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HccnenoBamu l"I/IHGpTOHI/I‘ICCKI/Iﬁ KPHUOTEMOJIU3 SPpUTPOLIUTOB 6I>IKa, CO6aKI/I, Jiomaau. BLI}IBI/IJ’II/I, YTO 9YBCTBUTCIIbHOCTL SOPUTPOLIUTOB
K (baKTOpaM TOBPEIKACHUA, pH Cpeanl U I/IHFI/I6I/ITOpaM aHMOHHOI'O KaHajla UMeeT CBOM ocoOeHHOCTH. OCcOOEHHOCTH TIOBCACHUA
SPUTPOLUTOB 06cy>1</:[a10Tc;1 B CBA3H C pa3/iIndnuAMU TPAHCIOPTHBIX CUCTEM U COCTaBa M€M6paH.

Knioueeswie cnosa: l"I/IHepTOHI/I‘IecKI/Iﬁ KpUOTreMOJIn3, XOJIOOOBOMH IIOK, YYBCTBUTCIIBHOCTD OPUTPOLUTOB 6I>IKa, Jomanu, cobaku.

JocnikyBaiy rinepToHIiYHIA KPioreMoJIi3 epUTPOLMTIB OHKa, coOaKky, KOHs. BHSIBHIIH, 1110 Yy TJIMBICTh EPUTPOLUTIB 0 (haKkTOpPiB
noukokeHHs, pH cepenu Ta iHriGiTopaM aHiOHHOTO KaHajdy Mae cBOi o0cobOnuBocTi. OcoONIMBOCTI MOBEIIHKH SPUTPOLMUTIB
00rOBOPIOETHCS B 3B’ A3KY 3 BIIMIHHOCTSIMH TPAHCIIOPTHHUX CHCTEM Ta CKJIaJy MeMOpaH.

Kniouogi cnosa: rinepToHidYHNI KPiOreMoIi3, X0JI0X0BHH IIOK, Uy TJIMBICTh €PUTPOLUTIB OMKa, KOHs, COOAKH.

Hypertonic cryohemolysis of bovine, canine and equine erythrocytes was investigated. It was found-out, that the erythrocyte
sensitivity to the damaging factors, pH medium and anion channel inhibitors had its peculiarities. The peculiarities of erythrocyte
behavior are discussed in respect of different transport systems and membrane composition.

Key-words: hypertonic cryohemolysis, cold shock, bovine, equine and canine erythrocyte sensitivity.

I'uneproHn4ecKuii KpUOreMONN3 — SIBJIEHUE TOBPEK-
JIEHUS S)PUTPOLINTOB, CBI3aHHOE C OXJIAYKACHUEM KIIETOK
10 0°C B rHIEPTOHUYECKUX Cpelax, 4To SBISETCS
MOZIENBIO OJJHOTO U3 (PaKTOPOB KPHOMOBPEXKACHHH [ 1,
9]. Bonpoc n3yueHus BUIOBBIX Pa3In4nil UyBCTBUTEb-
HOCTH 3PUTPOLIUTOB K OXJIAXKIEHUIO B THIIEPTOHNYECKUX
cpenax fBIsSETCS aKTyalbHBIM B CBSI3U C HEOOXO-
JUMOCTBIO CO3/IaHMSI METOAO0B KPHOKOHCEPBUPOBAHHMS
KpPOBM JIOMAalIHHUX XUBOTHBIX. CpaBHUTEIbHBIE
WCCIIEIOBAHUS TO3BOJISIOT BBISIBUTH CBS3h MEXIY
TPaHCIOPTHBIMH CHCTEMaMH OMOMEMOpPaH U TyBCTBH-
TEIHHOCTHIO 3PUTPOILUTOB. B CBSI3M € 3TUM LETBIO
HacTosme paboTsl OBLIO MCCIeAOBAHUE yCTOM-
YUBOCTH 3PUTPOLUTOB PA3TUYHBIX )KUBOTHBIX K
TUTIEPTOHUYECKOMY KPHOT€MOIH3Y TP OXJIAKACHUN
ot 37 no 0°C.

Marepuarbl M meroanl

OOBEKT uccaeqoBaHus — KPOBb ObIKa, JIOMIAIN U
cobaxu. KpoBp oTmbIBanu 3-4 paza pacTBOpOM CO
150 MM NaClu 10 MM tpuc-HCl (pH 7,4). XononoBoii
LIIOK TIPOBOJAMIIN B Cpefiax, KoTopslie conepykanu: 0,86 M
caxapo3sl 1 10 MM tpuc-HCI (pH 7,4), uto mo3Bossier
CO3JaTh MEXaHUYECKOE HaIpsDKEHUEe Ha MeMOpaHe;
0,86 M caxapossl, 120 MM Na,SO,, 10 MM Ttpuc-HCI

Hypertonic cryohemolysis is the phenomenon of
erythrocyte damage, related to cell cooling down to
0°C in hypertonic media, that is the model of one of
the cryodamage factors [1, 9]. The question of study
of specific differences in erythrocyte sensitivity to
cooling in hypertonic media is still of current im-
portance, because of the necessity to create the
methods for domestic animals’ blood cryopreservation.
Comparative studies allow to reveal the relationship
between the biomembrane transport systems and
erythrocyte sensitivity. In this connection the aim of
this work was to investigate the resistance of eryth-
rocytes to hypertonic cryohemolysis in different animals
when cooling from 37 to 0°C.

