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FinoTepmiyHe 36epiraHHA KPOBI
Ta KPiOKOHCepBYBaHHA epuUTpoOLUTIB cobak

UDC 636.7:611.018.51:66.099
G.F. Zhegunov', O.M. Denysova', G.P. Zhegunova?

Blood Hypothermic Storage
and Erythrocyte Cryopreservation in Dogs

Pedbepar: B ormsagi npeactaBneHo aHania cyvacHoi nitepaTypu WOAO HasiBHUX METOAIB MinOTepMiYHOro 36epiraHHs KpoBi Ta Kpio-
KOHCepBYyBaHHSA epuTpoumnTiB cobak. OBrpyHTOBaHO akTyasnbHICTb PO3pOONeHHst Ta yAOCKOHaNEHHS METOAIB KPIOKOHCEPBYBaHHSA epuT-
pouuTiB cobak, CTBOPEHHS KpiobaHKiB, a TaKoX 3aCTOCYBaHHS KPIOKOHCEPBOBaHMX KOMMOHEHTIB KPOBi AN TpaHcdyasii. Po3rmsaHyTo oco-
6rnmBoCTi rinoTepMiyHOro 36epiraHHs KpoBi cobak, a Takox creumdiky BUKOPUCTAHHS Pi3HWX MeXaHi3MiB Aii KpionpoTeKTopis nig vac
KpIOKOHCEpBYBaHHS epuTpounTiB cobak. BuaHadyeHO nepesarn BUMKOPWUCTAHHA AMMETUNCYNbgOKCHAy Ta KOMOIHOBaHWX KpiOKOHCep-
BaHTIB 3@ YMOB HU3bKOTEMMNEPaTypHOro 36epiraHHs eputpouuTiB cobak.

KniouyoBi cnoBa: eputpounTtn cobak, rinotepmidyHe 30epiraHHs, KpiOKOHCEpBYBaHHS, TAPOKCUETUIIBOBAHWUI KpOXMarb, AUMETUm-
cynbdokeuna, rmivepon, nonietuneHrmikonb-1500.

Abstract: This review presents the analysis of reported data on the current methods for blood hypothermic storage and
erythrocyte cryopreservation in dogs. The relevance of designing and improving the techniques for canine erythrocyte cryopreser-
vation, cryobanking, as well as the application of cryopreserved blood components for transfusion were substantiated. The features
of canine blood hypothermic storage and specific use of cryoprotectants with various modes of their action were considered. The
advantages of applying DMSO and combined cryopreservatives during low temperature storage of canine erythrocytes were

specified.

Key words: dog erythrocytes, hypothermic storage, cryopreservation, hydroxyethyl starch, dimethyl sulfoxide, glycerol, polyethylene

glycol 1500.

Ha croromni B Ykpaini 3acrocyBanHs TpaHcdys3ii
KpOBI CTa€ BCE OLIBII MOMIMPEHUM 1 BOKIUBAM Me-
TOZIOM JIIKyBaHHA Ta 30€peXeHHS KHUTTS COOaKaM.
Lle#i mMeTon JIiKyBaHHS € HE3aMiHHUM, KOJIM PiBEHb
reMaTOKpUTY y TBapuHU ckiagae menmie 15% [9, 10].
[TepenuBaHHs KPOBI 3aBXK/IM HAIIPaBJIEHE HA BiHOB-
JeHHs 11 00°eMy Ta KITBKOCTI KOMIIOHEHTIB, KOJHU
KHUTTS 3HAXOOUTHCS IiJI 3arpo30l0 Yepe3 BEIUKY
BTpaTy KpOBi: Mijl yac XpOHIYHUX KPOBOTEY, Xipyp-
rYHUX BTPy4YaHb, T€MOPAriYHUX TaCTPOCHTEPUTIB,
nedinuTy 3amiza, TSOKKUX (GopM mapasuTapHUX 3a-
XBOpIOBaHb. llepenuBaHHsS KpoBi Ta 30epiranHs il
3pa3KiB — HEPO3PHUBHO OB’ I3aHI MPOIICITYPH.

YnockoHaNeHHs TeXHIKHA 30epiraHHs KpoBi Ta ii
KOMIIOHEHTIB € Jy)K€ Ba)KIIMBUM E€TarioM JUJIsl CTBO-
peHHs OaHKIB KpoBi. 3pa3kud MOBHHHI OyTH BH-
KOpHUCTaHI Bijipa3y abo 30epiratucs eeKTHBHIIIIE.

IcaytoTh nBa Metoam 30epiraHHsi KpoBi Ta ii KOM-
MOHEHTIB: TIMOTEPMIUYHUH Ta KpPiOKOHCEPBYBAaHHS.
Merton rinorepMiuHOro 30epiraHHsi JO3BOJISIE BUKO-
PHUCTOBYBAaTH KOMIIOHEHTH KpOBI HETPHMBAJIMH Yac
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To date, the blood transfusion is becoming an
increasingly common and important method for
dog’s life-saving therapy in Ukraine. This procedure
is indispensable, when the hematocrit level in animal
is less than 15% [4, 5]. Blood transfusion is always
aimed to restore its volume and amount of compo-
nents when life is threatened because of massive
blood loss, i. e. during chronic bleeding, surgical
interventions, hemorrhagic gastroenteritis, iron de-
ficiency, severe forms of parasitic diseases. Blood
transfusion and blood sample storage are closely
linked procedures.

Improving the storage technique for blood and
its components is a crucial stage in blood banking.
The specimens should be used immediately or
their storage needs to be more efficient.

There are two methods for blood and its compo-
nent storage: hypothermia and cryopreservation.
Hypothermic storage enables using blood compo-
nents for a short time (within 20 days only), since

because of no trophicity and oxygen presence, the
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(mume mpotsirom 20 11i0), OCKiNIBKK 4epe3 BilCyT-
HICTh TPOQIKK Ta 3a HASIBHOCTI KHCHIO 30epiraHHs
ex Vvivo TPU3BOAMTH 10 OKHCHOIO cTpecy Ta 0Oio-
XIMIYHUX TTOMIKOKeHb KimiThH [17, 20, 24, 38]. Kpim
TOTO, 32 YMOB TinorepMmigdoro 36epiranus (1-4°C)
XiMIYHI peakmii BimOyBarOThCS 31 3HIKECHOIO IIBHI-
KICTIO, a [I¢ NPU3BOAUTH 10 HAKOIIMYEHHS MeTa-
OOJITIB, y pe3ybTaTi Y0ro TepMiH 30epiraHHs TaKuX
3pa3KiB KPOBi CTA€ AyKE OOMEKCHIM.

3a J0MOMOroK KPIOKOHCEPBYBaHHS MOXHaA 30e-
piratu 3pa3ku KpoBi noHax 10 pokiB, OCKiJIbKH 0i0-
XIMiYHI peakmii MPakTUYHO MPHUITUHIIOTHCS 1 MOII-
KOJDKCHHSI epUTPOIUTIB HE BinOyBaerhes [11]. Ha
CBOTOJIHI ICHY€E IyX€ MaJjl0 JIOCIHi/PKEeHb, TOB’s3a-
HUX 3 KpPIOKOHCEPBYBaHHSM EPHUTPOIMTIB COOaK,
SIKi CIPSIMOBaHI Ha PO3POOJIEHHS JOBTOTPHBAIUX
METO/IiB 30epekeHHS] KOMITOHEHTIB KPOBI.

