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Antioxidant Glutathione Increases Resistance
of Cord Blood Nucleated Cells During Cryopreservation
with Dimethyl Sulfoxide

Pedhepar: [lMpoBegeHo KOMMMEKCHY OLiHKY edeKTUBHOCTI KpioKOHCepByBaHHS sapoBMicHMX (FABK), 3okpema remonoetnyHux
nporeHiTopHux (TIK), knituH kopgoBoi kpoBi (KK), y 3axucHux cymiwax, ki MiCTATb MNPOHMKaNbHWN KPIiONPOTEKTOP AWMETUm-
cynbgokena (AMCO) Ta aHTMOKCMAAHT [NyTaTioH y Pi3HUX KOHLEHTpauisx, ogpasy MiCrs pO3MOPOXYBaHHS Ta HACTYMHOro ne-
peHeceHHA OO0 yMOB, SKi MofentoloTb isionorivni in vitro. 3actocyBaHHs 1 Ta 3 MM rnyTaTioHy y Kpio3axmCHOMY CepenoBULLi
3 7,5 ta 10% OMCO possonse 36epertn 85,9% xuttespgathux ABK i 91,2% [TIK Bigpasy nicns po3amopoxyBaHHa Ta 75-80%
xutTtesgatHux ABK/ITIK nicna roamHHOI iHKy6auii B po3umHi XeHKca, Lo NMepeBULLYE KOHTPOmbHI 3HauyeHHs 6e3 foaaBaHHS aHTUOK-
cupanTa. lMpu ubomy 3bepexeHicTb Ta xwutTesgatHicTb ABK Ta [TIK nicns kpiokoHcepByBaHHSA y posumHax i3 5% AMCO T1a 1 i
3 MM rnytatioHy 6ynu Ha piBHi (abo HaBiTb nepeBuwyBanu ix) otpumanux i3 7,5 i 10% OMCO 6e3 3acTocyBaHHS aHTUOKCU-
naHTa. BcraHoBneHo, Lo KpiokoHcepByBaHHS £BK y posumHax, siki MICTSTb rmyTaTioH, 3HWXKYe KinbkicTe DCF*-kniTnH. KombGiHauis
7,5% OMCO T1a 1 abo 3 MM rnyTaTioHy 3MEHLLYE KinbKiCTb KMITUH i3 HAAMMLLKOBMM BMICTOM akTUBHUX pOpM KUCHIO i3 19% (y 3pa3kax
6e3 gopaBaHHs rnyTaTioHy) Ao 11% (y 3paskax i3 rmyTaTioHOM), HaBiTb MiCNsi NMEpPeHeCceHHs OO YMOB, siki MOAENoTh isionorivHi
in vitro.

KntouoBi cnoBa: kopgoBa KpoB NOAUHM, SOPOBMICHI KNiTUHKU, KPIOKOHCEPBYBAHHS, AUMETUICYNbGOKCUA, aKTUBHI (DOPMU KUCHIO,
rIyTaTioH.

Pedbepar: [MpoBeaeHa komnnekcHas oueHka 3 dEKTUBHOCTU KPUOKOHCEPBUpoBaHus sapocogepxalumx (ACK), B Tom uncne remo-
noatunyeckmx nporeHntopHbix (IMIK), kneTok kopgoson kposm (KK) B 3alMTHBIX cpefax, cogepxXalumx NPOHUKAOLLMIA KPUOMPOTEKTOP AN-
meTuncynbdokeng (AMCO) 1 aHTMOKCUAAHT ryTaTMOH B Pa3fMYHbIX KOHLIEHTpaUMsX, cpasy nocrie pasmMopaxusaHns 1 NOCrneayoLero
nepeHoca B yCroBusl, Mogenupyowme duanonorudeckue in vitro. Npumenernne 1 n 3 MM rnyTatvoHa B KpMo3allMTHOW cpeae ¢ 7,5 n
10% OMCO nosBonsieT coxpanuTb 85,9% xusHecnocobHbix ACK n 91,2% [ITIK cpasdy nocne pa3mopaxusanus n 75-80% xu3Hecnocob-
Heix ACK/TTIK nocne yacoBow MHKyGauuy B pacTBope XeHKca, Y4TO MpeBbllLaeT KOHTPOSbHbIe 3HaveHns 6e3 JobGaBneHns aHTMOKCH-
AanTa. Mpn aTomM coxpaHHOCTb 1 xm3HecnocobHocTe ACK u TIK nocne kpnokoHcepsuposanust B pacteopax ¢ 5% AMCO n 1 n 3 mM
rnyTatmoHa Obinn Ha ypoBHe (Mnn Aaxe npeBbllany mx) nonyyeHHbix ¢ 7,5 n 10% OMCO 6e3 npuMeHeHns aHTMoKcugaHTa. YcTta-
HOBMEHO, 4TO KpuokoHcepsupoBaHue FACK B pacTBopax, cogepxalimx rrnyTaTuoH, CHwkaeT konmnyectBo DCF*-knetok. KombuHa-
ums 7,5% OMCO mn 1 nnm 3 MMonb rmyTatMoHa yMeHbLUAET KONMMYECTBO KIETOK C M3ObITOYHbIM COAEpXKaHUEeM aKTUBHbIX hOPM KMC-
nopoga ¢ 19% (B obpasuax 6e3 pobasneHus rmytatuoHa) Ao 11% (B obpasuax ¢ rmyTaTMOHOM), JaXe MOocre nepeHoca B yCroBus,
mMopenupytowme usmonormdeckue in vitro.

KnioueBble cnoBa: kopAoBas KpoBb YernoBeka, ApocoAepXallme KNeTkv, KpOKOHCePBUPOBaHNe, AMMETUICYNbOKCU, akTUBHbIE
OopMbI KUCIIOPOAA, MMYTaTUOH.

Abstract: The cryopreservation efficiency of nucleated cells (NCs), in particular hematopoietic progenitor (HPCs) and cord
blood (CB) cells was comprehensively assessed in protective mixtures, containing intracellular cryoprotectant dimethyl sulfoxide
(DMSO) and antioxidant glutathione in different concentrations assessed immediately after thawing and further transfer to the in vitro
conditions, simulating physiological ones. The use of 1 and 3 mM glutathione in cryoprotectant medium with 7.5 and 10% DMSO
enabled preserving 85.9 and 91.2% of viable NCs and HPCs, respectively, immediately after thawing and 75-80% of viable NCs/
HPCs after 1-hour incubation in the antioxidant-free Hank’s solution, which exceeded the control values. At the same time, the recovery
and viability of NCs and HPCs after cryopreservation in 5% DMSO with 1mM or 3 mM glutathione were the same or even higher
than those in 7.5 and 10% DMSO without glutathione. The NCs cryopreservation in the glutathione-containing solutions was esta-
blished to reduce the number of DCF* cells. The supplementation of 7.5% DMSO with 1 or 3 mM glutathione reduced the cell number
with excess reactive oxygen species from 19% (in glutathione-free samples) to 11% (in glutathione-contained ones), even after transfer
to the in vitro conditions, simulating physiological.

