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Cryopreservation of Canine Erythrocytes Using Dimethyl Sulfoxide,
Polyethylene Glycol and Sucrose

Pedbepar: Y pobGoTi [ocrimkeHo 3axvCHi BNacTMBOCTI KOMOIHOBAHWX CepedoBuLL MPOHMKHOTO (aumeTuncynbdokeuagy) Tta
HenpoHWKHOro (momietunenrnikonto 3 M. M. 1500) KpionpOTEeKTOpiB Npu LBUAKOMY OXONOMKEHHI B PiAKOMY asoTi epuTpouuTis
cobak i3 BMKOPUCTAHHSIM COMIbOBOrO Ta CaxapO3HO-CONMbOBOrO cepenoBuLl. BcTaHOBNEHO, WO 3acToCyBaHHSA KOMOIHOBAHMX PO34YMHIB
KpiONpoTeKTOpiB Ha OCHOBI nonietuneHmikonto 3 M. M. 1500 (15%) Ta aumetuncynbdokenay (2,5-10%) B conbo0BOMY CepeaoBuLLi
He[oCTaTHbO edeKTUBHE AN KPIOKOHCEpPBYBaHHSA epuTpounTiB cobak. 3MEHLUIEeHHS KOHLUEeHTpaLii coni Ta AogaBaHHsA y cepedoBuLLe
KPIOKOHCEPBYBAHHSI HEMPOHWMKHOI Y KMITUHM Caxapo3n Chpuse NiABULLEHHIO 30epeXeHOCTi epuTpOLMTIB MNiCNs PO3MOPOXYBaHHS.
Kpalwi kpiozaxucHi BnactuBocCTi Anst eputpouutie cobak npossue 10%-i AnMeTnncynbMOKCUA Ha OCHOBI CaxapO3HO-CONMbOBOrO cepe-
[OBMLLA, NPV LbOMY CMOCTEpPIranucst BMCOKa 30epexeHiCTb KMiTUH MiCns 3amMOpOXYyBaHHSA-BIAIrpiBaHHS, MeXaHiyHa Ta OCMOTM4YHa
CTINKICTb AEKOHCEPBOBaHNX eputpouuTiB. Lle cBig4YMTbL MpO MOXNMBICTb [OBrOCTPOKOBOrO 36epiraHHsi i 3aCTOCYBaHHSA KpPiOKOHCEPBO-
BaHVX epuTpouuTiB cobak Ans TpaHcdysin.

Knro4yoBi cnoBa: eputpountn cobak, KpiokOHCEpBYBaHHS, KPIONPOTEKTOP, MEXaHiYHa CTilKiCTb, OCMOTUYHA KPUXKICTb.

Abstract: Cryoprotective properties of combined media of permeable (dimethyl sulfoxide) and impermeable (polyethylene glycol
with m. w. 1500) cryoprotective agents during rapid cooling in liquid nitrogen of canine erythrocytes using saline and sucrose-saline
media have been investigated. It was found that the use of combined solutions of cryoprotective agents based on polyethylene
glycol with m.w. 1500 (15%) and dimethyl sulfoxide (2.5-10%) in saline was not quite effective for cryopreservation of canine erythrocytes.
Reducing the salt concentration and adding cell-impermeable sucrose to the cryopreservation medium increase the preservation
of erythrocytes after warming. The best cryoprotective properties for canine erythrocytes were demonstrated by 10% dimethyl sul-
foxide based on sucrose-saline medium, with high preservation of cells after freeze-warming, mechanical and osmotic stability
of warmed erythrocytes. This indicates the possibility of a long-term storage and use of cryopreserved canine erythrocytes for transfu-

sions.

Key words: canine erythrocytes, cryopreservation, cryoprotective agent, mechanical stability, osmotic fragility.

Ha croromui crioctepiraeMo gacriiie 3acTOCyBaH-
Hsl TIEpEeNTUBAHHS KPOBI co0aKaM ITij] yac Teparii rema-
TOJIOTIYHHX, TTAPA3UTAPHUX 1 XIPypPTiYHUX 3aXBOPIO-
BaHb, a TAKOXK Pi3HOTO poay TpaBM. st TpaHCcdy3iit
3a3BHYail BUKOPHCTOBYIOTH JOHOPCHKY KPOB, OHAK
il 3amaciB y BeTepUHApHHUX JIIKapHAX YKpaiHu He
ICHYE€, 1110 TOSICHIOETBCS BIJICYTHICTIO CHeEIiallbHUX
JIOHOPIB 1 CKJIQJIHICTIO BiAOOpPY KpPOBi 3a ()eHOTHITO-
BUMHM o3HaKamu [13, 16, 41]. B ekcTpeHux Bunaakax
KpoB OepyTh Bij Oe3MmopigHuX cobak, sKi 3HAXOIATh-
sl B pO3IUTIAHUKAX. JJ1s mepearBaHHs BUKOPUCTOBY-
I0Th KPOB, 3arOTOBJICHY 3 PO3YMHOM aHTUKOATyJISIHTA
(HampuKIan, TIIOKO30-UMTPAaTHUHN po3unH). OnHak
y TIMOTEpMIYHUX YMOBax JOHOPCHKa KpOB 30epi-
raeTbCs HEAOBro (it KpoBi cobaku He Ouiblie
20 ni6 [18, 28, 38]), mpu LBOMY JOCHTH HIBHIKO
3HWKYETHCS 1i SIKICTh, IO TMOB’S3aHO 3 MOPYIICH-
HSIM Dsily TOMEOCTaTHYHUX IMOKA3HUKIB EPUTPOLIUTIB
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Nowadays the blood transfusions in dogs to treat
hematological, parasitic and surgical diseases, as
well as various injuries have been more frequently
applied. Donated blood is usually used for trans-
fusions, but its stocks are not available in veteri-
nary hospitals of Ukraine, that is explained by the
lack of proper donors and complexity of blood
sampling by phenotypic characteristics [3, 7, 37].
In emergencies, blood is collected from purebred
dogs kept in kennels. Blood procured with an
anticoagulant solution (e. g., glucose-citrate solu-
tion) is used for transfusion. However, under hy-
pothermia the donor blood is stored for a short time
(for canine blood it is not longer than 20 days [11,
22, 34]), while its quality decreases quite rapid-
ly, that is associated with impaired homeostatic
parameters of erythrocytes during their long-term

storage. In particular, there are morphological
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3a iX TpuBasoro 30epiranHs. 30Kkpema, BiI0yBalOThCA
MOp(oJIOTiYHI 3MIiHM KIIITHH, CIIOCTEpIraeThcs Ha-
KOIIMYEHHSI JIAKTATy, 3aKUCJICHHS CepellOBUIIA, 3HU-
JKEHHS IIBUAKOCTI TIIIKOJI3y, 3MEHIICHHS KUTbKOCTI
2,3-muochormineprHOBOi KUCIOTH Ta aJIeHO3WH-
tpudochary [18, 28]. Lli mopymeHHs HpuU3BOAATH
JI0 3MEHITICHHS CTIHKOCTI EpUTPOIIMTIB 1 30UTBIIICHHS
remomizy. Tomy 3a3BH4ail mepennBaioTh HE HITbHY
KpOB, a cycreH3ito eputpoumurtiB. Ilepeara TpaHc-
(y3ii epuUTPOHTIB y MOPIBHSIHHI 3 HIJTICHOI KPOB’IO
MOJISITAE Y MOMKIIMBOCTI KOHTPOITIO 32 KiIBKICTIO epH-
TPOLMTIB y PO3UUHI, SKUH BBOJHUTHCS, a TaKOX 3a
MiHIMaJIbHOIO MPHCYTHICTIO OUNbII BpPa3iMBUX JIEH-
KOLMTIB, TPOMOOLHMTIB 1 MPOAYKTiB ix po3many [15,
20]. Ipu oMy HEOOXiTHWIA AJIST TTepeNMBaHHS 3a-
raJibHUi 00’eM Moxke OyTu 3MeHIIeHo. CTBOpEHHS
3araciB epUTPOITUTAPHOT MaCH COOAK HE MOXKITUBE ITi/T
gac 30epiraHHs B yMOBax TimoTepMmii. Y 3B’ SI3Ky 3 ITUM
Ha CHOTOAHI 3pOCTa€ 3aIiKaBICHICTH MO0 KPIOKOH-
CEpBYBaHHS caMe epUTPOLUTIB. 30epiraHHs epuTpo-
IUTIB 32 HAJIHU3BKUX TEMIIEpaTyp 3yMUHsIE MeTabo-
JTi3M 1, 0T7Ke, 3a1modirae mporpecyrdomMy MopyIIeHHIO
CTPYKTYpH Ta (QYHKIIH 13071p0BaHUX KIITHH. B ymo-
BaxX pIAKOTO a30Ty EpPUTPOLMUTH MOXKHaA 30epiratu
MPOTATOM JICKITBKOX POKIB, IO TO3BOJISIE CTBOPIOBA-
TH 3aracy KOHCEPBOBAHOI JTOHOPCHKOT KPOBi Pi3HUX
TPy i opig coak.

