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Analysis of Morphology of Erythrocytes and Their

Resistance Depending on pH and lonic

Strength Under Hypothermal Storage

ITokaszaHo, 4TO B3aMMOCBS3b MeXIy TpaHchopmareld (HOpMbI KIETOK, OCMOTHUECKOH YCTOHYMBOCTHIO, @ TAKXKE CTEICHBIO
HOBPEXJCHUS KIIETOK B Ipolecce runorepmudeckoro xpanenus (I'X) oGycnosineHo HoHHOM cuiioi u pH cpensl skBunnbpanunu.

CreneHb NMOBPEXIEHMS KIETOK B HEJEKTPOJIUTHBIX cpefax B npouecce ['X 10cToBepHO HUXKE, a UX OCMOTHUYECKas] yCTOWYMBOCTh
BBIIIIE [I0 CPAaBHEHUIO C 3JIEKTPONMTHBIMU. Hanbosee ycToHunBOi K JeHCTBHIO (PaKTOPOB Cpelibl SIBIIIETCS dXUHOLHUTapHas Gopma

SPUTPOLUTOB.

Kniouesvie cnoea: >puTpolUTHI, THIIOTEPMUYECKOE XpaHEeHHE, MOHHAs cuina, pH cpenpl.

[okazaHo, 0 B3a€MO3B’s130K MiXK TpaHchopMauiero GOpMH KIITHH, OCMOTHYHOIO CTIHKICTIO, 8 TAKOXK CTYICHEM YIIKOKECHHS
KIIITHH y rpolieci rinotepmiuHoro 36epiranus (I'3) o0ymosnenuii ionHoto cuitoro Ta pH cepenoBuina exiniopanii. CTymiHb YIIKODKSHHS
KJIITHH Y HEEJIEKTPOIITHUX CepeIoBHIIAX pu I'3 10CTOBIpHO HIKYE, a IX OCMOTHUYHA CTIHKICTh BHIIE Y TOPIBHSHHI 3 €IEKTPOIITHUMHU.
Haii6inpim crifikoro 10 aii pakTopiB cepeoBuUlIla € eXiHOIMTapHa (popMa EpUTPOLIMTIB.

Knrwouosi cnosa: eputpounTH, rinotepMidHe 30epiranusi, ionHa cuia, pH cepenosuina.

It has been shown that the observed relationship between transformation of cell shape and their osmotic resistance as well as
damage degree during hypothermal storage (HS) is stipulated by ionic strength and equilibration medium pH. The degree of cell damage
in non-electrolyte media during HS is statistically lower and their osmotic resistance is higher if compared with electrolyte ones. The
most resistant to the factors of medium is echinocyte shape of erythrocytes.

Keywords: erythrocytes, hypothermal storage, ionic strength, medium pH.

B nocnenane rogp1 10CTaTOYHO MHOTO BHUMAaHUS
YIEISETCS IOA00PY U pa3paboTKe CPe ISl THIIOTEp-
mugeckoro xpanenus (I'X) spurpountos. Hecmotps
Ha 3HAYUTENILHBIC YCIIEXH B 9TOM HalpaBJIeHUH, OTMe-
4aeTcs, YTO CBOIO (PYHKIIMOHATIBHYIO HOJTHOLIEHHOCTD
SPUTPOLUTHI COXPAHSIOT JIUIIb B TEUEHHUE MEPBBIX 3-X
cyTok [8]. ITpu I'X 5puTponMTOB CHUXKAIOTCSA BHYTPH-
knertounslii pH, xonuentpauuu ATO u 2,3-J1PT,
MOBBILIAETCA YPOBEHb CBOOOIHOTO reMOITIOONHA H
H3MEHSIeTCs CTPYKTypa MeMOpaHbl BIUIOTH 10 (hop-
MHpPOBaHUS MUKPOBE3UKyI [7, 10]. Takum oOpazom,
BOIIPOCHI, CBSI3aHHBIE C N3YYCHHEM MEXaHIU3MOB TIOB-
peXIeHUs KIETOK B ycnoBUsIX [ X, ocTaroTcs akTyalib-
HBIMH.

