynu otpumani 3 7,5 ta 10% AMCO

JMCO. Ipu 1aHAX KOHIIEHTPALiX DMSO 1.4 +31 84 £33 75 x24

3HIKEHHSI TIOKa3HHKIB 30€pexkKeH0C- 25

Ti Ta KUTTE3IATHOCTI OyJI0 MEHII g'\nﬂ/lggiﬁg 141+ 2,5 121 1,5 2,7 £0,8"

BUPA)XEHUM Y TIOPIBHSHHI 3 IHITUMHA MCo

EKCIIEPUMEHTAIILHUMU TPYIIAMH. DMSO 343 %12 464 £ 08 141 £33
MiHimMasbHy KUTBKICTB KIIITHH 13 5

HauikosuM BMictom ADK crio- ‘é““’,'.%%iﬁ% 49,6 +1,3% 51,7 = 1,4% 14,3 £ 4,2

cTepiraiu micis KpioKOHCEPBYBaH-

Hs 3 2,5% JIMCO, a MakcuMaib- aveo 51,6 + 1,5 59,3 + 2,2 18,9 + 1,2

Hy — 3 10%. Lle MOKHa NOSICHUTH 7.5 AMCO+ AL

THM, IO TIPU BUKOPUCTAHHI HU3BKO1 DMSO + AC 69,1 £ 1,1* 58,3 = 0,7 Mm7 21"

xonrenrpartii JIMCO BigOyBamacs veo

BTpaTa 3HAYHOI KUTHKOCTI KIIITHH DMSO 55,1 + 1,2 55,6 = 1,5 23,4 £ 6,1

(1o BinmoBiza€ JAHUM OO 30€- 10

PEKEHOCTI Ta KUTTE3TATHOCTI). Moo aa | 716 =09 57,6 + 1,2 18,4 = 37

AHani3 KIJIBKOCTI KUTTE3IaT-
nux SBK 3 ypaxyBanusm aGco-
JIOTHOT KIJIBKOCTI 30€peKeHux
KJIITHH 1I0Ka3aB (IuB. puc. 3), 1o
KpiokoHcepByBaHHA 3 10 MM ALl

*

MpumiTtka:

50

40

30 *

20 +

10 A

Number of viable cells, %

KinbkicTb XuUTTE3aaTHUX KMNiTUH, %

2,5 5 7,5 10
KoHueHTpauia OMCO, %
Concentration of DMSO, %

Puc. 3. Kinbkictb xutTesgatHux ABK KK nicnsa kpiokoHcepByBaHHSA Ta nepe-
HECEHHs1 10 YMOB, HabMKeHMX A0 Gi3ionoriyHmx, 3 pisHo KoHueHTpauieto JMCO
i ALl y koHueHTpauii 10 MM 3 ypaxyBaHHsIM abCOMOTHOT KiNbKOCTI 36epexeHnx
kniTuH: O — 6e3 BHeceHHsa ALL, B — y npucyTHocTi ALl; * — pisHMLSA CTaTUCTUYHO
3HayyLla No BiAHOLIEHHIO A0 BiAMOBIAHOI rpynu KNiTUH, KPiIOKOHCEPBOBaHMX 6e3
BHeceHHs1 ALl (p < 0,05).

Fig. 3. Number of viable CB NCs after cryopreservation and transfer into condi-
tions close to physiological ones with differently concentrated DMSO and 10
mmol/L AC taking into account the absolute values of survived cells: 0 — with no
AC supplement, ll — in AC presence; * — difference is statistically significant in
respect to the corresponding group of cells cryopreserved without AC (p < 0.05).

— Pi3HMUS CTaTUCTUYHO 3Hadylla No BiAHOLLEHHIO 4O BiAnoOBIAHOI rpynu
KNiTUH, KpiokoHcepBoBaHux 6e3 BHeceHHs ALl p < 0,05.

Note: * — difference is statistically significant in respect to the corresponding group of
cells cryopreserved withiut AC; p < 0.05.

during temperature reduction. It
should be noted that a relative
short duration of this experiment
(1 hr) is capable to provide comp-
letely satisfactory conditions to
assess the cryopreserved CB NCs
stability under conditions close to
physiological ones.

