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Their Sensitivity to Mechanical Stress

Pedrepat: ViccnepoBaHa 4yBCTBUTENBHOCTb 3pUTPOLIMTOB YernoBeka, Obika, KpbICbl U Mowaan K AeNCTBUID MEXaHUYeCcKoro
cTpecca B cpegax, cogepxawmx 0,15, 0,4 n 0,6 monb/n NaCl. MexaHnyeckun cTpecc 3puTPOUUTOB MIIEKONUTalLWMX B cpeae,
cogepxawlen 0,15 mone/n NaCl, npusoguTt k notepe knetkamu K* ot 30% anst sputpoumToB nowaam o 60% ans knetok 6bika. Mak-
CUMarnbHYyl YCTOMYMBOCTb MO NnokasaTemnto reMonunsa k AeiCTBMI0O MEeXaHW4YeCKoro ctpecca NposiBASOT 3pUTPOLMUTLI Bbika 1
nowaawm B cpeae, coaepxaluenn 0,15 mons/n NaCl. MokasaHo, 4To 06e3BOXMBaHNE 3PUTPOLUTOB YeroBeka, Obika, KpbIChl U nowwaam
B cpeaax 0,4 n 0,6 monb/n NaCl noBbllWaeT YyBCTBUTENIBHOCTb KIETOK K MexaHu4eckomy ctpeccy. Hanbonee 4yBCTBUTENbHBI K
YBEMUYEHUID OCMOTUYECKOW Harpy3kum B YCIOBUSIX MEXAHWYECKOro cTpecca No fnokasaTento reMoNIMTUYECKOro NoBpeXAeHUs!
3puUTpoLMThl Bblka M KpbICbl, @ NO MokasaTen BbIXO4a MOHOB Kanus — kneTku nowagau. Npeanonaraetcsi, YTO pasHasi YyBCTBU-
TENbHOCTb 3PUTPOLIUTOB MIIEKOMUTAIOLINX K MEXAHWYECKOMY CTPECCY B YCIOBUSIX OCMOTUYECKOMN Harpysku onpeaensieTcs Buao-
BbIMWU OCOBEHHOCTSIMM TpaHcrnopTa BoAbl U NUNUAHOIO COCTaBa 3pUTPOLUTapHbIX MeMbpaH. CpaBHUTENbHbIM aHanuM3 BRUSIHUSA
06€e3BOXMBaHNSA 3PUTPOLIMTOB HA UX YCTOMYMBOCTb K CTPECCOBbLIM (hakTopam nokasar, YTo (hopMUpoBaHue CTabunbHOro COCTOSHUSI
kneTok (B cpene, copepxawen 0,4 monb/n NaCl) k 4eNCTBUIO TMNEPTOHUYECKOro LWoKa He obecneyMBaeT MX YyCTOWYMBOCTb B
YCIOBUSIX MEeXaHW4YecKoro crpecca.

KniouyeBble cnoBa: apuTpoLMTbl MIekonuTalLwmux, 06e3BoXnBaHNe, MEXaHUYECKUIA CTPECC, KaTUOHbI Kamnusl, reMonus.

Pedrepart: [locnioxeHo 4yTnuMBICTb epuUTPOLMTIB MIOAMHKM, BUKa, Liypa Ta KOHS A0 Aii MexaHiYHOro cTpecy y cepeoBuLiax, sKi
mictaTte 0,15, 0,4 ta 0,6 monb/n NaCl. MexaHiyHMI cTpec epuTpounTiB ccaBsuiB y cepegoBuli, ke mictute 0,15 monb/n NaCl,
npvBoauTb Ao BTpaTtu knituHamu K* Big 30% ans eputpoumnTiB koHs Ao 60% Ans knituH 6uka. MakcumarbHy CTiKICTb 3@ MOKa3HUKOM
remonisy Ao Aii MexaHiYHoro cTpecy BUSIBNAKOTL epuTpounTn Brka i koHs y cepepoBuLli, sike Mictutb 0,15 monb/n NaCl. MNokasaHo,
L0 3HEBOAHEHHSI epUTPOLNTIB NOAUHM, Buka, Lypa Ta KoHs y cepeposuwiax 0,4 Ta 0,6 mons/n NaCl nigBuilye 4yTnuBicTb KNiTWH
[0 MexaHiYHoro cTpecy. Hanbinbw 4yTtnmei Ao 36inblEeHHS OCMOTUYHOIO HaBaHTaXEHHS B YMOBAaxX MEXaHiYHOro CTpecy 3a nokas-
HUKOM FreMOSTiITUYHOIO MOLUKOKEHHST epuTpoLmnTH Brka i Wwypa, 3a Noka3HMKOM BMXOAY iOHIB Karnito — KNiTUHK KoHS. MepenbavaeTbes,
IO pi3Ha YYTNUBICTb EPUTPOLMTIB CCaBLiB 40 MEXaHIYHOro CTpecy B yMOBaX OCMOTMYHOIO HaBaHTaXXEHHS BU3HA4YaeTbCs BUOOBUMM
0Ccob6nMBOCTAMM TpaHCNOPTY BOAW i MiNiAHOro cknagy eputpountTapHmx mMembpaH. MopiBHANBHUI aHani3 BNAWBY 3HEBOAHEHHS
€pUTPOLMTIB Ha iX CTiKICTb A0 CTPECOBUX YMHHMKIB NOKa3aB, WO (POpMyBaHHS CTabinbHOro crtaHy KniTvH (y cepedoBuLli, sike
MmictuTb 0,4 monb/n NaCl) go gii rinepToHiYHOro Woky He 3abesnevye ixX CTIMKICTb B yMOBax MeXaHiYHOro cTpecy.

KnrouoBi cnoBa: epuTpounTn ccaBLiB, 3HEBOLHEHHSI, MEXAHIUYHUIA CTPeC, KaTiOHW Kanito, remonis.

