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Cryopreservation of Equine and Bovine Erythrocytes
Using Combined Protective Media

Pedhepat: Y poboTi npoBeaeHO MOPIBHAMbHUI aHania eeKTUBHOCTI KPiOKOHCEPBYBaHHA epUTPOLMTIB KOHSA i Buka 3 3acTo-
CyBaHHAM OfHOKOMMOHeHTHOro (20% AMCO) i kombiHoBaHoro (10% OMCO, 20% MEO-1500) 3axucHux cepegosull. Metogamu
NyopecLeHTHOT MIKpOCKOMii Ta MPOTOYHOI LMTOMNyopuMeTpii BCTaHOBMNEHO, WO dnyopecueHTHMIn 6apBHuk 3-DAB 3abapsnioe
MembpaHu epuTPOLMTIB i MOXe 3aCTOCOBYBATUCA ONA OLIHKM iX CTaHy Ha BCiX eTanax KpioKOHcepByBaHHS. BusaBneHo, Lo BUKO-
pUCTaHHA KOMBIHOBaHUX 3aXMCHUX CepedoBULY, [O03BOMAE 3HAYHO MOKPALUMTU pe3yrnbTaTh KPIOKOHCEpPBYBaHHS €pUTPOLMTIB KOHS
i OBuka y NopiBHAHHI 3 OJHOKOMMOHEHTHMMMU cepedoBuliamun. 3a LUMTOMDIYOPUMETPUYHUMUN OAHVMY BCTAHOBMEHO, L0 MOKa3HUKM
EepUTPOLMTIB KOHSI NiCNs KPiIOKOHCEPBYBaHHSA y cepefoBuLli Ha ocHoBi IMCO He BignoBiganu KOHTPONbHMM, HaBITb MiCNs BiAMUBAH-
HS Bif KpionpoTekTopa, a Mnicrns 3aMOpOoXyBaHHS Y KOMOIHOBaHOMY 3axVCHOMY CepeAoBMULLI i BiAMWBaHHS Bif, KPiONPOTEKTOPIB BOHU
BiANOBiAann KOHTpPonbHNUM. MNocuneHHsa dnyopecLeHuii MeMbpaH epuTpounTiB KOHS | B1Ka Ta 3MiHM iX CTaHy Ha LuTorpamax nicns
3MiwyBaHHA 3 20%-m posunHom IMCO cBigyaTb NMpo MOro NOTYXHY MeMOpaHOTPOMnHy Aito. PiBeHb remornizy epuTpoumnTiB KOHS i
6uka nmicnsa 3actocyBaHHA KOMBIHOBAHOrO 3axXMCHOMO cepefoBuLLa Ha BCiX eTanax KpioKOHCEPBYBAHHSA 3HaYyLLe HVXKYUA, HIX nicns
BukopuctaHHst 20%-ro po3unHy IMCO.

Knto4yoBi crnoBa: KpioKOHCEpBYBaHHS, EPUTPOLMTU KOHS, epuTpoLIMTM Brka, KOMBIHOBaHI KPIOKOHCEPBYHOYI cepeaoBuLLa, remornis,
cnyopecueHTHUI GapBHUK.

Pedbepar: B paboTte npoBefeH cCpaBHUTENbHbIV aHanm3 3pMEKTUBHOCTU KPMOKOHCEPBMPOBAHNS 3PUTPOLIMTOB KOHSA U Obika
C MpUMEHeHNeM OfHOKOMMOHeHTHoN (20% AMCO) n kombuHupoaHHon (10% OMCO, 20% M30-1500) sawmuTHbIX cped. Me-
ToAamMu priyopecLeHTHON MUKPOCKONUM 1 MPOTOYHOWN LMTOMIyOpPUMETPUN YCTAaHOBMEHO, YTO (rlyopecLeHTHbIN kpacutens 3-DAB
oKpalwvBaeT MeMbpaHbl 3pUTPOLIMTOB 1 MOXET NPUMEHATLCA ANS OLEHKM UX COCTOSHMSA Ha BCEX 3Tanax KPYOKOHCEPBMPOBAHMS.
BbiABNeHo, 4TO NpYMeHeHne KOMOMHUPOBAHHBIX 3aLUMTHbBIX Cpef MO3BOMSAET 3HAYMTENbHO YNYYLWNUTb pes3ynbTaTbl KPMOKOHCEPBU-
pPOBaHNSA IPUTPOLIMTOB KOHS M Oblka MO CPaBHEHWIO C OAHOKOMMOHEHTHbIMU cpegamu. 1o LMTohnyopMMeTpUYHbIM AaHHBIM yCTa-
HOBMEHO, YTO NMoKasaTenu 3pUTPOLIMTOB KOHS MOCMe KPUOKOHCEPBUPOBaHUS B cpege Ha ocHoBe [IMCO He COOTBETCTBOBANM KOH-
TPOIbHbIM, AaXe Nocrne OTMbIBAHUSA OT KPUOMPOTEKTOpa, a Mocre 3amopaXuBaHWS B KOMOWHMPOBAHHOW KPWO3aLMTHOW cpene
N OTMbIBaHWSI OT KPUOMPOTEKTOPOB OHW COOTBETCTBOBANV KOHTPOSIbHBIM. YCuneHune dryopecueHumMn membpaH 3puTpouuToB
nowaaun n bblka U U3MEHEHUS UX COCTOSIHMA Ha LuMTorpaMmmax nocrne cMmewwmBaHus knetok ¢ 20% OMCO cBuageTenbcTByeT O
ero CUrNbHOM MeMOpaHOTPOMHOM AeNCTBUM. YPOBEHb remMonu3a 3pUTPOLMTOB KOHS U Oblka nocrne npuMEHEeHUs KOMOWHM-
POBaHHOW 3aLLMTHON Cpeabl Ha BCEX aTanax KPYOKOHCEPBNPOBaHMS 3HAYMMO HIKe, YeM nocre ncnonb3osaHnsa 20%-ro pacteopa AMCO.

KnioyeBble cnoBa: KpMOKOHCEPBUPOBAHNE, APUTPOLIUTBLI KOHSA, 3PUTPOLIMTBI Oblka, KOMOVMHMPOBaHHbIE KPMO3aLLWTHBIE Cpeabl, remMo-
nn3, dryopecLeHTHbIN KpacuTenb.

Abstract: The cryopreservation effectiveness for equine and bovine erythrocytes with the use of one component (20% DMSO)
and combined (10% DMSO, 20% PEO-1500) protective medium was comparatively analyzed. Using fluorescence microscopy and
flow cytometry, the 3-DAB fluorescent dye has been shown to stain the membranes of red blood cells and can be used to eva-
luate their condition at all cryopreservation stages. It was found that the use of combined protective medium can significantly
improve the results of cryopreservation of equine and bovine red blood cells in comparison with one-component media. By
cytometric data it has been established that the parameters of equine erythrocytes after freezing-thawing in DMSO-based medium
did not correspond the control even after cryoprotectant removal, but after freezing-thawing in combined cryoprotective
medium and cryoprotectant washing-out they corresponded to the control. The increased fluorescence in equine and bovine
erythrocytes membranes and changes in cytograms after mixing the cells with 20% DMSO suggested its strong membranotropic
influence. Hemolysis level after applying a combined cryoprotective medium of equine and bovine erythrocytes was
significantly lower at all cryopreservation stages than that when 20% DMSO was applied.