IcHYIOTP NOOJMHOKI AOCIHIPKEHHS LIONO0 3aMo-
pPOXyBaHHSI epUTpPOLHUTIB cobak [4, 14, 26, 27, 30].
Bigomo, mo mrinepon, KU € KIIACHIHAM KpioIpo-
TEKTOPOM [UISI SPUTPOITUTIB JIIOAUHHU, HE e(PEKTUB-
HUH M1 9ac KPiOKOHCEPBYBAHHS €PUTPOIIUTIB COOAK
[4, 5]. HAumeruncynbdokecun (JIJMCO) Oy Oinbin
e(eKTHBHUM TIPH HU3BKOTEMIIEpaTypHOMY 30epiraHHi
LIUX KIITHH, TPOTE KUIBKICTH IMOIIKO/PKEHUX KIITHH
y Tpoleci 3aMOpOXKYBaHHS-BiAIrpiBaHHS 3aJIMIlA-
Jacs JIOCUTh BENUKOIO. ICHYIOTH METOOM KpiOKOH-
CCpBYBaHHsI CPUTPOLUTIB co0aK i3 3aCTOCYBaHHIM
TaKUX HEMPOHUKHUX KPIOMPOTEKTOPIB, AK IMOJIETH-
nenrmikons M.M. 1500 (ITET-1500) [5] 1 rigpoxcu-
erunkpoxmanb (I'EK) [26, 27, 30, 43]. Ilepeara
LIUX METOAIB IOJIATa€ Y MOXJIMBOCTI BHUKJIIOUEHHS
eTary BUIAJICHHS KpPIOMPOTEKTOPIB Tepen TpaHc-
¢ysiero. OHAK HEHOJIIKOM TaKHX KPiOTPOTEKTOPIB
CTaJl0 MPUXOBaHE YIIKOPKEHHS B JEKOHCEPBOBAHUX
EpUTPOLINTAX, SIKE MPOSIBISETHCS B 3HMKCHHI OC-
MOTHYHOI CTA0UILHOCTI MiJl Yac IX MEPEeHECEHHs JI0
i30TOHIYHOTO cepenopuia [21].

IcHye minxin KoMOiHyBaHHS B CEpEIOBHUIII
3aMOpOKYBaHHSl HENPOHUKHUX MOJIMEPHHUX Kpio-
MPOTeKTOpiB 13 mpoHukHUME [10, 12], 3a skoro €
YCIILIHAM 3aMOPOXKYBaHHSI ME3€HXIMaJbHUX CTOB-
OypoBHX KJIITHH ITypa [35], TPOMOOIHTIB Ta EPUTPO-
nuTiB ronuHA [3, 11], TEMOMMOSTHYHUX CTOBOYPO-
BHUX KIIITHH TEYiHKW JOnuHU [37] Ta AESIKUX poc-
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changes in cells, accumulation of lactate, medium
acidification, decrease in glycolysis rate, reduction
of the amount of 2,3-diphosphoglyceric acid and
adenosine triphosphate [11, 22, 43]. These disorders
lead to a decrease in the resistance of erythrocytes
and an increase in hemolysis. Therefore, not the
whole blood but a suspension of erythrocytes is
usually transfused. The advantage of transfusion
of erythrocytes over the whole blood is the ability
to control the number of erythrocytes in the solu-
tion injected, as well as a minimal presence of
more vulnerable leukocytes, platelets and their
decay products [6, 13]. At the same time, the total
volume required for transfusion can be reduced.
Establishing the stocks of canine erythrocyte mass
is not possible during storage in hypothermia. As
a result, the interest to cryopreservation of erythro-
cytes is growing. Their storage at ultra-low tem-
peratures stops the metabolism and, therefore,
prevents the progressive disruption of the structure
and function of isolated cells. In liquid nitrogen,
erythrocytes can be stored for several years, that
enables the establishing the stocks of preserved
donor blood of different groups and various breeds
of dogs.

There are single studies on freezing of canine
erythrocytes [5, 8, 19, 20, 24]. It is known that
glycerol, being a classic cryoprotective agent (CPA)
for human erythrocytes, is not effective during
cryopreservation of canine ones [§8, 9]. Dimethyl
sulfoxide (DMSO) was more effective during low-
temperature storage of these cells, but the number
of those injured during freeze-warming remained
quite large. There are methods to cryopreserve the
canine erythrocytes using impermeable CPAs, such
as polyethylene glycol with m.w. 1500 (PEG-1500)
[8] and hydroxyethyl starch (HEC) [19, 20, 24, 39].
The advantage of these methods is the possibility
of eliminating the stage of CPAs removal before
the transfusion. However, the disadvantage of such
CPAs is the latent damage in warmed erythrocytes,
which is manifested in a reduced osmotic sta-
bility during their transfer to an isotonic environ-
ment [14].

There is an approach of combining of impermeable
polymeric CPAs with permeable ones [28, 40] in
the freezing medium, due to which freezing of rat
mesenchymal stem cells [30], platelets and human
erythrocytes [4, 31]), hematopoietic stem cells of the
human liver [33] and some plants [15] is successful.
Of great importance is the freezing medium com-
position, in particular the presence of salts and sucrose.
R.B. Williams et al. [27]) demonstrated that the use
of sucrose as an additional CPA was helpful to reduce
the osmotic shock of blastomeres after warming.




nuH [22]. Benuke 3HaYCHHS Ma€ i CKJIaJl CepPeIOBH-
a 3aMOpPOXKYBaHHs, 30KpeMa IPUCYTHICTh COJeH
i caxapo3u. Y po6oti R. B. Williams ta cniBasr. [33]
MMOKa3aHO, IO BUKOPUCTAHHS Caxapo3W SK JOnaT-
KOBOTO KpIOIIPOTEKTOpa I0TOMAarae 3HU3UTH OCMO-
TUYHUH IIIOK OJIACTOMEPIB ITiCIIS BiMirpiBaHHS.

Bcranosneno, mo HaHOUTBII Bpa3iIMBUMHU TIPH
3aMOpOKyBaHHI-BIITPiBaHHI € TUTa3MaTWUIHI MEeMO-
panu epuTpouTiB [25, 29, 34, 36, 42, 44]. Y nponeci
KpIOKOHCEpBYBaHHs BiZI0OyBarOTbCsl 3MiHU KOHIICHT-
parii cosieli mij yac KpUCTali3aiii Ta BHUMOPOXKY-
BaHHS BOJM, 3MiHA OCMOJISIPHOCTI Yy TIpoIieci aoja-
BaHHs1 / BUJJAJICHHS KPIOTPOTEKTOPIB, 110 TPU3BOAUTH
0 MeXaHIYHOi Hampyru MeMOpaHH EpHUTPOLUTIB
i mutockenera [19, 34, 36]. CyrreBum s MemO-
paHU TaKOX € TPSIMUN MeXaHIYHWW BIUTUB, SKHN
CTBOPIOETHCS 3POCTAIOYMMHU KPUCTATAMHU JTHOJY TTiJT
gac 3aMopokyBaHHA [1, 25, 42]. OcHOBHA POJB i~
TPUMKH CTIHKOCTI EpPHUTPOIHTIB 32 MEXaHITHOTO
BIUIMBY JIbONY HAJICKUTH IIa3MaTHYHIA MeMOpaHi
1 OljKaM IUTOCKEJICTHOTO KOMIUICKCY KIITHH [32,
44]. Tomy npu nopaneiniidi Tpancdysii miaTpUMKa
KHUTTE3NATHOCTI JIEKOHCEPBOBAHMX EPUTPOLUTIB Y
pycai kpoBi Oararo B YoMy Oyle 3ajekaTH Bij
30aTHOCTI MeMOpaH KIITHH BUTPUMYBAaTH 3Ha4HI
MeXaHIuHI Hampyru mijJ 4Yac IepenaaiB OCMOTHY-
HOTO THCKY, a TaKOXK PyXy KaliJisipaMu, po3Mipu
SIKHX MOXYTh OyTH MEHIIMMH 3a JiaMeTp CaMuX
epUTPOLUTIB. Y 3B’A3KYy 3 UM OIliIHKA OCMOTHYHOI
Ta MEXaHIYHOI CTIHKOCTI € BaXJIMBUMH TECTOM
SIKOCTI JIEKOHCEPBOBAHUX EPHUTPOIUTIB TEepen 3ac-
TOCYBaHHSM JIs1 TpaHcdy3ii.

