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W3yyanu BausHUE HU3KOMOJICKYJSIpHO# (pakunu (1o 5 k/{a) Kop1oBoi KpOBH KPYITHOTO POraToro cKota Ha (GyHKIHOHAJIBHYIO
AKTHBHOCTb JICHKOLIMTOB JOHOPCKOM KPOBH UesIOBEKA ITOCIIe KpHOKOHCepBUpoBaHUs. OTMEYEHO CTUMYIUpYIOLIee AeiicTBIE QpaKkuu
(0,15 mr/mun) B cocTaBe peabHIMTHPYIOIIEH CPE/Ib TSl ISKOHCEPBUPOBAHHBIX HEHTPO(DHIIOB Ha UX ITOIVIOTUTEIBHYIO 1 IIEPEBAPHBAOLIYIO
AKTHUBHOCTh. YCTaHOBIICHO, YTO HCIIOAb30BaHue 5% numetunaneramua (JJMAL) B kauecTBe KpHOIPOTEKTOPA 1O3BOJISAET COXPAHUTH
10 80% >K13HECTIOCOOHBIX JIEHKOIIUTOB.

Kniouesvie cnosa: nuzkomonexynsipHas Gppaxuusi KOpJOBOW KPOBHU, KPHOKOHCEPBUPOBAHUE, HEUTPODIIIBI, peabuInTHPYIOIIast
cpena.

BuBuanu BIiMB HU3bKOMOJIEKYIsIpHOT (pakuii (1o S x/la) kopaoBoi KpoBi BenHkoi poraroi Xyno0u Ha GyHKIIOHAIbHY aKTHBHICTD
JICHKOLUTIB JOHOPCHKOI KPOBI JIIOMMHU MiCIsl KPiOKOHCEpBYBaHHs. BusiBneno crumysrorouy aito ¢pakuii (0,15 mMr/mi) y ckuani
peabiniTylouoro cepeoBHIIa JEKOHCEPBOBAaHMX HEHTPOQLNiB Ha 1X MONIMHAJBHY Ta IepeBapIOloYy aKTHBHICTh. Bu3HaueHo, 110
BUKOPUCTAHHS JUMeTHIaneraminy (5%) B IKOCTI KpionpoTeKTopa 103Bouisie 30eperty 10 80% KUTTe3AaTHUX JICHKOIUTIB.

Kniouosi cnosa: nu3pkoMorekyiispHa Gpaxiiisi KOpaAoBoi KPOBi, KpiOKOHCEPBYBaHH, HEHTpodinu, peadiniTyode cepeoBHIIe

The influence of the cattle cord blood low-molecular fraction (below 5 kDa) on the functional activity of leukocytes after

cryopreservation was studied. The stimulating effects of the fraction (0.15 mg/ml) on digesting and engulfing activities of frozen-
thawed neutrophils were observed. It was established that the usage of dimethyl acetamide (5%) as a cryoprotectant allowed

preserving up to 80% of viable leukocytes.

Key words: cattle cord blood low-molecular fraction, cryopreservation, neutrophils, rehabilitating medium.

D¢ exTUBHBIM CPEICTBOM JICUEHHUS MaLUEHTOB
C TEMaTOJIOTHYECKUMHU M OHKOJIOTUYECKUMHU 3aboIie-
BaHUSIMH Pa3IMYHOTO TeHe3a SIBIISETCS TpaHCy3usl
neiikounToB. Ilpu 3TOM 00s13aTEIbHOE YCIOBUE LIS
JIOCTHXKEHHA J1e4eOHOro 3¢ QeKTa — BBeIeHHUE MallieH-
Ty O0ONBIINX /103 QYHKIIMOHATEHO aKTHBHBIX 3PEJIbIX
TPaHyJIOIUTOB, TOJITOCPOIHOE XpPaHEHHE KOTOPHIX He-
BO3MOXKHO TPH TIOJIOKUTENBHBIX TeMneparypax [2, 11,
12]. IloaTOMy BOIIPOCHI COBEPILIEHCTBOBAHUS METOI0B
XpaHeHHUs JEUKOLUTOB NPH YIABTPAHU3KHX TEMIIEpary-
pax, a Taxke IMOUCK CIIOCOOOB BOCCTAHOBJICHHS HX
(YHKIMOHANBHOM aKTUBHOCTH T1OCTIE PAa3MOPAKUBAHHS
COXPAHSIOT CBOIO aKTyaJIbHOCTb.
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Transfusion of leukocytes is an effective method
of treatment for patients with hematological and on-
cological diseases of different genesis. Thereat, an
essential condition for achieving the positive effect is
introduction into patient of large doses of functionally
active mature granulocytes, long-term storage of which
is not possible at positive temperatures [2, 11, 12]. So
the problems of improving the methods of leukocytes
storage at ultra low temperatures as well as search of
the ways to recover their functional activity after
thawing are of relevance.

Our investigations showed [4] that the method of
leukoconcentrate freezing with DMSO in final concen-
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B mammux uccnenoBanusx ObUTO MoKa3aHo [4], 9To
METOJ] 3aMOpa)kUBaHUs JeHKokoHIeHTpara ¢ JJMCO
B KOHEYHOH KOHLEHTpaLH 7,5% MO3BOJISET COXPAHUTD
110 98,29 £ 0,34% mmmdoruros u 97,15 + 1,04% mono-
uuToB. Ho mpu 3ToM 1o maHHBIM IPOTOYHOM LIUTO-
(iryopuMeTpuH ¢ UCTIONB30BaHKEM (PITyOpECLEHTHOTO
HHK-kpacurens 7-AAD, xonnuecTBO JKU3HECTIOCO0-
HBIX TPaHyJIOLUUTOB He npeblimaeT 22,22 + 1,80%, uto
SIBJISIETCS IPEINIOCHUIKON 1 BBIOOpa Ooitee s dhek-
TUBHOTO Kpuonporekropa. OmxHnuM u3 3 (HEeKTHBHBIX
[0 OTHOIICHUIO K KJIETKaM TPaHyJIOIUTAPHOTO pPsiia
KPUOTPOTEKTOPOB SBJISAETCSH AUMETHUIIANEeTaMUI
(AMAnD) [2, 7, 12].

