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Trolox Antioxidant as a Factor in Stabilization
of Human Cord Blood Nucleated Cells During Cryopreservation

Pecpepar: Y poboti npeacraBneHo ekcnepuMeHTanbHi AaHi 3 BM3HAYeHHs 30epexxeHOCTi Ta CTafii anonTo3y/HeKkpo3y sapo-
BMIiCHUX KMiTUH KOPAOBOI KPOBi MOAMHW 3 METOK BCTAHOBMEHHS KiNMbKOCTI XMBUX (PYHKLIOHANbHO aKTUBHWX KNiTWH MiCAS KPiOKOH-
CEepBYBaHHA B pO34MHax i3 Pi3HOI KoHUeHTpauieto IMCO Ta BOOOPO3YMHHOrO aHamnora BiTaMiHy E — aHTuokcupaHTa TpOMokKcey.
lMigpaxyHOK KinbKOCTi SAPOBMICHUX KMITUH KOPAOBOI KPOBI JIIOAMHU MICNA 3aMOPOXYBaHHA B CepefoBMLLax i3 AOAABAHHAM TPOIIOK-
Cy nokasaB MakcumarbHy iXHI0 36epexeHicTb y npobax 3 7,5% OMCO Ta 50, 70 abo 200 mkM aHTMokcuaaHTa. MeTogom npoToko-
BOi LmTObnyopumeTpii 3 gogasaHHAM peareHTy Annexin V FITC, akui cneumdiyHo 38’a3yeTbesa 3 bocdoninigamu, Ta [HK 6apsHuka
7-amiHo-akTMHOMIUMHY D (7-AAD) BCTaHOBMEHO, O TPOMOKC Yy KoHueHTpauiax 50-70 mkM 3abesnedye 36inblUeHHS KifIbKOCTI
XKMBUX KMITUH 3 HeyLIKOAXeHo MembpaHow (AnnexinV—/7AAD™) Ha 12-16% y NOPIBHAHHI 3 KOHTPONEM — BWKOPUCTaHHS B Kpio-
NPOTEKTOPHOMY POo34umHi Tinbkn AMCO. OTpumaHi pesynstatv BKasyloTb Ha edeKTUBHICTb 3aCTOCyBaHHSI aHTMOKCUMAAHTa TPOSIOKCy
Ta MEepCneKkTUBHICTb PO3POOKM TPOMOKCBMICHMX KPIOMPOTEKTOPHMX CyMillei ANS 3aMOpPOXyBaHHS Ta [OBrOCTPOKOBOrO 36epiraHHsi
SAPOBMICHMX, Y TOMY YWCHi FreMOMOETUYHNX NMPOreHITOPHMX, KMITUH KOPAOBOI KPOBI.

Knto4yoBi crnoBa: SA4pOBMICHI KMiTMHM KOPAOBOI KPOBI, KPIOKOHCEPBYBaHHS, AMMETUICYNbOKCUA, TPOMOKC, CTaAil anonToasy.

Abstract: The paper presents experimental data on the determination of preservation rate of human cord blood nucleated
cells and their apoptosis/necrosis stages to determine the number of viable functionally active cells after cryopreservation in solutions
with different concentrations of DMSO and the water-soluble analogue of vitamin E, the antioxidant trolox. Counting the number
of human cord blood nucleated cells after freezing in media with the addition of trolox revealed their maximum preservation in the
samples with 7.5% DMSO and 50, 70 or 200 pyM of the antioxidant. Using the flow cytometry with the addition of the Annexin V
FITC reagent, which specifically binds to phospholipids, and the DNA dye 7-amino-actinomycin D (7-AAD), it was established that
trolox in concentrations of 50-70 uM provided an increase in the number of viable cells with intact membrane (AnnexinV-/7AAD")
by 12-16% compared to the control, which involved the use of only DMSO in the cryoprotective solution. The obtained results
indicate the effectiveness of using the antioxidant trolox and the prospects of developing trolox-containing cryoprotective mixtures
for freezing and long-term storage of nucleated cord blood cells, including hematopoietic progenitor cells.

Key words: cord blood nucleated cells, cryopreservation, DMSO, trolox, stages of apoptosis.

HocBin TpaHcmiaHTamii SAPOBMICHHX —KITITHH
(A1BK) xopmosoi kposi momuau (KK) 3a ocransni
20 pokiB moka3aB iXHIO €(EKTHBHICTb y JIKyBaHHI
psAy Harojorid, y TOMY YHCI 3JIOSKICHHX TemMaro-
JIOTIYHUX 3aXBOPIOBaHb, XBOPOO KICTKOBOTO MO3KY,
reMormo0iHonarii, BPO/PKEHUX IOpPYyIIEHb MeTa-
Oomiszmy Ta iH. Ha nanwmii gac 30epiraeTbcs TEHACH-
it 70 OUTHII MIUPOKOTO BUKOPHUCTAHHS Yy KIIIHIYHIN
MPakTUIli KITHH KopmaoBoi kposi [14]. Lopiuno
npoBoauThest 10 2000-3000 Tpanciuianrtanii SIBK
KK mamieHTam i3 pi3HUMH 3aXBOpOBaHHsAMHU [§],
oo OOyMOBIIIOE HEOOXiJHICTh CTBOPEHHS 3araciB
KK. Ha choromni pimeHHs Mi€i mpoOieMu MOx-
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The experience of transplanting the nucleated
cells (NCs) from human cord blood (CB) over the
past 20 years has demonstrated their effectiveness
in treating various pathologies, including malignant
hematological diseases, bone marrow disorders,
hemoglobinopathies, congenital metabolic disorders,
and more. Currently, there is a growing trend towards
the broader utilization of cord blood cells in clinical
practice [14]. Up to 2,000-3,000 CB NCs transplants
are performed annually for patients with various
diseases [8], which necessitates the establishment
of cord blood reserves. Currently, the only solution
to this problem is the establishment of cryobanks
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JMBO JIMIIE 33 YMOBU CTBOPEHHsS KpioOaHKiB, Y
SIKHX 3pa3Ku 30epiraloTbcss B 3aMOPOKEHOMY CTaHi
B piakoMy azori 3a temmeparypu —196°C [3]. IIpore
HeBelmKkl 00’ emu koxHOI 103u KK Ta HEMOXKIUBICTE
MIOBTOPHOTO  3a00py MOTPEOYIOTh 3aCTOCYBaHHS
e(DeKTUBHUX KPIOMPOTEKTOPHUX CEPEHOBHII Ta pe-
JKUMIB KPIOKOHCEPBYBAHHS 3 METOIO0 30CpeKEHHS
MaKCHUMAaJIbHOT KIUTBKOCTI KUBUX (YHKITIOHAIEHO
AKTUBHUX KIITHH TMICIs po3MopoxyBaHHs. Jlist
LIbOTO0 HEOOXiTHE MPOBEJACHHS KOMIUIEKCHHUX J10C-
JKeHb, CIPSIMOBAHUX HA BUSBICHHS MNOPYIICHb
CTPYKTYPHHX KOMIIOHEHTIB Ta METa0OJIYHHUX MpO-
LecCiB y KIITHHAX, a TaKOK MOJAIBIIAN MOLIYK
YMOB Ui cTa0imizauii KiIiTHH 32 Aii (pakTopiB Kpio-
KoHCcepByBaHHs. Tak, Oyno moka3aHo, L0 SIK Ha
ctanii ekBimiOparii 3 KpiompoOTEKTOPOM, TakK i Oe3mo-
CepeHbO i Yac 3aMOPOKYBaHHS-BIIIrPiBy OKpiM
pYWHYBaHHA TUTa3MaTHYHOI MeMOpaHW KIITHH 3
MOAAJBIIUM iX HEKPO30M, BUKIMKaHUM (opMmy-
BaHHSM BHYTPIIIHBOKIITUHHOTO JIOTy Ta OCMO-
TUYHUM CTPECOM, 3aruOeib KJIITHH MOXE BimOyBa-
TUCS 1 HUIAXOM anonto3y [5]. OaHier 3 MOKIMBUX
MPUYHMH aroNnTo3y MOXYTh OyTH akTHBHI (opmu
kucHIO (ADK), yTBOpeHHs SIKUX aKTHBI3y€ThCS Mij
yac kpiokoHcepByBanHs [13]. Ha namy mymky, mo-
JlaBaHHS 10 KPiO3aXHMCHOTO CEPEelOBHILA PEUOBHH
3 BUPQKCHUMH aHTHOKCHJAHTHUMHU Ta LUTOIPOTEK-
TOPHHMH BJIACTHBOCTSIMH JI03BOJIMTH YHUKHYTH a00
CIIOBUIBHUTH PO3BUTOK OKCHIATHBHOTO CTpECY 1 Ta-
KHM YAHOM 30UTBIINTH KiNBKICTh KUBUX HEYIIKOA-
JKEHUX KIIITHH 1 TIBUAIUTH KIIHIYHY €()EeKTHBHICTH