Merta poOOTH — BHBYCHHS KPiOMPOTEKTOPHHX
BJIACTUBOCTEH KOMOIHOBAaHUX COJIBOBUX 1 caxapos-
HO-COJIbOBHX CEPEJOBUII MPOHUKHUX 1 HEMPOHUK-
HUX KpPIOMPOTEKTOPIB MiJ] Yac IIBUAKOTO 3aMOPOXKY-
BaHHSl CPUTPOIUTIB COOAK, a TaKOX JIOCIHIHKCHHS
OCMOTHYHOI Ta MEXaHIYHOI CTIHKOCTI JIEKOHCEPBO-
BaHUX EPUTPOIIUTIB.

Marepiaau Ta MmeToaHn
Y poOOTi BHUKOPUCTOBYBAJIM TaKi PEAKTHUBU:
ITEI" M. M. 1500, TEK M. m. 200, JIMCO, miroko3y

(«Serva», Himeyunna), caxaposy, NaCl, NaH,PO,:

H,0, Na,HPO, Ta inu1i peaktusu BupoOHunrsa Pocii
ta Ykpainu (X. 4. a0o oc. 4.).

O0’exTaM JOCIIPKEHHS CTaJld CPUTPOIUTU CO-
Oak. Yci TBapuHH Oynau KIIIHIYHO 30POBUMH, CTa-
TeBo3piuMu Oe3mopigauMu  camipsima  (2—10 po-
kiB). EkcnepuMeHTH NpOBOIMIM BiAMOBITHO 0
3akony Ykpainu «IIpo 3axuct TBapuH BiJ XKOpCTO-
xoro moBomkeHHs» (Ne 3447-1V Bix 21.02.2006 p.)
1 BIAMOBITHO 710 MiXHApOIHUX TPHHIMUIIB €Bpo-
MMEeChKOI KOHBEHINI 3 3aXUCTy XpeOSTHHX TBa-
puH (Ctpacoypr, 1986 p.).

The most vulnerable to freeze-warming were
found to be plasma membranes of erythrocytes [18,
23, 29, 32, 38, 41]. In cryopreservation there are
the changes in salt concentration during crystalliza-
tion and freezing of water, alteration in osmolarity
during adding / removing the CPAs, that leads to
mechanical stress on membrane of erythrocytes
and cytoskeleton [12, 29, 32]. Significant for the
membrane is also a direct mechanical effect gene-
rated by growing ice crystals during freezing [1,
18, 38]. The main role in maintaining the stability
of erythrocytes under the mechanical action of ice
belongs to the plasma membrane and proteins of
the cytoskeletal complex of cells [26, 41]. There-
fore, during further transfusion, the maintenance
of viability of warmed erythrocytes in bloodstream
will largely depend on the ability of cell mem-
branes to withstand significant mechanical stresses
during osmotic pressure, as well as the movement
of capillaries, which may be smaller than the dia-
meter of erythrocytes. Therefore, the assessment
of osmotic and mechanical stability is an impor-
tant quality test for warmed erythrocytes prior to
be used for transfusion.

The research aim was to study the cryoprotective
properties of combined saline and sucrose-saline
media of permeable and impermeable CPAs during
rapid freezing of canine erythrocytes, as well as to
investigate the osmotic and mechanical stability of
warmed erythrocytes.

Materials and methods

The following reagents were used in the re-
search: PEG with m.w. 1500, HEC with m. w. 200,
DMSO, glucose («Serva», Germany), sucrose,
NaCl, NaH,PO,, H,O, Na,HPO, and other reagents
produced in Russia and Ukraine (chemically pure
or of high purity grades).

The research subjects were canine erythrocytes.
All the animals were clinically healthy, mature
outbred males (2-10 years). The experiments were
performed in accordance with the Law of Ukraine
‘On the Protection of Animals Against Cruelty’
(Ne 3447-1V of February 21%, 2006) and in accor-
dance with the International Principles of the
European Convention for the Protection of Verte-
brate Animals (Strasbourg, 1986).

Blood was collected with glucose-citrate preser-
vative and stored not longer than 48 hours at 5°C
prior to the experiments. Erythrocytes were obtai-
ned by centrifugation of the whole blood at 750g
for 5 min, followed by removal of plasma and pla-
telet layer. The erythrocytes were then washed three
times with 4-fold volume of isotonic saline (150 mM
NaCl, 10 mM phosphate buffer, pH 7.4).

npo6nemu Kpiobionorii i kpioMmeanUMHN
problems of cryobiology and cryomedicine

Tom/volume 31, Ne/issue 1, 2021



KpoB 3arotoBnsuini  Ha TJIIOKO30-LIUTPAaTHOMY
KOHCepBaHTi Ta 30epiranu He Oinbiie 48 roauH npu
5°C 1o mpoBeOCHHs eKCIepUMEHTiB. Epurporu-
TH OIEPXKYBaJIM METOAOM LECHTpU(DYTYBaHHS LiJib-
HOT KpoBi mpu 750g mpoTsaroM 5 XB i3 MOmaIbIINM
BUIAJICHHAM IUIa3MHM Ta JIEHKOTPOMOOLUTapHOIO
mapy. [licns 1Mp0r0 epUTPONUTH TPHUUi BiIMUBAIH
B 4-KpaTHOMY 00’€Mi 130TOHIYHOTO COJBOBOTO PO3-
quny (150 MM NaCl, 10 MM docdaruoro Oydepa,
pH 7,4).

Byno mpuroroBaHo Taki pPO3YMHU KpPiOMpPOTEK-
TOpIB: COJILOBE cepepoBuie (Ha ocHoBi 150 MM
NaCl, 10 MM c¢ocdaraoro Oydepa) Ta caxapozHo-co-
npoBe cepenoBuie (Ha ocHoBi 200 MM caxaposw,
50 MM NaCl, 10 MM docdaraoro Oydepa, pH 7,4).
KpiokoHcepBaHnTH nojaBamu A0 CyclieH3ii epurpo-
IUTIB y criBBigHOMIeHHI 1:1 32 06’ emom. TpuBamicTs
IHKyOarii epUTPOIUTIB y MUX CEPEIOBUINAX TIeper
3aMOpOXKyBaHHSAM cTaHoBmiaa 20 XB 3a KiMHATHOI
temneparypu (22°C). 3pa3ku 3aMOpPOKyBalli B Kpio-
npodipkax 06’emom 10 mi («Eppendorf», Himeuun-
Ha) IUISIXOM 3aHYPEHHS y PigKuil a30T (IPOTOKONI
MBUAKOT 3amMopo3ku). [IIBUAKICTE OXOJIOKEHHS
B Takux ymoBax craHoButh 2,5 °C/c [39]. Bini-
IpiBaHHA 3pa3KiB MPOBOIWIM ILUIIXOM IEpeHECEH-
HSl KOHTEHHepa 3 PiAKOro a3oTy y BOJSHY BaHHY
(40-42°C) 13 TOCTIMHMM CTPYLIyBaHHSM. 3pa3Ku
MOBHICTIO BiaTaBaimw mpubmmzao 3a 50-60 c. Bu-
JaJCHHS TPOHUKHUX KPIOMPOTEKTOPIB 3HiMCHIOBA-
JIM MOCIIIOBHUMH €TanaMu LEeHTpUuyryBaHHS IpPU
750g: 1 — BiZMUBaHHA PIBHUM 0O0’€MOM pPO3UHHY
600 MM NaCl, 10 MM docharaum Oypepom, pH 7.,4;
2 ¥ 3 — BiIMUBaHHS PIBHUMH 00’€MaMH PO3UHHOM
150 MM NacCl, 10 MM ¢ocdarroro 6ydepa, pH 7,4.
Iemoniz BU3HAYAIM METOAOM CIEKTPOPOTOMETPil
(«CD-46», Pocist) 3a KUTBKICTIO TeMOIVIO0IHY, SIKHMA
BUHIIOB 13 KIiTHH. KibKicTh reMorno0iHy BUpaka-
JM y BificoTKax 1o BigHomeHHIo 10 100% remomisy
€PUTPOIUTIB.

