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About the Mechanism of Mammalian Erythrocytes Osmotic Stability

Pedbepar: Y pobori gocnimkeHo 0cobnmnBoCTi Aii rinepTOHIYHOrO LWOKY Ta MNOTOHIYHOIO CTPECY Ha epUTPOLIMTY Pi3HUX BUAIB CCaBLIiB
(nmoguHa, 6wk, KiHb, Kponuk, cobaka, Lyp). Ha nigctasi pesynbraTiB kKopensauiiHOro aHanisy (i3 BUKOpUCTaHHAM KoediljieHTa paHroBoi
kopensuii CnipmMeHa) OLiHEHO 3B’A30K MiX MOKa3HMKamMy OCMOTUYHOI YyTNMBOCTI €pUMTPOLIMTIB CCaBLiB i 3araribHOBIAOMVMU CTPYKTYp-
HO-(PYHKLIOHANbHNUMMN XapakTepucTMkaMmn Lnx KnitTuH. Y poboTi NpeacTaBneHi Ta npoaHanisoBaHi CTaTUCTUYHO 3HavyLli 3B’A3ku. BeTa-
HOBIIEHO, L0 B YMOBax FiMOTOHIYHOIO CTPECY €PUTPOLIMTIB CCaBLIB 3Ha4YeHHsi noporoBux KoHueHTpauii NaCl i BenMumHu oCMOTUYHOI
KPUXKOCTi KOPEnoloTh i3 po3aMipamu KNiTuH (diameTp). 3a yMOB riNepTOHIYHOrO LLIOKY €pPUTPOLIMTIB CCaBLiiB 3HA4YEHHSI MOPOrOBMX KOHLIEH-
Tpauin NaCl i Benn4mHm remonisy KnitvH y cepeosuLli, Wwo mMictutb 4,0 monb/n NaCl, KopentotoTb i3 MPOHMKHICTIO MeMOpaHu AN BOAW.
Eputpoumntn ccasuiB i3 BUCOKMM 3HAYeHHAM KoedilieHTa AndysiiHoro BOAHOrO TpaHCMopTy Yepes GinkoBi kaHanu GinbLu CTiviki 4o Ail
riNepTOHIYHOIO LLIOKY.

Knio4yoBi crnoBa: eputpouuT ccaBLiB, FNEPTOHIYHUIA LLIOK, MMOTOHIYHWUIA CTPEC, KOpPensALUinHWA aHani3, koedilieHT paHroBoi Kopens-
uii CnipmeHa.

Abstract: The peculiarities of the effect of hypertonic shock and hypotonic stress on erythrocytes of different species of mammals
(human, bull, horse, rabbit, dog, rat) have been investigated. Based on the results of correlation analysis (using the Spearman’s
rank correlation coefficient), the relationship between osmotic sensitivity of mammalian erythrocytes and the well-known structural
and functional characteristics of these cells was assessed. The paper presents and analyzes the significant relationships.
Under hypotonic stress of mammalian erythrocytes, the values of the threshold concentration of NaCl and the one of osmotic fragility
were found to correlate with the size of cells (diameter). Under hypertonic shock of mammalian erythrocytes, the values of the
threshold concentrations of NaCl and that of hemolysis of cells in a medium containing 4.0 mol/L NaCl correlated with the membrane
permeability to water. Mammalian erythrocytes with a high value of the coefficient of diffusion water transport due to the protein

channels are more resistant to hypertensive shock.

Key words: mammalian erythrocytes, hypertonic shock, hypotonic stress, correlation analysis, Spearman’s rank correlation

coefficient.

Eputpounti — BHCOKOCHELiaNi30BaHi KIITHHH,
OCHOBHOIO (DyHKILI€IO SIKHX € NEPEHECeHHs KHCHIO 3
JIETEHIB JI0 TKaHWH 1 BYIJICKUCIIOTO a3y B 3BOPOTHO-
My HanpsaMKy. MeTaboli3M epUTpOIUTIB, MIPEICTaB-
JIeHWI B OCHOBHOMY aHAaepOOHUM TIJIKONi30M, Xa-
PaKTepU3yETHCS MPOTYKYBAHHIM 3HAUHOI KiJTBKOCTI
2,3-mudochorTinepuHoBOi KHUCIOTH, SKa PETYIOE
CITOPITHEHICTh TEMOITIO0IHY 10 KUCHIO.

VY oprasizmi epUTPOLUTH 30€pIrar0Th MUTICHICT
i QyHKUIOHATIBHY aKTHBHICTH 32 3HAYHOI 3MiHU OC-
MOTHYHOTO TUCKY [29, 31]. 3okpema, mij yac mpo-
XOJDKCHHSI 4epe3 MO3KOBY PEUYOBHHY HHUPOK IIi KJIi-
THHU TIAJAI0THCS Tepenajay OCMOTHYHOTO THUCKY
(OCMOISATIBHOCTI): CITIOYaTKy BOHH IMiMAJAI0Th T
IO TiMepToHii, a Michs Tif BIUIMB OCMOTHYHOTO
TUCKY, SKAW 3HWKYETbCS 1O AOCATHEHHS 130TO-
HIYHOTO pIiBHS, XapaKTEPHOTO JUISI KPOBOHOCHOTO

pycma [3]. Ilpore micis TepeBUIICHHS TEBHUX
]
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Erythrocytes are highly specialized cells the
main function of which is an oxygen transportation
from the lungs to the tissues and carbon dioxide in
an opposite direct ion. Erythrocyte metabolism,
represented mainly by anaerobic glycolysis, is charac-
terized with the production of significant amounts
of 2,3-diphosphoglyceric acid, which regulates the
affinity of hemoglobin for oxygen.

In the body, erythrocytes retain integrity and
functional activity with notable changes in os-
motic pressure [29, 31]. In particular, when passing
through the renal medulla, these cells are exposed
to a drop in osmotic pressure (osmolality): first
they are exposed to hypertonia, and then under the
influence of osmotic pressure, which decreases
to reach the isotonic level, characteristic of the
bloodstream [31]. However, after exceeding the

certain threshold values of the medium osmola-
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MOPOTOBUX 3HAUeHb OCMOJISUIBHOCTI CepeloBHIIa
CPUTPOLUTH MiJAIOTHCA PYHHYBaHHIO Ta Ji3YIOTb.
[IpuuoMy 1€ BIAcCTUBO KIITHHAM, IO 3HAXOIATHCS
y CEepelOBHUIIAX SK i3 HU3BKHM, TaK i BUCOKHM 3Ha-
YeHHSIM OCMOIITIBHOCTI [5, 17]. OTxe, y mepiomy
BHITJKy Ha KIITUHU fie rinotoHiunuii ctpec (I'C),
a B Apyromy — rinepronigauii mox (I'1L).

Pesynpratom BrutuBy 'l Ha eputpouuTu € pos-
BUTOK TIIEPTOHIYHOTO TEMOJIi3y, SKHH BXOIUTH JIO
chepu IOCHIDKEHb KpioOIOJIOTiB, OCKUIBKU IpH
HU3BKOTEMIIEPaTypHOMY KOHCEPBYBaHHI B IpoOIeci
BUMOPO)KYBaHHS BUIbHOI BOAM BiIOyBAa€ThCs 3HAUHE
MiABUIICHHS KOHLIEHTPAL] coJiell y MO3aKIiTHHHOMY
cepenosuii [1, 15]. BUBYECHHS MOIIKOPKSHHS SPHT-
pouutiB 3a ymoB ['IIl HeoOXimHO I pO3poOKH
CHOCOOIB MiIBUIICHHS iX CTIHKOCTI B MpOIECi Kpio-
KOHCEPBYBaHHSI.

