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JlocmiKeHO BIUIHB Yacy eKCIIO3HIIii €pUTPOLUTIB JIFOMHH B TIHEPTOHIYHUX PO3UUHAX xytoprcTtoro Harpiro (0,4; 0,8; 1,2; 2,0 Moins/i)
Bix 30 ¢ 1o 30 XB Ha OITBHICT X PO3MOLTY 32 IHICKCOM CPepHIHOCTI B HOMYIIALI] i Ha BUTIK 10HIB KaJio 3 KiIiTuH. [loka3aHo, mo npu
EKCITO3HUIII{ €pUTPOLIHTIB Y TIIEPTOHIYHUAX CEPEIOBHIIAX iX CTaH 3MIHIOETCS B 3QJISKHOCTI BiJl 4acy €KCIIO3HIIIT 1 CTYIIEHSI TiIepTOHIYHOCT1
cepenoBuIa. BusiBieHi 0cOOIMBOCTI CTaHy €pUTPOLHUTIB 32 PI3HUX YaCiB €KCIIO3HUIIIT B TOMIipHO TinepToHiuHuX cepepopumax (0,4-0,8 M
NaCl) moxyTs OyTH OB’ s13aHi 3 MoAH(DiKALi€r0 B3aEMOIii MEeMOpaHHOTO OilIapy 31 CIIEKTPUHOBUM IIATOMATPUKCOM Ta 3 JIATepaIbHIM
MEePEepO3NOIIIIOM MEMOPaHHUX KOMIIOHEHTIB y e opMoBaHiit MeMOpaHi. [Ipu ekcrio3uii KIiTHH y OLTBII TIMePTOHIYHUX PO3UYNHAX
(1,2-2 M NaCl) BuTik BHYTPIIIHBOKIITHHHOTO KaJIif0 CTA€ OCHOBHHM YHHHHUKOM, II0 BIUIMBAE Ha PO3MOILI €PUTPOLIUTIB 32 IHAEKCOM
c(hepUIHOCTI IPH HACTYITHOMY BMIII[EHHI X Y 130TOHIYHE CEpEIOBHILE.

Knrouosi cnosa: TinepToHis, EPUTPOLHTH, iHIEKC CHEPUIHOCTI, BUTIK KaJIiIo0.

HccnenoBano BIUSIHAE BPEMEHH KCIIO3HIIUH SPUTPOIIMTOB YEIOBEKa B THIEPTOHNIECKUX pacTBopax xmnopucroro Hatpus (0,4;
0,8; 1,2; 2,0 momb/m) ot 30 ¢ 1o 30 MUH Ha IIOTHOCTH UX PACHPEACTICHHUS 110 HHACKCY CPepUIHOCTHU B TIOMYIISALUHU U HA yTEUKY KU
n3 xieTok. [TokazaHo, 9TO IpH HKCIIO3UIUH SPUTPOIMTOB B THIICPTOHMYECKUX CPelaX UX COCTOSHUE N3MEHSETCS B 3aBUCHMOCTH OT
BPEMEHH SKCIIO3UIINY 1 CTETIEHH TUIIEPTOHNIHOCTH CPEIbl. BBIsBICHHBIE 0COOEHHOCTH COCTOSTHHUS IPUTPOLUTOB IIPU Pa3HBIX BpEMEHax
9KCMO3HUINU B YMepeHHO runeprorndecknx cpenax (0,4-0,8 M NaCl) moryt ObITH cBs3aHBI ¢ MOoAH(HKaINEH B3aUMOICHCTBUS
MeMOpPaHHOTO OUCIIOSN CO CHEKTPUHOBBIM IUTOMATPHKCOM H C JIaTepalbHBIM HepepacipeneeHneM MeMOpaHHbIX KOMIOHEHTOB B
nepopmupoBaHHOl MeMmOpane. [Ipu SKCMO3UIUH KIETOK B Ooliee rumeproHmdeckux pactsopax (1,2-2 M NaCl) yreuxka
BHYTPHUKJIETOYHOTO KaJIHsI CTAHOBUTCS OCHOBHBIM (DaKTOPOM, BIUSIONIMM Ha paclpeie/IeHHe S)PUTPONUTOB I10 HHAEKCY CHEPHIHOCTH
TIPY HOCIEAYIONEM TOMEIICHUH HX B H30TOHUIECKYIO CPEy.

Kniouegvie cno6a:runepTOHNS, SPUTPOLIUTEL, HHACKC CHEPHIHOCTH, YTEUKA KA.

The authors studied the effect of human erythrocyte exposure time (from 30 s to 30 min) in sodium chloride hypertonic solution
(0.4; 0.8; 1.2; 2.0 mol/l) on its distribution density by sphericity index in population and on potassium outflux of the cells. It was
shown, that when exposing erythrocytes in hypertonic medium their state changed depending on exposure time and medium hypertonicity
rate. Obtained peculiarities in erythrocyte state at various exposition terms in moderately hypertonic media (0.4-0.8 M NaCl) might
be associated with spectrine cytomatrix and lateral re-distribution on membrane components in deformed membrane. In the case of
cells’ exposition in more hypertonic solutions (1.2-2 M NaCl) the outflux of intracellular potassium became the main factor, affecting
the erythrocyte distribution by sphericity index during their following placing into isotonic medium.

Key-words: hypertonicity, erythrocytes, sphericity index, potassium outflux.

BuBueHHs npuymH i MexaHi3MiB ceHcuOinizanii abo
MiABUIIEHHS PE3UCTEHTHOCTI KIITHH 10 OXOJOKEHHS
i, 30KpeMa, BIUIMB TIEPTOHIi Ha KJIITUHU, € OJTHIEIO 3
LEHTpaIbHUX Mpo0IIeM KpioOiomiorii. Brus rimeprosii
MIPOSABIISAETHCS B KPi0OIOJIOTIYHHX MpoLIecax y pisHUX
acriextax: rimeproniunuit nizuc (IJI), moctrimep-
toniuHui mizuc (I117J]) i rineproHiuHUI KpioreMoIIi3
(I'K). Y neBHUX YMOBAaX IIi YUHHUKHA MOXXYTb ICTOTHO
BIUIMHYTH Ha Pe3yJlbTaT KpiOKOHCepByBaHHsS. Tomy
JOCIIPKEHHS MPOLIECiB, 10 BiA0OYBAIOTHCS B KIIITHHAX
i BIUTMBOM TilIEPTOHi1, 3aJIMIIAIOTHCS aKTyaIbHUMH
SIK 1T TEOPETUYHOT, TaK 1 IPUKIaaHOT KpioOioorii.

Ille B paHHiX kpioOiomorivHUX podoTax [25]
3po0JIEeHO BUCHOBOK NPO CYTTEBHUH BIJIMB 4acy

Studying the causes and mechanisms of sensibility
either increase of cell resistance to cooling and,
particularly, hypertonicity effect on cells are known to
be one of the key problems in cryobiology. Such an
effect is realized in cryobiological processes in various
aspects: hypertonic lysis (HL), posthypertonic lysis
(PHL) and hypertonic cryohemolysis (HC). Under
certain conditions these factors may significantly affect
the cryopreservation outcome. Studying the processes
occurring in cells under hypertonicity effect therefore
still remains to be actual both for theoretical and applied
cryobiology.

Earlier cryobiological studies [25] proved a
considerable effect of cells exposure time in hypertonic
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€KCIO3ULIT KJIITHH Y TiNePTOHIYHOMY PO3UMHI Ha iX
BMKMBaHHA. BInuB mBUAKOCTEH OXOIOMKEHHSA
OB’ I3y BaJIM 3 TPUBAJIICTIO Aii FiNEepTOHiI 1 3 BATOKOM
KaTioHiB i3 KiTHH. Y po0OoTi [32] mokaszaHo, 110 4ac
€KCIIO3MIlii epUTPOLUTIB Yy TIMEPTOHIYHUX YMOBaxX
BIUIMBAE HA TX Yy TIIMBICTB JJO HACTYITHOTO OXOJIO/KCH-
Hf, SIKa € HAHOUIBIIIOI0 TIPY S-XBUJIMHHINA €KCITO3MUIT
KIIITHH y TinepToHiuHOMY po3unHi NaCl mpu 25°C. 3a
naHuMu pobotH [26], ayTnuBicTs eputporuTis 10 ['K
TaKOX TaJja€ B Mipy 301IbIIEHHS TPUBAJIOCTI BILIHBY
TrinepToHii, HounHaro4u 3 5 XB. UnM BHIIlE TEMIIepaTypa
LOT'O BIUTMBY, TUM ILBHU/IIIC 3MEHIIY€E€THCS Uy TIUBICT
1o I'K. SIkmo KJIiTHHH €KCIIOHYBAJIUCS B PO3UMHAX
NaCl pizanx ocMosnsipHOCTE# mpoTsirom 5 XB nipu 37°C,
a motiM oxosokyBanucs g0 0°C 31 MBUIKICTIO
60°C/xB, TeMOJIi3 TOYMHABCS NP KoHIIeHTparii 1400
MOcwMm, gocsrasmu Makcumymy mpu 1800 MOcwm 1
MMOCTYNOBO 3MEHIIYBaBCS MPHU OiNbII BUCOKUX
KOHIIEHTpAITiSX T03aKIITHHHOTO po3unHy. [ emMori3 3a
PaXyHOK OXOJIOJDKEHHSI 3HUXKYBaBCS JI0 HYJIS MPU
OCMOJISIPHOCTI TTo3akIiTHHHOTO po3uyrHy 4000 MOcMm
(25%-1 remomni3, M0 CIOCTEPITAEThCSA MPU i
KOHUEHTpalii, BUKIMKAHUI TIIBKH KOHTAKTOM 3
TINePTOHIYHUM CEPEAOBHUIIIEM ).