Merta po6OTH — aHai3 CydacHOTo CTaHy mpoolie-
MH JOBTOCTPOKOBOTO 30epiraHHsS KPOBi Ta epUTPO-
LUTIB COOAaK.

linomepmiune 36epicanns Kpoei cobax ma it

KOMNOHeHmis. AKTyalbHICTh MPOOJIIEMHU JIOBrOCTPO-
KOBOTO 30epiraHHsi KpoBi co0ak 3yMoOBIieHa 301i1b-
LICHHSIM KUIBKOCTI COOaK-KOMITaHBHOHIB, 3pOCTaH-
HAM y HHX YHCJIa T€MaToJOTiYHHX 3aXBOPIOBaHb,
BIJICYTHICTIO HEOOXiJHOT KINBKOCTI JTOHOpIB, a Ta-
KOX CKJIQIHICTIO MiI00py KpOBi 3a (hEHOTHIIOBHMHU
xapakrepuctiukamu (rpymamu) [10].

KpoB Ta 1i mpoxyktu MokHa 30epiraTa B yMOBax
rimotepmii 3a Temmeparypu 4°C, mpoTe HETpHBa-
Uil 9ac. 3a yMOB TiMOTEpMIYHOTO 30epiraHHs Mpo-
TSTOM KIUIBKOX THXHIB Y XOJOIWJIBHUKY ITOCTYIIO-
BO TOTIPIIYIOTHCS TMOKA3HUKU SIKOCTI IIJIBHOT KPOBI
[35]. Kurre3natHicTh i QYHKIIT €pUTPOLUTIB 3HH-
KYIOTbCS B Pe3yJbTaTi HECHPUSATIMBUX (i3UYHUX
1 MeTabomyHuX TpoueciB mia yac 30epiranHs. Ha
reMaroJioriuHi, 0ioximMiuHi Ta (i3UYHI BIACTHBOCTI
LIJTBHOI KpOBiI Ta i KOMIIOHEHTIB HECHIPHUSTINBO
BIUIMBAIOTh KOHCEPBAHTH, KOHTEHHEPH, 3HUKECHHS
TEeMIepaTypH i 4acTe IepeMilryBaHHs 3pa3KiB.

IcHyfOTH pi3HI CITOCOOM TIMOTEPMIYHOTO 30epi-
raHHS JOHOPCHKOI KpoBi cobak [12, 13, 25, 29, 36].
Bingomo, o ycmimmHo 30epiratiu KpoB abo epuTpoIr-
TH 1pu 4°C MOXKITMBO TUIBKH MPOTATOM 2—3 THIKHIB,
10 HEJIOCTATHBO JIJISi CTBOPEHHS OAHKIB JOHOPCHKOT
KpoBi TBapuH.TOMy BIOCKOHAJIEHHS METOAIB JIOBrO-
CTPOKOBOTO 30epiraHHsi €pUTPOLMTIB cobOaK 3aiu-
LIA€ThCA OAHUM i3 BOKJIMBHX 3aBIaHb BETEPUHAPHOL
MEUILMHH.

lNnorepmiune 30epiraHHsS KpOBi ex vivo BHEp-
me 3aidcHm B 1915 p. micns BIAKPUTTS UTpaTy
HaTpito sK aHTHKoaryiasHry [13]. AHTHKOarymisH-
TH, SKI TIEPEIIKOMKAIOTh 3TOPTAHHIO KPOBi, T03BO-
JISTIOTH 30epiraTi epUTPOITUTH MPOTIATOM OOMEKEHO-
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ex vivo storage leads to oxidative stress and
biochemical damage to cells [14, 17, 21, 35]. In
addition, under hypothermic storage (1-4°C), the
chemical reactions proceed with a reduced rate,
entailing the metabolite accumulation, that signi-
ficantly limits the storage period for these blood
samples.

Cryopreservation allows blood samples to be
stored for more than 10 years, since biochemical
reactions are virtually stopped and no erythrocyte
damages occur [6]. To date, the studies on canine
erythrocyte cryopreservation aimed at designing
the long-term techniques for blood component
storage are rather scarce.

We here aimed to analyze the state of the art
of blood and erythrocyte long-term storage in
dogs.

Hypothermic storage of dog blood and its com-
ponents. The relevance of the task of canine blood
long-term storage is governed by growing number
of companion dogs, the raise of hematological
diseases among them, the lack of the required
number of donors, as well as the difficulty of blood
selection by phenotypic characteristics (groups) [5].

Blood and its products may be stored under
hypothermia at 4°C, but for a short time. Under
hypothermic storage within several weeks in a
refrigerator, the quality indices of the whole blood
gradually worsen [33]. A decrease in erythrocyte
viability and functions results from adverse
physical and metabolic processes during storage.
Hematological, biochemical and physical proper-
ties of the whole blood and its components may
be adversely affected by preservatives, containers,
temperature reduction and frequent mixing of
specimens.

There are different ways for the hypothermic
storage of donated canine blood [9, 10, 22, 27, 34].
A successful storage of either blood or erythrocytes
in domestic refrigerator is known to only be pos-
sible for 2-3 weeks that is insufficient for donated
blood banking. Therefore, improving the techniques
for canine erythrocyte long-term storage has still
remained among the urgent tasks in veterinary
medicine.

Blood was first ex vivo hypothermically stored
in 1915 after discovering the sodium citrate as an
anticoagulant [10]. The anticoagulants, preventing
blood clotting, enable erythrocyte storage for a
limited time period without worsening the viability
and functions under hypothermia. Most of the
sodium citrate-based anticoagulants and preservative
solutions were originally designed for human blood
preservation, but they occurred to be quite suitable
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ro mepiogy uacy Oe3 TOTIpIICHHS >KUTTE3IATHOCTI
Ta (yHKUIA B ymMoBax rinorepmii. binpmicts anTu-
KOAryJsiHTHUX 1 KOHCEPBYBAJIbHUX PO3YHMHIB Ha OC-
HOBI IUTPATY HATPIIO CITOYATKy Oyl pO3poOIeHi st
KOHCEpPBYBaHHsI KPOBi JIIOAMHH, aji¢ BOHU BUSBWIIU-
Csl LIIJIKOM 33JI0BIIBHUMH Ul BUKOPUCTAHHS Yy Be-
tepuHapii. [Ipore TepMmiH 30epiraHHs EpUTPOIHTIB
B JIAaHOMY CEPEIOBUII BiPI3HAETHCSA y PI3HUX BU-
niB TBapuwH [25, 29, 37]. Po3unH 1muTpary HaTpiro
(3,8%) BUKOPUCTOBYETHCS AJisi 300py KPOBi Y CIiB-
BiJHOIICHH]I | MJI IIMTpaTy HATpil0 10 9 MII KpOBi.
OpnHak BiH He Ma€ KOHCEPBYBAJIBHUX BIACTHBOCTEH
1 PEKOMEHIYETbCS TUIBKU [UIsi HETalHOTo BHKO-
pHUCTaHHs Mija 4Yac nepenuBaHHS Kposi. s rimo-
TepMiyHOrO 30epiraHHs KpoB co0ak 30uparoTh
3a3BUYail y (UakoHM 3 LUTPaT-IEKCTPO3HUM abo
LUTPaT-IIIIOKO3HUM cepefoBuileM [29, 36].

st mepenmBaHHSA CBIXKOI ITIIFHOT KPOBI MaJICHB-
KUM co0akaM BHUKOPHUCTOBYETHCS TemapuH. BiH He
Ma€ KOHCEPBYBAIBHUX BIIACTHBOCTEH, TOMY Telapu-
HU30BaHy KPOB MOTPIOHO MIBUAKO MEPENUTH TiCIs
3a0opy. 3a3Buuail [o03a TemapuHy CTAaHOBUTH S—
10 oguauMIe Ha 1 MIT KPOBI.