CraH KIITHH, TTaHAX Jii eKCTpeMabHUX (hak-
TopiB [21-23], OIIHIOIOTH 32 MapaMEeTPOM OCMOTHY-
HO1 KPUXKOCTIi, TOOTO 32 KOHIIEHTPAIIIEIO TITOTOHIY-
HOTO PO3YMHY XJIOPHJY HATpiro, MpU SKId TeMOoIi3
epurpouuTiB ctaHoBuTh 50%. Kpim Toro, I'C Buko-
PHUCTOBYIOTB i3 METOIO A1arHOCTHKH (PyHKIIOHATBHUX
pO3naiB CUCTEMH KPOBOOOITY 1 OI[IHKH CTaHy epu-
TpouuTiB [19, 25], a Takox y BUNAIKy iX IIiiecrpsi-
MOBAHOTO HAaBaHTA)KEHHS JIIKAPCHKUMH PEUYOBHHAMU
[16,32].

Buxonsun 3 BUINEBUKIIAJIEHOTO BUBYCHHS IPH-
YUH, 3aKOHOMIPHOCTEH, MEXaHi3MiB TIIOTOHIYHOTO
Ta TIMEPTOHIYHOTO JI3UCY EPUTPOINTIB JTFOMUHHU
BayxIMBe U GyHIAMEHTAJIBHHUX 1 MPUKIATHUX 10-
CITIJUKEHD.

s 3’scyBaHHS MeEXaHi3MIB CTIHKOCTI €pUTPO-
LUTIB JIOMUHYU JI0 Jii CTPecoBHX (DAKTOPIB IIUPOKO
BUKOPHCTOBYETBCS TiJXiJ, MOB’S3aHUH i3 CHpsIMO-
BaHOI0 MOAM(IKAIE€I0 PI3HUX CTPYKTYPHHUX 1 (yHK-
LIOHATFHUX 1X KOMIOHEHTIB. Taka Momudikaris
HE € BY3bKO CIIEHU(IUYHOIO 1 MOXKE BIUIMBATH Ha KJIi-
THHY B LIJIOMY, TOOTO TI€I0 YW IHIIOK MIpOIO IIO-
pyuryBatH ii HATWBHICTE. Y 3B’A3KY 3 I[UM ]ISl BHB-
YeHHS OCMOTHYHOI YYTIMBOCTI KIITHH IOIIJIEHO
BHKOPHCTOBYBAaTH HATHWBHI €PUTPOIMTH PI3HUX BH-
IiB ccaBIiB. Lli KIITHHU BIOPI3HAIOTHCS 32 CKIAIOM
LUTOIUIa3MK 1 MeMOpaHHu, 37aTHICTIO 110 aedop-
Mailii, akTUBHICTIO TPAaHCIIOPTHUX LUIAXIB [7, 12, 14,
20]. JocnipkeHHsST OCMOTHYHOI CTIHKOCTI €pUTPO-
LIMTIB CCaBIIB JO3BOJIATHL BHU3HAYUTH OCOOIMBOCTI
Ta 3akoHOMipHOCTI ii mposBy. Kopemsuiiinuii ana-
73 OI[IHKK CWJIH 3B 513Ky MK OCMOTHYHHUMH I1O-
Ka3HUKaMH 1 XapaKTepUCTHKaMu (po3mip, 0coOiu-
BOCTI CKJIQ/Ty ITUTOILIA3MH Ta MEMOpaHH) €PUTPOLIUTIB
PI3HHX BH[IB CCaBI[B JO3BOJUTH HAOMU3UTHUCS [0
PO3YMiHHS MEXaHI3MIB OCMOTHYHOT Ty TJIMBOCTI KJIITHH.

Merta pob0oTH — MOCHTIKEHHS 0COOMUBOCTEH il
TIMepTOHIYHOTO IIOKY Ta TIMOTOHIYHOTO CTpecy Ha

lity, the erythrocytes are destroyed and lysed.
Moreover, this is feature of cells in the media
with both low and high osmolality [12, 26]. Thus,
in the first case, the cells are affected by hypotonic
stress (HS), and in the second they are done by
hypertonic shock (HSh).

The resulted effect of HSh on erythrocytes
is developing the hypertonic hemolysis, which is
part of the research area of cryobiologists, because
at low temperature preservation in a free water
freezing-out a strong concentration rise in extracell-
ular medium occurs [10, 13]. The study of erythrocyte
damage under HSh conditions is necessary to develop
the ways of increasing their stability in cryopreservation.

The state of the cells exposed to extreme factors
[18-20] is assessed with the parameter of osmotic
fragility, i. e. by the concentration of hypotonic
sodium chloride solution at which hemolysis of
erythrocytes makes 50%. In addition, HS is used
to diagnose the functional disorders of the circula-
tory system and assess the state of erythrocytes
[16, 22], as well as in the case of their targeted
drug load [11, 32].

Based on the above the study of the causes,
patterns, mechanisms of hypotonic and hypertonic
lysis of human erythrocytes is important for basic
and applied research.

To elucidate the mechanisms of human erythro-
cyte resistance to the influence of stress factors,
the approach associated with the targeted modifi-
cation of various structural and functional com-
ponents is widely used. Such a modification is not
highly specific and can affect the cell as a whole,
i. e. to some extent disrupt its nativeness. In this
regard, the use of native erythrocytes of different
mammalian species to investigate the osmotic sen-
sitivity of cells is advisable. These cells differ
in the composition of the cytoplasm and membrane,
ability to deform, activity of transport pathways
[2, 7, 9, 17]. Studies of the osmotic stability of
mammalian erythrocytes will determine the fea-
tures and patterns of its manifestation. Correlation
analysis to assess the relationship strength between
osmotic parameters and characteristics (size, com-
position of the cytoplasm and membrane) of
erythrocytes of different mammalian species will
enable us to approach the understanding of the
mechanisms of cell osmotic sensitivity.

The research aim was to investigate the effects of
hypertonic shock and hypotonic stress on erythro-
cytes of different mammalian species (human, bull,
horse, rabbit, dog, rat) as well as to assess a possible
correlation between an osmotic stability and struc-
tural and functional characteristics of mammalian
erythrocytes.
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CPUTPOLIUTH PI3HUX BHJIB CCaBIB (JIOIWHA, OWK,
KiHb, KPOJIUK, co0aka, IIyp) i OLiHKa MOXIIUBOI KO-
pensiii MK TOKa3HMKaMHA OCMOTHYHOI CTIHKOCTI
Ta CTPYKTYpHO-QYHKI[IOHAILHUMH XapaKTePUCTH-
KaMH{ €pUTPOIUTIB CCaBIIIB.

Marepiaau Ta MeToaH

Y po6OTi BUKOPHCTOBYBAJIM EPUTPOLIUTH, SIKi
Oynu OTpUMaHi 3 JIOHOPCHKOI KpOBI JIFOIUHH, OHKa,
KOHsI, COOaKH, KpOJIMKA 1 IIypa, 3aroTOBJCHOI Ha
reMokoHcepBaHTi «lrorinupy («biodapmay, Yipai-
Ha). KpoB ccaBIliB 4o0JIOBIUOT CTaTi 3acTOCOBYBAIU
JUIs. BHUKIIIOUCHHS BIUIMBY TOPMOHIB OBapialbHOTO
uukiny. Kpos wonosikiB A (II)" rpynu Oyna HamaHa
XapKiBCbKUM OOJIACHUM LIEHTPOM CIIyKOH KpOBI;
KpOJTUKa i Iypa — BiBapieM [HCTHTYTY ITpoOieM Kpio-
Oiomorii i kpiomeaumuan HAH Ykpainu (M. XapkiB).
ExkcrieppuMeHTH TPOBOAMIN BIANOBIAHO 10 3aKOHY
VYikpaian «IIpo 3axuCT TBapuH Bij KOPCTOKOTO IIO-
BomkeHHsD» (Ne 3447—1V Big 21.02.2006 p.) i3 moTpu-
MaHHsM BUMOT Komitery 3 Gioetuku IHCTUTYTY, y3-
TOJKCHHMX 13 TIOJIOKEHHSIM «EBpOIEChKOi KOHBEHITI T
3 3aXUCTy XpeOCTHHX TBApHH, SIKi BUKOPUCTOBY-
IOTBCSI B €KCIIEPUMEHTAIBHUX Ta 1HIINX HAayKOBUX
uinsax» (CrpacOypr, 1986). Yci ekcniepumeHTH 3 3a-
CTOCYBaHHAM HaaaHoi XapKiBCHKOIO JEP>KaBHOIO
300BETEPHUHAPHOIO aKaJIeMi€r0 KpoBi OMKa, KOHS 1 co-
0aKu MPOBOIUIIM 3 TOTPUMaHHIM BUMOr Komitery 3
Oioetukn Akanemii. O0’eM B35TOI IS aHAII31B KPOBI
3 €TUYHHUX MIipKyBaHb OyB MiHIMaJIbHHUM, TIPOTE HO-
CTaTHIM JIJIs1 3a0e3IeUCHHS BiATBOPIOBAHMX 1 3HAUY-
IIUX Pe3yJbTaTiB.

