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Blood Characteristics in Dogs During Treatment of Babesiosis Using
Transfusion of Cryopreserved Erythrocytes

Pecpepar: babesio3 € ooHMM i3 PO3MOBCIOMKEHMX Y BCbOMY CBIiTi MPOTO30MHMX 3aXBOPIOBaHb COOak, sike 3a BiOCYTHOCTI HeoO-
XiAHOT BETEPUHAPHOI AOMOMOr 4acTo NpU3BOAMTL A0 3arnbeni TBapvHW. Y poboTi OuiHIOBanu 3MiHN remaTonoriYHnX NoKasHUKiB cobak
nig Yac KOMMMeKCHoro nikyBaHHA 6abesiody Ta TpaHcdysii KpiOKOHCEPBOBAHUX epuTpoLMTiB. EputpounTtn 3amopoxyBanu i3 3acTocy-
BaHHAM 20%-ro [IMCO wnsxom 3aHypeHHs y piakuii asor. MNokasaHo, Wwo TpaHCcdy3is KPiOKOHCEPBOBaHMX €pUTPOLIMTIB Pa3oM i3 NpoTu-
napasuTapHol XiMioTepanieto Cnpusie LWBMAKOMY BiAHOBIIEHHIO reMaTonoriyHUX MOKa3HUKIB TBApUH (PiBHS reMornobiHy, reMaTtokpuTy
Ta KiNbKOCTi epuTpOLMTIB), @ TaKoX MOKpaLlye iX CamOomnouvyTTs, crnpuse Ginblu WBMAKOMY opyxaHHIo. KpiokoHcepsoBaHi 3 MCO
epuUTPOLMTN MOXYTb ByTU pekoMeHAOBaHI AN AOBroTpyBanoro 36epiraHHs KpoBi y kpiobaHkax.

KnrouyoBi cnoBa: 6abesios, eputpoumnTn cobak, TpaHcdysisi, KPIOKOHCEPBYBaHHS, KPiOMPOTEKTOP.

Abstract: Babesiosis is one of the most common protozoan diseases in dogs, which in the absence of the necessary veterinary
care often leads to the animal death. The changes of hematological parameters in dogs during complex treatment of babesiosis and
transfusion of cryopreserved erythrocytes were evaluated in the research. Erythrocytes were frozen using 20% DMSO by immersion
into liquid nitrogen. Transfusion of cryopreserved erythrocytes together with antiparasitic chemotherapy has been shown to promote
rapid recovery of hematological parameters of animal blood (hemoglobin, hematocrit and erythrocyte counts), as well as improves their
well-being, promotes faster recovery. Cryopreserved with DMSO erythrocytes can be recommended for long-term storage of blood

at cryobanks.
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ITepenuBanHs KpoBi € e(HEKTHBHUM i OCHOBHUM
crmocoO0OM JTiKyBaHHS Baxkux (opm 06ade3iozy y
cobaKk — mapa3uTapHOTO 3aXBOPIOBAHHS KPOBI, BHK-
JUKaHOTO HaWmpocTimmMu Babesia canis depes
YKyCcH KiimiB. [HKyOamiliHMiA mepiox XBopoOu Ba-
PIIOETBCS Bl TPHOX 10 JI0 TPHOX THIKHIB 1 3aJICKUTh
BiJ IMYHITETy TBapMHH 1 KUTBKOCTI 3apa)KeHUX KIIi-
1IiB, sIKi mapasuTyBaiu Ha cobaui. babesios xapak-
TEPU3YETHCS BEIMKOIO BTPATOI0 CPUTPOLUTIB (Bix
5,5 — 8 x10'%/n mo 2,65 — 2,8 x 10'%/1), y pe3yib-
TaTli 490TO0 pPO3BUBAETHCS aHEeMis. BBakaerbcs, 110
3HW)KEHHSI TEeMATOKpUTY HUK4e 15% € moka3HUKOM
JUTS TIEPETTMBAHHS KPOBi, 0COONMBO, AKIIO Yy cobak
CIIOCTEPITAEThCSI PO3BUTOK JUXaJbHOI HEIOCTaT-
HOCTI.

s TpaHcdy3iil y BeTepUHAPHUX 3aKiIajax 3a3-
BUYail BUKOPHUCTOBYIOTH JIOHOPCHKY KPOB, alie B KJIi-
HiKax HeoOXiJHI 3amack KpOBI CO0aK HE IOIOB-
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Blood transfusion is an effective and primary
way to treat severe forms of canine babesiosis,
which is a blood disease caused by the parasites Ba-
besia canis transmitted via tick bites. The disease
incubation period varies from three days to three
weeks and depends on the animal immunity and
number of infected ticks that have parasitized the
dog. Babesiosis is characterized by a large loss
of erythrocytes (from 5.5 — 8 x10'%/1 to 2.65 — 2.8 x
x 10"/1), resulting in the anemia development. Dec-
rease in hematocrit below 15% is believed to be
indicator for blood transfusion, especially if dogs
develop respiratory failure.

Donor blood is usually used for transfusions
in veterinary clinics, but the latter required the ca-
nine blood supply which is not replenished, due
to the lack of special donors and the difficulty
of blood collection by phenotypic characteristics
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HIOIOTBCS, 1[0 TOSICHIOETBCS BiJICYTHICTIO CIICIialib-
HUX JIOHOPIB 1 CKJIQIHICTIO BiZOOPY KpOBi 3a (heHOTH-
noBuMu o3Hakamu [11, 12]. B ekcTpenux Bumaakax
KpoB OepyTh Bin co0ak, SIKi 3HAXONATHCA y TIPH-
TYJIKaX.

KpoB mns mepenuBaHHs 3a3BUYail 30MpaeTbes i
30epiraeTbcsl y po3dymHaX aHTUKOATYJSHTIB, OCHOB-
HUMH 3 SIKUX € IUTpar-aexcTpo3uuii (ACD) i nuTpar-
docdar-nexcrpozno-aneninouii (CPDA-1). Kpos,
3aroTOBIICHA 3 TaKMMH aHTHKOATYJISHTaMHU-KOHCEp-
BaHTaMH, Moxke 30epirarucs mo 20 ni6 [20, 25] y
rimorepmiyanx ymoBax mnpu 4°C. OmgHak mig 4vac
Takoro 30epiranHsi BigOyBaroTbcsi O10XiMiuHI 3MiHH,
SIKI TIOTiPIIYOTh METa0Ooi3M, M0 MPU3BOIUTH JIO
nopymieHHsT (opMHU Ta 00’€MY EpPUTPOIMTIB 3 IIO-
JMANBIIUM 3HWKEHHSAM iX (Di310I0TIYHUX (QYHKITIH.
Jli1st moBroTpuBaioro 30epiraHasi epUTPOIHTIB (TIPO-
TATOM KITBKOX POKIB) iCaTbHUM METOIOM €
3aMOpOXKYBaHHS CYCIICH3IH KIIITHH 3a TeMIIeparyp
—80...—196°C. Cimix 3a3Ha4uTH, 1110 HA JAHHI Yac He
pO3po0IIeHO e(EKTHBHUX CIOCOOIB KPIOKOHCEPBY-
BaHHS 1 JOBrOTPHBAJIOrO 30€piraHHs CPUTPOLHUTIB
cobax.

