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Hypertonic cryohemolysis in human and animal (bovine, equine and canine) erythrocytes has
been compared. Cryohemolysis decrease with time in human, equine and canine erythrocytes is
observed in electrolyte medium (1.2 mol/l NaCl) in contrast to a non-electrolyte (0.86 mol/l sucrose)
one. This reduction is associated with a probable flux of Na™ extracellular ions into cells and as the
consequence with osmotic gradient diminishing on a membrane at the moment of temperature shift from
37 to 0°C. Decrease with time in hypertonic cryohemolysis for bovine erythrocytes was revealed when
salt concentration in medium increased up to 2.1 mol/l NaCl. There were demonstrated the features of
mammalian species in erythrocyte responses when varying temperature of incubation medium (37, 25,
15°C) and with following cell cooling down to 0°C. High resistance of bovine erythrocytes to hypertonic
cryohemolysis (in comparison with the studied cells of other mammals) can be associated with high
content in membrane of cholesterol and sphingomyelin, capable of suppress cug a defect formation in
erythrocyte membranes.
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The problem of long-term storage for biological material under low temperature has been under
study for a long time [1]. Cell damaging factors under freezing are as follows: medium hyperosmolarity,
pH change, temperature shift, ice crystal formation, etc. The model experiments are used to determine
the contribution of any of above mentioned damaging factors in general process of biological material
low temperature storage. In particular, cold shock as a model of freezing enables the evaluation of
cooling effect on cells within positive temperature range. In contrast to many biological objects, which
lyse under cooling in isotonic medium, hypertonic conditions are indispensable for human erythrocyte
hemolysis [1]. That is why the term of hypertonic cryohemolysis has been proposed for human
erythrocytes. The mentioned phenomenon is well studied for human erythrocytes: its developmental
peculiarities and regularities in different media, time and temperature dependencies were established [2].

Recently, due to a need arisen in using blood and its components in veterinary practice the
interest for a long-term storage of animal erythrocytes in a frozen state has augmented [3]. At the same
time, the effect of cryodamaging factors on cells of different animal species has been poorly studied.
Therefore basing on the mentioned above of interest was to study the peculiarities of hypertonic
cryohemolysis development for animal erythrocytes with certain differences either in plasmatic
membrane composition or cytoplasm [4-6] and to compare with those for human erythrocyte hypertonic
cryohemolysis.

The aim of this study was to define the time dependencies of hypertonic cryohemolysis of
mammalian (human, bovine, equine and canine) erythrocytes in media with different compositions and
temperature variations of cell incubation.

Materials and methods

Erythrocytes were derived from bovine, canine, equine and human blood, procured
with preservative «Glygicir». After plasm removal the erythromass was twice washed-out by
centrifugation at 1,500 g for 3 min in a 10-fold volume of physiological solution (0,15 mol/l
NacCl, 0,01 mol/l phosphate buffer, pH 7,4) and stored as a dense sediment not longer than
two hours at 0 °C. All the media used in the research were prepared with 0,01 mol/l
phosphate buffer, pH 7,4.
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NaCl and sucrose concentrations in solutions were controlled with osmolarity
measurement (OMKA 1C-01 osmometer, Ukraine).

The standard procedure of hypertonic cryohemolysis we used in the research
consisted in a long-term (1-120 min) erythrocyte incubation in hypertonic medium at 37 °C,
afterwards the cell aliquots were transferred into hypertonic solution of similar tonicity,
cooled down to 0 °C and incubated under the same temperature for 10 min. Final hematocrit
was 0,4 %. In experiments on studying temperature and time dependencies of hypertonic
cryohemolysis the cells were cooled down to 0°C after a long-term incubation (1-120 min)
at 37,25 and 15 °C.

Hemoglobin amount in supernatant was determined spectrophotometrically (A=543
nm) and calculated as percentage in respect of 100 % erythrocyte hemolysis at Triton X-100
(0,1 %) presence.

«Chemically pure» and «pure for analysis» graded reagents of Ukrainian production
were used in the work.

Results and discussion

It was reported [7] that for human erythrocytes a prolonged cell incubation in
hypertonic saline and non-electrolyte solutions at 37 °C affected differently the extent of
erythrocyte hemolysis during their cooling down to 0 °C. If there was a decrease in
cryohemolysis with time in electrolyte medium, its augmentation was observed in non-
electrolyte one. Cells were suspended in hypertonic saline or sucrose solution to evaluate the
medium composition effect on hypertonic cryohemolysis development in bovine, canine,
equine and human erythrocytes. After incubating within different time periods at 37 °C the
cells were rapidly cooled down by transferring under 0 °C.