Hnst  rinorepmivuHOro 30epiraHHs BUKOPHCTO-
BYIOTh CKJIQJIHI PO3YMHHM aHTHKOATYJSHTiB-KOHCEp-
BaHTiB. OCHOBHUMU € muTpar-aekcTpo3auii (ACD)
1 uutpar-gpocdar-gexcrposo-aneninosuit (CPDA-1).
VYei i po3uMHH MICTATH JIEKCTpo3y (cyOcTpar mms
miaTpuMkn  Tynmy  AT®  TTKONITHYHAM — IIISIXOM
B EPUTPOLINTAX) Ta IIUTPAT HATPiIO (AHTUKOATYIISHT).

3a HeoOXimHOCTI OUTBII TpHUBaAJIOro 30epiraH-
HS EpPHUTPOIMTIB JTOHOPCHKOI KPOBI X BiIIUIAIOTH
BiJl TUIa3MH [IEHTPU(YTYBAHHSM 1 MMOMIIIAIOTH y CIIe-
LiaJibHI pecyCreHyro4i po3unnu. s cobak 3a3Bu-
yaii BukopucroBytoTh Adsol [10] Ta Nutricel [25].
Le no3Boisie MPOAOBKUTH TEPMiH 30epiraHHs IXHiX
epurpouuTis 3 20 10 35-37 nil.

B epurpommrax mix wac rimorepmiuHoro 30e-
piraHHs BiIOyBarOTHCS 3MiHU, SIKi BIUTMBAIOTh HA BH-
JKUBaHHS, (YHKIIIO 1 PEakilitfo peruIicHTa Ha Te-
penuBaHHS KpoBi. B meprmry wepry, min gac mepemi-
IIEHHS EPUTPOITUTIB B YMOBH i1 Vitro TOPYIIYETHCS
ixHsa Tpodika [25, 36]. IIpu mboMy B yMOBax HHU3b-
KHX TeMIleparyp MOoCIa0mioThea TiapodoOHi B3ae-
Momii [25], mopyuryerbest posmonin  (ocdomimiis
y MeMOpasi [19], 3MIHIOETBCSI TPAHCIIOPT 10HIB COJIEH,
HAJIXO/DKCHHS TIFOKO3M B KIITUHU [35], 3HIKYETH-
csl aKTHBHICTH (DepMeHTIB Tiikomizy [29] 1 cuHTe3
AT® [25]. Lle mpu3BoaUTH OO 3HUKEHHS AKTUB-
HocTi Na, K-AT®a3 ta Ca-ATda3 memOpaH [8], mio
MOpYIIy€e 10HHUI TOMeocTa3, 3MiHIOE GopMy (exiHO-
IUTH, C(HEPOIUTH, CTOMATOLUTH) i 00’€M epuTpo-
ouTiB [5, 8, 25, 35, 39]. Yci mi 3MiHE BHKJIMKAIOTH
T IBUIIIEHHS OCMOTHYHOI KPUXKOCTI KJIITHH 1 BTpa-
Ty (QYHKIIIOHAJTBEHOI TIOBHOIIIHHOCTI EPHUTPOITUTIB.
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in veterinary medicine as well. However, the sto-
rage time for erythrocytes in this medium varies
in different animal species [22, 27, 35]. Sodium
citrate solution (3.8%) is used for blood collec-
tion in a 1:9 ratio of sodium citrate to blood. Howe-
ver, it has no preservative properties and is re-
commended for immediate use only during blood
transfusion. For hypothermic storage, the canine
blood is usually collected into vials with citrate-
dextrose or citrate-glucose medium [27, 34].

Heparin is used to transfuse the fresh whole
blood in small dogs. Since it has no preservative
properties, a heparinized blood should be transfused
immediately after collection. Usually, the dosage
of heparin is 5-10 units per 1 ml of blood.

Combined anticoagulants-preservative solutions
are used for hypothermic storage. The acid citrate-
dextrose (ACD) solution and citrate-phosphate-dex-
trose-adenylate (CPDA-1) are among the basic ones.
All these solutions contain dextrose (a substrate
for ATP pool maintaining via glycolytic pathway
in erythrocytes) and sodium citrate (an anticoagu-
lant).

If longer storage of donated erythrocytes is
required, they are separated from plasma by centri-
fugation and placed into special resuspending
solutions. For dogs, among the commonly used
ones are Adsol [5] and Nutricel [22]. This enables
the prolongation of the storage time for canine
erythrocytes from 20 to 35-37 days.

During hypothermic storage, the erythrocytes
undergo the changes, affecting the recipient’s sur-
vival, function, and response to blood transfusion.
First of all, when transferring erythrocytes into the in
vitro conditions, their trophicity is disturbed [22, 34].
Herewith, under low temperatures, the hydropho-
bic interactions are weakened [22], membrane phos-
pholipid distribution is disrupted [16], there is a
change in salt ion transport, and glucose entry into
the cells [33], as well as a decrease in glycolytic
enzyme activity [27] and ATP synthesis [22]. This
results in a decreased activity of membrane Na,
K-ATPase and Ca-ATPase [3], thereby disrupting
the ion homeostasis, altering the erythrocyte shape
(echinocytes, spherocytes, stomatocytes) and vo-
lume [3, 22, 32, 37, 39]. All these changes entail
an increased osmotic fragility in cells and a loss
of functional adequacy of erythrocytes. During
hypothermic storage, the spatial structure of hemo-
globin is likely disturbed in cells [39] that may
result in an enhanced osmotic activity of hemo-
globin, an excess water inflow to cells, and their
increased hemolysis during transfusion.

Thus, the advantages of hypothermic storage
of canine blood and its components include the



MMoBipHO, B mpomeci rimorepMiuHoro 36epiraHus
MOPYIIYEThCS TaKOXK MPOCTOPOBAa CTPYKTypa TIe-
MOTIIOOIHY B KIITHHAX [5], [0 MOXKE IPU3BOAMTHU IO
MTOCUJICHHS OCMOTHYHOI aKTUBHOCTI TeMOTIOO0iHY,
3aifBOMY HAJXO/DKEHHIO BOAM B KIIITHHH 1 1X TiABH-
IIEHOMY TeMOJTi3y ITiJT 9ac TpaHcdys3ii.

TakuM 9uHOM, TIEpeBard TIMOTEPMIYHOTO 30epi-
raHHs KpoBi cobak Ta 11 KOMIIOHEHTIB MOJSATAIOTh
y 30epexeHH] IUTICHOCTI epUTPOLUTIB 3a BIJICYT-
HOCTI MOoTpedu B joporomy obmagHaHHi. B Toi ke
Yac KOPOTKHH TepMiH 30epiraHHs 3a TakUX YMOB
YHEMOXKJTUBIIFOE CTBOPEHHS 0aHKY JJOHOPCHKOI KPOBI.