Hnst 30epekeHHs] KIITHH Wi 4Yac 3aMOPOXY-
BaHHS-BIAIrpiBy 000B’13KOBO BUKOPUCTOBYIOTh KPio-
nporekrtopu. [lokasaHo, 10 KpiOKOHCEPBYBaHHS
epuTpouuTiB cobak 3a Temmeparypu go —80°C 3
DILEPOJIOM Y JOCTaTHbO BHCOKHX KOHLIEHTPALisX
(40%) 3abezneuye 3am0BuTEHAN (10 75%) 3aXUCT KITi-
THUH BiJl MTOMIKOMKYBAIBHOI Mii HH3BKOTEMIIEpaTyp-
Hux ¢akropis [9, 10]. OnHak 3a Takoi BUCOKOI KOH-
LEHTpalii KpiompoTeKTopa OOOB’SI3KOBHUM € HOTO
BUJIaJICHHST Tiepe] Tpancdysicto st 3armoOiraHHs
OCMOTHYHOMY JIi3HCy KJIITHH y Tpoueci TpaHcdy-
3i1. 1{ro mpoueaypy JAOIIBHO 3aCTOCOBYBaTH B €KC-
MIEPUMEHTI, ajie BOHA JIOCUTh CKJIaJHA 1 Jopora.

Kpim Toro, 11 3aMOpoKyBaHHS! epUTPOLIUTIB CO-
0aK BUKOPHCTOBYIOTh HENPOHUKHI B KIITHHY Kpio-
MIPOTEKTOPH — TiApoKcHeTrboBaHui Kpoxmaib (I'EK)
M. M. 200 [15, 19] i momiermmeHmIikoas M. M. 1500
(ITET'-1500) [1]. Hix 3axuctom I'EK Ta ITET-1500
miciast po3MOpoXKyBaHHS 30epiraerscst 80-90% wiii-
TuH. OIHaK BOHM TICJI pO3MOPOXKYBaHHS 1 TIepeHe-
ceHHs Y (i310JIOTIYHI YMOBH € HECTIMKHUMH, IO I
yac TpaHcdy3iii MoXe IPU3BECTH A0 1X BHYTPIIIHBO-
CYJIMHHOTO TeMOJIi3Y.

Hamu panime mokasaHo, 10 AOCTaTHHO BHCOKY
30epexenictb (75-80%) epurpouutiB cobak 1o il
HU3BKOTEMIIEpAaTypHUX (DAKTOPiB MiJ 4Yac KpPiOKOH-
CEpBYBAaHHsI MOXKHa JIOCATTH 33 PaxyHOK BHKOPHC-
taHHs 20%-ro mumermicynbdokcuay (AMCO) [1].
[Ipu 11bOMy OUTBIIICTH EPUTPOIMUTIB MMiCIS PO3MO-
pOKYyBaHHS Ta BIIMHBaHHS BiJl KpIOMPOTEKTOpa i
repeHeceHHs y (izionoriuni ymMoBu mobpe 30epi-
rarotbcs [2]. OmHaK KpiOKOHCEPBOBaHI 3a JIaHOIO
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[3, 4]. In emergencies, blood is taken from dogs
in shelters.

Blood for transfusion is usually collected and
stored in anticoagulant solutions, the main of which
are citrate-dextrose (ACD) and citrate-phosphate-
dextrose-adenyl (CPDA-1). Blood harvested with
such anticoagulants-preservatives can be stored
for up to 20 days [16, 22] under hypothermic con-
ditions at 4°C. However, during such storage, bio-
chemical changes impairing metabolism take place
and lead to disruption of the shape and volume
of erythrocytes, followed by a decrease in their
physiological functions. For long-term storage of
erythrocytes (for several years), the cell suspen-
sions freezing at temperatures of —80...—196°C is
the ideal method. It should be noted that currently
no more effective methods of cryopreservation
and long-term storage of canine erythrocytes have
been developed.

Usage of cryoprotectants is mandatory to pre-
serve the cells during freeze-thaw. Cryopreserva-
tion of canine erythrocytes at temperatures down to
—80°C with glycerol in sufficiently high concentra-
tions (40%) is shown to provide satisfactory (up to
75%) protection of cells against the damaging effects
of low-temperature factors [1, 2]. However, at such
a high concentration of cryoprotectant, it is obli-
gatory to remove it before transfusion to prevent
osmotic lysis of cells during transfusion. This pro-
cedure should be used in an experiment, but it is quite
complicated and expensive.

In addition, to freeze the canine erythrocytes
using impermeable to a cell cryoprotectants, namely
hydroxyethylated starch (HEC) m. m. 200 [9, 15]
and polyethylene glycol m. m. 1500 (PEG-1500)
[5] are applied. Under the HEC and PEG-1500
protection 80-90% of cells have been preserved
after thawing. However, they are unstable after
thawing and transfer to physiological conditions,
which during transfusions can lead to their intra-
vascular hemolysis.

We have previously shown that a sufficiently
high preservation (75-80%) of canine erythrocytes
regarding of the influence of low-temperature
factors during cryopreservation can be achieved
via using the 20% dimethyl sulfoxide (DMSO)
[5]. In this case, most erythrocytes after thawing
and washing from the cryoprotectant as well as trans-
fer to physiological conditions are well preserved
[6]. However, cryopreserved by this method erythro-
cytes have not yet been used for transfusions when
treating the babesiosis in dogs.

The purpose of the research was by examining
hematological parameters to assess the therapeu-
tic efficiency of transfusion of the cryopreserved




METOIUKOI0 EPUTPOLUTH IIe HE 3aCTOCOBYBAIHUCS
st Tpancysii mix yac JiKyBaHHS XBOpUX Ha Oa-
0e3103 cobaxk.

Meta po0OOTH — OIliHKa 32 TeMaTOJOTiYHUMHU TI0-
Ka3HUKaMH JiKyBaJIbHOI €(DEeKTUBHOCTI TIepeTnBaHHs
KpiOKOHCEPBOBAHHUX ITiJT 3aXHCTOM JUMETHICYIb(HOK-
CHUIy epUTPOIINTIB XBOPHM Ha 6a0e3103 cobakaM ist
KOPUTYBaHHS aHEMI].

Marepiaau Ta MmeToau

ExcniepuMeHTH MPOBOAMIN BiJOBITHO 10 3aKO-
Hy Ykpainu «IIpo 3axucT TBapuH BiJx KOPCTOTO TO-
BoukeHHs» (Ne 3447-1V Bix 21.02.2006) 3 notpu-
MaHHAM BHMOI KoMmicii 3 Oioetmknm XapKiBCbKOI
Jep>KaBHOI 300BETEPUHAPHOI aKkaaeMii, y3romKeHUX
13 MOJIOKEHHAMHU «EBpOIEHCchKOi KOHBEHMIT PO 3a-
XHCT XpeOETHMX TBAapHUH, SIKi BUKOPHUCTOBYIOTHCS
JUTST eKCTIEPUMEHTAIBHUX Ta IHIIAX HAyKOBUX ITi-
neiv» (CtpacOypr, 1986).

Y poOoTi mocCHimKyBaal epUTPOIUTH codaK. Yci
TBapyHH OyJIM KIITHIYHO 3/I0POBHMH, CTATEBO3PLINMH
(2-10 pokiB), 0e3NOPONHUMH CAMISIMH, SIKI yTpH-
MyBaJHCs Y KOMyHalbHOMY 3aknazai «L{entp moson-
JKCHHS 3 TBapuHaMu» (M. XapkiB, YkpaiHa).

KpoB 3aroToBisiiin Ha [IIOKO30-IUTPATHOMY KOH-
cepBaHTi Ta 30epirayii [0 MPOBEACHHS EKCIepH-
MeHTiB He Oinbiue 48 roxun npu 5°C. Eputpountn
OTPUMYBAJIM METOAOM ULEeHTpU(YryBaHHsS LiIBHOT
kpoBi mpu 750g mpotsroM 5 XB i3 HACTYITHUM BH-
JaJICHHAM IUIa3MH Ta JICHKOTPOMOOLMTApHOIO Ia-
py. Ilicms mbOTO EpPUTPOIUTH TPHUUI BiAMHBAIA Y
4-xpaTHOMY 00’€Mi 130TOHIYHOTO COJBOBOTO PO3-
quny (150 MM NaCl, 10 MM d¢ocdaruuit Oydep
(pH 7.4)).