npemaparis SIBK KK.
Mera po0OOTH — aHalli3 CTaHy SAPOBMICHHX
KIITHH KOPIOBOI KpOBI JIIOMMHM 3 BHU3HAYCH-

HSIM KIJIBKOCTI JKMBUX (DYyHKIIOHAJIBHO aKTHBHUX
(AnnexinV-7AAD™) 1 NONIKOIKSHUX/MEPTBUX KIIi-
THH Ta WUIAXY 3aru0eni micias KpiOKOHCEpBYBaHHS
B PO3UMHAX 13 PI3HOI KOHLEHTPALIEI JUMETHII-
cyabokcuay Ta BOJOPO3YMHHOIO aHayora BiTa-
MiHy E — aHTHOKCHIaHTa TPOIIOKCY.

Marepiaau i MmeToaH

Y po06oTi BUKOPHUCTOBYBAJIN KOPIOBY KPOB JIIO-
JUHH, Ky OTPUMYBald 3 BEHHM IyIOBUHHU IICIS
HOpMAaJIbHUX TIOJIOTIB 3a 1H()OPMOBAHOK 3rO0K0
MOPOJIIILI, BIIMOBIHO JI0 BUMOT KOMICIi 3 Ol0€THKH
Inctutyty mpobneM KkpioOionorii i KpioMeauIuHU
HAH Vkpainu (M. XapkiB). Matepian 3aroToBiio-
Bajl Ha TJIFOKO30-IIUTPaTHOMY po3uuHi. Dpaxirito
SBK i3 minenoi KK Bualasinm MeTOIOM CeIUMEH-
Tanii B momirokiHi (6%-i po3uMH IeKcTpaHy 3
MonekyssipHoro mMacoro 60 000) [1]. [nst uporo mo
uinpHOi KK momaBamu mominmokia («tOpis-Dapmy,
VYkpaina) y cmoiBBimHOmeHHI 1:1, BimcToroBamm IO
YITKOTO PO3IMOIITY €pUTPOIUTAPHOTO APy Ta HAI-
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where samples are stored in a frozen state in liquid
nitrogen at a temperature of —196°C [3]. However,
the small volumes of each CB dose and the inability
to obtain repeated samples require the use of
effective cryoprotective media and cryopreservation
techniques to maximize the preservation of viable
and functionally active cells after thawing. To achieve
this, comprehensive studies are necessary to detect
any disruptions in the structural components and
metabolic processes within cells, as well as further
search for conditions that enable cell stabilization
under the action of cryopreservation factors. It has
been demonstrated that during both the equilibration
stage with a cryoprotectant and the freezing and
thawing processes, in addition to the destruction of
the cell plasma membrane and subsequent necrosis
caused by intracellular ice formation and osmotic
stress, cell death can also occur through apoptosis [5].
Reactive oxygen species (ROS) formation, which is
activated during cryopreservation, is considered one
of the potential causes of apoptosis [13]. In our view,
the addition of substances with strong antioxidant
and cytoprotective properties into the cryoprotective
medium can help to prevent or slow down the
development of oxidative stress and thus increase
the number of viable, undamaged cells and enhance
the clinical effectiveness of CB NCs preparations.
The research aim was to analyze the condition
of human cord blood nucleated cells by determining
the number of viable, functionally active cells
(AnnexinV=7AAD™) as well as damaged/dead cells,
and to examine the pathway of their death following
cryopreservation in solutions with varying con-
centrations of dimethyl sulfoxide and the water-
soluble analogue of vitamin E, the antioxidant trolox.

Material and methods

Human cord blood was used in this study,
obtained from the umbilical vein following a
normal delivery with the informed consent of the la-
boring woman, in accordance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine
(Kharkiv). The material was prepared in a glucose-
citrate solution. The NCs fraction was isolated from
the whole cord blood using the method of sedimen-
tation in polyglucinum (6% dextran solution with
a molecular weight of 60,000) [1]. For this pur-
pose, polyglucinum (Yuria-Pharm, Ukraine) was
added to the whole cord blood in a 1:1 ratio, and
it was precipitated up to a clear distribution of
erythrocyte layer and the supernatant. The se-
dimentation lasted for 30-50 minutes, following
which the supernatant was collected and centri-



ocany. TpuBamicte ceaumenrtanii cknazamna 30—
50 xB, micis LBOTO CyNEpHATaHT BigOupanu Ta
ueHTpudyrysamu npotirom 15 xB npu 800g s
OoTpuMaHHs koHLeHTpaty SIBK.

Y poOoTi 3acTOCOBYBalM aHTHOKCHAAHT TpO-
nokc ¢ipmu «Sigma-Aldrich» (CILIA) y xoHIeHTpa-
misix 20; 30; 50; 70 ta 200 MkM. Po3uuH TpOoOKCy
TOTYBaJIM Ha KPIOMPOTEKTOPI JUMETHUIICYIb(OKCHT
(JIMCO). [lo kmiTHHHOI CyCleH3il BHOCHJIM Bij-
MOBIZIHI KOHIIEHTpALil aHTHOKCUAaHTa Ta 25%-i
po3zunH JIMCO, sikuii roryBanu Ha 6%-My pO3uuHI
MOJIMIIOKIHY, 10 KIHIEBHX KOHLEHTpamid y mpooi
2,5; 5; 7,5%. Ipobu obpodmsmun IMCO Ha xpu-
xaHid Oani mpu Ttemneparypi 0-4°C. PeuoBuny
JI0/1aBaJId KparejabHO 3a MOCTIHHOIO MepeMillyBaH-
Ha. llepen 3mimryBaHHSIM CyCIE€H3i0 KJIITHH 1 PO3-
YUH KPIOMPOTEKTOpa JOBOIMIN O BiATIOBITHHIX
temneparyp. TpuBamicTh iHKyOaIrii 3 KpiOMpOTEK-
TOPOM II€pe]] MEPEHECEHHSIM 3pa3KiB 10 3aMOPOXKY-
Bada craHosmia 20 xB. KpiokoHcepByBaHHS MPOBO-
i B kpionpobipkax (Nunc, CIHIA) 31 mBHIKICTO
1°C/xB 1o —80°C Ha mporpaMHOMY 3aMOpPOXKyBaui
(Cryoson, HimeuunHa) 3 HacCTYIHHM 3aHYpPEHHSIM
y pinkuii aszor [1]. BigraBanHs 3paskiB 37iiCHIO-
Banu npu 37-40°C Ha BoAsHIN OaHi 3a MOCTIH-
HOTO TOTOWAYBaHHS 10 3HUKHEHHS TBEpHoi (asu.
Bei mopanpiii BUMiproBaHHS HPOBOIWIJIM Bifpasy
MiCsT PO3MOPOKYBaHHS 0O€3 IMOMEepPEIHbOTO BiIMHU-
BanHs Bix JAMCO, mo 103Boisg€ 00’ €KTUBHO BH3HA-
YUTH KUTBKICTh MEPTBUX Ta mormkomkeHnx SIBK KK
y TIpo0i.