Abstract: Sensitivity of human, bovine, rat and equine erythrocytes to effect of mechanical stress in the media containing 0.15,
0.4 and 0.6 mol/l NaCl was studied. Mechanical stress of mammalian erythrocytes in the medium containing 0.15 mol/l NaCl results to
the loss of K* by cells: from 30% for equine erythrocytes and 60% for bovine cells. Bovine and equine erythrocytes in the medium,
containing 0.15 mol/l NaCl show a maximum resistance on hemolysis index to mechanical stress effect. It has been shown that
dehydration of human, bovine, rat, and equine erythrocytes in the media with 0.4 and 0.6 mol/l NaCl increases sensitivity of cells to
mechanical stress. Bovine and rat erythrocytes are the most sensitive to an increase in osmotic load under mechanical stress on
hemolytic damage index, and equine cells are the most sensitive to potassium ion outflux index. Different sensitivity of mammalian
erythrocytes to mechanical stress under osmotic load is supposed to be determined by specific peculiarities of water transport and
lipid composition of erythrocyte membranes. Comparative analysis of dehydration effect of erythrocytes on their resistance to stress
factors showed that formation of stable state of cells (in the medium with 0.4 mol/l NaCl) to hypertonic shock effect did not provide
their resistance under mechanical stress.

Key words: mammalian erythrocytes, dehydration, mechanical stress, potassium cations, hemolysis.
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Ha 6uonoruueckue oObeKTH IPU HU3KOTEMIIEPa-
TYypHOM KOHCEPBHPOBaHUM AEUCTBYET LIETBIN P He-
OnaronpusaTHBIX (pakTOpoB (BBICOKHE KOHLEHTPALUN
COJIM, MEXaHNYECKOE MOBPEKIECHUE KpHUCTaIaMHU
nea, m3MeHenre pH u np.) [ 1], 11t u3ydeHust KOTOPBIX
MIPUMEHSAIOT MOJEJIbHBIE dKCIEepUMEHTHI. Tak, mis
WICCIICIOBAHMSI BIUSHIS HA KJIETKH BEICOKMX KOHIIEHT-
parmii conu, KOTOpBIE IOCTUTAIOTCS ITPH BEIMOPAKHBa-
HUH CBOOOTHOW BOJIBI, MCTIONIB3YIOT THTIEPTOHHYECKHUN
ok [7].

Panee ObL10 ycTaHOBIIEHO, YTO HAYaJIBHOE COCTOS-
HHUE 3PUTPOLUTOB MIEKONUTAKOUIUX OMPEesIeT
YCTOMUYMBOCTB KJIETOK K IEHCTBHIO THIIEPTOHNYIECKOTO
moka [2, 7, 9]. Tak, mocine HHKyOHpPOBaHUS KJIETOK
YeJI0BEKa, KPBICHI U JIOIIAU B COJIEBBIX CPENAX C OT-
HOCHTEJIbHO HEBBICOKOW KoHUeHTpanuen (0,3—
0,4 monp/nm NaCl) oHE TIPOSBISAIOT MaKCHMaJIbHYIO
YCTOWYUBOCTB K ITOCIIETYIOIIEMY IEHCTBUIO THIIEPTO-
HHYECKOTO II0Ka [5, 9], T. €. IepexoAsT B COCTOSTHUE,
KOTOpO€ B JasbHelIeM OyJieM Ha3bIBaTh «CTAOMIIb-
HbIM». [locKonbKy yka3aHHBIH 3(peKT BRIABIEH A
SPUTPOIUTOB PAa3HBIX BHIOB MIEKOMHUTAIOMHUX [9],
MO>KHO TOBOPHUTB O HEKOTOPOI YHUBEPCAIBHOCTH MOJI-
X0/1a, CBSI3aHHOTO C YACTHYHBIM 00€3BOKUBAHUEM KITe-
TOK, B (POPMHPOBAHHH COCTOSIHUS CTAOUIBHOCTH
SPUTPOLUTOB MIIEKOTIUTAIOIINX K IEHCTBUIO THIIEPTO-
HUYECKOTO II0Ka.

OpUTPOLUTHI YETIOBEKA YYBCTBUTEIBHBI K IEHUCT-
BHIO MEXaHHYECKOTO CTpPecca, 4TO, B YaCTHOCTH, IPO-
ABIISIETCS B UX pa3pylIeHUH TPY HCIIOTB30BaHUH CHC-
TEM HCKYCCTBEHHOTO KPOBOOOpAIIEHHS 1 00y CIOBIEHO
(hopMupoBanreM MeMOpaHHBIX TOP, MPOHUIIAEMBIX
s reMorioOmHa [18]. MexaHnu3m MOBPEXKICHUS
SPUTPOLIUTOB B YCIOBUSAX TMIIEPTOHMYECKOTO IIIOKA
TaKXe CBSA3BIBAIOT C 00pa3oBaHHUEM TpaHCMeMOpaH-
HBIX 1IOp [5, 9], Ha popMUpOBaHNE KOTOPHIX IPEABAPHU-
TEJIbHOE YaCTUYHOE 00€3BOKMBAHUE KJIETOK MOXKET
OKa3bIBaTh ONOCPEJOBAHHOE BIUSHUE.

ITockonbKy yCTOMYHMBOCTD 3PUTPOLIUTOB K ACUCT-
BUIO KaK MEXaHHYECKOI'O CTpecca, TaK U I'MIIEepPTO-
HUYECKOTO IIIOKA CBS3aHA C COCTOSHUEM MeMOpaHbI
[5], mpeacTaBisLUIO UHTEPEC HUCCIECIOBATH CTEICHB
BIIMSAHUSI 00€3BOKMBAHUS KJIETOK HA UX yCTOWYHUBOCTD
K MEXaHMYECKOMY BO3JEHCTBUIO.

ens paboOThI — H3yUNTH BIUSHUE 00C3BOKUBAHUS
SPUTPOLMTOB YeJIOBEKa, ObIKA, KPBICH U JIOMIAIH B
cpenax, cogepxamux 0,4 u 0,6 monw/n NaCl, Ha ux
YyBCTBUTEIBHOCTh K MEXAaHUYECKOMY CTpECCy IO
[I0Ka3aTeIIM TeMOJIN3a U BBIX0/1a KAaTHOHOB KaJMs U3
KJIETOK.

MaTepuaJjbl U METOAbI

JInst icciieIoBaHUsT UCTIONB30BAIH SPUTPOLIUTHI,
MOJYYCHHBIC U3 JOHOPCKOM KpoBH YenoBeka (Homo
sapiens), Obika (Bos taurus), nomanu (Equus cabal-
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Several unfavourable factors, in particular, high sali-
ne concentrations, mechanical damage caused by ice
crystals, changes in pH efc. [ 7] affect biological objects
during low-temperature storage. To investigate those
the model experiments are used. In particular, a
hypertonic shock is applied to study the effect on cells
of high saline concentrations occuring during free water
freeze-out [15].