Eputpountu 3amopoxyBain 3 20%-m JMCO,
SIKHI roTyBaiy Ha ocHOBI 200 MM caxaposu, 50 MM
NaCl, 10 MM ¢ocdarnoro Oydepa, pH 7,4. Kpio-
MIPOTEKTOP JIOJaBaId J0 KJIITHH y CITiBBiHOIICHH]
1:1 # inkyOyBamu 3 KpiOMPOTEKTOPHUM PO3UYHHOM
nepes 3aMOpOXKyBaHHAM mpoTsiroM 20 XB 3a KiM-
HatHOI Temmeparypu (22°C). Epurpountn 3amopo-
KyBanm B Kpiompobipkax 10 mi («Eppendorfy», Hi-
MEYYMHA) [UIAXOM IX 3aHypeHHS B pPIAKUI a30T
(=196°C). KpiokoHcepBoBaHy Macy 30epiraim He
MeHIe Micsi. BimirpiBanHs 3pa3kiB  MPOBOAWIIH
LIJISIXOM TIepEHEeCeHHsI KOHTEHHepa 3 PiZIkoro a3oTy Ha
BozsiHy OaHto (40—42°C) 3 mOCTIHUM MOTOWTyBaHHIM
10 3HUKHeHHS TBepAoi ¢asu. Kpiomporektop Bu-
JaJsUIM TIOCHIIOBHUM LIeHTpUdyryBaHHsaM npu 750g:
eran 1 — BiIMUBaHHS pPIBHUM 00’€MOM pO3YMHY
600 MM NaCl, 10 MM docaraum 6ydepom (pH 7,4);
erann 2 W 3 — BiAMHBaHHSA pPIBHUMH 00’ €MaMu
pozuraOM 150 MM NaCl, 10 MM docdarroro 6ydepa
(pH 7,4). JlexoHcepBOBaHI TaKMM YHHOM EPHUTPO-
[IUTH BUKOPUCTOBYBAIIN JUISI TIEPEITMBAHHS.

dimethyl sulfoxide-protected erythrocytes to the
dogs with babesiosis to correct anemia.

Materials and methods

The experiments were performed in accordan-
ce with the Law of Ukraine ‘On Protection of
Animals Against Cruelty’ (Ne 3447-1V of February
21, 2006) in compliance with the requirements
of the Commission in Bioethics of the Kharkiv
State Veterinary Academy, agreed with the ‘European
Convention for the Protection of Vertebrate Animals
and Other Scientific Purposes’ (Strasbourg, 1986).

In this research we studied canine erythrocy-
tes. All animals were clinically healthy, sexually
mature (2—10 years old), outbred males kept at the
Animal Housing Center (Kharkiv, Ukraine).

Blood was collected with glucose-citrate preser-
vative and stored for experiments not longer than
48 hours at 5°C. Erythrocytes were obtained by
centrifugation of whole blood at 750 g for 5 min,
followed by removal of plasma and platelet 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)).

Erythrocytes were frozen with 20% DMSO,
prepared on the basis of 200 mm sucrose, 50 mm
NaCl, 10 mm phosphate buffer, pH 7.4. The cryo-
protectant was added to the cells in a 1:1 ratio and
incubated with the cryoprotectant solution prior to
freezing for 20 min at room temperature (22°C).
Erythrocytes were frozen in 10 ml cryotubes (Ep-
pendorf, Germany) by immersing them into liquid
nitrogen (—196°C). The cryopreserved mass was sto-
red for at least a month. The samples were heated
by transferring the container from liquid nitrogen
to a water bath (40-42°C) with constant shaking
until the solid phase disappearance. The cryoprotec-
tant was removed by sequential centrifugation at
750 g: step 1 — washing with an equal volume of
600 mm NaCl solution, 10 mm phosphate buffer
(pH 7.4); steps 2 and 3 — washing in equal volumes
with a 150 mm NaCl solution, 10 mm phosphate buf-
fer (pH 7.4). Erythrocytes thawed thereby were used
for transfusion.

The hemolysis rate was determined with a ‘SF-46’
spectrophotometer (LOMO, Russia) by the amount
of free hemoglobin releasing from the cells, and
expressed as a percentage relative to 100% hemo-
lysis of erythrocytes in the presence of 0.1% deter-
gent triton X-100 (Applichem, Germany).

To detect babesia in erythrocytes, peripheral
blood smears were examined [7] using a Leucodif
reagent set (Erba Lachema, Czech Republic).

Treatment against parasites was performed by
a single intramuscular injection of the antiproto-
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Cryninbp remMosizy BU3HAa4add Ha CHEKTPO(OTO-
Metpi «CD-46» («JIOMO», Pocis) 3a KUTbKicTIO
BUTLHOTO TeMONITO0IHY, SIKUW BUHIIIOB 13 KIITHH, 1 BU-
pakalii B MpoleHTaxX 1o BigHomeHHO A0 100%-ro
reMoi3y epurpouutis y npucytaocti 0,1% nerep-
reaty TputoHy X-100 («Applichemy, Himeuunna).

st BUSBIIEHHST B epuUTpommTax 0abe3iil moc-
TipKyBan Masku nepudepryanoi xposi [13] 3a mo-
noMororo Habopy pearenriB «Jlekoqud» («Erba La-
chemay, Yexis).

JIikyBaHHS BiJ Tapa3uTiB MPOBOAWIH IIISXOM
OZIHOPA30BOT'0 BHYTPILIHEOM ’sI30BOTO BBE/ICHHSI aHTH-
nporo3oiiHoro npenapary «Ilipo-Crom» («Anu-Cany,
Pocis), sikuii € mocTtaTHbO e(PeKTHMBHUM 1 MajOTOK-
cuunuM [8] y mo3i 0,25 mu/kr macu TBapunu. Yepes
24 TomWHM IiCJIsA BBEACHHS Ipenapary MNPOBOIHIH
MTOBTOPHUH KIIIHIYHNH aHaIi3 KPOBi. Y THUX BHITaJKaX,
KOJM He Oyl10 CTaTHCTUYHO 3HAYYIIUX IOKpaIlEHb
MTOKa3HUKIB KPOBI Ta 30epiraimcss BUPAKEHI CHMII-
TOMH 3aXBOPIOBaHHS (BIACYTHICTh areTuTy, Mij-
BUILIEHA TEMIIepaTypa), MPOBOAMIHN TpaHCPy3ito
JICKOHCEPBOBAaHUX EPHUTPOIIUTIB 3 METOK BiJHOB-
JICHHSI TE€MaTOJIOTIYHUX TOKa3HUKIB. KoHTponb Hax
BiTHOBJICHHSIM OCHOBHHMX XapakTEPHCTHK KpOBI
3O1MCHIOBAJIN IIUISIXOM IIPOBEICHHSI aHaJIi3y KpOBi ue-
pe3 KoxkHi 24 ToauHU NpoTIroM 4-x 1io.

TpaHcdy3ito epUTPOLUTIB 3MIMCHIOBAN 4Yepes
24 ropmuun micns iH’ekmii npenapary «llipo-Cromy.
[lepen TpaHChy3i€r0 CyCleH3iI0 €pUTPOIHTIB PO3-
6asmsm 0,9%-M pozunnom NaCl go 45%-ro rema-
TOKPHUTY.