Kpiokoucepsysanus epumpoyumie cobax. 3amo-
POXXyBaHHS-BiAIrpiBaHHS 06€3 KPiOMPOTEKTOPIB iCTOT-
HO TOMIKO/Kye Oiomoriyni o0’ektu [5, 14]. Bcra-
HOBJICHO, III0 KPiOTOIIKO/PKEHHS KIIITHH KPOBi 0e3-
MMOCEePEIHbO TIOB’s13aHI 31 3MiHAMH arperarHoro
cTany i pa30BUMU IepexoaMy BMICTY KIIITHH, a Ta-
KOXXK 1X HAaBKOJIMITHBOTO BOJHOTO CcepemoBHIna [5].
[epexin BoAM 3 PIAKOTO CTaHy B TBEPAWUN Yy MpO-
Leci 3aMOpOKYBaHHs, a MOTIM 3HOBY B PiIKHH i
4ac BiJIIrPiBy 3HAYHUM YMHOM BIUIMBA€E Ha LIJTICHICTh
KITHH 1 iX BmicT [5]. 3a BiagcyTHOCTI y cepenoBu-
i KpiompoTeKTopiB (opMyBaHHS KPUCTAIiB JIbO-
Iy B KJIITHHAX CTa€ HEMHHYYHM. Y TaKUX YMOBax
yci KIITHHHI KOMIIOHEHTH, B TOMY 4YHCIi OLIKH,
MOXYTh TijjaBaTucs nerimpararii [18, 33], Brpa-
Yarouu 3B’si3aHy BOAY, IO € BaXKJIMBUM EJIEMEHTOM
MiATPUMKHA KOH(popMaIlii OLTKOBUX MaKpPOMOJIEKYIL.
TobTto merimparailis Ta YTBOPEHHS KPHUCTAJIB JTHOIY
abo TBepmoi amopdHOi ¢asu BcepenmuHi W TMMO3a
KIIITHHOIO, Ta 3POCTAaHHS KPUCTaJiB — LEHTPallb-
HI TIONIKOJKYIOYl MPOIECH, IO BiAOYBarOTHCS IIiJ
yac 3amopokyBanHs [5]. Kpim 1mporo, neBHy Hera-
TUBHY pOJIb BiJirpaloTh MepeKpucTamizamis Ta
OCMOTHYHHUH CTpEC, 10 BUHUKAIOTH IIiJ] 4ac BiJi-
rpiy [19, 30]. Lli ¢isumuni npouecu NpuU3BOIATH
0 MEXaHIYHHUX T[IOIIKO/DKeHb, IOPYIICHHS TIPO-
HUKHOCTI ¥ HUTICHOCTI MeMOpaHH, BTpaTh BMICTY
KITITHHH.

3a yMOB TOBIJTBHOTO OXOJIOMKEHHSI €PUTPOIIUTIB
3 BUKOPUCTAHHSIM KPIOTIPOTEKTOPIB, KOJIU IIBHIKOC-
Ti 3aMOpOXYBaHHS TOCUTHh HU3bKi (2—3°C/xB), BiA-
OyBaeTbCsl 3apoyKeHHs, (OpPMyBaHHS 1 3pOCTaHHS
MO3aKJIITHHHUX KPHUCTAJIB JIbOY 334 PaxyHOK KpH-
cramizamii cycnenayrouoro posuuny [5]. Ilix Brum-
BOM OCMOTHYHHX CHJ, SKI BHHHKIU 32 PaxyHOK
3pOCTAOUUX KPUCTAJIIB, BMICT KIIITHHH CHUJIBHO 3HE-
BOJHIOETHCS, & MOTIM (POPMYIOTHCS 1 BHYTPIIIHI KpH-
CTaId 3a PaxyHOK 3aJMIIKIB BHYTPIIIHbOKIITHH-
HOI Boau. HaBkomo KimiTHH BifOyBaeThCS TaKOK
KOHIIGHTPYBaHHS po3unHiB coneit [26]. Lli ¢izny-
Hi (aKTOpH IMOMIKOKYIOTE MEMOpaHy SpUTPOIIHTIB
1 MaroTh HECTPUATINBUN BIUIMB Ha BHYTPINIHIO
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preservation of erythrocyte integrity with no need
to use an expensive equipment. At the same time,
a short storage term under these conditions renders
the donor blood banking impossible.

Cryopreservation of dog erythrocytes. Cryopro-
tectant-free freeze-thawing causes a significant
damage to biological objects [11, 38]. The cryoda-
mages to blood cells were established as directly
related to the changes in aggregate state and phase
transitions of cell content, and water medium
around them [39]. The water transition from a liquid
state to a solid one during freezing, and then again
to a liquid state during thawing, significantly
affects the cell integrity and content [39]. When
the medium is free of cryoprotectants, the ice
crystal formation in cells is inevitable. Under these
conditions, all the cell components, including pro-
teins may get dehydrated [15, 31], by losing the
bound water, which is an important element of
conformation support in protein macromolecules.
Namely, the dehydration, formation of either ice
crystals or solid amorphous phase inside and outside
a cell, as well as the crystal growth are the main
damaging processes that occur during freezing [39].
In addition, the recrystallization and osmotic stress
during thawing play a certain negative role [16,
28]. These physical processes lead to mechanical
damage, disorder in membrane permeability and
integrity, loss of cell content.

During erythrocyte slow cooling with the use
of cryoprotectants, when the freezing rates are quite
low (2-3°C/min), the nucleation, formation and
growth of extracellular ice crystals occur due to
suspending solution crystallization [39]. Under the
impact of osmotic forces, resulted from growing
crystals, the cell content is strongly dehydrated,
followed by formation of internal crystals due
to intracellular water residues. The saline solutions
are also concentrated around the cells [23]. These
physical factors damage to erythrocyte membrane
and adversely affect an internal spatial structure
of hemoglobin, being the pivotal causes of erythro-
cyte hemolysis during thawing.

During rapid freezing with 300-400°C/min rate
(by immersion into liquid nitrogen) in the presence
of cryoprotectants, a simultaneous crystallization
(amorphization) of external preserving solution and
intracellular content occurs, being less traumatic
for erythrocytes [39]. At high freezing rates using
appropriate cryoprotectants, the hemolysis rate
after freeze-thawing is significantly reduced and
makes 15-20% [8].

Thus, the cryoprtectant-free freezing of canine
erythrocytes results in virtually complete cell hemo-
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IIPOCTOPOBY CTPYKTYpy remorio0iny. Lle € ocHos-
HUMH [PUYMHAMH TEMOJIi3y E€PUTPOLMTIB MiJ 4ac
PO3MOpOKYBaHHS.

VY mporeci MWBUAKOTO 3aMOPOXKYBaHHS 31 LIBHI-
kictio 300—400°C/xB (IIIsIXOM 3aHYpEHHS B PiIKA
a30T) B TIPHUCYTHOCTI KPIOTPOTEKTOPIB BiMOYBAETH-
CsI OTHOYACHA KpHUCTami3allis (aMmopdizais) 30BHIIII-
HBOTO KOHCEPBYBAJIFHOTO PO3YMHY 1 BHYTPIIIHBO-
KIIITHHHOTO BMICTY, IO € MEHII TPaBMaTHYHHUM JIJIsI
eputpouuTiB [5]. [Ipn BHCOKHMX HIBHIKOCTSIX 3aMO-
POKyBaHHS 3 BHUKOPHCTaHHSM BIAMOBIIHUX Kpio-
MIPOTEKTOPIB PiBEHb TE€MOJI3y IMICIsI PO3MOPOXKY-
BaHHSI ICTOTHO 3HWKYETBHCSI 1 MOXKE CTaHOBHUTH 15—
20% [3].

TakuM YMHOM, 3aMOPOKYBaHHSI EPUTPOLHUTIB CO-
Oak 0Oe3 KpIOMpOTEKTOpiB TPHU3BOAMTH 10 Maiike
ITOBHOTO TEMOJI3y KIITHH TICIs PO3MOPOXKYBaHHS
[5]. Timpkm 3acTocyBaHHS KpiOMPOTEKTOPIB J03BO-
JIT€ TPUBAIWN dYac, TMPOTIATOM MACKITHKOX POKIiB,
30epiratu KpoB Ta ii KOMIIOHEHTH 3a TeMIeparyp
—-196...— 80°C.

Kpionpomexmopu ons kpiokoncepgysanms epu-
mpoyumie codax. T10MIKOIKEHHS EPUTPOLUTIB CO-
0ak mig 4ac 3aMOpPOXKYBaHHS MOKHA 3HAYHO 3MEH-
LIMTH, SIKIIO JOTPUMYBAaTHCh CIELIaTbHUX YMOB,
30KpeMa, MUIAXOM Tif00py KpiOMpPOTEKTOpIB Ta
iX KOHUeHTpauiil, crnocoOy iX BBEACHHS Ta Tep-
MiHY iHKyOaIlii KJIITHH 0 3aMOPOXKYBaHHS, a TaKOXK
MiI00py ONTHMAJILHOI IIBHAKOCTI 3aMOPOKyBaHHS
1 BimirpiBy. Lli 3axogwm 3BOIATH TIONTKOKCHHS
€PUTPOILIUTIB 10 MIHIMYyMY.