[Micns BupaneHHs TUIA3MH  EPUTPOMACY TpUYI
BiAMHUBaNIK 1UIIXOM IeHTpudyryBanus npu 1000g
nporsirom 3 xB B 10-kpaTtHOMY 00’eMi ¢izionoriu-
Horo po3unny (0,15 mons/n NaCl; 0,01 mons/n doc-
¢darnoro Oydepa, pH 7,4). JlelikouurapHy IUTiBKY
1 cymepHaTaHT BHMIASUIM acmipauiero. Epurpounu-
TH 30epiraiy y BUINIA/I IIJTBHOTO Ocaxy He OimbIie
4 romuu mipu Temreparypi 0°C. Yci BHKOPHUCTOBY-
BaHi B po0oTi cepenoBuina roryBanmu Ha 0,01 Mons/n
tdhocharaomy 6ydepi (pH 7,4).

l'inepToHIYHMA MIOK EPUTPOIUTIB CCABIIB 3iH-
CHIOBAJIM TiepeHeceHHsM 50 MKJI BHXiIHOI CyCIeH-
311 kituH B 1,0 Mt po3unny NaCl (1,0-4,0 momns/n)
npu Temreparypi 37°C 13 monanpLIon iHKyOaIiero
npotsirom 5 xB. Kinnesunii rematokput — 0,4%.

lnoroniyHMi cTpec epUTPOLMUTIB 3ailiCHIOBa-
JM BHECEHHSIM aJIKBOTH BHXIJIHOI CyCHeH3ii KIIITHH
(50 mxm) y 1,0 M pozuuny NaCl (40—120 mmods/i)
npu temneparypi 37°C na 5 xB. KiHueBuii rema-
TokpuT — 0,4%.

Krituan ocamxyBanu neHTpu(YTyBaHHSAM IIPO-
TaroM 3 xB mpu 1000g. BMmicT remMomio0iny, SKuit
BUHIIIOB B CyIlEpHATaHT, BU3HAYAIHM HA CIIEKTPOQO-
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Materials and methods

Erythrocytes obtained from the donated human,
bull, horse, dog, rabbit and rat blood procured
with the hemopreservative Glugicurum (Bio-
pharma, Ukraine) were used. Mammalian blood of
males was used to exclude the effect of ovarian
cycle hormones. Blood of men of A (II) + group
was provided by the Kharkiv Regional Blood Service
Center, the blood of bull, horse and dog was pro-
cured by the Research Unit at Kharkiv State Zoove-
terinary Academy, those of rabbit and rat were obtain-
ed at the Animal House Facility of the Institute
for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine
(Kharkiv). The experiments were performed in accor-
dance with the Law of Ukraine ‘On the Protection
of Animals Against Cruelty’ (Ne 3447-1V, dated of
February 21%, 2006) in compliance with the re-
quirements of the Bioethics Committee of the
Institute, consistent with the provisions of the Euro-
pean Convention for the Protection of Vertebrate
Animals Used in Experimental and Other Scien-
tific Purposes (Strasbourg, 1986).All the experiments
with blood of bull, horse and dog, which was provided
by the Kharkiv State Zooveterinary Acdemy, were
performed with keeping the requirements of the
Committee in Bioethics of the Academy. The blood
volume taken for analysis was minimal from the
point of view of ethics, but sufficiant for reproducing
and siginificancy of the results.

After plasma removal, the erythromass was
thrice washed by centrifugation at 1000 g for 3 min
in 10-fold volume of saline (0.15 mol/L NaCl,;
0.01 mol/L. phosphate buffer, pH 7.4). The leuko-
cyte film and supernatant were removed by aspi-
ration. Erythrocytes were stored as a dense preci-
pitate for no longer than 4 hours at 0°C. All the
media used in the research were prepared with
0.01 mol/L phosphate buffer (pH 7.4).

Hypertonic shock of mammalian erythrocytes
was performed by transferring 50 pl of the initial cell
suspension in 1.0 ml of NaCl solution (1.0-4.0 mol/L)
at a temperature of 37°C, followed by incubation
for 5 min. The final hematocrit is 0.4%.

Hypotonic stress of erythrocytes was initiated
by adding an aliquot of the initial cell suspension
(50 pl) into 1.0 ml of NaCl solution (40—120 pmol/L)
at 37°C for 5 min. The final hematocrit made 0.4%.

Cells were pelleted by centrifugation for 3 min
at 1000g. The supernatant hemoglobin content was
determined by means of a SF-4A spectrophoto-
meter (LOMO, Russia) with a flow cell at a wave-
length of 543 nm and expressed as a percentage
relative to 100% hemolysis of erythrocytes. The
absorption of the sample was assumed as 100%,
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Puc. 1. 3anexHicTb piBHS remonisy Big KOHUeHTpaLii
NaCl 3a ymMOB rinepTOHIYHOrO LLIOKY €pPUTPOLIMTIB CCaBLIB
(TpuBanicTb iHKyOyBaHHst 5 xB): A — OVK, m — KiHb, O —
nioguHa, e — cobaka, ¢ — Wyp, X — KPOMUK; MyHKTMpHA
niHiga — 10%- piBeHb remoniay.

Fig. 1. Dependence of hemolysis level on NaCl concent-
ration in hypertonic shock of mammalian erythrocytes
(5mins’ incubation duration): A — bull; m — horse, o —
human being, e —dog, ¢ —rat, x — rabbit; dotted line — 10%
hemolysis rate.

tomerpi CO-4A («JIOMO», Pocisi) 3 mpoTOYHOIO
KIOBETOI0 MPU JOBXKHMHI XBHJI1 543 HM 1 BUpaxaiu
B MpoleHTax 1o BigHomeHHo g0 100%-ro remo-
ni3y eputpountiB. 3a 100% npuiiMany moraTuHaHHS
podu, B siKy nopasanu TputoH X-100 y KoHIEHTpa-
wii 0,1%.

OCMOJANTBHICT  PO3YMHIB BH3HAYaIX 3a JIOTIO-
mororo ocmomerpa OMKA 111-01 («MemmabopTex-
HiKka», YKpaiHa).

Kopensmiiitanii aHami3 i3 BUKOPHUCTAHHSM HETa-
paMeTpuvHOTO Koe(irmieHTa paHroBOi KOpEJsIii
Cripmena () 3aCTOCOBYBAJIM IS aHali3y 3B’S3KiB
MIXK JIOCHIJDKYBaHUMH TOKa3HuKamu. Cuity Kope-
JSIIAHOTO 3B’S3KYy OLIHIOBAJIU SIK CJIA0KYy TIpU 3Ha-
uennsx 7, < 0,25, momipny mpu 0,25 < r < 0,75 i
cuipHy nipu 7 > 0,75. Jlna mManux BUOIPOK Mpuii-
HATO BiAOWMpATH CHIIbHI KOPEJSIil Ha IMiJICTaBl piBHS
CTaTUCTUYHOI 3HadymocTi. Pesynpratm BBaxamu
HEBUTIAJAKOBUMH 1 3Ha9ymmMu nipu p < 0,05.