Key words: human cord blood, nucleated cells, cryopreservation, dimethyl sulfoxide, reactive oxygen species, glutathione.
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Ha nanwii yac TpaHCIUIaHTaLis T€MOMOETHYHUX
nporenitopuux kiituH (I'TIK) koprosoi kposi (KK)
BU3HAHA YACTHHOIO CTAHAAPTHOIO MPOTOKOIY JIKY-
BaHHs noHaj] 80 cepilo3HUX 3aXBOPIOBAHb, 30KpEMa
XBOpOO KpoBi, iMyHHOI cuctemu Toto [9]. [llupoxe
BUKOpHCTaHHSA Tperaparie KK moxnmBe nmme 3a
HasBHOCTI 1 3araciB, 0 BUMarae po3poOKH HOBHX
1 BIOCKOHAJEHHS ICHYIOUMX TEXHOJOTiIH KpiOKOH-
CepBYBaHHsI JUIsl MiIBUIICHHS €()EKTUBHOCTI IiKY-
BaHHS [ALICHTIB.

Jlyis moriepekeHHsT 3aru0eri sIpOBMICHUX KJTi-
tun (IBK) KK y mpoueci kpiokoHcepByBaHHS
BUKOPHCTOBYIOTh ~ CHIOLENIONAPHUN  KPiOMpPOTEK-
top auMetuicyabpokcun (AMCO) y koHueHTtparii
7,5-10% [1]. IIpote B Takux koHueHTpamisx JJMCO
YUHUTb TOKCUYHHUN BIUIMB Ha JIIOAWHY, TOMY BaXK-
JIUBUM € TIONIYK BapiaHTiB 3HMWKEHHS HOTo e(DeKTHB-
HUX KoHIeHTpariid [2]. [lepcreKTHBHUM Y IHOMY
HaIMpsIMKy BBa)Ka€ThCS BUKOPHUCTAHHS KOMOIHOBa-
HUX KpIOMPOTEKTOPHUX cyMimiei Ha ocHoBi JIMCO
1 osticaxapu/IiB Ta/a00 aHTHOKCHUIAHTIB [8].

Icaye npunymensas [11], mo B mpoueci Kpio-
KOHCEpPBYBaHHsI KJIITHHU OJCPKYIOTb CHT'HAJH, SKi
«CIPAMOBYIOTB» iX Ha aromnTo3, ajieé He 1HILiIOITh
HOro po3BUTOK y AaHUH MOMEHT. Y IIbOMY acleKTi
OUTbII BaKIMBUM € BU3HAYCHHS OBIOCTPOKOBOTO
BW)KMBAHHs KIITHH, @ HE OLIHKA iX CTPYKTYpHO-
(DYyHKIIOHAIBHOTO CTaHy BiApa3y MiCII PO3MOpO-
JKyBaHHS. [Himiaropamu Ta MeJiaTopaMu XOJIOM-
IHIYKOBAaHOTO aIloNTo3y MOXKYTh OyTH aKTHBHI (hop-
mu kucHIO (ADK), yTBOpeHHS SKHX aKTHBI3y€THCS
miJ 9ac KpiokoHcepByBaHHs [7]. Bimomo, mo kpio-
KOHCEPBYBaHHS 37aTHE BUKJIMKATH JAe(ilUT Bij-
HoBJieHOTro myTariony (GSH) y MiTOXOHIpIsX, IKAH
OB’ sI3aHUM 13 OPYIIEHHSIM (PyHKIIOHYBaHHS KOHK-
PETHOTO MITOXOHIIPiaJbHOTO HOCISA, IO TPAHCIO-
Ky€ BIJHOBJICHUW IJIYTAaTiOH i3 IUTOIIA3MH JIO Mi-
TOXOHApianbHOro Marpukcy [13]. Imyrarion y mito-
XOHIPIAX € €OUHUM JOCTYIIHUM areHTOM, SIKUH
3a0esriedye 3aXWCT KIITHH Bif MeTabomizMy Tmepe-
KHCY BOIHIO, Ta OCHOBHUM TiOJ-peIokc-0ydhepom
JUISL MATPUMKHA BHYTPIITHBOKJIITUHHOTO PEIOKC-
romeoctasy [5]. Buxomsum 3 1poro, MoXKHa IIpH-
MYyCTUTH, MO0 OOpoOKa KIITUH aHTHOKCHIAHTOM
DIyTaTiOHOM 3/1aTHA HOpPMalli3yBaTH CTiHKi piBHI
BiJTHOBJIGHOTO DJIyTaTiOHY B KIITHHAaX, IO CIPHSIE
MIPOTUCTOSIHHIO OKHCHOMY CTpecy i 3amoOirae 3HH-
KCHHIO TTOKa3HHUKIB 30€pekEeHOCTI Ta IKHUTTE3IAT-
Hocti SIBK y mpomeci kpiokoHCepBYBaHHS.

Mera pobOTH — NPOBEACHHS! KOMIUICKCHOI OLIiH-
ki e(eKTUBHOCTI KpPIOKOHCEPBYBaHHS SIPOBMicC-
HUX, 30KpeMa TeMOINOCTHYHHUX IPOrCHITOPHUX,
KJIITHH KOPIOBOI KPOBi y KOMOIHOBAHUX 3aXHCHHX
CyMilIax Ha OCHOBI IPOHHKAJIBHOTO KpiOMPOTEK-
topa JIMCO Ta aHTHOKCHAAHTAa TIIYTaTiOHy B pi3-
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Currently, the transplantation of cord blood (CB)
hematopoietic progenitor cells (HPCs) is recog-
nized within the standard protocol for therapy
of more than 80 major diseases, including those
of blood, immune system etc. [9]. A widespread
use of CB preparations suggests its stocks, that
requires developing the novel and improving the
existing cryopreservation techniques to increase
the therapeutic effect in patients.

The endocellular cryoprotectant dimethyl sul-
foxide (DMSO) of 7.5-10% concentration is used
to prevent the CB nucleated cells (NCs) death
during cryopreservation [1]. However, at these con-
centrations, DMSO has a toxic effect on humans,
so it is important to search for the ways to re-
duce its efficient concentrations [2]. The use of the
combined DMSO- and polysaccharides and / or
antioxidants-based cryoprotective mixtures is con-
sidered to be promising in this aspect [8].

One believes [11] that during cryopreserva-
tion, the cells receive the signals, which ‘direct’
them towards apoptosis but do not initiate its
development at this time. In this regard, it is more
important to determine a long-term survival of cells,
rather than assess their structural and functio-
nal state immediately after thawing. The initia-
tors and mediators of cold-induced apoptosis may
be the reactive oxygen species (ROS), the forma-
tion of which is activated during cryopreserva-
tion [7]. Cryopreservation is known to be capable
to induce the deficiency in the availability of re-
duced glutathione (GSH) in mitochondria, associa-
ted with a disordered functioning of the specific
mitochondrial carrier, which translocates reduced
glutathione from cytoplasm into mitochondrial
matrix [13]. Glutathione in mitochondria is the only
available agent, protecting cells against the meta-
bolism of hydrogen peroxide, and the main thiol-
redox buffer that supports the intracellular redox
homeostasis [5]. Based on this we hypothesize
that, the cell treatment with antioxidant glutathione
may be assumed to be capable of normalizing the
stable levels of reduced glutathione in cells, cont-
ributing thereby to resist against an oxidative stress,
and prevents the decrease in NCs preservation
and viability during cryopreservation.