N3BecTHO, YTO ake IpH ONTUMAIIBHBIX peKIMax
3aMOpaXUBaHMs B KJIETKAX IPaHyIOLUTAPHOTO psaa
MIPOUCXOAT MOBPEKACHHS, CBI3aHHBIE C MX CTPYKTYP-
HbIMU ocobeHHOCTsIMH [ 11, 12]. [TosTomy HeoOxoamma
peabunuTanys 1eKOHCEPBUPOBAaHHbIX JIEHKOLUTOB B
cpenax, CoCcOOCTBYIOIIMX BOCCTAHOBJICHUIO UX (DYHK-
LMOHANILHOM akTHBHOCTH. [locne nHKyOarmy nekoHcep-
BHPOBAHHBIX JIEHKOLIMTOB B CpeJie, COAepIKaIIen Hr3-
KOMOJIEKYJIsIpHYI0 (o 5 k[la) dpakiuio KopaoBoit
kpoBu (PKK), noesimaercst (arorurapHas akTHUB-
HOCTB HEUTpOopIoB [4].

Lens paboThI — M3yueHne BIUSHUSI HU3KOMOJIEKY -
nsipHOU (hYpaKIMKU KOPAOBOH KPOBU Ha (paronurapHyro
AKTUBHOCTbH HEUTPO(UIOB, KPHOKOHCEPBUPOBAHHBIX
oz 3amuToit 5% JIMAL.

Martepuanbl n metoanl

OOBEKTOM JJIs HCCIICTOBAHUS ObLI ICHKOKOHIICHT-
pAart, BbLIEIECHHBIN U3 JOHOPCKOM KPOBU YENIOBEKA FPYII-
el A(Il) MeTomoM ceTuMeHTaIH SPUTPOITUTOB JEKC-
TpaHoM [5].

Konmentpar sneitkonntoB nof 3ammutoi JIMAI B
KOHEYHOU KOHIIEHTparuu 5% KPHOKOHCEPBUPOBAIH B
pexume MemieHHoro oxyaxkaeHus [1, 12]. Kpuosza-
HIUTHBIA pacTBOp, cocTosuuii u3 JIMATI, TITIOKO3HI,
OJITA Na, 1 BOJIBI JUIsl HHBEKIMHI, TOTOBUIIH ex fem-
pora. CoOOTHOIIEHHE 00bEMOB KIETOYHOW CYCTICH3UN
u pactBopa JIMAL cocrasmsno 3:1 [12]. PactBop
JAMAI B cycrieH31I0 BHOCHIIN KaIleIbHO IPU OCTOSH-
HOM noMelnBaHuu. KleTouHyI0 CyCIeH3UI0 C KOH-
HeHTparrei JeikonnuToB 2X 107 KIeTok/MJI 1 00beMOM
0,5 M1 oxJIaXK 1M € TOMOILBIO IPOTPaMMHOI0 3aMO-
paxusarens 31110 (CKTB OII UTIKuK HAH VYkpaun-
HBI) TI0 3-3TarHOU mporpaMme: I — oxnaxaeHue oopas-
LIOB JICHKOKOHIIEHTPATa CO CKOPOCTHIO 3 rpaji/MUH J0
TeMIIepaTypsl Kpucramumzauuy; I — «remneparypHas
ocraHoBka» 3—4 muHn; III — nanpHeiIee OXJIAXKACHHE
co ckopocThio 5 rpaa/mut 10 —100°C, 3areM KOHTEH-
HEPHI C KJIETKaMU TIOMETIAH B xkuAkuid a30T (—196°C).

OTtorpeBanu CyCIIEH3UIO Ha BOASHOW OaHe MpH
38°C, moce 4ero u3 OHOTO 00pa3ia ynaisuii KpHo-
MPOTEKTOP IMyTEM MEJICHHOTO Pa3BEICHUS OTMBIBOY-
HBIM PacTBOPOM, B COCTaB KOTOPOTO BXOJUIHN PACTBO-
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tration of 7.5% allowed preserving up to 98.29 + 0.34%
of lymphocytes and 97.15 £ 1.04% of monocytes. But
in this case according to the data of flow cytofluo-
rimetry using fluorescent DNA dye 7-AAD the number
of viable granulocytes does not exceed 22.22 + 1.8%,
that could be the reason to choose more effective
cryoprotectant. An effective cryoprotectant for cells
of granulocytic series is dimethyl acetamide (DMAc)
[2,7,12].

The damages in the granulocytic cells associated
with their structural peculiarities are known to appear
even under optimal freezing conditions. Therefore the
rehabilitation of frozen-thawed leukocytes in the media
contributing to restoration of their functional activity is
necessary. After incubation of frozen-thawed leuko-
cytes in the medium containing cord blood low-mole-
cular (below 5 kDa) fraction (CBF) a phagocytic acti-
vity of neutrophils increased [4].

Research aim was to study the influence of cord
blood low-molecular fraction on phagocytic activity of
neutrophils frozen-thawed in the presence of 5%
DMAc.

Materials and methods

Research object was leukoconcentrate isolated
from human donated blood of group A (II) by sedimen-
tation of erythrocytes in dextran solution [5].

Concentrate of leukocytes was cryopreserved
under protection of DMAc in final concentration of
5% using slow cooling regimen [2]. Cryoprotective
solution contained DMAc, glucose, EDTA Na, and
purified water was prepared ex tempora. Ratio of the
volumes of cell suspension and DMAc solution made
3:1 [12]. DMACc solution was added into suspension
by drop infusion at constant mixing. Cell suspension
with leukocytes concentration of 2x107 cells/ml and
of 0.5 ml volume was cooled with programmable
freezer ZP 10 (Special Designing and Technical Bu-
reau of the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine) according to 3-step program: I — cooling
of leukoconcentrate samples with rate of 3 deg/min
down to the crystallization temperature; Il — ‘tempera-
ture stop’ for 3—4 min; III — further cooling with the
rate of 5 deg/min down to —100°C, then containers
with cells were placed into liquid nitrogen (—196°C).