Key words: cryopreservation, equine red blood cells, bovine red blood cells, combined cryopreservation medium, hemolysis,
fluorescent dye.
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KoMmmoHeHTH KpoBi TBapMH YacTo 3acTOCO-
BYIOTBCSI B BETEpUHApHIM JKyBaJbHIl NpakTHL
[IPU OTPYEHHAX, 3HAYHUX KPOBOBTPATAX, IMOPYIICH-
HSX iIMyHHOI cuctemu Ta iH. [16, 19]. [lomyk TBapu-
HU-JIOHOPA 3 BiJIMOBIIHOIO TPYIOI0 KPOBi Ta Tepe-
BipKa IIi€i KpOBi Ha BiJICYTHICTH KpOBOIIapa3uTap-
HAX Ta iHQEKIIHHUX 3axBoproBanb [13, 14] mot-
peOyIOTh TPHBAJIOTO 4Yacy, TOMY JJIsi TEPMiHOBHX
BUIIAJIKIB BXJIMBO MAaTH 3arach KpOBI 3 MOXIIH-
BICTIO ii TpHBajoro 30epiraHHs B yMOBax KpioOaH-
Ky [12]. TToka3aHo, 110 Ha BiIMiHY BiJl KpiOKOHCEp-
BYBaHHsI €pUTPOLIUTIB JIIOAWHHI 3aMOPOKYBaHHSI KJli-
TUH OUIBIIOCTI BHMIIB TBAapHH i3 BUKOPHUCTaHHSIM
3aXMCHUX CEPEIOBHUIL HAa OCHOBI DIiLEpuHy ado
1,2-npontaniony HeedektuBHe [2, 7, 15]. Kpio-
npotexTop aumerwicyabpokenn (IAMCO) mokasas
OIMBII BHCOKY 3aXWCHY IO IO BiJHOIIEHHIO 0
EPUTPOITUTIB KOHS, OWKa, KOTIB Ta co0ak, aje piBeHb
TeMOJIi3y KIITHH TICISI BCIX €TaImiB KpPiOKOHCEPBY-
BaHHSI BUSIBUBCSI IOCUTh BUCOKHM [2, 15]. ¥V 1mpomy
3B’S13Ky HEOOXIIHUM € TIONIYK OUThII e(EeKTUBHUX
CEpe/IOBHIL JJIsl KPIOKOHCEPBYBAHHSI CPUTPOLUTIB
TBapuH. 3aCTOCYBaHHS €K30LETIONSPHUX KPio3axuc-
HUX CHOJNYK 3ame3ledy€e HU3bKHW PIBEHb T'eMOi3y
CPUTPOLHUTIB IMICJIsI PO3MOPOXKYBaHHS, aje BHCOKI
MOKAa3HUKA OCMOTHUYHOI KPUXKOCTI HE JI03BOJIAIOTH
X BUKOPUCTOBYBATH I TeMoTpaHcdy3iit [2]. Busis-
JICHO, IO JUIsl 3aMOPOXKYBaHHS JIESKAX BUIIB 0i0-
JIOTIYHUX O0’€KTIB OUTBIT TPHHHITHI KOMOiIHOBaHI
3aXMCHI CEpeloBHUILA HAa OCHOBI €HIO- Ta EK30Ile-
TONSIPHAUX cronyk [15, 17].

Ha pmanmit wac y kpioGioJorii mupoko 3acToco-
BYIOTBCSL (DJIyOPECLICHTHI METOAM aHalli3y KIIiTHH,
MPOTOYHA MUTOQIIYyOPUMETPisl Ta JIIOMiHECIIEHTHA
MIKpOCKOITiSl 13 BHKOPHCTAaHHAM (DIyOpecHeHTHUX
0apBHHUKIB, 5IKi pearyloTh Ha 3MiHy MiKpPOOTOYEHHS,
MAarOTh BUCOKI COJIbBATOXPOMHI IMOKa3HUKH 1 3HAYHE
3pOCTaHHs KBAHTOBOI'O BUXOAY i 4ac 3B’s3yBaHHS
3 OionmoriyanMu 00’ ekramu [1, 4, 18]. Tak, dayopec-
neHTHuit OapBHUK 3-DAB  (3-amMermmaminoOeH-
3aHTPOH) — HEWTpajbHAa PEUYOBMHA, KA NPAKTUYHO
HE PO3UMHSAETHCS YV BOMI 1 UyTIMBA IO TOJSPHOCTI
OTOYCHHS (COIBBATOXPOMHHM €(EeKT), BOJIOMIE€ AOC-
TaTHLOIO T1IPOGOOHICTIO /sl MPOHUKHEHHS B 0i0-
JIOTIYHI 00 €KTH 1 HEKOBAJIGHTHOTO 3B’s3yBaHHS 3
ix Giomakpomonekyinamu [4]. Baxmuso, mo 3-DAB
Ma€ BHUCOKY (OTOXIMIYHY CTIMKICTh 1 HE3HAYHHUH
KBaHTOBUI BHXin (uiyopecleHlii y BOIHHUX cepe-
JOBUIIAX, SKUH y rigpodoOHii ¢dazi pizko 30i1b-
HIy€eThes, a y KoHueHrpanisx 1010~ M He BusiBisie
TOKCHYHOI i1 Ha KIiThHH [1].

Meta po6OTH — TOpiBHSHHS €()EeKTUBHOCTI OfI-
HOKOMITOHEHTHOTO 1 KOMOIHOBaHOTO 3aXHCHHX Ce-
penoBunI aiig KPIOKOHCEPBYBAaHHS EPHUTPOILHTIB
KOHs 1 OuKa.
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Animal blood components are often used in
veterinary medical practice during treatment of into-
xications, significant blood loss, immune system di-
sorders, etc. [13, 17]. Looking for a donor animal with
a corresponding blood group and testing this blood
for the absence of blood-parasitic and infectious di-
seases [10, 11] require a long time, therefore, in urgent
cases, it is important to have the blood stocks with
the possibility of long-term storage in cryobanks [9].
It has been shown that in contrast to cryopreserva-
tion of human red blood cells, the freezing of the
cells of most animal species using protective media
based on glycerol or 1,2-propanediol is ineffective
[6, 12, 15]. The cryoprotectant dimethylsulfoxide
(DMSO) showed a higher protective effect on
erythrocytes of horses, bulls, cats and dogs, but the
level of hemolysis of the cells after all the stages
of cryopreservation was quite a high [6, 12]. There-
fore it is necessary to find more effective media for
cryopreservation of animal erythrocytes. The use of
exocellular cryoprotective compounds results in a
low level of erythrocyte hemolysis after thawing, but
high osmotic fragility rates do not allow them to be
used for hemotransfusion [6]. It has been found that
in order to freeze the cells of certain species of ani-
mals is more suitable is the combination of protec-
tive media based on endo- and exocellular com-
pounds [12, 14].

Currently, in cryobiology there are widely used the
fluorescence methods of cell analysis, flow cytometry
and luminescent microscopy using fluorescent
dyes that respond to changing microenvironment
and have high solvatochromic indices as well as a
significant increase in quantum yield during binding
to living macromolecules [4, 7, 16]. So, a fluores-
cent dye 3-DAB (3-dimethylaminobenzanthrone)
is a neutral substance which is practically inso-
luble in water and is sensitive to polarity of the
environment (solvatochromic effect), possesses suf-
ficient hydrophobicity to penetrate into biological
objects and non-covalently bind with their biomac-
romolecules [7]. It is important that 3-DAB has a
high photochemical stability and slight quantum
yield of fluorescence in aqueous media, sharply
increasing in hydrophobic phase, in concentrations
of 10%-10 M it does not toxically affect the cells
[4].

The research aim was to compare the effectiveness
of single-component and combined cryoprotective
media to cryopreserve the equine and bovine red
blood cells.