The research aim was a comprehensive asses-
sment of the cryopreservation efficiency for nuc-
leated, in particular hematopoietic progenitor cord
blood cells, in combined cryoprotective mixtu-
res, based on penetrating cryoprotectant DMSO
and antioxidant glutathione in different concent-
rations immediately after thawing and after subse-
quent transfer to the in vitro conditions that simu-
late physiological.
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HUX KOHIEHTpALisiX Ofpasy Micis PO3MOPOKYyBaH-
HSl Ta HACTYIHOTO TIEPEHECEHHsI 0 YMOB, sIKi MOjie-
JOI0TH (hizionoriuni in vitro.

Marepianu Ta MmeToan

Y poOoTi BHKOPHUCTOBYBAIIM KOPAOBY KPOB JTO-
IUHU, 301p SKOT TPOBOMWIM INCISI OTPUMAHHS iH-
(hopMoBaHO1 3rony y BariTHOI, 3 MOMEpPEAHIM IPO-
BEJICHHSIM PETEIHLHOTO JIOMOJIOTOBOIO CKPHUHIHTY Ha
HasBHICTh MPOTHUIIOKA3aHb 10 JOHOPCTBA. Ekcdysito
KpOBi 3MiHCHIOBAJIM 3aKPUTHUM IIUIIXOM Y CHUCTEMY
Uit 3a00py KpoBi 3 MYINKOBOI BEHH MIiCJsi Hapol-
JKEHHS OIUTHHU W BiAaiaeHHs il Big InianeHtd. Bu-
ninenns ¢pakuii ABK i3 minsnoi KK mpoBoanm
METOZIOM CEAMMEHTAIlii B TodinmokiHi (6%-# po3-
YHH JeKcTpuny, npurorosienuii Ha 0,9% NaCl («bio-
thapmay, Ykpaina) 3 M. m. 60 000) [1]. Hus mporo
0 KPOBI J0JaBajy TOJIMTIOKIH y CIIBBIIHOIICHHI
1:1 3a 00’eMOM, BiICTOIOBAJTH IO YiTKOTO PO3IOALTY
EpUTPOIUTAPHOTO MIapy Ta (pakiii sIPOBMICHUX
kiitud (Big 30 mo 50 xB). CynepHaraHT BigOupa-
7 Ta neHTpudyryBaiu npotsirom 5—7 xB npu 800g
JUist oTpuManHs KoHueHTpary SIBK. V kiituany cyc-
neH3iro BHOcWM 25%-#t po3uun JIMCO no kiHie-
BUX KOHLIEHTpaLiil y 3pa3ky 5; 7,5 ta 10% npu tem-
neparypi 0—4°C. Ilepen 3MinryBaHHSM CYCIHEH3iIO
KIIITHH 1 pO3YWHU KPIOMPOTEKTOPA TOBOAMIIH JIO Bif-
noBigaux Temreparyp; JAMCO nomaBamu Kpareib-
HO TIpH TIOCTIHHOMY TiepeMilyBaHHi. Y poOOTi BH-
KOPHUCTOBYBAJId aHTHOKCHIAHT TIyTaTioH («Sigma-
Aldrich», CIIIA) y kiHIeBi# KOHIIEHTpaIii B mpobdax
1 ta 3 MM. I'myraTion BHOCHIM B MpoOM Ha erari
00pOOKH KpIiOMPOTEKTOPOM. 3pa3ku KpPiOKOHCEPBY-
B B MpOrpaMHOMY 3amopoxkyBadi («Cryosony,
Himeuuuna) 31 mBuuakictio 1-3 rpan/xs go —80°C
13 HACTYNHUM 3aHypeHHSM y piakuii azor (—196°C)
[1]. BimirpiB 3mificHroBanmm 3a Temmeparypu 37—
40°C na BomsHIN OaHi IpHU MOCTIHHOMY MOTOWIY-
BaHHI /10 3HUKHEHHs TBepmoi daszm. s ominku
KimpKocTi Ta xkutTe3garaocti IBK (CD45%)- 1 I'TIK
(CD34%)-xniTHH BUKOPUCTOBYBAIHM CTaHJIAPTHUHN
ISHAGE nipotoxoit [12]. st iiporo 10 50 MK IITBEHOT
kpoBi gomgaBaym 10 MK aHTHTIN, 1m0 MicTATh FITC-
mivennit CD45 ta PE-mivenniit CD34 mapkepu («BDy,
CIIA), a takox 10 mxa 7-AAD (7-amiHOaKTHHOMI-
uuH D) [15]. PetenbHo nepemimnyBaiv i iHKyOyBaiu
15 xB pu KiMHaTHi# Temneparypi B TempsiBi. lona-
BaiM 1 MII JIi3yr04OT0 po3uuHy (XJIOPHU[ aMOHII0) 10
KOHOI mpobipku. Yepes 10 XB 3pa3ku aHai3yBaIu
Ha npoTouHoMy 1mTodiyopumerpi «FACS Calibur»
(«BDy, CIIIA). [lns miHimizalii moxuOku 30ip qaHux
MIPOBOAMJIM O MOMEHTY HAKOIIMYEHHsS HE MEHIIE
200 CD34*-kiTHH.

AbcomotHy KinbkicTh SIBK migpaxoByBanu B Ka-
Mepi TopsieBa 3rimHO 31 CTAaHTAPTHOIO METOIHUKOIO

Materials and methods

Human cord blood samples were collected
after obtaining the informed consent from pregnant
women, with a preliminary prenatal screening for
contra-indications for donation. The blood was
collected into the closed system for umbilical cord
blood collection after childbirth and separation of
a baby from placenta. The NCs fraction was iso-
lated from the whole CB by sedimentation in
Polyglucinum (6% dextran solution of 60,000 mw
prepared with 0.9% NaCl (Biopharma, Ukraine))
[1]. For this purpose, the blood was mixed with
Polyglucinum in 1:1 ratio (v/v), precipitated up
to a clear distribution of erythrocyte layer and
nucleated cell fraction (from 30 to 50 min). The
supernatant was collected and centrifuged (at 800g
for 5-7 min at room temperature) for obtaining
the NC concentrate. The cell suspension was trea-
ted with 25% DMSO up to final concentrations of 5;
7.5 and 10% at 0—4°C. Before mixing, the cell sus-
pension and cryoprotectant solutions were brought
to the appropriate temperatures; DMSO was sup-
plemented dropwise with a constant stirring. Glu-
tathione (Sigma-Aldrich, USA) was used in the
final concentrations of 1 mM or 3 mM. Glutathione
was added to the samples at the stage of treatment
with cryoprotectant. Samples were cryopreser-
ved with programmed freezer (Cryoson, Germany)
at a rate of 1-3 deg/min down to —80°C with fur-
ther immersion into liquid nitrogen (—196°C) [1].
Thawing was carried out at 3740°C in a water
bath with a constant shaking until a solid phase
disappeared. The standard ISHAGE protocol was
used to evaluate the amount and viability of NCs
(CD45%) and HPCs (CD34") cells [12]. For this pur-
pose, S0 pL of the whole blood was added to 10 pL.
of antibodies, containing FITC-labeled CD45 and
PE-labeled CD34 markers (BD, USA), as well as
10 pl of 7-AAD (7-aminoactinomycin D) [15], then
thoroughly mixed and incubated for 15 min at room
temperature in the dark. Each sample was treated
with 1 mL of lysing solution (ammonium chloride).
After 10 min, these samples were analyzed with
FACS Calibur flow cytometer (BD, USA). To mini-
mize the error, the data were acquired until at least
200 CD34" cells were collected.