The suspension was thawed in water bath at 38°C,
afterwards the cryoprotectant was removed out of part
of samples by slow dilution with washing solution which
contained dextran and albumin (1:1) with the following
centrifugation by the method of A.K. Gulevsky [6].
Other samples were studied without washing. Cell
survival was assessed with trypan blue staining [13].

Phagocytic activity of neutrophils was investigated
according to the method of Rozanova O.E. et al. [10].
Object of phagocytosis was the inactivated daily culture
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pHI nekcTpana u ans0ymuna (1:1), ¢ mocnemyommm
neHtpudyruposanueM mo Merorny I'ynesckoro A.K.
u coasT. [6]. Bropoii oOpasen uccnenosanu 0e3 ot-
MBIBKH. COXpaHHOCTh KJIETOK OLIEHUBAJIN C TOMOILBIO
OKpalIMBaHHs TPUIAHOBBIM cHHUM [13].

daronUTapHyIo aKTUBHOCTh HEUTPO(HIIOB HUCCIIe-
noBanu no merony PozanoBoit O.E. u coast. [10].
OO0BexT (paronuTo3a — MHAKTUBUPOBAHHASL CYyTOYHAS
Kynerypa Staphylococcus aureus mramm Ne209 Ha
(hM3MOTOTHIECKOM PAaCcTBOPE B KOHLIEHTPALIMH 2 MITP.I
MUKPOOHBIX Tel/Mi. DaronurapHyo cycreH3uIo HH-
KyOMpoBaiIH B BO3IYIIHOM TEPMOCTATE MPHU TEMIIe-
patype 37°C B Teuenue 45 u 120 MmuH. Masku puxcu-
pOBaJI PacTBOPOM 303WH-METHIICHOBBIM CHHHUM TIO
Maro-I proHBanibay, OKpaIluBajid pacTBOPOM aszyp-
s03uHa o Pomanosckomy. Kpurepusmu oneHku hyHK-
LMOHAIBLHON OJTHOLIEHHOCTH KPUOKOHCEPBUPOBAHHBIX
JEWKOLUTOB OBLIM CIIEIYIOLINE TOKA3aTeN : (aronu-
TapHbIi nHAEKC (PU) — KomM4uecTBO HaronuTHPYOLIKX
Helirpoduinos; paronuraproe uncio (OY) — cpennee
KOJIMYECTBO MUKPOOHBIX TEJI HA OAMH HEHTpodu (110-
cie 45 u 120 MuH MHKYyOaIMN), XapaKTepu3yroliee
MIOTJIOTUTENbHYI0 aKTHBHOCTH (parolUTOB; UHIEKC
3aBepieHHOCTH (aronnTosa (MU3®P) — orHOmenne Y
nocie 45 muH nHKy6armu k @Y nocne 120 MuH HHKY-
Oanyu, XxapakTepu3yrolee mporiecc epeBapuBaHus y
(haromTOB.

@Dpaxiyo ¢ KOMIOHEHTaMH MOJIEKYIIIPHOM Maccoil
10 5 k/la u3 nenpHON KOPIOBOH KPOBH KPYITHOTO PO-
raToro CKOTa BBIIEIISUIM METOIOM YABTPadUIbTpaLH
[3] c ucrionb3oBaHHEM MEMOPAHHOTO MOIYJsS «Sarto-
rius» (I'epmanus). [locne ynerpadunsrparm OKK mmo-
¢umsupoBau [8] u 3atem xpanwm npu —80°C. Uepes
45 u 120 mun unkyOanuu nocie godasinenns ®KK B
peadHIMTUPYIOILYIO cpeay B komyecTBe 0,15 Mr/mi
n3yvanu (harouTapHyIo aKTHBHOCTh JEKOHCEPBHUPO-
BaHHBIX JIeHKkonHTOB. [Ipu McciaenoBaHUM BIUSHUS
OKK Ha rmoxazarenu GparonurapHoi akTHBHOCTH HEIT-
poduriIoB B KauecTBEe KOHTPOJISL OBUIN UCIIONIL30BAHEI
KPHOKOHCEPBUPOBaHHLIH JieiikokoHLeHTpat 6e3 PKK
(K1) u ¢ nobaBnenuem (pr3noOIOrHIECKOr0 pacTBOpa
B o0beme, skBuBasieHTHOM DKK (K2).

CraTtucTHYecKUil aHau3 HKCIEPUMEHTAIBHBIX
JaHHBIX MPOBOAMIIN MPHU MOMOLIM KOMIIBIOTEPHOM
00paboTKH ¢ UCTIONB30BaHMEM IPOTrPAMMHOTO MTAKEeTa
«Statgraphics plus» Bepcun 2.1 mo Henmapamerpudec-
KoMy KpuTepuio MaHHa- YUTHH. DKCIepUMEHTAIbHbIE
JIAHHBIC IPUBEJICHBI Kak cpeiHee apupMeTnIecKoe +
cpenqHee KBaJpaTHIecKoe OTKIOHEeHne. JlocTOBEpHBI-
MHu cuuTam pasauaws npu p < 0,05.

Pe3yAbTatbl M 00CyXXAe€HHe

B xone 3KCH€pHM6HT&J’ILHOI71 pa60TLI C IIOMOIIBIO
TECTa C CyIIPABUTAJIIbHBIM KPACUTCIICM TPUITAHOBBIM
CUHUM HaMH OBLIT H3YYCH IIOKAa3aTCJIb JKH3HECTIOCO0-
HOCTH HeﬁKOHHTOB, KPHUOKOHCCPBHUPOBAHHBIX IO 3a-
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of Staphylococcus aureus N209 in physiological so-
lution in concentration of 2 billion bacterial bodies/ml.
Phagocytic suspension was incubated in thermostated
air bath at 37°C during 45 and 120 min. Blood smears
were fixed with eosin methylene blue according May-
Grunwald, then stained with eosin-methylene blue
according Romanovsky method. Assessment criteria
of functional capacity of cryopreserved leukocytes
were the following indices: phagocytic index (PhI)
which is the number of phagocytizing neutrophils;
phagocytic number (PhN) being the average number
of bacterial bodies per one neutrophil (after 45 and
120 min of incubation) characterizing absorptive ac-
tivity of phagocytes; and phagocytosis completeness
index (PhCI) which is the ratio of PhN after 45-min
incubation to PhN after 120-min incubation characteri-
zing the digestion in phagocytes.