e paboTsl — viccieqoBaHue MOP(HOIOTHH dPHT-
POLIUTOB Y MX YCTOMYUBOCTH K THIIOTOHUYECKOMY JIH-
31CY B 3aBUCUMOCTH OT MOHHOM CHJIBI, a Takxke pH
Cpebl SKBUIINOpALUH B YCIIOBHSAX TUIIOTEPMHUYECKOTO
XpaHEeHUSI.
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Recently quite much attention has been paid to the
selection and designing of the media for hypothermal
storage (HS) of erythrocytes. In spite of significant
successes in this direction there is noted that its func-
tional integrity the erythrocytes preserve only during
first 3 days [8]. At HS of erythrocytes intracellular
pH, ATP and 2,3-DPG reduce, the level of free hemo-
globin rises and the structure of membrane up to the
formation of microvesicles [7, 10] changes. Thus the
tasks related to the study of mechanisms of cell damage
under HS have remained an actual one.

The research aim is to investigate the morphology
of erythrocytes and their resistance to hypotonic lysis
depending on ionic strength as well as pH of equilib-
ration medium under hypothermal storage.

Materials and methods
The research objects were erythrocytes of whole
donor’s blood of the 2™ and 3™ groups (5 donors in
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Matepnaabl 1 meToAbI

OOBEKTOM HCCIIeI0BaHMS ObUTH SPUTPOLIUTHI LIETb-
HO noHopcko# kpoBH Il u Il rpymnm (o 5 goHOpOB B
KaXJI0¥ TpyIIe), TPYKIbI OTMBITBIE OT TUIa3Mbl U
(hOpPMEHHBIX HJIEMEHTOB KPOBH pacTBOpoM (pochaTtHo-
conesoro Oy¢epa (PCB) (20 MM ¢ocdarnoro Ooydepa
(®B; 130 MM NaCl; 5,6 MM rmroko3sl, pH 7,4)) nent-
pudyrupoanueM npu 3000 06/MUH B TeUEHHE 5 MHH.
Jua I'’X xnerox (remarokput 20%) HCTIOIB30BAITH XO-
nonubHY0 Kamepy (4°C) 1 cpeibl pa3IMyHOro COCcTa-
Ba: anekTponutHbie — cpena 1 (130 MM NaCl; pH 5,4;
7,2; 8,6) u cpena 2 (130 MM KCI; pH 5,4; 7,2; 8,6);
HERNIEKTpoIuTHBIE — cpena 3 (260 MM mannuTa; pH
5,4;7,2; 8,6) u cpena 4 (260 MM caxapossr; pH 5,4;
7,2; 8,6). Bce uccienyemeie cpemst coaepxanmm 20 MM
OF.

Uzmenenne HopMbl SpUTPOLMTOB, UX Pa3MEPHI U
CTEINEHb I'eTEPOr€HHOCTH MO KOHTPOIMPOBAIIN
C TIOMOIIBIO PACTPOBOTO IEKTPOHHOTO MUKPOCKOIIA
POMMA-101A (AO “SELMI”, Ykpauna), cHa0-
KEHHOT'0 CHCTeMOH 1M (POBOT0O BEIBOIA H300PasKEHUSL.
115t MOpgOIIOrHYECKUX UCCIIeIOBaHUN KIIETKH (PUKCH-
poBasm 2%-M pacTBOPOM DIIYTapOBOTO albACTHIA
(I'A) na @b, cmemmBas ero ¢ CycneH3ueil KIeTOK B
cootHomienuu 1:1. Koneunas konnentpanus ['A coc-
taBisia 1% [2]. Anast kaxxaoi sKcrepuMeHTaabHON
TOYKH OBLI OTIpeieNieH MOPQOIIOTHUeCKHi HHIEKC [3].