[TigpaxyHok aGcomroTHOl KinmbkocTi SIBK micms
PO3MOpOXKYBaHHs 3pa3KiB mpoBoawin B kamepi [o-
psieBa 3TiHO 31 CTaHAAPTHOI METOIUKOIO [4]. BTpa-
TH KJIITHH Yy TpoIeci 3aMOpOKyBaHHs-BiqTaBaHH:I
(36epexenicts SIBK) po3paxoByBanu 3a BigHOILIEH-
HSIM:

30epexenicts AABK = (kinpkicTh KIITHH Ticis
KpIOKOHCEPBYBAHHS : IIOYATKOBA KLIBKICTh KIIITHH JI0
KpiokoHcepByBaHHs) X 100%.

Kurresmaraicts SIBK BH3Hawanmm 3a cranmapr-
mnm ISHAGE mportokonom (International Society
of Hematotherapy and Graft Engineering) 3 BHKO-
pUCTaHHsIM MOHOKJIOHaNbHUX aHTHTIN CD45 FITC
i IHK-6apBHauka 7-aminoakTuHOMIiIMHY D (7-AAD)
(BD Pharmingen, CIIIA) [11] MeTon0M IPOTOKOBOT
uutodayopumerpii Ha 1mroduyopumerpi «FACS
Calibur» (Becton Dickenson, CIIA). Jlns 1soro
o 50 MK mimpHOI KpoBi monaBany no 10 Mxi pea-
reaTiB (FITC-mivennit CD45, ximon 2D1 ta 7-AAD),
MepeMinryBaid Ta iHKyOyBamn 15 XB Tpu KiM-
HaTHIH Temmepatypi B TempsBi. [lo koxkHOI mpoOip-
KU 1omaBanu 1 mur po3unHy xiopuay amosiro (BD

124

fuged for 15 minutes at 800 g for obtaining the NCs
concentrate.

In this study, the antioxidant trolox (Sigma-
Aldrich, USA) was used at concentrations of 20,
30, 50, 70, and 200 uM. The trolox solution was
prepared using the cryoprotectant dimethyl sulfoxide
(DMSO). The appropriate concentrations of the
antioxidant and a 25% DMSO solution, prepared
from a 6% solution of polyglucinum, were added to
the cell suspension to achieve final concentrations
in the sample of 2.5, 5, and 7.5%. The samples were
treated with DMSO in an ice bath at a temperature
of 0-4°C. The substance was added dropwise
with constant stirring. Prior to mixing, the cell
suspension and the cryoprotectant solution were
brought to the appropriate temperatures. The duration
of incubation with cryoprotectant before transfer-
ring the samples to the freezer lasted for 20 mi-
nutes. Cryopreservation was conducted in cryo-
tubes (Nunc, USA) at a rate of 1 deg/min down
to —80°C using a programmed freezer (Cryoson,
Germany), followed by immersion into liquid
nitrogen [1]. Thawing of the samples was carried out
at a temperature of 37—40°C in a water bath with a
constant shaking until a solid phase disappeared.
All subsequent measurements were performed im-
mediately after thawing without prior washing to
remove DMSO, enabling an objective determina-
tion of the number of dead and damaged CB NCs in
the sample.

The absolute number of NCs after thawing the
samples was calculated using the Goryaev’s chamber
according to the standard technique [4]. The losses
of cells during the freezing and thawing (NCs
preservation) were counted based on the following
ratio:

NCs preservation = (number of cells after
cryopreservation : initial number of cells before
cryopreservation) x 100%.

The viability of NCs was determined using the
standard ISHAGE protocol (International Society
of Hematotherapy and Graft Engineering) with
monoclonal antibodies CD45 FITC and DNA dye
7-aminoactinomycin D (7-AAD) (BD Pharmingen,
USA) [11] by flow cytometry with the flow cyto-
meter ‘FACS Calibur’ (Becton Dickenson, USA).
With this aim, 10 pl of reagents (FITC-labeled
CD45, clone 2D1 and 7-AAD) were added to 50 pl
of whole blood, mixed and incubated for 15 min
at room temperature in the dark. Subsequently, 1 ml
of ammonium chloride solution (BD Pharmingen)
was added to each test tube to induce erythrocyte
lysis. The samples were analyzed using CELLQuest
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Pharmingen), sikuii BUKIHMKaB Ji3UC EPUTPOLIUTIB.
AmHanizyBajay 3pa3kd 3a JOIIOMOTOI0 HPOrpaMHOro
3abesreuenHss «CELLQuest Pro» (Becton Dicken-
son). Jlng MiHiIMiZamii TOXWOKH — aHaIi3yBalln
20 000 tomiti.

Cranii amomnro3y simpoBMicHEX KiaiTHH KK ormi-
HIOBAJIM 3a JormoMoror Habopy Annexin V-FITC
detection KIT I (BD Pharmingen) 3 omHOYacHUM
BHECEHHSM 10 3pa3ka MmapkepiB Annexin V FITC,
CD45 PE ta 7-AAD [16]. dns mporo mo 50 Mk cy-
crneHsii KiIiTUH jgoxaBaiv 5 Mk Annexin V FITC
i mo 10 mxn CD45 PE ta 7-AAD, nepemimyBaiu
i iHKyOyBanu npotsiroM 15 xB 3a KiMHATHOI Temrie-
patypu B TeMpsiBi. 3pa3Ku aHali3yBajd Ha MPOTOKO-
BOMy LuTOGIyopuMeTpi. Pe3ynsratn BUMipioBaHHS
OLIIHIOBAJIM 3a JONOMOIOI0 MPOrpaMHOro 3alesre-
yeHHss «CELLQuest Pro». [anuwii wmerom 03BO-
nsie igeHTH(IKyBaTH YOTHPH Pi3HI THIH KITHH [16]
(puc. 1).

Buxig xurresnaraux saposmicanx (CD45") k-
THH 3 HEYIIKO/DKEHOF0 MeMOpaHoto (AnnexinV-7AAD™)
TTicyIst KPIOKOHCEPBYBaHHSI BU3HAUAIIH 32 (popMysiamMH:

Buxing AnnexinV-7AAD™ SIBK =

Tmicnst Kpio

(abcomroTHa KinbKicTh AnnexinV-7AAD™
ﬂBKKpm : abcoroTHa KUIbKiCTh AnnexinV-7AAD~

Pro software (Becton Dickenson). To minimize the
error, 20,000 events were analyzed.

The apoptosis stages of CB nucleated cells
were assessed using the Annexin V FITC detection
KIT I (BD Pharmingen) with the simultaneous
addition of Annexin V FITC, CD45 PE and 7-AAD
markers to the sample [16]. Therefore 50 ul of
cell suspension was supplemented with 5 pl
of Annexin V FITC and 10 ul each of CD45 PE
and 7-AAD, then mixed and incubated for 15 min
at room temperature in the dark. The samples were
analyzed with flow cytometer. The measurement
results were evaluated using ‘CELLQuest Pro’
software (Becton Dickenson). This method iden-
tifies four different types of cells [16] (Fig. 1).