Materials and methods

The subject for investigation was bovine, equine
and canine blood. Blood was 3-4 times washed with
the solution, containing 150mM of NaCl and 10 mM
of'tris-HCI (pH 7.4). The cold shock was accomplished
in the media, containing as follows: 0.86 M of sucrose
and 10 mM of tris-HC1 (pH 7.4), that allows the
creation of mechanical tension on a membrane; 0.86 M
of sucrose, 120 mM of Na,SO,, 10 mM of tris-HCI
(pH 7.4), that models an osmotic tension under chloride
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(pH 7,4), at0o MOnENMMpPyeT OCMOTHIECKOE HAIPSLKEHUE
B YCJIOBUSIX OOMEHA XJIOpHU/Ia Ha CYITb(ar B )PUTPOLIUTAX;
0,86 M caxapo3bl, 25 MM trpar Na, 10 MM Tprc-HCl
(pH 7,4), 9T0 CITOCOOCTBYET CO3AaHUIO HOHHOM CHITBI
CpeZbl C HETTPOHUKAIOIIMM HOHOM, PAaBHOW HOHHOM cHIIe
n3otonnueckoro pacrsopa NaCl. CycneHsuu 3putpo-
uutoB oxnaxaanu ot 37 o 0°C mepeMemeHneM
npoOHPOK U3 TepMocTaTa Ha JelsHyro Oanto. s
rccnenoBaHus BiIUsSHUA pH cpenpl Ha X0I0A0OBYIO
YYBCTBUTEIHLHOCTH 3PUTPOLITOB HCIIONB30BAIH  CPELY,
coneprkartyro 0,86 M caxapossr, 150 MM NaCl, 10 MM
tpuc-HCl (pH 5,8; 6,6; 7,4; 8,2), ipu oXJIaKaeHuH oT 37
1o 0°C. B skcniepumenTax Obia BEIOpaHa caxapo3Hasi,
a He CoJIeBas Cpeza, 4ToObI co3/1aTh yenoBus auhdy3nn
HEOPraHMYEeCKUX MOHOB uyepe3 MeMOpany[2]. ['umep-
TOHUYECKHHN XOIOA0BOM IIIOK OCYILECTBIISUTH, KaK ObLIIO
ornucaHo B [10], myTeM BbIIEpKUBaHHSA KJIETOK KPOBH B
pasnuuHbIX cpenax npu 37°C ot 2-x mo 20 MuH C
nocnenyronmM oxnaxaeauem 10 0°C B TedeHre 5 MuH.

st OnoKMpoBaHUs MOTOKOB aHUOHOB XJIOpUAA U
cynb(hara uepes MeMOpaHy HUCIIONH30BaIH HHTHOUTOPEI
aamonnoro tpauncnopra: [ANJC (4,4’ —nuuzoTu-
OLIMAHOCTHIIEOEH — 2,2°-mucynb(poHaT) — HHTHOUTOP
HEOOPaTUMOTO JISHCTBHSA U AUTTHPHIAMOIT — HHTUOUTOP
00paTUMoro eicTBHSI.

Pe3yAbTatbl M 00Cy)XA€HHE

Ha puc. 1 npencraBieHsl faHHBIE O Pa3BUTHH
TUIIEPTOHUYECKOTO KPHOTEMOJTH3a 3PUTPOLIMTOB ObIKa
mpu oxnaxkaenuu 1o 0°C. BugHo, 4To BBIIEpKUBaHKE
CYCIIEH3UH 3pUTPOLUTOB 10 20 MUH Nepe]] OXJIaXIEHUEM
B pa3IM4HbIX TUIEPTOHMYECKUX PACTBOPAX HE PHBOAUT
K 3HAQYUTEIHbHOMY IOBBIILIEHUIO YYBCTBUTEIBHOCTH
KJIETOK, YTO OTMEYAaeTCsl TaKKe ISl SPUTPOLUTOB
Jiotiaau u codaku (puc. 2, 3).

