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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 NaCl, 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.

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).

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 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
[9D.

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 NaCl, 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.



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 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. Ulnaxosa, C. C. €Epwos, H. B. Opnosa
T'MEPTOHIYHU KPIOTEMOJII3 EPUTPOLIUTIB BUKA, KOHS, COBAKH I JIFOAWHU:
OCMOTHYHI I TEMIOEPATYPHI OCOBJUBOCTI
Peswome

[IpoBeneHo MOPIBHSILHE JOCIIHKCHHS TIEPTOHIYHOTO KPiOTEMOITi3y EPUTPOITUTIB TBApuH (OMK, KiHb 1
cobaka) i moguau. B enextponitHoMy cepenoBuii (1,2 mons/n NaCl), Ha BigMiHY BiJi HEEJIEKTPOJITHOTO
(0,86 Mo/ caxaposa), CIOCTEPITa€TbCsS 3HIDKEHHS 3 9acoM KpiOoremoii3y EepUTPOLMTIB IOAMHH, KOHS i
cobaku. lle MoB’A3yI0Th 3 MOKJIMBHM BXOJOM TO3AKIITHMHHMX ioHiB Na' y KITHHH, IO CYIPOBOIKYETHCS
3HIDKCHHSIM OCMOTHYHOTO TPaJi€eHTy Ha MeMOpaHi y MOMEHT 3CyBy Ttemreparypu Bim 37 no 0°C. [ns
epUTPOLUTIB OMKa 3HIKEHHS TilEPTOHIYHOTO KPIOTeMOJi3y 3 4YacoM BHABICHO Yy TOMY BHIAAKY, KOJH
KOHIIEHTpAIlis coii y cepenoBumli miaBumyetbes 10 2,1 mMonb/n NaCl. Bussieni BUI0BI 0COONMHUBOCTI peakirii
CpUTPOLIMTIB TBAPHH 1JIIOJUHM TPU BapifoBaHHI TeMIlepaTypH cepefoBuina iHkyOamii (37, 25, 15°C) rta
oxonomkenHi kmitHH A0 0 °C. Bucoky CTIMKICTh epUTPOLHTIB OWKa OO TiNEPTOHIYHOTO KpPioreMOodi3y
(y mopiBHSIHHI 3 KIITHHAMH iHITUX CCaBIliB) TOB’S3YIOTh 3 BICOKAM BMIiCTOM XOJIECTEPUHY i C(HIHTOMIENIHY Y
MeMOpaHi, SIKi 37aTHI yTPYIHIOBATH YTBOPEHHS e(EKTIB B EPUTPOLIUTAPHUX MeMOpaHax.

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

TMIEPTOHUYECKUI KPUOTEMOJIN3 SPUTPOLIMTOB BbIKA, JIOIIAJIA, COBAKU U
YEJOBEKA: OCMOTHYECKHUE U TEMIIEPATYPHBIE OCOBEHHOCTH
AHHOTaANUA

[IpoBeneHoO cpaBHUTENBFHOE UCCIIEIOBAHNE THIIEPTOHUYECKOTO KPUOTEMONIN3a SPUTPOLIUTOB YKUBOTHBIX
(OpIk, nomrame u cobaka) w denoBeka. B amekrpomutHOH cpeme (1,2 momp/m NaCl), B oTnmmume ot
HeannekTpoauTHo# (0,86 MoJIB/1T caxapo3a), HaOIIaeTCS CHIDKEHHUE CO BPEMEHEM KPHOTeMOJIN3a SPUTPOLIMTOB
yeJIoBeKa, JIOIAAM U COOAKH, YTO CBA3BIBAIOT C BO3MOKHBIM BXOJOM BHEKJICTOYHBIX MOHOB Na' B KIETKH,
COIPOBOXK/IAIOIIEECS] CHIDKCHUEM OCMOTHYECKOTO TPaJIMeHTa Ha MEMOpaHe B MOMEHT CJIBUTA TEMIIEpaTyphbl OT
37 no 0 °C. Iy SpUTPOIUTOB OBIKA MOHMKEHUE THIIEPTOHUIECKOTO KPUOTEMOJIH3a CO BPEMEHEM BBISIBIICHO B
TOM ciy4ae, KOrJa KOHIIGHTpalus cojiu B cpeae mnoBwimaercs A0 2,1 mone/n NaCl. Iloka3aHbl BUIOBBIC
0COOEHHOCTH PEaKUUH SPUTPOLIMTOB JKUBOTHBIX M UEJNOBEKa MPH BapbUPOBAHUM TEMIIEPATYPhl CPEbI
unkyOaruu (37, 25, 15°C) u oxnaxaenuu kietok 10 0 °C. BBICOKYI0 YCTOWYHMBOCTH IPUTPOLIUTOB ObIKA
K THIIEPTOHUYECKOMY KPUOTeMONHU3y (TI0 CPaBHEHHIO C HMCCIECAYEMBIMH KJIETKaMHU JPYTUX MIIEKOMUTAOIIHX )
CBSI3BIBAIOT C BBICOKHM COJEp)KaHHEM XOJECTepHHAa M CQUHTOMHEIMHA B MEMOpaHe, CIIOCOOHBIX MOIABISThH
oOpa3oBaHre 1e(PEeKTOB B I)PUTPOIUTAPHBIX MEMOpaHaX.
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