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The generation of reactive oxygen species in different populations of nucleated cells during cord blood
cryopreservation was studied. Using cytometry with the 2',7'-dichlorodihydrofluorescein diacetate dye
we assessed the integral content of reactive oxygen species in various populations (lymphocytes, mono-
cytes, granulocytes) of cord blood nucleated cells, depending on the method of isolation, treatment with
cryoprotectant and freezing. Furthermore the activity of antioxidant enzymes prior to and after cryo-
preservation while the cells were loaded with exogenous reactive oxygen species, which source was hydro-
gen peroxide, was assessed. The results obtained showed that the isolation and cryopreservation of cord
blood nucleated cells-according to proposed method, which included the isolation of cells in polyglucinum
and freezing with 5% DMSO did not result in a significant increase in level of intracellular reactive oxy-
gen species. In addition the activity of antioxidant enzymes to exogenous hydrogen peroxide inactivation
in cryopreserved cell was maintained at the level close to that in the native cord blood. Among all the
populations of cord blood nucleated cells the granulocytes were the least resistant to cryopreservation

effects.
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Cryopreservation of cord blood (CB) nucle-
ated cells (NCs) can cause the changes of their
structural and functional properties [1]. This
may disorder many biochemical processes, in-
cluding the cell power supply system, with the
following generation of the toxic reactive oxy-
gen species (ROSs). Along with ROS generation
during cell vital activity at all the stages of cryo-
preservation, particularly NCs isolation, treat-
ment with cryoprotectant and freeze-thawing,
the reaction of lipid peroxidation (LPO) can be
activated, which may potentiate ROSs accumu-
lation and results in the biomolecules’ damage
[2, 3]. Maintaining the cells integrity during
cryopreservation also depends on the functio-
ning of antioxidant enzymes [4].

The purpose was to determine the ROSs
level in various populations (lymphocytes,
monocytes, granulocytes) of CB NCs, depen-
ding on the method of isolation, treatment
with cryoprotectant and freeze-thawing, as
well as the activity of antioxidant enzymes be-
fore and after cryopreservation while the cells
were loaded with exogenous ROSs.
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Materials and Methods

Object of the research was human cord
blood nucleated cells obtained with glucose-
citrate solution. Cord blood was obtained from
the umbilical vein after mother’s informed
consent.

The NC concentrates were isolated by seve-
ral methods: sedimentation in 3% polyglu-
cinum, centrifugation in ficoll-verografin
density gradient, [5] and by our own method
of two-step centrifugation of the native cord
blood with the following obtaining of NC con-
centrate in autoplasma [6].

The cells were frozen either with 5% DMSO
or 10% PEO-1500 (polyethylene oxide) down
to —196 °C by specially designed two-stage pro-
gram with the CryoSON freezer[7]. Cell suspen-
sion was supplemented with cryoprotectants at
low temperature (2—4 °C), 1:1 (by v/v) [8].

Number of survived NCs was determined
by standard method using the cell counter as
a ratio of exposed cells in the sample to the
amount of intact (before exposure) cells ex-
pressed as a percentage.
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Phenotyping of nucleated (CD45%)-cells
and viability assessment with DNA marker
7-aminoactinomycin D (7TAAD) was performed
using flow cytometry (FACS Calibur cyto-
meter, Becton Dickinson, USA) and using the
BD reagents. To assess CD45"-cells and their
viability we used standard protocol for immu-
nophenotyping with CD45FITC and TAAD.
The populations of leukocytes (lymphocytes,
monocytes and granulocytes) were determined
with dot-plots in coordinates of the side scat-
ter (SSC) and the first channel of fluorescence
(FL1: CD45FITC). The cells, which were un-
stained with 7TAAD, were considered as viable.
Flow cytometry data were calculated using the
CELLQuest Pro software (BD).

ROS production in CB NCs was assessed
by flow cytometry with the dye DCFH,-DA,
which transforms from non-fluorescent into
the highly fluorescent form DCF in the pres-
ence of ROSs in a cell [9]. The cells were incu-
bated with 5uM DCFH,-DA in the darkness for
15 min. Activity of antioxidant enzymes was
determined after the addition of exogenous
H,0, in the cell suspension.