Fraction with components of molecular mass below
5 kDa from whole cattle cord blood was isolated by
ultrafiltration method [3] using membrane module from
Sartorius (Germany). After ultrafiltration the CBF was
frozen-dried [8] and then stored at —80°C. In 45 and
120 min of incubation after addition of 0.15 mg/ml CBF
in rehabilitation medium the phagocytic activity was
studied. Investigation of CBF effect on the indices of
neutrophils phagocytic activity utilized as the controls
the cryopreserved leukoconcentrate without CBF (C1)
and the one supplemented with physiological solution
in amount equal to CBF (C2).

Statistical analysis of experimental data was per-
formed by computer processing with software package
Statgraphics plus 2.1 by non-parametric criterion of
Mann-Whitney. Experimental data were presented as
arithmetic mean + mean square deviation. The diffe-
rences were assumed as significant at p < 0.05.

Results and discussion

Performing the experiments we have assessed via-
bility index of leukocytes cryopreserved under protec-
tion of DMAc (5%) using supravital dye trypan blue.
Results of investigations showed that this cryopro-
tectant allowed preserving 79.96 + 1.75% of viable
cells (Table). Previously [4, 6] we have shown that
after leukoconcentrate cryopreservation with 7.5%
DMSO this index did not exceed 69.06 + 2.63%.
Further removal of DMAc by described above method
slightly decreased the number of viable cells.

It was shown [7] that DM Ac has an advantage to
allow preserving up to 80 £ 1.49% of leukocytes in
viable state even in comparatively low concentrations
(1.5-2.5%) [7]. Moreover, when using DMAc the du-
ration of hyperosmotic stress for cells was less expres-
sed enabling to increase the number of viable granulo-
cytes by 7-10% if compared to the case of 10% DMSO
as a cryoprotectant [7]. It is worth noting that in case
of DM Ac there was no need of long-lasting incubation
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mroit JIMAT (5%). Pesynbrars! uccie-
JIOBaHMI TTOKA3aJIH, YTO 3TOT KPUOIIPO-
TEKTOP MO3BOJISICT COXPAHSATH 110 79,96 £
1,75% »u3HecroCcOOHBIX KJIETOK (Tad-
nuna). Panee Opu10 Moxazano [4, 6], 9To
MOCIIE€ KPUOKOHCEPBUPOBAHMS JIEKOKOH-
nentpata ¢ 7,5% JAMCO nanHBIH TTOKa-
3arens He mpeBbimal 69,06 +2,63%. laib-
Hevmee ymanenune JIMATT onmrcaHHBIM
BBIIIC METOJAOM HE3HAYUTCIIBHO YMCHb-
1aJI0 KOJIMYECTBO KU3HECIOCOOHBIX KIle-
TOK.

OpHxo u3 npenmyuects JJMAT B TOM,
YTO JJaXK€ B CPABHUTEIHLHO HU3KHUX KOH-
nenrpanusax (1,5-2,5%) oH no3Boiser
COXPAHATH B KH3HECIIOCOOHOM COCTOSI-
uun 110 80 £ 1,49% meiikormTos [7]. Kpome
TOTO, TIPH HCIIONB30BaHnu JIMATIL amu-

Ku3HecrocoOHOCTh JICHKOLUTOB 10 U IOCIIE KPHOKOHCEPBUPOBAHHS
oz 3amutoi 5% JIMATL
Viability of leukocytes prior to and after cryopreservation under
protection of 5% DMAc

O6paszer;
Specimen

JKuszuecnocoOHOCTD, %
Viability, %

CBesKeBBIAGACHHBIN AeHKOKOHIIEHTpaT
Fresh leukoconcentrate
n==6

97,81 = 0,42

\eNKOKOHIIeHTpaT IocAe MHKyOanuu ¢ AMATL
Leukoconcentrate after incubation with DMAc
n=>5

94,75 = 0,78

AeVKOKOHIIEHTPAT IOCAe
KPHUOKOHCEPBUPOBAHUA € 5 % AMAIL
Leukoconcentrate after cryopreservation
with 5% DMAc
n=6

76,96 = 1,75 *#

AeVKOKOHIIEHTPAT IOCAe
KPHOKOHCEPBUPOBAHUS

c 5 % AMAI 1 OTMBIBKH

TCJIBHOCTD T'HIIEPOCMOTHYECKOIO CTPEC-
ca JId KIJIETOK MEHEC BBIpa)K€Ha, 4YTO

Leukoconcentrate after cryopreservation
with 5% DMAc and washing

69,82 = 1,89

n=6

[103BOJISIET YBEIMYUTH KOJIMYECTBO JKU3-
HECITOCOOHBIX TpaHyIonuToB Ha 7—10%
10 CPAaBHEHHUIO C ucnoiab3oBaHueM 10%
AMCO B xauecTBe kpuomnporekropa [7].
CrnenyeT Takxke OTMETUTh, YTO MIPH IIPHU-
MeHenun JIMAn He TpeOyroTcs dKCHo-
3ULNA KJIETOK C KPHO3aIIUTHBIM PacTBO-
POM U OTMBIBKA 00pas3iia mocie pamopa-
YKUBAHUS, YTO YMEHBILAET BPEMS BO3JICHCTBUS KpUO-
MIPOTEKTOPA Ha KJIETKHU U TIO3BOJISIET COXPAHUTH OOITb-
11ee KOJINYECTBO KU3HECTTOCOOHBIX TPAHYIOIHUTOB.

Nzydenne nmoka3zarenei (haronurosa rmokasaio, 4To
B nnpucytcTBun 5% JIMAI B MHKYOAITMOHHOU cpene
MMeeTCsl TeHICHIHMS K CHIDKEHHIO MOTJIOTHTEIHHOU
aKTUBHOCTH HelTpoduios (puc.1, B). Ha xonngectBo
(aroUTHPYIOMUX HEUTPO(PUIOB U HHAEKC 3aBEPIICH-
HOCTH (paronuTo3a JJMAI B HCIIOITB3yEeMOM KOHIIEHT-
panuy He OKa3bIBaJl JOCTOBEPHOTO BIMSHHS (pHUC.
1A, C).

