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IIpoBeneHbl HCCIEAOBAHKS 110 KPUOKOHCEPBUPOBAHHUIO SPUTPOIIUTOB JIOIIAIH, ObIKa, COOAKHU MO 3al[UTOH MPOHUKAIOIINX H
HETMPOHUKAIOIIMX KPHOMPOTEKTOPOB. BrisBieHO, uTo KpronporekTopsl IMCO u [120-1500 siBiisitorcest 10cTaTouHO 3)(HEKTHBHBIMU
I KPUOKOHCEPBUPOBAHUA DOPUTPOLUTOB HccneuyeMbe JKHUBOTHBIX.

Knrouesvie crosa: s3putpounThl ObIKa, KOHsI, COOaKH, KpHOKOHCepBUpoBanue, [190-1500, munepun, JIMCO.

IIpoBeneHo 0 CIiPKEHHS 110 3aMOPOXKYBaHHIO €PUTPOLIUTIB KOHsI, COOaKH, OMKa ITijl 3aXMCTOM ITPOHUKAIOYHX Ta HEITPOHUKAFOUHX
Kkpionpotekropis. Beranopieno, mo kpionporekropu JJMCO Ta IIEO-1500 € noctatHbo e(heKTHBHUMU JUIS KPiOKOHCEPBYBaHHS

EPUTPOLMTIB JOCIIHKyBaHUX TBAPHH.

Knrwowuoei cnosa: epurpountn OuKa, KOHs, codaku, kpiokoHcepByBanus, [IEO-1500, rainepun, IMCO.

Researches on cryopreservation of equine, bovine and canine erythrocytes with penetrative and non-penetrative cryoprotectants
were carried-out. DMSO and PEO-1500 were revealed to be quite efficient for erythrocyte cryopreservation of animals under study.
Key-words: bovine, equine, canine erythrocytes, cryopreservation, PEO-1500, glycerol, DMSO.

B noBcenHeBHOUN mMpaKTHKE BETEpUHAPHI 4acCTO
MPOBOJST pa3lUYHBIE TPAHCPY3HOTIOTHUECKHE
omepanuu. B wacTHOCTH, epeInBaHUuE KPOBHU
MIPUMEHSIOT IPU OCTPHIX KPOBOTIOTEPSX, COCTOSTHHSIX
MUEJIOJETIPECCUH C aHEMHEW, OCTPHIX OTPABICHHSIX
FeMOJUTHYECKUMHU simaMu, ypemuu. lloaTomy
HEOOXOIUM ONPEAETICHHBIN 3a1ac JOHOPCKOH KPOBU.

[enpHast KpoBb NPH MOJIOKHUTEIBHBIX TEMIIE-
parypax (2-6°C) coxpaHsieTcsi OTpaHHYECHHOE BpPEMSI.
@OyHKIHOHAIBbHAS aKTUBHOCTh KJIETOK KPOBH IpHU
HCIIONIB30BaHUM pacTBopa “Imrorunup” cHIXaeTcs K
KOHIly TPeThEil HeleJu XpaHEHHUs B pe3yibTaTe
WCTOIICHUS coaepKaHns (PepMEHTOB, OTBETCTBEHHBIX
3a mojanep)KaHue MeTadoIMdecKux mporeccoB. lpu
N00aBIIEHUN METa0OJIUTOB YIIIEBOAHO-(POCHOPHOTO
00OMeHa IMOJIHOLIEHHBIC APUTPOIIMTHI COXpaHstoTes 30-
35 nmHeil [S], HO 1O UCTEUEHUHU TOTO CPOKa MOPPO-
(byHKIHMOHAJTBbHBIE CBOWCTBA DPUTPOIUTOB YXYI-
marotcs. [loaToMy 3amacel JOHOPCKOH KPOBHU JKUBOT-
HBIX MO>KHO CO3/1aTh JIMIIb IIPH JUIUTEILHOM XPaHEHUN
KJIETOK B 3aMOPOXKEHHOM COCTOSIHHH.

B HacTosmee BpeMs CylIeCTBYIOT METOIBI KPHO-
KOHCEPBUPOBAHUA KJIETOK KPOBU U€JIOBEKa, MO3BO-
JAI0IIME XPaHUTh ee Josroe Bpems. Paspaborka

Different transfusive operations are frequent in the
veterinary routine practice. In particular, blood trans-
fusion is applied at an acute blood loss, myelodepression
states with anemia, acute poisoning with hemolytic
venoms, uremia. Therefore a certain stock for donor’s
blood is indispensable.