HeoOxigHy KITBKICTH €PUTPOLMTIB IJs TpaHC-
¢y3ii pozpaxoByBanu 3a hopmyroro [18]:

HCTu-HCTp
HCTx

ne K — nocriiinuii koedinient (K = 90); MT — maca
tina peuunienta (xkr), HCTH — HeoOximHui rema-
Tokput s peuumieHta (%); HCTp — remarokpur
penumienta (%); HCTn — remarokput goHopa (%).

VYcix TBapuH OyJ0 pO3MIJIEHO Ha EKCIIePHMEH-
TampHI Tpymu: | — KITIHIYHO 3M0pOBI (KOHTPOIHHA
rpyma); 2 — xBopi Ha 6a0e3103 70 JiKyBaHHS; 3 — XBOPI
Ha 0a0e3103 uepe3 24 roxuHU Micis Teparii npena-
parom; 4 — xBopi Ha 0abe3103 yepe3 48 roAuH Micis
Teparii Ta 24 roauHM Ticis TpaHcgysii; 5 — xBopi
Ha 06abe3io3 yepe3 96 roauH micis Tepamii Ta 72 ro-
JIUHHU TTicHs TpaHCy3ii.

3arasipHi KJIIHIYHI JOCHIPKEHHS KPOBI MPOBO-
JUJIM Ha aBTOMAaTHYHOMY TI'e€MaTOJIOTiYHOMY aHali-
3atopi «LabAnalit-2700» («URIT Medical Electro-
nic Co.», Kuraif).

CratrctnyHy OOpOOKY pe3ynbTaTiB BUKOHYBaJH
3 BUKOPHCTAHHSAM IIPOTPAMHOTO TakeTa «Statgra-
phics» («Manugistic Inc.; STATistical GRAPHICs

K x MT x
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zoal drug Pyro-Stop (Api-San, Russia), which
is quite effective and low-toxic [19] at a dose of
0.25 ml / kg body weight. Twenty-four hours
after drug administration, a repeated clinical blood
test was performed. In cases where there were no
significant improvements in blood parameters and
severe symptoms of the disease persisted (lack
of appetite, fever), the thawed erythrocytes were
transfused to restore hematological parameters.
The restoration of the main characteristics of blood
was controlled by its testing every 24 hours for
4 days.

Erythrocyte transfusion was performed 24 hours
after injection of Pyro-Stop. Prior to transfusion,
the erythrocyte suspension was diluted with 0.9%
NaCl solution to 45% hematocrit.

The required number of erythrocytes for trans-
fusion was calculated by the formula [13]:

C x BW x Htmn—Hir ,
Htd
where, C is a constant coefficient (K = 90); BW —
body weight of the recipient (kg), Htn — necessary
hematocrit for the recipient (%); Htr — hematocrit
of the recipient (%); Htd — donor hematocrit (%).

All animals were divided into experimental
groups: 1 — clinically healthy dogs (control group);
2 — dogs with babesiosis before treatment; 3 — dogs
with babesiosis 24 hours after drug therapy; 4 —
dogs 48 hours after therapy and 24 hours after
transfusion; 5 — dogs with babesiosis 96 hours
after therapy and 72 hours after transfusion.

General clinical blood tests were performed with
automatic hematology analyzer ‘LabAnalit-2700’
(URIT Medical Electronic Co., China).

The results were statistically processed using
the ‘Statgraphics’ software (Manugistic Inc.; STATis-
tical GRAPHICs system, USA). Data were presented
as M £ SE (mean + standard error). The signifi-
cance of the differences between the experimental
and control groups was assessed by a nonpara-
metric method using a multiple Fisher rank test
by grouping the samples with the least significant
difference. At least four experiments were perfor-
med in each series.

Results and discussion

Babesia enter the bloodstream of animals via a
tick bite, followed by penetration into the erythrocyte,
wherein they multiply and destroy the cell [17]. At the
same time sick dogs have an increased temperature
of 40-41°C, loss of appetite, depressed mood, weak
filiform pulse, tachycardia (130-150 beats/min),
accelerated (20-30 beats/min) and difficulty when
breathing. The mucous membranes of the oral cavity




system», CIIA). [ani Oynmu mpeacraBieHi y BHI-
magi M+ SE (cepemne 3Ha4eHHs + craHAapTHa
noxuOka). 3Ha4YyIIiCTh BIIMIHHOCTEH MIDX eKcrie-
PUMEHTAJILHUMH Ta KOHTPOJBHOIO TPYyHaMu OLIHIO-
BaJIM HENapaMEeTPUYHUM METOJOM 3a JOIOMOIOO
MHOKMHHOTO paHroBoro tecry dimepa 3a mpore-
IypoI0 YTPyHOBaHHS BHUOIPOK i3 HAWMEHIIOI 3Ha-
YyIIOI0 Pi3HUIEI0. Y KOXHiM cepil MpoBeleHO He
MEHIIIC YOTUPHOX JIOCIIIIB.

Pe3yabTaTn Ta 06roBOpeHHs

Uepe3 ykyc xmima 0abesii moTpamisiioTh 10
KPOBOTOKY TBapHH i3 MOAAJBIINM NPOHUKHEHHSM Y
CPUTPOLIUT, Y SIKOMY BOHH PO3MHOXKYIOTHCS 1 pyi-
HytoTh KmituHy [21]. Tlpu 1mpomy y XBopHX cobax
CIIOCTEPITratoThCs MMiIBUIICHHS Temreparypu 1o 40—
41°C, BiICyTHICTb ameTuTy, MPUTHIYeHUH CTaH, clad-
KWW HUATKOTIOMIOHMH myIke, Taxikapmis (130-150 yma-
piB/xB), mpuckopere (20—30 ymapis/xB) i yTpynHEeHE
nuxanHs. Cru3oBi 00OJOHKH POTOBOI MOPOKHUHH
Ta KOH IOHKTUBH Ha0yBalOTh KOBTYBAaTOT'O BiJTIHKY.
Kpim 1mporo, y 3apakeHUX TBapHH CIIOCTEPIracThCs
CJIb030TEYa, TP0o30pi (03 KOIbOpy ado JieJh KOBTO-
POXEBi) BUAUICHHS 3 HOCA, ceYa Ma€ CBITIO-KOBTHIMA
KOJIip.

Hnst TpaHcdy3ii BUKOPHUCTOBYBaJIM KPiOKOHCEp-
BOBaHI €pUTPOLMTH, sIKi OylW 3aroTOBJIEHI 3a37a-
JeTizp 1 30epiranucs B KOHTEHHEPax, 3aHYpPeHHUX Y
pigkuit azot (—196°C). Y mpomeci 3aMOpoKyBaHHSI-
BINIrpiBy Ta HACTYIMHHUX €TalliB BUIAJICHHS Kpio-
MIPOTEKTOPa EPUTPOIUTIB BTpadanocs onu3pko 20%.
Januii eekT MOXKHA BBayKaTH MO3UTUBHHUM, OCKIJIb-
KM 3a PaxyHOK 0araTopa3oBOTO BiJMHUBaHHs BiJ
KpIiOIIPOTEKTOpa PO3MOpPOKEHA CYCIIEH3isl epHTpO-
LUUTIB 1030aBJIeHa 3aJIMIIKIB JIOHOPCHKOI ILIa3-
MU, II0 J03BOJISIE OTPUMATH IMYHOJIOTi4HO Oe3mey-
HUI KOMIIOHEHT KpoBi. PillleHHS 1070 mepenuBaH-
HSl TpUiMaiu 3a pe3yJabTaTaMd MIKPOCKOIIYHOIO
JOCITIPKEHHS] Ma3KiB KPOBi, BAPAKEHOCTI CHMIITOMIB
3aXBOPIOBAHHS Ta CTYIIEHS MOPYIIEHbh TeMaToNoTid-
HHX TIOKa3HUKIB (pi3ke 3MEHIICHHS KiTBKOCTI CPHUT-
POITUTIB, 3HIKEHHS PIBHS TeMOITIO0IHY Ta TeMaToK-
PHUTY), OCKUIBKH TATOTeHETHMYHWH BIUTMB MIKpOOpra-
HI3My, B TIEpIIy Yepry, BiJIOWBAEThCS Ha MOKA3HUKAX
KpOBI, SIKi 3MIHIOIOTBCS 3aJICKHO BiJ| IHTCHCUBHOCTI
iHBa3ii. B Ma3skax KpoBi BiJ JIHS MIJIBUILICHHS TEM-
nepaTypu crocTepiraiy napasuris B. canis, sKi J0-
CTaTHBO IIBUIKO PO3MHOKYBaucs (puc. 1).