Analysis of the results of cell
survival and viability after trans-
ferring into physiological condi-
tions for an hour (Table 5) revea-
led that the indices were minimal
in the samples cryopreserved with
DMSO in 5 and especially 2.5%
concentrations. In these samples
the losses of absolute cell number
were significantly higher than right
after thawing. The best results
were obtained with 7.5 and 10%
DMSO. With these concentrations
adecrease in survival and viability
indices was less pronounced as
compared to other experimental
groups.
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Ta HACTYIHE TepeHeceHHs 10 (i3i0J0TiYHUX YMOB
IICJIs1 PO3MOPOKYBaHHS 3a0e31meuyBaiio 30epe)KeHHs
O1IBIIOT KITIBKOCTI KJITHH B YCiX €KCIIEPUMEHTATIBHUX
npobax. Y nmaniit koHuneHTpamii All 3parHuii 3HAYHO
nigsunryBaty (y 1,5 pa3u) NOKa3HUK KUTTE3MaTHOCTI
ITiJ] 9YaC BUKOPUCTAHHS HU3bKOI Ta HAJTHU3BKOI KOH-
neHTparii kpionporekropa (512,5%), ToOTO 3a MEHII
CIIPHUSATINBUX YMOB KpioKOHcepByBaHHs. OmgHaK
momaBaHHs All mo cycmeH3ii KITHH i3 OiIBIT BHCO-
kumu KoutmeHtpamnismu JIMCO (7,5 1 10%) Takox
MiABUIYBAJO PIBEHb XUTTE3JAATHUX KIITHH MPHU
repepaxyHKy Ha KUTbKICTh 30epexeHux kmitud. [Ipu
IbOMY KUTBKICTHh KIIITHH 13 HAJIHIIKOBUM BMiCTOM
A®K y manux rpymax Takox Oyia HUKUYOIO ITOPIBHSHO
3 mpo0Oamu, sIKi KpioKoHcepByBaiu 0e3 BHeceHHs ALl
(Tabm. 5).

Takum ynHOM, OTPUMaHI JaHi MOXKYTh BKa3yBaTH
Ha Te, 10 ALl nonepemxae nopyeHHs GyHKLIIOHYBaH-
HSl aHTUOKCHJIAHTHUX TPOIIECIB Y KIIITHHAX, IO CIIPHSIE
3HmkeHHIo piBHSA ADK Ta 3amolirae po3BUTKY OKHC-
Horo ctpecy. Kpiokoncepsysanas IBK KK i3 10 MM
Allta7,5110% AMCO crpusie 3HadHOMY 301TBIIICH-
HIO KUTBKOCTI 30€pEeKCHHUX Ta KUTTE3TATHUX KIITHH
TTiCTIST PO3MOPOXKYBaHHS.

BucHoBku

1. Anaiiz HakonmueHHst AOK y SAIBK KK noxka3zas,
o 31 30inpmennsam konueHtpauii JIMCO rta yacy
eKBLTIOpaii 3 HUM MiABHUIIYETHCS KIIBKOCTI KIIITHH 13
HaUIAIIKOBUM BMicToM ADK.

2. Ilpouec kpiokoncepsysanus IBK KK y npucy-
HocTi IMCO npu3BOANTE 10 301IBIICHHS KITbKOCTI
KIITHH 13 HagIumkoBuM BMictoM ADK, 1110, B ¢BOIO
4epry, BILUIMBA€ Ha 3HMKCHHS IMOKA3HUKIB 30epexke-
HOCTI Ta KUTTE3HATHOCTI.

3. JlomaBanHs g0 cycrnensii xkinituH N-ametwn-L-
[UCTETHY T03BOMIIIO 3HU3UTH BMICT ADK i, SIK HACTITOK,
MTOKPAIIUTH TTOKA3HUKH 30€PEKEHOCTI Ta KUTTE3AAT-
Hocti SIBK KK Ha BCix eTamax KpiOKOHCEpPBYBaHHSI.
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The minimum number of cells with excess ROS
was observed after cryopreservation with 2.5%
DMSO, but the maximum one with 10%. This fact
may be explained by the loss of a significant number
of cells, occurred with low concentrated DMSO use
(that coincided with survival and viability data).

The analysis of viable NCs number, with respect
to the absolute number of survived cells, demonstrated
(see Fig. 3) the cryopreservation with 10 mmol/L AC
and subsequent transfer into physiological conditions
after thawing to ensure the survival of a higher cell
number in all the experimental samples. In this con-
centration the AC may significantly augment (in 1.5
times) the viability index when using low and ultralow
cryoprotectant concentration (5 and 2.5%), i. e. under
less favorable cryopreservation conditions. However,
the AC supplement to cell suspension with higher
concentrations of DMSO (7.5 and 10%) also aug-
mented the level of viable cells in terms of absolute
number of survived cells. A cell number with excess
ROS in these groups was herewith also lower as
compared to the AC-free cryopreserved samples
(Table 5).

Thus, our findings may suggest AC to prevent a
disordered functioning of antioxidant processes in cells,
reducing thereby the ROS level and preventing oxi-
dative stress development. The CB NCs cryopreser-
vation with 10 mmol/L AC, 7.5 and 10% DMSO
promotes a significant increase in cryopreservation
efficiency.

Conclusions

1. Analysis of ROS accumulation in CB NCs de-
monstrated the augmentation of cell number with
excess ROS to occur with increasing DMSO concent-
rations and incubation time span.

2. The CB NCs cryopreservation in DMSO pre-
sence resulted in an increased cell number with excess
ROS, which in turn led to a decrease in survival and
viability indices.

3. The N-acetyl-L-cysteine supplement to cell
suspension enabled reducing ROS content and, con-
sequently, improving the survival and viability indices
of CB NCs at all the stages of cryopreservation.
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