Previously, it has been found that an initial state of
mammalian erythrocytes determines a cell resistance
to a following hypertonic shock [1, 15, 17]. In so doing,
incubation of human, rat and equine cells in saline media
with relatively low concentrations (0.3—0.4 mol/l NaCl)
results in developing of a maximum resistance to the
following effect of hypertonic shock [14, 17], i.e. enter
the state, which thereinafter will be called as ‘stable’.
Whereas this effect has been found for erythrocytes
of different mammalian species [17], we suggest a
certain versatility of the approach, associated with par-
tial dehydration of cells in appearance of stability of
mammalian erythrocytes against hypertonic shock
effect.

Human erythrocytes are sensible to mechanical
stress, that, in particular, manifests in their destruction
when using the systems of artificial blood circulation
and is based on formation of hemoglobin penetrable
membrane pores [16]. Mechanism of erythrocytes
damage under hypertonic shock has also been asso-
ciated with the formation of transmembrane pores [14,
17], which could be indirectly affected by preliminary
partial dehydration of cells.

Whereas erythrocytes resistance to the action of
both mechanical stress and hypertonic shock is asso-
ciated with a state of membrane [14], it is of interest
to investigate how strongly the cell dehydration affects
their resistance to mechanical stress.

The research aim was to study the dehydration
effect of human, bovine, rat, equine erythrocytes in
media containing 0.4 and 0.6 mol/l NaCl on their
sensibility to mechanical stress in terms of indices of
hemolysis and potassium cation outflux from cells.

Materials and methods

The research was performed in the erythrocytes
derived from human (Homo sapiens), bovine (Bos
taurus), equine (Equus caballus), rabbit (Orycto-
lagus cuniculus) and rat (Rattus norvegicus) blood
preserved with Glugicir hemopreservative (Biofarma,
Ukraine). The experiments in animals were performed
according to the General Ethical Principles of Expe-
riments in Animals, approved by the 5" National Con-
gress on Bioethics (Kiev, 2013) and agreed with the
statements of the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986).
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lus), xponuka (Oryctolagus cuniculus) u KpbICHI
(Rattus norvegicus), 3arOTOBIICHHOW Ha T'€MOKOH-
cepBanTe «[ moruuup» («buopapmar, Ykpanna). Jxc-
MEPUMEHTHI IPOBEACHBI B COOTBETCTBUH C « OOIIUMH
MPHUHITUIIAMHU SKCIIEPUMEHTOB Ha KHBOTHBIX», 0J100-
perHbIMU V HaltmoHaIsHBIM KOHTPECCOM 110 OMOITHKE
(Kues, 2013) u corniacoBaHHBIMH € TIOJIOKEHUAME «EB-
POTIEICKOM KOHBEHIIMH O 3aIUTE TTO3BOHOYHBIX KH-
BOTHBIX, HCIIOJIB3YEMbIX ISl 9KCTIEPUMEHTAIBHBIX U
Ipyrux Hay9IHBIX 1enei» (Ctpacoypr, 1986).

[Mocne ymaneHus mia3Mbl 3pUTPOMACCY TPHIKIBI
OTMBIBAJIH ITyTeM IICHTPUPYTUPOBaHUS (LICHTpU(YTa
OITu-3Y4.2, Keipreiscran; 3000 o6/MuH, 3 MUH) B
10-kpaTHOM 00BEME (PU3MOTOTUYECKOTO PacTBOpa
(0,15 mons/nm NaCl, 0,01 monbe/n dhocdarusrii 6ydep,
pH 7,4). JleiixouuTapHyro MJCHKY U CylIepHATaHT y/a-
JAMW acnupanued. DpUTPOIUTH XPaHWIN B BHIE
IJIOTHOTO ocajka He 6onee 4 1 mpu Temneparype 0°C.
Bce cpenpl, ucronp3yemeie B paboTe, TOTOBIIIM Ha
0,01 momnw/n1 pocdaraom 6ydepe, pH 7,4.

Knerku nmoaBepraiu JeMCTBUIO MEXaHUUYECKOTO
crpecca (MC) myTeM mepeMemmuBaHus KIETOTHOM
cycrien3uu (rematokput 20%) B eMKOCTH, 3aII0THECH-
HOW IJIACTUKOBBIMH IIAPHKAMH TUAMETPOM 5 MM, TIPH
koMHaTHOH Temmeparype (22°C). O0beM cycneH-
3uM — 5 MJ1, KoJr4yecTBO mapukoB — 3 1. [lepememnmpa-
HUE OCYIIECTBIISUIH C TOMOIIBEO MATHUTHOM METITAIKH
MM-5 (Poccust), ckopocts Bpamerus —1200 o6/mun
[6]. Uepes 60 MUH OCYIIECTBIISUTH OTOOP CYCIICH3UN
SPUTPOIUTOB MIICKOMUTAIONIUX IS ONpeeIeHus
BBIXOJIa TEMOTIIO0ONHA ¥ KATHOHOB KaJIHs U3 KIETOK.

YpoBeHb TreMoH3a SpUTPOLIUTOB U3MEPSITH CITEKT-
pohOTOMETPUYIECKH TIPH ITTUHE BOJIHEI 543 HM U BBI-
yUCIsUM B ipotieHTax. 3a 100%-i reMonu3 mpuHuManu
MOTJIOUICHUE MPOOBI, B KOTOPYIO A0OABISUIN TPUTOH
X-100 («Mercky», ['epmanust) B kornenTpammu 0,1%.

BbIxos1 KaTHOHOB Kalusi U3 3PUTPOIUTOB B YCIIO-
Brsix MC onpenesnsiiy ¢ IoMOILbI0 HOHOMETPa YHUBED-
cansHoro DB-74 (Benapych) ¢ ucnonb3oBaHUEM
noHceeKTuBHOTO ekTpona DJIMC-121K u anexTpo-
na cpaBaeHns DBJI-1M3.1. KonmeHTpariuio KaTHOHOB
KaJIMsl N3MEPSUTH B CyTIEpHATAHTE CyCIIEH3UH 3PUTPO-
uutoB (remMaTokpuT 20%). st momyuenns 100%-ro
[MOKa3aTelsi BBIX0Ja BHYTPHUKJIETOYHBIX KaTHOHOB
KaJIusl SPUTPOLUTHI MTOABEPTaliv 3-pa3oBOMY ITHKITY
3aMOPAKUBAHUSA-OTTABAHMS.