Materials and methods
Whole blood was obtained from the jugular
vein of healthy, sexually mature male horses and
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Marepianu i MeTonH

LinbHy KpOB OTpUMYBAIM 3 SIPEMHOI BEHH 370-
POBHX CTaTeBO3pUIMX caMLiB KOHS 1 OuWKa, SKy
crabimizyBanu koHcepBaHTOM «lrorimmp» («bio-
(apmay», Ykpaina). Yci TBapuHU yTPUMYBaJHCS B
JOCITITHOMY TOCITOIAapCTBI XapKiBCHKOI JepKaBHOT
300BeTepuHApHOi akamemii (VYkpaina). Excmepu-
MEHTH TIPOBOIIIIM BIAMOBIMHO A0 3aKoHY YKpaiHu
«[Ipo 3axucT TBapHH BiJl JKOPCTOKOTO TTOBOIKCHHSI
(Ne 3447-1V Bix 21.02.2006 p.) i3 JOTpUMaHHSM BU-
Mor Komitery 3 GioeTuku [HCTUTYTY, Y3ro[KEHHX i3
MOJIOKECHHSAM «CBPOMNEHCHKOT KOHBEHINT 3 3aXUCTY
XpeOeTHUX TBAapHH, SIKi BUKOPHCTOBYIOTHCSI B €KC-
MEPUMEHTAIBHHUX Ta HIIMX HayKoBUX Lisix» (Crpac-
Oypr, 1986). Ilicig BumanaeHHs IIa3MU €PUTPOMACY
TpUUi BigMHUBaIW IeHTpUPyryBaHHaM mpu 1300g
poTsiroM 3 XB y 4-kpaTHOMY 00’ €eMi (hi3ionorigHoro
pozunny (pH 7,4).

Jis 3aMOpOXKyBaHHSI 3pa3KiB BHUKOPHUCTOBYBAJIN
JIBa KPIOKOHCEPBYIOUHX CEPEJOBHUIIA, BHUTOTOBIIE-
HuX Ha pocharHo-conboBoMy Oydepi (0,15 M NaCl,
5 MM Harpiit-¢pocharauii 6ydep, pH 7,4): 1 — 20%
JIMCO; 2 — 10% AMCO, 20% motieTHIeHOKCHTY-
1500 (ITEO-1500). Kpio3axucHe cepeaoBHINE 0-
JaBajii [0 BIIMHUTUX EPUTPOLMTIB KPAIUIMHHO Y
crniBBizHomeHHi 1:1 Ta iHKyOyBamu npotsirom 15 xB
IIpU KIMHATHINA Temmeparypi. 3pa3Ku 3aMOpOKyBajH
y TOIICTIpOJIOBUX TpoOdipkax (4,0 miT) 3aHypeHHSIM Y
pimkmid a30T, BimirpiBamu Ha BomsgHIA OaHi (42°C)
mo mosiBU pimkoi (asu. Bim kpiokoHCEpBYIOUOTO
CcepenoBUIa KITHHH OnuH pa3 BiamumBamm 0,6 M
NaCl i gsa pasu — 0,15 M NaCl va 5 MM Hatpiit-doc-
¢darnomy Oydepi, pH 7,4. PiBenb remornisy Ha BCixX
eTarnax KpiOKOHCEpBYBaHHS BUMIpPIOBAIM Ha CIEK-
tpodoromerpi «Pye Unicam SP 8000» («Pye Unicam
Ltd», Benuka Bputanis) 1 Bupaxanu y BiZICOTKax 10
100% remo:i30BaHHUX KIITHH.

Jnst 3a0apBiieHHsT EpUTPOLUTIB BUKOPHUCTOBY-
Bamu ¢uryopecuenTHuit OapBHUK 3-DAB («SETA
BioMedicals», CIHA) y xonmentpamii 40 MxM amst
MIKPOCKOIIIYHUX TOCHTIDKEHb 1 4 MKM I ITUTO-
(hmyopumerpuaHHX [4].

Knituan inkyOyBanu 3 OapBHHKOM 15 XB 1 Bin-
MHUBaJIM BijJ BUIBHOTO OapBHHMKA LEHTpU(DYTyBaH-
Hsm nipu 1300g mporsrom 3 xB. dDryopecreHTHI
300paKeHHsl EPUTPOLMTIB OTpUMYyBalu Ha (uyo-
pecueHTHOMY Mikpockoni «AxioObserverZ1y («Carl
Zeiss», Himeuunna). ®nyopecueHTHI Xapakre-
PUCTUKM  EpUTPOLMTIB, 3a0apBICHUX 30HIAMHU,
JOCHIUKYBaJIM 332 JIOIIOMOTOI0 TPOTOYHOrO LH-
todayopumerpa «FACS Calibur» («Becton Dic-
kinson», CIHIA). ®nyopecneHtiro 30ymKyBaln
CBIT JIOM i3 JMOBKHHOIO XBWJI 488 HM (aproHOBHIt
nazep). KoxxHUI eKCIepruMEeHT MOBTOPIOBAIH T SITh
pasis.
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bulls, which was stabilized with the preservative
"Glugicir’ (Biopharm, Ukraine). All animals were
kept in the experimental farm of the Kharkiv State
Zooveterinary Academy (Ukraine). Experiments
were performed in accordance with the Law of
Ukraine ’On the Protection of Animals Against
Cruelty’ (N 3447-1V of February 21*, 2006), in comp-
liance with the requirements of the Bioethics Com-
mittee of the Institute, agreed with the provisions
of the European Convention for the Protection of
Vertebrate Animals Used in Experimental and Other
Scientific Purposes (Strasbourg, 1986). After removal
of plasma, the erythromass was washed three times
by centrifugation at 1300g for 3 minutes in 4-fold
volume of physiological solution (pH 7.4).

To freeze the samples, two cryopreservation
media, prepared with phosphate-buffered saline
(0.15 M NacCl, 5 mM sodium phosphate buffer, pH
7.4) were used: 1 — 20% DMSO; 2 — 10% DMSO,
20% polyethylene oxide-1500 (PEO-1500). The
cryopreservation medium was added to the washed
erythrocytes by droplets in a 1: 1 ratio and incubated
for 15 minutes at room temperature. Samples were
frozen in 4.0 ml polystyrene tubes by immersion into
liquid nitrogen, heated in a water bath (42°C) until
a liquid phase appeared. From the cryopreservation
medium, the cells were once washed with 0.6 M
NaCl and twice with 0.15 M NaCl on 5 mM sodium
phosphate buffer, pH 7.4. The level of hemolysis at
all stages of cryopreservation was measured with
a spectrophotometer Pye Unicam SP 8000’ (’Pye
Unicam Ltd’, UK) and expressed as a percentage of
100% of hemolysed cells.

For the staining of red blood cells, 3-DAB (SETA
BioMedicals, USA) fluorescence dye was used at a
concentration of 40 uM for microscopic studies and
at 4 uM for cytometric ones [7].

Cells were incubated with dye for 15 min and
washed from excess dye by centrifugation at 1300g
for 3 min. Fluorescent images of erythrocytes
were obtained with fluorescent microscope Axio-
ObserverZl (Carl Zeiss, Germany). The fluore-
scence characteristics of red blood cells, stained
with probes, were studied using a flow cytometer
"FACS Calibur’ (Becton Dickinson, USA). Fluores-
cence was excited by light with a wavelength of
488 nm (argon laser). Each experiment was repeated
five times.

The results were statistically processed with the
Student-Fisher test and the Microsoft Excel 2010
software (Microsoft, USA).

Results and discussion
Fig. 1 and 2 demonstrate the fluorescence images
of equine and bovine red blood cells in control and
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Craructuyny 0OpOOKy pe3yibTaTiB MPOBOAMIH
3 BHUKOpUCTaHHAM Kputepito Creionenra-dimepa
ta nporpamu «Microsoft Excel 2010» («Microsofty,
CLIA).