Fig. 1 represents dependency of mammalian erythrocyte hypertonic cryohemolysis
on incubation duration (1-120 min) at 37 °C following cooling down to 0 °C. As incubation
medium we used 1,2 mol/l NaCl since our previous researches [8] demonstrated the
maximum or significant erythrocyte damage for many mammals as occurring exactly in this
medium after cooling from 37 down to 0 °C.
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Fig. 1. Effect of incubation duration (37 °C) of different mammalian erythrocytes
on cell hypertonic cryohemolysis in 1,2 mol/l NaCl-containing mediu (n=6).
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The data presented (Fig. 1) demonstrate a decrease with time in hemolytic damage
of human, canine and equine erythrocytes. If an initial damage of these cells makes 90—
95 %, the cryohemolysis in canine and human erythrocytes reduces down to 45-50 % and 60
% for equine ones to the end of incubation period (120 min). Thus, in this period the extent
of hypertonic cryohemolysis of canine, human and equine erythrocytes decrease by 50, 40
and 35 %, correspondingly. At the same time under quite a low initial cell damage rate of
about 20 % for bovine erythrocytes we observe an opposite dependence. It is hypertonic
cryohemolysis rise for all studied time intervals.

When replacing saline for sucrose medium (0,86 mol/l), quite a low extent of initial
hypertonic cryohemolysis in all cells (about 10 %) with following increase with time is
observed (Fig. 2). The fact that erythrocyte cryohemolysis develops in both NaCl and
sucrose hypertonic solutions enables suggesting rather an increased osmolarity, than medium
ion strength as playing an important role in cell cold damage induction. Analysis of time
dependency curves for canine, human and equine erythrocyte hypertonic cryohemolysis in
non-electrolyte medium allows to emphasise their two peculiarities: an increase with time in
erythrocyte hemolysis values at the first stage and a plateau at the second one. Canine
erythrocytes are maximally damaged in 20 min and human and equine ones in 60 min.
However, if the extent of maximum hemolysis of canine and human erythrocytes makes
95-100 %, it is 60 % for equine ones. The peculiarity of time dependency curve of
hypertonic cryohemolysis for bovine erythrocytes is no plateau and a gradual development
of hemolytic process within the whole range.
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Fig. 2. Effect of incubation duration (37°C) of different mammalian erythrocytes on cell
hypertonic cryohemolysis in 0,86 mol/l sucrose-containing medium (n=6).

Comparing the results detailed in Fig. 1 and 2 of a sharp change (reversion) in
hypertonic cryohemolysis curve shape for human, canine and equine erythrocytes is noted
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when replacing electrolyte medium for non-electrolyte one. At the same time when the
character of time dependency of bovine erythrocyte hypertonic cryohemolysis is kept in both
media (electrolyte and non-electrolyte), the extent of cell damage is more manifested in
electrolyte one.

A special behaviour of bovine erythrocytes under hypertonic cryohemolysis unlike
the cells of other mammals (Fig. 1 and 2) stipulated the interest to more thorough study of
these cells. Taking into account the fact, that the damage extent of bovine cells is not high
under cooling in 1,2 M (Fig. 1), we augmented saline concentration in the medium up to 2,4
mol/l NaCl (isothermal lysis under mentioned conditions is not developed [9]).

The data summarised in Fig. 3 demonstrate changes of time-dependent character of
bovine erythrocyte hypertonic cryohemolysis with an increase of salt concentration in
medium, if an increase in hypertonic cryohemolysis extent with time from 20 up to 75 % is
observed in 1,2 mol/l NaCl-containing medium, time dependency is almost absent in 2,0 M
NacCl, but under 2,1 mol/l and 2,4 mol/l NaCl a decrease in cell damage rate within the first
20 min and curve approaching to plateau are noted.
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Fig. 3. Effect of incubation duration (37°C) of bovine erythrocytes on cell cryohemolysis
in the medium containing different NaCl concentrations (mol/l) (n=6)

Thus, a decrease in hypertonic cryohemolysis with time for bovine erythrocytes is
observed in the media with higher osmolarity if compared with other mammalian cells
(Fig. 1).

To study the role of temperature factor in hypertonic cryohemolysis development for
human, canine and bovine erythrocytes, we changed the temperature of incubation medium,
when cells were pre-incubated before cooling down to 0 °C. As incubation medium for
human and canine erythrocytes we used 1,2 mol/l NaCl and 2,1 mol/l NaCl for bovine ones.
The obtained time dependencies of human, canine and bovine erythrocyte hypothermic
cryohemolysis, recorded at different temperatures are shown in Fig. 4.
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Fig.4. Hypertonic cryohemolysis time dependence for human (A), canine (B) and
bovine (C) erythrocytes incubated at different temperatures and cooled down to 0 °C.
Incubation medium for human and canine erythrocytes is 1,2 mol/l and 2,1 mol/l NaCl for
bovine ones (n=6).