3i 301IBIICHASIM TPUBAJIOCTI €KCIIO3HUIIIi EPUTPO-
IUTIB y TineproHidyHuX po3zunHax NaCl 1o aexinpkox
XBWJIMH YaC HACTYIHOTO 3a I[i€10 €KCIIO3UIi€0
FIOTOHIYHOTO FeMOJTi3Y Y BOJHOMY PO34HHI IPOHU-
Karo4yoi peqyoBHHH (TIIILEPUHY) 3HAYHO 3MEHIITY€THCS
B ITOPIBHSHHI 3 HYJIOBOO TPHBATICTIO ekcro3uitii [ 10].
[Tpn 1ipoMy TiCIT eKCTIO3MIIiT B TOMIPHO TIEPTOHIYHUX
po3umnax (0,4 i 0,8M NaCl) wac mHacTymHOrO
TIMOTOHIYHOTO TEMOJTI3Y MOBLIBHO BiTHOBIIOETHCS (Y
0,4M NaCl no BuXigHOI BETUYUHN) TIPH TOAATBIIOMY
30iMbLIEHH] Yacy momnepeanboi excro3uuii. [licns
BUTPUMKH B O1IbII TiNepTOHIYHUX po3unHax (1,212,0M
NaCl) yac HacTynmHOro rinOTOHIYHOTO TeMOJIi3Y
MOCTYIIOBO 3MEHIIYETHCS y BChOMY Aiama3oHi
JOCHiKeHUX yaciB excrosuii (1o 30 XB).

TakuMm 9WHOM, aHANI3 JITEpaTypHu MOKa3ye, 110
ssuia sk I1TJI, tak 1 'K MaroTe 9acoBi 0COOIHMBOCTI
Ta XapaKTePU3YIOThCS MAaKCUMaJIbHOK BHUPA3HICTIO
rpu ekcro3uii 5-10 XB. 301IbIICHAS Yacy BUTPUMKH
B TIMEPTOHIYHUX pO3UMHAxX Ha meprrid cramii I'K
MIPUBOAUTE JO 3MEHIICeHHsA edekTy. HasBHICTH
yacoBoi 3anexxnocti ['K Big TpuBanocti monepeanboi
€KCTO3ULil KIITUH y TiMepTOHIYHOMY PO3YHHI B
niana3oHi 5-10 xB MOB’A3YIOTH 3 JlaTepalbHUM
Mepepo3NOAiIOM MeMOpaHHUX KOMIOHEHTIB [4, 5, 10].
3HmkeHHs uyTuBocTi kiituH 10 I'K npu nogansmomy
301IBIIEHH] Yacy iXHBOI MOMepenHbOoi eKCIo3MLii B
TIIePTOHIYHOMY PO3YHHI TTOSICHIOIOTH IIEPEPO3ITOLIIOM
KaTIOHIB KaJIiI0 1 HATPi0 MK KITITHHOO 1 HABKOJTUIITHIM
CEpEeIOBHINEM YHACHITOK 30iIbIICHHS MacUBHOI
MIPOHUKHOCTI MEMOpaH epUTPOIHTIB IS HUX TIPH il
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solution on their viability. Effect of cooling rates was
thought to be associated with the duration of
hypertonicity effect and cations outflux out of cells.
The work [32] demonstrates that erythrocytes exposure
time under hypertonic conditions influences their
sensitivity to the following cooling, which is the highest
at 5-min cell exposure in hypertonic NaCl solution at
25°C. According to the paper [26], erythrocytes
sensitivity to HC is also falling along with the increase
of hypertonicity time starting from 5 min. The higher
temperature of the effect is, the quicker the HC-
sensitivity is falling . When the cells were 5 min exposed
at 37°C in NaCl solutions of different osmolarities and
cooled afterwards down to 0°C with the rate of
60°C/min, hemolysis started at concentration equal to
1400 mOsm and reached the maximum at 1800 mOsm
and gradually decreased at higher concentrations of
extracellular solution. Due to cooling hemolysis reduced
down to zero at osmolality of extracellular solution of
4000 mOsm (25% hemolysis, observed at this
concentration caused by the contact with hypertonic
medium only).

Along with the exposure duration increase for
erythrocytes under NaCl hypertonic solutions up to a
few minutes the time of following this exposure
hypotonic hemolysis exposure in aqueous solution of a
permeating substance (glycerol) greatly decreases
comparing to “zero” exposure [10]. In this case
following the exposure in moderately hypertonic
solutions (0.4 and 0.8 M NaCl) time of further hypotonic
hemolysis is slowly reaching the initial value in 0.4 M
NacCl at the following increase of previous exposure
time. After keeping in more hypertonic solutions (1.2
and 2.0 M NaCl) time of following hypotonic hemolysis
is gradually decreasing within the whole range of
investigated exposure time (up to 30 min).

Analysis of literature data thus demonstrates that
both phenomena of PHL and HC have time peculiarities
and are characterized by the maximum manifestation
at a 5-10 min exposure. Increase of the exposure time
in hypertonic solutions at the 1% stage of HL causes
lessening of the effect. Time dependence of HL upon
the duration of preliminary cell exposure in hypertonic
solution in a 5-10 min range is thought to be related to
lateral re-distribution of membrane components [4, 5,
10]. Reduction of cell sensitivity to HL at the following
time increase of their preliminary exposure under
hypertonic solution is explained by potassium and
sodium cations re-distribution between a cell and a
surrounding medium due to the increase of passive
erythrocytes membrane permeability for these
substances under the effect of hypothermia, especially at
the concentrations exceeding 1800 mOsm [25, 27, 28].

The papers [12-14, 20] demonstrate that erythro-
cytes exposure in moderately hypertonic solutions
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rimeproHii, 0COOMMBO MPH KOHIEHTPAIMisAX, IO
nepeBuntyoTs 1800 MOcwm [25,27,28].

VY po6ortax [12-14, 20] moka3aHo, 110 EKCIO3UITis
EpUTPOLUTIB B IOMIPHO rinepToHiYHKX po3unHax (0,4-
0,45 M NaCl) nigBumrye ix cridikicts 10 [JI (B 3-4 M
posunnax NaCl) ra I'K. [Ipore npu BuBYEHHI
3a3HaYeHOro (peHOMEeHY OyI0 MPHUIIICHO HEAOCTATHHO
yBaru AOCHiIKEHHIO 4acOBOI 3aJ€XHOCTI OO
sBUIMA. Y OULTBIIOCTI pOOIT Yac eKcmo3uIiii He
BapifoBaBcs 1 CTAaHOBHB 2 XB. Y po6oTi [ 14] mokazaHo,
0 PEe3UCTEHTHICTh epuTpouuTiB no IJI mamae 3i
30inmpIIeHHaM yacy excriozumii B 0,8 M pozumnni NaCl
1o 5 XB, aje He pociimkero maii (0,5-2 XB), a Takox
Oinpm TpuBani excrio3utii (mpuHaiimHi 10 30 xB). Y
poborax [3, 14, 22] mociiIKyOThCS CHTYyalii, 110
BIJIPI3HSIOTHCS 5K 32 YAaCOM, TaK 1 32 KOHIEHTPAIIi€I0
CepeloBHIIIA EKCIIO3ULI.

Meta po0GOTH — NOCHiIAXEHHS BILIMBY 4acy
€KCIO3HLIi epUTPOLUTIB JIOAUMHU B TiMEPTOHIYHUX
po3umnnax NaCl (0,4; 0,8; 1,2; 2,0 mons/n) Bix 30 ¢ 10
30 XB Ha OIUIBHICTH iX PO3MOALIY 3a 1HAEKCOM
c(hepUIHOCTI B MOMYJIALII 1 HA BUTIK 10HIB KaJIit0 3 KIIITHH.