Pe3syabTaTtu Ta 00roBOpeHHs

Jna BuBuenns nii 'l wa epurpommty pizHHX
BHJIB CCAaBI[iB KJIITHHU TEPEHOCWIH B CEPEIOBHU-
ma, ki MicTath pi3Hi koHnentpanii NaCl npu 37°C
(puc. 1). IloporoBoro Ha3HMBa€eThCS MaKCHUMaJlbHA
KOHIeHTpalisi coaboBoro po3zunHy (NaCl), B sxomy
piBeHb TeMoIi3y epuTpouuTiB He mnepesuurye 10%.
3a MM IIOKa3HUKOM HAaWOUIbLI CTIMKUMH BHUSBU-
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to which triton X-100 was added at a concentra-
tion of 0.1%.

The osmolality of the solutions was determined
using an OMKA 1C-01 osmometer (Medlaborte-
khnika, Ukraine).

Correlation analysis using the nonparametric
Spearman’s rank correlation coefficient (r) was
applied to analyze the relationships between the
studied indices. The correlation strength was esti-
mated to be weak at 7, < 0.25, moderate at 0.25 < r,
< 0.75, and strong at r > 0.75. For small samples,
the strong correlations based on statistical signifi-
cance are usually selected. The results were consi-
dered non-random and significant at p < 0.05.

Results and discussion

To study the effect of HSh on erythrocytes of
different mammalian species, the cells were trans-
ferred to the media containing various concentra-
tions of NaCl at 37°C (Fig. 1). The threshold is
the maximum concentration of saline (NaCl), in
which the hemolysis rate of erythrocytes does
not exceed 10%. According to this index, the most
stable were rabbit erythrocytes, the bull cells were
the least ones (Fig. 2).

Increasing the salt concentration in the media
above the threshold leads to the development of
varying degrees of hypertonic hemolysis of mamma-
lian cells. Comparison of the hemolysis values for
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EpuTpounTtu ccaBsLiB
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Puc. 2. 3HayeHHs noporoBux koHueHTpauin NaCl 3a ymos
rinepTOHIYHOrO LUOKY €epuTpouuMTiB ccaBuiB (TpuBanicTb
iHKyByBaHHS 5 xB): 1 — BUK, 2 — KiHb, 3 — nioanHa, 4 — coba-
Ka, 5 — wyp, 6 — KPoONuK.

Fig. 2. Threshold values of NaCl concentrations in
hypertonic shock of mammalian erythrocytes (5mins’

incubation duration): 1 — bull; 2 — horse, 3 — human being,
4 —dog, 5 —rat, 6 — rabbit.
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mammalian erythrocytes in a hig-
hly concentrated saline (4.0 mol/L
NaCl) (see Fig. 1) showed a higher
hypertonic sensitivity of human
erythrocytes versus animal cells.
According to this index, the rab-
bit erythrocytes were the most
resistant to hypertonic solutions.
Figure 3 shows the dependence
of hypotonic hemolysis of mam-
malian erythrocytes on NaCl con-
centration in the medium. In
general, the nature of the depen-

0

40 50 60 70 80 90

KoHueHTpauia NaCl, monb/n
NaCl concentration, mol/L

Pwuc. 3. [NnoToHiYHMI remoni3 epuTpoumTiB ccaBLiB (TpUBanicTb iHKYOyBaHHS
5 xB): A — GUK, m — KiHb, O — NMoANHA, ® — cobaka, ¢ — LLyp, X — KPOIUK; MyHK-
TupHa niHig — 10%-1 piBeHb remonidy; npama ninia — 50%-1 piBeHb remoniay.
Fig. 3. Hypotonic hemolysis of mammalian erythrocytes (5mins’ incubation
duration): A — bull; m — horse, o — human being, e — dog, ¢ —rat, x — rabbit;
dotted line — 10% hemolysis rate; straight line — 50% hemolysis rate.

JIUCSL EPUTPOLIUTH KPOJIMKA, HAMMEHII CTIHKUMH —
KJIITHHY OuKa (puc. 2).

30inbLIeHHsT KOHIEHTpalii colli y cepeqoBuIli
BUIIE 32 MOPOrOBY NPU3BOAUTH A0 PO3BHUTKY pi3-
HOTO CTyNEHS TiNepTOHIYHOTO TeMOJi3y KIIITHH
ccaBiiB. [lopiBHSIHHS 3Ha4€Hb T€MOJII3y E€PUTPOIIH-
TiB CCaBLIB y BUCOKOKOHLICHTPOBAaHOMY COJbOBOMY
cepenosutti (4,0 moe/1 NaCl) (muB. puc. 1) mokazano
OULTBII BHUCOKY TiMEPTOHIYHY UYTJIUBICTH EPHUTPO-
[WTIB JIIOAWHY, HDK KIITHH TBapwH. 3a BKa3aHUM
MTOKa3HUKOM HAWOUTBII CTIMKUMHE JIO TIMEPTOHIYHHUX
PO3UNHIB OyJIM €PUTPOLIUTH KPOJIHKA.

Ha puc. 3 npejicraBieHo 3ajie)KHOCTI TIiIOTOHIY-
HOTO TEMOJIi3y EPUTPOIUTIB CCAaBIIB BijJl KOHIEHT-
pauii NaCl y cepenosumii. B mimomy xapaxrep
3aJIe)KHOCTEH M1 €pUTPOLMTIB YCiX CCaBLiB TO-
TIOHHH, POTE iICHYIOTH 1 JIeSIKi BUJIOB1 BiIMiHHOCTI.
['noTOHIYHY YyTIHMBICTH €PUTPOIMTIB MOXKHA OIIi-
HIOBAaTHU 3a JIBOMa KPUTEPisIMH: MOPOTOBOIO KOHIIEH-
tpartiero NaCl ta iHIZEKCOM OCMOTHYHOI KPHXKOCTI
(xonmentparis NaCl, 3a sxoi peectpyerbes 50%-it
TeMOITi3).

AHai3 TUNOTOHIYHOI YYTIMBOCTI EPUTPOIUTIB
CCaBIliB 32 BKAa3aHUMHU KPUTEPISMH II0Ka3aB, IO
KOHsTY1 Ta OWYadi epUTPOLUTH, SIKi IOYUHAIOTH Ji3y-
BaTH i ocsrats 50%-ro piBHS reMoJIi3y B cepelo-
BHIIaX i3 Oinbin BUCOKMMHU KoHIeHTparismMu NaCl,
Oinbin wytusi go aii ['C, a Ginbmn cTifiki — KIITHHA
JOUHY, co0aku, 1ypa (puc. 3).

Pesynsratn BuuenHs 1'C i 'Ll epurporutiB
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dences for erythrocytes of all
mammals is similar, but there are
some species differences. Hypo-
tonic sensitivity of erythrocytes
can be assessed by two criteria: the
threshold concentration of NaCl
and the osmotic fragility index
(NaCl concentration at which 50%
hemolysis is registered).

Analysis of the hypotonic sen-
sitivity of mammalian erythrocytes
according to these criteria de-
monstrated that equine and bovine erythrocytes,
which begin to lyse and reach 50% hemolysis in the
media with higher NaCl concentrations, are more
sensitive to HS, and human, dog, rat cells are more
stable (Fig. 3).

The findings on HS and HSh of mammalian
erythrocytes indicate different cell sensitivity to
these types of stress, as well as various responses
to a certain stress. A comparative analysis of
the response of erythrocytes of different mam-
malian species to a sharp change in the medium
tonicity (see Figs. 1-3) revealed that mamma-
lian erythrocytes, which are more sensitive to the
action of HS, have higher resistance in HS condi-
tions.

Based on the above, it would appear reasonable
to assume that the different sensitivity of mamma-
lian erythrocytes to the effect of HS and HSh is
related to their structural and functional features.
Erythrocytes of various mammalian species are quite
conservative in their structure, but they differ in
cytoplasmic composition, ability to deform, activity
of transport pathways, phospholipid and protein
composition of membrane [2, 7, 9, 15, 17].