VYIBTPacTpyKTypy U COCTOSTHHE TNTMKOKATMKCA IPUT-
POLIMUTOB HCCIIECAOBAIHN B TPAHCMUCCHOHHOM 3JICKT-
ponHoM mukpockone TEM-125K, cHabxeHHOM cuc-
TeMo#l cheMa u aHanuza uzobpaxkenus CAU-01A
(AO “SELMI”, Ykpauna) ¢ momombio CCD xaMepsr
DX-2 u makera nporpamm ¢pupmsl “KAPPA” (I'epma-
HUS) IPU yCKOPSIoIIeM HanpsbkeHnn 75 kB. B kauect-
B€ JIOTIOJTHUTEIHHOTO (PHKCATOPA UCTIOIB30BANIN Py Te-
HHM KpacHEIH mo metony [1].

[ToBpexaenue sputpountos npu I'X u ux ycroii-
YUBOCTh K FMIOTOHUU (PUKCHPOBAIH CHEKTpodo-
tomeTpoM CD-4A (JIOMO, Poccusi) ¢ mpoTodHOn
KIOBETO! (IIMHA BOJIHBI 543 HM) MO KOHIEHTpPaLUuu
cBOOOAHOTrO reMoroduHa B Hagocaake. OcMoruyec-
KYIO yCTOMYMBOCTb 3PUTPOLIUTOB ONPEACIISIIN Ty TEM
ux neperoca u3 cpeq nakyoaruu B cpeas NaCl (90 u
140 mOcwm), conepxamue 20 MM @b, pH 7.2 npu
37°C, B cootHomeHnH 1:10. OcMONSIPHOCT THITOTO-
HUYECKUX Cpell KOHTPOJIUPOBAIH OCMOMETPOM
OMKA-111-01 (Yxpauna).

Pe3yAbTaThl M 00CyXXA€HHe

[Ipu nepeHoce 3pUTPOLIUTOB B CPEBI C Pa3THUHBIM
3HaueHneM pH BBIsSBIEHA JOCTATOYHO BHICOKAS COX-
PaHHOCTHh UCXOJHOW (POPMBI IPUTPOIIMTOB MPAKTH-
YecKH 10 2-X cyTok ['X, 3a HCKITIOUEHUEM HEINEKTPO-
nuTHbIX cpea rpu pH 8,6, B kotopbix ¢ 30-if MUHYTHI
HaOIIOaCh MHTCHCUBHBIE TIPOIIECCH TpaHChOopMa-
UM KJIETOK B DXWHOITUTEHI, & CO 2-X CyTOK — B c(hepo-
SXUHOLHTBL
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each), thrice washed-out from plasma and blood formed
elements with the solution of phosphate-salt buffer
(PSB) (20 mM phosphate buffer (PB); 130 mM NaCl;
5.6 mM glucose, pH 7.4) with centrifugation at
3,000 rpm for 5 min. For HS of cells (hematocrit 20%)
there was used freezing chamber (4°C) and the media
of different composition: electrolyte one, medium 1
(130 mM NaCl; pH 5.4; 7.2; 8.6) and medium 2 (130
mM KCI; pH 5.4; 7.2; 8.6); non-electrolyte one,
medium 3 (260 mM mannit ; pH 5.4; 7.2; 8.6) and
medium 4 (260 mM sucrose; pH 5.4; 7.2; 8.6). All the
studies media contained 20 mM phosphate buffer.

The change of the shape of erythrocytes, their sizes
and degree of population heterogeneity was controlled
with raster electron microscope REMMA-101A (JSC
“SELMI”, Ukraine), equipped with the system of digital
retrieval of images. For morphological studies the cells
were fixed with 2% solution of glutaraldehyde (GA)
on PB mixing it with cell suspension in 1:1 ratio. Final
GA concentration made 1% [2]. For each experimen-
tal point there was found the morphological index [3].