Martepiaan i mertoam

Y po6oTi BUKOPUCTAHO €PUTPOIUTH TOHOPCHKOI
KPOBI JIIOIVHH, OTPUMAHO{ Ha KOHCEPBYIOYOMY PO3YHHI
“I'nrorinmp”.

[inbHICTE PO3NOALTY €PUTPOLMTIB 32 iHAEKCOM
c(eprUIHOCT] BU3HAYAIHN PO3POOJICHUM HAMH CIIOCO-
6om [6, 23]. Inpexcom cdepuuHocTi epurponura P
HA3UBAETHCS BIAHOLIEHHS MaKCUMAIBHO MOKIIMBOTO
TIpY 3a/1aHil IOl oBepxHi S 06’ eMy KiituHu V
0 AifiCHOTO 3HadeHHs il 00’ emMy V,: P=Vm/V0.
OCKUIbKY MaKCUMaIBHUHN 00’ €M TIpU 3a/1aHii TUTOMTI
MMOBEPXHI Mae cdepa paniyca

e

V. =
TO m 3 6\/_ 0

Takum 4unHOM, 1HIEKC chEepHUUHOCTI EPUTPOLUTA B
MOYaTKOBOMY CTaHi
1 S/

6TV,

YacTKy KIIITHH, 1[0 TPOTEMOJII3YBaJIH, Y 3AJI€KHOCTI
BiZl OCMOTHYHOTO TUCKY TiIIOTOHIYHOT'O MO3AKII THHHOTO
po3uuHy T ((haKTUIHO KPHUBI OCMOTHYHOI KPHUX-
KOCTI ) BU3HaYaJIA METOZIOM MaJIOKyTOBOTO PO3CiIOBaH-
HA cBiTna [6]. Bumipioroun KibKiCTh KIITHH, IO
3a3HaJIM TeMOi3Y, y HU3L rnoToHiYHuX po3unHiB NaCl
OJEPKyBaJId KPUBY OCMOTHYHOI KPUXKOCTi, TOOTO
KpPHUBY B KOOpAWHATaX

P, =

N
om-
NS
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(0.4-0.45 M NaCl) increases their HL resistance (in
3-4 M NaCl solutions) and HC. However while
studying the phenomenon not too much attention is paid
to investigation of its time dependence. In most of the
works exposure time did not vary and made 2 min.
Erythrocytes’ resistance to HL was shown to fall [14]
with the exposure time increase in 0.8 M NaClup to 5
min, although short exposures (0.5-2 min), as well as
the more prolonged ones (up to 30 min) had not been
studied yet. The papers [3, 14, 22] study the situations,
which differ both on time and exposure medium
concentration.

Studying the time effect (from 30 sec to 30 min) of
human erythrocytes exposure in NaCl hypertonic
solutions (0.4; 0.8; 1.2; 2.0 mol/l) on their distribution
density by the sphericity index in the population and
potassium ions outflux out of cells was the aim of the
work.

Materials and methods

Human donor’s blood erythrocytes in “Glugitsyr”
preserving solutions were used in the work.

Density of erythrocytes distribution by the sphericity
index was determined by the elaborated by us method
[6, 23]. Sphericity index of P erythrocytes is the ratio
of maximally possible at given S, surface square of
cell volume V _ to its actual volume value V : P=V /
V,. As the maximum volume at a given surface square
has the sphere with the radius

_4 -
377 64m
Thus the erythrocyte sphericity index in initial state made
1 84
P
0 6 \/— v,

Part of hemolyzed cells was determined by small angle
light scattering method [6] depending on the osmotic
pressure of hypotonic extracellular solution, ™"
(practically osmotic fragility curves). By measuring the
number of hemolyzed cells in the series of hypotonic
NaCl solutions we obtained the osmotic fragility curve,
i.e. the curve in coordinates

N, .
Nhppu
N( ),

where N, was the amount of hemolyzed cells; N was
total number of erythrocytes.
By transformation of coordinates along the abscissa
axis T - x, where
my (1-a)
T[out

x=a+
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ne N — KiIbKICTh KIIITHH, L0 3a3HaJIM reMoiisy; N —
MOBHA KiNbKIiCTh epuTpouutiB. IlepeTBopiooun
KOOpAHHATU B34OBXK oci abcuc T - x, 1e

my (1-a)
T[out
(0 — 06’ eMHa yacTKa reMOITIO0iHY B €PUTPOIIHTI, Tli)n -

OCMOTHYHUH TUCK (i310JI0TTYHOTO PO3UMHY) 1 B3AOBK
oci opauHaT

x=a+

ﬁ =h (p<x)

(me hp(p<x) — IMOBIPHICTB TOTO, IO iHAEKC chepud-
HOCTI epuTpormTa P B 1OCTI Ky BaHi# NOMyISAL{i KIIITHH
HE TEepEeBUILY€E 3HAYCHHS X), OJepKyBanu (QyHKIi0
PO3MOniTy EpUTPOLUTIB y MOYATKOBIM cycmeHsii 3a
ingexcoM chepuunocri. IudepeHiirorous 1o QyHKIIi0
[0 X, BU3HAYAJIHM IIYKaHy IIIBHICTH PO3MOAITY
EPUTPOIIMTIB 3a IHIEKCOM chepruIHOCTI.

BuTiK KaJ1io 3 epUTPOIHTIB BU3HAYAIIH, BUMIPIOIOUH
AKTHBHICTH MO3aKJIITHHHOTO Kajlil0 B CyCIEH3il
EPUTPOIIUTIB y Yaci 3a JJOIMTOMOTOI0 BUCOKOCEIICKTHB-
HOTO KaJi€BOTO €JIeKTPO/a, BATOTOBJICHOTO Ha OCHOBI
1acTU(hiKOBaHOT MEMOPaHH, IO MICTUTH BAJTTHOMIIIUH.
Enektpon xaniOpyBanu 10 1 miciasi BUMipIOBaHHS B
PO3YMHAX XJIOPUCTOTO KaJlito Ha EKCIIEPUMEHTAILHOMY
po3umHi B miama3oHi Big 0,5 mo 20 mmons K/ [7].

Pe3yAbTaTU AOCAIAXKEHHS

JocnimKkeHHd macMBHOTO BUTOKY 10HIB Kajliio 3
EPUTPOINTIB, BMIIMIEHNX y TINEPTOHIYHUIA PO3YHH,
nokazand, mo y 0,4 M pozunni NaCl kormeHTparris
10HIB KaJIi0 B MTO3aKTITHHHOMY CEPEIOBHIII IPAKTUIHO
HEe 3MIHIOEThCA micia 30-XBUIMHHOT eKcro3uiil
(0,075 MM). Lle Binnosinae Buxony 0,5% BHYTpilIHBO-
KIITHHHOTO Kauito pu 10%-My reMaToKpuTi .

[Tpu BmimenHi eputpounTtiB y 0,8 M po3unn NaCl
X IPOHUKHICTB LIS 10HIB Kalito 30UIbIIy€ThCS OB,
HIXK y 4 pasu (Tabnuis). BMicT mo3akaiTHHHOTO Kajiro
[IpH BUTPUMIIi B ILOMY PO3YHHI CTa€ MOMITHAM BKE B
rrepri 10 xB excrro3utii, wepe3 30 XB 3 KIITHH BUXOAUTH
6mm3bpK0 17% BHYTPIIIHBOKITITHHHOTO KaJi0.

IMomaneme 30impmenHs koumenTparnii NaCl B
MTO3AKTITHHHOMY CEPEIOBHIII PUBOIUTH J0 ICTOTHOTO
3pOCTaHHs MPOHUKHOCTI 1S 10HIB Kajito: y 30 pa3iB y
1,2 M i 6inbir Hixk y 300 paziB y 2 M pozuuni NaCl
(Tabnuis). BuTik Kamiio CTa€ CyTTEBHM YMHHUKOM,
1110 BU3HAYA€E CTaH EPUTPOLIUTIB Y TAKHUX CEPEIOBUIIIAX
y’Ke Ha MepIIuX XBHIMHaxX excro3uuii. Kpusi pocty
KOHILIGHTpaii MO3aKIiTUHHOTO Kallilo BUXOASATH Ha
HacuueHHA Bxke 10 30-1 xBuiauau B 1,2 M 1 1o 10-1
xpunuHu B 2 M po3umni NaCl (puc. 1). PiBenn
TO3aKJIITHHHOTO KaJIif0 IPH ITLOMY BiITIOB1/1a€ BUXOMY
34% 8 1,2 M ta 70% BHYTPIITHHOKIIITHHHOTO KO B
2 M po3zunni NaCl.
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(0 is volumetric part of hemoglobin in erythrocyte; Tlg'
is osmotic pressure of physiological solution) and along
the ordinate axis

Nh
~ <)
(h (p<x) is probability of the fact that erythrocyte
sphericity index, P, in the studied cell population does
not exceed the x value), we got the erythrocytes
distribution function in an initial suspension by the
sphericity index. By differentiating the x function we
defined the unknown erythrocytes distribution density
by the sphericity index.