Kniniuamii aHami3 KpoBi JOCHIIHUX XBOPHX
TBapuH IMOPIBHSHO 3 KOHTPOJBHUMH IIOKa3aB Pi3Ke
3HIDKEHHSI KUTBKOCTi epuTpouuTiB (1o 44%), rema-
Tokputy (1m0 54 %) i remorio0iny (mo 53%). Ot-
pYUMaHi aHi JTO3BOJISIOTH 3POOWTH BHUCHOBOK, IIO
y IOHUX TBapWH PO3BUBAETHCS TEMOJITHYHA aHEMis
(Tabmurs).

Puc. 1. Ma3ku kpoBi xBopux Ha 6abesio3 cobak. CTpinka-
MW MO3HAYEHO EepUTPOLMTU, AKI MICTATb MIKpOOpraHiamm
Babesia canis.

Fig. 1. Blood smears of dogs with babesiosis. The arrows
indicate erythrocytes that contain the Babesia canis
microorganisms.

and conjunctiva become yellowish. In addition,
infected animals have tearing, transparent (colorless
or slightly yellow-pink) discharge from a nose, their
urine is light yellow.

Cryopreserved erythrocytes were used for trans-
fusion, which were prepared in advance and stored
in the containers immersed into liquid nitro-
gen (—196°C). During freeze-warming and subse-
quent stages of the cryoprotectant removal, the
erythrocytes lost about 20%. This effect can be
considered positive, because due to repeated wa-
shing from the cryoprotectant the thawed suspen-
sion of erythrocytes is devoid of donor plasma
residues, which allows to obtain an immunologically
safe component of blood. The decision to transfuse
was made based on the results of microscopic
examination of blood smears, the severity of symp-
toms and the extent of blood disorders (a sharp dec-
rease in erythrocytes, reduced hemoglobin and
hematocrit), because the pathogenetic effects of
the microorganism primarily affect blood parame-
ters, changing depending on intensity of invasion.
In blood smears from the day of temperature rise,
B. canis parasites were observed, which multip-
lied rather quickly (Fig. 1).

Clinical analysis of the blood of experimental
sick animals compared with controls showed a sharp
decrease in the number of erythrocytes (up to 44%),
hematocrit (up to 54%) and hemoglobin (up to 53%).
The data obtained allow us to conclude that these
animals develop hemolytic anemia (Table).
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Ha puc. 2 npencrasneHo 3aranbhi
MOKAa3HUKM KPOBi COOAK 0 Ta MiCs

lematonoriyHuin npodinb cobak (M + SE)

Hematological parameters in dogs (M £ SE)

JikyBaHHS. KinbKiCTh epUTPOIUTIB
y KpOBi € OCHOBHUM (hi310IOTIYHUM
MOKA3HUKOM  PO3BHUTKY  ITaTOJIOTIi

npu 0abesios3i. BcraHomieHo, IO
Yy XBOpHUX COOaK 3HAYHO 3MEHILIEHa
KITBKICTh €pUTPOIMTIB, a depe3 24

FOOMHU IIICJIS  MEIUKAMEHTO3HOI'O
JIIKYBaHHS JaHWKA TOKAa3HUK HE TIijI-

BUIIUBCA 1 CTAaHOBUB Onu3bKO 46%
MOPIBHSIHO 3 KOHTPOJLHOK TPYIIOH0

KniHiyHo 3goposi XBopi Ha
TBapUHU 6abesios
MokasHuk Hopwma (KOHTpOsbHa rpyna) TBapUHU
Parameter Norm L . .
Clinically healthy Animals with
animals (control) babesiosis
Kinbkicte eputpoumtis, X 10'?/n *
Number of erythrocytes x 102l 5.6-8.0 586 + 0,12 2/55 0,29
KowuerTpauin remornoGiry, rin | 456 180 140,51 = 2,87 73,5 + 6,06
Hemoglobin concentration, g/
PiBeHb rematokputy, % %
Hematocrit level, % 37-556 40,50 + 1,35 21,85 + 2,41

(puc. 2, A). Ilicas remorpancdysii
pa3oM i3 MEIMKAMEHTO3HHM JIKY-
BaHHSM BiH 30UTBIIMBCA 1 Ha JpPyTy
o0y cxianas 72%, a Ha TpeTio — 90%.

OnHOYacHO 31 3MEHIIEHHSM KiTbKOCTI €pHUTPO-
IIATIB y XBOpUX Ha 0abe3io3 cobak crocTepiramocs
U 3HIDKEHHS PIBHS TEMOTIIOOIHY y 11Ba pa3u (puc. 2,
B). Ilicns koMmIieKCHOI MEAMKAMEHTO3HOI Tepartii
3 BHUKOPHCTaHHSIM TeMOTpaHCcQy3ii Ied MOKa3HUK
301JIbIIIYBABCS JIMIILIC HA TPETIO 00y 1 CKJ1a/1aB OJn3b-
Ko 75% TOpPIBHAHO 3 KJIIHIYHO 370POBHUMH CcOOaKa-
MU.

PiBeHb TreMaTOKpUTY 3aJCKUTh BiJ 3arajibHOI
KUTBKOCTI EpUTPOLUTIB Ta iX ceperHboro 00’eMy
[20, 26]. Hamu BUsBIIEHO 3HAYHO 3HWKEHUH pPiBEHb
reMaTOKpUTY, W10 CBITYATH IPO IIOMITHE IOPY-
IIeHHS CTPYKTypH 1 (pyHKIiH epurpounTiB (puc. 2,
C). Ilicns mMenuKaMEHTO3HOTO JIIKYBaHHS Ta IIepe-
JIUBaHHA KpOBi el IMOKAa3HUK IOCTYNOBO 301JTb-
uryBaBcst 10 62% Ha apyry moOy i gocsiraB 76%
Ha TPETIO.

OmiHka 3arajbHAX ITOKa3HUKIB KPOBI XBOPHUX
Ha 0abe3io3 coOak MoKa3ana MO3UTHBHUI BIUIMB
remMarpanc(ysii Ha X 3arajnbHUil CTaH, IO IpHC-
Koproe onyxanHs. Ha tperio noOy KOMIUIEKCHOTO
JiKyBaHHsI PiBHI reMOINIO0IHY Ta reMaTroKpUTy Oyiu
3MEHIIICH], aje BKe 3HAaYHO MiJBHINEHI, HXK y Hei-
KOBaHHUX XBOpHUX TBapuH. [Ipu 11poMy Bke Ha TpeTio
o0y KUTHKICTh EpPHUTPOLHMTIB 3HAUyIle HE BiApi3-
HsJIacsl BiJ TIOKa3HWKIB KOHTpOdbHOI Tpymm. Ta-
KHUM YUHOM, BUKOPHCTaHI sl TpaHC(y3ii KpiOKOH-
CEPBOBaHI EPUTPOIUTH 3aJHUIIAIOTHCS B PYCIi KPOBI
TBapuH >KUTTE3IaTHUMH, BUKOHYIOTH CBOI (DYHKIII,
10 ITOKpALLy€e CTaH XBOPOI TBAPUHHU.