Under positive temperatures (2-6°C) the whole
blood is preserved for a limited time. Functional activity
of'blood cells when using “Glygicir” solution decreases
to the end of third storage week as a result of
exhausting of enzyme content, responsible for metabolic
processes maintenance. When adding metabolites of
carbohydrate-phosphorus metabolism the integral
erythrocytes are preserved within 30-35 days [5], but
after that erythrocyte morphofunctional properties are
getting worse. Therefore the stocks of animal donor
blood can be created only when storing cells for a long
time in frozen state.

Nowadays there are the methods for human blood
cell cryopreservation, enabling its long-term storage.
The elaboration of such methods of blood storage for
animals will enable the blood bank creation, the
preservation of blood cell integrity and their usage for
treating different diseases.
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TaKUX METOJIOB XPaHEHUs] KPOBU JJISI )KUBOTHBIX
MO3BOJIUT CO3J1aTh OAHK KPOBHU, COXPAaHUTH IOJIHO-
LIEHHOCTh KJIETOK KPOBH W HMCIOJB30BaTh UX IS
JIEYSHUS PA3TIUNIHBIX 3a00I€eBaHNN.

Lenb paboTbl — 3KCNEPUMEHTAIBHBIA 0A00D
KPUOIMPOTEKTOPOB U YCIOBHUI KPUOKOHCEPBUPOBAHUS
SPUTPOIIMTOB, Pa3paboTKa METOJJOB 3aMOPAKUBAHHSI
KpPOBH XUBOTHBIX JUIS JabHEHIIIEr0 CO31aHus OaHKa
KpPOBU MJICKOITUTAIOLIUX.

Matepnanbl 1 metoAbI

OOBEKT MCCIeTOBaHUN — SPUTPOIUTHI JIOIIAH,
Obika, cobaku, denoBeka. B pabore nmpumeHsin
MOJHUATHIIEHOKCH MOJIEKYIIpHOU Maccoil 1500
(TI20-1500), mutepus, muMetuicyibhokeua (JIMCO).

Hcnons3oBan KpHOKOHCEPBAHTEI.

1. HUUTITIK 11,: 4 % mannuta; 0,7% NaCl;
0,03% Na,HPO,x12H,0; 30% munepuHa.

2.20%-it IMCO; 150 MM NaCl; 10 MM docdart-
Horo Oydepa (pH 7,4).

3. 30%-it II20; 150 MM NaCl; 10 MM docdat-
Horo Oycdepa (pH 7,4).

KpuokoHcepBaHThI T00ABISIN K SPUTPOIIUTAM B
cooTtHomenuH 1:1, 3amopaxkuBamm 10 —196°C morpyxe-
HUEM KOHTEeHHepa B KUIAKUK a30T. OTOorpes mocie
XpaHEeHUs IPOU3BOIMIH B BOIsTHOH Oane 42-45°C.

[Iponukaroniye KpUONPOTEKTOPHI (TTUIEPHH U
JAMCO) ynansmm u3 SpUTPOIIMTOB METOIOM TIOCIIEIO0-
BaTeNbHOro neHTpudyruposanus. [locne orranBanus
K DPUTPOLMUTAM INPU MOCTOSHHOM MOMEUIUBAHUH
MeIJIeHHO M00aBIJIsiIN OTMBIBOYHBIE Caxapo3HO-
COJIEBBIE I COJIEBBIE PACTBOPEI.

Jns mepBoro ormeiBanus (cooTHomeHue 1:1)
opanu: 30,0 r caxapossr; 0,7 r NaCl; 10 MM
dbocdarnoro Oydepa; 10 100 M TUCTHILIMPOBAHHON
Boxbl wiu 0,6 M NaCl; 10 MM ¢docdarHoro Oydepa.
[locne TmarenbHOro mepeMemIMBaHUS B3BECH
ueHTpudyruposanu. CynepHaTaHT yaassuIi.

Jns BTOporo orMmeiBaHus (cooTHomeHue 1:1)
ucnons3zoBain: 10,0 r caxapossr; 0,7 r NaCl; 10 MM
¢docdarHoro Oydepa; 1o 100 M TUCTUITUPOBAHHON
Boas! i 0,15 M NaCl; 10 MM ¢ocdarnoro Oydepa.
[Mocne TmiaTenbHOTO MEpeMENIMBAaHUS B3BECH
uenTpudyruposamm. CynepHaTaHT yaaIsain.

Jns tperbero ormeiBaHus (cooTHomenue 1:1)
opasu: 5,0 r caxapossr; 0,9 r NaCl; 10 MM docdat-
Horo Oydepa; 1o 100 M TUCTHIUTHPOBAHHOM BOJIBI HITH
0,15M NaCl; 10MM docdaraoro oydepa. ITocae
TIATEJIbHOTO NMEPEMEIINBAHUs B3BECh LIEHTPH-
¢yruposanu. CynepHaTanT yaaJsuin.