BenuunHy reMaTokpuTa CyClieH3UU SPUTPOIIUTOB
OTIPEACISIH MUKPOT€MaTOKPUTHBIM METOIOM [4] Ha
uentpudyre MI'LI-8 (Poccust), 0cMONISITEHOCTE pacT-
BOPOB BEIECTB — KPUOCKOIINYECKUM METOJIOM C HC-
nonk3oBanuem ocMomerpa OMKA-111-01(Ykpauna).

CratucTrdecKkyo o0paboTKy MONYUCHHBIX JIaH-
HBIX IIPOBOIHIIH C TIOMOIITHIO IIPOTPaMMBI «Statisticay
(Bepcus 6.0). DxcriepuMeHTaIbHbIE NaHHBIE Tpea-
CTaBJICHBI KaK MEIUaHa M HHTCPKBAPTUIbHBINA HHTEP-
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After plasma removal the erythromass was thrice
washed by centrifugation (centrifuge OPn-3U4.2,
Kyrgyzstan, at 3000 rpm 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). Buffy coat layer and super-
natant were aspirated. Erythrocytes were stored as a
dense sediment not longer as 4 hrs under 0°C. All the
media used in the work were prepared with 0.01 mol/l
phosphate buffer, pH 7.4.

The cells were exposed to mechanical stress (MS)
by mixing the cell suspension (20% hematocrit) in a
container filled with plastic beads of 5 mm diameter at
room temperature (22°C). Suspension volume was
5 ml, the number of beads made 31. Mixing was
performed with a magnetic stirrer MM-5 (Russia),
rotation rate was 1200 rpm [18]. After 60 min the
mammalian erythrocyte suspension was removed and
outflux of hemoglobin and potassium cations from the
cells was assessed.

Erythrocyte hemolysis level was measured spect-
rophotometrically at 543 nm and expressed in percents.
Absorption of erythrocytes sample supplemented with
0.1% triton X-100 (Merck, Germany) was assumed
as 100% hemolysis.

Outflux of potassium cations from erythrocytes
under MS was measured with universal ionometer EV-
74 (Belarus) equiped with ion-selective electrode
ELIS-121K and reference electrode EVL-1M3.1. Po-
tassium cation concentration was measured in the
supernatant of erythrocyte suspensions (20% hemato-
crit). Erythrocytes were exposed to 3-fold freeze-
thawing cycle to obtain 100% release of intracellular
potassium cations.

Hematocrit value of erythrocyte suspension was
determined by microhematocrit method [10] using
MGC-8 centrifuge (Russia). Osmolality of substances
solutions was determined by cryoscopic method using
osmometer OMKA 1C-01 (Ukraine).

The obtained data were statistically processed using
Statistica software (version 6.0). Experimental data
were presented as median and interquartile range (Q1-
Q3). Mann-Whitney test was used to examine the
statistical significance of differences of the studied
values. Correlation analysis using Pearson’s coefficient
was used to analyze the correlations among the studied
parameters. Critical level of significance when testing
statistical hypothesis was assumed as 0.05.

Nationally produced reagents of ‘chemically pure’
and ‘pure for analysis’ grades were used in the re-
search.

Results and discussion

Erythrocytes of different mammalian species are
sensitive to a transfer into solution containing 4.0 mol/I
NaCl [8]. The level of erythrocyte hypertonic injury
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Baixt (Q1-Q3). st mpoBepKH CTAaTHCTHYECKOMN 3HAUHN-
MOCTH Pa3JIMYMi UCCIIEyEeMbIX YHNCIOBBIX TIOKa3aTe-
JIel ncrons3oBanu kputepun Manna- Yutau. Koppens-
LMOHHBIN aHAIN3 C UCIONB30BaHHEM Kod(duuneHTa
[Iupcona mpuMeHsIH )1 aHATU3a CBS3EH MEXIy
HCCIeyeMBIMU MTOKa3aTeasIMu. Kputnueckuil ypo-
BEHb 3HAYMMOCTH [IPU POBEPKE CTATUCTUUECKUX I'H-
note3 Obu1 puHAT paBHbIM 0,05.

B pabote ncnonb30Balii peakTUBBI OTEUECTBEH-
HOTO TIPOM3BO/ICTBA KBATN(DHUKALINN «XI) U «UIa».

Pe3yabTarsl m o0cyxaeHne

OpUTPOUUTHI Pa3HBIX BUJIOB MIEKOITHTAIONINX
YYBCTBUTENBHBI K IEPEHECEHHIO B PACTBOP, COAEpKa-
i 4,0 mois/ NaCl [3]. YpoBeHb THIEPTOHHYECKOTO
MOBPEXICHHUS S3PUTPOLIUTOB 3aBUCUT OT MX HAYAJILHOTO
COCTOSTHUSI, B YACTHOCTH OT CTEIIeH! 00€3BOKUBAHUS
[9]. OpHUTPOIUTHI YeTOBEKA, KPHICH U JIOMIAIH IIPOSIB-
JSIOT MUHUMAIIBHYI0 YYBCTBHTEIBHOCTD K ICHCTBHUIO
TUTIEPTOHUYECKOTO IIIOKa MOCIe
WHKYOMpOBaHHMS B cpelie, COAep-

depends on their initial state, particularly, the dehydra-
tion degree [17]. Human, rat, and equine erythrocytes
exhibited minimum sensitivity to the action of hyper-
tonic shock after incubation in the medium containing
0.4 mol/l NaCl, and maximum one was observed after
treatment with 0.6 mol/l NaCl medium. Thus, the use
of media with different osmolality allows to obtain the
cells either in stable (hypertonic shock resistant) or
metastable (hypertonic shock unstable) state. It should
be noted that in case of bovine erythrocytes the
hypertonic shock stable state could be formed after
incubation in a medium with higher NaCl concentration
(1.0 mol/1) [1].