OCMOTHYHY KPHUXKICTh BHM3HAYaIM 32 METOAOM
N. C. Jain [24]: omiHIOBamM CTaOUTBHICTH KIIITHH
y rinotonigyanx pozumHax NaCl Big 0,1 mo 0,9%.
IHmexc ocMOTHYHOI KPHUXKOCTI BHU3HAYANH SIK KOH-
nentpanito NaCl, 3a skoi BigOyBaetbcst 50%-ii re-
MOJTI3.

CTilfiKiCTh EpUTPOLUTIB 10 MEXaHIYHOTO CTPECy
OLIIHIOBAJIM 32 PiBHEM I'€MOJi3Y i/l BIUIMBOM APiOHUX
KYJbOK, SIKi IIEPEeMIIIyBaJIUCs Y CycIieH311 BiIIIOBIAHO
10 MeTony, onucaHomy y poooti H. I 3emistHchKHX
[7]. HexoncepBoBani eputpouutu (1 mi1) mepeHo-
cwm y po3unH 150 MM NaCl, 10 MM ¢docdarroro
oydepa, pH 7.4 (5 M) y mIaCTUKOBUX CTaKaHYHKAX
(xinmeBUit remMaTokpuT mpudnmszHo 15%). Y crakan-
9UKH 00epekHO BHOCHIN 50 TUIACTHKOBUX KYJIHOK
(miametp 5 MM, Maca 1,5 r) i MarHiTHy HaduyKy.
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The following CPA solutions were prepared:
saline (based on 150 mM NaCl, 10 mM phosphate
buffer) and sucrose-saline medium (based on 200 mM
sucrose, 50 mM NaCl, 10 mm phosphate buffer,
pH 7.4). Cryopreservatives were added to erythrocyte
suspension in 1: 1 ratio (v/v). The duration of incu-
bation of erythrocytes in these media before freezing
was 20 min at room temperature (22°C). Samples
were frozen in 10 ml cryotubes (Eppendorf, Ger-
many) by an immersion into liquid nitrogen (rapid
freezing protocol). The cooling rate in such con-
ditions is 2.5 °C / s [35]. The samples were warmed
by transferring the liquid nitrogen container to a
water bath (40-42°C) with constant shaking. The
samples were completely thawed in about 50-60 s.
Permeable CPAs were removed in successive stages
of centrifugation at 750g: 1 — washing with an equal
volume of 600 mM NaCl solution, 10 mM phosphate
buffer, pH 7.4; 2 and 3 — washing in equal volumes
with a solution of 150 mM NaCl, 10 mM phosphate
buffer, pH 7.4. Hemolysis was spectrophotomet-
rically determined (SF-46, Russia) on the amount
of hemoglobin released from the cells. The hemo-
globin amount was expressed as a percentage re-
lative to 100% hemolysis of erythrocytes.

Osmotic fragility was determined by the method
of N.C. Jain [17], namely the stability of cells in
hypotonic NaCl solutions from 0.1 to 0.9% was
assessed. The index of osmotic fragility was defined
as NaCl concentration at which 50% hemolysis
occurs.

The resistance of erythrocytes to mechanical
stress was assessed by the hemolysis level under
the influence of small balls, which were mixed in
suspension according to the method described by
N.G. Zemlianskykh [42]. Warmed erythrocytes
(1 ml) were transferred into a solution of 150 mm
NaCl, 10 mM phosphate buffer, pH 7.4 (5 ml) in
plastic cups (final hematocrit was approximately
15%). Fifty plastic balls (of 5 mm diameter and
1.5 g weight) and a magnetic rod were carefully
placed into the cups. The erythrocyte suspension
with plastic beads was mixed by means of a magnetic
stirrer (MM-5, Ukraine) at a speed of 750g for
30 minutes. To determine hemolytic damage, the
aliquots of cells were centrifuged at 750g and
the supernatant was removed, wherein the hemo-
lysis level was determined as described above.

The results were statistically processed using
the Statgraphics Plus 2.1 software (Manugistic Inc.;
STATistical GRAPHICs system, USA). Data are
presented as M + SE (mean + standard error). The
significance of the differences between experimental
groups was assessed using a multi-scale Fisher’s
test according to grouping the samples with the least




CycneHsito epuTpOLUTIB i3 MJIACTUKOBUMH KYJIb-
KaM{ MepeMillyBald 3a JOTOMOIOK MarHiTHOI
Mmimanku («MM-5», Ykpaina) 31 mBuzakoctio 750g
mpotsiroM 30 xB. /I BHU3HAYEHHS TeMONITHUYHHX
VIIKO/DKEHb  aliIKBOTH KIITHH [EeHTpudyryBamn
mpu 750g 1 BinOupanu cyrnepHaTaHnT, y sSIKOMY BH3Ha-
YJaJIi piBeHb TEMOJII3Y SK OMHCAHO BHIIIE.

Cratuctnyna oOpoOKa pe3ysibTaTiB BHKOHAHA 3
BUKOPHCTAHHSM IPOrpaMHOro makera «Statgraphics
Plus 2.1» («Manugistic Inc.; STATistical GRAPHICs
systemy», CIIIA). Jlani mpeicraBieHo y BHUIVISAL
M + SE (cepenHe 3HaueHHsS + CTaHAapTHa IIo-
Muika). CTaTHCTUUHY 3HAYYILICTh BiAMIHHOCTEH
MK EKCHepUMEHTAJIBHUMH TPYyNaMH  OLIHIOBAJIH
3a JIOTIOMOTOI0 MHOXXMHHOTO paHroBoro tecry ®di-
mepa 3a MPOLEAYpPOI0 YIPYIOBaHHS BHOIpOK i3
HaWMEHIIIOI0 3HAYYIIOK PIi3HUIEI0. Y KOXKHINA cepii
MIPOBENICHO HE MEHIIE 6 TOCHTIIB.

Pe3yabTaTu T2 00roBOpeHHA

Bubip onTuMaibHUX KpiOMPOTEKTOPIB, iX KOM-
OiHamiii 1 KOHIICHTpAIiil € BHpIIIAJIbHUM (aKTO-
poMm Juisi 3a0e3leueHHs BUCOKOTO BM)KHMBAHHS TPH
KpiOKOHCEPBYBaHHI €PUTPOLIHTIB.

Brepuie JIMCO B sikoCTi KpionpoTeKTopa 3arpo-
nonyBanu BukopuctoByBatu J. Lovelock i M. Bi-
shop [31]. KpiomporekTop Oyiio 3acTOCOBaHO st
KpiokoHcepByBaHHA (—196°C) epUTpOUHMTIB JFOIH-
wu C.E. Huggins [23]. Takox Bimomo, mo JMCO
€ TOKCHYHOIO pedoBHHOIO [9, 17], ToMy #ioro HE0O-
XiTHO BIAMHUBATH TICISI PO3MOPOXXYBAHHS KITITHH-
HOl cycnen3ii. lle yckmamHioe OTpUMaHHS SKICHHX
JICKOHCEPBOBAHUX KIIITHH 1 MPHU3BOAUTH JI0 BTPATH
YaCTUHM KIIITHH y TIpoIleci BiIMHUBAaHHS. 3a JaHu-
mu E.E. Rosenbaum [40] tokcuunicts IMCO Ha
piBHI opraHi3amy Mae BuaoBY crenudiuHicts. Ce-
penus neranbHa mo3a (JIAS50, r/kr) mpu BHYTpim-
HBOBEHHOMY BBEZICHHI /ISl KPOJIMKIB, MaBI, Jlabopa-
TOpHUX MuIMIel i cobak cranosuth 19.2; 11,0; 3,8
i 2,5 r/kr macu BimmoimHO. BcecBiTHS opraniza-
Iisl OXOPOHH 370POB’sl B OCTaHHI POk XX CTO-
miTT mo3Boymia 3acrocyBaHHS JIMCO y sxocrti
KpiompoTekTopa 3 00OB’SI3KOBUM BiJIMUBaHHSM 3a-
MOPOKCHHX Tl MOTO 3aXHCTOM MarepiajiiB Tepen
BUKOPHUCTAHHSIM.

3 METOI 3HMKEHHS TOKCHYHOI Jii KpiOmpOTeK-
Topa OyJI0 JOCIIP)KEHO KOMOIHOBaHI PO3UMHHU Ha
ocHoBi HenponukHoro [TEI-1500 (15%) 1 mpoHuk-
Horo JIMCO (2,5-10%) xpionporekTopiB. Po3pa-
XyHOK Ha YCHIX TaKOro MiJXOAY HOSICHIOETHCS TUM,
IO MiJ 4Yac JOJABaHHS, a TaKOXK BHUIAJCHHS IPO-
HUKHUX KPIOMPOTEKTOPIB BiIOYBAETHCS MOPYIICHHS
OCMOTHYHOI PIBHOBar" KIITHH, SK€ MO)XXHa 3HAY-
HO 3HU3UTH 3a JOHNOMOIOK OIHOYACHOIO J10JaBaH-
HS HETPOHUKHOTO KpiompoTrekropa abo copbiroiry/

significant difference. At least 6 experiments were
performed in each series.