IToxa3aTteneM yCTOWYMBOCTU KJIETOK CIYXKHII
TeMOJTN3, KOTOPBIN ONPEACIISIIA COTIIACHO [4].

MogenupoBanue TpaHC(Y3UHU OCYIIECTBIISIIH
MIEPEHOCOM CYCIIEH3HH SPUTPOLIUTOB B U30TOHUYECKYIO
cpeny (150 MM NaCl). Pa3zBenenue 3puTpouuTOB
coctasisuio 1:10, naky6anuto npoBoannu npu 37°C B
TEYCHHE Yaca.
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The work aim was to experimentally select
cryoprotectants and conditions for erythrocyte
cryopreservation, to elaborate the methods of animal
blood freezing for further mammalian blood bank
creation.

Materials and methods

The investigation object was the equine, bovine,
canine and human erythrocytes. Polyethylene oxide
with 1500 molecular mass (PEO-1500), glycerol and
dimethyl sulfoxide (DMSO) were applied in the
research.

The following cryopreservatives were used:

1. Central R&D Institute of Hematology and Blood
Transfusion (CRDIHBT) 11,: 4% mannitol; 0.7% NaCl;
0.03% Na HPO,x12H.,0; 30% glycerol.

2. 20% DMSO, 150 mM NaCl; 10mM phosphate
buffer (pH 7.4).

3. 30%PEO; 150mM NaCl; 10 mM phosphate
buffer (pH 7.4).

Cryopreservatives were added to erythrocytes in
1:1 ratio, frozen down to —196°C by immersing
container into liquid nitrogen. Thawing after storage
was done on 42-45°C water bath.

Penetrative cryoprotectants (glycerol and DMSO)
were removed out of erythrocytes by the method of
successive centrifugation. After thawing the washing-
out sucrose-saline or saline solutions were slowly added
to erythrocytes at a constant mixing.

The first washing-out (1:1 ratio) comprised 30.0 g
sucrose; 0.7 g NaCl; 10 mM phosphate buffer; up to
100 ml distilled water or 0.6 M NaCl; 10 mM phosphate
buffer. After a thorough mixing the suspension was
centrifuged. The supernatant was removed.

For the second washing-out (1:1 ratio) we used
10.0 g sucrose; 0.7 g NaCl; 10 mM phosphate buffer;
up to 100 ml distilled water or 0.15 M NaCl; 10 mM
phosphate buffer. After thorough mixing the suspension
was centrifuged. The supernatant was removed.

For the third washing-out (1:1 ratio) it was 5.0 g
sucrose; 0.9 g NaCl; 10 mM phosphate buffer; up t o
100 ml distilled water or 0.15 M NaCl; 10 mM
phosphate buffer. After thorough mixing the suspension
was centrifuged. The supernatant was removed.

The index of cell resistance, i.e hemolysis was
determined as reported [4].

Transfusion modelling was carried-out by trans-
ferring erythrocyte suspension into isotonic medium
(150 mM NacCl). Erythrocyte dilution made 1:10, the
incubation was performed at 37°C for an hour.

The data were statistically processed with “Stat
Graphics Plus” Software. Number of experiments in
each series was above five.

Results and discussion
Nowadays there are different variants for human
donor blood cell cryopreservation. The most spread
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Craructuyeckyio o0pabOTKy OaHHBIX OCY-
mecTBISUTH 1o mporpamme “Stat Graphics Plus™.
KonndecTBo SKCTIepUMEHTOB B KaXK 101 CEpUH OTIBITOB
OBLIO IATH U Ooiee.