3axucHy JiI0 KpiONPOTEKTOPIiB HacamIiepes Io-
B’SI3yIOTh 13 3amo0iraHHsSIM KpuCTalizamii mia 4ac
3HWKEHHSI TeMIleparypu, C¢(QEeKTUBHUM 3MCHIIICH-
HSIM BUXOJy BOJIM 3 KJIITHH, PO30aBJICHHSM KOHIIEHT-
paii coneii [14].

Kpiomporekropu Ta iX XiMidHa mpUpoAa HEO.I-
HAKOBO €(EKTHBHI JUIs Pi3HUX Oi10JIOTIYHUX 00’ €KTIB.
ToMy nmnsi epuUTPOIUTIB Pi3HUX BHIIB TBApUH OHI
1 Ti caMi KpiOTIPOTEKTOPH HE 3aBXK/IN JI€BI.

Iponukni kpionpomexmopu. OCHOBHHUMH IpO-
HUKHAMH KPIOMPOTEKTOpaMU € TJIIepoa 1 Jume-
tuncynabpokeny (AMCO), sxi mocuts ao0pe mpo-
HUKAIOTh BCEpeNUHY OLIBIIOCTI BHIIB KIITHH [5].
BoHu 3HIKYIOTP TOYKY 3aMep3aHHsl CyCIeH3ii
KIIITHH, 3MEHIIYIOTh PO3MIpU KPUCTAJIB JIbOLY, 3HHU-
XKYIOTb TOYKY €BTeKTHKU. KpiM TOro, 3amoGirarorsb
3MEHILEHHIO 00’€My KIITHH 1 30UIBLICHHIO KOH-
LEeHTpauii eJeKTPOJITIB, 3HWKYIOUH TEMIIEparypy,
3a SIKOi B IIPOLIECI 3aMOPOXKYBAHHS 1OCSTAETHCS KPU-
THUYHA KOHLIEHTpALlis COJIeH.

I'minepon — HalilepeKTUBHIMUN KpiOMpPOTEK-
TOp IS EPUTPOIUTIB JoguHU [5, 34], OCKUIBKH
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lysis after thawing [39]. Only the use of cryopro-
tectants enables storing blood and its compo-
nents at —196...—80°C for a long time over several
years.

Cryoprotectants for dog erythrocyte cryopre-
servation. Damage to canine erythrocytes during
freezing may be significantly mitigated if special
conditions are met, particularly by selecting cryo-
protectants and their concentrations, administration
ways, cell incubation period prior to freezing, and
by choosing the optimal rates of freezing and war-
ming. These measures can minimize the erythro-
cyte damages.

A protective effect of these agents is primarily
associated with the prevention of crystalliza-
tion when lowering the temperature, an efficient
decrease of water release out of cells, and dilution
of salt concentration [11].

Cryoprotectants and their chemical nature
are not equally efficient for different biological
objects. Therefore, the same cryoprotectants are not
always effective for erythrocytes of different animal
species.

Permeable cryoprotectants. Glycerol and di-
methyl sulfoxide (DMSO), penetrating quite well
into most cell types are the main permeable
cryoprotectants [39]. They can lower the freezing
point of cell suspensions, reduce ice crystal size, and
diminish the eutectic point. In addition, they pre-
vent a decrease in cell volume and increase in
electrolyte concentration, by lowering the tempera-
ture where the critical concentration of salts is
reached during freezing.

Glycerol is the most efficient cryoprotectant
for human erythrocytes [32, 39], as it can rapidly
penetrate into the cells, and has low toxicity
even at high concentrations. There are two cryopre-
servation techniques with glycerol use: at high
(slow cooling [39]) and low (rapid cooling [26])
concentrations.

The slow cooling (40% glycerol concentration)
showed quite a high efficiency (70-80% survival)
for canine erythrocytes [1].

A long and complicated procedure of cryopro-
tectant introduction into cell suspension, which
includes four stages, is the main disadvantage of
this method. Furthermore, the post-thaw cryoprotec-
tant removal out of cells is rather difficult.

The rapid cooling occurred to be inefficient for
canine erythrocytes [7, 20]. It involved the use of
different concentrations of cryoprotectant (5-20%)
[7, 24]. The post-thaw cell survival was quite low
and made 32-43% (Table). On the one hand, this



BiH IIBUJIKO MPOHUKAE Yy KJIITHHHU i € MaJOTOKCHY-
HUM HaBiTh y BHUCOKMX KOHLEHTpalisx. IcHye nBa
METOIM KPIOKOHCEPBYBaHHS 3 BHUKOPUCTAHHSIM IIi-
LIEpOITy: 3 BHCOKOI (TIOBUTRHE OXOJOMKEHHS [5]) Ta
HU3BKOIO (IIBHKE OXONIO/UKEeHHS [28]) KOHIEHTpa-
Li€10.

MeTon TMOBUTEHOTO OXO/DKCHHS (KOHIICHTpAITiS
oiteporny — 40%) 1 epuTpoIUTIB coOaK MmoKa3an
JIOCUTH BUCOKY HOTO e(heKTHBHICTh (30eperKeHHST —
70-80%) [7].

OCHOBHMM HEJONIKOM IIbOTO METONy € TpHBaja
Ta CKJIaJHA TPOLEAypa BBEICHHS KpiOMpOTEKTOpa
B CYCIICH3IIO KIITHH, sIKa BKJIIOYa€ B cebe YOTHpH
etanu. KpiMm Toro, ckiagHuM € BUAAICHHS KPiompo-
TEKTOPa 3 KJIITHH MICJIsl PO3MOPOXKYBaHHS.

Merton HIBUIKOTO OXOJOMXKCHHSI BHSABHBCS He-
e(heKTUBHUM Il epUTpoUUTiB cobak [2, 23]. s
IOTO METO/Y BHKOPHUCTOBYBAJUCS Pi3HI KOHIIEHT-
pamii kpiompotekTtopa (5-20%) [2, 6]. 30epexen-
HA KIITHH TMICAs PO3MOPOXKYBaHHA OylnO TOCHTH
HU3BKUM 1 cTaHOBWIO 32—43% (Tabmuis). 3 omHOTO
00Ky, 11 MTOB’SI3aHO 3 Jy’KE TIOBUILHOI MTPOHUKHICTIO
DJIIEpoNly MUIIXOM TMoJjermeHoi audysii B KiIiTH-
HU [4, 23], 3 1HIIOr0O — JIO TOIIKO/PKEHHS KJIITUH
MOXe€ IIPU3BECTH NpoLeaAypa AenIileprHizanii, y pe-
3yJbTaTi sIKOI BUHMKAE TIMOTOHIYHMN cTpec. Takum
YUHOM, pi3Ke JOAaBaHHS PO3YHHY TilEPTOHIYHOTO
KpiOIIPOTEKTOpa Ta MoJaiblIe HOTro BUAAJICHHS IIPU3-
BOOWATHL 110 3MIHHM OCMOTHYHOI CTIMKOCTI KIITHH
1 3HIDKEHHS iX 30€pEKCHOCTI.