[lonsaTTst cepenHboro 00’eMy epuUTpOLHTA, Ce-
PEeIHBOTO BMICTY Ta CepeAHbOi KOHIEHTpalii B HbO-
My reMoro0iny Oynu Brepuie BBeaeHi B.B. Wint-
robe [27]. Lli moxa3HuKW (iHIEKCH EPUTPOIIMTIB)
HEeoOXiTHi ISt 3’sICYyBaHHS €TiOJOril aHeMiH.

JocmimkeHHss mokazand, mo 00’€M epHUTPOIH-
TiB Yy XBOpHUX COOaK MaB TCHJACHINIO 0 3MCHIICH-
Ha (puc. 3, A), 0 MOKe TOTaTKOBO 0OYMOBITIOBATH
HEeJOCTaTHICTh BMicTy remornoOiny. [licas 3acrto-
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MpumiTtka: * — NiABULLEHHSA 3HaYYLLE BiJHOCHO KOHTPOMbHOI rpynu, p < 0,05.
Note: *- significant increase relative to the control group, p < 0.05.

Figure 2 shows the general blood counts in
dogs before and after treatment. The number of
erythrocytes in blood is the main physiological
indicator of developing pathology after babesiosis.
It was found that the number of canine erythrocytes
was significantly reduced, and 24 hours after drug
treatment, this value did not increase and was about
46% compared with the control group (Fig. 2A).
After blood transfusion together with drug treatment,
it increased and on the second day that was 72%, and
on the third it made 90%.

Simultaneously with the reduced number of
erythrocytes in the dogs with babesiosis, the level
of hemoglobin decreased twice (Fig. 2B). After
combining the drug therapy with blood transfusion,
this value increased only on the third day and made
about 75% compared with clinically healthy dogs.

Hematocrit levels depend on the total number
of erythrocytes and their average volume [16, 23].
We found a notably reduced level of hematocrit,
indicating a marked disorder in the structure and
function of erythrocytes (Fig. 2C). After medical
treatment and blood transfusion, this value gradually
increased up to 62% on the second day and reached
76% on the third.

Evaluation of the general blood parameters of the
dogs with babesiosis demonstrated a positive effect
of blood transfusion on their general condition, which
accelerates recovery. On the third day of combined
treatment, hemoglobin and hematocrit levels were
reduced, but already significantly increased than
in untreated sick animals. At the same time on
the third day the number of erythrocytes does not
differ significantly from the control group. Thus,
the cryopreserved erythrocytes used for transfusion
remain viable in the bloodstream of the animals,
perform their functions, improving the state of a sick
animal.

The concepts of mean erythrocyte volume, mean
content and mean hemoglobin concentration were
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cyBaHHS TpaHc(y3ii Iielf MOKa3HUK 301TBITHBCS 1
MTOCTYIIOBO HAOJIMKABCS 10 HOPMHU.

Cepenniii BMicT reMonioOiHy (a0CoNOTHA Maca
BCIX TeMOTNIOOIHOBUX MOJIEKYJ) B OJHOMY CpHT-
POILIUTI OMOCEPEKOBAHO XapaKTEPU3Y€E OCOOTUBOCTI
(yHKIIOHYBaHHS BHYTPIIIHIX CHCTEM, SIKi BiATO-
BIJIAaIOTh 332 CHHTE3 TeMOIIO0IHY, a TaKOX 3a HOp-
MaJIbHE YTBOPEHHS epuTpouMTiB [7, 26]. Y XxBOpux
cobak Iieil MOKAa3HUK 3aJUIIABCA Y MEXax HOPMH
(puc. 3, B), ane cxiagaB 85% Bixg 3HAUEHb KOHT-
POTBHOI TPyIH, TIpoTe 0e3 3HAYYIIUX BiAMIHHOCTEH.
Ha ocranapoMy erarti JIIKYBaHHsS CEpEemHIH BMICT
reMorobiHy B KpoBi ckiamaB 90% Bim KOHTPOIb-
HOT TpyId, TOOTO KUIBKICTh IeMOIIOOIHY B KJIITH-
Hax 301IbIIMIACS.

Konnenrpatiist reMorno0iny CBiTYUTh PO «IIiJIb-
HICTBb» 3alOBHEHHS HHMM KIITHHU. Lle# mokasHHK
y BCIX TpyIax TBapHH 3HAXOAUTHCS Y MeEXKax HOp-
mu (puc. 3, C), TOOTO IIIIBHICTh PO3MIIICHHS Te-
MOIIO0iIHY B epuUTpoLMTax He mopyuryBanacs. Kpim
TOrO, 3a IUM TOKa3HUKOM MOXKHa POOWTH BHC-

310

160 5
140 - .
120 - *
£35 100 A
éé 80 -
g% 60 -
ST 40 -
20 -
0' T T T T
1 2 3 4 5

Mpynu TBapuH
Animal groups

Puc. 2. 3aranbHi noka3HukuM KpoBi xBopux Ha 6abesios
cobak nicns KOMMIEKCHOrO IlikyBaHHS 3 BUKOPUCTaH-
HAM TpaHCcdy3ii KpiOKOHCEpPBOBaHMX epuTpoumTiB: A —
KinbKiCTb  epuTpounTiB; B — remorno6in; C — remaTokpuT.
* — BIOMIHHOCTI 3HauyLli BiQHOCHO KoHTponto, p < 0,05;
1 — KOHTpoOnbHa rpyna; 2 — xBopi Ha 6abesio3 Ao nikyBaH-
HS; 3 — XBOpi Yepe3 24 roauHu nicna Tepanii npenapa-
TOoM; 4 — xBOpi Yepes 48 roguH nicnga Tepanii i 24 roanHun
nicns TpaHcaysil; 5 — xBopi Yepe3 96 roguH nicna Te-
panii Ta 72 roguHu nicnsa TpaHcdyaii.

Fig. 2. General blood counts in dogs with babesiosis
after complex treatment using transfusion of cryopreser-
ved erythrocytes: A — number of erythrocytes; B — he-
moglobin; C — hematocrit. *— differences are significant
if compared with the control, p < 0.05; 1 — control group;
2 — dogs with babesiosis before treatment; 3 — dogs
24 hours after drug therapy; 4 — dogs 48 hours after
therapy and 24 hours after transfusion; 5 — dogs
96 hours after therapy and 72 hours after transfu-
sion.

first introduced by B.B. Wintrobe [24]. These indices
(erythrocyte ones) are needed to determine the
etiology of anemia.

Studies have shown that the volume of erythrocytes
in sick dogs tended to decrease (Fig. 3A), which
may further lead to a lack of hemoglobin. After the
application of transfusion, this value increased and
gradually approached normal.