Pe3yAbTathl M 00CyXXAe€HHe

B HacTosimee BpeMs CyIIECTBYIOT pa3jiHUyHbIE
BapHaHTbl KPHOKOHCEPBUPOBAHUS KJIETOK JOHOPCKOH
KpoBU dYeloBeka. Hambonee pacmpocTpaHeH B
MpakTUKe HU3KOTEMIepaTypHbIX OaHKOB HamIen
CTpaHbI METO KPHOKOHCEPBUPOBAHHMS SPUTPOLIUTOB C
orpaxaaromuM pactsopom IMHUMWITIK 11, [1],
OCHOBY KOTOPOTO COCTABJISIET TNIULIEPHH B KOHEYHOU
KoHIeHTpauu# 15% B coueTaHny ¢ 3K30IEIUTIONSPHBIM
3aIIMTHBIM BEILIECTBOM (MaHHUTOM). KprokoHcepBaHT
n00aBIsUIM K KJIETOYHOH Macce B cooTHomeHuH 1:1.
HJanHbIil MeTOA MO3BOdAET coxpaHuTh 10 80%
SPUTPOIUTOB UYeNloBeKa. [HIepuH, Xopouo mpo-
HUKAIOIUH B 9pPUTPOLIUTHI YETIOBEKA U CO3/IAIOLIHI B
HUX YCIIOBHSI THIIEPOCMOJIAPHOCTH, HEOOXOAUMO
YIOAJSITH IIOCTIe OTTAaUBaHM KJIETOK JI0 MX HHKyOanu
B M300CMOTHYECKOH Cpezie BO n30ekanne Ha0yxaHus
Y JIM3Uca KJIETOK. MeTox OTMBIBaHHS OCHOBAH Ha
MIPUHIINIIE TOCTETIEHHOTO Pa3BeIeHUsI SPUTPOLIUTOB,
COJepIKaIUX TIIUIEPHUH, TUIIEPTOHUYECKUMH PacT-
BOpaMHM HENPOHHKAIOMHNX B KJIETKY BEIIECTB.
OcMoTHuecKkass aKTUBHOCTh MOHUXKAETCS INpPHU
YMEHBIIEHNUN KOHLEHTPAIUHU BHYTPUKIETOYHOIO
DIULEpHHA.

[IpoBeneHHBIE HCCIENOBAHUS MOKa3alu, 4TO
NPOLIEHT TeMOJn3a IPUTPOLUTOB YEJOBEKa IMpH
yIaJeHUU TIULEPUHA CaXapO3HO-COIEBBIMHU M COJIe-
BBIMHU PaCTBOpPaMU COOTBETCTBEHHO cocTaBisieT 16,09
u 18,8%; s sputporuToB codaku — 64,2 u 53,95%,
Onika — 77,68 u 89,3%, momanu — 65,4 u 78,38%
(puc. 1). [To-BuaguMoMy, JaHHBIN KPUOTIPOTEKTOP HE
MIPOHUKAET WX MPOHHUKAET clabo depe3 MeMOpaHy
KJIETOK MCCIIEAYEMBIX KHUBOTHBIX.

[TockoapKy mIHIIEprH KaK KPHOIIPOTEKTOp HE Jal
MOJIOKUTEIBHOTO pe3ysbTaTa MpH KPHOKOHCEp-
BUpPOBaHUH, ObL1 ucnoias3oBad JMCO, koTopblit
Jy4lle, 4eM NIMLIEPUH, IPOHUKAET B 3pUTPOLUTHI [3],
HO B BBICOKHMX KOHIIEHTPALMAX OH Pa3pyllIacT KIETKY.
[Tostomy BeiOpana ero 10%-s1 KOHeUHast KOHLIEHTPA-
sl DKCIIEPUMEHTAIBHO YCTAHOBIIEHO ONTHMAIIBHOE
BpeMs HHKYOalnu ¢ KPHOTIPOTEKTOPOM (B MUHYTaX)
10 3aMOpaXUBAaHUS ISl TTOJTHOT'O TPOHUKHOBEHUS
JAMCO B 3pUTPOITUTHI UCCIICTY EMBIX JKUBOTHBIX: JIJIST
SPUTPOIUTOB Jiotmaan — 15, 6b1ka — 60, cobaku — 75.
[lo manHBIM [3] A7 3PUTPOIMTOB YETIOBEKA PAaBHO-
BecHe JOCTUraercs uepe3 15 MuH.

Ha puc. 2, a mpencrasieHbl pe3yabTaTsl FeMOIN3a
mocJjie 3aMOpPaXMBaHUSI-OTOTPEBA YPUTPOLUTOB
muexonuraromux ¢ JIMCO. Pa3nuna 3amMeTHa nocie
yIOaJeHHUs KPUOMPOTEKTOpa U3 APUTPOLUTOB OBIKA
Caxapo3HO-COJIEBBIMH M COJEBBIMU OTMBIBOUHBIMH
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method in practice of low temperature banks in our
country is that of erythrocyte cryopreservation with
CRDIHBT 11, limited solution [1], based on glycerol
in 15% final concentration together with exocellular
protective substance (mannitol). The cryopreservative
agent was added to cell mass in 1:1 ratio. This method
enables preservation up to 80% human erythrocytes.
Glycerol, well penetrating into human erythrocytes and
creating in them conditions of hyperosmolarity should
be removed after cell thawing prior to their incubation
in isoosmotic medium to avoid cell swelling and lysis.
The washing-out method is based on the principle of a
gradual dilution of glycerol-contained erythrocytes with
hypertonic solutions of non-penetrative substances into
a cell. An osmotic activity decreases with a reduction
in intracellular glycerol concentration.

