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Hypertonic Cryohemolysis of Mammalian Erythrocytes in Media
with Different Cation Compositions

WzydeHo BIHsIHHE Cpel, COACp KalluX OTHOBaJleHTHBIE KatnoHHl Li*, Na', K* nu6o cmecs (Na* + K*) (ocmonsiprocts 2400
MOCMOIIB/KT), Ha XOJ BPEMEHHOH 3aBHCHMOCTH T'HIIEPTOHHYECKOTO KPHOTEMOJIN3a BBHICOKOKAIUEBHIX (UETOBEKAa W JIOMIAIH) U
BBICOKOHATPHUEBBIX (cobaku n Obika) spuTporutoB [lokazaHo (akTHdecku BO BCEX CpPemax CHIDKCHHE yPOBHS THIIEPTOHHYIECKOTO
KPHOTEMOJIN3a SPUTPOIUTOB YeIOBeKa, COOAKH U JIOMIATN B YCIOBHSIX MPOJODKUTENbHON MHKyOamuu npu 37°C B oTawume OT
SPUTPOLUUTOB OBIKA, JJIT KOTOPHIX XapakTepHa oOpaTHas BPEMEHHAs 3aBUCHMOCTH. YCTAaHOBJIEHO YTO UyBCTBHTEIBHOCTH
JPUTPOLUTOB YEIOBEKA K TUIIEPTOHUYECKOMY KPHOTEMOIU3y CHIbKaeTcs B psagy Na'> K'+Na' > K*> Li*, cobaku - B oOparHOoM
nopsiike. BpeMeHHBIE 3aBHCHMOCTH T'eéMOJIN3a 3PUTPONUTOB KaK JIOIMIATH, TaK U ObIKa B Cpellax C Pa3HBIM KaTHOHHBIM COCTaBOM
MIPaKTHYECKU He UMEIOT OTIH4Ki. [lomydeHHbIe pe3ynbTaTsl 00CYKAAI0TCS ¢ TOYKU 3pEHHS 0COOCHHOCTEeH HOHTPAHCIIOPTHEIX CHCTEM
SPUTPOIUTOB PA3HBIX BUAOB MIEKOMHUTAIOIIHX.

Knroueewie cnosa: 3puTpOLUTH YEIOBEKA, JOMIaTH, cOOaKH, ObIKA, THIICPTOHWYEeCKHN Kproremonu3, Na‘—, K'—, Li'—u (Na* +
K*)—conepxamue cpemsl.

BuBYeHO BIUIMB CepeIOBHILL, 1110 MiCTATh ofHOBateHTHi kaTionn Li*, Na*, K" a6o ix cymiu (Na™+K") (ocmossipricTs 2400 MOcMoITB/KT),
Ha Xi/1 3aJIS)KHOCTI TIePTOHIYHOr0 KPioreMoIti3y Bifl 4acy iHKyOyBaHHS BUCOKOKAJIIEBUX EPHUTPOLIUTIB (JIFOIMHH i KOHS) | BUCOKOHATPIEBHX
KJIiTHH (cobaku i Ouka). [Toka3aHo (akTHYHO y BCIX CEpelOBUINAX 3HIDKCHHS PiBHS TiIEPTOHIYHOIO KPiOreMOJIi3y €pUTPOLUTIB
JIIOJMHU, COOAKH 1 KOHS B yMOBax TpuBaioi iHkyOauii npu 37°C Ha BigMiHY Bii epUTPOLUTIB OnKa, Ul SIKMX XapaKTepHa 4acoBa
3BOPOTHSI 3aJICKHICTh. BCTAHOBJIECHO 1110 YyTJIMBICTh SPUTPOLIUTIB JIIOOUHHU JI0 TIIEPTOHIYHOTO KPiOTeMOJIi3y 3HIDKYETBCS Y PAAY
Na"™>K*+Na"™>K"™>Li", cobaku - y 3BOPOTHOMY HOPSIKY. 3aJI€KHOCTI FeMOIi3y BiJj 4yacy iHKyOalii epuTpOLUTIB K KOHs, TaK i OMKa
y CEepelIOBHIIAX i3 PI3HUM KaTiOHHUM CKJIaJoM (aKTHYHO HE MaIOTh BigMiHHOCTeH. OTpUMaHi pe3ysibTaTi 0OTOBOPIOIOTHCS 3 TOUKH
30py 0COOJIMBOCTEH IOHTPAHCIIOPTHUX CHCTEM EPUTPOLUTIB Pi3HUX BUJIIB CCABIIB.

Knrwouoei cnosa: epuTpoOIUTH JIIONUHH, KOHS, COOaKH, OHKa, TINEPTOHIYHMIA KPIOTeMOJIi3, CepeIOBHUIIa, 1110 MicTsaTh Na*, K, Li* ta
(Na* + K").

The effect of media, containing either Li*, Na*, K" monovalent cations or combination (Na*+K*) (2,400 mOsm/kg osmolarity) on
a time dependence proceeding of hypertonic cryohemolysis in high-potassium erythrocytes (human and equine) and high-sodium
(canine and bovine) ones has been studied. A decrease in hypertonic cryohemolysis level of human, canine and equine erythrocytes
under long-term incubation at 37°C in contrast to bovine ones with typical reversible time dependence has been demonstrated almost
in all media. Sensitivity of human erythrocytes to hypertonic cryohemolysis has been established to reduce in the series of Na*
>K*+Na*>K">Li* and in a reversible order for canine ones. Time dependencies of both equine and bovine erythrocyte hemolysis in
media with different cation composition are practically similar. The results obtained are discussed from the point of view of peculiari-
ties of erythrocyte ion transport systems of different mammalian species.

Key-words: human, equine, canine, bovine erythrocytes, hypertonic cryohemolysis, Na'-, K*-, Li*- and (Na'+K")-containing
media.