JelicTBue MHTHOUTOPOB aHWOHHOTO KaHaja B
YKa3aHHBIX YCIIOBHSX 3aBHCUT OT aHMOHHOTO COCTaBa
cpenbl. Ci1abo MPOHMKAOIIKUI B Cpejie aHUOH Cylb(ara
MIPUBOJIHT K TIOJIABJICHUIO Pa3BUTHSI XOJIOZOBOTO IIOKA
SpUTPOLIMTOB ObIKa (pHcC. 1, a), a B IPUCYTCTBUM LIUTpaTa
YPOBEHb TreMoJn3a BopacTtaeT (puc. 1, 6). UHruoutops
anvonHoro kanana JI1/1C u aunupraaMon He BBI3bIBAIOT
W3MEHEHUH B ITMHAMUKE Pa3BUTHUS TMIEPTOHUYECKOTO
KpHOremoimsa B cpesie, cogeprkaiueii 0,86 M caxapossl,
120 MM Na,SO,, 10 MM Ttpuc (pH 7,4). IlonoOnas
KapTrHa HalmomaeTcst B OecconeBoit cpene (puc.l, B).
[pu Hanm4uy nETpara oTMeYaeTcsi Hanbosee BHICOKasI
YyBCTBHUTEIBHOCTH KJIETOK K XOJIOIOBOMY IIIOKY U TIPH
no0aBIIeHUN JUIHPUIAMOJIA YyBCTBHTEILHOCTh K
OXJIOK/IEHHUIO Bo3pacTaeT. Ecnu aumnmpuaaMon 3Hauu-
TEJIHHO TOBBIIIAET XOJOJOBYI0 YYBCTBUTEIHLHOCTH
kietTok, To ANJIC cymecTBeHHO €€ CHIKAET.

Takum 06pazom, 1151 SpUTPOLIMTOB OBbIKA XapaKTepHa
HH3Kas YyBCTBUTEIFHOCTH K XOIOA0BOMY ILIOKY KaK ITPU
OTCYTCTBUH, TaK ¥ IPH HATMYHMH MPOHUKAIOLIETO aHHOHA
cyab(ara, a B IPUCYTCTBUU HEMPOHUKAIOIIETO aHUOHA

MPOBJIEMbI
KPMOBMOJNIOTUMU
2004, Nel

for sulphate exchange conditions in erythrocytes; 0.86
M of sucrose, 25 mM of Na citrate, 10 mM of tris-
HCI (pH 7.4), that permits to create the medium ionic
strength with a non-penetrating ion, being equal to
ionic strength of NaCl isotonic solution. Erythrocyte
suspensions were cooled down from 37 to 0°C by
transferring the vials from thermostat to an ice bath.
In order to investigate the effect of pH medium on the
erythrocyte cold sensitivity we used the medium,
containing 0.86.M of sucrose, 150 mM of NaCl, 10
mM of tris-HCI (pH 5.8; 6.6; 7.4; 8.2) at cooling from
37 to 0°C. For the experiments we have chosen a
sucrose, but not saline medium to create the conditions
for inorganic ion diffusion through a membrane [2]. A
hypertonic cold shock was performed as described in
the paper [10], via blood cell maintaining in different
media at 37°C from 2 to 20 min with following cooling
down to 0°C for 5 min.

For blocking the chloride and sulphate anion flows
through a membrane there were used such anion
transport inhibitors as: DIDS (4,4’ - diisocyanostilbene-
2,2’-disulphonate), the inhibitor of irreversible action,
and dipyridamol, which is a reversible one.

Results and discussion

The Fig. 1 demonstrates the data on the develop-
ment of bovine erythrocyte hypertonic cryohemolysis
at cooling down to 0°C. The exposure of erythrocyte
suspension up to 20 min before cooling in different
hypertonic solutions is shown not to be resulted in a
considerable increase in cell sensitivity, that is also
observed for equine and canine erythrocytes (Fig. 2, 3).

The action of the anion channel inhibitors under
the mentioned conditions depends on an anion medium
composition. The presence in the medium of a slightly
penetrating sulphate anion results in the suppression
of cold shock development in bovine erythrocytes (Fig.
1, a), but there is an increase in hemolysis level in citrate
presence (Fig. 1, b). The anion channel inhibitors DIDS
and dipyridamol do not cause the changes in the
dynamics of hypertonic cryohemolysis development in
the medium, containing 0.86 M of sucrose, 120 mM of
Na_ SO,, 10 mM of tris (pH 7.4). The same picture is
observed in a saline-free media (Fig. 1, ¢). In citrate
presence the highest cell sensitivity to cold shock is
noted and there is an increase in the sensitivity to
cooling with dipyridamol addition. If dipyridamol
considerably increases a cold sensitivity of cells, DIDS
in a considerably extent reduces it.

Thus, a low sensitivity to cold shock was cha-
racteristic for bovine erythrocytes both in the absence
and presence of a penetrating sulphate anion, but in
the presence of a non-penetrating citrate anion under
cooling conditions it occurs to be more manifested.

The sensitivity of equine erythrocytes to hypertonic
cryohemolysis is more manifested (40-45%) and does
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LUTpaTa B YCIOBHUAX OXJIKICHHUS OHA CTAHOBUTCS
BBIPAYKCHHO.