The yield of viable nucleated (CD45%) cells
with an intact membrane (AnnexinV~-7AAD")
after cryopreservation was determined by the for-
mulas:

Yield of AnnexinV-7AAD~ NCs =

after cryo -
(absolute number of AnnexinV-7AAD"
NCcryo : absolute number of AnnexinV-7AAD™
NC ) x 100%,

before cryo

where absolute number of AnnexinV-7AAD™

SABK uoxpio) x 100%, NCs = absolute number of NCs retained in the
sample x percentage of An-
nexin V"7AAD~ NCs in the

o+ sample : 100%.
32 3 > The findings were statis-
% Quadrant Statistics tically processed using the
EQgFg % Poramenr: TAAD {Log) ‘Statgraphics plus 2.1° software
iy ] Y Parameter: Annexin V FITC (Log) ackace (Manu istics Co
= >89 Quad % Gated p & 5 P-»
= —_— USA). Data are presented as M
3% UL .- 73
g v UR 7.44 + SE (mean + standard error).
<< = LL 8329 The statistical significance of
- LR 7.58 the results was determined
=38 L AL ' by the non-parametric Mann-
100 10! 102 108 104

7AAD

Puc. 1. Uutorpama BusHayeHHsa cTagii anontody/Hekpody ABK. 1 (LL) —
XKUTTE3AATHI KNITUHM 3 HAaTUBHOIO MeMOpaHolo, siki He 3B’s3anucb 3 Annexin V,
He 3abapsunuce 7-AAD (AnnexinV-7AAD—-knitnHu); 2 (UL) — panHi anon-
TOTUYHI KNiTUHK, AKi 3B’A3anvcb 3 Annexin V, ane 36epiranu UiniCHICTb Mem-
6paHn anst npoHukHeHHs1 7-AAD (AnnexinV*7AAD—-knituHmn); 3 (UR) — mepT-
Bi, Mi3Hi anONTOTUYHI/HEKPOTMYHI KMiTUHW, NO3UTUBHO 3abapBrieHi sk Annexin V,
Tak i 7-AAD (AnnexinV*7AAD*); 4 (LR) — mMepTBi HEKPOTWYHI KMiTUHW Ta
KNiTUHM 3 ae3opraHizoBaHol MeMbpaHoto, ski He 3B’A3anuck 3 Annexin V, ane
3axonunu 7-AAD (AnnexinV-7AAD").

Fig. 1. Cytogram of NCs apoptosis/necrosis stages determination. 1 (LL) —
viable cells with a native membrane that did not bind to Annexin V and were
not stained with 7-AAD (AnnexinV-7AAD—-cells); 2 (UL) — early apoptotic
cells that bound to Annexin V, but preserved the membrane integrity for
the penetration of 7-AAD (AnnexinV*7AAD—-cells); 3 (UR) — dead, late
apoptotic/necrotic cells, positively stained with both Annexin V and 7-AAD
(AnnexinV*7AAD*); 4 (LR) — dead necrotic cells and cells with a disorga-
nized membrane that did not bind to Annexin V but captured 7-AAD
(AnnexinV-7AAD").
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Whitney method at p < 0.05.
The number of experiments in
each series of experiments was
at least five.

Results and discussion

Recently the utilization of
antioxidants for cryopreser-
vation of various biological
objects has been the focus of
research aimed at improving cell
quality after thawing [7]. Ho-
wever, the use of antioxidants
and apoptosis inhibitors for the
cryopreservation of CB NCs has
practically not been studied.
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ne  abcomoTHa  KinbkicTh  AnnexinV-7AAD™
SABK = a6comorHa xinbkicTh SIBK, sixi 30eper-
JMCh Y 3pa3Ky x Bincotok AnnexinV-7AAD™ SBK
y 3pasky : 100%.

CratrcTiaHy OOpOOKY pe3ynbTaTiB BUKOHYBaH
3 BHKOPHCTaHHSIM TIPOTPAMHOTO Iakera «Statgra-
phics plus 2.1.» (Manugistics Corp., CIIA). [lani
npenacTaBisn y Bumsimi M + SE (cepenne apud-
METHYHE 3HaueHHs + cTaHaapTHa rmoxuoka). Craru-
CTHYHY 3HAYyIIiCTh PE3yNbTaTiB BU3HAYAM Hema-
pameTpuyHUM MeTogoM ManHa-BitHi mpu p < 0,05.
KinbKicTh eKcnepuMEeHTIB y KOXHIiW cepii JOCIHiaiB
Oyna He MEHIIE IT°SITH.

Pe3ysnbraTtu Ta 00roBOpeHHs

B ocranni poku 3acTocyBaHHS AHTHOKCHAAH-
TiB Ui KPIOKOHCEpPBYBAaHHS Pi3HUX O10JOTIYHHIX
00’€KTIB CTajJ0 MPEIMETOM TOCHIKEHB, CIIPSIMO-
BAaHMX Ha TIOJIMIICHHS SKOCTI KJIITHH IICISA PO3-
MopoxyBanust [7]. IIpoTe BHKOpHICTaHHS aHTH-
OKCHJIQHTIB Ta 1HTIOITOPIB aronTo3y Jjis KPIOKOHCEp-
ByBaHHs SIBK KK mpaktudyHO He 10CIiHKyBaIoCs.

Tponoxke(6-rizpokcu-2,5,7,8-reTpaMe THIXpOMaH-
2-kapOOHOBa KHUCIIOTA) — TiApodiIbHUN aHajIor
0-TOKO(epoITy, KU € HalOIbIl aKTHBHOI Ta TO-
mupeHoro  ¢gopmoro Toxkodepomnis (Bitaminy E) B
opranismi jrogunu. Ilpore, B mopiBHsAHHI 3 Jimigo-
PO3YMHHUM 0-TOKO(EPOJIOM, TPOJIOKC € TiIpopo3-
YHHHUM, 110 3a0e31euye HoOMy MOMKIMBICTb AOCSATaTH
SIK BOAHOTO, TaK i JIIMIZHOTO KOMIAPTMEHTY KIIITHH
[2]. Tpomokc 3amo0irae OKHCHIOBAIHHOMY ITOIITKOJ-
JKEHHIO MEMOpaH IUIIXOM 1HTiOyBaHHA MEPEeKHCHO-
IO OKUCHEHHS IOJIHCHACHYCHUX IKUPHHUX KHCIIOT
[6, 9]. Kpim Toro0, BiH pearye 3 CHHIVIETHUM KHCHEM
Ta CYNepOKCHI-aHIOHaMHU, sIKi, 3a JanuMu M. Minaei
ta cnoiBaBT. [10], MOXyTb OyTH OCHOBHHUMH (akx-
TOpaMy BHM3HAUEHHs MEXaHi3My iHimiawlii amomnTo-
3y. OTKe, 3 METOI0 MPUTHIYEHHSI OKUCHOTO CTPEeCcy
B PI3HUX KIITHHHUX CHCTeMax OyJ0 JIOIUIBHUM
BHECEHHS TPOJOKCY IO KpiO3aXHCHOTO PO3YHMHY
11t koHcepByBaHHs SIBK KK.

Ha manuit wac icHye Oararo MaHWX BiTHOCHO
e(heKTUBHUX KOHIIGHTpAIlii TPOJOKCY, sKi BH3HA-
YaroThCsl THIMOM 01000°€KTa A KPiOKOHCEPBYBaH-
aa [10, 15]. Tomy y po6OTi MM BHUKOPHUCTOBYBAIU
IIUPOKUI KOHIEHTPAIIHHUI [diana3oH JaHOTO aH-
trokcuganTa (20; 30; 50; 70 ta 200 MxM) y moen-
HauHi 3 /IMCO B koHuentpamisx 2,5; 5 ta 7,5%.
3a3HadeHl KOHIEHTpalii KpiompoTrekropa Oymu 00-
pani 3 ommigy Ha Te, mo 7,5% — onTHManbHa
e(eKTHBHA KOHLEHTpalis, sKa 3aCTOCOBYETHCS B
OinbIIOCTI KpioOaHKIB, MPOTE YACTIIIIE 32 BCE MOTpPe-
Oye BUAAJICHHS NEpe]] 3acTOCyBaHHAM; 5% — MiHi-
MaJbHO HEOOXiJHa KOHIIEHTpaIlis, sika 3a0e3redye
MIPUAHATHY 30€pEKEHICTh KIITHH Ta HE MOTpedye

126

Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid) is a hydrophilic analogue of
a-tocopherol, which is the most active and widely
distributed form of tocopherols (vitamin E) in human
body. However, in comparison to the lipid-soluble
a-tocopherol, trolox is water-soluble, enabling it
to reach both the aqueous and lipid compartments
of cells [2]. Trolox prevents oxidative damage
to membranes through inhibiting the peroxidation
of polyunsaturated fatty acids [6, 9]. In addition,
it reacts with singlet oxygen and superoxide
anions, which, as reported by M. Minaei et al. [10],
can be the main factors in determining the mecha-
nism of apoptosis initiation. Therefore, in order
to suppress an oxidative stress in various cellular
systems, supplement of trolox to the cryoprotective
solution for the preservation of CB NCs is deemed
appropriate.