Of note are the features of hemolysis time dependencies in all studied cells (Fig. 4).
Firstly, with a decrease in experimental temperature there is observed a shift in initial extent
of cell damage towards lower values. Secondly, the profiles of time dependency curves of
mammalian erythrocyte hypertonic cryohemolysis are determined by the temperature, which
was used for cells incubation prior to their cooling down to 0 °C

Significant decrease in the extent of erythrocyte hypertonic cryohemolysis with time
is observed for human erythrocytes (Fig. 4, A) at 37 °C. Under lower temperature (25 °C)
the augmentation of erythrocyte damage extent to the 10" min is noted with further curve
approaching to plateau. But at 15 °C a gradual augmentation of erythrocyte hypertonic

cryohemolysis extent up to 120 min is observed. Thus a change in curve shape is noted with
temperature decrease.
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For canine erythrocytes (Fig. 4. B) the cryohemolysis decrease at a long-term cell
incubation at 37°C is characteristic. An increase in hypertonic cryohemolysis within 40 min
is observed at 25 and 15 °C, at lower temperature all cryohemolysis values reduce
approximately by 20—40 % .

Time dependencies of bovine erythrocyte hypertonic cryohemolysis in 2,1 M NaCl,
recorded under various temperatures are summarised in Fig. 4, C. A decrease in hypertonic
cryohemolysis extent within 20 min with following curve approaching to the plateau is
observed at 37 °C, meanwhile at 25 and 15 °C we can state a certain cryohemolysis increase
with time (by 10-15 %). We should note that a time dependency of bovine erythrocyte
hypertonic cryohemolysis at 37 °C is similar with those for human and canine erythrocytes,
procured at 25 °C.

Thus, for human, canine and bovine erythrocyte the cryohemolysis decrease is
observed at 37°C, but there is an increase in cell damage extent with time under lower
temperatures.

The research data testify to the fact, that erythrocyte damage under hypertonic
cryohemolysis is determined by combining two parameters: temperature and medium
tonicity. Based on the example of bovine erythrocytes, an equal effect might be obtained by
changing either temperature when cells were incubated before cooling down to 0 °C or salt
concentration in incubation medium.

In contrast to many biological objects, lysis under cooling in isotonic medium, the
hypertonic conditions are necessary for human and animal erythrocyte cryohemolysis [1, 7].
In this case hypertonic medium acts as the factor, sensibilising cells to following cooling.

One believes that the necessity for erythrocyte hypertonic treatment prior to cooling
is stipulated by a high cholesterol content in mammalian erythrocyte membranes [1].
Cholesterol is capable of modulating physical and chemical properties of cell membranes
[9]. A change in enthalpy and cooperativity of gel-liquid crystal transition is observed at
cholesterol presence, but an increase in cholesterol content in lipid bilayer results in
elimination of mentioned phase transition [11-13]. Cholesterol increases the degree of
orientation order and reduces the movement rate of phospholipid hydrocarbon chains [12],
causing a condensation of lateral packing of the lipids in the membrane. This will rise a
mechanical stability and reduce membrane permeability [15, 16].

The data, summarised in our research about a decrease in the extent of hypertonic
cryohemolysis of human erythrocytes with a time increase of cell exposure in hypertonic
electrolyte medium (1,2 M NaCl) at 37 °C in contrast to non-electrolyte conditions (0,86 M
sucrose) correlate well with the results, described in the papers [7]. For equine and canine
erythrocytes the analogous dependencies of hypertonic cryohemolysis under long-term cell
incubation at 37 °C are the similar to human ones, i.e. there are a decrease in cryohemolysis
extent with time in saline medium and increase in cell damage in non-electrolyte solution
(Fig. 1 and 2). The base for this behaviour of human and animal erythrocytes is the
possibility of extracellular sodium entering (in contrast to sucrose, whose molecules are
characterised with bigger size) into the cells, that will accompany with a decrease in osmotic
gradient on a membrane at the moment of temperature shift from 37 towards 0 °C.

Bovine and canine erythrocytes are referred to low-potassium cells, meanwhile
equine and human ones to high-potassium ones [6]. Assuming as a main damaging power of
hypertonic cryohemolysis in mammalian erythrocytes is the osmotic gradient, stipulated by
high sodium chloride concentration in extracellular medium, then human and equine cells
should be the most sensitive under all other equal conditions. In addition, a similar time
dependency should be expected for them. However no correlation between erythrocyte
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sensitivity of different species to hypertonic cryohemolysis and dominating intracellular cell
cation was revealed.