UyBCTBUTETBHOCTH SPUTPOIIUTOB JIOMIAAN K THIIEP-
TOHHYECKOMY KPHOTeMOJH3Y BbIpakeHa cruibHee (40-
45%) v He 3aBUCHT OT BpeMeHH nHKyOaru ipu 37°C. B
MIPUCYTCTBHUH MPOHUKAIOIIIETO aHWOHA CYJIb(haTa ypoBEHb
XOJIOOBOTO TEMOJTN3a 3HAYUTEIIHHO HEe N3MEHSIETCSL, TIPH
stoM I /IC noBbIIaeT CTENEeHb MOBPEKICHUS KIETOK,
a IUNHAPUAAMOI MPAKTHYECKU HE M3MEHSET YPOBEHb
pPa3BUTHS X0J0J0BOTO moKa (puc.2, a). CreneHp
reMOJIM3a dPUTPOLIUTOB B cpene, coneprkarueii 0,86 M
caxapo3bl, 25 MM nutpata Na, 10 MM Tpuc (puc.2, 6),
3HAYUTENHHO HE OTJIMYACTCs OT TAKOBOTO B CYNb(aTHOM
(puc.2, a) wu OeccyabdarHoii cpeze (puc.2, B). B atux
YCIIOBHSIX TUMTMPHUIAMOJI BBI3BIBAET CYIIECTBEHHBIN POCT
YyBCTBUTEIBFHOCTH 3PUTPOIUTOB JIOMIATN K THUIEP-
TOHHYECKOMY Kpuoremonmsy, a npucyrcreue AM1JIC
PE3KO MOAABIISET XOJIOAOBOH IIIOK.

HecMoTpst Ha TO, YTO 4yBCTBUTENBHOCTH 3PUT-
POLIMTOB JIOIIAIN K OXJIQXKJIEHUIO B TUIIEPTOHUUYECKON
cpele 3HAUUTENBHO BBIIIE, YeM y ObIKa, peakuus
SPUTPOLIUTOB Ha MPUCYTCTBHE NPOHUKAIOIIMX 1 HENPO-
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Puc. 1. BnusHue Ha rUNEpTOHUYECKUN KPHOTEMOIIHU3
SPUTPOLUTOB OBIKA PA3IUUYHBIX CpEX, HHIMOUTOPOB
AQHMOHHOTO KaHaJla U BpeMeH! nHKyOanuu npu 37°C: a —
0,86 M caxapossl, 120 MM Na,SO,, 10 MM tpuc (pH 7,4);
06— 0,86 M caxapossbl, 25 MM mutpata Hatpus, 10 MM Tpuc
(pH 7,4); B— 0,86 M caxapo3sl, 10 MM Ttpuc (pH 7,4).¢ —
koHTpoJib; Il — nunupunamon; A —JINJIC.

Fig. 1. The effect of different media, anion channel inhibitors
and incubation time on bovine erythrocyte’s hypertonic
cryohemolysis at 37°C: a— 0.86 M of sucrose, 120 mM of
Na,SO,, 10 mM of tris (pH 7.4); b — 0.86 M of sucrose, 25
mM of sodium citrate, 10 mM of tris (pH 7.4); ¢—in 0.86 M
of sucrose, 10 mM of tris (pH 7.4). ¢ — the control; Il —
dipyridamol; A —DIDS.

not depend on the incubation time at 37°C. At the
presence of a penetrating sulphate anion the level of
cold hemolysis does not considerably change, at the
same time DIDS increases the extent of cell damage,
but dipyridamol almost does not change the level of
cold shock development (Fig. 2, a). The degree of
erythrocyte hemolysis in the medium, containing 0.86
M of sucrose, 25 mM of sodium citrate, 10 mM of tris
(Fig. 2, b) does not significantly differ from that in a
sulphate (Fig. 2, a) or sulphate-free medium (Fig. 2, b).
Under these conditions dipyridamol causes a con-
siderable growth of equine erythrocyte sensitivity to
hypertonic cryohemolysis and the DIDS presence
sharply suppresses a cold shock.

In spite of the fact, that the sensitivity of equine
erythrocytes to cooling in a hypertonic medium is
considerably higher, than a bovine one, the erythrocyte
response to the presence of penetrating and non-
penetrating anions, as well as the anion channel
inhibitors is similar for both cases.

Canine erythrocytes respond in a different way to
cooling at the presence of penetrating and non-
penetrating anions and anion channel inhibitors. There
is an increase in a cell sensitivity to cold shock within
the range from 2 to 20 min (22-45%). The citrate
causes no changes in cold shock dynamics (Fig. 3, b),
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HHKAIOINX aHHOHOB, a TAK)KE UHTHOUTOPOB aHUOHHOT'O
KaHaJia B 000MX CITydasiX HOCHT CXOAHBIA XapakTep.