Pe3yibTaTn Ta 00roBOpeHHs

Ha puc. 1 Ta 2 maBemeHo (yopecreHTHi 30-
Opa)XeHHSI epUTPOIINTIB KOHs 1 OMKa y KOHTPOJ Ta
Ha PI3HMX eTanax KpiOKOHCepByBaHHA. BuaHo, 110
3-DAB 3abapsntoec MeMOpaHU €pUTPOIIHUTIB CCABIIIB,
TOMY HOTO MO’KHA BUKOPHCTOBYBATH JIJIsl OLIIHKHU CTa-
Hy eputporumtiB. Jlokamizaiis 30H71a B MeMOpaHax 1
BHYTPIIIHBOKIITHHHUX CTPYKTypax 3MIHIOEThCS 3a-
JISKHO BiJl MIKPOOTOYEHHSI HOTO MOJeKysl. Bucmos-
JICHO TPUIyIIeHHs, o Mojekymu 3-DAB 3apnsku
rifpo@oOHUM BIIACTUBOCTSAM KOHIIEHTPYIOTHCS Ha
ITOYaTKy HETOJSAPHOI JUISTHKH JIITIIB MEMOpaH KiTi-
tuH [1, 4]. 3B’s3yBanHs OapBHUKA 3 MEeMOpPaHHUMHU
1 BHYTPIITHBOKJIITHHHAMHA CTPYKTypamMH, WMOBIpHO,
BiIOYBA€THCA HEKOBAJICHTHUM Tigpo(oOHUM IIIIs-
XOM, a MICI[eM HOro JIoKali3amii € HeNmoIspHi JSH-
KU («KHIIEeHi») 01t makpomonekyi. bapsauk 3-JJAb
YAaCTKOBO NPOHMKAE Yy BHYTPINIHBOKIIITHHHE Cepe-
JIOBUIIIE EPUTPOLUTIB, APDLKIKIB, CIIEPMaTo30idiB
JIOJIMHU, CO0aK, KPyIMHOI poraroi Xyaoou Touo, aje
4yepe3 BUCOKHI BMICT BOJH (DIyOpECIICHIIis Bl MoJIe-
KyJI 30H/1a B Il JUISHIII HEXTOBHO MaJa.

[Micns iakyOarii epurporuTiB y po3unni JMCO
MTOCHJTIOIOTHCS  (DIIYOPECIICHINsl YaCTHHHU KIIITHH 1
3MeHIIyeThes iX miamerp (puc. 1, 2). Lle moxe Oytn
MOB’si3aHe 31 3MIHOIO (OPMH KIIITHH, OJM3BKOIO 10

at different stages of cryopreservation. It is apparent
that 3-DAB stains the membranes of mammalian
erythrocytes, so it can be used to evaluate their
state. Localization of the probe in membranes and
intracellular structures varies depending on the
microenvironment of its molecules. The 3-DAB
molecules, due to hydrophobic properties, are as-
sumed to be concentrated at the border of non-
polar area of cell membrane lipids [4, 7]. The
binding of the dye to membrane and intracellular
structures probably is due to a non-covalent hyd-
rophobic way, and the place of its localization is
nonpolar areas ("pockets’) near the macromolecules.
The 3-DAB dye partially penetrates into intracellular
medium of red blood cells, yeast, human sperm,
dogs, cattle, etc., but because of high water content,
fluorescence from the probe molecules in this area is
negligible.

After an incubation of erythrocytes in DMSO
solution, the fluorescence of some cells is increases
and the diameter of cells decreases (Fig. 1, 2). This
may be due to a change in the shape of cells close
to the spherical, and an increase in the permeability
of membranes of some cells to the dye. The number
of hydrophobic binding sites increases and, since
the 3-DAB dye interacts with biological structures
by hydrophobic mechanism, the fluorescence of
erythrocytes is significantly enhanced. Such an effect
was observed by [.A. Buriak ef al. [4] during a partial
damage to membranes, with a complete cell injury
resulting in fluorescence quenching by water.

Puc. 1. ®dnyopecueHTHi 306pakeHHsa epuTpoumTiB KOHS: A — KOHTponb; B — nicng iHky6auii y posuuHi AMCO; C — nicna
3aMopoXyBaHHA-Bigirpiy y po3unHi AMCO; D — nicna 3amopoxyBaHHA-Bigirpisy y po3unHi AMCO i BigmuBaHHs; E — nicna
iHKyBauii y po3umni AMCO i MEO-1500; F — nicna 3amopoxyBaHHs-Bigirpisy y posyunHi AMCO i MEO-1500; G — nicns 3a-
MOPOXXyBaHHs-BigirpiBy y po3umni AMCO i NMEO-1500 Ta BigM1BaHHS.

Fig. 1. Fluorescent images of equine red blood cells: A — control; B — after incubation in DMSO solution; C — after freezing-
warming in DMSO solution; D — after freezing-warming in DMSO solution and washing; E — after incubation in DMSO and
PEO-1500 solution; F — after freezing-warming in DMSO and PEO-1500 solution; G — after freezing-warming in DMSO
and PEO-1500 solution and washing.
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Puc. 2. ®dnyopecueHTHi 306paxeHHsa epuTpounTiB buka: A — koHTporb, B — micns iHky6auii y posumni AMCO; C — nicna
3aMOopoXyBaHHA-Bigirpiey y po3unHi AMCO; D — nicns 3amopoxyBaHHA-Bigirpisy y po3unHi AMCO i BigmuBaHHs; E — nicna
iHKyBauii y po3umni AMCO i MEO-1500; F — nicns 3amopoxyBaHHsS-Bigirpisy y posunHi AMCO i NMEO-1500; G — nicns 3a-
MOPOXXyBaHHs-Bigirpiy y po3umni AMCO i NMEO-1500 Ta BigM1BaHHS.

Fig. 2. Fluorescent images of equine red blood cells: A — control; B — after incubation in DMSO solution; C — after freezing-
warming in DMSO solution; D — after freezing-warming in DMSO solution and washing; E — after incubation in DMSO and
PEO-1500 solution; F — after freezing-warming in DMSO and PEO-1500 solution; G — after freezing-warming in DMSO

and PEO-1500 solution and washing.

chepuunHOi, Ta 30UTBIICHHAM TPOHUKHOCTI MEMO-
paH YyacTWHU KJIITHH a5 OapBHUKA. KiTbKiCTh Tigpo-
(hoOHMX wMicb 3B’S3yBaHHA 30UTBIIYETHCA 1, OC-
Kimpky OapBHUK 3-DAB B3aemonie 3 OioJOTi4HH-
MU CTPYKTypaMmu came 3a TigpopoOHNM MEXaHI3MOM,
CYTTEBO MOCHITIOETHCS (PITyOPECIICHIIISI epUTPOLIUTIB.
Taknit epexr [.A. Bypsik Ta ciiiBasr. [ 1] cnocTepiranu
3a 4aCTKOBOTO MOMIKOPKCHHS MeMOpaH, MpH LbOMY
MTOBHE MOLIKO/DKEHHSI KJIITHH MPUBOAMIIO 0 TaCiHHA
(hiryopecrieHiiii Bosoro.