The average content of hemoglobin (absolute
mass of all hemoglobin molecules) in one erythrocyte
indirectly characterizes the peculiarities of the
functioning of internal systems responsible for he-
moglobin synthesis, as well as for the normal for-
mation of erythrocytes [14, 23]. In sick dogs,
this value remained within the normal limits
(Fig. 3B), but made 85% of the control group
values, even so without significant differences.
At the last stage of treatment, the mean concentra-
tion of hemoglobin was 90% of the control group,
i. e. the amount of hemoglobin in the cells increa-
sed.
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Puc. 3. XapaktepucTtuka eputpoumTiB KpoBi XBopux Ha 6abesio3 cobak nicrnsi KOMMNMIEKCHOrO NiKyBaHHSA 3 BUKOPUCTaHHSIM
TpaHcdysii KpiokoHCepBOBaHUX epuTpoumTiB: A — cepeaHi o6’em eputpoumnTa; B — cepeaHii BMicT remornobiHy B epu-
TpouwuTi; C — cepeaHs KOHLUEeHTpaLis remornobiHy B eputpouuTi; D — CcTyniHb reTeporeHHOCTi epuTpoLUUTIB 32 06’EMOM.
1 — KOHTpoOMbHa rpyna; 2 — xBopi Ha 6abesio3 Ao nikyBaHHs; 3 — XBOpi Yepe3 24 roguHW nicnsa Tepanii npenapaTom;
4 — xBopi Yepes 48 roguH nicns Tepanii i 24 roguHu nicnga TpaHcdysii; 5 — xBopi Yepes 96 roguH nicns Tepanii Ta 72 ro-
OVHW nicns TpaHcdya3il.

Fig. 3. Characteristics of blood erythrocytes of dogs with babesiosis after combined treatment with the use of trans-
fusion of cryopreserved erythrocytes: A — average erythrocyte volume; B — average content of hemoglobin in erythrocyte;
C — mean concentration of hemoglobin in erythrocyte; D — degree of heterogeneity of erythrocytes by volume. 1 — cont-
rol group; 2 — dogs with babesiosis before treatment; 3 — dogs 24 hours after drug therapy; 4 — dogs 48 hours after

therapy and 24 hours after transfusion; 5 — dogs 96 hours after therapy and 72 hours after transfusion.

HOBKM TIOMO 3HAYYIINX pE3yJbTaTiB 3pOOIIEHOTO
aHali3y, OCKUIbKM BiH He MOXke OyTH BHIIE HOpP-
mu [7].

CTyniHb reTeporeHHOCTI (PO3MOJIITY) epUTPOIH-
TiB 3a 00’eMOM a00 I1HJIEKC aHi30IMTO3y EPUTPO-
LUTIB Y BCIX TpyHax CTaTUCTUYHO HE BiAPI3HSIBCA
(puc. 3, D). Takum ymHOM, TpoBeAeHA TpaHC]y-
311 KpiOKOHCEPBOBaHMX CPUTPOLUTIB HE IPHU3BO-
IUTh 710 (OpPMYyBaHHS HEOAHOPIAHUX 32 PO3MIpPOM
KITITHH.
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The concentration of hemoglobin indicates the
‘density’ of filling the cell. This index in all groups of
animals was within the norm (Fig. 3C), i. e. the den-
sity of hemoglobin in erythrocytes was not disorde-
red. In addition, this index can be used to conclude
about the significant results of the analysis, as it
cannot be higher than normal [14].

The degree of heterogeneity (distribution) of ery-
throcytes by volume or erythrocyte anisocytosis index
in all groups did not differ statistically (Fig. 3D).




[Hmexcu epuTPOLUTIB MOKA3YIOTh 3arajbHUN CTaH
Opra”i3My Ta HOro remocras. 3 ypaxyBaHHSM Bif-
CYTHOCTI 3Ha4yIIMX BiIMIHHOCTEH IMX MOKa3HHKIB,
MO)KHa TIPUITyCTUTH, 1m0 Babesia canis, sika BHK-
JIMKa€ mapa3uTapHe 3aXBOPIOBAHHS KPOBi, HE BIUIU-
Ba€ Ha MPOIECH CHHTE3y Ta IIIILHOCTI PO3MIIICH-
Hs TeMormo0iny B kiituHi. Kpim mporo, Tparcdysis
TaKo)X HE BIUIMBAE Ha 1HJEKCH TE€MaTOJIOTIYHHUX
MOKA3HUKIB EPUTPOIIUTIB.

VY pe3synbrari KOMILICKCHOT Tepamii IiIBUIIUIN-
Csl KUIBKICTh E€PUTPOLMTIB, PiBeHb I'eMOIVIOOIHY Ta
TeMaTOKPUTY, TOKPAIIUBCS 3arajibHUH CTaH XBOPHX.
Tpancdysis po3MOPOXKEHHX EPUTPOLIUTIB TO3BOJIMIIA
B KOPOTKi CTPOKH KOMIICHCYBATH aHEMIIO Ta BiTHOBU-
TH OKCHTCHTPAHCIIOPTHY (QYHKITit0 KpoBi. TakuMm 4u-
HOM, TpaHC)y3isi KPIOKOHCEPBOBAHHX EPHUTPOIIUTIB
MOKe OyTH PEeKOMEHI0BaHa JJIsi KOMIUIEKCHOTO JIiKY-
BaHHS XBOpHUX 0abe3i030M cobaxK.

BigmuTi po3mMoposkeHi epUTPOIUTH MOPIBHIHO 3i
CBIXKOIO KpOB’I0, 110 30epirasacs mpH rinorepMii, €
HEIIKI/UIMBUMH (apeaKTOTeHHUMH), OCKUTBKH B TPO-
Leci 3aMOpOXKyBaHHS-BiITpiBy Oy/iM BUAAJICHI JIeH-
KOIIUTH, TPOMOOLMTH, OUIKHM IUIa3MH, aHTHUTIIA Ta
MiKpoarperaru.

OpnHak Ha CbOTOAHI PO3pPOOJICHO IyKE Maslo TeX-
HOJIOT1H Ta MPOTOKOJIB KPiOKOHCEPBYBAHHS €PUTPO-
LUTIB TBapHWH. [CHYIOTH MOOJMHOKI Tparli moao 3a-
MOPOXKYBaHHS €PUTPOIHTIB CO0AK, Y SKUX B SKOCTI
KpiOTIpOTEeKTOpa BHKOpUCTOBYBanu miinepon [10,
16], mumetmncynashokeun (JAMCO) [1, 2], rinzpokcu-
etunpoBannii kpoxmanb (I'EK) [16, 17, 23], momie-
tuieHnmkonb M. M. 1500 (ITET-1500) [1, 2]. 3acTo-
CyBaHHS HENPOHUKHUX Kpionpotekropi (ITET-1500
i T'EK) Oyno 0e3pe3ynbTaTHUM, OCKIJIBKH MiCIS
PO3MOPOXKYBaHHS CIIOCTEPIraeThCsi HECTaOlLIbHICTD
EPUTPOLIUTIB, siIKa 0OYMOBIIEHA TIOPYIICHHSAM CKJIa1y
O1TKiB MEMOPaHO-ITUTOCKEIIETHOTO KOMIUICKCY [4, 5,
22]. Buacniok Takux NpoueciB BiOyBaeTbcs pyid-
HYBaHHS €PUTPOLUTIB Y i30TOHIYHOMY CEpeIOBHIII
[14], 0 MOXXKe TIPHU3BECTH A0 3HAYHOTO BHYTPIII-
HBOCYIMHHOTO TeModi3y. [imepon Takox OyB Hemo-
CTaTHRO €(PEKTUBHUM, OO BiH MIPOHUKAE B CPUTPOITH-
TH co0ak HabaraTo MOBINBHIIIE, HIK B €PUTPOIIUTH
monuuu [3]. ToMmy mig 4ac 3aMOpOXKYBaHHS KIITHH
KpoBi cobak 10 —196°C nuisixoM 3aHYpPEeHHS y PiKUit
a30T BKa3aHMI KPIOMPOTEKTOp HE 3a0e3rneuye HeoO-
XiJIHUN iX 3aXHCT BiJi ()aKTOPIiB HU3BKOTEMIIEPATYP-
HOTO TOIIKO/KECHHSI.