This study highlighted the effect of MS on mamma-
lian erythrocytes being in the media containing 0.4 and
0.6 mol/l NaCl. Fig. 1 represents the values of hemo-
lysis of mammalian erythrocytes under MS conditions.
In physiological medium the highest resistance to MS
was exhibited by bovine and equine cells. Under com-
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uwx 0,4 1 0,6 mons/n NaCl. Ha 018

KoHueHTpauua NaCl, mone/n
NaCl concentration, mol/l

puc. 1 npeaACTaBJICHBI 3HAYCHUA

04 06 015 04 086
KoHueHTpauyusa NaCl, mons/n
NaCl concentration, mol/l

reMOJT13a 3PUTPOLIUTOB MIICKOTIHU-
tafomux B ycinoBmsix MC. B du-
3HOJIOTHYECKOH cpene HanOoIb-
myro ycroitunBocts k MC mpo-
SIBJISTFOT KJICTKH OBIKA U JIOTIAIH.
IIpu coueraHHOM JE€WCTBUU
0,4 Mo/ NaCl u MC cpeaun
HCCIIEYEeMBIX BUIOB MJICKOIH-
TAIINX 3PUTPOIUTHI JOIIATN

Puc. 1. YpoBeHb remonvsa apuMTpoLMTOB MIIEKOMUTAKLWUNX B cpedax, coaep-
xawwmx 0,15, 0,4 n 0,6 monb/n NaCl, npu AeicTBMM MEXaHNYEeCKOro cTpecca: 0 —
MeauaHa; | [— MHTepkBapTunbHbIN nHTepean (Q1-Q3), I — MakcumanbHoe-
MUHUMarnbHOe 3HayeHue; *, # — cTaTUCTUYECKM 3HAYMMbIE Pa3NMyUs Mo
CpaBHEHUIO C¢ peaynbraTamu, nonyyeHHbiMm B 0,15 un 0,4 monb/n NaCl
cooTBeTcTBEHHO (p < 0,05), konnyecTBo HabnogeHUn B Kaxaon rpynne — 9.

Fig. 1. Level of hemolysis of mammalian erythrocytes in media containing 0.15,
0.4, 0.6 mol/l NaCl under mechanical stress: o0 — median; []— interquartile range
(Q1-Q3); I — maximum-minimum value; *, # — statistically significant differences
if compared with the results obtained in the 0.15 and 0.4 mol/l NaCl, respectively
(p < 0.05), the number of observations in each group is 9.
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XapaKkTepU3yITCs HanOOoJbIlIeH yCTOHYNBOCTRIO, a
KJIETKH KPBICBI — MAKCUMAIBHBIM YPOBHEM T'€MOJIU-
THUYECKOTO MOBpEeXIeHHs. B pe3ynbrare koMOHMHUPO-
BaHHOTO neficTBus 0,6 Monb/1 NaCl u MC Gombiryto
YCTOMYU-BOCTH MPOSIBISIOT KJIETKU YelOBeKa U JIO-
1] TT0 CPABHEHHIO C SPUTPOLIUTAMU ObIKA U KPBICHI.
MexaHn4ecKHil cTpecc 3pUTPOLUTOB MIIEKOIH-
tarouwx B 0,15 monbs/n NaCl mpuBoauT k notepe Kiet-
kamu K, BeIpakeHHO# B pasHoil crenenu: ot 30%
sputporuraMu Jomaan a0 60% kmerkamu ObIKa
(puc. 2). Ilpu ocmoTtnueckoit Harpy3ske (0,4 Monb/n
NaCl) noTepst HOHOB KaJHs SpUTPOLUTAMHU YEJIOBEKa,
KpBICHI 1 ObIKa yBenmunBaercs 10 80-90%, a kineTka-
mu Jomand — 10 45%. T1oBeIllIeHNe 0CMOTHYECKOM
Harpy3ku 10 0,6 moss/n NaCl conpoBosknaeTcs nmore-
peit K spuTponuramMu Becex HccaeJOBAHHBIX MIEKOIH-
TaroImuXx Ha ypoBHe 6osee 90%. Takum oOpazom, B yc-
noeusx MC ocmotnueckas Harpy3ka (0,4 u 0,6 MoJb/1
NaCl) no cpaBHeHHIO ¢ husHO-
JIOTHYECKUM PacTBOPOM 3HAUH-

bined effect of 0.4 mol/l NaCl and MS among the
studied mammalian species equine erythrocytes were
characterized by the highest resistance and the rat cells
exhibited the maximum level of hemolytic damage. In
case of a combined action of 0.6 mol/l NaCl and MS
human and equine cells had higher resistance if com-
pared with bovine and rat erythrocytes.

Mechanical stress of mammalian erythrocytes in
0.15 mol/l NaCl led to the loss of K* by cells expres-
sed differently: from 30% in equine erythrocytes to
60% in bovine cells (Fig. 2). Under the osmotic load
(0.4 mol/I NaCl), potassium ion loss by human, rat and
bovine erythrocytes increased up to 80-90%, and in
equine cells it did up to 45%. Increasing the osmotic
load up to 0.6 mol/l NaCl was accompanied by K* loss
by erythrocytes of all the studied mammals at the level
of more than 90%. Thus, under MS the osmotic load
(0.4 and 0.6 mol/l NaCl) significantly increased outflux
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Puc. 2. YpoBeHb Bbixoga K* M3 apuTpoLUTOB MAeKoNuTawLWwmx B cpeaax, co-
aepxatmx 0,15, 0,4 n 0,6 monb/n NaCl, npyu gencTBun MexaHn4eckoro crpecca:
— VHTepPKBapTUNbHbIA MHTepBan (Q1—Q3),I
MWHMMarnbHOE 3Ha4YeHue; *, ** — CcTaTUCTUYECKU 3HAYUMbIE Pa3NnYusa no
CpaBHEHUIO ¢ pesynbratamu, nonyyvyeHHbiMu B 0,15 1 0,4 mone/n NaCl coort-
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BETCTBEHHO (p < 0,05), konnuecTBo HabnogeHUN B Kaxaon rpynne — 9.

Fig. 2. Level of K* outflux of mammalian erythrocytes in media containing 0.15,
0.4, 0.6 mol/l NaCl under mechanical stress: o0 — median, []

(Q1-Q3),

(p < 0.05), the number of observations in each group is 9.
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— MaKkcumMalbHOe-

— interquartile range
I — maximum-minimum value; *, ** — statistically significant differences
if compared with the results obtained in the 0.15 and 0.4 mol/l NaCl, respectively



KJeTok yenoBeka (B 1,6 u 1,9 paza) (cm puc. 1). [lpu
3TOM MaKCHMaJIbHO€ yBenuwdeHue Beixona K mpum
MOBBIIIEHUN OCMOTHUYECKOI Harpy3KH XapaKTEpHO IS
3pUTpOUUTOB Jotmanu (B 2,1 u 4,4 pasza), a MUHUMAaIb-
HOe — JuIs KieTok Obika (B 1,2 u 1,4 paza) (puc. 2).