Currently, there is abundant data available on
the effective concentrations of trolox, which are
determined based on the type of biological object
to be cryopreserved [10, 15]. Therefore, in this
study we used a broad range of concentrations
for this antioxidant (20; 30; 50; 70 and 200 pmol)
in combination with DMSO at concentrations of
2.5; 5 and 7.5%. The specified concentrations of
cryoprotectant were chosen with consideration
that 7.5% is the optimal effective concentration
commonly used in most cryobanks, although it
often requires removal prior to use; 5% is the mini-
mum concentration necessary to ensure acceptable
cell preservation without the need for removal;
a DMSO concentration of 2.5% was chosen as
a negative control [5].

It is well-known that the freeze-thawing exerts
a significant physicochemical impact on cells, re-
sulting in their death through both necrosis and
apoptosis, therefore it was advisable to conduct
an analysis of the CB NCs with the determination
of the number of wviable functionally active
(AnnexinV-7AAD™) and damaged/dead cells, as
well as determine the way of their death. The analysis
of the results showed that a small percentage of
cells (1-3%) was in the initial stage of apoptosis
(AnnexinV*7AAD™) (Table). These cells are
characterized by the loss of lipid asymmetry
in the plasma membrane and the exposure of
phosphatidylserine on the outer surface of the
membrane, which is typically located exclusively
on the inner side of the lipid bilayer [12].

The minimum number of such cells was observed
after cryopreservation with 2.5% DMSO, while
the maximum — with 7.5% DMSO. Significant dif-
ferences were found in the samples cryopreserved
with 5% DMSO containing 30 or 50 uM trolox,
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BuganeHHs; koHuentpauis JMCO 2,5% Oyna
o0paHa y SKOCTi HETaTUBHOTO KOHTPOIIO [5].

Bimomo, 1m0 3aMOpOKyBaHHS-BIIrPiB YHHUTH
3HAaYHUN (DI3MKO-XIMIYHHIA BIUTUB Ha KIIITHHHU, SKAN
MPU3BOIUTH JI0 X 3aru0eni SIK HUIIXOM HEKpO3Y,
TakK 1 aronTo3y, TOMY JIOIUIEHO OyJI0 MPOBECTH aHa-
miz SIBK KK 3 BH3Ha4eHHSM KUTBKOCTI JKHUBHUX
(yHKmioHanpHO akTUBHUX (AnnexinV~7AAD™) Ta
TMOIITKOJDKEHUX/MEPTBUX KIIITHH, & TaKOX 3’sICyBaTH
HUIX 1x 3aru0eni. AHami3 pe3y/abraTiB MOKas3aB, 110
He3HayHMW BiAcOTOK KIiTHH (1-3%) 3HaXoauThCS
Ha MOYaTKOBil cTanii anonTo3y (AnnexinV*7AAD™)
(Tabmuus). Jnsa Takux KIITHH XapakTepHa BTpa-
Ta JNiHOI acuMeTpii MmiIa3MaTHYHOI MeMOpaHH Ta
EKCIIOHYBaHHS (Poc(aTuAMICEpUHy Ha 30BHIIIHIN
MTOBEPXHI MeMOpaHH, IKUW B HOPMi PO3TAIlIOBYEThCS
BHKITFOYHO HA BHYTPINTHIN cTOpoHi Oimapy [12].

MiHiMallbHa KIUTBKICTh TaKWX KIITHH CITOCTEpi-
rajacsi micis KpiokoHcepByBaHHA 3 2,5% JIMCO,
a makcumaibaa — 3 7,5% JIMCO. BusiBieno 3Ha-
Yymli BIIMIHHOCTI B Tpo0ax, KpiOKOHCEPBOBAHUX
3 5% JAMCO, mo mictate 30 abo 50 MkM Tponok-
cy, a Takox 7,5% JAMCO Ta 30 MkM aHTHOKCHAAHTA
(Tabmnuus).

KinpkicTh KIITHH Ha cTafgil Mi3HBOTO AaronTo3y
(AnnexinV*7AAD") cknamae 5-10% 3amexHO BiJ
konneHntpanii JIMCO (tabmurgs). 3Hauymux Bif-
MIHHOCTEH Yy MeXax OIHOr0 KOHLEHTPaLiiHOro
psny KpiompoTekropa He BusiBieHo. Ilpore moxHa
BKa3aTW Ha 3HAYylll BIAMIHHOCTI MDK MpoOamw,
o MictaTe 2,5 ta 7,5% JAMCO 3 yciMa KOHIIEH-
TpamisiMu TpPoOJIoKcy. [IpudomMy KiNbKICTh KITITHH
JaHoro tumy Oinbina B mpodax 3 7,5% JAMCO. lle
MOYKHAQ IIOSICHUTH IIJBUIICHHIM 30€pekKEeHOCTI
CTPYKTYPHOI MIJTICHOCTI KJITHH JaHOTO THUIY B
npodax.

KpiokoHcepByBaHHS HJOCUTb HETaTUBHO BILIMBAE
Ha CTaH KJIITHUH, TOMY JIesIKi 3 HUX HE 3[]aTHI IPUCTO-
CyBaTuCsl 10 TaKUX YMOB Ta THHYTb LUISIXOM HEK-
po3y. HekpoTnunuMu KiIiTHHAMM MU BBaXXajlH Ti,
0 He 3B’s3alKuch 3 Annexin V, ajie 3axOIWIH
7-AAD (AnnexinV~7AAD"). KiIbKiCTh ITUX KIITHH
€ TIOKa3HHKOM, SIKMH 103BOJII€ 00’ €KTMBHO BH3Ha-
YUTH, HACKIJIBKH ONTHUMAaJIbHUMH/HE30aIaHCoBa-
HUMH Oynu yMOBH KpPIOKOHCEPBYBAaHHS, OCKUIBKU
YuM OlbIIe HECHPHUATIUBUX (AKTOPIB BILUIMBAIIO
Ha KITHHHA, TUM BHIIE BIJACOTOK IOIIKOMKECHUX
KIIITHH TaKoro THITY B CyCIleH31i. AHaIIi3 pe3yJabTaTiB
BUSIBUB YITKY 3aJI€KHICTh MK KOHLEHTpAiHUMH
psnamu KpiompoTtekropa. B mpobax, kpiokoHcep-
BoBaHux 3 2,5% JMCO, cnocrepiraiach MakcH-
MajJbHA KUTBKICTh HEKPOTHUHUX KMTHH (37-46%),
a B npodax 3 5% JIMCO — 27-33%. MinimaibHi
3HaueHHs (17-25%) Oynu omep kaHi MpH ONTHMAITb-
Hii 3aradbHOBXHBaHIN KoHmeHntparii JMCO —
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as well as 7.5% DMSO and 30 pM antioxidant
(Table).