Ultrastructure and state of glycocalix of erythrocytes
were studied with transmission electron microscope
TEM-125K equipped with the system of image recor-
ding and analysis SAI-01A (JSC “SELMI”, Ukraine)
using CCD camera DX-2 and “KAPPA” software
(Germany) with accelerating voltage of 75 kV. As ad-
ditional fixer there was used ruthenium red according
to the method [1].

Damage of erythrocytes at HS and their resistance
to hypotony was fixed with spectrophotometer SF-4A
(LOMO, Russia) with flow cell (543 nm wave length)
on concentration of free hemoglobin in supernatant.
Osmotic resistance of erythrocytes was found by their
transfer from incubation medium in NaCl media (90
and 140 mOsm), containing 20 mM PB, pH 7.2 at 37°C
in 1:10 ratio. Osmolarity of hypotonic media was
controlled with osmometer OMKA-1C-01 (Ukraine).

Results and discussion

During transfer of erythrocytes with different pH
values there was revealed quite high integrity of initial
form of erythrocytes practically up to 48 hrs of HS,
excluding non-electrolyte media with pH 8.6., wherein
from the 30™ min there were observed intensive
processes of shape transformation into echinocytes and
into spherocytes from the second day.

During HS there were revealed manifested change
of cell shapes depending on the composition and pH
of exposure medium. Under acid values of pH in non-
electrolyte media and the one containing NaCl to the
7™ day of HS there was found a heterogenous popu-
lation of cell consisting of discocytes and echinocytes
(Fig. 1, a), meanwhile in the medium, containing KCl
practically all the cells were transformed into slightly
stomatocyte shapes (Fig. 1, b). Under neutral pH values
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Puc. 1. Mopdonorrnaeckoe COCTOSHHE SpUTPOIATOB IpH [ X K 7-M CyTKaM B 3aBHCHMOCTH OT cocTaBa v pH cpeibl SKCIIO3UIINH:
a—cpena l,pH 5,4;6—cpena2,pH 5,4;8—cpena 1, pH 7,2; r—cpena 2, pH 8,6.

Fig. 1. Morphological state of erythrocytes at HS to the 7% day depending on composition and exposure medium pH: a —
medium 1, pH 5.4; b—medium 2, pH 5.4; c —medium 1; pH 7.2, d — medium 2, pH 8.6.

B mpouecce I'X BbisiBIIEHBI 00Jiee BBIPaKCHHBIE
HU3MEHEHUs! POPMBI KJIETOK B 3aBHCUMOCTH OT COCTaBa
u pH cpenp! sxcniozunuu. [pu kucneix 3HaueHusx pH
B HEIJIEKTPOJIUTHBIX Cpelax M cpene, coAepiKailiei
NaCl, Ha 7-¢ cytku ['X HaOmomanace rereporeHHast
MIOTYJISAIUS KJIETOK, COCTOSIIAS U3 JUCKOIIUTOB U XH-
HOITUTOB (pHC. 1, ), TOTJa KaK B Cpele, coaeprKamiei
KCl, npakTruecku Bce KIETKH TpaHC(HOPMHUPOBAHbI B
crnaboctomaronuTapHsie Gopmsl (puc.1, 6). [1pu HelT-
PaNbHBIX 3Ha4eHUSAX pH B HEANMEKTPOIUTHBIX U DJIEKT-
ponuTHBEIX cpenax Ha 7-e cyTku I'X 90% xmetok
UMeroT GopMy SXUHOLUTOB (puc. 1, B).

lenounsie 3HaueHns pH BBIABUIN Pa3nUYHYIO
HanpaBleHHOCTh TpaHcopManuu GopMbl SpUTpPO-
LUTOB B 3aBUCHUMOCTH OT HOHHOM cuJjibl. B anektpo-
JIUTHBIX Cpeiax HaOMroIaeTcss 00pa30BaHUE reTePOTreH-
HOW NONYJSUU KJIETOK, COCTOAIIEH U3 YIUIOEHHBIX
JUCKOUIHBIX (hopM M CHeposIXUHOUUTOB (pHc. 1, T),
TOTJa KaK B HEXIEKTPOJUTHBIX OTMEUeHa OIHOHAII-
paBiieHHas TpaHchopmarliust GopMbl KIETOK ¢ 00pa3o-
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in non-electrolyte and electrolyte media to the 7 day
of HS 90% of cell were of echinocyte shape (Fig. 1, c).