Pa3nas mexaHudeckasi yCTOWYUBOCTh 3PUTPOLIH-
TOB MJICKOTIUTAIOILIX MOKET OBITh CBA3aHAa C BUIOBBI-
MH OCOOCHHOCTSAMH KJIETOK. Tak, 3pUTPOLUTHI ObIKa
1 JIOIIaid, KOTOpPBIE UMEIOT MUHIMAJIbHBIA YPOBEHB
MexaHuueckoro remosnusa (B 0,15 mons/a NaCl)
(cM. puc. 1), XapaKTepHu3yIOTCs BHICOKUM 3HaU€HHEM
MTOBEPXHOCTHO-00BEMHOTO OTHOIIIEHUs [12, 14, 15| n
HU3KHUM COJepKaHNEM BHYTPUKIETOYHOM BoabI [17].
[Ipu nCKyCcCTBEHHOM yMEHBIIIEHUN COAEP)KAaHHSI BHYT-
PHUKJIIETOYHON BOIBI B pe3yJbTaTe WHKyOMPOBAHHMS
SPUTPOLUTOB B runeproHundyeckux cpenax (0,4 u
0,6 monp/m NaCl) ux ycroitunBocts k MC He MTOBEI-
maetcs (cMm. puc. 1).

Ananu3 norepu K' spurponuramu uenoBeka u
YKUBOTHBIX, HaxosmmumMucs B 0,15 mone/n NaCl, npu
neiictBun MC mokasan MakCUMaJbHBIA YPOBEHD BBI-
xona K" u3 xiretok Obika (puc. 2), 4TO MOXET OBITh
00yCIIOBIEHO 0COOCHHOCTSIMU BHYTPHKIETOYHOTO
KaTMOHHOTO COCTaBa 3PUTPOLUTOB MIEKOIUTAIONIUX.
B ornuume OT 3pUTPOIUTOB OOJBIIMHCTBA MIIEKO-
MATAIONINX, KJIETKH KOTOPBIX XapaKTepPHU3YyIOTCS BbI-
COKHUM COJEpKaHHEM KalHs, 3pUTPOLUTHl ObIKa B
Ka4eCTBE JOMUHHUPYIOLIEr0 BHYTPHUKIETOUHOTO Ka-
THOHA conepskat Hatpuii [13].

Kax BugHO 13 puc. 1 11 2, 5pUTpOLNTHI UETOBEKA U
KMBOTHBIX B pacTBopax, cogepxarux 0,4 u 0,6 Mojb/n
NaCl, menee ycroiiunBel Kk MC 1o cpaBHEHHUIO C
KJIeTKamMu B ¢usuonorndeckoit cpeme (0,15 moms/n
NaCl), uro cormacyeTcst ¢ pe3yasTaraMu, IMOITydeH-
HBIMH JpyTUMH MeToaaMH [ 5, 8]. Tak, mpu 6-kpaTHOM
MIpOJIaBIMBaHUN 3PUTPOLUTOB KPBICH UEpE3 UIIY
muametpoM 0,3 MM MOKa3aHO yBETWYCHHE MEXaHU-
YECKOr0 TeMOJIN3a KJIETOK B Cpefe, coAepiKamieit
0,55 monps/n NaCl, o cpaBHEHHIO C KJIETKaMH B (H-
3uoN0ruueckoM pactsope [8]. BoisaBiaeHHsli (akr
YBEITMUEHNS MEXaHUIECKOTO IMTOBPEXKACHUS 3PUTPOLIH-
TOB YEJIOBEKA M JKUBOTHBIX B YCJIOBHSX THIIEPTOHUN
(cm. puc. 1, 2) MokeT OBITH CBSI3aH C U3MEHEHHEM
XapaKTepUCTUK 3PUTPOLUTAPHBIX MEMOpaH B THIIEP-
TOHUYECKUX cperax [, 19]. B wacTHOCTH, MOKa3aHBI
yMeHblIIeHHe TeKy4ecTH [ 19] u yBenudenne quHaMu-
YECKOI JKECTKOCTH [ 5] SpUTpOLIUTAPHBIX MEMOPaH NpH
MOBBILIEHUH KOHIIEHTPALUH COJIU B CPETIE.

YcTaHOBJIECHO, YTO MEXAY BelIndnHAMH Kodhhu-
nueHTa TpaHcMeMOpaHHON nuddy3un BOAH MpHU
ncnonbs3oBaaud PCMBS (25°C) [10, 11] n 3HaueHnsMu
MEXaHUYECKOTO TEMOJIH3a SPUTPOLIUTOB MIIEKOIIUTAIO-
mux B 0,4 mons/m NaCl (cm. puc.l) Habmromaercs
CHJTbHASI KOppeTsIinoHHast CBs3b (7 = 0,9886) (puc. 3).
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of K* from cells of all the mammals if compared with
physiological solution.

In physiological medium the found species-specific
differences of mammalian erythrocytes response on
MS effect were more prominent in terms of K* outflux
from cells (Fig. 2) than in case of hemolysis index
(Fig. 1). In hypertonic media the species-specific diffe-
rences were manifested, mainly, by the level of hemo-
lysis of mammalian erythrocytes under MS conditions
(Fig. 1 and 2).

Analysis of changes in hemolysis level and the loss
of K" by mammalian erythrocytes accompanying the
increase in medium saline concentration revealed the
following peculiarities. Under conditions of MS the rise
in medium saline concentration was subtended with
an increase of both indices of cell damage if compared
with the physiological medium. In the solutions contain-
ing 0.4 and 0.6 mol/l NaCl a maximum rise in hemolysis
level was observed for bovine (in 2.9 and 3.4 times)
and rat erythrocytes (in 2.8 and 3 times), the minimum
increase was found in human cells (in 1.6 and 1.9 times)
(Fig. 1). Herewith, a maximum increase of K* outflux,
which was found at rising of osmotic load, was cha-
racteristic for equine erythrocytes (in 2.1 and 4.4 ti-
mes), while the minimum one was characteristic for
bovine cells (in 1.2 and 1.4 times) (Fig. 2).

Various mechanical resistances of mammalian
erythrocytes may be associated with species pecu-
liarities of the cells. Thus, bovine and equine erythro-
cytes, which had a minimum level of mechanical
hemolysis (0.15 mol/l NaCl) (Fig. 1), possessing high
values of surface-volume ratio [4, 9, 11] and a low
content of intracellular water [13]. Artificial reduction
of intracellular water content due to incubation of
erythrocytes in a hypertonic media (0.4 and 0.6 mol/l
NaCl) did not result in an increase of their resistance
to MS (Fig. 1).