Results and discussion

The choice of optimal CPAs, their combina-
tions and concentrations is a decisive factor in
ensuring a high survival in cryopreservation of
erythrocytes. For the first time DMSO as a CPA
was proposed for usage by J. Lovelock and M. Bi-
shop [25]. C.E. Huggins [16] used CPA for cryo-
preservation (—196°C) of human erythrocytes. It
is also known that DMSO is a toxic substance
[10, 21], so it must be washed after the cell suspen-
sion thawing. This complicates the obtaining of qua-
litative warmed cells and leads to the loss of some
cells when washing. According to E.E. Rosenbaum
[36], the DMSO toxicity at the level of an organism
has species specificity. The average lethal dose
(LD50, g/kg) when administered intravenously
to rabbits, monkeys, laboratory mice and dogs is
19.2; 11.0; 3.8 and 2.5 g/kg body weight, respecti-
vely. In the last years of the twentieth century,
the World Health Organization allowed the use
of DMSO as a CPA with mandatory washing of
cryopreserved specimens under its protection be-
fore use.

To reduce the toxic effect of CPAs, the combined
solutions based on impermeable PEG-1500 (15%)
and permeable DMSO (2.5-10%) CPAs were stu-
died. Considering this approach to be successful is
explained by the fact that during the supplemen-
ting and removal of permeable CPAs the osmotic
balance of cells is disordered, that can be significantly
reduced by adding impermeable CPA or sorbitol /
sucrose [44]. The use of combined CPAs involves
ensuring an optimal dehydration of cells and mi-
nimizing the changes in their volume during freeze-
warming. Rapid freezing by an immersion of
the containers into liquid nitrogen was chosen as
the most optimal cryopreservation method to be
used in cryobanks. The most effective penetrating
CPA during cryopreservation of canine erythrocytes
is DMSO [9], and the promising one for freezing
human erythrocytes is PEG-1500 [2].

The Table shows the level of erythrocytes’
hemolysis after cryopreservation under protection
of impermeable (15% PEG-1500) and various
concentrations of permeable (2.5-10% DMSO)
CPAs. Immediately after thawing, a high rate of
erythrocyte preservation was observed in almost all
freezing options. However, after the CPA removal,
which must be performed before the use of warmed
erythrocytes in clinical practice, the degree of cell
injury increased sharply in all the samples with
PEG-1500. In the medium, which contained only
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PiBeHb remonidy epuTpounTiB Nicns KPiOKOHCEPBYBAHHS Nif 3aXMCTOM
npoHukHoro (OMCO) i HenponukHoro (MEM-1500) kpionpoTekTopis

Level of crythrocyte hemolysis after cryopreservation
with permeable (DMSO) anf impermeable (PEG-1500) CPAs

10% DMSO, the degree of
cell damage is much lower
both after thawing and after

the CPA removal. During the

KoHueHTpauisa KpionpoTekTopa, % lemonis, % use of sucrose-saline medium

CPA concentration, % Hemolysis, % . ’

Cepenosne the level of hemolysis after

Medium aMco Mar-1500 MicnAa poamopoyBaHHA ngﬂn::f:»?r?;; freeze-warming was further

DMSO PEG-1500 After warming After CPA reduced. The decrease in salt

remova concentration and increase

2.5 15 712 £ 0,72 99.76 + 0,24 in sucrose one in the CPA

5 15 20,25 + 9,20 95,10 + 1,13 solution favorably affected the

Commons i - 2 oa 2 300 . preser'vatlon of cells in freeze-
Saline ! T ! - warming.

10 15 5,73 + 1,93 44,17 + 4,62 Thus, the use of a combi-

nation of permeable DMSO

10 B 22,08 = 2,90 27,03 £ 519 and impermeable PEG-1500

2,5 15 13,77 + 6,09 95,46 + 3,27 during rapid freezing was not

effective for the protection of

CaxapoaHo- ° 10 417 =021 92,94 = 1,53 canine erythrocytes against

gonkose 75 15 6,52 + 2,60 98,06 = 1,31 adverse factors of low-tempe-

saline rature preservation. This is con-

10 ' ora =128 1354 =53 firmed by the data of N.G. Zem-

10 - 13,42 + 2,22 16,2 + 2,31 lianskykh et al. [43], wherein

MpumiTka: gaHi npeacrasneHo y Burnsagdi M £ m i3 6 He3anexHux eKCcrnepuMeHTiB,

p <0,05.

Note: the data are presented as M + m among 6 independent experiments,

p <0.05.

caxapo3u [6]. 3acTocyBaHHsS KOMOIHOBaHMX Kpio-
MIPOTEKTOPIB Mependadae 3a0e3neYeHHs] ONTUMAIb-
HOI Jerimparamii KITHH 1 MiHIMI3aIilo 3MiHH iX
00’eMy B TIpoIeci 3aMOpOKyBaHHS-BiIirpiBaHHS.
Byno oOpaHo 1mBHAKE 3aMOPOKYBaHHS IIJISIXOM 3a-
HYpECHHsI KOHTCHHEPIB y PiAKU a30T, K HAHOUTBIT
ONTUMAJIbHUNA METOJl KPIOKOHCEPBYBAaHHS JIJIsl BU-
KOpHCTaHHS B KpioOaHkax. HaliedexTuBHIIIMM 1po-
HUKHUM KpIOINPOTEKTOPOM TiJl 4Yac KpiOKoHcep-
ByBaHHs epuTpouutiB cobak € JIMCO [5], a mep-
CIEKTUBHUM ISl 3aMOPOXKYBaHHS CPHUTPOLHTIB
mogunu — [TEI-1500 [2].

VY Tabnuui nmpeacTaBleHO PiBEHb IeMONlizy epu-
TPOLIMTIB TICJISA KPIOKOHCEPBYBAHHS IIiJ] 3aXHCTOM
HenponukHoro (15% IIEI-1500) 1 pi3HMX KOHLEH-
Tpamiit mpoHukHOTO (2,5-10% JIMCO) KpionpoTek-
TopiB. Bimpasy mmicias po3MOpOKYBaHHS CIIOCTEpi-
raBcsi BHCOKHH piBeHb 30€peKeHHS EpHUTPOIUTIB
Maike B YCIX BapiaHTax 3aMopoxyBaHHS. OmgHax
IICJIsL MIPOIEYPH BHIAICHHS KPIOMPOTEKTOPIB, SKY
HEOOXIJTHO POOUTH Tepes 3aCTOCYBAaHHSIM JICKOH-
CEpBOBAaHUX EPUTPOLUTIB y KIHIYHIN MpaKTHIi,
CTYMiHb MOILIKO/UKEHHSI KIJIITHH Pi3KO 301IbLIyBaB-
cs y Beix mpobax i3 TTEI-1500. V cepenoBuii, sike
mictwio Titeku 10% JMCO, crymiHb MOMIKOA-
KEHHS KIITHH 3HAYHO MEHIIMH $IK Ticis PO3MO-
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it has been shown that if PEG-
1500 is used for cryopreser-
vation of human erythrocytes,
the asymmetry of the distri-
bution of phosphatidylserine
in the membrane is disordered,
that indicates its sublethal damage. Therefore, the
use of combined solutions using PEG-1500 does
not protect cells against an injury to erythrocyte
membranes and should not be used in cryopreser-
vation protocols for canine erythrocytes.

Figure 1 comparatively shows the degree of injury
to canine erythrocytes after freeze-warming under
protection of impermeable PEG-1500, HEC and
permeable DMSO CPAs. Immediately after thawing,
the impermeable CPA PEG-1500 showed the best
cryoprotective properties, but after removal of
CPA with NaCl saline, the level of hemolysis in-
creased sharply. It is known [2] that PEG-1500 does
not need to be removed before transfusion, but the
cells enter an isotonic environment in the blood-
stream, in which they can be severely damaged.
Probably, the presence of PEG-1500 masks the
presence of a hidden damage.