Our investigations demonstrated that the hemolysis
percentage of human erythrocytes at glycerol removal
with sucrose-saline and saline solutions made 16.09
and 18.8%, correspondingly; 64.2 and 53.95% for
canine erythrocytes; 77,68 and 89.3% for bovine; 65.4
and 78.38% for equine ones (Fig. 1). Apparently, this
cryoprotectant does not penetrate or slightly does
through a cell membrane of the animals under study.

Since glycerol as cryoprotectant showed no positive
effect during cryopreservation, we used DMSO,
penetrating into erythrocytes better than glycerol [3],
but destroying a cell under high concentrations.
Therefore 10% final concentration was chosen. There
was experimentally established the optimal incubation
time with a cryoprotectant (in minutes) prior to freezing
for a complete DMSO penetration into erythrocytes
of studied animals: 15 for horse, 60 for bull and 75 for
dog. According to the data [3] the balance for human
erythrocytes is reached after 15 min.

Fig. 2a shows the results of hemolysis after
mammalian erythrocyte freeze-thawing with DMSO.
The difference is noticeable after cryoprotectant
removal out of bovine erythrocytes with sucrose-saline
and saline washing-out solutions. In equine and canine
erythrocytes there are less differences but in human
ones they are practically absent. For modelling
erythrocyte transfusion the temperature of 37°C and
isotonic medium are necessary. The modelling was
performed for 1 hour. Such conditions correspond to
physiological indices in a recipient’s blood channel, that
enables judging about a degree of cell engraftment.
During transfusion modelling the hemolysis percentage
of'these cells in all studied animals is not high (Fig. 2, b).
Consequently, during freezing DMSO protects
erythrocytes of these animals better than glycerol.

For human erythrocytes there were elaborated
cryopreservation methods with non-penetrative
cryoprotectant PEO-1500, not requiring removal out
of frozen-thawed cells. This considerably facilitates
the procurement of qualitative frozen-thawed cells,
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pacTBopamu. B spuTpomurax jmomanu U coOaku
pa3IuYui MEHbBINE, a B SPUTPOLIUTAX YEIIOBEKAa OHH
NPaKTHUYECKU OTCYTCTBYIOT. [l MoAenupoBaHHUs
TpaHC(y3UH SPUTPOLIUTOB HEOOXOAUMBI TEMIIEpaTypa
37°C u u3oToHHueckasd cpeaa. MoaenupoBaHue
MPOBOAMJIM B TeueHHe yaca. Takue yciaoBUs COOT-
BETCTBYIOT (PU3MOJIOTHUECKUM MMOKA3aTesIM B
KPOBEHOCHOM pYCJI€ PELUINHEHTA, YTO MO3BOJISET
CYyOWTHh O CTENEHH MPWKHBAEMOCTH KieToK. Ilpu
MO/JICTIMPOBAHNY TPAHC(Y3UH ITPOIIEHT [EMOJIH3a ITUX
KJIETOK Y BCEX MCCIIEAYEMbIX )KHBOTHBIX HEOOIBIION
(puc. 2, 6). CnenoBarensro, [IMCO 3amumaer
SPUTPOIMTHI JAHHBIX BHJIOB )KHBOTHBIX TP 3aMOpa-
YKUBaHUH JTyYIIIE, YEM TTIHIICPHH.

151 5pUTPOLMTOB YeNOBEKa pa3padOTaHbl METOABI
KPUOKOHCEPBHUPOBAHHUS MO 3aIIUTONH HENpPOHH-
Karoero kpuomnporekropa [190-1500, kotopslil He
TpeOyeT ymaJeHus: U3 pa3MOPOKEHHBIX KIETOK. DTO
3HAYUTENBHO YNPOLIAET MOMyYeHHE KaueCTBEHHBIX
JEKOHCEPBUPOBAHHBIX KJIETOK, HPUTOAHBIX IS
MIPaKTUYECKOTo MprMeHeHus. Ha ocCHOBaHNY 3TOTO MBI
takxe umcnonas3oBanu [120-1500 B xoHeuHOU
KOHIleHTpanuu 15% ans KpUOKOHCEPBUPOBAHUS
SPUTPOLUTOB UCCIEAYEMBIX KHUBOTHBIX. Pe3ynbraTsl
MIPOBEACHHBIX IKCIIEPUMEHTOB (pHUc. 3, a) moKa3aau
HE3HAYUTENbHBI T€MOJIN3 SPUTPOIUTOB MIEKO-
MUTAIOLINX cpa3y nocie pasmopaxusanus (0,5-2%).
OpHako mpu MOAECIUPOBAHUM TpaHCHY3HH, T. €.
IepeHOCe Pa3MOPOKEHHBIX IPUTPOIUTOB B HU30TO-
HUYECKYIO cpeny, HaOJronaeTcs 3HaYUTEIbHBIH
reMoJiu3 BCJIEJCTBUE MOBPEXKICHHUS HauMeHee
YCTOWYUBBIX 3puTpountoB (puc. 3, 6). Haubonee
OCMOTHUYECKH YCTOHUUBBIMU SIBISIFOTCS SPUTPOLIUTHI
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Puc. 1. [IpouieHT reMom3a 3pUTPOIUTOBR, 3aMOPOKECHHBIX
o 3amuTok kprokoncepsanTa IHUMITIK 11,: 1 - noruans;
2 —0bIK; 3 — cobaka; 4 —4enoBek; []— OTMBIBaHHE CaXapO3HO-
COJIEBBIMH pacTBOpamMu; [l — OTMBIBAHHE COJICBEIMU PacTBO-
pamu. Pe3ynbrarsl npeacrapieHsl B Buie M+m, n=5.