The data are presented as M + m, the dif-
ferences significance between the samples
were evaluated using Student’s t-test with 5%
significance level. The sample number inclu-
ded at least 5 experiments.

Results and Discussion

Previously it was shown that the different
populations of NCs possesed different cryo-
sensitivity, for example, after cryopreserva-
tion with 5% DMSO the highest number of
non-viable cells was observed in the fraction of
granulocytes [9, 10].

It was topical to investigate ROS produc-
tion in different populations of NCs under
cryoprotectants treatment and freezing con-
ditions. For this purpose the fluorescence of
DCF, which was directly-proportioned to the
intracellular ROS amount, was measured [11,
12]. For the results analysis the high and mid-
dle fluorescence intensity regions were taken
into account (Fig. 1, A).

Direct DCF fluorescence showed that the
content of ROSs after the NCs isolation and
their treatment with cryoprotectants signifi-
cantly differed from that in the cells isolated
with Ficoll (Fig. 1, B), where we saw a tenden-
cy to increasing in ROS level; wherein almost
all the fluorescent cells was in high intensity
region.

Later we analyzed the relative change in
the number of DCF-labeled NCs in regions of

high and middle fluorescence intensity, taking
it as either an increase or decrease in fluores-
cence before and after exposure to the studied
factor. It was found that the degree of changes
in the number of DCF-labeled cells directly de-
pended on the intensity of effect: the greater
changes in the relative number of DCF-labeled
cells corresponded to the greater increase in
antioxidant enzymes activity and ROS genera-
tion in these cells. Fig. 2 shows that the NCs
treatment with cryoprotectants, irrespec-
tively to the nature of their impact on cells,
resulted in no changes in the ROS generation
in cells, that corresponded to an insignificant
change in relative DCF fluorescence in the
studied cells [up to 8% in areas of high (High)
and middle (Mid) DCF fluorescence intensity].

A similar pattern was noted for different
NCs populations (lymphocytes, monocytes and
granulocytes): treatment with cryoprotectants
did not cause significant changes in relative
DCF fluorescence (Fig. 3).
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Fig. 1. Data of standard experiment (4) and direct
DCF fluorescence of CB NCs (B) in regions of high
(High ) and middle (Mid ) fluorescence intensity

depending on isolation method and cryoprotectant

type used for cells’ treatment:
treatment with 5% DMSO of cells isolated either
in polyglucinum (1) or Ficoll density gradient (2);
treatment with 10% PEO-1500 of cells isolated by
either two step centrifugation (3) or in Ficoll den-
sity gradient (4)
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Fig. 2. Relative change in number of DCF-labeled
NCs in regions of high () and middle () fluores-
cence intensity depending on isolation method and
cryoprotectant type used for cells’ treatment:
here and in Fig. 3: treatment with 5% DMSO of
cells isolated either in polyglucinum (1) or Ficoll
density gradient (2); treatment with 10%
PEO-1500 of cells isolated by either two step cen-
trifugation (3) or in Ficoll density gradient (4)

Further the ROS production by NCs af-
ter freeze-thawing (Fig. 4) was investigated.
Of importance was the fact that DCF fluores-
cence intensity in the cells was largely related
to their viability. Thus, using most effective
methods for isolation and cryopreservation
we showed that the cells number in the intense
light zone remains high, in contrast to the
case when the cells were frozen after isolation
by Ficoll were observed the redistribution of
DCF-labeled cells with decrease of cell number
in the High zone and increase in the Mid zone.

Analysis of DCF relative fluorescence of
CD45-labeled NCs showed that the more ef-
fective method of cryopreservation, the less
pronounced divergence from baseline fluores-
cence (Fig. 5). It should be noted that in total
NCs after thawing were characterized by an in-
creased number of cells with a decreased fluo-
rescence intensity in the Mid zone.

Further we determined the ROS generation
in NC populations after freeze-thawing taking
into account the heterogeneity of CD45" frac-
tion, including lymphocytes, monocytes and
granulocytes (Fig. 6).