Potassium outflux out of erythrocytes was
determined by measuring the activity of extracellular
potassium in erythrocytes suspension in time using
highly-selective potassium electrode prepared on the
base of valinomycin-containing plastified membrane.
Electrode was adjusted prior to and following the
measuring in potassium chloride solutions in experi-
mental solution within the range of 0.5 to 20 mmol of
K* per liter [7].

Results and discussion

Studying of potassium ions passive outflux out of
erythrocytes placed into hypertonic solution showed
that in 0.4 M NaCl solution potassium ions concen-
tration in extracellular medium did not practically
change after a 30 min exposure (0.075 mM). This is
consistent with the outflux of 0.5% intracellular
potassium at 10% hematocrite.

When erythrocytes are placed into 0.8 M NaCl
solution their permeability for potassium ions increases
by more than 4 times (Table). Extracellular potassium
content during this solution exposure is already visible
at first 10 min of exposure, in 30 min about 17% of
intracellular potassium is leaving the cells.

Further increase of NaCl concentration in an extra-
cellular medium results in a considerable permeability
increase for potassium ions: in 30 times in 1.2 M and

Burik ionis kasito 3 kiituH (J,, Monb/c) i koedilienTn
MIPOHMUKHOCTI MeMOpaH eputporutis (P, cm/c)
y TiNepTOHIYHMX PO3UMHAX NaCf

Potassium ions outflux out of cells (J,, mol/sec)
and permeability coefficients of erythrocyte membranes
(P,, cm/sec) in NaCl hypertonic solutions

C,.], MOAB/A J 10", Moab/c P -107,cm/c
Na- K. k
C.. ], mol/1 J 10", mol/s P 107, sm/s
Na- k k
0,4 0,035 0,008
0.8 1,42 0,034
1,2 10,7 0,25
2,0 109,7 2,6
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Excrio3uttisi B TOMipHO TiMEPTOHIYHUX PO3UMHAX,
AKa HE BUKJIMKAE 3HAYHOTO BUTOKY 10HIB KaJIif0 3 KIIITHH,
HE MNPUBOJIUTH 0 3CYBY MaKCHUMYMY PO3IOALNY
EepPUTPOLHMTIB 3a iHAEeKcoM chepuuHocTi y Pizio-
JIOTIYHOMY PO34YMHI MiCIIs €KCIIO3UIIIT B TIEPTOHIYHUX
posunnax NaCl. [Ipore ¢popma KpUBHX LIiIBHOCTI
pO3MOALNTY 3MIHIOETHCS B 3aJIE)KHOCTI Bij 4acy
€KCIO3HLIT KIITHH y TIEPTOHIYHUX PO3YNHAX, OCOOIHBO
B Jlialta30Hi MaJIUX iHAEKCIB chepuaHocTi (puc.2, 3).
Bxe B mepmri 30-60 cexyHa eKCHoO3HuIii iCTOTHO
3MEHIIYETHCSA KUIBKICTh KITIITHH Yy Jiana3oHi iHIEKCIB
cpepuunocri 1,0-1,3 (puc. 2). CyTTeBi 3MiHH KPUBUX
IIUTBHOCT1 PO3MOAINY €PUTPOLUTIB 3a IHIAEKCOM
c(hepUIHOCTI CIIOCTEPIraroThCs TAKOXK MPH 301IBIICHH]
TpUBAJIOCTI ekcro3uilii 10 3-10 xB. V 11i yacu eKCo3uilii
B iHTepBajii Manux iHAekciB cdepuunocti (1,0-1,3)
3’ ABJISAIOTHCS AONATKOBI MaKCUMYMH IIiJIBHOCTI
po3moiny, TOOTO 301IBIIY€EThCS KUTBKICTh KIIITHH 3
MEHLIUMH iHIekcamu chepuuHocTi (puc. 3). Ilpu
noAaibIIoMy 301IbIIeHH] Yacy ekcro3uuii 1o 20-30 xB
OIUTBHICTh KJIITHH Y IBOMY iHTEpBaji iHIEKCiB
c(hepuIHOCTI 3HOBY 3MEHIITY€THCS 1 CTA0LTI3yEThCS HA
JeSIKOMY BHU3HAY€HOMY JUIsI KOXKHOTO JJOHOpPa PiBHI.
XapakTtep 3MiHH MITFHOCTI PO3MOILTY EpUTPOIIHUTIB Y
JliarazoHi MaauX 1HAEKCIB ChepUIHOCTI B 3aIEIKHOCTI
BiJl yacy €KCIO3HIii KIITHH y TIMEPTOHIYHOMY
COJIbOBOMY PO3UHHI aHATIOTYHHUH 1151 Pi3HUX IOHOPIB,
X04a ITbHICTh PO3NOALTY BiAPI3HAETHCS KUTBKICHO 1
3aJIe)KUTh BiJl MOYATKOBOI YaCTKH KIITHH y LBOMY
niana3oHi inaekciB cepuunocTi. Tak, ams moHopa 3,
110 Ma€ Y BUX1ATHOMY CTaH1 HAHOUIBIITY KiTBKICTh KIIITHH
y niana3oHi inaekcis cepuunocti 1,0-1,3 y mopiBHsHHI
3 IHIIMMH JOHOPaMHU, MaKCUMYM B iHTepBaii 3-10 xB
€KCITO3UIIi] € HAHOUTHIT BUPAKCHUM; TSI TOHOPA 1, 1110
Ma€ y BUX1THOMY CTaHi HAWMEHITY KUTbKICTh KIITHH Y
[IbOMY JTlianla30Hi, BiH HAWMEHIITHH.

AHasnoriyHa 3aJIeXHICTh JI YaCTUHHU KIITHH Y
nianasoHi iHgekciB chepuunocti 1,0-1,3 Bix yacy

80

70 A

60

50

40 -

BuTik kanito, % Potassium outflux, %

—0

0 5 10 15 20 25 30 35

Yac ekcnosuuii, x8 Exposure time, min

Puc. 1. Burik xamio (% Bix BHYTPIIIHBOKIITHHHOTO) 3
CPUTPOLHUTIB TPH IX EKCIO3HUIIIT B TIIEPTOHIYHAX PO3UMHAX
NaCl: O-04M; A-0,8M; ®-12M; @ -2,0 M.

Fig. 1. Potassium outflux (% of intracellular content) out of
erythrocytes during the exposure in NaCl hypertonic solu-
tions: O—04M; A—-08M; ®@—1.2M; ® —2.0 M.

more than 300 times in 2 M NaCl solution (Table).
Potassium outflux is an important factor determining
the erythrocytes state in such media already at first
minutes of exposure. Concentration rise curves of
extracellular potassium reach the saturation already
to the 30" minute in 1.2 M and to the 10" min in 2 M
NaCl solution (Fig. 1). Level of extracellular potassium
thereat corresponds to the outflux of 34% of intracel-
lular potassium in 1.2 M and 70% in 2 M NaCl solution.

Exposure in moderately hypertonic solutions which
does not result in a significant potassium ions outflux
out of cells, does not cause the maximum shift of eryth-
rocytes distribution by the sphericity index in physio-

Kinbkicte eputpouunTia, %
Erythrocyte number, %

Yac ekcnosuii, xB

45

1,2M

35

Exposure time, min

Puc. 2. 3anexuicts yactku eputpountis (%) y nianasoHi ingekcis chepuanocti 1,0-1,3 Big yacy nonepeHb01 eKCIO3UIIIT
B rinepToHiynux pozunHax NaCl: B — 1-i1 nonop; A —2-ii nonop; O— 3-ii noHop; @ —4-ii foHop; 4 — 5-i1 1oHOD.

Fig. 2. Dependence of erythrocytes part (%) within the sphericity indexes range of 1.0-1.3 upon preliminary exposure
time in NaCl hypertonic solutions: B — Ist donor; A —2nd donor; O— 3-rd donor; @ —4th donor; 4 — 5th donor.
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€KCITO3UIII] cCriocTepiraeTbes mcis BUTpuMkn B 0,8 M
po3umHi NaCl (auB. puc. 2). MakcuMyMH B IbOMY
BUMAJKY € MEHIIMMHU 3a aOCOJIOTHOIO BEIUYHHOIO,
aiie BianoBigarots 3-10 xB ekcno3uii. Sk iy Bunaaxy
excno3uuii B 0,4 M po3unni NaCl, Ha KpUBHX IIUTBHOCTI
po3mnoziny 3a iHAEKCOM CPEpUUHOCTI 3 SBISIOTHCS
JOJIATKOBI MaKCHUMyMH 3a 4daciB excroswuiii 3-10 xB,
110 3HUKAIOTH IPH 20-XBUIIMHHIN eKCcTIO3HLiT (pHC. 4).