B nanpHeHImmMX 3KcriepuMeHTax HaMu ObUTH H3y4e-
HBI TIOKa3aTeNr (parouTapHON aKTUBHOCTH HEUTpOQu-
JIOB, KpHOKOHCEPBUPOBAHHEIX MO 3ammuTond JIMATL
(puc. 2). Ilpu >TOM OBIIO YCTAHOBIIEHO, YTO KPHO-
KOHCEpPBHPOBaHHUE JJOCTOBEPHO CHIKAJIO KOJIMYECTBO
(ha-roruTHpyronmx HeUTpouaos yepe3 45 u 120 mun
neKybanuu Ha 29,5 u 28,81% COOTBETCTBEHHO
(puc. 2, A).

[TornoTuTensHast aKTUBHOCTD JIEKOHCEPBHUPOBAH-
HBIX HelTpodunos (DY) nocne 45 MUH HHKYOaLK TaK-
xe JoctoBepHo (p < 0,05) cHmwkanacs Ha 42,45% 1o
CpaBHEHHMIO C KOHTpoJseM (puc. 2, B).

Kpome toro, ymensiienue haroqurapHoil akTuB-
HOCTH OTpa)kaJloch Ha MIEpEBapHUBAOIIEH aKTUBHOCTH
(M3®) metitpodunos, KoTopast CHUKAJIACh B CPEIHEM
Ha 36,92% (puc. 2, C).
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IpuMeyanusi: * — OTINYKS JOCTOBEPHBI I10 OTHOLICHUIO K CBEKEBBIICIICHHOMY
neikokoHueHTpary (p < 0,05); # — oIM4YUA JOCTOBEPHBI IO OTHOLICHUIO
K JIEHKOKOHLIEHTpaTy nociie uakyoanuu ¢ 5% JIMA B cpene (p < 0,05).

Notes: * — the differences are significant if compared to the fresh leukocon-

centrate (p <0.05); # — differences are significant if compared to the leukocon-
centrate after incubation with 5% DMAc in the medium (p < 0.05).

of cells with cryoprotective solution and washing of
the sample after thawing, that decreased the period of
cryoprotectant exposure to cells and allowed to preser-
ve the higher number of viable granulocytes.

Investigation of phagocytosis indices has shown that
there was a tendency to the decrease of neutrophils
absorptive activity in the presence of 5% DMAc in
incubation medium (Fig. 1B). DMAc did not affect
significantly the number of phagocytizing neutrophils
and phagocytosis completeness index in the used
concentration (Fig. 1A, C).

In further experiments we studied the indices of
phagocytic activity of neutrophils cryopreserved under
protection of DMACc (Fig. 2). We established that cryo-
preservation had significantly decreased the number
of phagocytizing neutrophils after 45 and 120 min in-
cubation by 29.5 and 28.81%, accordingly (Fig. 2A).

Absorptive activity of frozen-thawed neutrophils
(PhN) after 45 min incubation also significantly
(p <0.05) decreased by 42.45% comparing with the
control (Fig. 2B).

Moreover, the decrease of phagocytic activity was
reflected in digesting activity (PhCI) of neutrophils
which decreased by 36.92% in average (Fig. 2C).

In further experiments there was investigated the
possibility of rehabilitation of frozen-thawed neutrophils
after incubation in the medium containing cord blood
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¢uznomornveckoro pacteopa); 0 — 45 mun nakyoanuu; O — 120 MuH HHKYOaIHy.

Fig. 1. Effect of exposure in 5% DMAc solution on indices of phagocytic activity of human donated blood leukoconcentrate
neutrophils: A — phagocytic index; B — phagocytic number; C — phagocytosis completeness index (C1 — fresh leukocon-
centrate and C2 — fresh leukoconcentrate with physiological solution); 00— 45 min of incubation; 0 — 120 min of incubation.
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Puc. 2. Biussaue KprokoHcepBHpOBaHUs oA 3amuTor JIM A Ha moka3arenu GarouTapHOW aKTUBHOCTH HEUTPO(DHIIOB
JICHKOKOHIIEHTpAaTa JOHOPCKOW KPOBHU ueiioBeka: A — ¢daronutapHbeiii nHACKC; B — ¢darouurapaoe yucio; C — HHACKC
3aBeprieHHOCTH (aromurosa; 0 —45 mun nakyOanuu; O — 120 MuH HHKYOanuy; * — OTIMYUS JOCTOBEPHEI TI0 CPABHEHUIO

C KOHTpOJIeM 10 KpHoKoHcepBupoBanwus (p<0,05).

Fig. 2. Effect of cryopreservation under DMAc protection on indices of phagocytic activity of human donated blood
leukoconcentrate neutrophils: A — phagocytic index; B — phagocytic number; C — phagocytosis completeness index; 00—
45 min of incubation; O — 120 min of incubation;* — the differences are significant if compared to the control prior to
cryopreservation (p <0.05).

B nocnenyronmx sxcnepuMeHTax Oblia HCCIIea0-
BaHa BO3MOXXHOCTb PeadMINTallH IeKOHCEPBUPOBAH-
HBIX HEUTPOQHIIOB TIOCIIe HHKYOAINH B Cpesie, Coep-
Kallel HU3KOMOJICKYIISIPHYIO (PaKIUI0 KOPAOBOi
kpoBH (1o 5 k/la) B xoHnenTpamuu 0,15 mr/mi. [pu
3TOM OBLIO 00HapyxkeHo, uTo PKK He oka3biBana 10-
CTOBEPHOI'O BIIMSHUS Ha KOJTUYECTBO HEHUTPOQHIIOB,
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low-molecular fraction (below 5 kDa) in 0.15 mg/ml
concentration. Thereat, we noted that CBF did not
significantly affect the neutrophils number involved into
phagocytic reaction (Fig. 3A) that correlated with our
recent data [6].

Analysis of the absorptive activity of frozen-thawed
neutrophils revealed other dynamics. Supplementing
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BCTYNUBIIKNX B (parolUTapHy0 peaknuio (puc. 3, A),
YTO COTIIACYETCS C TAHHBIMU MPENBIAYIIETO UCCIIE0-
Banus [6] .