The data showed that most effective me-
thod of lymphocytes cryopreservation includes
their the isolation by dextran and freezing
with DMSO, while the isolation with Ficoll and
freezing with DMSO as well as freezing with
dextran without cryoprotectant were the least
effective. Monocyte population was chara-
cterized by minimum changes in the ROS ge-
neration during freezing with DMSO regard-
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Fig. 3. Relative change in number of DCF-labeled
lymphocytes, monocytes and granulocytes in
regions of high () and middle () fluorescence

intensity depending on isolation method

and cryoprotectant type used for cells’ treatment

less of the isolation methods. In granulocyte
population after cryopreservation the greatest
changes in the relative fluorescence were ob-
served varying within the range of 36—58%,
but were not significant due to their heteroge-
neity. Of importance was to note that for the
granulocyte fraction the intracellular ROS
generation activity correlated with their high
cryolability.

Further, the activity of NCs antioxidant
enzymes was investigated when exogenous hy-
drogen peroxide was added as inducer of ROS
generation. For this purpose we chose the cryo-
preservation method included NCs isolation
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Fig. 4. Direct DCF fluorescence of CB NCs

in regions of high () and middle () fluorescence

intensity depending on cryopreservation method:
freezing of the cells isolated in polyglucinum
with (2) and without (1) 5% DMSO; freezing with
5% DMSO of cells isolated in Ficoll (3);

freezing with 10% PEO-1500 of the cells isolated

by either two step centrifugation (4) or in Ficoll

density gradient (5)
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* — Here and in Fig. 5 and 6:
P <0.05 as compared to the value indices before
freezing.
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Fig. 5. Relative change in number of DCF-labeled NCs
in regions of high () and middle ( ) fluorescence inten-
sity depending on cryopreservation method:
freezing of the cells isolated in polyglucinum
with (2) and without (1) 5% DMSO; freezing
with 5% DMSO of cells isolated in Ficoll (3); free-
zing with 10% PEO-1500 of the cells isolated
by either two step centrifugation (4) or in Ficoll
density gradient (5)
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Fig. 6. Relative change in number of DCF-labeled
lymphocytes, monocytes and granulocytes
in regions of high () and middle () fluorescence
intensity depending on cryopreservation method:
freezing of the cells isolated in polyglucinum with
(2) and without (1) 5% DMSO; freezing with 5%
DMSO of cells isolated in Ficoll (3); freezing
with 10% PEO-1500 of the cells isolated by either
two step centrifugation (4) or in Ficoll density
gradient (5)
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Fig. 7. DCF fluorescence intensity of CB NCs depending on time of incubation with exogenous H505:

1 — whole CB;

2 — isolation in polyglucinum;
3 — treatment with 5% DMSO;
4 — freeze-thawing
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Fig. 8. DCF fluorescence intensity of lymphocytes (1), monocytes (2) and granulocytes (3)
when adding exogenous H50, after cells isolation with dextran and freezing with 5% DMSO:
* — P <0.05 significant difference of Ipcy compared with monocytes and granulocytes

with dextran and freezing with 5% DMSO. It
was shown that the addition of exogenous H,0,
to NCs both after isolation and treatment with
DMSO did not change the time course dyna-
mics of the fluorescence intensity (Ipqp) rela-
ted to that in native CB (Fig. 7).

At the same time for the case of the exo-
genous H,0, addition to the NCs after freeze-
thawing the time course dynamics of Iy fluo-
rescence was different and characterized by
the absence of reduction in Iy for the first 15
min of incubation with H,0,. Before freezing
the fluorescence intensity in 15 min of incuba-
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tion with H,O, significantly decreased com-
pared to the initial level. Obviously this was
due to the inactivation of exogenous ROSs,
but in the dynamics up to 45 minutes, these
differences were smoothed over and decreased
to the level typical for the cells in native CB.
Similar cell response to the addition of exo-
genous H,0, suggests the possibility of the
antioxidant enzymes activity recovery after
cryopreservation using this method.