Tammm mpoHUKHUM KpionporektopoM € JIMCO.
VY poborax O.H. leancoroi Ta cmisar. [2], Liu J. Ta
coiBar. [23] eKCepUMEHTaJbHO BCTAHOBJCHO, IO
JAMCO BusiBUBCSI OUTBII MPHIATHUM JUIsI KPIOKOH-
CEpBYBaHHSI EPUTPOLMTIB COOAK MOPIBHSIHO 3 TIIile-
posnom (Tabmuis). 30epeKeHHs] epUTPOLUTIB MicIs
3aMopoxyBaHHs-BigirpiBanag 3 10% AMCO ckia-
nanmo  75-80%. Epurpouutd, KpiOKOHCEPBOBaHI
3 JAMCO, miciast po3MOpOKyBaHHS 1 BiIMHBaH-
Hs KpiompoTeKTopa 30epiraloTh BHUCOKY CTIHKICTBh
y ¢izionorivEnX ymoBax i3 TIATPUMAHHIM HOP-
ManpHOT (POpMH 1 OCMOTHYHOI KpHXKOCTi. Bimo-
Mo, 110 koedimienT nmporukHOCTI L1t JIMCO kpi3h
MeMOpaHy epUTpPOIUTIB CO0aK 3HAYHO BHIIUH,
HiDK Juis mrinepony [4]. Bucoki NMOKa3HUKH BUXKH-
BaHHsI EPUTPOLUTIB COOAK 32 YMOB KPIOKOHCEPBY-
Banus 3 JMCO wmoxyTrp OyTH mNoOB’si3aHi 3 Hal-
XOJDKCHHSM MAaKCUMAaJIbHOI KUIBKOCTI KpiOIPOTEK-
TOpa 10 €pUTPOLMTIB. Bijbll MBHIKE TPOHUKHEHHS
JAMCO B epUTpOLUTH 3MEHIIYE HMOBIPHICTH MOII-
KOJPKEHHSI TIIIEPTOHIYHUM CTPECcOM. Uepe3 MOKIHUBY
TOKCHUYHY [il0 Ha TBAPUH PEKOMEHAYETHCS SKOMO-
ra perenpHime Bunamuta JJMCO 3 xmitun [5, 16],
0 YCKJIAJHIOE TPOIEIypPy IMATOTOBKHA KIITHH IO
Tpaucdy3ii.
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36epexeHHs epuTpoLMTIB cobakmM Nicns 3aMOpPOXKYBaHHS-
BifirpiBy B 3anexHOCTi Bi BUKOPUCTaAHOIO KpionpoTekTopa
nif, Yac WBMAKOro 3aMOpoXyBaHHS [3, 28]

Post-thaw canine erythrocyte preservation rate depending
on the cryoprotectant used at a rapid freezing [8, 26]

KpionpoTekTtop KiHueBa KoHUeHTpauia, % 36epexeHHn, %
Cryoprotectant Final concentration, % Preservation rate , %
E‘;‘:gr%‘l“ 15 30-40
s o
PEG-1500 18 90-95
LS 17,5 85-95
Aoy Soepose | 1042

was due to the very slow glycerol permeability
via facilitated diffusion into the cells [20, 38], on
the other hand, the deglycerolization might cause
the cell damage, resulting in hypotonic stress. Thus,
a sharp supplement of hypertonic cryoprotectant
solution and its subsequent removal led to a change
in cell osmotic resistance and a decrease in cell
survival.

Another permeable cryoprotective agent is
DMSO. O.N. Denisova et al. [7], Liu J et al. [20]
have experimentally found that DMSO occurred
to be more suitable for canine erythrocyte cryo-
preservation as compared with glycerol (Table).
The erythrocyte survival after freeze-thawing with
10% DMSO was 75-80%. The erythrocytes, cryo-
preserved with DMSO, after thawing and washing
from cryoprotectant, preserved a high stability
under physiological conditions with maintenance
of normal shape and osmotic fragility. It is known
that the permeability coefficient through canine
erythrocyte membrane is much higher for DMSO
vs. glycerol [38]. High survival rates of canine
erythrocytes under cryopreservation with DMSO
may be associated with the entry of the maximum
amount of cryoprotectant into erythrocytes. More
rapid DMSO penetration into erythrocytes reduces
the probability of damages induced by hypertonic
stress. Because of a possible toxic effect on animals,
it is recommended to remove DMSO from cells
as thoroughly as possible [13, 39], which makes
it difficult to prepare cells for transfusion.

Impermeable cryoprotectants. Due to the fact
that cryoprotectant removal significantly compli-
cates the preparation for transfusion, the cryo-
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Henponuxni kpionpomexmopu. Y 3B’SI3Ky 3 THM,
IO BUAAJICHHS KPIOMPOTEKTOpa 3HAYHO YCKJIaTHIOE
MpOLeAYPY MiATOTOBKH 10 TpaHCQy3ii, aKTUBHO
PO3pOOISAIOTECS TEXHOJIOTIT KPIOHCEpPBYBaHHS 3 BH-
KOPHCTaHHSM HENPOHUKHUX KpiomporekTopis. Ye-
pe3 HM3BKY TOKCHYHICTH JEsIKi HEMPOHWKHI Kpio-
IIPOTEKTOPH B HEBEIMKHX KUIBKOCTSIX MOXYTb
OyTH BHECCHI B KpOB’SHE PYCIO pCEHHUITIEHTA B
nporeci TpaHcdysii mexoHcepBoBaHOi KpoBi. [0-
JIOBHOIO TIEPEBArol0 METOJIB KPIOKOHCEPBYBaHH:I
CPUTPOLIUTIB 3 HENPOHUKHUMH KPiOMPOTEKTOPaMH
€ MOKJIMBICTh BHKIIOUEHHS €Tamy iX BiJAMHBaHHSA
niepen Tpancdysiero [22, 28].

Haii6inpm eeKTHBHUMH HENPOHUKHUMH Kpio-
MPOTEKTOPaMU  [UIsl  KPIOKOHCEPBYBAaHHS EPHUTPO-
UTIB CO0AaK € TOJIEeTWIEHIIKOIbL 3 M. M. 1500
(ITET-1500) [1, 2] Ta TigpOKCHETUIHOBAHUN KPOX-
mans (EK) [15, 21, 28, 31]. Lli pedoBuHu edek-
THBHI B HU3BKUX KOHIICHTpAIlIIX 1 3a0€3MeuyroTh
3aXMCT KJIITHH 3a JOIIOMOIOK YaCTKOBOi iX aerin-
paramii mepen 3amopoxyBaHHSAM. Lli kpiompoTrek-
TOPH 3HWKYIOTh 1HTEHCHBHICTh (DOpMYBaHHS BHYT-
PIIHBOKIIITHHHUX KPHCTANIB JIbOAY 1 32 YMOB BH-
COKHX IIBUAKOCTEH OXOJOMKEHHS CYCHeH3ii KIIITHH
3aMep3afoTh M€ JI0 JOCSITHEHHS KPUTHYHOTO PIiBHA
KOHIEHTpaLii pO34nHIB coneil.

[Tixg gac Bukopuctanns [1EI-1500 y sikocTi kpio-
MIPOTEKTOpa JIJIS EPUTPOIUTIB cobak [2] mocsraeTh-
Csl BUCOKMH piBeHb 30€peKEHHS KIITHUH ICIS IUK-
JIy 3aMOpOKYBaHHS-BiNirpiBy. BiknBaHHS KIIITHH
TTiCIIST PO3MOPOXKYBaHHS CTAHOBUTH J10 95% (Tabmuris).