N3yueHnio 9yBCTBUTEIBHOCTH DPUTPOIHUTOB K
A3MEHCHHIO TEMIIEPATYPHBIX U OCMOTHYECKHX
(hakTOpPOB OKPY’KAIOIICH CPEIBI YACIIETCS OONBIIOE
BHHMaHue [1, 2]. [lepeHoc 3puTpOIIUTOB YeIOBEKa U
’KUBOTHBIX B THUIIEPTOHHYECKUE CPEIbI IMPUBOJIUT K
TEMITepaTypPHO-3aBUCUMOMY MTOBPEKICHHUIO KIETOU-
HOIl MeMOpaHBbI, BCIEACTBHE KOTOPOTO TeMOTIIOONH
MOXET BBIXOJIUTh U3 KJIeTKH [2, 4, 15]. U3BecTHO, 4uTO
TUNEPTOHUYECKUN KPHUOTEMOJIHU3 PUTPOIUTOB —
MOBPEXKICHUE KIIETOK, BO3HUKAIOILIEE B PE3yJbTaTe UX
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A great attention is paid to studying the human
erythrocyte sensitivity to change in temperature and
osmotic environmental factors [1, 2]. Human and
animal erythrocyte transfer into hypertonic media
results in a temperature-dependent cell membrane
damage, due to which the hemoglobin release out of
cell may occur [2, 4, 15]. Erythrocyte hypertonic
cryohemolysis is known as a cell damage, resulting
from erythrocyte exposure into hypertonic solution at
20-45°C and following cooling down to the temperature
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SKCHO3UIMY B THIEPTOHUUYECKOM pacTBope mpu 20-
45°C 1 NOCNEAYIOMIEr0 OXJIAXKIECHUS JO TEMIIEPATYPhI
amxke 13°C[8, 15]. YcTaHOBIEHBI 0COOCHHOCTH pa3BU-
THSI BPEMEHHOW 3aBHCHMOCTH THIEPTOHHYECKOTO
KpHOTeMOJIN3a SPUTPOLIUTOB YEIOBEKA B Pa3IMUHBIX
cpenax [3]. B pe3ynbrare mpomoKUTENBHON HHKY-
Oaruu >puTponuTOB YenoBeka mpu 37°C B cpere,
conepxkamei 1,2 M NaCl, HaOmronaeTcsi CHIDKCHHE
reMOJIN3a KJIETOK ITPH UX MOCIEAYIOLIEM OXIaKICHUN
1o 0°C. B HeanexrponutHbix cpenax (0,86 M pactBop
caxapo3bl) THIEPTOHUYECKUH KPHUOTEMOJIN3 TTOBBI-
[IaeTcst I0 Mepe yBEIMYEHHUS MPOJOJKUTEIFHOCTH
nHKyOauuu kinetok npu 37°C, 4to 00bsICHAETCS 1Iepe-
pacnpenenenneM noHoB Na*, K™ Mexx1y BHyTpeHHEH
U BHEIIHEW Cpe/Ioi KIJIETOK B AJIEKTPOJIMTHOMN cpesie U
€ro OTCYTCTBHEM B HEAJIEKTPOJMTHOH [ 13, 16].

[Ipu nHKYyOGauuy 3pUTPOLIUTOB YEIOBEKA B CPELE,
conepxkamieit 1,2 M NaCl, mpoucxonut MeJIeHHOE
ocBoboxmenne K [3], BcmeacTBHUEe KOTOPOTO
yMeHbImaeTcss o0beM kiaeTok [7]. CamTaror, 4To
nocienHee NTPUBOJIUT K M3MEHEHHUIO OapbepHOM
($yHKIMM MeMOpPaHbL, yBENUYEHHUIO €€ IPOHULIAEMOCTH
11 noHoB Na'. Ilornmomenue noHoB Na™ kineTkoin
TOPMO3UT YMEHBIIIEHHE 00beMa, YTO BIIEUYET CHUKE-
HUE€ YYBCTBUTEJIBHOCTH 3PUTPOLMTOB K MOCIEAYIO-
meMy oxJjaxkzaeHuto. Tpancnopt nonos ClsBusieTcs
OJIHUM M3 BaXXHBIX MEXaHH3MOB U3MEHEHHUs 00beMa
sputpounToB [13]. 310 00YCIOBIEHO CBSI3bIO TPAHC-
nopta uoHoB Cl~ ¢ Tpancnoprom nonos K*, uro, B
CBOIO OUE€pE.lb, BIUSAET HA BBIXOM BOJBI U3 KIETKH U
yMeHbllleHue ee o0bema. AktuBanus Beixoma Cl™ u
OTCYTCTBHE BXxoAa Na' ompenesitoT XapakTEepHYIO
BPEMEHHYIO 3aBUCUMOCTh THIIEPTOHUUYECKOTO KpUOTe-
MOJIM3a B CaXapo3HOU cpefe.

OPUTPOIUTH MIEKOMUTAIOMHUX MO0 BHYTPHU-
KJIETOYHOMY COCTaBy MOAPA3AENSIIOT Ha 2 THUIIA:
MEepPBbIA (KIACCUYECKHI) — 3PUTPOLUTHI C BBICOKOH
KOHIIeHTparmen noHoB K* 1 Huskoit noHoB Na*, Bropoii —
SPUTPOIHTH HEKOTOPHIX BHJIOB MIIEKONHUTAIOMINX C
BbICOKMM ypoBHeM Na™ u Hu3kum K10]. B cBs3u ¢
3TUM OBLJIO MCCIIEOBAHO BIUSHUE BHEKJIETOYHOM
Cpelbl C pa3HbIM KaTHOHHBIM COCTaBOM Ha SPUTPOLIUTHI
000MX TUTIOB. VI3BECTHO, YTO B IUTOILIA3ME SPUTPOIUTOB
YeJIoBeKa M JIOIa i peobianaet katiuod K+, a codaku
u ObIka — kaTroH Na'[5, 10].

Henb nanHOW pabOTHI — MPOBECTH CPABHUTEIBLHOE
M3y4YeHHe BPEMEHHON 3aBUCUMOCTH TMIIEPTOHNIECKOTO
KpUOTEMOJIN3a IPUTPOIIUTOB Pa3HBIX BHUIOB MIIEKO-
MTUTAFOIIMX (IEJIOBEKA, JIOIIAN, COOAaKH, ObIKA) B Cpeiax
¢ ocMousipHocThi0 2400 MOCMONB/KT ¥ pa3HbIM
katroHHBIM coctaBoM (Na’, K¥, Li" u (Na” + K")).