Alkyl pH values showed different orientation of
shape transformation of erythrocytes depending on
ionic strength. In electrolyte media there is observed
the formation of heterogenous population of cells con-
sisting of discoid forms and spheroechinocytes (Fig. 1,
d), whilst in non-electrolyte ones there was observed
mono-orientated transformation of cell shape with the
formation of spheroechinocytes (Fig. 2, a). It should
be noted that to the 7 day of HS at alkyl pH the
microvesicles in the media of both types are formed.

When extending the HS terms up to the 14" and
21 days in NaCl- and KCl-containing media at pH
5.4 the damage of some cells and transformation of
the rest cells into spheroechinocytes is observed, in
non-electrolyte media the echinocytes and discoechino-
cytes are preserved. At neutral and alkyl pH in the
media of both types to the 21% storage day the sphero-
echinocytes dominate (Fig. 2, b).
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BaHHEM CHEPOIKMHOIUTOB (puc. 2, a). ClienyeT oTMe-
THTB, 9TO Ha 7-¢ cyTKu I X mpu menounsix pH o6pa-
3yI0TCSI MUKPOBE3HKYJIBI B Cpefax 00OMX BHUIOB.

[Ipu yBenuuenuu cpokoB I'X 1o 14- u 21-x cyTok
B NaCl- u KCl-conepxamux cpenax npu pH 5.4
HaAOII0NAI0TCS MOBPEXKICHNE YaCTH KIETOK U TPaHC-
(hopmarusi 0CTaBUIMXCS KJIETOK B C(hpepOIXUHOLMUTEI,
B HEAJIEKTPOJIMTHBIX CPEaX COXPAHAIOTCS SXMHOLUTHI
U JUCKOXUHOUUTHI. [1py HeUTpasbHBIX U ILEJI0UHBIX
pH B cpenax o6oux BUIOB K 21-M CyTKaMm XpaHECHHUS
JOMUHUPYIOT C(HhEePOIXUHOLHUTHI (pHC. 2, 0).

AHanm3 1eIOCTHOCTH KJIETOK ITOKa3an (puc. 3), 9To
BO BCEX MCCIIEYEMBIX Cpeax HKBHIHOPAIIMN reMo-
JIN3 OTCYTCTBOBAJI HA IPOTSKEHUU IEPBBIX 7 CYTOK
I'X, uckmovas 3MeKTPOTUTHBIE CPelbl MIPH KHCIBIX
3HaueHMsIX pH, rae BeIMYMHA TeMONK3a COCTaBIIsIIA
4-6%. Ha 14-e cyTku oTmeuaercsi OoJiee BbIpakeH-
Hasl 3aBUCHMOCTb YPOBHS I'eMojin3a OT 3HaueHui pH
cpeabl. MakcuManbHBIA HOBpexAAOMUN 3P deKT
oka3zbIBay cpefsl ¢ pH 5,4, B koTopbIX Kk 14-M cyTkam
I'X ypoBeHb remosu3a B 3JIEKTPOJUTHBIX Cpeaax
coctaBisn 17-20% u B HEdNMeKTPOIUTHBIX — 6—10%
(puc. 3). IIpu pH 8,6 cTernenb NOBPEKICHUS KIETOK
Obu1a HeckombKo HUKe (11-14 u 5—6% remonu3a Juis
000HX BUJIOB CPEJ] COOTBETCTBEHHO).