Fig. 1. Hemolysis percentage of erythrocytes, frozen under
CRDIHBT 11, protection: 1 —horse; 2 —bull; 3 —dog; 4 —
human; O0— washing-out with sucrose-saline solutions; ll —
washing-out with saline solutions. Results are shown in
M=+m, n=5.

suitable for practical application. Based on this fact
we used PEO-1500 in 15% final concentration for
erythrocyte cryopreservation of animals under study
as well. The results of experiments performed (Fig. 3, a)
demonstrated a slight hemolysis of mammalian
erythrocytes just after freeze-thawing (0.5-2%).
However when modelling transfusion, i.e. the frozen-
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Puc. 2. YpoBeHb reMomn3a SpUTPOLIUTOB, 3aMOPOkKeHHBbIX 1o 3amuroi JIMCO: a —nocie pa3sMopaXUBaHUs U OTMBIBaHNUS;
0 — MoenupoBanus Tpanchys3un; 1 —omanab; 2 — ObIK; 3 — cobaka; 4 — yea0Bek; [1— OTMBIBAHUE CaXapO3HO-COJIECBBIMHU
pactBopamy; [ll — OTMBIBaHHE COJIEBBIMHU PAacTBOpaMu. Pe3ynbrarsl npencrasieHs B Bujae M+m, n= 8.

Fig. 2. Hemolysis level of erythrocytes, frozen under DMSO protection: a —after freeze-thawing and washing-out; b — after
transfusion modelling; 1 — horse; 2 — bull; 3 — dog; 4 — human; O — washing-out with sucrose-saline solutions; H —
washing-out with saline solutions. Results are shown in M+m, n=8.
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yesoBeka [2]. 'eMonu3 spuTpoIUTOB JOMIaIu MoCe
HX NIEPEHOCA B CPEBI C U30TOHUYECKON TOHUYHOCTBIO
TaK)Ke HEBEJIMK M cocTaBigeT nopsaka 25%. bonee
3HAUYUTEIBHOE OBPEKACHUE HAOMIONAeTCs B SPUTPO-
nuTax ObIKa W COOAKH.

ITonyueHHbIE OTIIMYMSA B YCTOMYUMBOCTH SPUTPO-
LIMTOB PAa3NUYHBIX BHJIOB KUBOTHBIX K KPUOKOHCEP-
BHPOBAHHIO MOTYT OBITh CBA3AHBI C 0COOEHHOCTAMHU
cTpoeHus ux memOpan. Ilpu 3ToM Ha yCTOHYMBOCTH
SPUTPOLUTOB K HUZKOTEMIIEPATyPHOMY BO3IEHCTBHUIO
OKa3BIBAIOT BIMSHHUE KaK OCITKOBbIC, TaK U JIUITUAHbIC
KOMITOHEHTHl MeMOpaHbl. CoracHO AaHHBIM padoT
[6, 7, 9] B MemOpane >puTpouuTOB ObIKA (QocdaTu-
JWIXOJIMH OTCYTCTBYET MOTHOCTBIO HIIN CONEPIKUTCS
B CJICIOBBIX KOJMYECTBAaX, a B DPUTPOLMTAX COOAKH,
Jrommaay, yenoBeka — 46,9;42,4; 29,3% cooTBETCTBEHHO.
CootHomerne pocharnaunxoniia K COQUHTOMUAETHHY -
OJWH U3 (AKTOPOB, OMPEACISIOMHUX TEKydeCTh
membOpansl. B pabote [11] ycTaHOBIEHO, YTO
SPUTPOIUTHI C HU3KUM COOTHOIIICHNEM ITHX JINITHUAO0B
MTOBPEKAAIOTCS MEHBIIIE B IPUCYTCTBHH KaTHOHHBIX
MEeNTHAOB, YeM MeMOpaHbl C BBICOKUM HX CO-
otHomeHneM. OTHomeHue 3Tux GochonunuaoB y
HCCIIEYyEeMBIX )KMBOTHBIX CIEAYyIONIee: JOomaap —
3,141; cobaka — 4,343; genosek — 1,149. B spurpo-
LHUTaX 3TUX JXUBOTHBIX MOJSPHOE COOTHOILIEHHUE
xojiecTeprHa K QocdonunuaaM pa3iudHoO: s
yenoBeka — npumepHo 0,8; Obika u nomanu — 0,92;
cobaku — 0,96.