Martepuarbl u meToAbI

OPUTPOIUTHI YeTIOBEKa, ObIKa, COOAKU U JIOMIAIH
rmojaydanu u3 KpoBu (n=6), 3aroTOBICHHON Ha
koHcepBanTe “Imorurup”. Bee cpenpl roToBIIN Ha
0,01 M docdarnom oydepe, pH 7.4.
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lower than 13°C [8, 15]. There were established the
peculiarities of time dependency development of human
erythrocyte hypertonic cryohemolysis in different
media [3]. As aresult of human erythrocyte long-term
incubation at 37°C in the 1.2 M NaCl-containing
medium there was observed a decrease in cells
hemolysis within their further cooling down to 0°C. In
non-electrolyte media (0.86 M sucrose) a hypertonic
cryohemolysis enhances with an increase in cell
incubation time at 37°C, that is explained by Na*, K*
ion redistribution between internal and external cell
media in electrolyte medium and its absence in non-
electrolyte one [13, 16].

Under human erythrocyte incubation in 1.2 M NaCl-
containing medium even under slight membrane
damages [3] a slow K" release occurs, resulting in cell
volume reduction [7]. The latter is considered as
resulting in a change of membrane barrier function, its
permeability increase for Na* ions. The absorption of
Na" ions by cell inhibits the volume reduction, that leads
to a decrease in erythrocyte sensitivity to following
cooling. CI” ion transport is one of the important
mechanisms of erythrocyte volume change [13]. This
is stipulated by the bond of CI- ion transport with K*
one, that in its turn affects water release out of cell
and decrease in its volume. Activation of Cl- release
and no Na* incoming determine a typical time
dependence of hypertonic cryohemolysis in sucrose
medium.

Mammalian erythrocytes by their intracellular
composition are divided into 2 types: the first (classic)
comprises erythrocytes with K* ion high concentration
and a low one for Na* ions, the second one consists of
erythrocytes of certain mammalian species with high
Na* level and low K* one [10]. Due to this we have
investigated the effect of extracellular medium with
different cation composition on both type erythrocytes.
K" cation is known to predominate in human and equine
erythrocytes but Na* cation does in canine and bovine
ones [5, 10].

This research was targeted to comparatively study
a time dependence of erythrocyte hypertonic
cryohemolysis of different mammalian species (human,
horse, dog, bull) in media with 2400 mOsm/kg
osmolarity with different cation composition (Na*, K¥,
Li*- and (Na*+K")).

Materials and methods

Human, bovine, canine and equine erythrocytes
were procured from blood (n=6) and prepared with
“Glugicir” preservative. All media were prepared with
0.01 M phosphate buffer, pH 7.4.

Hypertonic solutions with 2,400 mOsm/kg
osmolarity such as: 1.2 M NaCl; 1.2 M KCI; 1.2 M
LiCl; 1.1875 M NaCl+0.0125 M KCI were used in the
research. Na*, K* and Li* cations were selected by
their presence in erythrocyte cytoplasm. Combined
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B paborte ucnons30Bay runepTOHNYECKIE PaCTBOPHI
¢ ocMmorsipHOCTEEO 2400 MOcMmonb/kT: 1,2 M NaCl; 1,2M
KCI; 1,2 M LiCl; 1,1875 M NaCl +0125 M KCI. Beioop
katuoHoB Na'; K* u Li" 00yciioBieH ux Hanu4ueMm B
OUTOIIa3Me IPUTPOIUTOB. CMEIIaHHYIO Cpeay
(1,1875 M NaCl + 0,0125 M KCI) ucrionp3oBanu ¢
LIEJTBIO MTOJTyYEHHUS BO BHEKJIIETOUHOW Cpe/ie KOHIEHT-
pauuu noHoB K, momoO0HON KOHIIEHTPAIIMH ITOTO
KaTHOHA B TJIa3Me KPOBH, HO MPH ATOM YUHTHIBAIH,
4TO 00BEeM KJIETKH B THUINEPTOHUYECKOW cpere
ymenbiuTcs npuMepao Ha 40 % [12]. BHeknerounas
cpena, cojaepikaiias cMecb kKaTuoHOB Na' u K7,
JOJDKHA COOTBETCTBOBATH BBIIEYKAa3aHHOM OCMOJISIP-
HOCTH. DTO JOCTHTAETCS BBEIEHHUEM COOTBETCTBY-
FOIIETO KOJIMYECTBA HOHOB Na™.

OCMONApHOCTh PAaCTBOPOB KOHTPOJMPOBAIH C
nomortpio ocMomerpa OMKA 111-01 (Ykpauna).

JlJ1sl TUIEpPTOHUYECKOTO KPHOTEMONN3a dPUTPO-
LIUTOB KJIETKU nepeHocuiu Ha 1-120 muH B pacTBOp ¢
COOTBETCTBYIOLINM KaTHOHHBIM COCTaBOM IIPHU TEM-
niepatype 37°C, mocie 4ero aJukBOTY TIOMEIIAIu Ha
10 MUH B aHAJIOTUYHBIH PAaCTBOP, OXJIAKICHHBIA 110
0°C (xoneunsrii reMatokput — 0,4%). YpoBeHb remo-
roOWHa B CyNEepHATaHTE OMpPEAENsIN CHEeKTPO-
dboromerpuuecku (A=543 HM) 1 paCCYUTHIBAIIH B [IPO-
IeHTax 1mo oTHOMeHHIO K 100%-My reMou3y SpuTpo-
LMTOB B MPHUCYTCTBUM AeTepreHTa TpuToHa X-100
(0,1 %).

B pabote nna xaxxgoro rpaduka u3 cepuu MOB-
TOPOB OAHOI'O 3KCIIEPUMEHTA MPEJICTABICHO MAKCH-
MaJbHOE OTKJIOHEHHE BEIMYMHBI T€MOJIN3a dPUTPO-
LUTOB B BHJIE TOUYKH C Pa30pOCOM 3HAUYEHHH, UMEIO-
LIMX COOTBETCTBYIOIYIO MApKUPOBKY.

B pabote ucronb30Balii peakTUBBI OTEYECTBEH-
HOTO TIPOM3BOJICTBA KBAMPUKAINK “X.u” U “4.;m.a”.
DKcrepu-MeHTaIbHBIE JAaHHBIE MPUBEAEHBI KaK
cpenHee apudMeTHUECKOe * cTaHAapTHasl OmHOKa
CpPEIHETO | TPe/ICTaBICHBI Ha TparKax KaK TOUKH C
MaKCHUMaJlbHBIM pa30dpOoCOM, MMEIOIINE COOTBETCT-
BYIOIIIYIO MapKHPOBKY.