OpUTpOIHTH COOAKU pearupyroT Ha OXJIAKICHUE
B MPUCYTCTBHH MPOHHUKAIOUINX W HETPOHHUKAIOIINX
AQHMOHOB ¥ MHTMOWTOPOB aHHOHHOTO KaHalla WHaye.
UyBCTBUTEIBHOCTH KJIETOK K XOJIOJJOBOMY IIOKY B UH-
TepBaiie oT 2-x 10 20 MuH Bo3pacraer (22-45%). Lint-
par He BBI3bIBACT H3MEHEHHUH B TUHAMHKE XOJIOA0BOTO
moka (puc.3, 6), a npoHuKaroIwmi cynbgar (puc.3, a) 6mo-
kupyert ero passurue (ot 10 1o 15% c 2-x no 20 muH).
JUAC u qunupuaaMoi HE OKa3bIBaIOT CYIIECTBEH-
HOTO BJIMSIHUS HA KJIETKH B Cpele, COAEprKallel uT-
par. IIpu stom B Gecconesoii cpene AUAC 3nauu-
TEIBHO CTUMYJIUPYET YPOBEHB XOJIOA0BOTO FeMOJIN3a,
TOT/Ia KaK JUMUPHUIAMON ero cHmkaeT (puc.3, B). B
cpene c¢ cynbparom JUJC yBenuuuBaeT ypoBeHBb
reMoNn3a, a IUIUPHUIaMO] BIMSET HE3HAYUTEIBHO.

Taxum 06pazom, SpUTPOIUTHI COOAKH OTIMYAIOTCS
OT SPUTPOIMTOB OBbIKA U JIOMIAAN 10 UX PEaKIH Ha
OXJIaXICHHE B THIIEPTOHUYECKUX CPE/Iax B YCIOBUSX
WHrUOMPOBaHKS aHUOHHOTO TPAHCIIOPTa.

CornacHo [8], 00bEM SPUTPOLIUTOB CYLIECTBEHHO
3a-BucuT oT pH cpensl. Cieur pH B KuCITyt0 CTOpOHY
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Puc. 2. Biusgaue Ha rUNEPTOHUYECKUNA KpPUOTEMOJIM3
SPUTPOLIUTOB JIOIAAHN PA3JIUYHBIX CPEll, HHTHOUTOPOB
aHWOHHOTO KaHaja U BpeMeHu nHkyOaruu mpu 37°C: a —
0,86 M caxaposbl, 120 MM Na,SO,, 10 MM tpuc (pH 7,4); 6~
0,86 M caxapo3bl, 25 MM mutpara Hatpust, 10 MM tprc (pH 7,4);
B— 0,86 M caxapo3sr, 10 MM tpuc (pH 7,4). ¢ — KOHTpOIB;
W - murmmupunamon; A — AUJIC.

Fig. 2. The effect of different media, anion channel inhibitors
and incubation time on equine erythrocyte’s hypertonic
cryohemolysis at 37°C: a—0.86 M of sucrose, 120 mM of
Na,SO,, 10 mM of tris (pH 7.4); b — 0.86 M of sucrose, 25
mM of sodium citrate, 10 mM of tris (pH 7.4); c—in 0.86 M
of sucrose, 10 mM of tris (pH 7.4). ¢ — the control; [l —
dipyridamol; A —DIDS.

N

but a penetrating sulphate (Fig. 3, a) blocks its
development (from 10 to 15% from 2 to 20 min). DIDS
and dipyridamol do not cause a significant effect on
cells in citrate-medium. At the same time DIDS
stimulates in a considerable extent the level of cold
hemolysis in a saline-free medium, whereas dipyri-
damol reduces it (Fig. 3, ¢). DIDS augments the level
of hemolysis in sulphate-medium, but dipyridamol
effect is slight.

Thus, the canine erythrocytes differ from bovine
and equine ones upon their response to cooling in
hypertonic media under the anion transport inhibition
conditions.