Permeable DMSO allows to keep the canine
erythrocytes at a fairly high level during freeze-
warming [9]. Therefore, we used this CPA in 10%
concentration, and to optimize the freezing condi-
tions, different amounts of salt and sucrose were ad-
ded to the freezing medium. After freeze-warming
in an isotonic environment, the water is headed
towards the cells saturated with CPA [44]). In this
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Puc. 1. MowkoaxeHHs eputpoumnTiB cobak y Lmkni 3a-
MOPOXYBaHHSA-BiAIrpiBaHHSA Mif 3aXMCTOM Pi3HUX Kpio-
npotektopiB: 1 — 15% MEN-1500; 2 - 10% OMCO; 3 —
10% OMCO; 4 — 12,5% IEK. KpiokoHcepBaHTu 1, 2,
4 wmictatb 150 mM NaCl, 10 MM coccatHoro byde-
pa; 3 — 200 mM caxaposun, 50 mM NaCl, 10 mM doc-
daTHoro Oydepa; O — remoni3 nicng po3MopoXXyBaH-
HA, @ — remoni3 nicna BUAANEeHHS KpionpoTeKkTopa;
p < 0,05.

Fig. 1. Injury of canine erythrocytes in freeze-warming
cycle under protection of different CPAs: 1 — 15% PEG-
1500; 2 — 10% DMSO; 3 — 10% DMSO; 4 — 12.5% HES.
Cryopreservatives 1, 2, 4 contain 150 mM NaCl, 10 mM
phosphate buffer; 3 — 200 mM sucrose, 50 mM NacCl,
10 mM phosphate buffer; O — hemolysis after warming,
m — hemolysis after CPA removal; p < 0.05.

case the cells swell and can maximize 1.8-2 times
their volume. Therefore, impermeable sucrose was
added to the medium to eliminate or reduce ede-
ma.

It was found that the involvement of sucrose into
the medium increases the preservation of cells after
thawing and especially after the CPA removal from
the cells (Fig. 1). When using an isotonic sucrose-
salt medium in a DMSO solution, the total hemolysis
(after thawing and removal of the CPA from the
cells) was reduced by 10%. It can be concluded that
reducing the salt concentration and adding sucrose
to cryopreservatives with 10% DMSO can save
more cells. These data are consistent with those of
D.I. Aleksandrova et al. [1], which evidence that an
increase in the concentration of salts in extracellular
environment leads to a decrease in mechanical
stability of erythrocytes, damaging them during
freeze-warming. However, sucrose in the medium
acts as an osmotic buffer, which reduces the osmotic
shock after thawing. Therefore, besides reducing
the salt concentration, the addition of sucrose to
the medium leads to a decrease in the degree of cell
injury, which is observed especially after washing
the cells from the CPAs.

The mechanical stability of cells after incubation
with CPAs in all research variants does not differ
significantly from that for the control cells (Fig. 2).

POXKyBaHHS, TaK 1 MICJs BUIAJICHHS 120
Kkpiompotekropa. Ilin yac BUKOpHC-
TaHHS CaXapO3HO-COJILOBOTO CEPENI0- 100 -

BHIIA PiBEHb I'eMOJIi3y MicCIs 3aMo-
POXXyBaHHS-BiirpiBaHHs 11 OLIbIIe
3HWKYBaBcsa. [lpy 1mboMy 3HMKEH- 80
HS KOHIICHTpAITil coJTi ¥ TIiIBUIIICHHS

o
KOHITEHTpAIlii caxapo3d B PO3UHHI o\"i 60 -
KPIOIPOTEKTOPIB CIPUATIMBO TO3HA- & &
4ayocs Ha 30epeXKeHHI KIITUH y Mpo- % g
1eci 3aMOPOXKYBaHHSI-BiirPiBaHHS. =2 40 A

TaxuM YnHOM, 3aCTOCYBAaHHS KOM-
6inanii nponnknoro IMCO i Henpo- 20
gukHoro ITEI'-1500 mijx yac mBua-
KOTO 3aMOPOKyBaHHSI BUSIBUJIOCS] HE

il

e(EKTUBHUM JUIS 3aXHCTy €PUTPO- 0+l —LL —L L . . .
[UTIB COOAK Bi HECTIPUATIMBHX (DaK- KgHTFzOJ'I'b 1 2 3 4
ontro

TOpPiB HU3BKOTEMIIEPATypPHOTO KOH-
cepByBaHHs. lle miaTBEPIKYETHCS
nmaauMu y po6oti H. I 3emistHChKIX
Ta CriBaBT. [8], y AKiil mokazaHo, 110
mig yac suxopucranus I[1E[-1500
JUIsl KPIOKOHCEPBYBAHHS €PUTPOIIUTIB
JIOMUHNA TOPYUIYETHCS aCUMETPis
posnominy  dochaTuauncepuny B
MeMmOpaHi, 0 BKa3ye Ha ii cyOne-

Puc. 2. [NowKoaXXeHHA epuUTPOLUTIB NPU MEXaAHIYHOMY CTpecCi MPOTArom
30 xB: m — fOAaBaHHSA KpioNpoTeKTopa; O — KPiIOKOHCEPBOBaHi epuUTpo-
UMTU. * — NigBULLEHHS 3HAYyLle WOoA0 KOHTPONbHOro po3yunHy (150 uM
NaCl, pH 7,4); 1 —MEr-1500, 2 - TEK, 3 — AMCO (conboBe cepenoBu-
we), 4 — IMCO (caxapo3Ho-conboBe cepegosuule); p < 0,05.

Fig. 2. Injury to erythrocytes under mechanical stress for 30 minutes:
m — with CPA; o0 — cryopreserved erythrocytes. * — significant increase
relative to the control solution (150 mm NaCl, pH 7.4); 1 - PEG-1500, 2 —
HES, 3 — DMSO (saline medium), 4 — DMSO (sucrose-saline medium);
p < 0.05.
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TanbHi TOMmKoMKeHHsA. OTxe, 3acTocy-
BaHHsI KOMOIHOBaHUX PO3YMHIB i3 BUKOPU-
craguaM [1EI-1500 He 3axuinae KIITHUHUA
BiJl YLIKO/DKEHb EPUTPOLUTAPHUX MEM-
OpaH 1 Horo He CiJl BUKOPHCTOBYBATH
B NPOTOKOJIAX KPIOKOHCEPBYBaHHS €pUT-
pOTHUTIB coOaK.

Ha puc. 1 y mopiBHSHHI mMOKa3aHO
CTYTIHB ITOIIKO/KCHHS PUTPOIUTIB COOAK
MicJIsE  3aMOPOXKYBaHHS-BIITPIBAHHS  ITi]]
3axuctoM HenpoHukHux [1EI-1500, I'EK
i mpounukHoro JIMCO KpionpoTeKTopiB.
Bigpaszy micis po3MoOpoKyBaHHS Kpaiii
Kpi03axMCHI BIACTHBOCTI MOKa3aB HENpo-
HukHUHN Kpiomporektop [1ET-1500, omnak
micist BUAANIEHHS KpiompoTekTopa ¢izio-
sorigauM posuunHoM NaCl piBeHB Temo-
T3y pisko 30uUThImMBCA. Bigomo [2], mo
IIET'-1500 He mOTpiOHO BHTAIATH TEpEn
TpaHc(y3i€ro, ajge KITHHU TOTPAIUIIIOTH
B 130TOHIYHE CEpelOBHUINE B PYCi KpOBI,
y SKOMY 1 MOXYTb OyTH CHJIBHO ITOLIKOJI-
KeHi. VImoBipHo, npucytricts ITEI-1500
MAacKy€ HasBHICTb IPUXOBAHMUX ITOLIKO/-
JKEHb.

[ponuknuit IMCO nozBosie 30epertu
EpUTPOLUTH cO0aK Ha JOCUTb BHCOKOMY
piBHI Mg dYac 3aMOpOXKYyBaHHS-BiJir-
piBanHs [5]. ToMy MU BHKOPHCTOBYBAIH
et kpionporextop y 10%-i1 KoHIIEHTpaIlii,
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Puc. 3. KpuBi OCMOTUYHOI KPUXKOCTi €puUTpoOLMTIB CODaK: ® — KOH-
TPOnbHI KNiTUHY; O — KNiITUHKU Nicna ekcnoHyBaHHA 3 10% AMCO, skun
MicTuTe 150 MM NaCl; ¢ — kniTyHW nicnsa KpioKOHCEpPBYBaHHA Mia 3a-
xuctom 10%-ro AMCO, skuin mictute 150 MM NaCl; o — kniTuHu nic-
na ekcnoHyBaHHs 3 10%-m OMCO, wo mictutb 200 MM caxaposu Ta
50 MM NaCl; m — KniTMHW nicnsa KPIOKOHCEPBYBaHHSA Mif 3aXWCTOM
10%-ro AMCO, wo mictutb 200 MM caxaposun Ta 50 mM NacCl.