Pe3yAbTaThl M 00CyXXAeHHe

OpUTPOLUTHl MIEKONUTAIOMUX TOCIe WHKYOH-
poBanus npu 37°C B rUNepTOHUYECKUX Cpeaax ¢
Pa3HbIM KATHOHHBIM COCTABOM IIepeHOCHIH Ha 10 MuH
B COOTBETCTBYIOIIHE Cpepl ¢ Temmeparypoit 0°C. [l
OTIMCAaHMsI TIOJYYEHHBIX BPEMEHHBIX 3aBHCHUMOCTEH
TUTIEPTOHUYECKOTO KPUOTEMOJIN3a dPUTPOLUTOB
WCIIOJB30BAIM JBA MapaMeTpa: ypOBEHb THIEPTO-
HUYECKOTO KPHOT€MOJIN3a IPUTPOLIUTOB U XapaKTep
ero M3MEHEHHUs B pe3ysbTaTe MPOJOIKUTEIbHON
nHKyOarwu kietok mpu 37°C (puc. 1, a). DpuTpouuTsl
YeJI0BeKa, MPOMHKYOUPOBAaHHbIE B THIIEPTOHUYECKUX
cpeaax ¢ pa3HbIM KATHOHHBIM COCTaBOM, XapaKTepH-
3YIOTCSl JOCTATOYHO BBICOKMM HCXOAHBIM YPOBHEM
noBpexaeHust kiaeTok 90-100% (mocine MUHYTHOM
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medium (1.1875 M NaCl+0.0125 M KCl) was used
with the aim to obtain in an extracellular medium the
K™ ion concentration similar to that in blood plasm, but
thereby taking into account the fact that cell volume in
hypertonic medium would nearly reduce by 40% [12].
An extracellular medium, containing Na"and K* cation
combination should correspond to the mentioned above
osmolarity. This is achieved by introducing the
corresponding amount of Na* ions.

The solution osmolarity was controlled with OMKA
1C-01 osmometer (Ukraine).

For erythrocyte hypertonic cryohemolysis the cells
were transferred for 1-120 min into the solution with
corresponding cation composition at 37°C, afterwards
an aliquot was placed for 10 min into similar solution
cooled down to 0°C (final hematocrit was 0.4%).
Hemoglobin level in supernatant was spectro-
photometrically determined (A=543 nm) and calculated
in percentage in respect to 100% erythrocyte
hemolysis at the presence of X-100 triton (0.1%).

In the work for each plot from the repeat series of
one experiment the maximum deviation of erythrocyte
hemolysis value is shown as a point with value spread
with corresponding labeling.

Nationally produced reagents with “chemically
pure” and “pure for analysis” grades have been used
in the research. Experimental data are presented as
arithmetic mean * standard error of mean and
presented in plots as points with maximum spread with
corresonding symbols.

Results and discussion

Mammalian erythrocytes after incubation at 37°C
under hypertonic media with different cation
composition were transferred for 10 min into the
corresponding media with 0°C temperature. To describe
the obtained time dependencies of erythrocyte
hypertonic cryohemolysis we used two parameters:
the level of erythrocyte hypertonic cryohemolysis and
the character of its change resulting from a long-term
cell incubation at 37°C (Fig. 1, a). Human erythrocytes,
incubated in hypertonic media with different cation
composition are characterized with quite a high initial
level of cell damages of 90-100% (after 1 min
incubation at 37°C and following cooling down to 0°C),
that decreases with augmentation of cell incubation
duration at 37°C (Fig. 1, a).

Human erythrocytes manifest different sensitivity
to cooling in studied electrolyte media. The data
reported in the paper [14], testifying to an equal level
of cell damage under cooling in hypertonic media with
different cation composition are not contrary to our
results. According to the experimental conditions of
the research [14] after a short-term erythrocyte
incubation (5 min) no differences were found-out, but
after more prolonged cell exposure into hypertonic
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Puc.1. 3aBHCUMOCTH YPOBHS THIIEPTOHUYIECKOTO KPHOTEMOJIN3a SPUTPOIIUTOB UesioBeKa (a) u jomaan (6) oT BpeMeHH

nHKyOarmu ipu 37°C B cpenax:

€ 12MNaCl; M-12MKCI; A—1,1875 M NaCl + 0,0125 M KCI; 01,2 M LiCL.

Fig. 1. Dependency of hypertonic cryohemolysis level in human (a) and equine (b) erythrocytes on incubation time at 37°C
in the media: 9 — 1.2 M NaCl; M—1.2MKCI; A—1.1875 M NaCl + 0.0125 M KC1; O-1.2 M LiCl.

nHKyOanuu rpu 37°C H MOCIIEAYOMET0 OXITKICHUN
10 0°C), KOTOpBIH CHUXKAETCS IO MEPE yBEIHMUCHHS
MIPOAOIDKUTEIBHOCTH MHKYOauu kiaeTok mnpu 37°C
(puc 1, a).