Ceiluac M3BECTHO, YTO BaXXHYIO pPOJIb B YCTOIi-
YUBOCTH KJIETOK K SKCTPEMaJbHBIM BO3JEHCTBUAM,
B TOM YHCJIe M HU3KUM TeMIIepaTypam, UTParoT OeIKn
MeMOpaHBbI 1 uTocKeeTa. Ha ocHoBaHMM cpaBHEHUS
coctaBa OeIKOB MeMOpaH 3pUTPOIUTOB Pa3THMIHBIX
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thawed erythrocyte transferring into isotonic medium,
a considerable hemolysis due to a damage of less
resistant erythrocytes is observed (Fig. 3, b). Human
erythrocytes are the most osmotically resistant ones
[2]. Hemolysis of equine erythrocytes after their
transfer into the media with isotonic tonicity is also
low and makes about 25%. Most considerable damage
is observed in bovine and canine erythrocytes.

The obtained differences in erythrocyte resistance
of different animals to cryopreservation can be related
to the peculiarities of their membrane structure. At
the same time both protein and lipid membrane
components affect the erythrocyte resistance to low
temperature effect. As reported in the papers [6, 7, 9]
in the membrane of bovine erythrocytes phospha-
tidylcholine is completely absent or is in trace amounts,
but in canine, equine and human erythrocytes it is 46.9;
42.4; 29.3%, correspondingly. The ratio of phospha-
tidylcholine to sphingomyelin is one of the factors,
determining the membrane fluidity. In the paper [11] it
was revealed, that erythrocytes with a low ratio of
these lipids were less damaged at the presence of
cation peptides than membranes with their high ratio.
The ratio of these phospholipids in the studied animals
is as follows: 3.141 for horse, 4.343 for dog and 1.149
for human. In erythrocytes of these animals a molar
ratio of cholesterol to phospholipids is different: it is
approximately 0.8 for human; 0.92 for bull and horse;
0.96 for dog.

Now it is known that the membrane and cytoskeletal
proteins are very important in a cell resistance to
extreme effects, including low temperatures. Based
on the comparison of erythrocyte membrane protein
composition in different animals using electrophoresis
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Puc. 3. YpoBeHb remonusa 3pUTPOLUTOB, KpHOKOHCEepBUpPOBaHHBIX ¢ IID0-1500: a — mocne pa3zMopaXxuBaHHUS;
0 — MozenupoBanus TpaHcy3un; 1 —omane; 2 — ObIk; 3 — cobaka; 4 —vyenoBek. Pe3ynbrarsl npezcTasieHsl B Buae M+m, n= 6.