Correlation analysis was used to evaluate the
relationship between osmotic sensitivity and struc-
tural and functional characteristics of erythrocytes
derived from different mammalian species. The
purpose of this analysis is to establish the direction
(positive or negative) and strength of the relation-

110 120
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CCaBIiB CBiAYaTh MPO Pi3HY YYTIUBICTH KIITUH 10O
Ii1 LMX BUJIIB CTPECY, & TAKOXK PO HEOAHAKOBY peakx-
uito Ha neBHui crpec. llopiBHANBHMI aHami3 peakuii
EPUTPOLIUTIB PI3HUX BHIIB CCaBI[iB Ha Pi3Ky 3MiHY
TOHIYHOCTI cepefoBuIa (IuB. puc. 1-3) BUSABHUB,
o 3a ymoB I'lll epuTporuTH CCaBIliB, SIKi OUTBII
qyTauBi 10 aii ['C, MaroTh OIIBITY CTIHKICTD.

Buxonsuu 3 BHIEBHKIIAJICHOTO TPUPOTHO MPH-
MyCTUTH, 10 pi3HA YyTIUBICTH EPUTPOIUTIB CCaB-
uiB o nii I'C i I'lll moB’si3aHa 3 X CTPYKTypHO-
(GyHKIIOHATEHUMH  0cOONMMBOCTAMHU. EputpouuTn
PI3HUX BHJIIB CCaBIiB 32 CBOEK OYIOBOI JIOCHTH
KOHCEpPBaTHBHI, IPOTE BOHM BiPI3HIIOTHCS 3a CKJIa-
JIOM LIUTOITIa3MH, 3/IaTHICTIO 0 Jaedopmarlii, akTHB-
HICTIO TPaHCMOPTHHUX IIIAXiB, (ocdomimiaaum i
OiTKOBHM CKJIaJi0M MeMOpanu [7, 12, 14, 18, 20].

3a IOTIOMOTOI0 KOPEIAIHHOTO aHalli3y OIliHIo-
BaJIM B3a€MO3B’SI30K MK MOKa3HUKAMU OCMOTHYHOL
JyTIUBOCTI Ta CTPYKTYpHO-(QYHKITIOHAJIEHUMH Xa-
PaKTEepUCTUKAaMH EPUTPOLMNTIB PI3HUX BUIIB CCAaB-
1iB. 3ajjaua JIaHOTO aHaJli3y IOJISrae y BCTAHOBJICH-
Hi HanpsiMKy (TIO3UTHBHUI YM HETaTUBHHIA) 1 CHIIH
3B’SI3Ky MK O3HaKaMH, sSIKi BapilOIOTh, 1, HAPEIITI,
B TEpeBipLi piBHA 3HAYYIIOCTI OTPUMaHUX Koedi-
uieHTtiB kopesnsinii. OCKiIbKH PO3MOALT OTPUMaHUX
JAHWX YaCTO iCTOTHO BiIPI3HSBCS BiJl HOPMAIILHOTO
PO3MOALTY, ISl KOPEJAIIHOrO aHamily OyB BHKO-
puctanuii KoedirieHT panroBoi kopemsmii Crmip-
MeHa [4].

Y naHOMy KOHTEKCTI TEPMiH «3B’S30K» O3HAYae
OyIb-sKi Y3TO/PKEHI 3MiHH, SIKI MOXKYTh TOSCHIOBA-
Tucs OaratbMa mpuuuHamu. KopemnsmiiiHi 3B’ SI3KH
HE MOXYTh PO3IISAATHCS SK NPUYMHHO-HACIHIIKO-
BUI 3B’5130K, BOHH CBIYaTh JIMIIE MPO Te, IO 3MiHA
OJIHI€T O3HAKH, SIK TPABUIIO, CYNPOBOMKYETHCS TEB-
HOIO 3MiHOIO 1HIIOJ.

VY poboti penepuumu toukamu aii I'C Ha epu-
TPOLMTH CCaBLiB OylM 3HAYCHHS MOPOTOBUX KOH-
nentpanii NaCl Tta iHIeKCH OCMOTHYHOI KPHXKOCTI
(muB. puc. 3), a BrumBy ['1ll — moporoBi KoHIEHT-
pamii NaCl i piBens remomnizy B 4,0 MONb/1 po3unHi
NaCl (mus. puc. 1, 2).

CTpyKTypHO-(DYHKITIOHATbHI XapaKTePUCTUKH
JOCHIJDKYBAaHUX EPUTPOIUTIB MOXXHA YMOBHO PO3-
JOUIMTH Ha YOTHPH TPYIH: T'€OMETpPHYHI (po3mip),
LUTOIIa3MaTHYHI (BMICT OJHO- 1 JIBOBAJICHTHHX
karioHiB, AT®, Bomu, remorno0iHy i WOTo TiApo-
¢oOuicTh), mMeMOpanHi (MimigHUK ckiaax i OiIKH
LUTOCKeNeTa), (yHKUIIOHAJIbHI (IIBUAKICTH TpaHC-
MeMOpaHHOIO BOJHOTO TPAHCHOPTY B EPUTPOLIU-
Tax).

Kopensmiitanii aHami3 moka3aB HasBHICTH ciab-
KUX, TIOMIpHUX 1 CHJBHHUX 3B’S3KIB MK TIOKa3-
HAKAMH OCMOTHYHOI CTIHKOCTI €pPUTPOITUTIB Pi3HUX
BHIIB CCaBIiB 1 CTPYKTypHO-(YHKIIIOHATbHUMHI
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ship between the features that vary, and finally
to verify the level of significance of the obtained
correlation coefficients. Because the distribution
of the obtained data often differed significantly
from the normal distribution, the Spearman’s rank
correlation coefficient was used for correlation
analysis [27].

In this context, the term ‘relationship’ means
any coordinated change that may be stipulated by
many reasons. Correlation relationships cannot
be considered as a causal relationship, they only
indicate that a change in one trait is usually
accompanied by the one in another.

In the research, the reference points of the HS
effect on mammalian erythrocytes were the values
of NaCl thresholds and osmotic fragility indices
(see Fig. 3), and for the influence of HSh these
were threshold NaCl concentrations and hemolysis
in 4.0 mol/L NaCl solution (see Fig. 1, 2).

Structural and functional characteristics of the
studied erythrocytes can be divided into four groups:
geometric (size), cytoplasmic (content of mono-
valent and divalent cations, ATP, water, hemo-
globin and its hydrophobicity), membrane (lipid
composition and cytoskeletal proteins), functional
water transport in erythrocytes).

Correlation analysis revealed weak, moderate, and
strong correlations between the osmotic stability of
erythrocytes of different mammalian species and
structural and functional characteristics of cells.
In this work only statistically significant strong
relationships are presented.

Among the identified correlations between the
indices of hypotonic hemolysis of mammalian
erythrocytes and their structural and functional
characteristics (geometric, cytoplasmic, membrane
and functional), strong statistically significant rela-
tionships were found only for a cell size, in parti-
cular their diameter (Fig. 4).

There is quite enough published reports on the
size of mammalian erythrocytes, especially in hu-
mans [1, 6, 8, 21]. Despite the supposed availability
of these results, the difficulty of their use consists
in their wide variation, as they were obtained
under different conditions and various methods.

N.K. Komarov et al. [14] by light scattering
determined the size of erythrocytes of a large group
of mammals, which allowed to use these data to
establish the strength of the correlation between
the osmotic and geometric characteristics of mamma-
lian erythrocytes (Fig. 4). It is apparent that the
threshold concentrations of NaCl and the value
of the osmotic fragility index in hypotonic he-
molysis of mammalian erythrocytes (human, bull,
rabbit, rat, horse, dog) are negatively correlated
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XapaKTepUCTHUKaMU KIITUH. Y poOoTi mpeacras-
JICHO TUTbKH CTATUCTUYHO 3HAYYII CHUJIbHI 3B’ SI3KU.