36inpmenns koHIeHTpamnii NaCl B cepemoBuii
ekcro3utlii 7o 1,2 M mpuBOIUTH A0 SKICHO 1HIITHX
pe3yabTariB. Xoda Ha KPUBHUX 3aJEKHOCTI YACTKU
KJIITHH y Aiana3oHi ingekciB chepuanocti 1,0-1,3 Bix
4yacy eKCIO3HMIIii BCE IIe CIOCTEPIraloThCs OCOOIH-
BOCTI ITpH eKcmo3utlii 3-10 XB, oJaIbIIIe 30UTHIIICHHS
4yacy eKCHOo3ulii B IbOMY PO3YHMHI HPHUBOIUTH N0

logical solution following the exposure in NaCl hyper-
tonic solutions. However the shape of density distri-
bution curves is changing depending on cell exposure
time in hypertonic solutions, especially within the range
of small sphericity indexes (Fig. 2, 3). Even at first 30-
60 seconds of exposure the cell amount decreases con-
siderably within the range of 1.0-1.3 sphericity indexes
(Fig. 2). Considerable changes in density distribution
curves according to the sphericity index are also
observed when increasing the exposure duration up to
3-10 min. At this exposure time within the range of
small sphericity indexes (1.0-1.3) there appear some
extra maximums of the distribution den-sity, i.e. cell
amount with lower sphericity indexes increases (Fig. 3).
At further increase of the exposure time up to 20-
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ICTOTHOTO POCTY IIUTFHOCTI KITITHH B IHTEPBaJIi MaJIFX
iHAeKciB cepuuHocTi (IuB. puc. 2). Ha kpuBuX miinb-
HOCTI PO3IIOILTY €pUTPOIUTIB 32 iHAEKCOM ceprd-
HocTi miciis ekcno3uuii B 1,2 M po3unni NaCl BuaHo,
0 JOIATKOBUI MAaKCUMYM, SIKUi 3’IBUBCS B Jliania3oHi
MalHX iHACKCIB C(hepHUYHOCTI, BXKE HE 3HUKAE MpPH
30inbLIeHH] yacy ekcro3uuii 10 30 xB (puc. 5).
Excnoszunist epurponutis y 2 M po3uuni NaCl, mo
BHKJIMKA€ 3HAYHUI BUTIK KaJil0 3 KJIITHH, TPUBOANTD
TaKOX 1 710 IIBUJIKOTO 3pOCTAaHHSI YaCTUHH CHEPUIHUX
KJIITHH TPY HACTYITHOMY BMIIIEHHI iX y i30TOHI4HE
cepenoBuie. Yxe uepe3 30 CeKyH]I €KCTIO3UITIT ITiTh-
HICTh PO3MOJIITY KIITHH 32 iHAEKCOM CHEPUIHOCTI
ICTOTHO BiIPI3HAETHCS Bl KOHTPOJIBLHOTO PO3IONILTY

30 min cell density within this intervals range is falling
again and was found to get stabilized at a certain for
each donor level. Character of the distribution density
change within the range of small sphericity indexes
depending on cell exposure time in saline hypertonic
solution is the same for different donors, though the
distribution density is quantitatively different and de-
pends upon the initial cell number within this range of
sphericity indexes. For donor 3 who has the highest
cell amount in an initial state within the sphericity inde-
xes range of 1.0-1.3 comparing to other donors the maxi-
mum in the interval of 3-10 min of exposure is the most
manifested; for donor 1 with the lowest cell amount in
the initial state it is the lowest within this range.
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(puc. 6). YacTuHA KJIITHH y Oiama3oHi 1HJAEKCIB
cpepuunocti 1,0-1,3 ckmagae BeIWKy 4acTHHY
nonyssuii eputpountiB: 58% uepes 30 cexynn i 70%
yepe3 90 cexyna excriozuuii. [lpu 30inbmenHi yacy
excrno3uLii yactka cepuunux kiitud (P=1) 3pocrae
i nocsirae 90% yxe nmpu 10-XBUIMHHIN eKcmo3uwii
(puc.7).

HocnijxeHHs BIIMBY TilEPTOHII Ha PO3MOIIN
€PUTPOLHTIB 32 iHAEKCOM CPEPUIHOCTI ITOKA3ANH, IO
CTaH iX MOMyMALii MiCHA TINEePTOHIYHOTO BIIJIUBY
3aJIeXKUTh SK BiJ CTyIEHS TiNEepTOHil, Tak i BiJ dacy
BILUIMBY. 3BepTa€ Ha cebe yBary pi3ke 3MEHIIEHHS
KUIBKOCTI KJIITHH 3 MAJIUM 1HIEKCOM C(HEpUIHOCTI MiCIIst

Analogous dependence of some cells within the
sphericity index range of 1.0-1.3 upon the exposure
time is observed after keeping them in 0.8 M NaCl
solution (see Fig. 2). Maximums in this case are lesser
according to the absolute value, though they correspond
to 3-10 minutes of exposure. The same as in the case
of exposure in 0.4 M NacCl in the density distribution
curves by the sphericity index there appear the extra
maximums during a 3-10 min exposure, disappearing
at 20-min exposure (Fig. 4).

Rise of NaCl concentration in the exposure medium
up to 1.2 M results in qualitatively different outcomes.
Although in the dependence curves of some cells within
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nepmnx 30-90 cexynn excriosutii B 0,4 1 0,8 M pozun-
Hax NaCl (quB. puc. 2). Y 3B 43Ky 3 BUCOKOO IIPOHHK-
HICTIO MEMOpaH EpUTPOIUTIB AJis BoaH [ 8, 24| omHUM
3 OCHOBHUX YHHHUKIB, 1[0 BIUTMBAIOTh HA HUX Y MEPIIi
CEeKYH/IU KCIIO3H1ii B FIIePTOHIYHOMY CEpPEIOBHILI, €
3HEBO/THFOBAHHS KJIITHH 1 TIOB’sI3aHa 3 IWM Jiepopmartist
KJIITUHHOI MEMOpPaHH, a TAKOX ITiIBUIIICHHS 10HHOI CHJIN
SIK MO3aKJIITUHHOTO, TaK 1 BHYTPIIIHBOKIITUHHOTO
cepenoBuiia. Bizomo, 1o BaXXITUBY pOIIb Y MIATPUMIT
(hopmu epHUTPOIUTIB Bifirpae O1TKOBHI KapKac, po3Ta-
[IOBAHU Ha IUTOTUIA3MATHYHI N ITOBEPXHI iX MeMOpaH
[21]. ¥ poborti [1] migkpecmoeTses, M0 TPUBUMIpPHI
MEepeXi MUTOCKETIETHUX O1JIKIB MOXKHA PO3TIISIIATH SK
HEHTpATLHUAN MeXaHi3M, 110 3a0e3mnedye cTabiIbHICTh
a00 HecTaOUIBHICTh KIIITHH ITPH OXOJIOJKEHHI 1 3aMO-
poxyBanHi. HasiBHI uncieHHi 1aHi po B3a€EMO3B 30K
(hopMU epUTPOIIMTIB i B3aEMOIiF0 IIUTOCKEIIETA 3 MEM-
OpaHO0 3a IONIOMOTOI0 KOHTAKTIB IIUTOCKENEeTa 3
OinkoM cMyrH 3 uepe3 aHkupuH (0inok 2.1) 1 6inoxk 4.1
[29, 30]. IcHyIOTh TakOX OUTBII CIIA0K] B3aEMOIIT MiX
CHEKTPHHOM 1 hocdodinigamu MeMOpaHu, 110 cTadi-
J3YIOTh JMAHUK Oimap i miATPUMYIOTh HOTO acH-
metpiro [21]. Buciosneno npumymenss [ 13, 14], oo
30UTBIIEHHS PE3UCTEHTHOCTI epuTponuTiB 10 [J1 (y
4 M pozuuni NaCl) micas HerpuBanoi (10 2 XB)
rornepennupoi iHKyOarrii B pozunaax NaCl 3 KoHIIeHT-
patiero 0,4-0,45 MOIIB/1 TOB’13aHO 31 3MiHAMU B32EMO-
Iii uTockesnera 3 MeMOpaHoto. CTiliKiCTh KIITHH 710
[IEPEHOCY B CEPEIOBHIIA 3 BACOKUM BMICTOM €IIEKTPO-
JiTy B 3HAUHIN Mipi BU3HAYAETHCS XapaKTEPOM aco-
miamii-gucorianii 6ika cMyru 3 3 TUTOCKeNeToM [9,
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c(hepUYHOCTI Y HATUBHIH MOIMYIALIT Ta IMiCIIs eKCIO3HIIIT B
2 M po3uuni NaCl: O—xkoutpons; @ —30c.