3aMOpOKyBaHHS-BIIITPiB €PUTPOIIUTIB KOHS 1 OH-
Ka y OJHOKOMIIOHEHTHOMY CEpEIOBHUILI BHKIIMKAE
TIOSIBY €PUTPOITUTIB 13 OMHOPITHUM SICKpaBUM 3a0ap-
BieHHsM (puc. 1, 2). IMoBipHO, 3011bIIIEHHS IPOHUK-
HOCTI MeMOpaH! BHACTIAOK 11 ITOIKOIKEHHS TPU3BO-
JIUTH 0 OUTBII SICKPaBOTO 3a0apBiieHH KIiThH. [Ticis
BCIX eTamiB KpiOKOHCEPBYBaHHsS (3aMOPOKyBaHHSI-
BiIrpiBy-BiAMHUBaHHS) E€PUTPOLUTIB KOHS Yy pO3-
yuHi JIMCO KmiTHH 13 SICKpaBUM 3a0apBJICHHSM HE
cnocrepiranocs. MOXKIIUBO, BOHM BHUIAJSIOTHCS 13
cycrieH3ii Ticls BiAMHBaHHS BiJl KPiOMPOTEKTOPY.
Bincorok 3armbnmx KIITHH Ha BCIX eTamax Kpio-
KOHCEpBYBaHHsI BU3HA4YaIM 3a piBHeM remomizy. Ha
puc. 3 BUAHO, IO HA €Tami BIIMHBaHHS BiA Kpio-
MIPOTEKTOPY PiBEHb T'eMOINIi3y EPUTPOIHUTIB 3pOCTaEe
maibke Ha 30% MOpiBHSAHO 31 3pa3kaMH BiZlpa3y Iicist
3aMOpOXKyBaHHS-BiIirpiBy. Lle cBigquuTh TIpo Te, 1o
BIJIMUTI KJIITUHH, SIK1 OyJTM YaCTKOBO TMOIIKOKCHI HA
eTarli iHKyOarlii 3 KpionmpoTEeKTOPOM 1 3aMOPOIKYBaH-
HSI-BIAITPiBY, MOBHICTIO 3pyHHYBaJIHCA.

JonaBanHs 10 cycrieH3ii epuTpOIMTIB KOHS 1 OnKa
Kpi03aXMCHOTO CEPEAOBUILA, 110 MICTUTH CIIOIYKH
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Freezing-thawing of equine and bovine erythro-
cytes in a single-component medium causes the
appearance of erythrocytes with a homogeneous
bright color (Fig. 1, 2). Probably, increasing the
permeability of membrane during its damage leads
to a more vivid staining of cells. After all the stages
of cryopreservation (freezing-warming-washing) of
equine erythrocytes in DMSO solution no cells with
a bright fluorescence were observed. They may
be removed from the suspension after cryoprotectant
washing. Percentage of dead cells at all the stages
of cryopreservation was determined using the level of
hemolysis. Fig. 3 shows that at the stage of washing
from the cryoprotectant, the level of hemolysis of
erythrocytes increases by almost 30% if compared
to that in the samples immediately after freezing-
warming. This suggests that after washing-out the
cells, which were partially damaged at the stage
of incubation with cryoprotectant and freezing-
warming, were completely destroyed.

Adding to the suspension of equine and bovine
erythrocytes of cryoprotective medium containing
compounds of different type of action (DMSO and
PEO-1500) did not substantially enhance the fluores-
cence of erythrocyte membranes, in contrast to a
single-component solution based on DMSO. This
indicates a less membranotropic effect of the combined
medium if compared to a single-component one based
on DMSO. After all the stages of cryopreservation
in the combined medium, the erythrocyte sizes and
intensity of the fluorescence of membranes did not
differ significantly from the control (see Fig. 1, 2).
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Pwuc. 3. PiBeHb remoni3y Ha pi3HMX eTanax KpiokOHCepBYyBaHHSA epuTpounTiB KOHA () Ta buka (m) y cepeposuuli 3 IMCO
i kombBiHoBaHoMy cepepnouLli 3 AMCO i NMEO-1500; * — cTaTUCTMYHO 3HaYyLla pPi3HULS MO BiJHOLLUEHHIO 0 OOHOKOMIMO-
HeHTHoro cepenosuwa 3 IMCO, # — cTaTUCTUYHO 3HaYyLLA Pi3HMLSA MO BiAHOLLEHHIO 40 ePUTPOLUUTIB KoHS, p < 0,05 (n = 5).

Fig. 3. Hemolysis level at different stages of cryopreservation of equine (O0) and bovine (=) red blood cells in medium
with DMSO (1) and combined with DMSO and PEO-1500 (2); * — statistically significant difference with respect to
single-component medium with DMSQO, # — statistically significant difference as for equine red blood cells, p < 0.05 (n = 5).

pizHoro tuny il (JIMCO i [TIEO-1500), ictotHO He 10-
CHITIOBAJIO (DIIyOPECIICHITIIO EPUTPOITUTAPHIX MEMO-
paH, Ha BIAMIHY BiJl OTHOKOMIIOHEHTHOTO PO3UMHY
Ha ocHoBi JIMCO. Lle cBiguuTh po MeHIy MeMOpa-
HOTPOIHY 10 KOMOIHOBAHOTO CepeIOBHIIA ITOPiBHSI-
HO 3 OJHOKOMITOHEHTHHM CEpEJOBHIIEM Ha OCHOBI
JAMCO. Ilicns Bcix eramiB KpiOKOHCEPBYBaHHS Y
KOMOIHOBaHOMY CEPEIOBHILI 3a PO3MipaMu Ta iHTEH-
CHBHICTIO (piryopeciieHii MeMOpaH epUTPOLUTH CyT-
TEBO HE BIJPI3HSIIUCS BiJl KOHTPOJBHOI Tpynu (JIUB.
puc. 1, 2).

Ha mmrorpamax d¢myopeceHTHUX 300pakeHb
BHJIHO, ITIO TICIISI 3aMOPOXKYBaHHS-BIAITPiBY 3HATYIIE
30UTBITY€ThCS KiITBKICTh PUTPOIUTIB ¥ perioHi R1,
a 3a TPHUCYTHOCTI KOMOIHOBAHOTO KpiO3aXHUCHOTO
Cepe/IoBHINA 11i 3MiHHM BUpaxeHi MeHIe (puc. 4, 5).
Tak, y perioni R1 micist 3aMopoKyBaHHSI B pO3YHHI
JMCO cnocrepiraerscst 10,5% kitituH, a y KOMOiHO-
BaHOMY pO34uuHi — TUTbKH 1,6%. Po3monin BigMuTHX
IicJIsl KPiIOKOHCEPBYBaHHSI €PUTPOLIUTIB KOHS 1 OMKa
B KOMOIHOBaHOMY CEPEIOBHIII ONU3BKHIA JI0 KOHT-
POII0, a PO3MOL EPUTPOLIUTIB KOHS, KPIOKOHCEPBO-
BaHux i3 /IMCO, 3mimeHuii Bpaso.

Bigomo, mo Ha po3MOALT KIITHH Ha ITUTOTpaMi
BIUTMBAIOTh MOP(HOJIOTIUHI 3MiHU epUTporuTiB [20].
Tax, H.I'. 3eMmyisHCKUX Ta CHiBaBT. [S] 32 JaHUMH Mi-
KPOCKOIIYHAX CHOCTEPEKEHb 1 aHami3y LUTOrpam
BUSIBWIIM KOPEJAIII0 MK 3CYBOM PO3IOIiUICHHS
KIIITHH Ha JliarpaMi BIPaBo i 30UIbIICHHSIM cepry-
HocTi eputpoumtiB. Lli 3MiHKM Oynau 3BOPOTHUMH 110
MOMEHTY JOCSATHEHHsI TOYKHM Te€MOIi3y, a Micis Mo-
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The cytograms of fluorescence images that after
freezing-warming, the number of erythrocytes in the
region R1 increases significantly, and in the presence
of'a combined cryoprotective medium, these changes
are less pronounced (Figs. 4, 5). Thus, in the R1 region
after freezing in DMSO solution 10.5% of cells were
observed, and in the combined solution only 1.6%
were found. The distribution of the washed cells after
cryopreservation of equine and bovine erythrocytes
in the combined medium is close to the control, and
the distribution of equine erythrocytes, cryopreserved
with DMSO, is shifted to the right.