3a wammmu padumu [1, 2] IMCO mnoxazas
JIOCTaTHHO BUCOKY €(EKTUBHICTh IiJl 4ac KPiOKOH-
cepByBaHHS epUTpOIHTIB cobak. Ockineku JIMCO
B OIJBIINX KOHIIEHTPAIliSIX € TOKCHYHOI PEUOBH-
HOIO [6], TO TOTPIOHO ITy’K€ PETEeNHHO IOTPUMYBa-
THCS TIPOTOKOJIIB KpiOKOHCEepBYBaHHSA. Ha chorommi
JIMCO y HeBenMKHX KOHIIEHTpALIAX BUKOPHCTO-

Thus, the transfusion of cryopreserved erythrocytes
does not result in the formation of inhomogeneous
cells.

Erythrocyte indices show the general condition of
the body and its hemostasis. Assuming the absence
of significant differences in these indices, we can
suppose that Babesia canis, which causes parasitic
blood disease, does not affect the hemoglobin
synthesis and density in the cell. As well transfusion
also does not affect the indices of hematological
parameters of erythrocytes.

As a result of combined therapy, the number of
erythrocytes, level of hemoglobin and hematocrit
were increased, and the general condition of patients
improved. Transfusion of thawed erythrocytes in a
short time enabled the compensation of anemia and
restoration of oxygen transport function of blood.
Thus, transfusion of cryopreserved erythrocytes can
be recommended for a comprehensive treatment of
the dogs with babesiosis.

Washed and thawed erythrocytes are harmless
(areactogenic) compared to fresh blood stored
during hypothermia, as leukocytes, platelets, plasma
proteins, antibodies and microaggregates have been
removed during the freeze-thaw process.

However, to date, very few technologies and pro-
tocols for cryopreservation of animal erythrocytes
have been developed. There are scanty reports on
freezing erythrocytes of dogs, in which glycerol was
used as a cryoprotectant [2, 10], dimethyl sulfoxide
(DMSO) [5, 6], hydroxyethylated starch (HEC)
[9, 12, 20], polyethylene glycol m. m. 1500 (PEG-
1500) [5, 6]. The use of impermeable cryoprotec-
tants (PEG-1500 and HEC) was ineffective, because
after thawing there is an instability of erythrocytes,
which is due to a disordering of the membrane-
cytoskeletal complex protein composition [18, 26,
27]. As a result of such processes, erythrocytes are
destroyed in an isotonic environment [8], which
can lead to strong intravascular hemolysis. Gly-
cerol was also slightly effective because it penet-
rates into canine erythrocytes much more slowly
than into human erythrocytes [28]. Therefore, when
freezing the blood cells of dogs to —196°C by immer-
sion into liquid nitrogen, this cryoprotectant does
not properly protect against the factors of low-tem-
perature damage.

According to our data [5, 6] DMSO showed a
fairly high efficiency during cryopreservation of ca-
nine erythrocytes. Since DMSO in high concentra-
tions is a toxic substance [11], cryopreservation
protocols must be followed very carefully. Today
DMSO in small concentrations is used in veteri-
nary practice [21, 25], and in the last years of
the twentieth century the World Health Organi-
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BYIOTh Y BeTepuHapHiil mpaktui [24, 28], a B ocTaH-
Hi pokn XX croniTrs BcecBiTHBOIO opraHizaii€ero
OXOPOHH 3710poB’st OyJl0 103BOJIEHO HOro 3acTocy-
BaHHS Yy SIKOCTI KpIiOMpPOTEKTOpa 3 OOOB’SI3KOBUM
BiJIMUBaHHSAM KPIOKOHCEPBOBAaHMUX 0i1000’€KTIB Te-
pen BukopuctanHsM. Ha mamy aymky, JMCO e
HaWOIIBII TTEPCIEKTUBHUM KPIiOMPOTEKTOPOM ISt
HU3BKOTEMITEPATYPHOTO 30epiranHs epUTPOIHTIB CO-
0aK 3 MOJANIBIINM BUKOPHCTAHHSM 13 JIIKYBaJILHOIO
METOI0, OCKUTBKH Pe3yJbTaTd €KCIePHUMEHTIB MOKa-
3a]M, 0 TpaHCQy3is KPIOKOHCEPBOBAHUX EPHTPO-
LUTIB CYTTE€BO TOKpAIy€e IeMaTojoriyHuid npodiib
co0ak mij yac JiKyBaHHs 6a0e3103y.

BucHoBkn

1. IlepenuBaHHSI KPIOKOHCEPBOBAHUX EPUTPOLIU-
TiB a7 JiKyBaHHA XBOpUX Ha 0abe3io3 cobax
pa3oM 31 CHMITOMATHYHOIO 1 CrenudidHoo Tepa-
ITI€10 MTOKA3aJI0 BUCOKY €(DEKTUBHICTD.

2. Tpaucdy3sist pO3MOPOKEHUX EPUTPOIIHTIB CIIPHSIE
KpaIoMy BiIHOBJICHHIO KIJILKOCTI epUTPOLIUTIB, HOP-
Mastizalii piBHS TeMOIIO0IHYy Ta TeMaTOKpUTY, IO
pas3oM i3 MPOTHIAPA3UTAPHOIO TEPaIi€l0 MPUBOAUTD
710 IBUAKOTO OY>KaHHS.

3. Beepenns JIMCO B sgkocTi 3aXHMCHOI CHOINY-
k1 B KoHUeHTpauii 20% Moxe OyTH BHKOPHCTAHHM
JUIST CTBOPEHHSI 3araciB KPiOKOHCEPBOBAHOI KPOBI
cobaxk.

BnpoBamkeHHST TEXHONOTIT KPiOKOHCEPBYBaHHS
EpUTPOLUTIB TBApUH y BETEPUHAPHY IIPAKTUKY J0-
3BOJIUTH CTBOPUTH CTPATETIYHNH e(hEKTUBHUI pe3epB
KpOBiI KOMMaHIWChKUX TBapuH. HasBHICTH OaHKiB
KpPIOKOHCEPBOBAHUX EPUTPOILMTIB AONOMOXKE YHUK-
HYTH TIpoOieM 3a0e3MedYeHHs] BEeTePUHAPHUX KITiHIK
KOMIIOHEHTaMH KpOBI.

Nitepatypa
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BaHWE 3PUTPOLMTOB XMBOTHbIX MOA 3aLYMTON AUMETUNCYMb-
dokcnpa, NONMITUNEHIMUKONS 1 rmuuepuHa. Mpobnemsl Kpu-
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TPOUMTIB TBapuH NPOTW BMAUBY HWU3bKUX TemnepaTyp. Hayko-
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zation allowed its use as a cryoprotectant with
mandatory washing of cryopreserved biological
objects before using. We believe that DMSO is
the most promising cryoprotectant for low-tempe-
rature preservation of canine erythrocytes and their
subsequent use for therapeutic purposes, as the
findings have shown that transfusion of such cryo-
preserved erythrocytes significantly improves the
hematological parameters in dogs when treating
babesiosis.

Conclusions

1. Transfusion of cryopreserved erythrocytes to
treat the dogs with babesiosis together with symp-
tomatic and specific therapy has shown high effi-
ciency.

2. Transfusion of thawed erythrocytes promotes
better recovery of erythrocytes, hemoglobin and he-
matocrit, which jointly with anti-parasitic therapy
contributes to a rapid recovery.

3. The application of 20% DMSO as a protective
compound can be used to create the stocks of
cryopreserved canine blood.

Introduction of technologies of erythrocytes
cryopreservation of animals in veterinary practi-
ce will allow to create a strategic and effective
blood reserve of company animals. The presence
of banks of cryopreserved erythrocytes will help
to avoid the problems of providing veterinary cli-
nics with blood components.
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