Opnak Tig 9ac OIIHKKM OCHOBHUX ITapaMeTpiB
JEKOHCEPBOBAHUX EPHUTPOLUTIB TICIS TEepEeHECEeH-
Hs 1X B 130TOHIYHE CEPEIIOBMILE BHSBJICHO 3HAYHI
MOPYIICHHSI MEXaHO-CIaCTHYHHUX BJIACTHBOCTEH 1
MiABHIICHHST KPUXKOCTi epuTpouuTiB [2]. Lle min-
TBEPIKY€EThCS pe3yibpTaramu gociikenas K. Sing-
bartl ta cmiaBt. [30] (28), NpoBeIEHUMHU Ha EPUT-
poLUTAax JIIOIUHH.

lNppokcuernnboBanmii kpoxmanb 3 M. M. 200
y KoHIeHTparii 25-35% TakoX 3aCTOCOBYIOThH IS
3aXUCTy EPUTPOLUTIB co0ak BiJ HHU3BKOTEMIIEpa-
TypHUX TOMKOmkeHb [21, 28, 32]. 3amopokyBaH-
HS 3MIHCHIOIOTH 3aHYPEHHSIM KOHTCHHEPIB Y PIAKUH
azoT (—196°C). Ilpu 1mpoMy TiCISI PO3MOPOKYBaH-
Ha 3aymmaeTsest 10 80% 30epekeHnx KIITHH. Bu-
KOpHCTaHHS HENpOHUKHOTO Kpiomporekropa ['EK
JUISL 3aXKMCTY SPUTPOLUTIB cOOaK BiJ Jii HECTIPHUSIT-
auBHX (HaKTOPIB HU3BKOTEMIIEpaTypHOro 30epiraH-
HSl TIOKa3ye 3py4yHICTh HOro 3acTOCyBaHHs, OCKiJib-
KM BiH He TOTpeOye BUAAJICHHS Nepel TpaHCy3i€ro,
aje Iicas KPIOKOHCEPBYBaHHS  CIIOCTEPITaeThCs
ITiIBUIIEHHS] OCMOTHYHOI KPUXKOCTI KJTITHH.

BigoMo, mo HEMpOHWKHI KpPiOMPOTEKTOPH MO-
XKYTb KOHTaKTyBaTH 3 IOBEPXHEIO KIITMHHUX MEM-
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preservation technologies, involving the imper-
meable cryoprotectants are being actively developed.
Because of their low toxicity, some impermeable
cryoprotectants may be introduced into recipient’s
bloodstream in small amounts during transfusion
of frozen-thawed blood. The main advantage of
erythrocyte cryopreservation techniques using im-
permeable cryoprotectants is the possibility to eli-
minate the stage of their washing out prior to trans-
fusion [19, 26].

The most efficient impermeable cryoprotectants
for canine erythrocyte cryopreservation are poly-
ethylene glycol with MW 1500 (PEG-1500) [2,
7] and hydroxyethyl starch (HES) [12, 18, 26, 29].
These substances are effective in low concentra-
tions and protect cells via their partial dehydration
before freezing. These cryoprotectants mitigate
the intensity of intracellular ice crystal formation,
and under high cooling rates, the cell suspensions
are frozen even before the critical concentration
of salt solutions is reached.

When using PEG-1500 as a cryoprotectant for
canine erythrocytes [7], a high rate of cell integrity
is achieved after freeze-thawing cycle. Cell sur-
vival after thawing is up to 95% (Table).

However, when assessing the main parameters
of frozen-thawed erythrocytes after transferring
them into an isotonic medium, the significant
disorders of mechanical and elastic properties and
increased fragility of erythrocytes were found [7].
This is confirmed by the findings of K. Singbartl
et al. [28], obtained in human erythrocytes.

Hydroxyethyl starch with MW 200 in a concent-
ration of 25-35% is also applied for canine erythro-
cyte protection against low-temperature damage
[18, 26, 30]. Freezing is carried out by immersing
containers into liquid nitrogen (—196°C). Herewith,
up to 80% of cells are survived after thawing.
The application of an impermeable cryoprotectant
HES to protect canine erythrocytes against the
adverse effects of low-temperature storage shows
its convenience to use, because it does not need
to be removed prior to transfusion, though an in-
creased post-cryo cell osmotic fragility is obser-
ved.

It is known that impermeable cryoprotectants
are able to contact a cell membrane surface and
their lipid components due to hydrophobic in-
teractions [8]. The polar ones may be altered in the
presence of these substances due to penetration and
incorporation of these molecules into membrane
bilayer. This may induce conformational disorders
of membrane-cytoskeletal complex, resulting in
the defects, appeared during cell transfer into
physiological conditions. This evidences a hidden



OpaH Ta iX JIMNIAHAMH KOMIIOHEHTaMHU 3a PaxyHOK
rizpopobuux B3aemoxiit [3]. Ilomspui B3aemonii
B NPUCYTHOCTI LUX PEUOBHH MOXKYTh 3MiHIOBa-
TUCSI BHACHIIJOK IPOHUKHEHHS Ta BOYIOBYBaHHS
OUX MONleKyn y MemOpanamid Oimap. lLle moxe
BHUKJIMKATH KOH(OpMAIiHI TOpYIIEHHS MeMOpa-
HO-LIUTOCKEJIETHOTO KOMILIEKCY, L0 MPU3BOAUTH N0
BUHUKHEHHS Ne(eKTiB MmiJ 4ac mepeHeceHHs KIITHH
1o ¢izionoriuanx ymoB. Lle cBimuuTh Tpo mpHUXo-
BaHMW XapakTep TOpPYIIEHb 1 BigoOpaskae He3nar-
HICTh O1JIKIB MEMOPaHO-IIUTOCKEIIETHOTO KOMILICKCY
MiATPUMYBATH LTICHICTH KIiTHH [3, 30].

Kombinoeani xpioxoncepsanmu. OqHAM 3 HasiB-
HUX OIOXOOIB 10 3HWKCHHS ITOLIKOMKCHHS KIITUH
] 4ac KpIOKOHCEPBYBaHHS € 3aCTOCYBaHHS Je-
KITBKOX KpPIOMPOTEKTOPIB Pi3HOTO MeXaHi3My ii.
Taki po3YMHH BHKOPHUCTOBYIOTHCS JJIS1 KPIOKOHCEPBY-
BaHHS CPUTPOIHTIB 1 TpoMOOIHUTIB [5], KpPOBOTBIp-
HUX KJTITHH niedinku [27] moguan. Y poboti O.M. [le-
HHUCOBOI Ta CITiBaBT. [3] TMOKa3aHO JOCTAaTHRO BU-
COKY €(EeKTHBHICTh BUKOPUCTAHHS KOMOIHOBaHHMX
KpiOKOHCEpBaHTiB, siki MicTsaTh IMCO Ta caxaposy,
[pU MIBUAKOMY 3aMOPOXXYBaHHI EPUTPOLMTIB CO-
Oak. Caxapo3a € HEMPOHHKHUM NPHUPOIHHUM Kpio-
IIPOTEKTOPOM, sIKa CTa0LII3y€e Ta 3aXWINae KIITHHHI
MeMOpaHu Ta OUIKM TIiJ] 4ac 3aMOpOXKyBaHHS [5].
HesigHoBIOBaIBHI qUCaxapuu (Tperaiso3a Ta caxa-
po3a) MaroTh BHIN TeMIeparypud CKIyBaHHS I10-
piBastHO 3 JIMCO, ernneHnmikoieM Ta 1,2-mporman-
miomeM. Llg BiacTHBICTH 3a0e3redye yTBOPEHHS
OITHOPITHOT CTPYKTYPH JILOIY 3 BHCOKOIO B’SI3KICTIO
1 HU3BKOIO PYXJIMBICTIO, IO TPU3BOJHUTH 1O 3HU-
JKEHHS MOIIKOKEHHS KIITHH I 4Yac MIBHUIKOIO
3aMOpoXXyBaHHs [27]. AJie TOYHMU MeEXaHi3M Jiii
JUcaxapu/liB Ha BWXKHBAHHS KIITUH TICIs BiJir-
piBy 3anmumaeTscsi A0Ci HeBU3Ha4eHUM. OCKUIbKH
B KIIITHHAX CCaBI[iB HEMA€E CIEIUPIYHUX TPAHCIIOP-
TEpiB I AMCAXapUAIB, TO TIPU JOJABaHHI KPiOMpO-
TEKTOPIiB BOHM 3aJIMIIAIOTHCS B ITO3AKIITHHHOMY
mpoctopi. Tomy X KpiompoTeKTOpHA Jist HeOCTAaTHS
JUTSL 3a0e3MedeHHsT 30epeKeHHST CTPYKTYPHO-(DyHK-
mMioHAJTRHOI IIOCTHOCTI KmithH. [Ipm mpomy 3a-
CTOCYBAaHHA JAWUCAaXapUaiB 3 MPOHUKHUMH KpPiompo-
TEKTOpaMH MOXKE 3HAYHO TOKPAIIUTH pPe3yJbTar
KpioKoHCepByBaHHA. JlogaBaHHS 10 MPOHHKHOTO
KpIiOIIPOTEKTOpa HEMPOHUKHOI PEUYOBHHU IPHU3BO-
JUTh JIO 3HIDKCHHS PIBHS TIONIKOJDKCHHS KJIITUH
y pe3yibTari mocinabieHHs TilepTOHIYHOTO CTpecy
1 HEraTUBHOTO OCMOTHYHOTO e(ekTy micis Buaa-
JeHHs KpiomportekTopa. lle mepcriekTuBHUE Har-
PSAMOK TIONIYKY €(EeKTHBHHX KpPiOIMPOTEKTOPIB IS
30epeKeHHsT EPUTPOIUTIB cOOaK ITiJ] 4ac KPiOKOH-
CEpBYBaHHS, SKHHA IMOTPeOye IMOJANBIIOTO PO3BHT-