Fig. 6. Erythrocytes distribution density by the sphericity
index in the native population and after the exposure in 2 M
NacCl solution: O— control; ®—30s.

NPOBJIEMbI
KPHOBMONOIrum
T. 15, 2005, N22

the range of 1.0-1.3 sphericity indexes, the peculiarities
at 3-10min exposure are still being observed, the further
exposure time rise in this solution causes a considerable
cell density growth within small sphericity indexes (See
Fig. 2). Density distribution curves of erythrocytes on
the sphericity indexes after the exposure in 1.2 M NaCl
show the extra maximum which appears within the
range of small sphericity indexes, does not disappear
when increasing the exposure time up to 30 min (Fig. 5).

Erythrocytes exposure in 2 M NaCl solution, which
results in a considerable potassium outflux out of cells,
also causes a rapid increase of the amount of spherical
cells when placed then into an isotonic medium. Even
in a 30 sec exposure the cell distribution density on the
sphericity index dramatically differs from the control
value (Fig. 6). Some cells within the sphericity index
range of 1.0-1.3 make a significant part of erythrocytes
population: 58% in 30 seconds and 70% in 90 seconds
of exposure. When increasing the exposure time
amount of spherical cells (P=1) increases and reaches
90% already at 10-min exposure (Fig. 7).

Studying of hypertonicity effect on erythrocytes
distribution by the sphericity index showed the state of
their population to depend following the hypertonic
effect both on the hypertonicity degree and effect
duration. A sharp fall of cell number with a small
sphericity index after first 30-90 seconds of exposure
in 0.4 and 0.8 M NaCl is evident (see Fig. 2). Because
of a high water permeability of erythrocytes mem-
branes [8, 24] cell dehydration and resulted from it
cell membrane deformation, as well as ionic force

120

100 -~

[0}
o
1

YacTtka eputpouunTis, %
Erythrocyte part, %
()]
o

0 {.‘ T T T
0 10 20 30 40

Yac ekcnoauii, XB Exposure time, min

Puc. 7. 3anexHICTh YaCTKH CHEPUUHUX EPUTPOLMTIB BiJ] Hacy
nornepeaHboi ekcnosuuii B 2 M pozuyuni NaCl: B — 3-i
nouop; O—4-it noHop.

Fig. 7. Dependence of the number of spherical erythro-
cytes on preliminary exposure time in 2 M NaCl solution:
B - 3“donor; O— 4" donor.
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14, 17]. ABTOpU NPUITYCKAIOTh, 1[0 OCHOBHY POJb Y
LBOMY SBHILI Biirpae 3MiHa CTPYKTYPHOTO CTaHY
KOMIUIEKCY “MeMOpaHa-IIUTOCKENeT” P 3HEBOTHIO-
BaHHI yepe3 3pOCTaHHS IIBHOCTI PO3NOILTY CTPYK-
TYPHHX €JIEMEHTIB [IUTOCKENETa, BIUTUBAIOYH Ha CTY-
MiHb X B3a€MOZIi 3 MeMOpaHo10. Y po6oTi [2] miakpec-
JIFOETHCS, 1110, OCKUTHKH ITUTOCKETIETHA MEPEeka epHTPO-
LUTIB CTa01Ti3yeThCs HEKOBAJIEHTHUMH 3B’ I3KaMH, i1
TOMOJIOTiSI CYTTEBO BU3HAYAETHCS] yMOBAMHU HABKOJIHIII-
HBOT'O CEPEJIOBHIIA 1 CaMe TebOBa MPUPO]IA IIUTOCKE-
JieTa BUBOIUTH Ha NEPIINH IUIaH Taki pakTopH, siK oc-
MOTHYHHH TUCK, i0HHA cuia, pH 1 Temnepatypa. Mop-
(oJIoriuHO 1€ MPOSBISIETHCS B KPEHYBaHHI €pPUTPO-
LUTIB, @ B CTPYKTYpHOMY IUIaHI — y 3MiHi XapakTepy
acouianii cneKTpuHOBOI Mepexi 3 MemOpanoro. Yuc-
JICHHI JOCITIJDKEHHSI BIUTUBY Pi3HUX PEYOBHH, 110 MOJIH-
(hiKyI0Th B3a€EMOJIII0 IMTOCKENIETa 3 MEMOPaHOI0, Ha
TIMEPTOHIYHY 1 XOJIONOBY YYTJIMBICTH €PUTPOIUTIB
TTOKa3aJii OOTPYHTOBAHICTh TAKOTO MOSICHEHHST. M’ sika
00po0OKa EPUTPOITUTIB TEMIHOM, IIIO BUTEHO IMTPOHUKAE
Kpi3b JimigHuil Oimap i 3B’s3yeThes 3 Oinkom 4.1,
MOPYIIYIOYH HATUBHY CTPYKTYpy IbOTO OisKa 1 fioro
3B’SI30K 13 CIEKTPUHOM, IPUBOJUTH 10 3HIKCHHS PiBHA
rineproniyHoro moky [18]. Pesynasraru pobotu [15]
MoKasaliy, IO Jis iHri0iTopy aHiOHHOTO TPAHCTIOPTY
HIJC Ha X0nmomoBy i 0CMOTHYHY Yy TJIMBICTH €PUTPO-
LIMTIB ITOB’sI3aHa 3 HOro BINTMBOM Ha B3a€EMOJIIO OlIKa
cmyrd 3 3 nutockenerom [30]. ¥V poborti [16] 3a3Ha-
yeno, mo ais JIJAC Ha 9yTnuBicTh €PUTPOLUTIB 10
TINepTOHIYHOTO IMOKY 00yMOBIeHa MOAN(DiKaIIi€t0 HE
TIJBKY 3B’ 513Ky O1TKa CMYTH 3 3 MUTOCKENETOM, aje i
B3aemoziero Oinmka cmyru 4.1 y memOpani. Li x
B3a€EMO/ii, Ha AyMKy aBTOpiB pobortu [11], BiAmoBi-
JanbHi 3a cTilikicts eputponutis o ITJL. Ipu moci-
JDKEHHI BIUTMBY OOpPOOKH €pUTPOLUTIB MPOTEOiTHY-
numu pepmentamu ta AIJIC aBTOopm pobotm [19]
TaKOXX NPUHIIIIA JO BACHOBKY, 1110 HA PO3BUTOK Yy TJIH-
BOCTI €PUTPOLMTIB O XOJOAOBOTO IIOKY BIUIMBAE
Moaudikaiis B3aemoii Oinka cmyru 3 3 OinkaMu
nuTockeneTa. Taka Mogudikarlis Moxxe OyTH omoce-
peaKoBaHa MiHOPHUMH 1HTETpaTbHIMHE O1TKaMH, TyT-
TEBUMH J10 0OpOOKU TPUTICHHOM 1 IIPOHA30I0.