Fig. 3. Curves of osmotic fragility of canine erythrocytes: o —
control cells; ¢ — cells after exposure to 10% DMSO, which
contains 150 mm NaCl; ¢ — cells after cryopreservation under
protection of 10% DMSO, which contains 150 mm NaCl; o — cells
after exposure to 10% DMSO containing 200 mM sucrose and
50 mM NaCl; m — cells after cryopreservation under protection of
10% DMSO containing 200 mM sucrose and 50 mM NaCl.

a 3 METOI0 OINTHMI3aIlii YMOB 3aMOpO-

)KYBaHHS B CEPEIOBHUIIE 3aMOPOXKYBaHHSI
JOJIaBaI Pi3Hy KITBKICTh coii ¥ caxaposu. Ilicis
3aMOpOKyBaHHSA-BIMITPIBaHHS B 130TOHITHOMY Cepe-
JIOBHIITI 10 HACHYEHUX KP1OMTPOTEKTOPOM KITITHH CITPSI-
MOBY€ETBCSI BO/Ia [ 6]. 32 [IUX yMOB KJIITHHU HAOPSKAIOTh
1 MOXYTh MaKCUMaIbHO 301IBIINTH CBiif 00’ eM B 1,8—
2 pa3u. Y 3B’SA3Ky 3 UM JJIs BUKIIIOUEHHS a00 3MeH-
LICHHS PiBHSI HAOPSKaHHS 10 CEPEeAOBHUILA BBOAMIH
HENPOHUKHY caxaposy.

Byno BcTaHoBIEHO, IO BKJIIOYEHHS 10 CEPENOBU-
a caxapo3u IiJIBUIIYE 30€PEeIKEHICTh KIIITHH TICIS
PO3MOPOKYBaHHS i 0COOIMBO TICIIST BUAAIEHHS KPio-
mpotekTopa 3 HuX (puc. 1). Ilim yac BUKOpHCTaHHS
130TOHIYHOTO  CaxapO3HO-COJTLOBOTO  CEPEIOBHUIINA
B posunHi JIMCO 3arampHuil TeMoui3 (Icas po3-
MOpOXKYyBaHHA 1 BHJAJICHHS KPIOMPOTEKTOpa 3 Kili-
TuH) 3HIKyBaBcs Ha 10%. MoxHa 3pobuTn BHCHO-
BOK, I1[0 3HFMDKEHHS KOHIIGHTpAIl coli i J01aBaHHs
caxaposu 110 KpiokoHcepBaHTiB i3 10%-m JMCO
JIO3BOJISIFOTH  30eperTd OuIbIly KUIBKICTh KJIITHH.
i mani y3romkyroTbes 3 pesyasraramu . . Anex-
CaH/IpOBa Ta CIiBaBT. [1], 3TiTHO 3 SIKUMH 3pOCTaHHS
KOHLEHTpauii cojeld y MO3aKIiTHHHOMY Cepero-
BUIII TPU3BOAUTH 1O 3HMKCHHS MEXaHIuHOi cra-
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However, after freeze-warming the degree of hemo-
lytic damage to cells increased sharply during
their cryopreservation under protection of imper-
meable CPAs (PEG-1500 and HEC). A sharp de-
crease in mechanical stability of these cells may
indicate significant injury to erythrocytes after
cryopreservation. Thus, the use of erythrocyte suspen-
sion after cryopreservation under the protection of
impermeable CPAs is impossible. The transfer of
such cells into the bloodstream of dogs will cause
intravascular hemolysis, which can have negative
consequences for animal health.

The results of studying the mechanical stability
of the cells cryopreserved with permeable CPA
DMSO, showed a high level of cell stability after
thawing (Fig. 2). It is possible [44] that the CPA based
on sucrose-saline medium does not cause serious
changes in the membrane properties if compared to
the saline, that allows their use in veterinary prac-
tice.

Because impermeable CPAs in the studied con-
ditions do not provide a sufficient cell protection,
at the next stage of the investigation we used only




OUTPHOCTI EpUTPOLMTIB, MIO MOLIKOHKYE
iX mig "ac 3aMOpOKyBaHHS-BiIirpiBaHHS.
Opnnak caxapo3a B CEpellOBHII BHCTYIIAE
Y SIKOCTI OCMOTHYHOTO Oyhepa, SKHii 3MEeHIITy€e
OCMOTHYHUH IIOK Micyst BixTaBaHHs. Tomy,
KpiM 3HIKCHHS KOHIICHTpAIIii coJti, Joma-
BaHHsI B CEPEIIOBUILIE CaXxapo3U IPUBOIUTD
JIO 3HIDKCHHSI CTYTICHS TOIIKO/DKCHHS KITi-
THH, 10 CIOCTEPIraEThCsI OCOOIMBO TCIA
BIJIMUBAHHSI KJIITHH BiJ] KPIOIIPOTEKTOpA.
MexaHiyHa CTIHKICTh KIITHH MIiCIs iH-
KyOarii 3 KpionmpoTeKTOpaMH B yCiX JOCHTI -
KYBaJIbHUX BapiaHTax 3Ha4ylle He BiJ-
PI3HSETBCS B CTIHKOCTI KOHTPOJIBHUX
KIiTHH (puc. 2). OpHaK micias 3aMOpOXy-
BaHHS-BiAIrpiBaHHA CTYIiHb T'€MOJITHY-
HHUX TIOIMIKO/DKCHb KIITHH Pi3KO 3011b-
IryBasiacs Tija Jac iX KpioKOHCEpBYBaHHS
M 3aXWCTOM HEMPOHUKHUX KpPIOMPOTEK-
topiB (IIEI-1500 Ta I'EK). Pi3ke 3HMKEH-
HS MEXaHIYHOI CTIMKOCTI KIIITHH MOXe
CBIJUATH TPO 3HAYHI iX IOIIKO/HKECHHS
IicJisl KpiOKOHCepBYBaHHs. TakuM 4nHOM,
BUKOPDHCTaHHS CYCHEH3ii epUTpPOLUTIB
micyisi KPIOKOHCEPBYBAHHS i 3aXHCTOM
HETNPOHUKHUX KPIOMPOTEKTOPIB € HEMOX-
muBUM. llepeHeceHHs TakuxX KIITHH Y
pycio KpoBi co0ak 3yMOBHTH BHYTpIIl-
HBOCYAMHHMM T€MOJi3, L0 MOXE Maru
HETaTWBHI HACIIIKA TS 30POB’ ST TBAPHH.
Pe3ynbrati AOCTiKEHHS MEXaHIgHOT
CTIMKOCTI KJIITHH, KPIOKOHCEPBOBAHUX ITi]T
3aXMCTOM TPOHUKHOTO KPIOMPOTEKTOpa
JIMCO, mnokaszaiu BHCOKUH pIiBeHb IX
CTIMKOCTI ITiCJIsl PO3MOPOXKYBaHHS (puc. 2).
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Puc. 4. IHOoekc OCMOTWYHOI KPUXKOCTI epuTpouuTiB cobak: 1 —
KOHTPOMbHI KNITUHW; 2 — KNITUHKX Nicnsi ekcnoHyBaHHsA 3 10% OMCO,
gk mictute 150 MM NaCl; 3 — kniTMHM nicns KpioKOHCepBY-
BaHHs nig 3axuctoM 10%-ro OMCO, skun mictute 150 MM NacCl;
4 — knituHKM nicna ekcnoHyBaHHsa 3 10%-m OMCO, wo Mmictutb
200 MM caxaposu Ta 50 MM NaCl; 5 — kniTuHM nicnsa KpioKOHCEpPBY-
BaHHA nig 3axuctom 10% AMCO, wo mictute 200 MM caxaposu
Ta 50 MM NaCl. * — nigBULLEHHA IHOEKCY KPUXKOCTI 3HadyLle LIOoAo
KOHTponto, p < 0,05.

Fig. 4. Index of canine erythrocytes’ osmotic fragility: 1 —
control cells; 2 — cells after exposure to 10% DMSO containing
150 mM NaCl; 3 — cells after cryopreservation under protection
of 10% DMSO, which contains 150 mM NaCl; 4 — cells after
exposure to 10% DMSO containing 200 mM sucrose and
50 mM NaCl; 5 — cells after cryopreservation under protection
of 10% DMSO containing 200 mM sucrose and 50 mM NaCl.
* —increase in fragility index is significant relative to the control,
p < 0.05.