The number of cells at the late apoptosis
stage (AnnexinV'7AAD") ranges from 5 to 10%
depending on the concentration of DMSO (Table).
No significant differences were found within
one concentration range of the -cryoprotectant.
However, significant differences can be indicated
between the samples containing 2.5 and 7.5%
DMSO with all trolox concentrations. Moreover,
the number of cells of this type is higher in the
samples with 7.5% DMSO. This can be explained
by an enhanced preservation of the structural in-
tegrity of the cells of this type in the samples.

Cryopreservation has a rather negative impact
on the state of cells, so some of them are unable
to adapt to such conditions and die by necrosis.
We considered cells as necrotic if they did not bind to
Annexin V, but captured 7-AAD (AnnexinV~=7AAD").
The number of these cells serves as an indicator
to objectively determine how optimal/imbalanced
the cryopreservation conditions were, since the
more adverse factors affected the cells, the higher
the percentage of damaged cells of this type in
the suspension. The analysis of the results revealed
a clear dependence between the -concentration
series of the cryoprotectant. In the samples cryo-
preserved with 2.5% DMSO, the highest number
of necrotic cells was observed (37-46%), while
samples with 5% DMSO showed a range of 27—
33%. The lowest values (17-25%) were obtained
at the optimal commonly used concentration of
DMSO - 7.5% (Table). Analysis of the effect of
different trolox concentrations within the same
DMSO concentration showed significant differen-
ces in the samples with 2.5% DMSO and 30, 50, 70
and 200 puM trolox, as well as 7.5% DMSO and 50—
200 puM antioxidant (Table). These findings in-
dicate the ability of trolox to increase a cell resistan-
ce despite the ultra-low cryoprotective effect of
DMSO (2.5%).

Analysis of cells that did not bind any dye
(AnnexinV=7AAD™) revealed significant differences
among the experimental groups depending on the
concentration of DMSO used (Table). The highest
number of intact cells was observed in samples
with 7.5% DMSO and 30-200 puM trolox.

It is obvious that the effectiveness of CB NCs
cryopreservation cannot be the same if to use both
a low concentration of DMSO (2.5%) and an
optimal one (7.5%). At the same time, the parameters
studied above indicate their relativity, as any
number of cells in each sample remaining in the
sample was considered as 100%. Therefore, at
the next stage, the absolute number of cells re-
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KinbKicTb KMiTUH Ha Pi3HUX CTagisix anonTo3y/HeKpPo3y MiCns KPiOKOHCEPBYBaHHS
B posdmHax JMCO Ta Tponokcy pi3HOi KOHLeHTpauii

The number of cells at different stages of apoptosis/necrosis after cryopreservation

in DMSO and trolox solutions of different concentrations

KoHueHTpauia
AOMCO, %
DMSO
concentration, %

KoHueHTpauina
Tponokcy, MKkM
Trolox
concentration, uM

CraH ABK KK
CB NCs state

| cTapia anonTto3y
(AnnexinV*/7AAD")
| stage of apoptosis
(AnnexinV*/7AAD")

AnonTo3/Hekpo3
(AnnexinV*/7AAD")
Apoptosis/necrosis
(AnnexinV+*/7AAD")

Hekpo3 (AnnexinV-/
7AAD")
Necrosis

(AnnexinV-/7AAD")

MuBi KNiTUHK
(AnnexinV-/7AAD")

Viable cells
(AnnexinV-/7AAD")

KoHTponb

Control 1,4 + 0,4 5,0 + 0,9 45,6 + 2,8 51,1 + 2,4
20 MKM 1,4 £ 0,2 5,7 + 0,7 41,1 + 4,1 51,8 + 3,4
30 MKM 1,56 + 0,3 6,8 = 0,3* 36,8 + 3,1* 54,2 + 3,2
2,5
50 MkM 1,7 + 0,4 6,3 + 0,7 36,5 + 3,8* 54,9 + 3,9
70 MkM 1,6 + 0,6 59 + 1,1 36,9 + 3,2* 55,7 + 3,4
200 MKM 1,8 +0,3 6,4 + 1,0 37,1 + 4,1* 55,3 + 3,5
Kourpor 1,5 + 0,3 6,4 + 1,0 32,9 « 4,2 59,3 + 2,8
20 MkM 1,6 £ 0,4 6,8 + 0,7 29,1 + 3,8 62,5 + 3,0
6 30 MKM 2,3 + 0,3*% 7,9 = 0,8 27,7 + 4,1 62,1 + 3,1
50 MkM 2,2 £ 0,2% 8,0 = 1,1 27,0 £ 3,5 63,3 + 2,4
70 MkM 1,9 + 0,3 8,2 +0,8 27,1 + 3,0 64,4 + 2,5
200 MKM 2,2 £0,3 7,1 £ 0,6 28,3 + 3,4 62,5 + 2,8
Kgg;'zr"o”l" 1,8 + 0,3 7,6 £1,0 25,3 + 2,2 64,8 + 1,3
20 MKkM 2,1 +0,3 78 1,0 20,4 + 2,4 69,8 + 2,3
30 MKkM 2,7 £ 0,3* 8,3 +0,9 18,7 + 2,4* 70,3 £ 1,3
7,5
50 MkM 2,4 £ 0,5 8,6 + 0,8 18,4 + 1,8* 70,6 £ 1,9
70 MKkM 1,9 + 0,4 9,0 + 0,8 17,4 +1,7% 71,7 £ 2,1
200 MkM 2,1 +0,5 7,4 + 0,4 20,2 + 1,3* 70,4 + 1,4
MpumiTka: * — pi3HMUS 3Hadylla No BiOHOWEHHK [0 BiOMNOBIOHMX KOHTPOMbHMX 3Ha4YeHb 6e3 [oAaBaHHS aHTuW-

okcupaHTa; p < 0,05.
Note: *- significant difference with respect to the corresponding antioxidant-free control values; p < 0.05.
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7,5% (Tabnuus). AHani3 BIUIMBY pi3HUX KOHLEH-
Tpalili TPOJOKCY B MeEKax OAHIE] KOHLEHTpauii
JIMCO moka3zaB 3Ha4yIIl BiMIHHOCTI B mpobax 3
2,5% AMCO ta 30, 50, 70 Ta 200 MkM TpoJOKCY,
a takox 7,5% JAMCO ta 50-200 MkM aHTHOKCHIaH-
Ta (Tabmurt). OneprkaHi 1aHi BKa3ylOTh Ha 3/1aTHICTh
TPOJIOKCY ITiIBHIYBaTH CTIHKICTh KIITHH, HE3Ba-
JKAfOuM Ha HAJHU3BKUAN KpIOMPOTEKTOPHUI edeKT
JAMCO (2,5%).

AHaIi3 KITHH, SKi HE 3B’s3aJI1 KOIHOTO OapB-
Huka (AnnexinV~7AAD™), BUsSBUB 3HaYyIIi BiJAMiH-
HOCTI MIJK €KCIIEpUMEHTAIbHUMH TPYIIaMU 3aJIC)KHO
Bix BuKopuctaHoi koHueHTpanii JJMCO (Tabmuris).
MaxkcumalnbHa KIUTBKICTh HEYIIKOPKEHUX —KIITHH
cnocrepiranacs B mnpobax 3 7,5% HAMCO Tta 30-
200 MKM TpoJIoKCY.