Taxum 9uHOM, pi3Ke 3MEHIIICHHS YaCTKH KIIITHH 3
MaJIUM 1HIEKCOM C(HEpPUIHOCTI IPH MMOBEPHEHHI 1X ¥
130TOHIYHE cepemoButie micis mepmmx 30-90 cexyHg
ekcriosutiii B 0,4 M po3unni NaCl, orpumane B Halmomy
EKCIIEPUMEHTi, KOpPEeJIo€e 3 MiABULICHHAM pe3uc-
TEHTHOCTI sik 10 HacTynHoro [JI[14, 17, 18], Tak i 10
I'K[2, 15, 16]. 3a nanumu [ 10], epuTpOoImTH, BATPUMAaHI
B TiINEPTOHIYHHUX yMOBax MeHme 1 XB, CTiHKi 10
YIIKO/DKEHHSI TEMIIEpaTypHUM LIOKOM, MOTIM CTili-
KICTh KIIITHH 3HIKYETHCS IO MIHIMAJTEHOTO 3HAYCHHS
TIpH S-XBUJIMHHIH €KCITO3HUITI] Y TIITePTOHITHOMY PO3IHHI
NaCl i miaBUITYETHCS TIPH OLTBI TPUBAJIIH EKCITO3HUITIT
(Bim 5 mo 50 xB). Taka 3MiHa YYTIUBOCTI KIITHH J0
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increase in both extra- and intracellular media are
known to be one of the main factors affecting them at
first seconds of hypertonic medium. Protein sceleton
located on a cytoplasm surface of erythrocyte
membranes is known to be of importance in maintaining
the erythrocytes shape [21]. The work [1] underlines
that three-dimension nets of cytoskeletal proteins could
be considered as the central mechanism providing the
stability either non-stability of cell while cooling and
freezing. Numerous data are available on the
interaction of erythrocytes shape and cytoskeleton-
membrane bond by cytoskeleton contacts with band 3
protein via ankyrins (protein 2.1) and protein 4.1 [29,
30]. There are also weaker interactions between
spectrine and membrane phospholipids, which stabilize
lipid bilayer and maintain its asymmetry [21]. There is
a supposition [ 13, 14] that the increase of erythrocytes
resistance to HL (in 4 M NaCl) after a short-term (up
to 2 min) preliminary incubation in 0.4-0.45 mol/l NaCl
solutions is associated with the changes in cytoskeleton-
membrane interactions. Cell integrity to the transfer
into the media of high electrolyte content is greatly
determined by the character of band-3 protein
association-dissociation with cytoskeleton. The authors
presume the main role in this phenomenon belongs to
the change in structural state of “membrane-
cytoskeleton” complex during dehydration by increasing
the distribution density of cytoskeleton structural
elements by affecting the degree of their interaction
with membrane. The work [2] shows that as the
erythrocytes net of cytoskeleton is stabilized by non-
covalent bonds, its topology is greatly predetermined
by the environment conditions and namely the gel nature
of cytoskeleton makes such factors as osmotic
pressure, ionic force, pH and temperature the most
important. Morphologically this is manifested in
erythrocytes crening, and structurally — in changing
the character of spectrine net association with mem-
brane. Numerous studies of the effect of different
substances which modify cytoskeleton interaction with
membrane, on erythrocytes hypertonic and cold
sensitivity showed reasonability of such an explanation.
Soft erythrocytes treatment by hemine, which easily
penetrates through lipid bilayer and binds with protein
4.1 by impairing native structure of this protein and its
bond with spectrine, causes the decrease in hypertonic
shock level [18]. The study results demonstrate [15]
that the effect of DIDS anion transport inhibitor on
cold and osmotic erythrocytes sensitivity is associated
with its effect on band 3 protein interaction with
cytoskeleton [30]. In the paper [16] it is referred to
that DIDS effect on erythrocytes sensitivity to
hypertonic shock is substantiated by modification of
not only the band 3 protein bond with cytoskeleton, but
also the one of band 4.1 in membrane. The same bonds,
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I'K y 3anmexHOCTi Bif 4acy momnepeaHboi iHKyOamii
BiJITIOBIIaI0Th HAIIIMM JTaHUM IIPO 3MiHY YaCTKH KIIITHH
3 MaJIUM 1HIEKCOM ChepUIHOCTI 31 301IBbIIEHHAM Yacy
MornepeHboi iHKyOartii.

Yacoi xapaKTepUCTHUKU 3MIHH Yy TIHBOCTI KIITHH
JI0 HACTYITHUX KPUTHYHHX BIUTHUBIB, a TAKOXK XapakTep-
Hi 9acH, IIPHU SKUX CIIOCTEPITaEThCS PICT YaCTKU KIIITUH
3 MaJiUM 1HAEKCOM chepudHOCTi, micis iHKyOarii B
TIMEePTOHIYHUX PO3YMHAX BIAMOBIJAIOTH YaCOBUM
XapaKTepHUCTHKaM IIepepO3NOAiTy MEMOPaHHIX KOM-
MOHEHTIB y AehopMOBaHili MIa3MaTU4HId MeMOpaHi.
Y poborax [4, 5] mokazaHo, 110 Aedopmallis KIITUHHOT
MeMOpaH{ P 3HEBOAHIOBaHH] MOKe OyTH IPUYUHOIO
JaTepajJbHOTO MEePepo3NOAiTy MEMOPaHHUX KOMIIO-
HeHTiB. BinbHa eHepris gedopmarii BUTHyTOTO Oiapy
IpH 3aaHiil popMi SMEHILY€ETHCS 32 PaXyHOK KOHIICHT-
patii “M’ KX’ KOMIIOHEHTIB, TOOTO KOMIIOHEHTIB 3
MEHIIIMM MOZYJIEM PO3TATY, Y IIJISTHKaX MeMOpaHH 3
O1IBIIIOI0 KPUBHU3HOIO 1 TIEPEMIIeHHsT OUThII “‘TBEp-
X’ MeMOpaHHUX KOMIIOHEHTIB Y AUISHKH Oimapy 3
MEHIIIOI0 KpuBU3HOIO. [Ipn 1ipoMy opma MemMOpanu
B XO/Ii JIaTepaILHOTO TEPEPO3IOALTY ii KOMIIOHEHTIB
cTae OibLI TIIAAKOI0, ajie Bee Iie KpeHoBaHoto. Jlate-
payIbHUI Tepepo3nofi MeMOpaHHUX KOMIIOHEHTIB €
MPOLIECOM aKTHBALIHHOTO THITY 1 TOMY 31IiHCHIOEThCSI
3a KiHIIEBUH MPOMI’KOK 4acy, 10 3MEHIIYETHCS 3 POC-
TOM TeMIIepaTypH i IpH KIMHATHIH TeMIiepaTypi CKa-
nae omm3pko 6 xB [31]. YV poboti [10] mpoBeneHo Bi-
3yaibHe crioctepekenHs nporecy 'K mix cBiTiioBuM
MiKpocKkoroM. EkcriepruMeHTH iATBepIKYIOTh OTPH-
MaHi IHITAMHW aBTOPAMH JIaHi, 3T1THO 3 IKHMH €pUTPO-
LIUTH, Ki IEPEHECEHO B IOMipHO TEePTOHIYH] PO3YMHA
NaCl, mpuitmaroTs hopMy TUCKOIHTA, KPEHOBAHOTO B
TOPOINaIbHIN YaCTHHI 1 CIUTFOCHEHOTO B 00J1aCTi, PO3-
TamoBaHii 6iy1st oci cumeTpii. [Ipu 30inbIneHHi TpuBa-
J0CTi eKkcro3utlii 10 5-10 XB 00pUcH KITITUHU TPOXHU
3MIaKYIOThCS, 110 aBTOP IOB’SI3y€ 3 JIaTepabHUM
MEepepo3NOaiIoM MEMOPaHHIX KOMIIOHEHTIB Y MEM-
Opani, nepopMoBaHili BHACTIJOK 3HEBOJHIOBAHHS
KJTITHH.

O4eBuIHO, IO 301UTHIICHHS YaCTKH CPUTPOIIHUTIB 3
MaJIUM 1HJIEKCOM CEPUIHOCTI ITpH ekcrmo3utii B 0,4 1
0,8 M pozuauni NaCl B inTepBaii 3-10 xB He 1TOB’ 13aHO
3 BUTOKOM Kautifo 3 kmituH. Y 0,4 M pozuuni NaCl
BUTIK KaJNiI0 MPAKTHIHO HE CIIOCTEPIraeThCA aX M0
30-1 xBunuHM excno3uuii. [Ipu excrozumii y 0,8 M
po3umnHi NaCl, Xo4a BUTIK KaJIit0 CTa€ IOMITHUM, BiH €
nocTiiianuM B niepii 30 XB eKCHO3ML1 1 Mir Ou mpruBecTH
TIJBKH 10 MOHOTOHHOTO 3pOCTaHHS KiJIbKOCTI KIIITHH
3 MaJuM iHAEeKcoM cdepuyHocTi. Pesynpraru, mo
OTPUMAaHO METOAOM BU3HAYEHHS [IIJIBHOCTI PO3MOALTY
EPUTPOIIMTIB 32 iHIEKCOM CHEPUIHOCTI, CBITIATH IPO
0COOJTMBOCTI CTaHy KITITHH IpH eKcro3witii 3-10 xB, 110
3HUKAIOTh NPH MOAAIbIIOMY 30LIBIICHHI Yacy
excrro3uttii 10 20-30 xB y 0,4 ta 0,8 M po3unnax NaCl.