3 BUSIBICHUX KOPEINSAIIHHUX 3B S3KiB MK TIO-
Ka3HUKAMH TiMOTOHIYHOTO TEeMOJI3y EepHTPOIHUTIB
CCaBIliB Ta iX CTPYKTypHO-(DYyHKI[IOHAJTHPHUMH Xa-
paKkTepuUCTUKaMU (TEOMETPHYHI, ITUTOIIa3MaTHYHI,
MeMOpaHHi Ta (PyHKIIIOHATLHI) CHIIbHI CTaTUCTHIHO
3HAYYIIi 3B’S3KH BCTAHOBJICHO TUIBKH IS PO3Mi-
piB KJIITHH, 30KpeMa ix miamerpa (puc. 4).

VY nmiTeparypHHX JpKepenax IpeicTaBIeHO IocC-
TaTHBO iH(pOpMAIii MO0 PO3MIpPIB EPUTPOLIUTIB
ccaBIiB, ocobOnmuBo mogunu [6, 11, 13, 24]. He3Ba-
JKAIOUM Ha TajJiaHy JOCTYIHICTh [UX PE3YJIbTariB,
CKJIQJIHICTh 1X BUKOPHCTaHHS TOJSATAaE B IIMPOKiH
Bapialii, OCKIIbKM BOHU OyJIM OTpUMaHi 3a Pi3HHX
YMOB 1 METO/IiB.

H.K. KomapoB Ta cmiBaBT. [2] MeTOAOM CBITIIO-
pO3CIfOBaHHS BHW3HAUMIN PO3MIPH  EPHUTPOIUTIB
BEJIMKOI TPYMHH CCAaBIliB, MIO TO3BOJHIO BHUKOPHC-
TOBYBaTH 3a3HAYCHI MaHi 3 METOI0 BCTAHOBJICHHS
CHWJIM KOPEJISIIHHOIO 3B’S3KYy MK OCMOTHYHUMHM 1
TE€OMETPUYHUMH XapaKTEPUCTUKAMH CPUTPOLIUTIB
ccaBuiB (puc. 4). BujHo, 1110 MOPOTOBi KOHIIEHTpA-
uii NaCl 1 3HaueHHs 1HOEKCY OCMOTHYHOI KpHX-
KOCTI 32 TIMOTOHIYHOTO TEMOJi3y EpUTPOLUTIB
ccaBliB (JroanHa, OMK, KPOJIMK, LIyp, KiHb, coOaka)
HEraTUBHO KOPENOKTh 13  JiaMeTpoM KIITHHHU
(r, = -0,955, p = 0,005 Ta r, = -0,975, p = 0,005
Bl,I[HOBl,Z[HO) Tak, OimbII BHCOKI 3HAYEHHS II0-
poroBux koumeHtpamiii NaCl Tta iHmekcy ocmo-
THIHOI KpuXKocTi 3a yMoB ['C MarTh HEBEIHKi
KJTITHHH.

Y pasi I'lll epuTporuTiB CCaBIliB KOPEISIIiii-
HUM aHami3 CHJIM 3B’A3Ky MDK ITOKa3HUKaMH Ti-
MEPTOHIYHOTO TEMOJNi3y 1 CTPYKTypHO-(QYHKIIiO-
HAJIBHUMH XapaKTEPUCTHKAMHU KIITHH — TEOMET-
PUYHUAMH, [HUTOIIA3MATUYHUMU, MEMOPAHHUMHU Ta
(byHKIIIOHATBHUMH — JIO3BOJIUB BCTAHOBHUTH CHIIb-
Hi CTaTHCTUYHO 3HAUYIli 3B’SI3KM TUTBKH JIJIST OC-
TaHHIX.

lonoBHY ponb y PO3BUTKY TIiIEPTOHIYHOTO ITOIII-
KOIDKCHHS KIIITHHU BiJirpae MpOHUKHICTH MeMOpa-
HU epUTPOIUTA JUIsI MOJIEKYya Boau. Bucoka BomHa
MIPOHMKHICTh 3a0e3meuye MIBUAKANA BIATIK BOIH
3 KJITHHU B MOMEHT Ii BHECEHHS B TilepTOHIUHE
CEpe/IOBHIIE, IO 3MEHIIYE OCMOTHYHE HaBaHTa-
JKCHHSI Ha KJITHHY 1, SK HACIIJIOK, 3HUXKYE IOII-
KOKYIOUY JIiIO TIMEPTOHIYHOTO PO3YHHY.

[lo3uTuBHUIA CUIBHHNA KOPEISALIHHUHA 3B 30K
YCTaHOBJICHO MK KoedimieHToM TpaHcMeMOpaH-
HO1 mudy3ii Bomu epuTporuTiB ccaBmiB [8—10] i
noporopuMuM KoHIleHTparismu NaCl 3a ymoB mii
' na xnituam (r, = 0,928, p = 0,008) (puc. 5).

Juis  epuTpoLMTIB XapaKTepHa BHCOKa BOJHA
MIPOHHUKHICTh, sIKa OOYMOBJIICHa HasABHICTIO B iX
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Puc. 4. B3aeMo03B’A30K MiX 3HA4YEHHSMW AdiamMmeTpa epuT-
pouuTiB CCaBLiB i BENMYMHAMM MOPOrOBOi KOHLEHTpaLuil
NaCl (r, = -0,955, p = 0,005) (A), iHAEKCOM OCMOTUYHOI
kpuxkocTi (r, = —=0,975, p = 0,005) (B) 3a ymMOB rinoToHiy-
HOro remMoni3y epuTpoumTiB ccaBuiB: 1 — OUK, 2 — KiHb, 3 —
noguHa 4 — cobaka, 5 — wyp, 6 — Kponuk.

Fig. 4. Relationship between diameter of mammalian
erythrocytes and threshold values of NaCl (r, = -0,955,
p = 0,005) (A), osmotic fragility (r, = 0,975, p = 0,005)
(B) in hypotonic hemolysis of mammalian erythrocytes:
1 — bull; 2 — horse, 3 — human being, 4 — dog, 5 — rat,
6 — rabbit.

9,0

with cell diameter (r, = —0.955, p = 0.005 and r =
-0.975, p = 0.005, respectlvely) Thus, small cells
have higher NaCl threshold concentrations and os-
motic fragility index at HS.

In HSh of mammalian erythrocyte the correla-
tion analysis of the relationship strength bet-
ween hypertensive hemolysis and structural and
functional characteristics of cells, i. e. geometric,
cytoplasmic, membrane and functional, allowed
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MeMOpaHax akBanopiHoB [29]. IuribitropoMm 1mx
OinkoBux kaHamiB Buctymae PCMBS, Braciinok mii
SIKOTO BiZIOYBa€ThCS 3aKPUTTSI OUTKOBHX BOJIHUX Ka-
HaiiB y memOpani [33]. Orxe, HaBeneHa B TaOmwIli
BenmmuuHa AP, (pi3HMIS MDK 3HAYEHHAMH JHby-
31iHOT BOJHOT MPOHUKHOCTI KOHTPOJBHHUX KIIITHH
Ta EPUTPOIUTIB, 0OPOOICHUX IHTIOITOPOM BOIHOTO
tparcrioptry PCMBS) mpaxktnyHo BimoOpaxkae ak-
TUBHICTH OIJIKOBHX BOIHUX KaHAJIIB.

Bucoki 3Hauenns AP, mis epurpouMTie 1ypa,
Kponuka 1 cobaku (TaOmuis) cBiguaTh TPO Bak-
JIUBY POJIb O1JIKOBUX KaHAIB y MEMOpaHHOMY TpaHC-
nopti Boau. Pe3ynbTatu MOpIBHSUIBHOTO €IEKTPO-
(hopeTHdHOrO JOCTiKEHHS O1LTKOBOTO KOMIIOHEHTA
EPUTPOIUTAPHUX MEMOPAH JIOMHHU, KOHS, KPOJHKA,
OWKa 1 1Iypa moxasand, o BMicT Oinka cMmyru 4.5,
SIKUI  BIJIMOBi/Ia€ TIIKO3WIBOBaHIA (OpMi akBaro-
piny I, BHIIUi y epUTPOLNUTHIH MEMOpaHi KpojuKa
1 TIypa TOPIBHSIHO 3 MEMOpaHAMH KIITHH JTFOIIMHH
1 6uka [20]. Y Toi#l camuii 4ac B epUTpPOLUTAX ITHX
TBapWH BIJI3HAYAETHCSI TPHUCYTHICTh TaKOXK HETIIi-
KO3WJIbOBaHOI (hopMu akBaropiny (7+ post7).