[Ipy n3ydeHnn NomMoTUTENBHON aKTUBHOCTH IEKOH-
CEepBUPOBAHHBIX HEUTPOQIIIOB ObIIIa OTMEUYEHA COBEP-
LICHHO MHas AWHaMuKa. Jlo0aBieHue B cpexy HHKyOa-
uu ©KK (0,15 Mr/Mir) cnocoOCTBOBAIO YBEIIMYCHUIO
MOTJIOTUTENBHON aKTUBHOCTH HEUTPO(UIIOB mocie
45 muH nHKyO6amu Ha 62,67% 1o cpaBaennto ¢ K1
u K2 (puc. 3, B). [Ipu stom nokazarens @Y mocne
120 MyuH HHKYOAIIMH B TEX e yCIOBUSIX ObLT HA yPOBHE
KOHTPOJIBHBIX 3HaueHniH. HeoOXoauMo oTMETHTD TOT
(hakr, aro moce 120 MuH HHKYOAITUH TEKOHCEPBHUPO-
BaHHBIX HeHTpodmno 6e3 nodasnenuss PKK nx nmormo-
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Puc. 3. Bimsinne ®KK Ha nokazarenu (haronuTapHoi akTuB-
HOCTH KPHOKOHCEPBUPOBAHHBIX HEHTPO(DMIIOB JICHKOKOH-
nenrpara: A — ¢parountapHsiii HHAEKC; B — aronmraproe
grcio (O—45 mun naky6anun; O — 120 Mus nHKyOaIum);
C — MHIeKC 3aBepIIEHHOCTH (paronnTos3a (— —y HaTUBHBIX
HerTpoduor; K1 — meHKOKOHIIEHTpAT, KPHOKOHCEPBH-
poBauHbIH ¢ 5% JIMA1; K2 — nefikokoHIIeHTpaT ¢ 3aMeHOi
®KK Ha 3KBUBaJICHTHHIH 00beM (DH3MOIOTHYECKOTO
pacTBOpa M KpHOKOHCEpBHpOBaHHBIH ¢ 5% JIMAD); * —
OTJINYHMS JOCTOBEPHBI 110 CPABHEHHUIO C KOHTPOJIEM TIOCIIEe
KpuokoHcepBrpoBanus (p <0,05); #— oTnuKs JOCTOBEPHBI
110 CPaBHEHMIO C KOHTPOJIEM JI0 KPHOKOHCEPBHUPOBAHUS
(p<0,05).

Fig. 3. CBF effect on indices of phagocytic activity in cryo-
preserved leukoconcentrate neutrophils: A — phagocytic
index; B — phagocytic number (45 min of incubation; 120
min of incubation); ¢ — phagocytosis completeness index
(— — in native neutrophils; C1 — leukoconcentrate
cryopreserved with 5% DMAc; C, —leukoconcentrate with
physiological solution instead equal CBF volume and
cryopreserved with 5% DMAc ); * — the differences are
significant if compared to the control after cryopreservation
(p <0.05); *— the differences are significant if compared to
the control prior to cryopreservation (p < 0.05).

the incubation medium with CBF (0.15 mg/ml) contri-
buted to the increase of neutrophils absorptive activity
after 45 min incubation by 62.67% if compared with
the controls C1 and C2 (Fig. 3B). Herewith, PhN index
after 120-min incubation in the same conditions was
at the level of the control indices. It is worth noting
that after 120 min incubation of frozen-thawed netro-
phils without CBF their absorptive activity was higher
than after 45 min incubation, that obviously testified to
the worsening of microorganisms digestion (Fig. 3B).
This suggestion about worsened neutrophils digestive
activity was well confirmed by the data of PhCl reflec-
ting the ability of phagocytes to the killing-effect [9].
Completeness of phagocytosis is final index by which
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THTEIbHAsI aKTUBHOCTH ObLIa BBHINIE, YeM IOCIeE
45 MUH MHKYOaIuy, 4TO, MO-BUIMMOMY, CBUICTEIh-
CTBYeT 00 yXyIIIEHHHU IpoLiecca epeBapuBaHus MHUK-
poopranusmMoB (puc. 3, B). Dto npeanonoxenue o6
YXYALICHUU MEePEeBapHUBaIOIel aKTUBHOCTH HEUTPO-
(bMIIOB XOPOIIO MOATBEPKAACTCS JAHHBIMU U3yYSHHS
N3®, xoTopelil oTpaxkaeT cnocoOHOCTh (HaroluToB
K KWIHHT-3Qdekty [9]. 3aBepiieHHOCTh Garonurosa
ABJISIETCSI HTOTOBBIM TIOKa3aTeNIeM, TI0 KOTOPOMY MOXK-
HO KOCBEHHO Cy/IUTh 00 3 (HEKTUBHOCTH BCEX MPEbI-
JOYIIMX 3TAIoB (aromuTo3a — XeMOTaKCHCe, afre3u,
MOTJIONIEHHUH, 00pa30BaHUH arocoM H repeBaprBaHUH
MTOTYIOLIEHHBIX MUKPOOPTaHU3MOB. B Hammx nccneno-
BaHHUAX [TOKA3aHO, YTO MOCIIe KPHOKOHCEPBUPOBAHNUS
nepeBapuBaloiasi akTUBHOCTh HEUTPO(UIIOB AOCTO-
BepHO cHIkanach 10 0,82 + 0,05 mo cpaBHEHUIO C KOHT-
poIeM 10 KproKoHcepBupoBaHus (He meHee 1). Jlo6as-
nenue B cpeny nakyoanuu ®KK (0,15 mr/mi) npuso-
JWI0 K noBbleHnto U3® kprokoHCcepBUPOBaHHBIX
HEHTPOQHIIOB 10 3HAUCHHUH JaHHOTO MOKA3aTelIs IS
CBEXKEeBBIIENCHHBIX KIeTok (1,39 £+ 0,04) (puc. 3, C).
VYnaneHue KpMOIPOTEKTOpa U3 JIEHKOKOHIIEHTpaTa,
[IOZIBEPTHY TOTO KPHOKOHCEPBUPOBAHHIO, HE OKa3bIBAJIO
JIOCTOBEPHOTO BIHUSHUS Ha BCE M3ydaeMble IMOKa3a-
TeNu (aroUTapHoO aKTUBHOCTH JICHKOIIUTOB.
Takxum 006pa3om, Ha OCHOBaHHUH NMPOBEIEHHBIX Ha-
MU HCCIIe0OBaHUH OBUIO YCTaHOBJIEHO, YTO HCIOIb30-
BaHue JIMAI B KauecTBe KPHUONPOTEKTOPA MO3BO-
JISIET YBETMYUTH KOJIMYECTBO )KU3HECTIOCOOHBIX JICHKO-
LIMTOB, a TakXKe noka3aHo, yto ®KK B cocTaBe peadu-
JUTUPYIOLIEH Cpeabl OKa3blBaeT CTUMYIHpYIOIIee
neiicTBUe Ha (arouuTapHyl0 aKTUBHOCTb JEKOHCEp-
BUPOBaHHBIX HEUTPOQHIIOB. 7151 BEIICHEHUS MEXaHU3-
Ma neiicteus Hu3komonekyisipHol @KK Ha nponecc
(barornTo3za HEOOXOAMMO JalTbHEHIIIEE €T0 N3yYEHHE.