OueBuyHO, MO e(EKTUBHICTH KPIOKOHCEPBY-
BanHs SIBK KK He Moxe OyTH OXHAKOBOIO 32 YMOB
BUKOPHUCTaHHSI SK HU3bKOI KoHIMeHTpamii JIMCO
(2,5%), tak i omrumanbHOi (7,5%). Ilpu npomy
JOCHIJDKEH1 BHINE MapaMeTpu BKa3ylOTh Ha iX Bill-
HOCHICTb, OCKUIBKM B KOKHOMY 3pa3Ky Oylb-siKa
KUTBKICTh KJIITHH, IO 3aJUIIWINCS B TpoOi, mpuid-
Mmanacs 3a 100%. Tomy Ha HacTyIHOMY eTarti Imijpa-
XOBYyBaJld ~ aOCONIOTHY  KiIBKICTh  KJITHH, fKi
3aMUIIUIUCS B mpobax. BpaxoByroun mi mani, Oyno
Bu3HayeHo 30epexeHicTh SIBK KK micms 3amo-
POXYBaHHSI B PI3HHUX KPIOMPOTEKTOPHUX PO3ZYHHAX.
CaMe Takuil Iaxig JO3BOJSAE BHU3HAYUTH KUIBKICTH
SIBK, sxi y mpomeci KpioKOHCEpBYBaHHS OTpPH-
MaJu 3Ha4YHI TIOMIKO/UKEHHS Ta 3a3HalM pyHHY-
BaHHSI.

AHami3 KUTbKOCTI 30epeKeHMX KIITHH IiCIst
PO3MOpOXKYBaHHSI BUSBUB 3HAYYIIMH B3a€MO3B’SI30K
3 00paHOIO KOHIICHTpAIIIE€r0 KpionpoTekTopa (puc. 2).

Buxopucranns JIMCO B xonuenrpauii 2,5%
npu3Bonmwiio A0 Brpatd 50% KIiTHH y mpobax, sKi
KpiOKOHCepBYBajiu 0Oe3 [0AaBaHHS aHTUOKCHAAH-
Ta (KOHTpOJB), Ta 45% KIITHH 3 TPOJIOKCOM Y KiH-
neBnx KoHneHTtparisx 50 MxM i Bume. [Ipore 3Ha-
YyIMX BiIMIHHOCTEH IO BiJIHOIIEHHIO JO KOHTPOIIO
BusiBiIeHO He Oyno. Ilin 3axuctom 5% JAMCO 30epira-
Jocsl B ceperHboMy 65% KITITHH, a TaKoX CriocTepira-
JIacst TSHICHITIS IO TTiABUIIICHHS 30epeKEHOCTI KIIITHH
1o 72% nipu 3actocyBanHi 50—-70 MkM Tpomnokcy. Mak-
CHMaJIbHa 30epEeKEHICTh KIIITHH Oyiia B ipodax 3 7,5%
JMCO. B xoHTpoJIi 1ieH MOKa3HUK CTAHOBHUB OJIN3b-
Ko 75%, a micis BHECEHHS TPOJIOKCY CIIOCTEpiraincs
3Havylli BiaMmiHHOCTI (10 87%) y mpobax 3 50, 70 Ta
200 MKkM anTHOKCHAAHTA (pHC. 2).

3 ypaxyBaHHAM OTPUMAaHUX AaHUX (BiJCOTOK He-
yIkopkeHuX AnnexinV—7A AD™-kiTiTuH Ta a0COTIOT-
Ha KIJTBKICTh KIITHH Y IP00ax) Ha HACTYITHOMY eTalti
BH3HAYAJN BUXiJ HEYIIKODKCHUX KIITHH IICSA 3a-
MOPOXKYBaHHS-BiMIrpiBy. OmeprxaHi pe3yIbTaTH 103-
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maining in the samples was counted. By consi-
dering these data, the preservation of CB NCs after
freezing in various cryoprotective solutions was
determined. It is this approach that enables the
assessment of the number of significantly damaged
and destroyed NCs during the cryopreservation
process.

The analysis of the number of cells preserved
after thawing revealed a significant correlation
with the selected concentration of cryoprotectant
(Fig. 2).

The use of 2.5% DMSO concentration resul-
ted in the loss of 50% of cells in samples cryopre-
served without the addition of the antioxidant
(control), and 45% of cells with trolox at final
concentrations of 50 uM and above. However, no
significant differences were found compared to
the control group. With 5% DMSO protection, an
average of 65% of cells were preserved, and there
was a tendency for cell preservation to increase
to 72% when 50-70 uM trolox was used. The
maximum cell preservation was observed in samples
with 7.5% DMSO. In the control group, this value
was approximately 75%, and after adding trolox,
significant differences (up to 87%) were observed
in samples with 50, 70 and 200 uM of the antioxi-
dant (Fig. 2).

Taking into account the obtained data (the
percentage of intact AnnexinV~7AAD~ cells and
the absolute number of cells in the samples), at the
next stage we determined the yield of intact cells after
freezing-warming. The obtained results will enable
the identification of effective concentrations of
the antioxidant for stabilizing cells and enhancing
their resistance to cryopreservation factors.

The results of determining the number of viable
cells with an intact membrane after thawing, as
expected, showed that it was the lowest in samples
with 2.5% DMSO (Fig. 3). However, despite the
low concentration of the cryoprotectant and, thus,
the significant imbalance of the cryoprotectant
solution, a 10% increase in the number of viable
intact cells can be indicated in the samples con-
taining 50 and 70 pM trolox (Fig. 3).

Increasing the concentration of cryoprotectant
to 5% significantly improves the yield of viable
cells compared to 2.5% DMSO in all experimental
groups (Fig. 3). In the control group the yield of
viable cells with an intact membrane was 40%,
whereas after adding 50 or 70 puM trolox to the
cryoprotective solution, it was 50%.

Analysis of samples containing 7.5% DMSO and
trolox in the cryoprotective solution showed that
in the control group the cell yield was approxi-
mately 54% compared to the number of cells before
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BOJIATh BUAUINTH €(EKTHBHI 100.0

KOHIICHTpAIlll aHTUOKCHJIaH-

Ta UIg cradinizamii KIITHH Ta < 80.0 +

HIIBUIIEHHA TXHBOI CTIMKOCTI X 4

1m0 (axTopiB KpiOKOHCEPBY- E@ 60.0

BaHHS. g “é
Pesynpratn  BU3HAYCHHS 28 400

KUIBKOCTI JKUTTE3MATHUX KIIi- 2 g

THH 3 HEYIIKOJKCHOI MEM- E o 200 4

OpaHOI TMICIs  PO3MOPOKY- =

BaHHSI, K 1 O4iKyBaJoCh, MO- 0.0

Kazaju, 110 HAHHWKIOI0 BOHA
Oyna y npobax 3 2,5% JIMCO
(puc. 3). Ilpote, He3Baxaro-
YM Ha HU3bKY KOHIIEHTpALiI0
KpiompoTeKTopa i, TAKUM YH-
HOM, Ha 3Ha4Hy He30alaHCcOoBa-
HICTBb KPIOMPOTEKTOPHOTO PO3-
YYHY, MOXKHa BKa3aTd Ha
30inmpmmenHs (10%) kimpkocTi
YKUBHX HEYIIKO/PKCHUX KIITHH
B npodax, mo mictmim 50 Ta
70 MxM Tpomnoxcy (puc. 3).

[ligBumieHHs KOHIIEHTpaIii KpiompoTeKTopa 0
5% 3HauyIIIe MiBUIILYE BUXI]l )KUBUX KIIITHH Y TTOPiB-
HaHHI 3 2,5% JMCO B ycix excliepuMeHTalIbHUX
rpynax (puc. 3). SIKIo B KOHTPOIBHIN TPyl BHXIT
JKUTTE3NATHUX KIITHH 3 HEYIIKOHKEHOI0 MeMOpa-

Horo ckiagas 40%, ToO micis JOomaBaHHS B
Kpionporekropauii pozunH 50 a6o 70 MkM
Tposnokcy — 50%.

AHami3 3paskiB, SKi B CKJIaJi Kpio-
MIPOTEKTOPHOTO pO34uHy Mictumn 7,5%
JAMCO Ta TpoJokc, Mmokas3aB, 110 B KOH-
TPOJIi BUXIJ KIITHH CKJIamaB Onmm3sko 54%
y TOPIiBHSHHI 3 KIJIBKICTIO KIIITHH JI0 Kpio-
KOHCEpBYBaHHS, a micis fogaBanHs 50 abo
70 MxM tponokcy — 1m0 70% (puc. 3).