NPOBJIEMbI
KPHOBMONOIrum
T. 15, 2005, N22

the authors suppose [11], are responsible for
erythrocytes resistance to PHL. When studying the
effect of erythrocytes treatment with proteolytic
enzymes and DIDS the authors [19] also conclude that
development of erythrocytes sensitivity to cold shock
is influenced by modification of band 3 protein
interaction with cytoskeleton proteins. Such a
modification might be mediated by minor integral
proteins sensitive to trypsine and pronase treatment.
Therefore, a sharp decrease of the number of cells
with a small sphericity index after returning them into
an isotonic medium following the first 30-90 seconds
of exposure in 0.4 M NaCl, obtained during our
experiment, correlates with both resistance increase
to further HL [14, 17, 18] and to HL [2, 15, 16].
According to the data [10], erythrocytes being under
hypertonic conditions less than 1 min are resistant to
temperature shock damage, then follows the fall of
cell integrity down to the minimum value at 5-min
exposure in NaCl hypertonic solution and the rise at a
more prolonged exposure (5 to 50 min). Such a change
of cell sensitivity to HL depending on preliminary
incubation duration correlates with our data on the
change in cell amount with a small sphericity index
along with the increase of preliminary incubation time.
Time characteristics of cell sensitivity changes after
further critical effects, as well as the characteristic
time at which there is observed the growth of cell
amount with a small sphericity index, following the
incubation in hypertonic solutions, were found to be
consistent with time characteristics of membrane
components re-distribution in a deformed plasmatic
membrane. The works [4, 5] demonstrate that cell
membrane deformation during dehydration could be
the cause of lateral re-distribution of membrane
components. Free deformation energy of a curved
bilayer at a given shape is falling due to the
concentration of “soft” components, i.e. those with
lower tension module, in the membrane sites with more
curvature and migration of more “solid” membrane
components into the bilayer sites with less curvature.
Membrane shape thereat during lateral redistri-
bution of its components is getting smoother, but still
remains crenated. Lateral redistribution of membrane
components is known to be the activation type process
and is realized therefore at final period, which is getting
shorter along with the temperature rise and makes
about 6 min at a room temperature [31]. In the work
[10] there was accomplished a visual observation of
HC process by light microscope. Experiments confirm
the data obtained by other authors that erythrocytes
being transferred into moderately hypertonic NaCl
solutions, acquire the shape of crenated in thoroidal
part discocyte and flattened out in the area close to
symmetry axis. Along with the exposure time increase
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VY Bunaaky 1,2 M pozunny NaCl takox crioctepi-
raeThCsi 0cOOIMBICTH KPUBOT, 110 BioOpakae 4acTKy
KIIITHH 3 MAJIUM 1HAEKCOM cepudHocTi 3a 3-10-xBu-
nuHHOT excno3uuii. [IpoTe 3HaYHMI BHTIK Kalilo B
IOMY PO3YHHI TPUBOIUTH JI0 TIOJATBITIOTO 301IBIICH-
HS YaCTKH KIIITHH 3 MaJUM 1HAEKCOM C(HEpHIHOCTI
npu 301IbIIEHH] Yacy €KCIO3HIii, MO0 MacKye
MakcuMyM y miamna3oHi 3-10 xB. ToOTo mpu excro3uii
epurpouutiBy 1,2 M i ocobauBo B 2 M po3unni NaCl
CYTTEBUH BHUTIK BHYTPIITHBOKIITUHHOTO KaJIiI0 CTa€E
OCHOBHHMM UYHMHHHUKOM, 110 BIJIMBA€ Ha PO3MOMLN
EPUTPOLHMTIB 32 IHAEKCOM CPEPUUHOCTI MPH HACTYII-
HOMY BMILICHHI X y 130TOHIYHE cepenoBuile. Kpusa
pPOCTY 4YacTKH CHEepHYHHX CPUTPOLUTIB MicI]s
excno3uuii B 2 M po3uuni NaCl (puc. 7), six i kpuBa
BUTOKY 10HIB KaJIit0 3 KIITHH (IUB. pHC.]), BUXOIUTD
Ha HacW4YeHHs Bke uepe3 10 XB excro3uii.

BucHoBku

VY pe3ynbrari MpoBEICHUX O CIIHKEHD IOKAa3aHo,
10 TIPY eKCIO3UIlli epUTPOLHNTIB y TINEPTOHITHIX
CepeJOBHUIaX CTAaH €PUTPOIUTIB 3MIHIOETHCS B
3aJIeKHOCTI BijI yacy eKCIO3MUIii i CTymneHs rinepToHii
cepefoBHILA. Y CepeloBHIIAX 3 IOMIPHOIO TilepTo-
niero (0,4 i 0,8 M pozunnax NaCl) y mepmi 30-90
CEeKYHJ| €KCIO3HIIii 3MEHIY€ETHCS KUTBKICTh KIITHH Y
niama3zoHi Manux ingexciB cepuunocti (P=1,0-1,3).
[IpoBe-nenwnii aHai3 JiTEpaTypHUX JaHUX JTO3BOJISE
MIPUITYCTUTH, IO el eQekT moB’sa3anuil 3 Moandi-
Kalli€ro B3aeEMOoii MeMOpaHHOTO Oimapy 3i CIEKTPH-
HOBHM IIUTOMATPUKCOM.

Oco0MMBOCTI KPUBHX HIUTBHOCTI PO3IOALTY €pHUT-
POLHMTIB 32 iHAEKCOM C(hepUIHOCTI 1 KPUBHX, IO Bif-
OMBaIOTh YACTKY KJIITHH Yy iHTEepBaJli MaJuX iHIEKCIB
cepuunocrti, B o6xacti 3-10 XxB ekcmo3uIii 3a
YacOBUM ITapaMeTpPOM MOXHA IOB’S3aTH 3 SIBHILEM
JaTepajbHOTO MEepepo3NOAITy MEMOpPaHHUX KOMIIO-
HEHTIB Y e opMoBaHiii MeMOpaHi.

Harmi naHi cBiq4aTh TaKoX PO T, 1110 3MEHIIICHHS
Yy TIMBOCTI KJIITHH JI0 HACTYITHOTO CTPECOBOTO BIIMBY
(OXOJIOMKEHHS, TIMEPTOHIYHIHA Y TITTOTOHITHHIA IITOK )
MO>Ke OyTH ITOB’SI3aHO HE TUTHKH 3 BUTOKOM KaTiOHIB,
aje ¥ 3 3aKiHYCHHSAM JIaTePaTbHOTO MEePEPO3MOILTY
KOMITOHEHTIB MeMOpanu 1o 20-30 XB eKCIO3HIIi],
0COOJIMBO TIPH ITOMIpHiH rirepToHii. OueBHIHO, y TIEpiof
301MCHEHHS IIbOTO MPOLIECY KIITUHN HalHOIbII 4y TIINBI
JI0 HACTYIHHX 3MiH YMOB HaBKOJHIIHBOTO CEpEao-
BHUIIIA.
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up to 5-10 min the cell contours become slightly
smoothened, which is thought to be associated by the
author with lateral membrane components re-distri-
bution in a deformed by dehydration cell membrane.

Augmentation in the amount of erythrocytes with
small sphericity index during the exposure in 0.4 and
0.8 M NaCl solution in the interval of 3-10 min is thought
to have no association with potassium outflux out of
cells. In 0.4 M NaCl potassium outflux is practically
not observed up to the 30™ minute of exposure. During
that in 0.8 M NaCl, potassium outflux is getting visible
but it becomes constant at first 30 min of exposure
and could result in a monotonous increase of the number
of cells with low sphericity index. However the results
obtained by measuring the erythrocytes distribution
density by the sphericity index, prove the cell state
peculiarities at 3-10 min exposure, which disappear at
further exposure time increase up to 20-30 min in 0.4
and 0.8 M NaCl.

In 1.2 M NacCl the peculiarity of the curve, repre-
senting the cells with a small sphericity index at a 3-
10 min exposure, is also seen. However a considerable
potassium outflux in this solution causes the further
increase of the number of cells with a small sphericity
index when the exposure time is increased, that is
masking the maximum within the period of 3-10min.
This means that during erythrocytes exposure in 1.2 M
and especially in 2 M NaCl solution, considerable
outflux of intracellular potassium becomes the major
factor influencing the erythrocytes distribution by the
sphericity index at the following placing them into an
isotonic medium. Both the growth curve of the number
of spherical erythrocytes following the exposure in 2 M
NaCl (Fig. 7), and that of potassium ions outflux out of
cells (see Fig. 1) reach the saturation already by 10 min
of exposure.

Conclusions

The study performed shows that erythrocytes state
is changing at hypertonic media exposure depending
on the exposure time and the medium hypertonicity
degree. In moderate hypertonicity media (0.4 and 0.8 M
NaCl) at first 30-90 seconds of exposure the number
of cells within the range of small sphericity indexes
(P=1.0-1.3) was shown to decrease.

Literature data analysis let us suppose this to be
associated with modification of membrane bilayer and
spectrine cytomatrix interaction.

Peculiarities in the curves of erythrocytes density
distribution by the sphericity index and those illustrating
the cells within the range of small sphericity indexes
in the interval of 3-10 min of exposure by time
parameter could be associated with the phenomenon
of lateral re-distribution of membrane components in
a deformed membrane.
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Our data also demonstrate that the decrease of cell

sensitivity to further stress effect (cooling, hypertonic
either hypotonic shock) may be connected not only
with cations outflux, but also with finishing of lateral
re-distribution of membrane components up to 20-30
min of exposure, especially at a moderate hypertonicity.
The cells are thought to be the most sensitive during
this process to further changes of the medium
conditions.
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