Fig. 3. Hemolysis level of erythrocytes, cryopreserved with PEO-1500: a — after freeze-thawing; b — after transfusion
modelling; 1 —horse; 2 —bull; 3 — dog; 4 — human. Results are shown in M+m, n=6.
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BHUJOB JKHBOTHBIX C IMOMOIIBIO 3eKTpodopesa [8]
MOXHO CHeJaTh BBIBOJ: NMpHU oOmmel kapTuHe
MeMOpaHHBIX OENKOB y BCEX BHJIOB HCCIIEIYyEMBIX
MJIEKOMTUTAIOIINX UMEIOTCA OTINYMsl. Tak, OCHOBHBIE
MeMOpaHHBIC OEJIKH, BKITFOYAIOIINE TOJ0CH 1,2, 3 n
5, IPUCYTCTBYIOT B PUTPOLHUTAX JIOLIaaAH, ObIKa,
c00aKH 1 4eJI0BEKa, HO B APUTPOLIMTAX ObIKa JUIsl OenKa
noJiockl 3 (aHUMOHHBIH OOMEHHHK) XapakTepHa
MoekyssipHas Mmacca Boitie (100 x/la). DpuTpouuTtsl
ObIKa, COOaKH U YeTI0BEKa UMEIOT OT/IEIBbHBIE ITOJIOCHI
4.1 n4.2, B 3pUTpONXTAaX JIOLIa 11 0OHAPYXKEH AeQUIAT
O6enka monocsl 4.2, KOTOPBIN SABIAETCS BaKHBIM
KOMIIOHEHTOM B cTabmnm3aiuu kietok [10]. OmHako
B DPUTPOLUTAX JOIMATd B OOJBIIOM KOJTUYECTBE
NpUCYTCTBYIOT Oenku mojoc 4.5 u 4.9. Caenyer
OTMETHTH, YTO B pabore [§] Hanbombine paznuius
Ha snekTpodoperpaMmax OblIM OOHAPYKEHH B
001acTH OENIKOB MONOCHI 4.5 1 HUXKe OeIKa MOJIOCH 7,
KOTOpBIE MACHTHQHUUHUPYIOTCS KaK COCTaBHBIE
KOMITOHEHTBI CHCTEMBbI TPaHCIOpTa BOABI IJIa3Ma-
THYECKOW MeMOpaHbl. DTH pa3iIu4us B COCTaBe
0eTKOB, BOBJIEUCHHBIX B BOJHYIO OuU(y3uIo, MO
MHEHHUIO aBTOPOB [8], 00yCIOBIMBAIOT Pa3iudus B
MPOHUIIAEMOCTH BOJIbI, OOHAPYKEHHBIE paHee IS
Pa3IMYHBIX BUJIOB )KUBOTHBIX, YTO MOKET BIUATH Ha
YCTOWYHNBOCTH SPUTPOIIUTOB K KPHOKOHCEPBHUPOBAHHMIO.

BbiBOADI

KpuokoncepsupoBaHue 3puUTPOLHUTOB HCCIIE-
NyeMBIX )KHBOTHBIX IOJ 3aIIUTON KOHCEpBaHTa
[MHWHUITIK 11, (moctarouHo 3P HEeKTUBHOIO s
3aMOpaXKMBAaHMsI IPUTPOLIUTOB YEIOBEKa) HE Aal0
MOJIOKUTEIILHOTO PE3YJIbTara.

MeToa KpHOKOHCEPBHPOBAHUS IPUTPOIUTOB
miexkorutaromux ¢ JJMCO sddekTHBHO coxpaHseT
KJIETKH MMOCJe pa3MOpakMBaHUS W IEPEHOCA B
HM300CMOTUYECKUE YCITOBHS.

Kpunokoncepsuposanue ¢ [120-1500 Takxe
MO3BOJISIET COXPAHUTh KJIETKH IMOCJe pa3Mopa-
xuBaHus1. OQHAKO IPH NIEPEHOCE IPUTPOLIUTOB ObIKA
u cobaku B cpeay (QU3MOIOTHUECKOH TOHMYHOCTH
HaOJomaeTcsl 3HaYUTEIbHOE MOBPEXKICHHE 3THX
KJIETOK.
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[8] we can conclude as follows: at a common picture
of membrane proteins there are certain differences in
all studied mammals. Thus, all main membrane proteins,
including those for band 1, 2, 3 and 5 are present in
equine, bovine, canine and human erythrocytes, but in
bovine ones the higher molecular mass (100 kDa) is
typical for band 3 protein (anion exchanger). Bovine,
canine and human erythrocytes have separated 4.1
and 4.2 bands, in the equine ones there was found out
the band 4.2 protein lack, which is an important
component in cell stabilisation [10]. However in equine
erythrocytes the band 4.5 and 4.9 proteins are present
in a big amount. Of note is that in the paper [8] the
most differences in electrophoregrams were revealed
in band 4.5 protein area and below band 7 protein,
which are identified as the components of water
transport system of plasmatic membrane. The authors
believe [8] that these differences in composition of
proteins, involved in water diffusion, stipulate the
differences in water permeability, revealed earlier for
different animals, that can affect the erythrocyte
resistance to cryopreservation.

Conclusions

Cryopreservation of studied animals’ erythrocyte
under CRDIHBT 11, preservative protection (quite
efficient for human erythrocyte freezing) was
unsuccessful.

Method of mammalian erythrocyte cryopreser-
vation with DMSO efficiently preserves cells after
freeze-thawing and transfer into isoosmotic conditions.

Cryopreservation with PEO-1500 also enables cell
preservation after freeze-thawing. However when
transferring bovine and canine erythrocytes into the
medium with physiological tonicity a considerable
damage in these cells is observed.
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