The number of NCs was calculated in Goryaev’s
chamber according to the standard technique [3].
The preservation was determined as the ratio of
cell number in the experimental sample to their
initial number (incubation with cryoprotectant or
after thawing). The amount of HPCs in the samp-
les was determined as the product of the absolute
amount of NCs per HPCs percent (using flow cy-
tometry).
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[3]. 30epexeHIiCTh BU3HAYAIU SIK BiJHOIICHHS Kilb-
KOCTI KJITHH y JOCHIKYBaHOMY 3pa3Ky 10 iX Ho-
4aTKOBOI KiNbKOCTI (1HKyOawis 3 KpiOMpOTEKTOPOM
abo Tmicig 3aMOpOKyBaHHS-BinirpiBy). KimbkicTh
I'TIK y 3pa3kax Bu3Ha4amu sK TOOYTOK aOCOIIOT-
Hoi kimpkocTi SIBK ma Bimcorox I'TIK (meTomom
MIPOTOYHOT MUTOMITYOPUMETPii).

Jlns BHU3HAUEGHHS BIJCOTKA KIIITHH 13 HaJIHIII-
koBuM BMmicToM A®K (DCF*-xnituaM) BUKOpHC-
TOBYBaJIM BHCOKOCTICHU(IUHNIA OapBHUK JUXIOPO-
¢nyopecuein mianerar (DCFH2-DA) («Sigma-Ald-
rich») [14]. BumiproBaHHS TPOBOIWIA METOJOM
MIPOTOYHOT LUTOGIYOPUMETPii MPH AOBKMHI XBHII
30ymkeHHs 488 HM Ta 3 peecTpauiero emicii 530 HM.
o 3paskiB gomaBamu DCFH2-DA y xiHUeBili KOH-
neHTpamii 5 MKkM 13 HacCTymHOK iHKyOariew mpo-
TsroMm 30 xB mipu 37°C y TempsiBi. 3 HaUIUITKOBUM
BMicToM ADK y KOKHIA eKCIIepUMEHTANbHIN TpyTIi
BBKAJIMCS KIITHHA 3 (IIyOpPECIEHITIEI0, KA TIepe-
BuiryBana taky y SIBK Bimpasy micns BumineHHs
3 mineHOo1 KK.

st BU3HAYCHHS BiACTPOUEHOT 3aruOeni KIiTHH
BUKOPHCTOBYBAJIM METOJ] MOJETIOBaHHS (i3ioo-
TYHUX YMOB in vitro. il UpOTO YacTHHY KIITHH
MicJIsE PO3MOPOXKYBAaHHSI MEPEHOCWIM JI0 PO3YHHY
Xenkca y cmiBBigHomenHi 1:10 # inkyOyBanu mpu
37°C mporsirom tomauaM. l[licnms mporo BH3HAYAIH
30epeKeHICTh, KUTTE3AATHICTH Ta BMICT ADK y K-
THHAX METOJIOM MTPOTOYHOT IUTO(PIYOPUMETPIi.

Ominaky cramiii amonTo3y SIBK mpoBomumm 3 ox-
HOYAaCHUM BHECCHHSIM 10 3pa3KiB MapkepiB Anne-
xin V FITC, CD45 PE i 7-AAD [16]. dus nporo
70 50 MKJI LIJIBHOT KPOBI JIolaBai 5 MKJI Annexin
Vimno 10 mxn CD45 PE ta 7-AAD, nepemimrysanu
i iHKyOyBamu mpotTsiroM 15 xB 3a KiMHATHOI TeM-
neparypu B TeMpsiBi. 3pa3ku aHaji3yBald Ha IMpo-
TOYHOMY LUTO(PIYOPHUMETDI.

Craructnyny 0OpoOKy pe3yibTarTiB IMPOBOAMIH
MerogoM CrprogeHTa-dimepa 3 BUKOPUCTAHHAM
mporpamu «Excel» («Microsofty, CILIA) micns BcTa-
HOBJIEHHSI HOPMAJIBHOCTI PO3MOALTY 1 TIPEACTaBIsIIN
sk M + SE (cepemHe 3Ha4YCHHsI £ CTaHIApTHA TI0-
xn0ka). KinbKiCTh eKcIepuMeHTIB y KOXHil cepii
Oynma He MEHIe I’ SITH. BigMiHHOCTI BBaXKajau CTa-
TUCTUYHO 3HaTymuMu mpu p < 0,05.

Pe3ysabTaTn T2 00roBOpeHHs

Busnauenns edekTuBHOCTI TexHomorii Kpio-
KOHCEPBYBaHHsSI MOJJIMBE JIUILIE 32 YMOBH KOMII-
JIEKCHOTO JIOCTI/DKEHHSI BIUIMBY (Pi3MKO-XIMIYHUX
(akropiB kpiokoHcepByBaHHsa Ha SIBK KK, 30kpe-
Ma i cTOBOYpPOBI T€MOMOETHYHI KIITHHHU, Ha KOX-
HOMY eTari KpiOKOHCEpBYBaHHs. YCHIIIHICTh BHUPi-
IIEHHS IIHOTO 3aBIAHHS 3aJICKUTH Bill PI3HOOITHOTO
BHUBUCHHS TIPOIECIB, SKI MPHU3BONATH OO 3armberi
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To determine the cell percentage with excess
ROS content (DCF*" cells) we used the highly
specific dye dichlorofluorescein diacetate (DCFH2-
DA) (Sigma-Aldrich) [14]. Measurements were done
using flow cytometry at 488 nm excitation wave-
length and emission registration of 530 nm. The
samples were supplemented with DCFH2-DA at
a final concentration of 5 uM followed by incu-
bation for 30 min at 37°C in the dark. Cells with
excess ROS content in each experimental group
were considered to have fluorescence, exceeded
that in NCs right after isolation from the whole CB.

To determine the delayed cell death, we used
the in vitro simulation of physiological conditions.
For this purpose, a part of cells after warming was
transferred into Hank’s solution in 1:10 ratio and
incubated at 37°C for one hour. Afterwards, the
integrity, viability and ROS content in cells were
determined with flow cytomery.

The NCs apoptosis stages were assessed by a
simultaneous staining of the cells with Annexin
V FITC, CD45 PE and 7-AAD markers [16]. With
this aim, the whole blood was supplemented with
5 pl Annexin V and 10 pl CD45 PE and 7-AAD,
then mixed and incubated for 15 min at room tem-
perature in the dark. The samples were analyzed
with flow cytometer.

The data were statistically processed with the
Student-Fisher method using Excel software (Mic
rosoft, USA) after establishing the normality of
distribution, and presented as M = SE (mean +
standard error). The number of experiments in each
series was at least five. The differences were con-
sidered significant at p < 0.05.

Results and discussion

The cryopreservation efficiency can be deter-
mined only when performing a comprehensive
study of the impact of physical and chemical factors
of cryopreservation on CB NCs, including stem
hematopoietic cells, at each stage of cryopreserva-
tion. The success depends on a comprehensive stu-
dy of the processes, resulting in cell death at diffe-
rent stages of cryopreservation. This will enable
revealing the critical points in disorders of structu-
ral components and performing a targeted selection
of conditions for biological object stabilization.

Our findings, obtained after cryopreservation
with DMSO revealed the decreased NCs preserva-
tion and viability in all the experimental groups,
as compared with those prior to cryopreservation
(Table 1).