Bomuuii TpaHcopT, OOyMOBIIEHHH aKTHBHICTIO
OUIKOBMX BOJHHMX KaHaTIB, MaKCHMaJbHO BHUpa-
KEHUH y epurpoumrax Kpoiuka (tabmuus). Lle
MOXe OyTH TIOB’SI3aHO 3 BHCOKOIO AaKTHBHICTIO
1/a00 BEJIUKOK KIIBKICTIO BOOHUX KaHATIB B IX
MeMOpaHax (MiHiMyM 5 X 10° komiii BOJHUX KaHATIB
Ha eputpouuT [28]). Kpim Toro, cepen KimiTHH ycix
JOCITIKYBAaHUX CCAaBIIIB CaM€ CPUTPOIUTH KPOJIHKA
XapaKTepU3YIOTECI MaKCHMAaJbHUM CTYTICHEM iHTi-
OyBaHHS BOJIHOTO TPAHCIIOPTY 3a BHUKOPHCTaHHS
PCMBS (73% mnpotu 46-70% nams epuTpommTiB
iHIIMX ccaBiiB) (Tabmuis) [8—10].

Jani puc. 5 i 6 cBi{4aTh MPO 3HAYHY KOPEJIAIIIO
MiXK MOKa3HMKaMH TillEPTOHIYHOTO TeMOIi3y epu-
TpouMTiB ccaBuiB (moporosi koHueHTtpauii NaCl
i remoniz y 4,0 mons/n NaCl) i Bennuunoro AP,
(r,= 0,899, p = 0,015 i r = -0,886, p = 0,019 Bin-
MoBiaHO). Tak, KJIITHHU 3 BUCOKUM 3HAYCHHSIM BOII-
HOTO TPaHCIOPTY, 3yMOBJIEHOTO POOOTOI0 OI1IKOBHX
KaHaJiB, MOYMHAIOTH TE€MOJII3yBaTH B OUIBII KOH-
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Puc. 5. B3aemo3B'sa30k Mix koedpiuieHTomM AndysiiHoro
BOAHOrO TpaHcnopty (P,) epuTpouuTie i NOpOroB1MM KOH-
ueHTpauismm NaCl 3a ymMOB rinepToOHIYHOrO remonisy epu-
TpoumTiB ccasuis (r, = 0,928, p = 0,008): 1 — 61K, 2 — KiHb,
3 — ntoguHa 4 — cobaka, 5 — Lyp, 6 — KPOruK.

Fig. 5. Relationship between diffusion water transport
coefficient (P,) of erythrocytes and threshold values
of NaCl, osmotic fragility in hypertonic hemolysis of
mammalian erythrocytes (r, = 0,928, p = 0,008): 1 -
bull; 2 — horse, 3 — human being, 4 — dog, 5 — rat,
6 — rabbit.

the establishing of strong statistically significant
relationships only for the latter.

The main role in development of hypertonic cell
damage is played by the permeability of erythrocyte
membrane to water molecules. High water per-
meability provides a rapid outflow of water from
the cell at the time of its introduction into hyper-
tonic medium, which reduces an osmotic load on
a cell and, as a consequence, diminishes the dama-
ging effect of hypertonic solution.

A positive strong correlation was found between
the coefficient of transmembrane water diffusion
of mammalian erythrocytes [3—5] and the thre-
shold concentrations of NaCl under the influence of
HSh on cells (», = 0.928, p = 0.008) (Fig. 5).

[ndysiniHa BogHa NPOHMKHICTL MeMOpaH epuTpoLMTIB Pi3HUX BUAIB CCaBLiB
Diffusive permeability of water of erythrocyte membranes in different mammalian species

MokasHKku Llyp [8] (3) Buk [8] (3) JoanHa [8] (3) Kponuk [8] (3) Cob6aka [9] (4) Kinb [10] (5)
Indices Rat [8] (3) Bull [8] (3) Human being [8] (3) Rabbit [8] (3) Dog [9] (4) Horse [10] (5)
P, x 107, m/c 11,03 4,98 7,00 10,61 10,00 5,60
Py ocmss X 107%, m/c 3,70 2,69 3,63 2,89 3,00 2,00
AP =(P,~ P, cuss) X 107, m/c 7,33 2,29 3,37 7,72 7,00 3,60
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Puc. 6. B3aemosB’ai30k Mixx koedpiulieHTOM Audy3inHO-
ro BOOHOrO TPaHCMOPTY epUTPOUMUTIB CcaBLiB, SKWUM iHri-
Gyetbeca PCMBS (AP,), i noporoBrmmn KoHUEHTpauismu
NaCl (r, = 0,899, p = 0,015) (A), piBHem remonisy B
poauuHi 4,0 mone/n NaCl (r, = -0,886, p = 0,019) (B)
3a YMOB TiNEPTOHIYHOrO remonisy epuTpoLmTiB CCaBLiB:
1 — 6wk, 2 — KiHb, 3 — ntoaunHa, 4 — cobaka, 5 — wyp, 6 —
KpOnuK.
Fig. 6. Relationship between diffusion water transport
coefficient (P,) of mammalian erythrocytes, which is in-
hibited by PCMBS (AP,) and threshold values of
NaCl (r, = 0,899, p = 0,015) (A), osmotic fragility (r, =
-0,886, p = 0,019) (B) in hypertonic hemolysis of mam-
malian erythrocytes: 1 — bull; 2 — horse, 3 — human being,
4 —dog, 5 —rat, 6 — rabbit.

IIEHTPOBAHUX COJILOBUX CEPEIOBHUINAX (IMB. PHUC. 5)
1 XapaKTepU3yIOThCS HIDKIUM PIBHEM TeMOIITHY-
HOTO MOUIKO/KEHHSI B BUCOKOKOHIIEHTPOBAHOMY CO-
JIbOBOMY po3unHi (quB. puc. 6). Takum 4YHHOM,
MeMOpaHa EpUTPOLMTIB CCaBIlB, SIKA Ma€ BHUCOKE
3HauyeHHs AP, (Benumuuna, mo BimoOpaxae poOOTy
OLIKOBHX BOJHUX KaHAIIB), Oinbir cTitika qo mii I
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Erythrocytes are characterized with a high wa-
ter permeability, stipulated by the presence of
aquaporins in their membranes [29]. PCMBS in-
hibits these protein channels and its effect results
in the closure of protein water channels in mem-
brane [33]. Therefore, the AP, value presented in
the Table (difference between the diffusion water
permeability of control cells and erythrocytes trea-
ted with the water transport inhibitor PCMBS) virtual-
ly reflects the activity of protein water channels.

High AP, values for erythrocytes of rat, rabbit
and dog (Table) indicate an important role of pro-
tein channels in membrane water transport. The
results of a comparative electrophoretic study of
the protein component of human, horse, rabbit, bull
and rat erythrocyte membranes showed that the
protein content of band 4.5, which corresponds to the
glycosylated aquaporin I, is higher in the rabbit and
rat erythrocyte membrane if compared with human
and bull cell membranes [17]. At the same time
in erythrocytes of these animals the presence and
non-glycosylated aquaporin (7 + post7) is noted.

Water transport driven by the activity of pro-
tein water channels is the most pronounced in
the rabbit erythrocytes (Table). This may be due
to a high activity and / or a large number of water
channels in their membranes (minimum 5 X 10° co-
pies of water channels per erythrocyte [28]). In
addition, among the cells of all the studied mam-
mals, the rabbit erythrocytes are characterized with
the maximum inhibition of water transport using
PCMBS (73% vs. 46-70% for erythrocytes of
other mammals) (Table) [3—5]. The data of Fig. 5
and 6 indicate a significant correlation between the
rates of hypertonic hemolysis of mammalian ery-
throcytes (threshold concentrations of NaCl and
hemolysis of 4.0 mol/L NaCl) and the AP, value
(r, = 0.899, p = 0.015 and r, = -0.886, p = 0.019,
respectively). Thus, the cells with a high water
transport value due to the work of protein channels
begin to hemolyze in more concentrated salines
(see Fig. 5) and are characterized with a lower
hemolytic damage in highly concentrated saline
(see Fig. 6). Thus, the membrane of mammalian
erythrocytes, which has a high AP, value, (the one
reflecting the work of protein water channels), is
more resistant to HSh.