OpUTPOLUTHI YeJIOBEKAa MPOSBIISIIOT Pa3InIHYIO
YyBCTBUTEJIBHOCTh K OXJaXICHUIO B M3y4aeMbIX
SNEKTPOIUTHBIX cpenax. [lanusie paboTsr [14],
CBHJETEIbCTBYIONMNE 00 OAWHAKOBOM YPOBHE
MTOBPEXKICHUS KIETOK IIPY OXJIAKACHNH B THIIEPTOHH-
YECKUX Cpeax ¢ pa3HbIM KaTHOHHBIM COCTaBOM, HE
MIPOTHBOpEYAT HaINM pesyibraTam. [1o sxciepumen-
TaJBHBIM YCJIOBUSAM padoThI [ 14] mociie HenmpomoKu-
TEJIBHOTO MHKYOUPOBAHUS PUTPOLUTOB (5 MUH)
pa3nu4us He BBISBIICHBI, a Mocje 0oJiee ATUTEIBHOTO
BBIJIEPYKUBAHUS KIIETOK B THIIEPTOHUYECKOH Cpeie Ipu
37°C ycTaHOBJEHBI pa3januMsl ypPOBHS THIEPTO-
HUYECKOTO KPHOTEMOJTN3a SPUTPOLIUTOB, TOMEIIEHHBIX
B CpeJbl C pa3JU4YHBIM KaTHOHHBIM COCTaBOM.
MaxkcuManbHOE TMOBPEXKACHUE KIETOK YeloBeKa
HaOmonaercs B Na‘-comepikamieit cpene, MeHee
BblpaxkxeHHOoe — B Na'+ K'- u K'-comepxamux
cpenax u MuHuManbHoe — B pactBope LiCl. Ecnu B
OTHOIIIEHNH TEPBBIX TPEX CPeJl MOKHO TOBOPHUTH O
MIPUMEPHO OMHAKOBOW CKOPOCTH CHM)KEHHS YPOBHS
TUIEPTOHUYECKOTO KPUOTeMOJIN3a Ha MPOTKEHUN
nHKyOarmw 10 120 MUH, TO B IIOCIIETHEH Cpe/ie B TSUCHHE
40 MuH HaOMIOAIOTCS CTPEMUTEIBHOE CHUKECHHE
ypoBHs remonu3a (¢ 100 1o 25%) u BeIXOI KpUBOM Ha
I1aTO.

CHuXeHHue BO BPEMEHH YPOBHS THIIEPTOHUUYECKOTO
reMoJju3a dPUTPOIUTOB JIOMIAAN, KOTOPhIE KaK U
SPUTPOIIUTHI YEJIOBEKA OTHOCSTCS K BHICOKOKAJIMEBBIM
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medium at 37°C the differences in hypertonic
cryohemolysis level of erythrocytes, placed into the
media with various cation composition, were estab-
lished. The maximum damage in human cells is obser-
ved in a Na*-containing medium, a less manifested one
in Na"+ K*- and K*-containing media and the minimum
one in LiCl solution. If in respect of the first three
media we can suggest about an approximately equal
decrease rate of hypertonic cryohemolysis level within
incubation down to 120 min, in the latter medium during
40 min an impetuous decrease in hemolysis level (from
100 down to 25%) and curve approaching to the plateau
were observed.

Decrease in time of hypertonic cryohemolysis level
of equine erythrocytes, which are referred together
with human ones to high-potassium cells, is slightly
manifested (Fig. 1. b) In addition, in the media with
different cation compositions there were established
the insignificant differences (to 10%) in the level of
erythrocyte hypertonic cryohemolysis withinin the
whole time range (1-120 min).

When transferring human erythrocytes, referred to
a high-potassium type into a hypertonic Na‘-containing
medium, the two processes in time are observed. From
one side, the intracellular K* ions release out of
erythrocytes via transmembrane defects by a con-
centration gradient [3], from another one the
extracellular Na*ions, which concentration significantly
exceeds their intracellular one, enter into erythrocytes,
in spite of potassium pump and other transport system
functioning [10]. Due to the fact that gradient by Na*
is much higher than that by K*, an intracellular Na*
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KJIeTKaM, cnabo BeipaxkeHo (puc. 1, 0). Kpome toro, B
cpelax ¢ pa3HbIM KaTHOHHBIM COCTABOM BBISIBJIEHBI
HecymecTBeHHble paznuuus (1o 10%) B ypoBHe
TUIEPTOHUYECKOTO KPUOTEMOIN3a 3PUTPOLUTOB BO
BceM BpeMeHHOM fuana3one (1-120 mun).

[Ipu mepeHoce »pUTPOLIUTOB YeTOBEKA, OTHOCS-
LIUXCS K BRICOKOKAJTUEBOMY THITY, B THIIEPTOHHYECKYIO
Na'-comeprkanryro cpefy B KIeTKax MPOUCXOIAT /IBa
nporiecca. C 0JTHOIM CTOPOHBI, BHYTPHKIJIETOUYHBIE HOHBI
K" BBIXOZIAT U3 9)pUTPOLIMTOB Yepe3 TpaHCMeMOpaHHbIe
Je(eKThl 0 KOHLEHTPALMOHHOMY TpafueHTy [3], a ¢
JIpYroil — BHEKJIETOYHbIE MOHBI Na', KOHIICHTpAILHs
KOTOPBIX 3HAUYUTEIBHO MPEBOCXOAUT UX BHYTPHU-
KJIETOYHYIO KOHIIEHTPALUIO, BXOJIAT B SPUTPOLUTHI,
HECMOTpsl Ha paboOTy HAaTPUEBOIO Hacoca W JPYTUX
TpaHcnopTHBEIX cucteM [10]. B cuny Toro, urto
rpagueHt no Na' ropaszo BbIlI€, YEM I'PAJUEHT 110
K", co BpemeHem OyaeT CyIIECTBEHHO MOBBIIIATHCS
BHYTPHUKJIETOUHAd KOHIIEHTpanusa Na', Bcienctsue
Yero BBIPABHUBAETCS OCMOTHYECKHMH T'DaJMEHT Ha
MeMmOpaHe.

B ToM cnydae, Korma SpUTPOLUTHI HAXOMATCA B
1,2 M KCl, xarnonst Na* OylyT BEIXOAHTB U3 KIETKH,
a karuoHbl K" Bxoauth. II0CKOJIBKY MCXOIHBIHI
rpaagveHT Ha MeMmOpaHne s K' Oynet Heckoibko
HIKE, 4eM rpaaueHT no Na' B cpene, coieprauieit
1,2 M NacCl, To ycnoBHOe paBHOBEcHE Ha MeMOpaHe
OyzeT nocTurarbcsi ObICTpee, YTO MPOSIBUTCS B Oojiee
CYIIECTBEHHOM CHWKEHWUH YPOBHS THIIEPTOHUYECKOTO
KPHOTEMOJI3a YPUTPOITUTOB CO BpeMeHeM (puc.l, a).
[IpomexxyTodHOE MoToKEHNE 3aHIMAaeT IIOBPEKIAeMOCTh
KJIETOK B cpefie, comepkarteil cmech HoHOB Na“™ n K,