BbiBOAbI

1. Ucnonb3oBaHrEe B KaY€CTBE KPUOMPOTEKTOpa
5% JAMATI TO3BOJISET YBETUIUTH KOJHIECTBO YKI3HE-
CHOCOOHBIX JISHKOITUTOB IOCIIE 3aMOPaKUBaHUSI-0TO-
rpesa a0 80%.

2. YCTaHOBIIEHO, 4TO TIOCIIE TOOABJICHHS B CPENY
WHKYOalu1 HU3KOMOJIEKY/ISIpHOH ppakimu (1o 5 x/a)
KOpA0BO# KpoBHU B KoHIeHTparwu 0,15 Mr/Mi1 moBbI-
[aeTcs MOrJIOTUTENbHAS AKTUBHOCTh JEKOHCEPBHUPO-
BaHHBIX HEHTpomIOB Ha 62,67 %.

3. Ilocme nHKyOAIu AEKOHCEPBUPOBAHHBIX HEHT-
podHIIOB B cpejie, CoAePIKAIICH HU3KOMOICKYIIIPHYIO
(pakuro (1o 5 k/la) KOpOBO KPOBHU B KOHIIEHTPALIUH
0,15 mr/mi, Ha 69,51% MOBBIIIACTCS X IEPEBAPHUBAIO-
mass aKTHBHOCTb.

4. IlokazaHo, 9TO HIU3KOMOJIEKYJIIpHas (hpakius (10
5 x/la) kopaoBoii kpoBU B KoHIeHTpauu 0,15 mr/min
B cpelle MHKYOAIlui He OKa3bIBACT BIHMSHUS Ha KOJIH-
YEeCTBO HEUTPOPHIIOB, BCTYNHMBIIUX B (harOIUTAPHYIO
PeaKIuIo.
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one may indirectly evaluate the efficiency of all pre-
vious phagocytosis stages, i. e. hemotaxis, adhesion,
absorption, formation of phagosomes and digestion of
absorbed microorganisms. Our research showed that
neutrophils digestive activity significantly decreased
down to 0.82 £ 0.05 post cryopreservation comparing
to the non-frozen-thawed control (not less than 1).
Supplementing of incubation medium with CBF
(0.15 mg/ml) led to the increase of PhCI of cryopreser-
ved neutrophils up to the values of this index for fresh
cells (1.39 £ 0.04) (Fig. 3C).

Cryoprotectant removal out of leukoconcentrate
after cryopreservation did not significantly affect all
the studied indices of leukocytes phagocytic activity.

Thus basing on the performed investigations we
established that using DMAc as a cryoprotectant al-
lowed the increasing of viable leukocytes number post
cryopreservation, and that CBF as a component of
rehabilitation medium had a stimulatory effect on
phagocytic activity of frozen-thawed neutrophils.
Further investigation is necessary to elucidate the me-
chanism of low-molecular CBF action on phagocytosis.

Conclusions

1. Using of 5% DMAc as a cryoprotectant allows
to increase the post-thaw number of viable leukocytes
up to 80%.

2. We established after supplementing of incubation
medium with cord blood low-molecular fraction (below
SkDa) in 0.15 mg/ml concentration the absorptive acti-
vity of frozen-thawed neutrophils increased by 62.67%.

3. After incubation of frozen-thawed neutrophils in
the medium containing cord blood low-molecular frac-
tion (below 5kDa) in 0.15 mg/ml concentration their
digestive activity increases by 69.51%.

4. It has been shown that cord blood low-molecular
fraction (below 5kDa) in 0.15 mg/ml concentration as
a part of incubation medium does not affect the number
of neutrophils involved in phagocytic reactions.

References

1. Agranenko V.A., Abezgauz N.N., Troshina V.M. et al. Cryo-
preservation of granulocytes using ‘Leukocryodmac’ solution //
Hematologiya i Transfuziologiya. — 1986. — Vol. XXXI, N12. —
P. 26-29.

2. Balashov D.N. Therapeutic granulocyte transfusions for treat-
ment of severe infectional complications in patients with neutro-
penia: Author's abstract of thesis of candidate of medical
sciences. — Moscow, 2001. — 23 p.

3. Brock T.D. Membrane filtration. — Moscow: Mir, 1987. — 464 p.

4. Gorina O.L. Rehabilitation of cryopreserved leukocytes in medium
containing cord blood low-molecular fraction: Author's abstract
of candidate of biological sciences. — Kharkov, 2011. — 143 p.

5. Grishina V.V., Timokhina E.V., Andreeva L.Yu. System of col-
lecting and fractioning of umbilical blood stem cells // Voprosy
Ginekologii, Akusherstva i Perinatologii. — 2004. — Vol. 3, N6. —
P. 50-54.

problems
of cryobiology

Vol. 22, 2012, Ne1



NuTepatypa

. AegpaHeHko B.A., Abeseays H.H., TpowuHa B.M. u dp. KpnokoHcep—
BMpOBaHME rpaHyrniouuToB C pacTtBopom «Jlenkokpuogmauy» //
lematonorusa n TpaHcgysmonorus. — 1986. — T. XXXI, Ne12. —
C. 26-29.