Analysis of K" loss by human and animal erythro-
cytes being in 0.15 mol/l NaCl and subjected to MS
effect showed the maximum level of K* outflux in case
of' bovine cells (Fig. 2), that might be stipulated by the
peculiarities of intracellular cation composition of
several mammalian erythrocytes. In contrast to eryth-
rocytes of most mammals, the cells of which have
a high content of potassium, bovine erythrocytes have
sodium as the predominant intracellular cation [5].

Fig. I and 2 show that human and animal erythro-
cytes are less resistant to MS in solutions containing
0.4 and 0.6 mol/l NaCl if compared to the cells in
physiological medium (0.15 mol/l NaCl), that is
consistent with the results obtained by other methods
[6, 14]. In particular, 6-fold pressing of rat erythrocytes
through 0.3 mm diameter needle was shown to be
accompanied with an increase of mechanical hemolysis
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Puc. 3. BsanmocBsa3b nokasatenen MexaHM4eckoro reMmo-
nu3a 3puMTPOUMTOB MIIEKONMTalwLWmnX B cpeae, coaep-
xawen 0,4 monb/n NaCl, n koacpcpuumneHta PCMBS-ycTon-
ynBoro A dy3MoHHOro TpaHcnopTa Boabl.

Fig. 3. Indices of mechanical hemolysis of mammalian
erythrocytes in medium containing 0.4 mol/l NaCl vs. coef-
ficients of PCMBS-resistant diffusion transport of water.

[Mockoneky PCMBS uHrHbupyer OeiKkoBble KaHAIbI
TPaHCIOPTa BOABI, MOXKHO IOJIararb, YTO 3HAYCHHS
TFEMOJIMTUYECKOTO TIOBPEXKIECHUS SPUTPOLIUTOB MIle-
konuTamux mpu MC KoppenupyoT ¢ BETHIMHAMA
ko3 unrenTa TpancMeMOpanHon MU GY3UN BOIIBI
yepes JUMUAHbIN Oucioit memOpansl. Cienyer oTMe-
THUTb, YTO SPUTPOLUTHI KPBICHI UMEIOT MaKCUMAJIbHBIH
YPOBEHb MEXaHUYECKOTO MOBPEKICHHS ITPH OCMOTH-
yeckoit Harpy3ke (0,4 u 0,6 moss/i NaCl) (em. puc. 1,
2). Cpean uccienyeMblX MIICKOIMTAIOMUX KIETKH
KPBICHl XapaKTEPHU3YIOTCSl BHICOKHUMHU 3HAYCHHUSIMH
ko3 durmenta 1uhGHy3nOHHOrO TPAHCIOPTA BOIBI
gepe3 IPUTPOIUTAPHYIO MEMOPaHy, a Takke Koddhu-
nuenTa Any3MOHHOTO TPAaHCIIOPTA BOABI Kak 4epes
JUMHIHBIA, TaK U yepe3 OeTKOBBI KOMIOHEHTHI
memOpanst (25°C) [10, 11]. Kpome Tor0, 3pUTPOIUTHI
KpBICHI UMEIOT BBICOKOE COZAEp)KaHWE aKBarmopuHa |
(Gemok momnockl 4.5), yepe3 KOTOPBIH OCYIIECTBISETCS
TparcnopT BoAsl [16]. Takum oOpa3zom, MOXKHO
oJIaraTh, YTO BBICOKAsI YyBCTBUTEIBHOCTH SPUTPO-
IIUTOB KPBICHI K neiicTBuio MC cBsi3aHa C OMHUCaH-
HBIMH CBOMCTBaMU MeMOpaH.

OpUTPOLUTHI MIEKOMUTAIOIINX C BBICOKUM COAEP-
JKaHMEeM HeJaMeJULIPHBIX JIMIHUI0B B MeMOpaHe yc-
TOWYUBHI K TEMIEPATYPHO-OCMOTHYECKOMY CTpPEcCy
[9], uTo ompenenseTcst CHOCOOHOCTHIO ATUX JIUMTUIO0B
00pa30BBIBATH IEKCATOHANBHBIEC CTPYKTYPHI B JTaMe-
JIIPHOM yTIaKOBKe TUMUIHOTO Ouciod. Takue CTpyKTy-
PBI «HAPYMIAIOT)» HETIPEPHIBHOCTH JINMTUIHOTO OUCIIOS
BCJIEICTBHE YETO U3MEHSIOTCS (PU3NUECKUE TTapaMeT-
PBI €ro pacTsHKUMOCTH (MeMOpaHa cTaHOBUTCS Ooniee
nabmipHOM) [20]. IlociaeaHee MO3BOIIACT CHUZUTH
HampsDKeHHE Ha MeMOpaHe, BO3HUKAIOIIEE B YCIOBHIX
TEMIIEpaTypHO-OCMOTHYECKOTO CTpecca, U MpenoT-
BpaTUTh Pa3BUTHE TPaHCMEMOpaHHBIX 1op. MeMOpa-
HBI SPUTPOIIUTOB KPBICHI, KOTOPHIE TOCTATOYHO TyBCT-
BuTenbHB K MC (cM. puc. 1, 2), XapakTepu3yroTcs
HU3KHM COJIEpKAaHUEM HeJIaMeJUIIPHBIX JTUIUAO0B
(poctharunmmaTanonamuH, churromuenus) [21]. Ilo-
BHIUMOMY, 3Ty 0COOEHHOCTh MOXKHO paccMaTpUBaTh
B Ka4eCcTBE OJHOTO U3 (PaKTOPOB, MPETSTCTBYIOMINX
aJlanTalyy KIETOK KpBICH K neiictBuio MC.

AHaNu3 3KCIEpUMEHTANBHBIX JaHHBIX IOKa3al
3aBUCHMOCTH YCTOHYHNBOCTH 3PUTPOIMTOB YEITOBEKA
1 )KMBOTHBIX K IeHcTBUI0 MC He TOBKO OT BUIOBBIX
0COOEHHOCTEH HCCIIeyEMBIX HPUTPOLIUTOB, HO U OT
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of cells in medium containing 0.55 mol/l NaCl if
compared with the cells in physiological solution [6].
Revealed fact of the increased mechanical injury of
human and animal erythrocytes under hypertonic
conditions (Fig. 1, 2) may be associated with the
changed characteristics of erythrocyte membranes in
hypertonic media [14, 19]. In particular, a decreased
fluidity [19] and increased dynamic rigidity [14] of
erythrocyte membranes was shown after increasing
the medium saline concentration.