BricTpoe cHmKEHHE BO BpEMEHH KPHOTEMOJIH3a
SPUTPOLIUTOB 4YeloBeka B Li*-comepkamei cpene,
BEPOSITHO, CBA3aHO €O crocoOHOCThIO Li*, KOoTOpBbIii
SBJIAETCS HEOOJNBIIMM KaTHOHOM, OBICTPO pacmpe-
JeAThCA MEXIy BHEIIHEH M BHYTpPEHHEH cpenoi
KJIeTKU. BO3MO0KHO, BHEKIETOUHBIH Li" Kak MEHBIITHI
mo pasmepy uoH [11] ObicTpee BXOIUT B KIETKY,
3amemas noHel Na“™ m K™, Beimieqime u3 KISTKH 10
rpanueHTty. /[Bmkenue noHoB LiT gepes sputpo-
LUTapHYI0 MeMOpaHy OCYIIECTBISETCS Pa3IuIHBIMU
TpancnoptHeiME cuctemamu (Na'/K'- Hacoc; Na'/Li'-
MIPOTHBOTPAHCIIOPT; OMKapOOHAT 3aBUCUMBIN ITyTh U
MACCUBHBIN TPAHCIIOPT), OIHAKO MACCUBHAS TUPDY3UsI
o0ecrnieunBaeT OCHOBHYIO 4acTh TPAHCIIOPTA 3TOTO
kaTtuoHa (o 70%) [9].

Cnabo BeIpayKeHHBIE PA3THYHS THIIEPTOHUYECKOTO
KpPUOTe€MOJIN3a IPUTPOIUTOB JIOMAAN B Cpefax,
coAep KalluX pa3INdyHble KaTHOHBI, OCTAIOTCS HE
HCCIIEI0OBaHHBIMU. DPUTPOLMUTHI JIOIIAIU U YETOBEKA
AMEIOT ToI00HBIN rpaaueHT Na™ u K™ Ha MmemOpane,
OJTHAKO aHAJIN3 0COOEHHOCTEH KaTHOHHOTO TPaHCIIOpTa
B OPHUTPOLIMTAX JIOIIAIH 1 YeJIOBEKa [ 6] CBUIETENBCTBYET
0 CYILLECTBEHHOM paznuuuu Na'- u K'-TpaHcnopTHbIX
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concentration will significantly increase in time,
resulting in osmotic gradient leveling on membrane.

In case when erythrocytes are in 1.2 M KCl, the
Na* cations will release out of cells and K™ cations
will enter. Since an initial gradient on membrane for K
will slightly lower than gradient by Na in 1.2 M NaCl-
containing medium, a conditional balance on membrane
will be achieved rapidly, that will manifest in a greater
decrease in the level of erythrocyte hypertonic cryohe-
molysis with time (Fig. 1, a). An intermediate place is
taken by cell damage rate in the medium containing
Na*® and K* ion mixture.

A rapid decrease in time of human erythrocyte
cryohemolysis in a Li*-containing medium is probably
related to the ability of Li", that is not big cation, to a
rapid distribution between external and internal cell
media. Possibly, an extracellular Li" as lesser by size
ion [11] enters a cell more rapidly, by substituting Na*
and K" ions, released out of cell by gradient. Li* ion
movement through an erythrocyte membrane is realised
by various transport systems (Na*/K*-pump; Na*/Li*-
exchange transport; bicarbonate-dependent way and
passive transport), but a passive diffusion provides the
main part of this cation transport (up to 70%) [9].

Slightly manifested differences of hypertonic
cryohemolysis of equine erythrocytes in the media,
containing different cations, have still remained
unstudied. Equine and human erythrocytes have similar
Na*and K* gradient on membrane, but the analysis of
cation transport peculiarities in equine and human
erythrocytes [6] testifies to a significant difference of
Na* and K*-transport systems in these cells. In equine
erythrocytes compared to human ones a unidirectional
flow of K" ions through Na*-pump is realised in 3-4
times slower, but Na*/Li*-transport exchange is
contrarily done in 6 times more rapidly. In addition, for
equine erythrocytes Na*/K*-exchange transport is not
typical. The Table shows equine and human erythro-
cytes as differed either by intracellular level of K" and
Na* ions or by their total concentration and K*/Na*
ratio [4]. Species peculiarities of equine erythrocytes
apparently stipulate their difference in time development
of hypertonic cryohemolysis compared to human
erythrocytes.

Manifested differences in time development of
human and equine erythrocyte cryohemolysis in Li*-
containing media (Fig. 1, a, b) are apparently stipulated
by the capability of the previous for more intensive (in
twice) accumulation of Li* cations [10]. Of note is
that a lower Li" accumulation is observed in equine
cells, to which a higher Na*/Li*-exchange transport
activity (in 6 times) is characteristic. Due to the
mentioned fact there was assumed about participation
of Li*-transport systems, differed from Na'/Li*-co-
transport in transfer [6].
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CHCTEM B 3THX KIIeTKaX. B SpUT-
ponuTax Jouaau, o CpaBHCHUIO

ConeprkaHe OTHOBAICHTHBIX HOHOB U BOZBI B OPUTPOIIUTAX MIICKOUTAIOIINX [4]
Content of monovalent ions and water in mammalian erythrocytes [4]

C DPUTPOIMTAMH YEIOBEKA, OI- 5 KOAMHECTEO

o WABI
HOHAMNPaBIEHHBIH MOTOK HOHOB srexomuraiomyrx | HOPTOPOR &f_fﬁf) I\(‘lﬁ‘/f ;_f% K+;MN3+' K*/Na* (Gfm]
K* gepes Na'-Hacoc ocymiect- Mammalian species repeats
Bnﬂe{m E 3-4 pasa MeAnCHHCE, Codaxa 3 10,8=1,23 | 180,4%4,5 191,2 0,06 1,980,03
a Na*/Li*-npoTHBOTpaHCIOPT, Dog
HANpOTHE, — ObICTPEE PHMEPHO Aomann 6 139,847 | 31,725 171,5 4,40 1,83%0,05
B 6 pa3. Kpome Toro, 1uis sputpo- Horse

+/WK+

uwtos tomajm Na'/K'- korpanc- Herosex 14 142,5%=3,9 | 234%28 165,4 6,08 2,09%0,05
MOPT He XapakTepeH. 3 naHHbIX Human T T ' ' B
TaOMMIIbI CIEAYET, UTO SPUTPO- Brik 5 41,6+28 | 1122+53 | 1538 036 | 1,86+007
IUTHI JIOIIAJN 1 YEJIOBEKA Pa3Jii- Bull

YaroTCs KaK MO BHYTPHKJIETOU-
HOMY ypoBHIO HOHOB K 11 Na*, Tak u 1o ux cyMMapHoOit
KOHIICHTpauu u cootHoineHuw K'/Na*[4]. Ilo-
BUAUMOMY, BHIOBBIE OCOOCHHOCTH 3PHUTPOIUTOB
JIomaan 00yCIIOBINBAIOT UX OTIANYNE BO BPEMEHHOM
Pa3BUTHH TUIIEPTOHUIECKOTO KPUOTEMOJIH3a TI0 CPaB-
HEHUIO C H)PUTPOLIUTAMH YEJIOBEKA.