MuHuMalIbHAas! CTEIIEHb IOBPEXICHUS KIIETOK AJIs
nanHoro cpoka I'X orMmeueHa 1t 000X THUIIOB Cpea
npu pH 7,2, rae BeauunHa remoinsa cocTasisiia 2—3
1 7—8% A1l HEANIEKTPOIUTHBIX M JIEKTPOJIUTHBIX CPENT
COOTBETCTBEHHO. OTMEUEHHAs TEHICHIIVSI IOBPEXkKAE-
HUS KIJIETOK, 00ycIIOBJIeHHasl cocTaBoM U pH cpensl
skBuIMOparu pu I'X , coxpansiacek 1 Ha 21-€ cyTKu
xpanenus (puc. 3). YpoBenp remonusa mpu pH 7,2
0CTaBaJICSI MUHUMAJIBHBIM 110 CPABHEHUIO C KUCIIBIMU
U LIeJI0YHBIMU 3HadeHussMu pH B cpeniax kak ¢ BbICO-

The analysis of cell integrity showed (Fig. 3) that
in all studied equilibration media the hemolysis was
absent for 7 days of HS, excluding electrolyte media
at acid pH values, where the hemolysis rate was 4—
6%. To the 14™ day there is noted more manifested
dependence of hemolysis rate on medium pH values.
The maximum damaging effect was rendered by media
with pH 5.4, wherein to the 14" day of HS the
hemolysis rate in electrolyte media made 17-20% and
6—10% in non-electrolyte ones (Fig. 3). At pH 8.6 the
damage rate of cells was somewhat lower (11-14 and
5-6% of hemolysis for both media types, correspon-
dingly).

Minimum damage rate of cells for this HS term
was noted for both types of media at pH 7.2, where
the hemolysis rate made 2—3 and 7-8% for non-elec-
trolyte and electrolyte media, correspondingly. At HS
the found tendency of cell damage due to composition
and equilibration medium pH was kept to the 21
storage day (Fig. 3). Hemolysis rate at pH 7.2 has re-
mained minimal if compared with acid and alkyl pH
values in the media both with high and low tonicity. In
electrolyte media to the 21 day the hemolysis made
10-11% and 4-5% in non-electrolyte ones.

One of the most important membrane components
is its glycocalix, formed with negatively charged sialic
acids of transmembrane proteins and constituting the
surface membrane charge. The charge glycocalix is
considered to be reduced due to medium pH decrease.
We studied its state during HS using special electron
microscopic fixer, containing ruthenium red, binding
specifically with membrane glycocalix [1]. It has been
established that if in the norm and under short storage
terms the glycocalix structure is represented with conti-
nuous membrane adjacent layer (Fig. 4, a, b), then to

Puc. 2. Mopodornorndeckoe cocrosaue spurpountos rnpu [’ X Ha 7-¢ (a) n 21-e (0) cyTku B 3aBUCUMOCTH OT cocTasa 1 pH
cpensl 3kcro3uun: a — cpena 4, pH 8,6; 6 —cpena 3, pH 7,2.

Fig. 2. Morphological state of erythrocytes at HS to the 7" (a) and 21* days (b) depending on composition and exposure
medium pH: a—medium 4, pH 8.6; b—medium 3, pH 7.2.
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Puc. 3. YposeHs remonusa 3purpountos npu I'X Ha 7-e
(mysKTHpHAA TUHUA), 14-¢ (IyHKTUP-TOYKK) U 21-€ CyTKH
(crimourHast TMHMS) B 3aBUCUMOCTH OT pH 1 cocTaBa cpesl
nakyOanuu: [ — cpema 1 (NaCl); A —cpena 2 (KCI); o —
cpena 3 (manHUT); O — cpena 4 (caxaposa).

Fig. 3. Hemolysis rate of erythrocytes at HS to the 7" (dash
line), 14" (dotted line) and 21* (solid line) days depending
on pH and composition of incubation medium: [] —medium
1 (NaCl); A—medium 2 (KCl); ® —medium 3 (mannit); O —
medium 4 (sucrose).