A prolonged bovine erythrocyte exposure in 1,2 M NaCl-containing medium enabled
to reveal significant peculiarities of these cells in their response to a long-term incubation at
37 °C: cryohemolysis rise for all time interval both in electrolyte and non-electrolyte media
(Fig. 1 and 2). This is apparently stipulated by composition peculiarities in bovine
erythrocyte membrane. Firstly, bovine erythrocyte membranes are characterized with higher
cholesterol content if to compare with human, canine and equine cell membranes [4]. In
addition, they comprise a big amount of sphingomyelin (2—4 times higher than human,
equine and canine ones) at the background of quite a complete phosphatidylcholine absence
[5].

A preferential interaction of sphingomyelin with cholesterol [17] is considered as a
central event during forming in membranes of ordered domains and rafts [18], which are
characterized with a high resistance to non-ion detergents [19].

Up today some authors believe [1] that the development of erythrocyte
cryohemolysis is associated to membrane microdefects formation within the cholesterol-
deficient area (at the stage of hypertonic incubation under physiological temperature).
Further cell cooling will result in evolution of these defects up hemolytic pore size. The
fact, that bovine erythrocyte membranes contain a big amount of cholesterol and
sphingomyelin, allows believing that the revealed resistance for these cells to hypertonic
cryohemsolysis may be stipulated with cholesterol and sphingomyelin capability to suppress
the formation of structure defects in erythrocyte membranes [20].

H. M. IlInaxosa, C. C. €Epwos, H. B. Oprosa
T'MEPTOHIYHUM KPIOTEMOJII3 EPUTPOIIMTIB BUKA, KOHS, COBAKH
I JJIOAUHU: OCMOTHUYHI I TEMIIEPATYPHI OCOBJIMBOCTI
Peszome

[IpoBeneno MopiBHIIBHE TOCTIHKEHHS TIMEPTOHIYHOTO KPIOreMoii3y epHTPOIUTIB
TBapuH (OMK, KiHb 1 cobaka) i moauau. B enextponitHomy cepenopumii (1,2 mone/m NaCl),
Ha BiAMIiHY Bin HeenekTporitHoro (0,86 MoJib/I caxaposza), CIOCTEPIra€Tbesi 3HUKECHHS 3
4acoM KpIiOreMoJii3y EpUTPOIUTIB JIIOJUHHU, KOHS 1 cobaku. lle MoB’SI3yI0Th 3 MOXIJIMBUM
BXOJOM MO3aKJIITHHHMX ioHiB Na' y KITUHM, IO CYNpPOBOMKYEThCA 3HMKEHHAM
OCMOTHYHOT'O TPa/IiEHTy Ha MeMOpaHi y MOMEHT 3CyBY Temmepatypu Bin 37 no 0 °C. Hdns
CpUTPOLIUTIB OWKA 3HIKEHHS TiMEPTOHIYHOrO KPIOTEMONi3y 3 YacoM BHUSBICHO Y TOMY
BHIIQJKy, KOJM KOHIIGHTpAILlid COJi y cepemoBuIll mimBuiryerhcss no 2,1 monb/n NaCl.
BusiBnieHni BHIOBI OCOOJNMBOCTI peakilii epUTPOIMTIB TBApWUH 1JIOAWHU TIPH BapirOBaHHI
Temriepatypu cepenoBuina inkyOamii (37, 25, 15 °C) ta oxomomkenni wmitua g0 0 °C.
Bucoky crifikicTh €pUTPOIMTIB OWKa 10 TIMEPTOHIYHOrO Kpioremonmi3y (y HOpIBHSHHI 3
KIIITHHAMH 1HIIMX CCaBI[iB) OB S3yIOTh 3 BUCOKUM BMICTOM XOJIECTEPHUHY 1 CHIHTOMIENIHY Y
MeMOpaHi, SIKi 31aTHI yTPYAHIOBATH YTBOPEHH: JIeEKTiB B epUTPOIIUTAPHUX MEMOpaHax.