According to the paper [8], the erythrocyte volume
greatly depends on the medium pH. The pH shift
towards an acid side results in the entrance of chloride
anion into the cells, that is accompanied by the
erythrocyte volume augmentation. The hemolysis of
bovine erythrocytes is slightly manifested indepen-
dently on an increase or decrease in pH within 5.8-8.2
interval, and the anion channel inhibitors do not cause
a visible effect (Fig. 4, a). For equine erythro-cytes a
slight pH shift, lower or higher than a physio-logical
level, does not as well cause the considerable changes
in cold shock sensitivity (Fig. 4, b). The canine
erythrocytes manifest a significant dependency on pH
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MPUBOJIUT K MOCTYTUICHHUIO aHUOHOB XJIOPH/IA B KIICTKH,
YTO COIPOBOXAAETCS YBEITMYCHHEM 00BbEMa SPUTPO-
uutoB. Ecniu pH H3MEHSTh B IEIIOUHYIO CTOPOHY, TO
AHWOHBI XJIOpa IepepacpeaesaTcs U3 KIIETOK B CPEYy,
IIPH 3TOM 00BEM SPUTPOLIUTOB YMEHBIITUTCS, YTO MO-
JKET CKa3aThCs Ha XOJOIOBOW YyBCTBUTEIBHOCTH
SPUTPOIUTOB. | €MOII3 SPUTPOIIUTOB ObIKA CIIA00 BhI-
pakeH HEe3aBUCHUMO OT MOBBIIICHUS WIIN TTOHMKEHHUSI
pH B uaTepBae 5,8-8,2, a HHTHONTOPHI AaHMOHHOTO Ka-
Hajia He OKa3bIBAIOT 3aMETHOTO BIMSHUS (pHC. 4, a).
J1s1 5pUTpOIMTOB JToMaan HeOOobIoN iyt pH HImke
WJIH BBIIIIE (PU3HOIOTHIECKOTO YPOBHSI TAKIKE HE BBI3bI-
BaeT 3HAYUTEIILHBIX H3MEHEHHI B UyBCTBUTEIILHOCTH
K XOJIOIOBOMY LIOKY (pHc.4, 0). DpUTpOLHUTEI COOaKH
MPOSBISIOT 3HAYUTEIBHYI 3aBUCHMOCTh OT pH
(puc.4, B). B xucnoii cpene HaOIrOmaeTCs CHIDKEHUE
YPOBHS Te€MOJIH3a, B TO BpeMsI KaK MPH MeT0YHbIX pH
OTMEYEHO ero nossiienue. [Ipu 3Tom B mpucyTcTBUN
JUJIC oTmedaeTcst CyIECTBEHHOE YBEIUYEHHE TTO-
BPEXKJCHUS KIIETOK.

[Nomy4yeHHbIe pe3yNbTarhl 1Mo ACHCTBUIO THIICPTOHUH
u pH-3aBuCHMOCTH KpHOTEeMOIIN3a PUTPOILHUTOB

NMPOBJIEMbI
KPUOBMONOrum
2004, N21

[emonus, %
Hemolysis, %

0 T T T T
2 5 10 15 20
0 Bpems, MuH b
Time, min

Puc. 3. BnusHue Ha rUnepTOHHYECKHH KPHOrEMOIU3
SPUTPOIUTOB COOAKH PA3TUYHBIX Cpell, HHTHOUTOPOB
AHMOHHOTO KaHaja M BpeMeHHU MHKyOaruu mpu 37°C: a —
0,86 M caxaposer, 120 MM Na,SO,, 10 MM Tprc (pH 7,4); 6—
0,86 M caxapo3bl, 25 MM mutpara Hatpust, 10 MM tprc (pH 7,4);
B—0,86 M caxapo3sl, 10 MM Tpuc (pH 7,4). ¢ —KOHTpOIB;
MW - mummupunamon; A — AUJIC.
Fig. 3. The effect of different media, anion channel inhibitors
and incubation time on canine erythrocyte’s hypertonic
cryohemolysis at 37°C: a— 0.86 M of sucrose, 120 mM of
Na,SO,, 10 mM of tris (pH 7.4); b — 0.86 M of sucrose, 25
mM of sodium citrate, 10 mM of tris (pH 7.4); c—in 0.86 M
of sucrose, 10 mM of tris (pH 7.4). ¢ — the control; [l —
dipyridamol; A —DIDS.

(Fig. 4, ¢). A decrease in hemolysis level is observed
in acid medium, meanwhile its increase is noted at
alkaline pH. At the same time a significant augmen-
tation of cell damage is observed at DIDS presence.

The results obtained on the action of hypertension
and pH-dependency of erythrocyte cryohemolysis
testify to inequal cell sensitivity in different animals,
that is apparently related to specific differences of cells
themselves, the structure of erythrocyte membrane,
as well as the cytoskeletal peculiarities.

If we shift pH towards the alkaline side, the chlorine
anions are redistributed out of cells into the medium,
at the same time the erythrocyte volume reduces, that
can affect a cold sensitivity of erythrocytes.

In particular, the canine erythrocytes are characte-
rised by a high intracellular content of sodium ions and
a low one of potassium [4, 5]. The mentioned pecu-
liarity of these cells is stipulated by the absence of
sodium-potassium pump [7, 14]. The presence of a
system for calcium and sodium passive transport,
functioning as a volume regulator, is characteristic for
them. Of note is that during a progressive sodium
increase, the change in the medium pH occurs [15,
17]. The sodium transport is a chloride-dependent one
[16]. The release of anions out of a cell depends on
their intracellular concentration, the medium pH, as
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CBUJICTENILCTBYIOT O HEOIMHAKOBOM YyBCTBUTEIBHOCTH
KJIETOK PA3JIUYHBIX XUBOTHBIX, YTO, MO-BHUAUMOMY,
CBSI3aHO C BUJOBBIMH Pa3IHYHAMHU CAMHX KJIETOK,
CTPYKTYPBl MEMOpaH SPUTPOLMTOB, a TAKKE OCOOCH-
HOCTSIMH LIUTOCKEJIETa.