. banawoe [.H. leyebHble TpaHCy3umn rpaHynoLmMToB AN
neyveHuns TsxKenbIX MHMEKUMOHHBIX OCMOXHEHWI Y NaLMeHTOoB
C HelTponeHuen: Astoped. Auc. ...kaHA.men. Hayk. — M.,
2001. - 23 c.

. Bpok T.. MembpaHHas dounbstpauums. —M.: Mup, 1987. - 464 c.

. l’opurna O.J1. Peabunutaums KpUOKOHCEPBUPOBAHHbIX NENKO-
LUTOB B cpede, Coaepallen HU3KOMONEKYNAPHY pakumio
KopZoBoK KpoBu: [uc. ... kaHa. 6uon. Hayk. — XapbkoB, 2011.—
143 c.

. Mpuwuna B.B., TumoxuHa E.B., AHOpeesa J1.1O. Cuctema cbo-
pa 1 ppakuUMOHNPOBAHUSA CTBOMOBBIX KIETOK MYNMOBUHHON KpO-
Bu // BOonpocCbl TMHEKONOrMM, akylwepcTea 1 NepuHaTonornm. —
2004. - T. 3, Ne6. — C. 50-54.

. l'ynesckuli A.K., lopuHa O.J1., Mouceesa H.H., CmenaHiok J1.B.
CTumynupytolLiee AeCTBME HU3KOMONEKYNsapHOW dpakuum (4o
5 k[a) kopgoBsow kposu 1 Actovegin Ha darounTapHyto akTuB-
HOCTb AEKOHCEePBMPOBAaHHbIX NenkoumToB // YKp. XypHan re-
maTonorii Ta TpaHcdysionorii. — 2010. — Ne1. — C. 22-29.

. NeoHToBMY B.A., ABesray3s H.H., TpowuHa B.M. MeTog 3amo-
paxuBaHusa rpaHynounToB ¢ anmetunauvetamupom // Co-
BpeMeHHble npobnembl kprobronorum u KpuomeanUmMHbL. — M.,
1975. - C. 77-84.

. MeduuyHi imyHobionoeiyHi npenapamu: MeToanYHI pekomenaa-
Lji Woao BMKNageHHs TEXHOMOrYHMX perfamMeHTiB Ha npenapa-
T KpoBi [HacTaHoBa 3 sikocTi 42-3002-011-2005]. — Knis, MO3
Ykpainn [Hakaz MOS Ykpainm Ne 376 Big 26.07.2005]. — 144 c.

9. MuneeauH B.B., MasHckul H.A. HenTtpodunel: cTpykTypa
n dyHkums // mmyHonorus. — 2007. — Ne6. — C. 374-382.

10.PosaHosa O.E., Ceposa J1.4., lLlabanuH B.H. BnuaHne unto-
CTaTMYeCKNX Y TOPMOHarbHbIX MpenapaToB Ha daroumTapHyto
aKTMBHOCTb HeNTpodunnoB GomnbHbIX neko3om // Mematonorus
n TpaHcdysuonormsa. — 1989. — Ne4. — C. 15-20.

11.CeedeHyos E.[., leanosa O.0., TymaHosa T.B. u dp. Co-
XPaHHOCTb NEWKOLMTOB B YCrnoBusiX kpnoaHabuosa (—40°C) //
Journal of Stress Physiology and Biochemistry. — 2006. — Vol. 2,
Ne1. — P. 29-34.

12. Lyyaesa A.A., AepaHeHko B.A., ®edoposa J1.M. u Op. KpnokoH-
cepBMpOBaHME KNeTOoYHbIX cycneHsun. — Kues: Hayk.gymka,
1983. - 240 c.

13.Kusaba N., Kumashiro R., Ogata H. et al. In vitro study of
neutrophil apoptosis in liver cirrhosis // Intern. Med. — 1998. —
Vol. 37, Ne1. — P. 11-17

-

Hocmynuna 06.03.2012

npo6nembl

Kpuobuonorum
T.22,2012, Ne1

8

6. Gulevsky A.K., Gorina O.L., Moiseeva N.N., Stepanyuk L.V.
Stimulating effect of cord blood low-molecular fraction (below
5 kDa) and Actovegin on phagocytic activity of frozen-thawed
leukocytes // Ukrainskiy Zhurnal Gematologii i Transfusiologii. —
2010. — N1. - P. 22-29.

. Leontovich V.A., Abezgauz N.N., Troshina V.M. Use of dimethyl
acetamide as a cryoprotective agent in granulocyte freezing //
Current Problems of Cryobiology and Cryomedicine. — Moscow,
1975. — P. 77-84.

. Medical immunobiological preparations: Methodical recom-

mendations for presentation of technical regulations for blood

preparations [Quality instruction of 42-3002-011-2005]. — Kyiv,
Ministry of Health Care of Ukraine [Order of the Ministry of
Health Care of Ukraine N376 dated of 26.07.2005]. — 144 p.
Pinegin B.V., Mayansky A.N. Neutrophils: structure and func-
tion // Immunologiya. — 2007. — N6. — P. 374-382.
10.Rozanova O.E., Serova L.D., Shabalin V.N. Effect of cytosta-
tic and hormonal drugs on the phagocytic activity of neutrophils
of leukemia patients // Gematologiya i Transfuziologiya. —
1989. — N4. — P. 15-20.

11.Svedentsov E.P., Shcheglova O.0., Tumanova T.V. et al. Pre-
servation of leukocytes in conditions of cryoanabiosis (—40°C) //
Journal of Stress Physiology and Biochemistry. — 2005. — Vol. 2,
N1. - P. 29-34,

12.Tsutsaeva A.A., Agranenko V.A., Fedorova L.I. et al. Cryopre-
servation of cell suspensions. — Kiev: Naukova Dumka, 1983. —
240 p.

13.Kusaba N., Kumashiro R., Ogata H. et al. In vitro study of
neutrophil apoptosis in liver cirrhosis // Intern. Med. — 1998. —
Vol. 37, N1. - P. 11-17

9.

Accepted 06.03.2012

problems
of cryobiology

Vol. 22, 2012, Ne1