The distribution of cells in cytogram is known
to be influenced by morphological changes of red
blood cells [18]. So N.G. Zemlyanskykh et al. [19],
according to microscopic observations and cytogram
analysis, revealed the correlations between the shift
of cell division in the diagram to the right and the
increase of sphericity of red blood cells. These chan-
ges were reversible until the point of hemolysis was
reached, and after returning to isotonic conditions,
the shape of most erythrocytes and their cytogram
were back to the control parameters. Based on the
obtained cytometric data, we found that for the equine
erythrocytes, cryopreserved with DMSO, the cytogram
was not restored, even after washing-out the cryo-
protectant. This fact indicates irreversible changes
in the shape of erythrocytes, therefore their normal
functional activity after transfusion is impossible.

Thus, it was established that single-component
cryoprotective medium, based on DMSO is not quite
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Puc. 4. Uutorpammn SSC/FL3-H eputpouunTiB koHs: A — KoHTponb; B — nicns iHky6auii y posuunHi IMCO; C — nicns 3a-
MOPOXyBaHHA-Bigirpisy y posumHi AMCO; D — nicnsi 3amopoxyBaHHA-Bigirpisy y po3umHi AMCO i BigmuBaHHs; E — nicns
iHkybauii y posumni OMCO i MEO-1500; F — nicnst 3amopoxyBaHHs-Bigirpisy y posuuHi AMCO i MEO-1500; G — nicns 3a-
MOPOXYBaHHs-Bigirpiey y posunHi IMCO i MEO-1500 Ta BigMuBaHHS.

Fig. 4. Cytograms of SSC/FL3-H of equine erythrocytes: A — control; B — after incubation in DMSO solution; C — after
freezing-warming in DMSO solution; D — after freezing-warming in DMSO solution and washing; E — after incubation in
DMSO and PEO-1500 solution; F — after freezing-warming in DMSO and PEO-1500 solution; G — after freezing-warming

in DMSO and PEO-1500 solution and washing.

BEpHEHHSI /10 130TOHIYHUX yYMOB (opMa OiBIIOCTI
EpUTPOLHUTIB Ta IX HUTOrpaMa MOBEPTAIMCS 10 KOH-
TPOJBHHUX TIOKAa3HHKIB. Ha mifcTaBi ofepxaHux Iu-
TO(IIyOpUMETPUYHHUX JaHUX MU BCTAHOBHMIIH, 11O JIJISI
EPUTPOITUTIB KOHA, KpiokoHcepBoBaHux i3 JIMCO,
IATOTpamMa He BiTHOBIIOBAJIACS, HABITH ITiCIIS BiIMU-
BaHHS BiJx KpiompoTekTopa. Llei (hakT cBimuuTh mpo
HE3BOPOTHI 3MiHH ()OPMHU EPUTPOLIUTIB, & HOPMAIIb-
Ha TojaJibliia (PyHKI[IOHAJbHA 1X aKTUBHICThH IICIIs
TpaHcdy3ii 3a BiacyTHOCTI 30epexeHHs MOp¢oo-
FYHUX XapaKTePUCTUK Micisi KPiOKOHCEPBYBAHHS
HEMOXKJIHBA.

TakuM YMHOM BCTaHOBJICHO, 1110 OJJHOKOMITIOHEHT-
He Kpio3axucHe cepeposuile Ha ocHOBI JJMCO He-
JOCTaTHBO €(PEeKTUBHE J1JIsl KPIOKOHCEPBYBaHHS €PUT-
pPOLIUTIB KOHA, 1 OUIBIIICTh KIITHH, SIKi 30eperiucs
ITiCIsl 3aMOPOXKYBAaHHSA, HE BiJIHOBIIOIOTH CBOi MOP-
(omoriuni BmactuBocti. O.M. JleHncoBa Ta cImiB-
aBT. [3] TakoX BHUABWIN iCTOTHI MOPQOJIOTIUHI 3Mi-
HU €pUTPOLMTIB TBapuH micng B3aemoxmii 3 JIMCO.
EputponnTty KoHs, OMKa 1 coOaku micis 3MIITyBaHH:I
3 20%-m pozunHoM JAMCO (BuXijHa KOHIIEHTpa-
Lisi KpIONpOTEKTOpYy B PO34MHI) HaOyBamu Qopmy
HEMOBHOI c(epu 3 PI3HOK TIMOWHOK IEHTPAb-
Hoi amku. CycnenayBanss y 30%-my pozunni [TEO-
1500, HaBmaku, MPU3BOAWIO O CIUIOUICHHSI €pUT-
POLMTIB, SiKe MOB’s3aHE 3 iX 3HEBOJHEHHSM Ta ar-
peramieto. [licas po3MOpoXKyBaHHS EpPUTPOIIHTIB,
kpiokoHcepBoBaHuX i3 JIMCO, maibke BCI KITITHHH
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effective for cryopreservation of equine red blood
cells, and most of the cells preserved after freezing
did not restore their morphological characteristics.
O.M. Denisova et al. [5] also revealed significant
morphological changes in erythrocytes of animals
after interaction with DMSO. Equine, bovine and
dog erythrocytes after mixing with a 20% solution
of DMSO (initial concentration of cryoprotectant in
solution) acquired the shape of incomplete sphere
with different depth of the central excavation.
Suspending in a 30% solution of PEO-1500, on the
contrary, led to the flattening of erythrocytes, which
was associated with their dehydration and aggre-
gation. After warming the erythrocytes, frozen
with DMSO, almost all cells acquired echinocytic
form, and the one with PEO-1500 had stomatocytic
shape.

It was found that freezing of erythrocytes of
animals in the presence of PEO-1500 allowed a low
level of hemolysis [6]. Thus, for equine erythrocytes
immediately after thawing, the hemolysis rate was
about 1%, and after further transfusion modeling
(without washing of PEO-1500) it made 25-38%.
P.M. Zubov suggested [20] that the high efficiency
of PEO-1500 in freezing of erythrocytes could be
explained by adaptive rearrangements in them.
Asymmetric distribution of phospholipids is the
basis for the normal functioning of membrane
and a cell as a whole. Rearrangements in lipid
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Puc. 5. Uutorpamn SSC/FL3-H eputpouuntiB 6uka: A — koHTponb; B — nicns iHky6auii y posdmHi IMCO; C — nicns 3a-
MOPOXYBaHHs-Bigirpiey y posuunHi AMCO; D — nicna 3amopoxyBaHHs-Bigirpisy y posvuHi MCO i BigMuBaHHs; E — nicns
iHKyGauii y po3unni AMCO i NMEO-1500; F — nicnsa 3amopoxyBaHHSA-Bigirpisy y po3yunHi AMCO i MEO-1500; G — nicnsa 3a-
MOPOXyBaHHA-Bigirpisy y po3umHi AMCO i NMEO-1500 Ta BigMyBaHHS.

Fig. 5. Cytograms of SSC / FL3-H of bovine erythrocytes: A — control; B — after incubation in DMSO solution; C — after
freezing-warming in DMSO solution; D — after freezing-warming in DMSO solution and washing; E — after incubation in
DMSO and PEO-1500 solution; F — after freezing-warming in DMSO and PEO-1500 solution of; G — after freezing-warming

in DMSO and PEO-1500 solution and washing.

HaOyBanu exiHouurapHoi ¢opmu, a 3 [IEO-1500 —
CTOMATOLIMUTAPHO.