B gactHOCTH, SpUTPOITUTH COOAK XapaKTEPU3YIOT-
Cs1 BRICOKUM BHYTPHUKJICTOYHBIM COACPIKAHUEM HOHOB
HaTpus U HU3KUM Kanus [4, 5]. OTmedeHHass 0coOeH-
HOCTh 3THX KJIETOK OOYCJIOBJICHA OTCYTCTBHEM HaT-
puii-kanueBoro Hacoca [7, 14]. i1 Hux Takke Xapak-
TEPHO HAJTMYHE CUCTEMBI MAaCCHBHOTO TPAHCIIOPTa
KaJIbIIWs U HATPUsl, KOTopast PyHKIIMOHHUPYET KaK pery-
naTop 00béMa. BaxkHO OTMETUTBH, UTO TIPH IPOTPEC-
CUBHOM YBEJIMUYEHUH HATPHUS IPOUCXOAUT U3MECHEHUE
pH cpenst [15, 17]. Tpancnopt HaTpus sABIAETCA
XJIOpUA-3aBUCUMBIM [ 16]. BeIx0a aHMOHOB U3 KJIETKU
3aBHCHUT OT WX BHYTPH-KIIETOUHOU KOHIIEHTpanuu, pH
Cpellbl, a TakXKe€ OT HaJW4Usl B HEH MHTUOUTOPOB
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Puc. 4. 3aBucumocts ot pH cpexnbl nHKyOamMu rumep-
TOHHUYECKOTO KPHOTEMOJIN3a SPUTPOIIUTOB: a — ObIka; 6 —
nouiaau; B — codaku. 00— koutposns; M — nunupugamor; M-
AAAC.

Fig. 4. Dependence of erythrocyte hypertonic cryo-
hemolysis on incubation medium pH: a — for bovine one;
b — for equine one; ¢ — for canine one. [ — the control; M —
dipyridamol; @- DIDS.

well as on the presence in it of anion channel inhibitors
[4]. The canine erythrocytes contain mono- and digly-
cerides [13].

The peculiarity of equine erythrocytes is the fact,
that they have a high sodium-lithium antitransport, a
monodirected flow of sodium trough a sodium pump is
in 3-4 times lower, than in human red blood cells [6].
Phosphatidylcholine makes 41.3% of all phospholipids
of equine erythrocytes and its 60% are located in an
external membrane layer [13]. A high concentration
of band 4, 9 protein, the absence of band 4,2 and 6
proteins are characteristic for equine erythrocytes [3,
11].

Bovine erythrocytes are characterised by a high
content of sphingomyelin and a low rate of potassium
ion exchange. In the erythrocytes of ruminants there
are few or no phosphatidylcholines [18]. In bovine
erythrocytes the cholesterol makes 80% of the total
number of neutral lipids, complex cholesterol ether does
4%, triglycerides do 10% and carbohydrates do 6%
[13]. The conformation of cytoplasmic domen of bovine
band 3 protein is similar with a human band 3 protein,
although there are structural differences in areas. DIDS
is bound with the bovine band 3 protein in 1:1 appro-
ximate molar ratio [12]. The similar differences can
stipulate a different response to hypertonic cryohemo-
lysis.

Such cytoskeletal modifiers as hemin impairs the
band 4.1 protein interaction in a membrane, that results
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AHMOHHOTO KaHaina [4]. DpUTpoLUTsl CO0aKH coaep-
’KaT MOHO - ¥ auriuuepuast [13].

OCc0o0EHHOCTBIO IPUTPOITUTOB JIOMIATN SIBISETCS
TO, YTO OHU MMCIOT BBICOKHUH MPOTHBOTPAHCIOPT
HaTPUN-JIUTHS, OTHOHAIIPABJICHHBINA IOTOK HATPHUS Ye-
pe3 HaTpueBBI Hacoc B 3-4 pa3a MeJIEHHEE, YEM Y
yenoBeka [6]. Docharuannxonun coctasnset 41,3%
BceX (POCOIMIHIIOB IPUTPOLUTOB Jiotaau u 60% ero
PacIoNoKEeHO B HApY>KHOM clioe MeMOpansi [ 13]. [ls
SPUTPOLIUTOB JIOLIAIX XapaKTepHa OoJbIIast KOHLIECHT-
panus 6enka mosock 4,9, 0TCyTCTBHE OEITKOB MOJIOC
42u6]3, 11].