KY.
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nature of the disorders and reflects the inability
of the membrane-cytoskeletal complex proteins to
maintain cell integrity [8, 28].

Combined cryopreservatives. The application
of several cryoprotectants with different action
modes is among the current approaches to miti-
gate the cell damage during cryopreservation.
These solutions are used to cryopreserve human
erythrocytes and platelets [39], liver hematopoietic
cells [25]. O.M. Denisova et al. [8] showed quite
a high efficiency of combined cryopreservatives,
comprising DMSO and sucrose in rapid freezing
for canine erythrocytes. Sucrose is an impermeable
natural cryoprotectant that stabilizes and protects
cell membranes and proteins during freezing [39].
Non-reducing disaccharides (trehalose and sucrose)
have higher glass transition temperatures if com-
pared with DMSO, ethylene glycol and 1,2-pro-
panediol. This property ensures the formation of
homogeneous ice structure with high viscosity and
low mobility, resulting in a decreased cell damage
during rapid freezing [25]. But the exact mechanism
of disaccharide effect on post-thaw cell survival
has still remained unclear. Since there are no
specific transporters for disaccharides in mammalian
cells, they stay in an extracellular space during
cryoprotectant supplement. Therefore, their cryo-
protective effect is insufficient to preserve the
structural and functional cell integrity. Herewith
the use of disaccharides with permeable cryoprotec-
tants may significantly improve the cryopreser-
vation outcome. The supplement of impermeable
substance to permeable cryoprotectant entails a de-
crease in cell damage rate, resulting from weakening
of hypertonic stress and negative osmotic effect
after cryoprotectant removal. This trend in finding
the efficient cryoprotectective agents to preserve
canine erythrocyte integrity during cryopreserva-
tion shows promise, but requires further develop-
ment.

Currently, the blood components are being
increasingly used for blood transfusion in a com-
bined therapy of various diseases in veterinary
medicine. Therefore, the improving and designing
the novel methods for erythrocyte long-term
low temperature storage are topical in veterinary
medicine, being the urgent trends for transfusion
veterinary medicine development. Damage mecha-
nisms to canine erythrocytes, associated with the
long-term low temperature storage, have remained
poorly studied. So far, there are no optimal pro-
tocols for cryopreservation of whole blood or its
components. Therefore, further investigations are
needed to elucidate the causes of cell damage, search
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3apa3 y BeTepHHApHId MeTULMHI AT Tepenu-
BaHHs KPOBi BCE YaCTillle BUKOPHUCTOBYIOTH KOMIIO-
HEHTU KPOBI AJISi KOMILJIGKCHOTO JIIKYBaHHS Pi3HUX
3aXBOPIOBaHb. TOMYy BIOCKOHQJIECHHS 1 CTBOPEHHS
HOBHMX METOJIB JIOBFOCTPOKOBOI'O HHU3BKOTEMIIEpa-
TYpPHOTO 30epiraHHs EPUTPOIUTIB Ma€e BEIUKE 3Ha-
YeHHS TSI BETEPUHAPIi 1 € aKTyaTbHIM HaIPSIMKOM
PO3BUTKY TpaHC(y3iiiHOI BETepHHAPHOI METUIIH-
HU. MeXaHi3MU TOIIKO/PKEHHS CPUTPOLMTIB CO0aK,
OB’ s13aHi 3 TPUBAIIUM HU3bKOTEMIIEpAaTypHUM 30epi-
TaHHSM, BHBYEHI HelocTaTHbO. [loku 1m0 Hemae
ONTUMAJIbHUX TPOTOKOJIIB KPIOKOHCEPBYBAHHS LiJIb-
HOi KpoBi abo ii kommoHeHTiB. Tomy TOTpiOHI mO-
JAJIBII JIOCITIKSHHST TIPHYHMH TTONIKO/PKEHHS KITITHH,
MOITYKH €(DeKTHBHUX KPIiOMPOTEKTOPIB Ta YIOCKOHA-
JIHHS CIIOCOOIB  KPIOKOHCEPBYBAaHHS KOMITOHEHTIB
KpOBIi.

BucHoBkn

TakuM 4YWMHOM, OIS JITEPAaTypu TOKa3aB, IO
HasiBHI METOJM KPiOKOHCEPBYBAaHHS Ta JIOBrOTPHBa-
JIOTO 30epiraHHs MUILHOI KPOBi coOak Ta T KOMIIO-
HEHTIB I HEJIOCKOHAJI Ta MOTPEOYOTh MOJAIBIINX
JOCIIIKEHD.

1. Metonu rinotepmiuyHoro 30epiranHs KpoBi 3a-
0e3neuyroTh ii 30epexkenicTs muire 10 20 1io, 1mo He
CIpUsi€ CTBOPEHHIO OaHKIB JIOBIOTPUBAIOTO 30epi-
TaHHS KPOBI.

2. Mertoau 30epexeHHs 3pa3KiB KpOBi 3a yMOB
rimotepmii a00 KPIOKOHCEPBYBAHHS ITiJT 3aXHUCTOM
oitepony / 'EK He 3a10BOMBHSIOTH TOTPEOH B KPOBI
ITiJT 9ac KOMIUIEKCHOTO JTIKyBaHHS COOaK.

3. Jnsa BupilleHHS TPOOIEMH JIOBrOTpUBA-
Joro 30epiraHHsl €pUTPOIMTIB 32 YMOB HU3BKOTEM-
MepaTypHOro KOHCEPBYBaHHS MEPCIICKTUBHUM € BU-
KOPUCTaHHS KOMOIHOBAHOIO KpPiOKOHCEPBAHTA, JIO
ckaany sikoro Bxoaatk JIMCO i caxapo3a.
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for efficient cryoprotectants, and improve the cryo-
preservation techniques for blood components.

Conclusions

Thus, this review showed the available techniques
for cryopreservation and long-term storage of canine
whole blood and its components as not perfect yet
and in need of further investigation.

1. Blood hypothermic storage ensures the pre-
servation for up to 20 days only, making the
establishing of blood banks for its long-term storage
impossible.

2. Methods for blood sample storage -either
under hypothermia or cryopreservation with gly-
cerol / HES protection do not satisfy the need
for blood during combined therapy in dogs.

3. The use of the combined cryopreservative,
which includes DMSO and sucrose is promising
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