The use of glutathione at 1 and 3 mM concentra-
tion in the samples with 7.5 and 10% DMSO allo-
wed preserving 90.8 and 93.6% of NCs and HPCs,
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KIITHH Ha PI3HUX eTamax KpiokoHcepByBaHHs. Lle
JIO3BOJITH BHSIBUTH KPUTHYHI TOYKH MOPYIICHb
CTPYKTYPHMX KOMIIOHEHTIB 1 BECTH LLIECIPSIMO-
BaHWU mimOip yMoOB s cralimizarii Oioyorid-
HUX 00 €KTIB.

OTpuMaHi HaMH pe3yJIBTaTH MiCs KPIOKOHCEPBY-
BaHHs 13 JMCO BHSIBUIN 3HIDKCHHS TOKA3HHUKIB
30epexxenocti Ta xxutTe3naTHocti SIBK B ycix exc-
MEPUMEHTANIBHUX TPYyMax TOPIBHSHO 3 JAaHUMH JIO
KpiokoHcepByBaHHs (Tadi. 1).

3acTocyBaHHsI TIIyTaTioHy y KOHIEHTpauii 1 Ta
3 MM y 3paskax i3 7,5 Ta 10% JIMCO no3sonuio

respectively, after warming, that pointed to a sig-
nificant contribution of glutathione to cell protection
against damaging factors of cryopreservation. It
should be noted that the NCs and HPCs survival
level in the groups cryopreserved with 5% DMSO
and glutathione was significantly higher than in
those with 7.5 or 10% DMSO without antioxi-
dant.

The analysis of CB NCs viability (Table 1) revea-
led no significant differences compared to the cont-
rol. The CD34" cell cryopreservation in the solu-
tions with 1 or 3 mm glutathione and DMSO at

Ta6bnuusa 1. 36epexeHicTb Ta xuTTe3aaTHicTb CD45* Ta CD34*-kniTvH kopaoBoi KpoBi (%) nicns KpiokoHcepByBaHHS
B po3dmHax AMCO Ta rnyTatioHy pi3Hoi koHueHTpaLii (M £ SE)

Table 1. Preservation and viability of CD45* and CD34* cord blood cells (%) after cryopreservation in DMSO
and glutathione solutions of different concentrations (M + SE)

ARpoBMICHI KNiTUHK F'emonoeTuyHi nporeHiTopHi kNitTuHn (CD34 )
Nucleated cells (CD45%) Hematopoietic progenitor cells (CD34%)
KoHueHTpauia AMCO, % KoHueHTpauia GSH, mM
DMSO concentration, % GSH concentration, mM
36epeeHicTb HutTesnaTHicTb 36epereHicTb MutTespaTHicTb
Preservation rate Viability rate Preservation rate Viability rate
0] 63,2 + 2,7 75,2 + 3,9 70,1 + 2,4 80,1 + 3,2
5 1 79,1 £ 0,9*# 76,5 £ 2,1 84,4 + 2,9*% 84,8 + 2,1
3 81,6 + 2,1* 77,3 £ 1,8 85,8 + 2,6* 83,7 £ 1,4
6] 72,1 £ 3,2 78,5 £ 4,2 78,3 + 3,1 82,6 £ 2,4
7,5 1 88,9 + 2,4* 84,6 £ 1,6 91,4 + 4,3* 90,8 + 3,8*
3 90,1 + 2,6* 85,9 + 1,2 93,6 + 3,7* 91,2 + 4,0*
0] 73,4 £ 2,1 76,9 £ 3,1 79,1 £ 2,9 81,4 + 2,1
10 1 87,4 + 3,6* 80,3 £ 2,2 90,5 + 3,6* 85,8 £ 2,8
3 90,8 + 1,7* 81,4 £ 2,4 93,4 + 4,2% 86,7 + 3,2

MpumiTKa: pi3HMLSA CTAaTUCTUYHO 3Ha4ylla MO BiAHOLUEHHIO A0 KOHTPOSIbHUX 3HayeHb 6e3 fodaBaHHs aHTMOKCUAAHTa
(*) Ta go rpynu i3 7,5% OMCO 6e3 gopaBaHHs aHTuokeuganTa (*), p < 0,05.

Note: Difference was significant with respect to the antioxidant-free control values (*) and to the antioxidant-free group

with 7.5% DMSO (#), p < 0.05.

30epirtu 90,8% SBK Tta 93,6% I'TIK micas 3amo-
POXKYBaHHS-BIAITPiBY, IO CBITYUTH PO 3HAYHUI
BHECOK TIIYTATIOHY Yy 3aXMCT KJIITHH BiJ] IMOIIKOJI-
Kytounx (akTopiB KpiokoHcepByBaHHsA. Ciif 3Bep-
HYTH yBary Ha Te, o piBeHb 30epexxeHocti SIBK
ta I'TIK y rpynax, kpiokoHcepBoBanux i3 5% JMCO
Ta MIyTaTioHOM, OyB 3Hauylle BUILE, HIX y 3pa3kax
13 7,5 abo 10% JIMCO 0e3 gomaBaHHS aHTHOKCH-
JlaHTa.

Amnaniz nokasHuka skutresgarHocti SIBK KK
(Tabn. 1) He BUABHWB 3HAUYIIMX BIIMIHHOCTEH Bif
KOHTPOJBHUX 3HaueHb. Ili] gac KpioKoHCEpBYBaH-

7.5% final concentration showed a retained viable
cell content up to (90.8 £ 3.8) and (91.2 £+ 4.0)%,
respectively.

It is known that one of the manifestations of
DMSO toxic effect during cell suspension equilib-
ration and after warming may be a shift of pro-
oxidant-antioxidant balance toward an increase
in ROS rate [6]. As a result, the lipid peroxidation
may affect an energy state and damage the cell
membranes and DNA [4]. Thus of importance was
to determine the ROS content in cells at all the
stages of cryopreservation.
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Hi CD34"-xnitiH y po3unHax i3 1 i 3 MM miyrario-
Hom Ta JMCO B kiHneBili koHieHTpamii 7,5%
crioctepirajgocs TiJABHUIIEHHS ITOKa3HUKA JKUTTE-
spmarHux kmitaH Ao (90,8 £ 3,8) ta (91,2 £ 4,0)%
BIIIIOBIIHO.

BigoMo, mo omHMM i3 TPOSIBIB TOKCHYHOI Iii
JAMCO y mporeci exBimiOparii KIITHHHOI CyCITeH-
311 Ta mMicas 3aMOpPOKYBaHHA-BIMITPIBY MOxke OyTH
3MIMIEHHS] MPOOKCHJIAHT-aHTHOKCHIAHTHOTO OanaH-
cy B 0ik 30inbienns piBast ADK [6]. ¥V pesynbrari
Yyepe3 TEepeKUCHE OKHCIICHHS IIMiIiB MOXe Mopy-
LIyBaTUCSl CHEPIreTUYHUH CTaH Ta IOIIKOAXKYBa-
tucs MeMOpanu kiituH i JIHK [4]. V 3B’s3ky 3 num
BXJIMBUM 3aBJIaHHSAM € BU3HaueHHS BMicty ADK
y KJIITHHAX Ha BCiX eTarax KpioKOHCEePBYBaHHSI.