The main contribution to the I;qr increase
after the addition of exogenous H,0, provided
by the populations of monocytes and granulo-
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cytes (Fig. 8), while the Iy of lymphocytes re-
mained low, significantly differing from Ipcp
of monocytes and granulocytes, demonstrat-
ing their resistance to exogenous H,0, and
high activity of antioxidant enzymes was kept.

Thus, the results obtained showed that the
isolation and cryopreservation of different
CB NC populations (lymphocytes, monocytes,
granulocytes) by the proposed method, which
includes cells’ isolation with polyglucinum
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YTBOPEHHSA AKTUBHUX ®OPM KHCHIO
ATPOBMICHUMH KJITUHAMUA
KOPJI0BOI KPOBI
3A KPIOKOHCEPBYBAHHS

B. B. Psazanues
JI.A. Babituyx
O.A. Muxaiinosa
II. M. 3yb6os

IzcTuTyT mpobeM Kpiobiosorii i kpiomeguiiuum
HAH Vxkpainu, Xapkis

E-mail: mixolya@mail.ru

BuBueHo yTBOpeHHA AaKTHUBHUX (OPM KHUC-
HI0O B DPIBHUX IONYJANIiAX AIPOBMICHUX KJITHUH
KOpJIOBOI KpOBi 3a KpioKoHcepByBaHHA. Merto-
IOM IUTO(PIyOpHUMETpil 3a [JOIMOMOTrOI OapBHI-
ka  2',7-muxjaopomurigzpodiyopecieingiamerary
3IiiICHEeHO OI[IHIOBAHHS IiHTerpajJjbHOTO BMiCTy
aKTUBHUX (OPM KUCHIO B IAPOBMIiCHUX KJIiTHHAX
KOpPIOBOi KPOBi pidHmMX momynadAmnii (imdoruru,
MOHOIIUTH, TPAHYJOINUTH) 3aJeKHO BiJl cmocoOy
BUIiJIeHHs, 00pO0JeHHS KPiOIpPOTEeKTOPOM i 3a-
MOPOYKYBaHHA, a TAKOX aKTUBHOCTI aHTUOKCHU-
JTaHTHUX €H3UMIiB JI0 i ITic/iss KpiOKOHCEepBYBaHHS
3a YMOB HaBaHTaKeHHA KJIITUH eK30TeHHUMH aK-
TUBHUMU (D)OPMaMU KUCHIO, J:KepeJaMu AKX OB
nepokcu BogHIO. Ha mifgcTaBi ogep:kaHux faHUxX
0yJi0o TTOKas3aHo, IO BUIIJIEHHA i KPiOKOHCEPBY-
BaHHA PiBHUX MOUYJIANIN SAPOBMICHUX KJIITHH
KOpHoBOi KpoBi (IimMdonuTH, MOHOIIUTU, T'PAHY-
JIOITUTH) i3 3aCTOCYBAHHAM 3aIIPOIIOHOBAHOTO Me-
TONY, 30KpeMa ITic/isd BUIiJIeHHA KJIITUH B IIOJIi-
rIioKiHi it 3amoposkyBauus 3 5% [IMCO, e mpu-
3BOJUTH O iCTOTHOTO 301JIBINIeHHA KiJIbKOCTI BHY-
TPIMTHBOKJIITUHHNX aKTUBHUX (hOPM KUCHIO, IPHU
IbOMY aKTHUBHICTh AHTUOKCHUJIAHTHUX EH3UMiB
yHACJiOK iHaKTMBAIlil €eK30reHHOr'0 IEPOKCULY
BOJHIO 30epiraeTbcsa Ha PiBHi, 6IU3BKOMY [0 aK-
TUBHOCTiI B IiJIbHiNI KopAoBoi KpoBi. Harimen
CTiliKOI0 m0 mii (akTOpiB KPiOKOHCEPBYBaHHS
€ TMOMYJIAIiA IPaHyJIOIUTiB.