MoxuBo [6], IO KpiOMPOTEKTOp HAa OCHOBI caxa-
PO3HO-COJILOBOTO CEPEJIOBHUINIA HE BUKIMKAE CEpid-
O3HMX 3MiH BJIACTUBOCTEH MeMOpaH TOpPIBHSIHO 3
COJILOBHM CEpENIOBHIIEM, IO J03BOJISIE BUKOPUCTO-
BYBaTH HOTO y BeTepUHAPHIN MPAKTHIII.

OCKibKM HENpPOHUKHI KPiOMPOTEKTOPH B JIOC-
JDKYBaHUX yMOBax HE 3a0€3MeuyloTh JJIOCTATHIH
piBeHb 3axMCTy KJIITHH, TO Ha HACTYIHOMY eTami
JocIipKeHHs 3actocoByBanu Tutbku JIMCO, mopis-
HIOIOUM CKJIaJ CepeloBHUIll (COJIbOBE 1 caxapo3HO-
conpoBe). Hamu Oymno mpoBeneHo TeCT Ha OCMOTHY-
HY KPHUXKICTh €PUTPOINTIB, SKUH € 1HTETpaIbHUM
MTOKAa3HUKOM, IO BimoOpaxkae MeXaHO-eIacTUIHI
BJIACTUBOCTI MEMOpPaHHU.

KpuBi 0cMOTHYHOI KPUXKOCTI KIIITHH, KPiOKOH-
cepBoBanux mij 3axuctom JMCO, mnpencrasie-
HO Ha puc. 3. Cmix 3a3Ha4nTH, 1O MiCis iHKyOamii
3 JIMCO He BiagOyBanocs iCTOTHMX 3MiH OCMO-
TUYHOI KPUXKOCTI EpUTPOLUTIB B 000X BUHIAl-
Kax: Led KpiOMpOTEKTOp MPAaKTHYHO HE BIUIMBAE Ha

DMSO, comparing the composition of the media
(salt and sucrose-salt). We performed a test for os-
motic fragility of erythrocytes, which was an in-
tegral index, reflecting the membrane mechano-
elastic properties.

The curves of osmotic fragility for the cells
cryopreserved with DMSO are presented in Fi-
gure 3. It should be noted that after incubation
with DMSO there were no significant changes
in osmotic fragility of erythrocytes in both cases:
this CPA slightly affected the mechano-elastic
properties of erythrocyte membrane, but after
freeze-warming they deteriorated significantly when
just saline was used. This is manifested in the
shift of the lysis curve of erythrocytes in hypo-
tonic solutions to an increase in NaCl concent-
ration. After the CPA was used jointly with
sucrose-saline medium, as well as after freeze-
warming with this cryopreservative, no response
to osmotic changes was observed.
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MEXaHO-€J1aCTUYHI BJIACTHBOCTI MEMOpaHH epUTPO-
LUTIB, OJHAK ITiCIsl BUKOPUCTAHHS TiJIbKU COJIBO-
BOTO CEpEelOBHIIA Ta 3aMOPOXKYBaHHS-BiIirpiBaH-
HSl BOHM iCTOTHO TOTipinyroTecs. Lle nposBiseTses
y 3MIIIeHH]I KPHUBOI JI3UCY €PUTPOIHTIB y TilOTO-
HIYHUX pO3YMHAX OO0 30LIBIICHHS KOHIICHTpAIl
NaCl. Ilicas BUKOPHCTaHHS KPIOMPOTEKTOpPa B KOM-
OiHarii 3 caxapo3HO-COJLOBUM CEPEIOBHUIIEM, a
TAKOXK MICIS 3aMOPOKYBaHHS-BIIIrpIBaHHS ITif| 3a-
XHCTOM LBOTO KpIOKOHCEpBaHTa peakllis Ha oc-
MOTHUYHI 3MiHH OyJIU BiJICYTHI.

3 KpUBUX OCMOTHYHOI KPUXKOCTi OyJO BH3Haue-
HO iHAeKC KpuxkocTi (puc. 4). Ilicns iHkyOyBaHHS
EPUTPOLHUTIB Y KPIOMPOTEKTOPHUX PO3UMHAX HE CIIO-
CTepiraocs 3Ha4yIuX BiAMIHHOCTEH BiJl KOHTPOIIb-
HOi Tpynu. Aje miciisi KpiOKOHCEPBYBAaHHSI €pUTPO-
outiB mig 3axuctoM JIMCO Ha OCHOBI COJIBLOBOTO
pPO3YHMHY BiIOYBa€THCS 301TBIICHHS TAHOTO ITOKAa3-
HUKA (TOOTO KIITHHH CTAIOTh OUTHIII KPUXKHUMH) Ha
BiIMIHY BiJl KJITHH, KpioKoHCepBoBaHUX i3 JJMCO
Ha OCHOBI Caxapo3HO-COIBOBOTO PO3UHHY.

JloaBaHHSI HENPOHUKHOI Caxapo3d 10 IPOHHUK-
Horo kpionporekrpa JIMCO #MOBIpHO MOKpaIlLye
PETYIALIII0 OCMOTHYHHX 1 METa0OMIYHUX TPOLIECIB Y
KIIITHHAX, CTIpHsie e(peKTUBHOMY 3aXHCTY 1 penapaii
KIITHHHOI MeMOpaH! €pUTPOLMTIB Y MpOLEci 3aMo-
POXXyBaHHS-BiIIrpiBaHHS.

BucnoBku

1. BuxopuctanHs KOMOIHOBAaHUX PO3YHHIB Kpio-
mpotekTopiB Ha ocHOBi IIEI-1500 (15%) 1 AMCO
(2,5-10%) y conpOBOMY CEpEIOBHILI € HEAOCTATHHO
e(eKTHBHUM ISl KPIOKOHCEPBYBAHHSI €PHTPOIIHTIB
cobaxk.

2. 3HIKCHHS KOHIIEHTpAIii coi ¥ JI0JjaBaHHS JI0
CepeloBHIA KPIOKOHCEPBYBAaHHS HEMPOHHKHOI [0
KIIITHH caxapo3u CIpUSIE TiIBUIICHHIO 30epEeKEHOCTI
EPUTPOLUTIB MiCIsI KPIOKOHCEPBYBAHHS.

3. HaiiGinpm edekTUBHUM KPiOKOHCEPBAHTOM
Ut epuTporuTiB codak BusBuBcs 10%-it JIMCO Ha
OCHOBI €axapO3HO-COJIbOBOI'O CEPEIOBHUILA.

4. Bucoka 30epexeHiCTh, MEXaHiuHa 1 OCMOTHY-
Ha CTIMKICTh EpPUTPOIMNTIB, KPIOKOHCEPBOBAHUX Y
10%-my IMCO Ha OCHOBI caxapo3HO-COJIHLOBOTO
CEepe/IOBHIIA CBiTUaTh NMPO MOXIIUBICTH 3aMOPOXKY-
BaHHsI, JIOBTOCTPOKOBOTO 30epiraHHs Ta CTBOPEH-
HSl 3amaciB epUTPOLMTIB co0aK Pi3HUX TPyl KpOBi
JUIsl 3aCTOCYBaHHs B TpaHc(y310JI0rii.

NMiTepatypa
1. Anekcangposa AW, 3emnsaHckux HI. BnusiHue WMOHHOrO CO-
cTaBa KpUOMPOTEKTOPHOW cpefbl U KPMOKOHCEPBUPOBaHNS Ha
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The fragility index was determined from the
osmotic fragility curves (Fig. 4). After incubation
of erythrocytes in cryoprotective solutions, no sig-
nificant differences if compared with the control
group were found. But after cryopreservation
of erythrocytes with DMSO based on saline, there
is an increase in this index (i. e. cells become
more fragile) in contrast to the cells cryopreser-
ved with DMSO based on sucrose-saline solu-
tion.

The supplementing of impermeable sucrose
to permeable CPA DMSO probably improves the
regulation of osmotic and metabolic processes in
cells, promotes effective protection and repair of
the erythrocyte membrane in freeze-warming.

Conclusions

1. The use of combined solutions of CPAs ba-
sed on PEG-1500 (15%) and DMSO (2.5-10%) in
saline was not effective enough for cryopreserva-
tion of canine erythrocytes.

2. Reducing the salt concentration and adding
the sucrose impermeable to cells into the cryopre-
servation medium contributed to preservation of
erythrocytes after cryopreservation.

3. The most effective cryopreservative for canine
erythrocytes occurred to be 10% DMSO based on
sucrose-saline medium.

4. High preservation rate, mechanical and os-
motic stability of the erythrocytes, cryopreserved
with 10% DMSO on the basis of sucrose-salt me-
dium indicated the possibility of freezing, long-term
storage and accumulation of canine erythrocytes
of different blood groups for application in trans-
fusiology.
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