BusHaueHHsa BIiICOTKAa KIITHH 13 HAJIANIKOBUM
BmictoM AD®K (DCF*-kmiTuHN) MPOAEMOHCTPYBAJIO
3BOPOTHY 3aJIEKHICTh MK BIZICOTKOM 30€peKeHHX
1 DCF*-xmitun, ToOTO TIpH 30imbimneHHi piBHI ADK
y KIITHHaX y TpoIeci KpPiOKOHCEpBYBAaHHS 3MEH-
ryeTbes KimbKicTh 30epeskennx SIBK KK (puc. 1).

JonaBaHHsl 10 KPiO3aXMCHOTO CEPeAOBUINA IITy-
TaTioHy Ta TMOJaJiblIe KPIOKOHCEPBYBaHHS 3HAYY-
IIe 3HWKYBAJU BIJICOTOK KIITHH 13 HAUIMIIKOBUM
BmicTom A®K (puc. 1) B ycix ekcrnepuMeHTallb-
HUX Tpynax MOPiBHSHO 31 3pa3kamH, 10 SIKMX HE J0-
naBaiy antuokcuaantT. Haiimenmmii Biicorok DCF*-
KIIITHH CIIOCTEpirascs y 3paskax, 1o Mictuiau 7,5%
JIMCO Ta miyTaTioH y KIHIIEBHX KOHIIEHTPAIisX
1 13 MM. Jlaamid Kpio3aXWCHUW PO3UMH IOTIEpPE-
’KaB yTBOPEHHS HAIIUIIKOBOI KimbkocTi ADK B
SABK KK Ta crpusis 3umkenaio Bigcorka DCF-
KIiTHH Maibke Ha 13% TOpIBHSHO 3 KOHTPOIb-
HUMH 3HA4YCHHSMH 0e3 JI0laBaHHsS aHTHOKCUIAHTA
3 (20,6 + 3,2) mo (7,9 £2,0).

TakuM YMHOM, OTpUMaHi pE3yJIbTaTH CBigYaTh
po Te, IO BHECEHHS A0 KPiOMPOTEKTOPHUX PO3-
YUHIB TIyTaTIOHY CHPHS€E 3HAYYIIOMY 3HH)KCHHIO
piBEs ADK y KimiTHHAX MiCIsS pO3MOPOXKYBaHHS Ta
3arobirae po3BUTKY iX OKHCHOTO ctpecy. JlomaBaH-
HS aHTHOKCcHJaHTa 10 3paskiB i3 5% JIMCO 3men-
mrye Bimcotok SIBK i3 HammumkoBuM BMicTom ADK
Ta miABHUINYye BimcoTok 30epexennx SIBK mo 81,5%
ta 10 85,8% ITIK micns kpiokoOHCEpBYyBaHHS, IO
MEPEBUINYE€ aHAIOTIYHUN TOKa3HHK y Tpynax i3
7,5 ta 10% JIMCO 06e3 BUKOpHCTaHHS aHTHOKCH-
JIaHTa.

Ha nactynHomy ertami Oyno IOCIHIIKEHO BILIUB
KpIOIIPOTEKTOPHUX CyMilllel Ha BiICTpPOYEHY B Haci
3aru0enb JIEKOHCEPBOBAHUX SIPOBMICHUX, 30KpeMa
TeMOMOCTUYHHUX TIPOTEHITOPHUX KIITHH KOPJOBOI
kpoBi. s mpOro Mu 3acTOCyBajM MiAXif i3 Moje-
moBaHHS (izionorigaux ymoB in vitro [10]. V exc-
MIEPUMEHTI BUKOPHCTOBYBAJIA MPOCTY MOJEIb, BilIT-
BOPIOIOYHM TITLKH OCHOBHI TPHWHIUINA TpPaHCy3ii:
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The determination of cell percentage with
excess ROS content (DCF* cells) demonstrated
an inverse relationship between the percentage
of preserved and DCF* cells, i. e. the number of
preserved CB NCs decreased with the increase
in the ROS level (Fig. 1).

The glutathione supplement into cryoprotec-
tive medium and further cryopreservation signi-
ficantly reduced the percentage of cells with excess
ROS content (Fig. 1) in all the experimental groups
versus antioxidant-free ones. The lowest percen-
tage of DCF* cells was observed in the samples
containing 7.5% DMSO and glutathione at 1 or 3 mM
final concentrations. These cryoprotective solutions
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Puc. 1. KinbkicTb 8apoBMICHUX KNiTUH KOPOOBOI KPOBi 3
Hagnuwkosum BmicToM ADK nicnsa KpiOKOHCEPBYBaHHS B
posunHax AMCO Ta rnyTaTioHy pi3HOI KOHLEHTpaLii; | —
6e3 rnyTartioHy, 0 — 1 MM rnyTtaTioH, @ — 3 MM rnyTaTioH.
* — pi3HMLA CTAaTUCTUYHO 3Ha4yLla Nno BiOHOLLEHHIO A0 Bid-
NOBIHOI rPyNM KOHTPOSbHUX 3HavYeHb 6e3 JofaBaHHA aH-
TnokecuaanTa, p < 0,05.

Fig. 1. Number of cord blood nucleated cells with ex-
cess ROS content after cryopreservation in DMSO
and glutathione solutions of different concentrations;
m — glutathione-free, o0 — 1 mM glutathione, @ — 3 mM
glutathione. * — difference is significant with respect to the
corresponding group of antioxidant-free control values,
p <0.05.

prevented the excess ROS formation in CB NCs
and contributed to a decrease in DCF~ cells percen-
tage by almost 13% as compared with the antioxi-
dant-free control values from (20.6 = 3.2) down to
(7.9 £2.0)%.

Thus, our findings confirmed the glutathione
adding into cryoprotective solutions to provi-
de a significant reduction in ROS level in cells
after warming and prevent their oxidative stress
development. The antioxidant supplement to the
samples with 5% DMSO reduced the percentage
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Tabnuus 2. 36epexeHicTb i xunttesgaTtHictb CD45* Ta CD34*-kniTnH KopaoBoi KpoBi (%), KpioKOHCepBOBaHUX
y po3unHax AMCO Ta rnyTaTioHy pi3HOi KOHLUEeHTpaLii, nicnsa nepeHeceHHs 40 YMOB,
AKi MogentolTb gidionoriyHi in vitro (M £ SE)
Table 2. Preservation and viability of CD45* and CD34* cord blood cells (%), cryopreserved in DMSO and glutathione
solutions of different concentrations, after transferring under in vitro simulated physiological conditions (M + SE)

AnpoBMicHI KNiTUHK F'eMonoeTnyHi nporeHiTopHi KNituHn (CD34+)
Nucleated cells (CD45") Hematopoietic progenitor cells (CD34*)
KoHueHTpauia AMCO, % KoHueHTpauia GSH, mM
DMSO concentration, % GSH concentration, mM
36epexeHicTb HuTtTespaTHicTb 36epeKeHicTb HuTtTespaTHicTb
Preservation rate Viability rate Preservation rate Viability rate
(6] 34,3 £ 1,2 46,4 + 0,8 41,2 £ 3,1 50,2 + 2,4
5 1 63,4 + 1,6* 60,0 + 1,8* 66,7 £ 1,4* 68,3 + 4,1*
3 63,8 £ 1,9* 58,4 + 2,1* 65,9 + 2,8* 62,1 + 2,2*
] 51,6 + 1,5 59,3 + 2,2 59,8 + 2,2 65,4 + 1,9
7.5 1 79,0 + 1,8* 75,9 £ 1,1* 85,2 + 3,3* 79,3 + 1,8*
3 77,9 = 1,4* 74,6 £ 1,3* 83,4 + 4,2* 80,1 + 3,3*
6] 55,1 + 1,2 55,6 + 1,6 62,3 + 1,5 61,8 + 2,7
10 1 75,0 + 2,3* 68,6 + 1,7* 79,4 £ 3,6* 72,1 + 2,3*
3 79,2 + 1,4* 70,9 + 1,2* 83,8 + 3,8* 74,5 + 1,6*

MpumiTKa: pi3HMLSA CTAaTUCTUYHO 3Ha4ylla MO BiAHOLIEHHIO A0 KOHTPOSIbHUX 3HadYeHb 6e3 fodaBaHHs aHTMOKCUAaHTa
(*) Ta go rpynu i3 7,5% OMCO 6es3 nogaBaHHs aHTnokcuaanTa (*), p < 0,05.