BusiBieno, mo 3aMOpOXXyBaHHSI €pUTPOLUTIB
TBapuH y npucytHocti [TEO-1500 mo3Bomnse orpu-
MaTH HU3BKHHA piBeHb remomizy [2]. Tak, mist epu-
TPOIMTIB KOHS Onpasy IICIS PO3MOPOKYBaHHS pi-
BeHb remouizy OyB Oing 1%, a micig momanpmioro
MojienmoBaHHA TpaHcysii (6e3 BiammBanus [1EO-
1500) — 25-38%. [1.M. 3y0oBuM Oyii0 BHUCJIOBJICHO
npunyuieHHst [6], mo Bucoka edextuBHicTh [TEO-
1500 mpu 3aMOpOXKyBaHHI €pUTPOLUTIB MOXKE IO-
SICHIOBaTUCSl aJalTUBHUMHU TepeOyIoBaMH y HUX.
AcuMeTpuuHe po3noaisieHHs (GocQomimigiB € ocHO-
BOIO Il HOPMaJIbHOTO (DYHKLIOHYBaHHS MeMOpaHH i
KIIITHHY B 1istoMy. [lepeOymnoBu y miminHil opraHiza-
11ii MeMOpaHH i1 BIUTMBOM KPiOTIPOTEKTOPY, & TAKOK
OTIOCEepeIKOBaHI 3MiHM Momudikamii O0110K-01IKO-
BUX 1 OUTOK-TIIITHUX B3a€EMONIH y TIpoIeci Kpio-
KOHCEpPBYBaHHSI MOXKYTh TOPYIITYBaTH acUMETPHYHE
posnoaiieHust pocdomnimigiB y memOpani. B epurpo-
LUTaX KOHS BHUSBJICHO Jediut Outka mojocu 4.2,
SIKMI BiJlirpae BayKJIMBY POJb y cTadumi3amii KIiTHH
[9]. Tomy kpama 30epekeHICTh EPUTPOLMUTIB Tic-
7Sl KPIOKOHCEPBYBaHHSI y CEpPEOBHIII, SIKE MICTUTb
[MEO-1500, moxe 3abe3neuyBarucsi Moau(iKaii€ero
MeMOPaHO-IIUTOCKEJIETHOTO KOMIUIEKCY IiJl BIUIU-
BOM JIaHOTrO Kpiomporektopy. IIpu mpomy mpucyrt-
HICTh y CEPENOBHIN KpPIOKOHCEPBYBaHHS ITPOHUK-
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organization of membrane under the influence of
cryoprotectant, as well as indirect alterations of the
modification of protein-protein and protein-lipid
interactions in the process of cryopreservation may
disrupt the asymmetric distribution of phospho-
lipids in membrane. In equine erythrocytes the de-
ficiency of the protein of the band 4.2 was found,
which played an important role in stabilization of
the cells [2]. Therefore, better preservation of eryth-
rocytes after cryopreservation in a medium con-
taining PEO-1500 could be provided by modifica-
tion of the membrane-cytoskeleton complex under
the influence of this cryoprotectant. Moreover, for
equine erythrocytes the presence in cryopreservation
medium of the permeable cryoprotectant DMSO
can reduce the dehydration of the cells at the incu-
bation stage and, accordingly, reduce the degree of
their damage during the rehydration stage after being
transferred to isotonic conditions.

It should be noted that for the washed after
cryopreservation bovine erythrocytes, there was no
similar to equine erythrocytes shift in the cytogram
to the right and an increase in the number of cells in
the R1 region (Fig. 5). This indicates the restoration of
the parameters of frozen with DMSO cells after cryo-
protectant washing-out. O.M. Denisova et al. [6]
also obtained data on a higher level of hemolysis of
equine erythrocytes after cryopreservation with 10%
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Horo kpionpotekTopy AMCO no3Bonsie 3MEHIIUTH
3HEBOJHEHHS €PUTPOLIUTIB KOHS Ha eTami iHKyOamii
i, BIAMOBITHO, 3HWU3HUTU CTYIiHb IX ITOIIKO/HKECHHS
Ha eTami perigparariii micis NepeHeceHHs B 130TO-
HIYHI YMOBH.

Crim BiI3HAYUTH, IO TSI BIIMUTHX TICIISI Kpio-
KOHCEPBYBaHHS EPUTPOIINTIB OWKa HE CITOCTEpira-
JIACS TIOMIOHE TSI ePUTPOITUTIB KOHSI 3MIIICHHS Ha
LUTOTPaMi BIIPABO 1 301IBIICHHS KUTBKOCTI KITITHH Y
perioni R1 (puc. 5). Lle cBiquuTh po BiIHOBJICHHS
napamerpiB 3amopokeHux i3 JIMCO kiiTHH micis
BigMHBaHHS BiJ KpionporekTopa. O.M. JleHncoBoro
Ta CHIBaBT. [2] TakoX OTPUMAHO JaHi MPO BUIIUN
PiBEHb Te€MOII3y EPUTPOLMTIB KOHS Micis KPiOKOH-
cepByBanus 3 10%-m JIMCO, HiX y epuTpoumrax
ouka i cobaku. Ilicist kpiokoncepByBanHs 3 [IEO-
1500 remomi3 y epurponuTax KoHS OyB, HaBIaKH,
MEHIITHH, 110 € T0Ka30M IX UyTIUBOCTI A0 crierndiy-
Ho1 TokcnuHoi Aii JIMCO. Mu 3apeecTpyBayu 3HaTy-
e BUIIMK piBeHb TeMonizy y mpucytHocti JJMCO
JUIS. @pUTPOIUTIB KOHS MOPIBHAHO 3 €PUTPOIUTAMU
Ouka (nuB. puc. 3). Y KOMOIHOBAaHOMY CEPEIOBHIII
TaKo1 Pi3HUII BUSBJICHO HE OyJIO.

B.P. Best moka3zas [10], mo IMCO y xoH1ieHTparrii
10% YMHUTH TOKCHYHY [0 Ha P KIITHH: TPU3BO-
IUTH 70 3MiH y MeMOpaHax (iOpobmacTiB xom si-
Ka, BHUKJIMKa€ HE3BOPOTHI YIABTPACTPYKTYpHi IOII-
KOMKeHHSI MiOKapAa ILypiB, 3HMKYE KIOHOT'CHHHM
MMOTEHITiall KJITHH-TIONEPEIHUKIB TMepudepruaIHol
KkpoBi Tomo. Ilpumdomy KpiM OCMOTHYHHX €(EKTiB
HasiBHA TIpsiMa OJoKyBasibHa Iist Mojekyn JIMCO na
01k MeMOpaHHHUX KaHAaJIiB, a HOTO TiAPOQUIbHICTH
Ta 37aTHICTH 10 Jaecrtadimizamii koHdopMmarli Oinka
301IBLIYIOTBCS 3 TMIIBUIIEHHSIM Temneparypu. Kpim
uporo, st IMCO xapakrepHa crienudiuHa MmomKkos-
Kyloua JIisl — KITITHHHa MeMOpaHHa TOKCHYHICTH [10].
Opnaxk He3Bakarouu Ha 1e, IMCO mupoko 3actoco-
BY€TBCS U KPIOKOHCEPBYBaHHS Oararbox 0ioJoriu-
HUX 00’ €KTiB 3aBISIKM BHCOKil IIPOHUKHOI Ta CKIIOYT-
BOPIOIOUiH 31aTHOCTI. Momuikallis CTpyKTYpH BOIH
monekyiaamu JIMCO, ska TpuBOIUTH 10 CXUIBHOCTI
PIIUHU IO TIEPEOXOJOHKCHHSI 1 yYTBOPEHHS CKJIO-
roniOHO1 (a3u, MoB’s3aHa 3 THUM, IO Yac ICHyBaHHS
BogHeBoro 3B’s13ky JIMCO-Boza y KijbKa pasiB Oilib-
LUK, HIK BOJHEBOTO 3B’SI3Ky BOja-Boja. BomHesi
3B’s13kU cyabQiHbHOT rpynu JIMCO 3 Bogoro OibIi
cubHi (61m3bk0 30 KkJ[/MOIB), HI’)K BOAHEBI 3B’S3-
KM MK MoJeKyinaMu Boau (0mu3bko 20 kJ[x/Modb).
3B’s3ku JIMCO 3 BOJ0FO CTalOTh OUTBII CTAOKUMU 3
IiIBUIIEHHSM TeMIieparypH [8].