Knwouosi cnosa: AapoBMicHI KIiTuHU, KOpAOBa
KPOB, KPiOKOHCepBYBaHHS, AKTHBHI QopMu
KICHIO.
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OBPA30BAHUE AKTHBHBIX ®OPM
KHUCJIIOPOJA AOPOCOAEPHKAIIMMHI
KJETKAMH KOPJIOBOY KPOBU
TP KPUOKOHCEPBUPOBAHUU

B. B. Paszanues
JI.A. Babuiluyx
O.A. Muxaiinosa
II. M. 3y6os

WMuCcTUTYT IpobiieM KPUOOUOJIOT U
u kpuomenunnabl HAH Ykpannsr, XapbKoB

E-mail: mixolya@mail.ru

W3yueno oOpasoBaHre aKTUBHBIX ()OPM KIiC-
JIOpoJa B PaA3JIUUHBIX IMOMYJIANUAX STPOCOIEP-
JKaIUX KJETOK KOPAOBO KPOBU IIPU KPUOKOH-
cepBupoBaHuu. MeTomoM MTHUTODIYOPUMETPUU
¢ TOMOIILI0 Kpacureas 2',7'-IUXJIOPOIUTULPO-
(dyopecriemHauAaIeTaTa OCYIIECTBJIEHA OIIEHKA
MHTEerpaJibHOTO COAePsKaHusA aKTUBHBIX (opM
KHCJIOPOZA B ANPOCOJEPIKAINNX KJIEeTKaX KOPHO-
BOIl KPOBU PA3JIUYHBIX HOMYJANUH (auMbOIin-
TbI, MOHOIIUTBI, T'PAHYJIOIUTHI) B 3aBUCUMOCTU
oT crmocoba BBIJeJIeH!sI, 00PabOTKU KPUOIPOTEK-
TOPOM ¥ 3aMOPa’KUBAHUA, a TAKIKe aKTUBHOCTU
AHTUOKCHUIAHTHBIX SH3WMOB [0 W IIOCJE KPUO-
KOHCEPBUPOBAHUA B YCJIOBUAX HATPY3KU KJIETOK
9K30TeHHBIMU aKTUBHBIMU (hopMaMu KHCJIOPOa,
MCTOYHUKOM KOTOPBIX OBLJI IMEPOKCHUI BOZOPOA.
Ha ocHoBaHWM TOJYUYEHHBIX AAHHBIX OBLJIO TIO-
KasaHO, YTO BBIJEJIEHME W KPHUOKOHCEPBUPOBA-
HUEe Pa3JUYHBIX IONYJAIHUN SAPOCOAep KaIux
KJIETOK KOPAOBOM KpoBU (IUMQOIIUTHI, MOHOIIU-
ThI, TPAHYJIOIUTEI) IPU MCIOJb30BAHUU IIPEIJIO-
JKeHHOTO MEeTOZa, B YaCTHOCTHU TIOCJIE BBIJEeICHMUI
KJIETOK B IOJUTJIIOKMHE U 3aMOPaKuBaHusd ¢ 5%
AMCO, He TPUBOAUT K CYII[ECTBEHHOMY yBeJInue-
HUI0 KOJMYECTBAa BHYTPUKJIETOUHBIX AKTUBHBIX
(opmM KuCI0pPOIa, IPU ITOM aKTUBHOCTDH AHTUOK-
CUJAHTHBIX SH3WUMOB BCJIEJCTBME WHAKTUBAIIUU
SKB30TE€HHOT0 IIEePOKCHUJA BOJOPOLA COXPAHAETCH
Ha ypoBHE, OJMBKOM K aKTHUBHOCTH B IeJIbHOI
KOpPAOBOM KpoBU. HamMeHee yCTOMUMBOU K Oei-
cTBUIO ()aKTOPOB KPUOKOHCEPBUPOBAHUS ABJIAET-
CA TMOMYJIAINA I'PAHYJIOIUTOB.

Knrwoueevie cnoea: Anpocomeprramime KJIETKU,
KOpPA0Bas KPOBb, KPUOKOHCEPBUPOBAaHUE, AKTUB-
HBIEe (hOPMBI KHUCIOPOA.