A strong correlation (= 0.9886) (Fig. 3) was estab-
lished between the values of transmembrane water
diffusion coefficient in presence of PCMBS (25°C)
[2, 3] and mechanical hemolysis of mammalian
erythrocytes in 0.4 mol/l NaCl (Fig. 1). As far as
PCMBS inhibits protein channels of water transport,
it can be assumed that the values of hemolytic damage
of mammalian erythrocytes during MS correlate with
the coefficient of transmembrane diffusion of water
through membrane lipid bilayer. It should be noted that
rat erythrocytes showed a maximum level of mecha-
nical damage under osmotic load (0.4 and 0.6 mol/l
NaCl) (Fig. 1, 2). Among the studied mammals the rat
cells were characterized by high values of coefficient
of water diffusion transport through erythrocyte
membrane, as well as coefficient of water diffusion
transport through both lipid and protein components of
membrane (25°C) [2, 3]. Moreover, the rat erythrocytes
were shown to have a high content of aquaporin I (band
4.5 protein), realizing the water transport [12]. Thus,
it could be assumed that a high sensitivity of rat
erythrocytes to MS effect was associated with the
described properties of membranes.
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COCTOSIHUSI KJIETOK, (POpPMHpPYIOIIErocs: Mo JehcT-
BHEM OIPEJIEIICHHON OCMOJISIIBHOCTH BHEIIHEH cpe-
11, Takum 00pa3oM, SHIOTCHHBIE U DK30TeHHBIC (hak-
TOPBI MOTYT BJIMSTH MPSIMO WJIM ONOCPEIOBAaHHO Ha
YCTOMYMBOCTh KIJIETOK K JIEMCTBHUIO CTpecca.

IIpu yacTUYHOM yZnaneHUH BHYTPUKIIETOUHON BOJIBI
SPUTPOLMTHI 3AIMIEHB! OT THIEPTOHNYECKOTO TIOB-
pexnenus [2, 7, 9], a B cayyae MC 3amutHsbIi 3 ekt
4aCTUYHOTO 00€3BOKUBAHUS SPUTPOLIUTOB HE ITPOSIB-
asiercst (eM. puc. 1, 2). Takum 00pazom, BEISBICHHOE
B YCJIOBMSIX TMIEPTOHMUYECKOIO CTpEcca COCTOSHHE
«CTaOMIBLHOCTH» 3PUTPOLIUTOB MIIEKOITUTAIONMINX [9]
HE SIBIISIETCS YHUBEPCAIBHBIM B YCIIOBHAX JEHCTBUSA
MC.

BoiBoabI

[IpensapurenpbHOE 00E3BOKUBAHIE IPUTPOIUTOB
MJICKOITUTAIONUX YBEITUYUBACT X YYBCTBUTCIIEHOCTh
Kk neiicteuo MC. B ciiydae noBbIIIIEHUS KOHIICHTPALUU
conu B cpeae npu MC mMakcHManbHOE MOBBIIICHHE
YPOBHS reMoJin3a HaOIromaeTcs Uil SPUTPOIMTOB
OBIKa U KPBICHI, 2 MUHIMAJIbHOE — JIJISl KIIETOK YeJio-
Beka. MakcumanbHoe yBenuueHue Boixoga K' mpu
MOBBILICHUH OCMOTHUYECKON HArpy3KU XapaKTEpHO s
SPUTPOITUTOB JIOMIAIN, 8 MUHUMATHHOE — JJIS KJIETOK
OBIKa.

Yactuaaoe 006€3BOKUBAHIE SPUTPOITUTOB MIICKO-
MUTAIONIMX B cpefe, coaepsxkaiiei 0,4 mons/1 NaCl,
KOTOpO€ TPUBOIUT K (DOPMUPOBAHHIO CTAOUIHLHOTO
COCTOSIHHSI 3PUTPOLUTOB K NEUCTBUIO TUIEPTOHU-
YEeCKOIo II0Ka, He 00eCIIeYnBaeT yCTONIUBOCTD Kile-
TOK B ycnoBusix MC.
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Mammalian erythrocytes with a high content of
non-lammelar lipids in membrane are resistant to
temperature and osmotic stress [17], that is mainly
caused by the ability of these lipids to form hexagonal
structures in lipid bilayer lamellar packing. Such
structures disturb the regularity of lipid bilayer thereby
physical parameters of its extensibility (membrane
becomes more labile) are changed [20]. The latter
allows to reduce the tension on membrane arising under
temperature and osmotic stress and to prevent the
expansion of transmembrane pores. Membranes of rat
erythrocytes, being mostly sensitive to MS (Fig. 1, 2),
are characterized by a low content of non-lammelar
lipids (phosphatidylethanolamine, sphingomyelin)
[21].This feature can be evidently regarded as one of
the factors preventing a rat cell adaptation to MS effect.

The analysis of experimental data showed that
human and animal erythrocyte resistance to MS effect
depends not only on the species-specific features of
the studied erythrocytes, but also on a cell state, formed
by the action of a certain osmolality of external envi-
ronment. Thus, endogenous and exogenous factors
may affect either directly or indirectly the cell resis-
tance to stress.

Partial removal of intracellular water protects the
erythrocytes from hypertonic damage [1, 15, 17], but
under MS conditions no protective effect of partial
dehydration of erythrocytes was manifested (Fig. 1,
2). Thus, the found state of ‘stability’ of mammalian
erythrocytes under hypertonic stress [17], could not
be assumed as universal at least under action of MS.

Conclusions

Preliminary dehydration of mammalian erythrocytes
increases their sensitivity to MS action. When increas-
ing medium saline concentration at MS a maximum
rise of hemolysis level was observed in bovine and rat
erythrocytes, and a minimum one in human cells.
Maximum rise of K™ outflux under increasing osmotic
load was characteristic for equine erythrocytes, and
minimum one was for bovine cells.

Partial dehydration of mammalian erythrocytes in
the medium containing 0.4 mol/l NaCl, resulting in the
formation of a stable state of erythrocytes to the effect
of a hypertonic shock, did not provide the same cell
resistance under conditions of MS.
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