OpUTpoUUTHl ObIKa XapaKTEPU3YIOTCSl BHICOKHM
coep)KaHueM COUHIOMHEINHA U HU3KOH CKOPOCTBIO
00OMEHa HOHOB KaJiHsl. DPUTPOIMTHI )KBauHBIX COZIEP-
JKaT MaJIo WA BOOOIEe He comepkaTr docharuini-
xomuH [18]. B spurpornurax Osika 80% ot obmiero
KOJIMYECTBA HEUTPAIBHBIX JIUIHUIOB COCTABIAET XO-
nectepuH, 4% — coxHEIH hup xonectepuna, 10% —
TpurHALepuab 1 6% — yriesoasl [ 13]. Kondopmarust
LUTOIUIA3MaTHYECKOTO JOMEHA OBIYbEro Oelka moo-
Cbl 3 cXOAHO ¢ OEJKOM MOJIOCH! 3 YeJIOBEKa, XOTA
HMMEIOTCS CTPYKTYpHBIe pasnuyus obmacteit. AN/C
CBSI3BIBACTCSI C OBIYBMM OEJTKOM TOJIOCH 3 TPHUOIIH-
3UTENHEHO B MOJISIPHOM cooTHotrenu 1:1 [12]. [Togo6-
HBIE OTIIMYHSI MOTYT O0YCJIOBJIMBATh Pa3HYIO PEAKIIHIO
THUIIEPTOHIYECKOTO KPUOTEMOIIH3A.

Takue MoaudukaTopsl MUTOCKETETa, KAK TEMHUH,
HapymaroT B3auMojeiicteue Oenka 4.1 B memOpane,
YTO NPUBOANT K 3HAYUTEIILHOMY CHHXEHHUIO YPOBHS
TUIEPTOHNYECKOTO Kproremonusa [2]. Ecnu xietku
o0paboTath HomaleTaMuoM U MapaxJIopMepKypHii-
OeH30aToM (aHHas 00paboTKa MPUBOIUT K HapyIIIe-
HUIO B3aMMOAEUCTBUS Oenka mosiocsl 3 ¢ Oeiaxamu
LIMTOCKEJIETA), TOT/Ia YYBCTBUTEIHHOCTD KJIETOK K I'-
MIEPTOHNYECKOMY KPHOTEMOJIN3Y HECKOJIBKO BO3pac-
TaeT U [P 3TOM CHIKAETCsI MPOTEKTHpYIoILee AeiicT-
BHE MHruOuTOpoB Tpancnopra anunoHoB (AMN/C) Ha
MTOBPEXICHHUE KJIETOK MTPU OXJIaXKACHUH [2]. DTO 03Ha-
YaeT, YTO UYBCTBUTEIBHOCTH IPUTPOLUTOB K TUIIEP-
TOHUYECKOMY KPHOTEMOJIN3Y CYIIECTBEHHBIM 00pa-
30M 3aBUCHT OT COCTOSIHUSI KaK MEMOpPaHHOI'O CKe-
JieTa, TaK U CUCTEM TPaHCIOpPTa MOHOB.

BbiBOABI

Takum 0Opa3om, HOTy4YEeHHBIE PE3YIbTaThl II03BO-
JIAIOT OTMETHUTL, YTO BCC MCIIOJIL30BAHHBLIC SPUTPO-
IUTBI )KUBOTHBIX ITO-Pa3sHOMY UYBCTBUTCIIbHBI K TUIICP-
TOHHYECKOMY KpHOreMouu3sy, ci1abo 3aBucsart ot pH
Cpeabl ¥ HEOJHO3HAYHO OTBEYAIOT HA IEHCTBUE HHIH-
OUTOpPOB aHMOHHOTO KaHaa. HanmeHee 4yBCTBUTENb-
HBIMU K OXJIQXJEHUIO B TMIIEPTOHUYECKON cpene
OKa3aJIMCh 3PUTPOLUTHI ObIKa. Y HHUX OTMEYAIOTCA
ciabas BBIPaXKEHHOCTh YPOBHS F'eMOJIN3a U HanboJee
cnabas 3aBucuMocts oT pH cpenpl. bonee Beipaxkeno
MOBPEKACHUE B TUIICPTOHHUYCCKUX paCTBOpax y
ApUTPOIUTOB cobaku. Camasi BRICOKAsI UyBCTBUTEIb-
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in a considerable decrease in the hypertonic cryohemo-
lysis level [2]. When treating the cells with iodoaceta-
mide and parachloromercuriobenzoate (this treatment
results in a disorder of band 3 protein interaction with
cytoskeletal proteins), a cell sensitivity to hypertonic
cryohemolysis slightly increases and at the same time
there is a decrease in a protecting effect of anion
transport inhibitors (DIDS) on the cell damage at cool-
ing [2]. It means that the erythrocyte sensitivity to
hypertonic cryohemolysis considerably depends on the
state of both membrane skeleton and ion transport
systems.

Conclusions

Thus, the results obtained allow to note, that all used
animal erythrocytes have a different sensitivity to
hypertonic cryohemolysis, slightly depend on medium
pH and in various ways respond to the action of anion
channel inhibitors. Bovine erythrocytes occurred to be
less sensitive to cooling. A slight manifestation of
hemolysis level and the slightest dependence on pH
medium are noted in them. The damage in hypertonic
solutions is more manifested in dogs. The highest sen-
sitivity to cold cryohemolysis is observed in equine
erythrocytes. The results of the experiments conducted
should be taken into account when developing the
methods for hypothermic storage and cryopreservation
of the mentioned animals’ erythrocytes.
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