3amwkeHHs TokcuuHoi nii JIMCO MoxiauBe mpu
3MEHILEHHI Horo KOHLEHTpaLii, yacy Ta TeMIepary-
pu iakyoamii. Kombinamiss JIMCO 3 kpionmpoTeKTo-
paMu 1HIIOTO THUIY il TO3BOJSE 3HU3UTH HOTO KOH-
IIEHTPAIliI0 Y PO3YMHI 1 BIAMOBIAHO 3MEHIIUTHA TOK-
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DMSO than in those of a bull and dog. After
cryopreservation with PEO-1500 the hemolysis in
equine erythrocytes was, in contrast, smaller, that
evidenced to their sensitivity to specific toxic effects
of DMSO. We recorded a significantly higher hemo-
lysis level in the presence of DMSO for equine eryth-
rocytes relative to the ones of a bull (see Fig. 3).
In the combined medium this difference was not
found.

B.P. Best showed [3] that DMSO at a concent-
ration of 10% had a toxic effect on cells, e. g
led to changes in the membranes of hamster
fibroblasts, caused irreversible ultrastructural da-
mage to the myocardium of rats, reduced the clo-
nogenic potential of peripheral blood precursors
etc. Moreover, in addition to osmotic effects, there
is a direct blocking effect of DMSO molecules
on the proteins of the membrane channels, and its
hydrophilicity and ability to destabilize the confor-
mation of the protein increase with a rise in tempe-
rature. In addition, DMSO is also characterized with
a specific damaging effect, i. e. cell membrane to-
xicity [3]. However, despite this, DMSO is widely
used in cryopreservation of many biological objects
due to high permeability and vitrifying ability.
Modification of water structure with DMSO mole-
cules, which leads to the tendency of liquid over-
cooling and formation of the vitrification phase, is
due to the fact that the time of existence of hydro-
gen bond DMSO-water is several times longer
than that of the hydrogen bond water-water. The
hydrogen bonds of the sulfinyl group of DMSO
with water are stronger (about 30 kJ/mol) than the
hydrogen bonds between water molecules (about
20 kJ/mol). With temperature increase the interac-
tion of DMSO with water becomes weaker [1].

Reducing the toxic effect of DMSO is possible
by decreasing its concentration, time and incubation
temperature. A combination of DMSO with other
type of cryoprotectants can reduce its concentration
in the solution and, accordingly, diminish the
toxic effect. In this case, the total concentration
of cryoprotective compounds is maintained, suf-
ficient for modifying the water structure during
freezing [8].

3-DAB stains membranes of equine and bo-
vine erythrocytes, that allows to observe the chan-
ges in the state of cells at different stages of
cryopreservation. It has been established that due
to the damaging factors of the cryopreservation of
the membrane, the part of the erythrocytes acquires
a loose structure, and the number of hydrophobic
sites of the probe binding increases, which causes
the strengthening of fluorescence of the cells with
damaged membranes. This fact is due to the pos-
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cuuny airo. [Ipu npomy 30epiraetbcsi cymapHa KOH-
LEHTpalis KPio3aXUCHUX CIIONYK, TOCTATHS ISl MO-
nudikawii CTPYKTYpH BOAM HiJ Yac 3aMOPOKYBaHHS
[11].

Takum ywmaOM, 3-DAB 3a0apBiroe MemOpaHu
SPUTPOITUTIB KOHS 1 OWKa, 110 T03BOJISIE CIIOCTEpira-
TH 3MIHU B CTaHI KJIITHH Ha Pi3HUX eTamaxX KPiOKOH-
CepBYBaHHS. BCTaHOBIICHO, IO BHACIIIOK [Iii MOIII-
KO/DKYIOUHX (DaKkTOpiB KpIOKOHCEpBYBaHHS MeMO-
paHM YaCTHHU EPUTPOLHUTIB HAOYBAIOTh OUTBIII Ty XKOT
CTPYKTYPH, 1 KUIBKICTh T1IPOPOOHHUX Miclb 3B’s3Y-
BaHHSI 30H/a 301IbIIYETHCS, 0 BUKIUKAE TTOCUIICH-
Hs1 oayopecueHmii KIITHH 13 MOUIKO[UKEHUMU MEM-
Opanamu. Llum Qakrom oOyMOBIIEHa MOXIIUBICTD
3actocyBaHHs (ryopectieHTHOro OapBHHKa 3-DAB
JUTS. OI[IHKM CTaHy €pUTPOIUTIB TBAPWH MICIs Kpio-
KOHCEPBYBAaHHs 3 BUKOPUCTAHHSIM IPOTOYHO-LIUTO-
(hTyOpUMETPUYHOTO aHaNi3y Ta (GIyopecieHTHOI
Mikpockorii. Iloka3ano, mo y Tporieci KOHCEPBY-
BaHHS €PUTPOINUTIB KOHS 1 OMKa y KOMOIHOBaHOMY
Kpi03aXUCHOMY CEpEIOBHII, Ha BiIMIHY BiJ| OJIHO-
KOMIOHEHTHOTO cepenoBuia 3 [IMCO, 3MeHITy€eTh-
Csl KUIBKICTh 3arMONUX KIITHH; XapaKTEePUCTHKH
CPUTPOLIUTIB, SIKi 30epercs micis BCiX eTarliB Kpio-
KOHCEPBYBaHHs, OUIbII ONHM3bKI O KOHTPOJIbHUX,
IO BaXXJIMBO BPAxOBYBaTH MJsl KIITHH KOHS, fKi
HaHOUTBIIT Yy TIIHBI IO TOMIKOKYFOUOT JIiT (hakTopiB.

BucnoBku

1. bapeauk 3-DAB MOXHa yCIHINIHO 3aCTOCOBY-
BaTH IS OIIHKH 30€pEKEHOCTI ePUTPOIIUTIB MiCIsT
Kp1OKOHCEPBYBAaHHS.

2. KomOiHOBaHEe KpiO3aXHCHE CEpEIOBHIIE 3
MMEO-1500 i AMCO Oinbin e(heKTUBHO 3axXHIIae
EpUTPOLIUTH KOHS 1 OMKa Ha BCiX eTanax KpioKoHcep-
BYBaHHs, HIXK OJHOKOMIIOHCHTHE CEpelOBHUILE Ha
ocHosi JIMCO.

3. Eputpouuty KOoHSl OLIBII 4y T/IMBI 10 MOIIKOJ-
JKYFO4Oi Ii1 PaKTopiB KPiOKOHCEPBYBaHHSI, HIXK €PUT-
pounTHu OUKa.
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sibility of using 3-DAB fluorescent dye to evaluate
the state of erythrocytes of animals after cryopreser-
vation by means of cytometric analysis and fluo-
rescence microscopy. It is shown that in the process
of preservation of equine and bovine erythrocytes
in a combined cryoprotective medium, in contrast
to the single-component medium with DMSO, the
number of dead cells decreases; the characteristics
of erythrocytes that have survived after all stages
of freeze-thawing are closer to controls, which is
important to be considered for equine cells, which
are most sensitive to damaging effects of factors.

Conclusions

1. The 3-DAB dye can be successfully applied
to evaluate the survival rate of erythrocytes after
cryopreservation.

2. Combined cryoprotective medium with PEO-
1500 and DMSO more effectively protects the
equine and bovine red blood cells at all the stages
of cryopreservation if compared with the single-
component medium based on DMSO.

3. Erythrocytes of the horse are more susceptible
to the damaging effects of cryopreservation factors
than the ones of bull.
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