The results of the analysis of the correlations
strength and direction indicate that higher threshold
salt concentrations in the HSh of mammalian
erythrocytes have the cells with higher diffusion
permeability to water (see Fig. 5) and high activity
of protein water channels. Fig. 6A). These cells
possess a low hemolysis rate in 4.0 mol/L NaCl (see
Fig. 6B).
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Pesynbrarti anaiizy cWiM i HampsiMy KOpessiLiidi-
HHUX 3B’S3KiB CBiJUaTh MpO Te, MI0 OLIBII BHUCOKI Be-
JIMYMHM TIOPOTOBHUX KOHLEHTpawiid comi 3a ymos ['11I
EPUTPOIHTIB CCABIIIB MAIOTh KITITHHU 3 OLTBIII BUCOKOIO
(y3iiHOI0 TPOHWKHICTIO ISl BOMM (JMB. pHC. 5)
1 BHCOKOIO AKTHBHICTIO OUJIKOBHX BOIHMX KaHAJiB
(muB. puc. 6, A). Lli KITITHHA MalOTh HEBUCOKUH PiBEHD
remodnizy B 4,0 mons/nm NaCl (nus. puc. 6, B).

Y MOMEHT BHECECHHS EpPUTPOIUTIB y rimep-
TOHIYHE CEpPEeJIOBUIIE BiJOyBa€ThCs BUXIJ BOIU
3 KIITHH. 3HCBOJHCHHS CPUTPOIUTIB CYNPOBOJI-
KYETbCS CHJIBHHM iX CTHUCHEHHSM 1 3HAYHOIO
nedopmaniero mirasmMatruyHoi MemOpanu [1], B
pe3ynbTari 3apoIKYIOThbCs TpaHcMeMOpaHHI Je-
(hexTH, SKi MUTTEBO CATAIOTH PO3MIpy T€MOJIITHY-
HOi mopu. OCKITBKH TiMEPTOHIYHE MOIIKOIKEH-
HS KJIITHH BUPAXEHO MEHIIOI MipOI0 B BUMAIKY
IOy’Ke IIBUIKOTO iX 3HEBOJHEHHS, MOXHa BBa-
JKaTH, IO TEeMOJIi3 EPUTPOIUTIB BiIOyBa€ThCS B
HEpPIBHOBAXHMX YMOBax BHUXOJY 3 HHUX BOJH.
[IBuKe 3aBeplIeHHS BUXOIY BHYTPIITHBOKIITHH-
HOI BOJMW € CHPUSTIMBIIINM JUISl KJIITHH, OCKIJIb-
KU CKOPOYYETHCS 4ac (OPMYBaHHS Ta EBOJIOIIT
TpaHCMeMOpaHHO1 OpH.

VY rinoToHiYHOMY CepeOBHUII EPUTPOLUTH IiJI-
JAIOTBCSl TeMOJIi3y, OCKUIBKM B Pe3ylbTaTi BXOLY
Bonu BifOyBaeThcs ix HaOyxaHHs. OnHe 3 ySBICHb
PO3BUTKY TiHOTOHIYHOI'O MOIIKOAXKEHHS EPUTPOLU-
TiB TPYHTYETbCSA Ha TOMY, IO JJIS JI3WCY KITITHH
HEOOXiTHI MOCUTH Majli 9acoBi MpoMixkkh. JlilicHO
SPUTPOITUTAPHI MEeMOpaHU XapaKTEPHU3YIOThCS BH-
COKOIO ITPOHUKHICTIO 1115t Boau [7, 18, 30], Tomy came
TPAaHCIIOPT BOAY BU3HAYA€ IIBHJKICTH HAPOCTaHHS
B MeMOpaHax pO3TATYIOYHMX TaHTCHIIaIbHUX HaIlpy-
KEHb 1, OTXKE, MOMEHT IX pO3pHUBY, TOOTO TEMOJIi3
[3, 26]. 3rigHO 3 IHIIUM YSBIICHHSM, 3aCHOBaHHM
Ha MIKPOCKOMIYHHUX CIIOCTEPEKEHHSX, Yac I PO3-
BUTKY TE€MOJITUYHOTO TpOLECY B TIlOTOHIYHUX
cepenoBHIaxX 0e3nocepeHbO HE MOB’S3aHUM 3 ya-
COM JOCSTHEHHS KIITHHAMU O00’€My, HpPU SKOMY
MMOYMHAETRCA Temoumi3 [27]. Buxim remornoOiny 3
EPUTPOITUTIB BiIOYBAETHCS HE MUTTEBO, a TIPOTITOM
MIEBHOTO YacoBoro iHTepBary. OCKITBKA 32 YMOB
I'C epurporuriB ccaBiiB HaMu He OyJI0 BHSBJICHO
CHJIBHOTO KOPEJIAIIHHOTO 3B’SI3Ky MK XapaKTepHC-
TUKaMH BOJHOTO TPAHCHOPTY i MOKa3HUKAMH OCMO-
TUYHOT CTIMKOCTI KJIITHH, MOKHA JIOIIYCTUTH, 1110 Ha
¢dopmyBaHHS MeMOpaHHOT MaKpOCKOMIYHOI MOpH
BIUIMBAIOTh JIESIKI CTPYKTYpPHO-(QYHKIIOHAIBHI 0c00-
JIUBOCTI EPHUTPOLUTIB, SIKi B Halli poOOTi He
JOCHIJKYBaJIUCSL.

BucHoBku
OTxe, OIliIHKAa 3B’S3Ky TIOKa3HUKIB OCMOTHY-
HOI CTIMKOCTI €pUTPOLMTIB JIOAWHH, OWKa, KPOJH-

At the time of introduction of erythrocytes into
hypertonic medium there is a release of water from
the cells. Dehydration of erythrocytes is accom-
panied with their strong compression and significant
deformation of plasma membrane [13], resulting in
the emergence of transmembrane defects, which
instantly reach the size of the hemolytic pore.
Because hypertonic damage of a cell is less pro-
nounced in very rapid dehydration, the hemolysis
of erythrocytes can be assumed to occur in non-
equilibrium conditions of water out of them. The
faster the release of intracellular water is completed,
the more this is favorable for the cells due to the
reduction of the time of formation and evolution
of the transmembrane pore.

In a hypotonic medium the erythrocytes un-
dergo hemolysis because their swelling resulted
from the water entry. One of the ideas of developing
hypotonic erythrocyte damage is based on the
fact that the lysis of cells requires very short time
intervals. Indeed, the erythrocyte membranes are
characterized by high permeability to water [2, 15,
30], so it is water transport that determines the rate
of increase in membranes of tensile tangential
stresses and, consequently, the moment of their
rupture, i. e. hemolysis [24, 23]. According to ano-
ther view based on microscopic observations, the
time for the hemolytic process development in
hypotonic media is not directly related to the time
the cells reach the volume at which hemolysis be-
gins [25]. The release of hemoglobin from erythro-
cytes is not instantaneous, but it proceeds over
a period of time. Since we did not find a strong
correlation between the water transport and osmotic
stability of cells in mammalian erythrocytes, we
can assume that the formation of membrane
macroscopic pores is influenced by some structural
and functional features of erythrocytes (not inves-
tigated here).

Conclusions

Therefore, the evaluation of the relationship
between the osmotic stability of human, bull,
rabbit, rat, horse and dog erythrocytes with the
structural and functional characteristics of these
cells demonstrated a correlation between cell resis-
tance to HS with their size (diameter) and cell
resistance to HSh with erythrocyte membrane per-
meability to water.
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