TakuM YMHOM, OTpUMaHi pe3yNbTaTH
BKa3yIOTh Ha T€, IO JO0JaBaHHS TPOIOKCY
B CEpellOBUIIC KPIOKOHCEPBYBaHHS IOTIE-
pelkae TMOpYLIEHHS aHTHOKCHIAHTHHX
mporieciB B SIBK, 3amobirae po3BuTky
OKHMCHOTO CTpecy, II0 HiJBUIIyE IIOKa3-
HHUKH 30epeKCHOCTI Ta JKUTTE3NATHOCTI
xmituH. LI gani MOXyThb cTaTé Tepemy-
MOBOIO YIOCKOHQJICHHSI HasiBHUX METOJIB
kpiokoHcepByBaHHA SIBK KK 3a paxyHok
3aro0iraHHsi PO3BUTKY aronTo3y i, sSK Ha-
CII0K, 3aru0esi KIIiTHH.

Y nojaiblioMy MH IDIAHYEMO OIli-
HUTH C(EKTUBHICTb KpPiOKOHCEPBYBaH-
s SIBK KK y kpiozaxucHuX po3uu-
HaxX, MIO MICTATh pi3HI KOHIIEHTpAIii
AMCO Ta Tposnokcy, micisi MOAETIOBaH-
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Puc. 2. 36epexeHicTb A0poBMICHUX KNiTUH KOPAOBOI KPOBI MOAWHM Micns Kpio-
KOHcepByBaHHA B po3unHax AMCO Ta tponokcy: 1 — 3 2,5% OMCO; 2 — 3 5%
OMCO; 3 —37,5% OMCO. * — pisHnua 3HavyLLla no BiAHOLIEHHIO 0 BiAMOBIOHNX
KOHTPOIbHMX 3Ha4YeHb 6e3 JogaBaHHsA aHTMoKeMaaHTa; p < 0,05.

Fig. 2. Preservation of human cord blood nucleated cells after cryopreservation
in DMSO and trolox solutions: 1 — with 2.5% DMSO; 2 — with 5% DMSO; 3 —
with 7.5% DMSO. * — significant difference with respect to the corresponding
antioxidant-free control values; p < 0.05.

cryopreservation, and after the addition of 50 or
70 uM trolox it was up to 70% (Fig. 3).

Thus, the obtained results indicate that the ad-
dition of trolox to the cryopreservation medium
prevents the disruption of antioxidant processes in
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Puc. 3. Buxig AnnexinV-7AAD™-KNiTUH nicnsi KpPiOKOHCEpBYBaHHSA
BiJHOCHO iXHbOrO NMOYATKOBOrO PiBHA A0 3aMOPOXYBaHHS B PO34YMHaX
OMCO Ta Tponokcy pi3Hoi KoHueHTpauii: 1 — 3 2,5% OAMCO; 2 — 3
5% OMCO; 3 — 3 7,5% OMCO. * — pi3Hunus 3Ha4yLla no BigHOLLEH-
HIO [0 BiAMNOBIAHUX KOHTPOMNbHUX 3Ha4YeHb 6e3 [oaaBaHHS aHTUOKCK-
banTa; p < 0,05.

Fig. 3. Yield of AnnexinV-7AAD™ cells after cryopreservation relative
to their initial level prior the freezing in DMSO and trolox solutions of
different concentrations: 1 — with 2.5% DMSO; 2 — with 5% DMSO;
3 — with 7.5% DMSO. * — significant difference with respect to the
corresponding antioxidant-free control values; p < 0.05.
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Hs TpaHc(y3sii in vitro. lle HamacTh MOMKIHBICTB
BU3HAUUTH BIACTPOUYCHMH Yy 4Yaci CTPYKTypHO-
(yHKIIOHANBHUH CTaH KIITHH MIiCJIs pO3MOPOXKYBaH-
HS Ta MPOTHO3YBaTH €(EKTUBHICTH iX 3aCTOCYBAaHHS
y KJIIHIYHIH TPaKTHIII.

BucHoBkn

1. BcraHoBneHO, MO TMichs 3aMOPOXKYBaHHS
B CEpelOBUIIAX 13 JOJaBaHHSIM TPOJIOKCY MaKCH-
MaJibHa 30epeKeHICTh KIIITHH Oyia B ipo0ax, siKi Mi-
ctunmu 7,5% JAMCO Ta 50, 70 a6o 200 MkM aHTHOK-
CHJIaHTA.

2. Pesynbrarm BU3HAYCHHS KiIBKOCTI 30epexe-
HUX KJIITHH Ha PI3HHUX CTaJisfX aIromnTo3y/HEKpo3y
Iicisl KPIOKOHCEPBYBaHHS B CEpPEIOBHUINAX i3 J07a-
BaHHSM TPOJIOKCY CBi4aTh, M0 BUKOPUCTAHHS Ja-
HOTO aHTHMOKCHJIaHTa B KOHIEHTpamisx 50—70 mxM
paszom 3 7,5% JAMCO 3pmaTHE miIBUIIMTH KiIBKICTH
JKUBHUX HEYITKODKCHHUX KIITHH (AnnexinV—/7AAD™)
Ha 12—-16% y mopiBHAHHI 3 KOHTPOJIBHUMH TPOOaMu
3 IOJJAaBaHHAM TUTBKH KP1OIIPOTEKTOPA.

3. Y mpoBeaeHOMY JOCHIDKEHHI 3’ sICOBaHI LIS~
XH 3aru0eni SAPOBMICHUX KIITHH KOPJAOBOI KpOBI
JIOMWHHU TICIIs KPIOKOHCEPBYBaHHS B PO3YHMHAX, IO
MICTATh pi3Hy KoHUeHTpauito JJMCO Ta Bomopo3-
YUHHOTO aHajora Bitaminy E — aHTHOKCHaaHTa
TpoJloKcy. binplia yacTWHA MOIIKOIKEHUX KIIITHH
3HaXO/MJIacs Ha CTaJil HEeKpO3y, MEHIIa — Ha CTajii
MI3HBOTO aTOITO3y/HEKPO3y, MiHIMaIbHA — Ha TI0-
YaTKOBiH cTafil armonTosy.
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the NCs, prevents the development of oxidative
stress, which increases the indicators of cell
preservation and viability. These findings can become
a prerequisite for the improvement of existing
methods of CB NCs cryopreservation by preventing
the development of apoptosis and subsequent cell
death.

In the future, we plan to assess the efficacy of
CB NCs cryopreservation in cryoprotective solu-
tions containing varying concentrations of DMSO
and trolox, after in vitro transfusion simulation.
This will provide an opportunity to determine the
time-delayed structural and functional state of
cells after thawing and predict the effectiveness of
their use in clinical practice.

Conclusions

1. It was revealed that after freezing in media
with the addition of trolox, the highest cell preser-
vation was in samples containing 7.5% DMSO and
50, 70 or 200 uM of the antioxidant.

2. The results of determining the number of
preserved cells at various stages of apoptosis/
necrosis after cryopreservation in the media with
adding the trolox indicate that the use of this
antioxidant at concentrations of 50-70 puM along
with 7.5% DMSO can increase the number of
viable intact cells (AnnexinV=7AAD™) by 12-16%
compared to control samples with only the cryo-
protectant added.

3. In the performed study, the pathways of death
of human cord blood nucleated cells were specified
after cryopreservation in the solutions containing
varying concentrations of DMSO and the water-
soluble analogue of vitamin E, the antioxidant
trolox. The majority of the affected cells were in the
necrosis stage, a smaller portion of them were in
the late apoptosis/necrosis stage, and the lowest
number was in the initial stage of apoptosis.
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