Note: Difference was significant with respect to the antioxidant-free control values (*) and to the antioxidant-free group

with 7.5% DMSO (*), p < 0.05.

pO3BENEHHS JCKOHCEPBOBAHOI KIITHHHOI CyCTEH3Ii,
AKe BiIOYyBa€TbcAd MPUPOTHUM YHHOM Y KPOBOHOC-
HOMY pyCIli pEIUITi€HTa, i300CMOTHYHICTH cepe-
JoBHia Ta Temmeparypy iHkyOamii (37°C). Ilia-
TpuUMaHHs Temneparypu 37°C mpoTsaroMm ychoro Ime-
pioay iHKyOamii KJIITHH — Ba)XXJIUBUHA (HakToOp, IO
JI03BOJISIE BUSIBUTH TIOPYLICHHS MeTa0oji3My, oc-
KUTbKH 30epeKeHHsI KIITHH B yMOBax OiIbLI HU3b-
KHX TEMIIepaTyp MacKye MOXJIMBHH AncOanmaHc y
KIIITHHHOMY MeTa0oIi3Mi BHACHIJOK YHOBUIbHEH-
HS MPAKTHIHO BCIX MPOIIECIB 31 3HIKECHHSAM TEMITe-
parypu. Jlns momemroBaHHS (Di3i0JIOTIYHUX YMOB
in vitro 6yno npuiiaaTo 10-kpaTHe PO3BEACHHS CyC-
reH3ii kpiokoncepBoBanux SBK. [3oocmoTrnuHicTh
3a0e3MeuyBaId PO3YMHOM XEHKCA 3 BKIIIOYCHHSM
10 #oro ckiany OydepHoi cuctemu, sika 3ade3rneuye
pH 7.4.

TakuMm 4YWHOM, JaHAa MOJEHb (i3i0IOTTUHUX
YMOB i1 Vifro J03BOJISIE KOHTPOJIIOBATH OCHOBHI Ia-
paMeTpu cepeloBUINA Ui OLIHKH CTaOUIBbHOCTI
KpiokoHcepBoBaHHX SIBK.

AHai3 pe3ysibTaTiB MpOAEeMOHCTpYBaB (Tabm. 2)
ITiIBUIIICHHS PIBHS 30€peKEeHOCTI KIIITHH B YCIX eKC-
[IEPUMEHTAIbHUX TIPyHax IOPIBHSIHO 3 KOHTPOJIb-
HUMM 3HAYCHHSIMU 0€3 10JjaBaHHs aHTHOKCUJAHTA.

of NCs with excess ROS content and increased
the percentage of preserved NCs and HPCs (up
to 81.5 and 85.8%, respectively) after cryopreser-
vation, that exceeded the similar value in the anti-
oxidant-free groups with 7.5 and 10% DMSO.

At the next stage, there was studied an impact
of cryoprotective mixtures on a delayed death of
frozen-thawed nucleated, in particular hemato-
poietic progenitor cord blood cells. For this purpose,
we applied the approach on in vitro simulation
of physiological conditions [10]. Here, we used
a simple model, by simulating only the basic prin-
ciples of transfusion, i. e. the dilution of war-
med cell suspension with isoosmolar medium,
occurring naturally in recipient’s bloodstream,
with following incubation at 37°C. Maintaining
the temperature of 37°C throughout the entire
period of cell incubation is an important factor,
enabling to reveal the metabolic abnormalities,
since the cell preservation under lower tempe-
ratures may hide a possible imbalance in cell
metabolism due to the slowing down of almost
all the processes with temperature decrease. To
simulate the physiological conditions in vitro, a 10-
fold dilution of cryopreserved NCs suspension
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[Ticnsa roguunoi inkyOauii ABK/TTIK y po3uuni
XeHKca HaWOUIBIIMI piBeHb 30€peKeHOCTI KIIITHH
OyB y 3pa3kax, SKi MICTWJIM TIYTaTiOH y KOMOiHa-
mii 3 7,5 ta 10% JAMCO, i ctanoBuB 75-79% SIBK
ta 83-85% ITIK, mo Ha 25% OinmbIle KOHTPOIH-
HUX 3Ha4YCHb.

JomaBanHs TiryTartioHy a0 3paskis i3 5% JIMCO
cnpusio 30UTbIIEHHIO BifcoTKa 30epekeHnx ABK
mo 63,8% ta I'TIK o 66,7%, y Toi cammii 9ac sk
y 3pa3kax, KpiokoHcepBoBaHux i3 7,5 ta 10% JIMCO
0e3 J0/1aBaHHS AHTHOKCHJAHTIB, OyJI0 OTPUMAaHO
51-55% 36epexenux SIBK Ta 59-62% TTIK. Lle#
(daxkT CBiIUMTH MO Te, MO JOJABAHHS TIyTATIOHY
70 KpPiO3aXMCHOTO CEpelOBHILA I03BOJSE 3HU3UTH
koHmeHTpamiro JJMCO no 5% 06e3 3HauHOi BTparu
KIIITHH, HaBiTh MICHIA TepeHeceHHs 10 Qi3ionoriv-
HUX YMOB in Vitro.
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Puc. 2. KinbkicTb 94p0OBMICHUX KMITUH KOPLAOBOI KPOBI i3
HagnuwkosuM BMicTOM A®K nicns KpiokoHcepByBaHHSA
B posunHax OMCO Ta rnyTaTioHy pi3HOI KOHUeHTpauii i
nepeHeceHHss OO0 YMOB, $Ki MoAentolTb  i3ionorivHi
in vitro; m — 6e3 rnytaTioHy, @0 — 1 MM rnyTarioH, @ —
3 MM rnyTaTioH. * — pi3HNLS CTaTUCTUYHO 3HavyLua no Bia-
HOLLEHHIO A0 BigMNOBIAHOI TPYNU KOHTPOMbHUX 3HaYeHb
0e3 AogaBaHHA aHTUoKeMaaHTa, p < 0,05.

Fig. 2. Number of cord blood nucleated cells with
excess ROS content after cryopreservation in DMSO
and glutathione solutions of different concentrations
and transferring under in vitro simulated physiological
conditions;m — glutathione-free, @ — 1 mM glutathione,
@ — 3 mM glutathione. * — difference is significant with
respecto the corresponding antioxidant-free control va-
lues, p < 0.05.