BripaskeHHbIC pa3nuirs BO BpEMEHHOM Pa3BUTUH
TUNEPTOHUYECKOTO KPUOTEMOJN3a IPUTPOLIUTOB
yegoBeKa M Jomanun B Li'-comepxamux cpepax
(puc. 1, a, 6), mo-BuAUMOMY, 00YCIIOBIIEHBI CITIOCO0-
HOCTBIO MEPBBIX 00Jee MHTEHCUBHO (B 2 pasa)
HakarmnuBaTh KaTuoHbl Li* [10]. OTmeTnm, 4TO
MeHblee HakoruieHue Li* HaOmromaercs B KIIETKax
JIOIIAH, I KOTOPBIX XapakTepHa Ooiee BhICOKas
Na'/Li*- npoTHBOTpaHCIIOPTHAS aKTUBHOCTH (B 6 pa3).
Ha ocHoBanmu ykazaHHOro (hakta CAelaHo Mmpero-
nokeHue 00 ydacTuu B nepeHoce Li'- TpaHciopTHBIX
cucreM, oTIMUHBIX 0T Na'/Li"- xoTpancnopra [6].

Jiist spuTponMToB cobaku (puc.2, a) XapakTepHO
BpeMs3aBUCUMOE CHUIKEHHUE YPOBHS THUIEPTO-
Hu4eckoro remonmsa B Na'-, K- u (Na™+K") - cpegax
B omnmume ot Li*-comepxkamieit cpeapl. [lo ypoBHIO
TUIIEPTOHUYECKOTO MOBPEKAEHUS ITHX KIETOK CPE/Ib
MO>KHO PACTIOJIOKHTD CISAYIONTIM o0pazom: Li™>K" >
K*+Na">Na’, T.e. B mopsiiKe, TPOTHUBOIIOIOKHOM JIJIST
sputpounToB uenoBeka (Na" >K*+Na™>K™>Li").

Jl1si TUTIEpTOHNYECKOTO KPHUOTEMOJN3a KIETOK
Opika (puc. 2, 6) B oTIMYHE OT PE3yJbTATOB,
MTOJTY9E€HHBIX JJIS1 SPUTPOIIUTOB YEIIOBEKA, JIOMAAH U
co0aKH, XapaKTEePHbI HU3KOE HCXOAHOE TIOBPEKICHHE
(10-30%) u oOpaTHas BpeMeHHas 3aBUCHMOCTH
TUIEPTOHUYECKOTO KPHUOTEMOIN3a IPUTPOLUTOB BO
BCEX MCMOJb3yEMBIX Cpeaax, T.€. MOBBILIEHUE
TUIIEPTOHMYECKOTO KPHOTEeMOJIN3a M0 Mepe yBelu-
YEHHUsI TPOJIOJDKUTEIHLHOCTH MHKYOUPOBAHUS KIIETOK
mipu 37°C.

Jis 5puTpOonMTOB OBIKA B HCCIIEIOBAaHHBIX Cpeaax
pa3BHUTHE THUIEPTOHMYECKOTO KPHUOTEMOJIHN3a BO
BpemeHu (puc. 2, 6) MOXHO OXapaKTEpPH30BATh
CIIeyIomUM 00pa3oM: HHU3Kas MOBPEXKIAEMOCTh B
cmermanHoit Na™+K™- cpene, 6omee Beicokast — B Li'-
u HauBbiciasg — B Na'™- u K'-cpemax. B Na'- u K'-
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For canine erythrocytes (Fig. 2, a) a time-dependent
decrease in hypertonic hemolysis level in Na*-, K*-
and (Na'+K")-media in contrast to Li*-containing
medium is typical. By the level of hypertonic damage
of these cells the media may be placed as follows:
Li>K™>K*+Na™Na", i.e. in an opposite order for
human erythrocytes (Na*™>K*+Na™>K"™>Li").

For bovine cell hypertonic cryohemolysis (Fig. 2, b)
in contrast to the results, obtained for human, equine
and canine erythrocytes the typical features are low
initial damage (10-30%) and a reversible time
dependency of erythrocyte hypertonic cryohemolysis
in all used media, i.e. an increase in hypertonic
cryohemolysis with augmentation of cell incubation
duration at 37°C.

For bovine erythrocytes in the studied media the
development of hypertonic cryohemolysis in time (Fig.
2, b) may be characterised as follows: low damage
rate in a combined Na*+ K*-medium, higher one in
Li*- and the highest in Na*- and K*-media. In Na'-
and K*-media the differences between curves of
bovine erythrocyte hypertonic cryohemolysis are
insignificant, but the highest cell damage rate is
observed in K*-medium.

Canine and bovine cells in contrast to human and
equine erythrocytes are referred to low-potassium type,
i.e. their cells contain Na" as dominating cation. The
results obtained for canine erythrocytes by a decrease
in the level of hypertonic cryohemolysis at a long-term
incubation in the media with different cations (Fig. 2, a)
also correlate with the described above hypothesis of
Na* and K*redistribution in hypertonic media with time.
In the medium, containing Na* cation dominating in
cells, the rate of hemolysis level reduction is higher
and cell damage rate is the lowest. This is apparently
related to a low content of K* ions in a cell, therefore
their leakage and substitution for Na*ions occur quite
rapidly. In the K* ions-containing medium a decrease
with time is the lowest, the cell behaviour in a combined
(Na*tK*)-medium is intermediate. The fact of a
complete absence of a decrease of hypertonic cryo-
hemolysis level in LiCl-containing medium remains
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Puc.2. 3aBUCHMOCTB YPOBHSI TUIIEPTOHUYECKOTO KPHOTEMOJTH3a S)PUTPOLIUTOB cO0aKH (a) 1 ObIka (0) OT BpeMEeHN HHKYOAIMU

mpu 37°C B cpenax:

~12MNaCl; M- 1,2MKCl; A—1,1875 M NaCl +0,0125 M KCI; O-1,2 M LiCl.