H. M. llInaxosa, C. C. Epwos, H. B. Opnosa

TUIEPTOHUYECKHU KPHOTEMOJIN3 SPUTPOLIUTOB BBIKA, JIOIIAIH,
COBAKHU U YEJIOBEKA: OCMOTHYECKHUE U TEMIIEPATYPHBIE
OCOBEHHOCTH
AunH"HoTanusga

[IpoBeneHo cpaBHHUTENBPHOE WCCIENOBAHUE THIIEPTOHUYECKOTO KpPHUOTEMONH3a
SPUTPOLIUTOB XKHUBOTHBIX (OBIK, JIOMIAAb W cO0aKa) W 4eloBeKa. B AiekTpoluTHO# cpene
(1,2 monb/n NaCl), B otnume oT HednnekrpoiautTHoi (0,86 Moib/n caxaposa), HaOIrOAaeTCS
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CHIDKCHHE CO BPEMEHEM KPHOIreMOJIH3a JPUTPOLMTOB YENOBEKa, JIOMIAJH M COOaKH, UYTO
CBA3BIBAIOT C  BO3MOXKHBIM ~ BXOJOM  BHEKJIETOYHBIX HMOHOB Na' B KIeTKH,
CONPOBOXKIAIOIIEECS CHIXKEHHEM OCMOTHYECKOro TpaJieHTa Ha MeMOpaHe B MOMEHT
cneura Ttemmeparypel or 37 go 0°C. [lng opurponutoB Oblka ITOHHXKEHHE
THIEPTOHUYECKOT0 KPHOTEMOJIM3a CO BPEMEHEM BBISIBICHO B TOM clydae, KOIja
KOHIIGHTpaIs coiid B cpexe mnobimaercs A0 2,1 monb/n NaCl. Tloka3aHbl BHIOBBIC
OCOOCHHOCTH pEaKIMH JPUTPOIUTOB JKUBOTHBIX W 4EJIOBEKa IIPH BapbUPOBAHUHU
Temriepatypsl cpensl nakybanuu (37, 25, 15 °C) u oxnaxnennu kierok 1o 0 °C. Beicokyto
YCTOWYHBOCTD DPUTPOLUTOB ObIKa K FHIIEPTOHUYECKOMY KpHUOreMOoNHn3y (10 CpaBHEHHIO C
HCCIIElyeMBbIMU KIIETKAMH JIPYTHX MJICKOIMHUTAIONINX) CBS3bIBAIOT C BHICOKHM COZICpPKaHUEM
XOJIECTepHHAa W CQHUHTOMHEIHHA B MeMOpaHe, CIIOCOOHBIX TMOJAABIATH 00pa3oBaHHE
NeeKTOB B SPUTPOIUTAPHBIX MEMOpaHax.
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BMICT MIKPOEJIEMEHTIB I BITAMIHIB Y KPOBI KOPIB 3A
AHEMII
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'JIpBiBCHKMIT HALIOHANBHUIT YHIBEPCUTET BETEPUHAPHOI MEIUIIMHY
Ta 6iorexnomnorii iMeri C. 3. [>)KUIBKOTO
*BinouepKiBChKHil HALlIOHATBHUIT arpapHUil yHIBEpCUTET

Busueno cmamn mikpoenemenmnozco ma Bjr- i B-eimaminnoeo ckiady Kpoei Kopie 3a
pizHol (hopmu anemii. Becmanosieno Husbkull ymicm KoOaibmy, Kynpymy, yiaHokobaiaminy ma
oniesoi  xucnomu. Mixc ymicmom yianokobaraminy I Kobanbmy 6 Kposi Kopie 3a
aniMeHMapHo-Oediyumnol anemii 6CMAHOBNICHO NPIMULL KOPEISmMueHuil 36 530K (1=+0,67).
3a xponiunoi cemamypii 8 KpoGi 6UAGNEHO 3MeHUWleHUl YMicm KoOAnbmy, Kynpymy,
YIaHOKOOANaminy, (honiesoi Kuciomu ma ix 3aiencHicms 6i0 cmaodii nepedicy 3ax60pro8aHHs.

Kuarwuosi ciosa: KOPOBHU, KPOB, KOBAJIBT, KYIIPYM, IIAHOKOFAJIAMIH,
OOJIIEBA KUCJIOTA, AJIIMEHTAPHO-IE®ILIUTHA AHEMIS,
I[NOCTTEMOPAI'TYHA AHEMIA.

3apyOiKHI Ta BITYM3HSHI IaH1, IO CTOCYIOThCS BUBYEHHS €T10JIOTIYHUX (DaKTOpiB 3a
aHeMii y KOpiB, HE 3aBXK/IM MOXXHA BUKOPHUCTATH ISl iX OIIHKHA B YMOBaXx 3aXiJIHOTO PETiOHY
VYkpainu, ajpke iCHye BIIMIHHICTE y TOpPOJHHX OCOOJIMBOCTSX, TOJIBI, YTpUMaHHI,
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