Amnaniz kinpkocti xkutresgatiux SIBK KK, or-
PUMaHUX TicIs TOAUHHOT 1HKYOAIlii B po3unHi XeHK-
ca, B 3pa3Kax i3 DIyTaTiOHOM I10Ka3aB 301IbIICHHS
LLOTO MOKAa3HHUKA B yCiX mpobax (Tabdm. 2). Y 3pa3kax
i3 7,5 Ta 10% JMCO Ta myrarioHoMm Oyno OTpH-
MaHO 10 65-75% >KUTT€3NAaTHUX KIITHH, IO Ha
14-16% Oinple MOpiBHSAHO 3 BiANOBITHUMHU KOH-
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was accepted. The iso-osmolality was ensured with
the Hank’s solution, supplemented with buffer
system that provided pH 7.4.

Thus, this in vitro model of physiological condi-
tions provides the control for the main parameters
of the medium to assess the stability of cryopre-
served NCs.

The analysis of the findings showed (Table 2)
an increased cell preservation in all the experi-
mental groups as compared to the antioxidant-
free control values.

After 1-hour incubation of NCs/HPCs in Hank’s
solution, the highest cell preservation was obser-
ved in the samples, containing glutathione in com-
bination with 7.5 or 10% DMSO, and was 75-79
and 83-85% of NCs and HPCs, respectively, that
was by 25% higher than in the control values.

The glutathione supplement to the samples with
5% DMSO provided an increase in the percen-
tage of preserved NCs and HPCs up to 63.8 and
66.7%, respectively, while in those, antioxidant-
free, cryopreserved with 7.5 or 10% DMSO we
obtained 51-55% and 59—62% of preserved NCs
and HPCs, respectively. This fact testifies to the
glutathione supplement to cryoprotective medium
as enabling to reduce the DMSO concentration to
5% without significant cell loss, even after trans-
ferring under in vitro physiological conditions.

The analysis of the number of viable CB NCs,
obtained after 1-hour incubation in Hanks’ solution
in the glutathione-contained samples showed an
increased viability in all the samples (Table 2). In
those with 7.5 or 10% DMSO and glutathione, there
were obtained up to 65-75% of viable cells, that
was 14-16% higher versus the corresponding cont-
rol values in the antioxidant-free samples. Here-
with, the viability of CD34" cells in the solutions
with 5% DMSO and | and 3 mM glutathione was
consistent with (or even exceeded) the data obtained
with 7.5 or 10% DMSO with no antioxidant use.

The NCs cryopreservation in glutathione-con-
taining solutions reduced the percentage of DCF~
cells in all the experimental groups (Fig. 2). The
combination of 7.5% DMSO and efficient con-
centrations of glutathione (1 or 3 mM) decreased
the percentage of cells with excess ROS from 19%
(in the control) to 11% even after transferring to
the in vitro simulated physiological conditions. This
fact shows the pronounced antioxidant and cytopro-
tective properties of this antioxidant.

Conclusions

1. The use of cryoprotectant mixture, containing
7.5 or 10% DMSO and glutathione at 1 or 3 mM
concentration for CB NCS, in particular HPCs,
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TPOJILHUMH 3HAaUYEHHsIMU Oe3 JONaBaHHS aHTHOK-
cunanra. [Ipu upomy xxurre3nataicts CD34 -kitiTHH
y po3unnax i3 5% JAMCO Ta 1 i 3 MM myrariony
BizmoBimana manuM (a00 HaBITH MEepeBUINyBasa iX),
orpuManuM i3 7,5 1 10% JMCO 0Ge3 3acTocyBaHHS
AQHTHOKCUJAHTA.

KpiokoncepsyBanus SIBK y po3unnax, mo mic-
TATh TIYTaTiOH, 3MeHIye Bigcotok DCF -xmiTuH B
yCiX eKCrepuMeHTaIbHUX rpynax (puc. 2). Kom6ina-
uis 7,5% JMCO Tta e(ekTUBHHX KOHIICHTpPAILil
iytariony (1 ta 3 MM) 3HIKYeE BiJICOTOK KITi-
TUH 13 HajumIKoBuM BMictoM ADK 3 19 % (y koH-
Tpoui) 1o 11 % HaBiTh mics EpEHECEHHs 10 YMOB,
K1 MozemoTh (izionoriuni in vitro. el ¢dakt
CBIJYUTH PO BHPaKEHI aHTHOKCHUIAHTHI Ta IIUTO-
MIPOTEKTOPHI BIACTUBOCTI JAHOTO aHTHOKCUAAHTA.

BucHoBkn

1. TlokazaHo, IO BHWKOPHWCTAHHS KPiO3aXHCHOI
cymimri, sika Mictuth 7,5 ta 10% AMCO i mryration
y KoHIeHTpaii 1 Ta 3 MM, st KplOKOHCEPBYBaHHSI
SABK KK, 3o0kpema I'TIK, 30ibIi1ye BijicoTok 30epe-
KEHUX Ta KATTE3JATHUX KIITHH MICIsI PO3MOPOXKY-
BaHHSI MOPIBHSHO 31 3pa3kaMH, 10 SKUX TaHWK aHTH-
OKCHIAHT HE BHOCHIIH.

2. BcranoBneno, mo kpiokoHcepByBanHs ABK
mig 3axuctom JMCO (7,5 ta 10%) ta mmyrariony
B edexTuBHUX KoHIEeHTpaisx (1 tra 3 MM) mo3Bo-
i€ 30epiraté OUTBITY KiJbKICTh Ta JKATTE3NATHICTD
SBK, 3okxpema I'TIK, micis mepeOyBaHHS B yMOBaX,
SKi MOJENIOIOTE (hi310JIOTIvHI, in Vitro, TIOPIBHSHO
3 aHAJIOTIYHWMH yMOBaMH 0€3 BUKOPHCTAaHHS aHTH-
OKCH/JIAHTIB.

3. KpiokoncepByBanusi SIBK y kombGinoBaHOMY
CepeIoBHIL, sike MicTUTh mTyTaTioH (1 13 MM) Ta 5%
JAMCO, no3Bosnsie OTpUMATH TaKy K KiJIbKICTb (yHK-
uionanbHo aktuBHUX KinituH KK micns nepeOyBaHHs
B YMOBaX, sIKi MOAEJIOIOTH (i3i0NOriuHi in vitro, sk
1 3 3araJbHOBKMBaHUMH KoHIeHTpamismMu JIMCO
(7,5-10%).
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2. Chen G, Yue A, Ruan Z, et al. Comparison of the effects
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2016: 1396783-89. Available from: https://www.hindawi.com/
journals/sci/2016/1396783/
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4. De Ménorval MA, Mir LM, Fernandez ML, Reigada R. Effects
of dimethyl sulfoxide in cholesterol-containing lipid memb-
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cryopreservation was shown to increase the per-
centage of preserved and viable cells after thawing
as compared to the antioxidant-free samples.

2. It was revealed that the NCs cryopreserva-
tion with DMSO (7.5 and 10%) and glutathione
at efficient concentrations (I and 3 mM) enabled
preserving a higher number and viability of NCs,
in particular HPCs, after staying under in vitro
simulated physiological conditions, as compared
to the similar antioxidant-free conditions.

3. The NCs cryopreservation in a combined me-
dium, containing glutathione (1 and 3 mMm) and
5% DMSO enabled obtaining the same number
of functionally active CB cells after being under in
vitro simulated physiological conditions, as well as
with the commonly used concentrations of DMSO
(7.5-10%).
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