Fig. 2. Dependency of hypertonic cryohemolysis level in canine (a) and bovine (b) erythrocytes on incubation time at 37°C
in the media: € — 1.2 M NaCl; M- 12MKCI; A—1.1875 M NaCl + 0.0125 M KC1; O-1.2 M LiCl

cpenax pa3in4us MeXy KPUBBIMH THIIEPTOHUYECKOTO
KPHOT€MOJIM3a 3PUTPOLUTOB ObIKAa HE3HAYUTEIIbHBI,
OJHAKO HAamOONbIIas MOBPEXKAAEMOCTh KIETOK
HaOmromaetcst B K™-cpene.

OpuTpounTsl COOAKU U OBIKA, B OTINYHE OT KIETOK
YeJIoBeKa M JIOMAAH, OTHOCSATCS K HU3KOKAJINEBOMY
THUITY, T.€. UX KJICTKH B Ka4eCTBE JOMHHHPYIOIIETO
KatnoHa cozaepxar Na'. Pe3ynbrarel, mojqydeHHbIE
JUISL 9PUTPOLUTOB COOAKH, O CHIKCHHUIO YPOBHS
TUIEPTOHUYECKOTO KPUOTEMOJIN3a MPHU JUIUTEIbHON
WHKYOAIMH B cpefiax ¢ pa3HbIMU KaTHOHaMH (puc.2, a)
TaK)K€ COIVIACyIOTCSl C BBIIIEONMCAHHOM TUIIOTE301
niepepacnpenencaust Na“” 1 K' B rumepToHHIECKUX
cpenax co BpemeHeM. B cpene, coaepixkaiieil 1oMu-
HUPYIOIINH B KJIETKaX KaTHOH Na', CKOpOCTb CHUKEHUS
YpOBHSI reMoJir3a 00JIbIIIe, a TOBPEKAAEMOCTh KIIETOK
camas HuzKas. [lo-BuaumMoMy, 3TO CBSI3aHO C HU3KUM
conep:kanueM HoHOB K' B KlleTKe, MO3TOMY UX yTeuKa
1 3aMelleHre Ha HOHBI Na' MpOHUCXOAST AOBOJIBHO
osicTpo. B cpene, conepxkarieit nonsr KY, cHmkeHne
YPOBHS1 T'€MOJIK3a CO BPEMEHEM HaMEHbIIIEEe, IIPOMEKY-
TOYHBIM SIBJISIETCSI TTOBEACHHUE KJIETOK B CMEIIAHHOMN
(Na'+K*)-cpene. @akT MOIHOTO OTCYTCTBUS CHIDKEHIIS
YPOBHS THUIIEP-TOHUYECKOTO KPHUOTEMONIN3a B CpPEae,
coneprkareii LiCl, ocraercs He scHBIM. OTHAKO MOYKHO
MIPEIOIOKHUTh, YTO OH OOYCIIOBJICH OCOOCHHOCTSIMH
TpaHcropta Li"B MeMOpaHe 3pUTpOIMTOB COOAKH.

W3 nmomy4eHHbIX pe3yabTaToB CIEAYET, 4TO MOBe-
JEHUE SPUTPOLUTOB MIECKOMUTAIOUIUX B Cpelax C
pPa3HBIM KaTHOHHBIM COCTaBOM OIpENEIsAETCS He
TOJILKO Kau€CTBEHHO-KOJIMYECTBEHHBIM KaTHOHHBIM
COCTaBOM LIUTOILIA3MbI, HO U OCOOCHHOCTSIMH TPaHC-
[OpPTa MOHOB Yepe3 SPUTPOLUTAPHYIO MEMOpaHy.
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unclear. However it may be assumed as stipulated by
the peculiarities of Li* transport in canine erythrocyte
membrane.

As proceeded from the results obtained, the beha-
viour of mammalian erythrocytes in media with diffe-
rent cation compositions is determined not only by
quality-quantity cation cytoplasm composition, but the
peculiarities of ion transport through erythrocyte
membrane as well.

Conclusions

Decrease in hypertonic cryohemolysis level of
human, canine and equine erythrocytes under conditions
of a long-term incubation at 37°C is observed in Na'-,
K*- and (Na"+K")-containing media (2,400 mOsm/kg
osmolarity). In LiCl-containing medium the same time
dependency of hypertonic cryohemolysis is typical only
for human and equine erythrocytes. The sensitivity of
human erythrocytes, referred to a high-potassium cells,
to hypertonic cryohemolysis reduces in a following way:
Na™>K"+Na™>K"™Li", and for canine high-potassium
erythrocytes: Li™>K"™>K*+Na">Na".
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BbiBOADBI

CHuXeHHe YpOBHS THIEPTOHUYECKOTO KPHOTe-
MOJI3a SPUTPOLUTOB YEJIOBEKa, COOAKH M JIOLIAIN B
YCIIOBUSAX MPOJODKUTENsHON MHKYyOaruu npu 37°C
HaOmomaercs B Na*-, K- u (Na™+ K*)- cogepxkamux
cpenax (ocmousipuocts 2400 MOcmonn/kr). B cpene,
conepxkameii LiCl, monmoOHass BpeMeHHasI 3aBUCH-
MOCTbH TUTIEPTOHUYECKOTO KPHOT€MOJTH3a XapaKTepHa
TOJBKO IJISl 9PUTPOLMUTOB YEJOBEKA M JIOLIAIH.
UyBCTBUTEIBHOCTD SPUTPOLIUTOB YEJIOBEKA, OTHOCS-
IIUXCS K BBICOKOKAJTHEBBIM KJIETKaM, K THIIEPTO-
HUYECKOMY KPHUOTEMOJH3y CHHUXXAETCS TaKHM
obpazom: Na">K*+Na"™> K™ Li’, a BBICOKOHaTpHueBBIX
spuTponuTos codaku: Li™>K" > K*+Na">Na".
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