KOM, TaK ¥ HU3KOM TOHUYHOCTBIO. B 31EKTpONIUTHBIX
cpenax Ha 21-e cytku remonu3 coctasian 10-11%,
a B HEAJIEKTPOJIUTHBIX — 4—5%.

OpnHol M3 BaXXHEHIINX CTPYKTYPHBIX COCTaBIIs-
FOIX MeMOpaHbI ABIISETCS €€ TNTNKOKAINKC, 00pa3y-
MBI OTPHIIATENBHO 3apSKEHHBIMH CHAJIOBBIMHU
KHCIIOTaMH TPaHCMEMOpPaHHBIX OEJIKOB U (OpMHPY-
IOIUH TIOBEPXHOCTHBIN MeMOpaHHbIH 3apsia. Cunta-
€TCs, 9TO CHIDKEHHUE 3apsi/ia NTIUKOKATHUKCA TPOUCXOANT
npu yMeHblieHnH pH cpeasl. MBI uccnenoBanu ero
coctosiHHeE B Ipouecce X, nenonp3ys cienuanbHbIN
3NEKTPOHHO-MHUKPOCKOITUUECKUH PUKCATOP, KOTOPBIii
COJCPIKUT PYTCHUH-KPACHBIH, CIeN()UIECKU CBA3bI-
BAOIIUHCS C TIIMKOKAIMKCOM MeMOpaH [1]. YcraHoB-
JICHO, YTO €CJIM B HOPME U NP HEOONBLINX CPOKax
XpaHEHMs CTPYKTypa IIMKOKAJIUKCa MpEeACTaBIcHA
HEeNpepBIBHBIM MPUMEMOpaHHBIM clloeM (puc. 4, a, 6),
To K 10-14-M cyTKaM MOBEPXHOCTHh IPUTPOIUTA
COJIEPIKHUT JIUIIB ero (hparMeHTsI (puc. 4, B) 1100 JH-
mena ux (puc. 4, r). IMeHHo 3TuM 00BscHAETCS HA0-
JII0/1aeMasi arperanus KIeTOK Mpu Oosee TN TENbHBIX
cpokax I'X.

OTMeueHHbIE BBIIIE U3MEHEHHS B CTPYKTYpE
[IIMKOKAJIMKCa MOATBEPKAAIOTCS TaHHBIMU PaOOTHI
[6], B KOTOpOI MOKA3aHO, YTO IIOTHOCTH 3aps1a MEM-
OpaHbI SPUTPOLIUTOB 3HAYUTENFHO CHIKAETCS TTOCIIe
6 CYyTOK XpaHEHHUS, O YEM CBHJETENBCTBYET YMEHb-
LIeHHUE AeKTpodopeTHdecKol MOABUKHOCTU 3PUTPO-
LIUTOB.
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the 10"-14™ days the erythrocyte surface either
contains only its fragments (Fig. 2, ) or is deprived of
them (Fig. 4, d). The observed aggregation of cells
under longer HS terms is explained by very that.

The above mentioned changes in the glycocalix
structure are confirmed with the report [6], demon-
strating that charge density of erythrocyte membrane
significantly reduces after 6 storage days, that is testi-
fied with the decrease in electrophoretic mobility of
erythrocytes.

To reveal the latent cell damage and to explain
possible mechanism of shape transformation there was
analyzed the resistance of different erythrocyte shapes
to hypotonic lysis. It has been shown that during
transfer of erythrocytes into hypotonic solutions the
most resistant cells occurred to be the ones, stored in
non-electrolyte media for all pH values (Fig. 5). In the
case of electrolyte media the cell sensitivity to
hypotonia was determined with exposure medium pH
value: the cells stored at neutral pH values occurred
to be more resistant to the effect of osmotic factor.
The highest rate of cell damage was found at their
transfer into hypotonia from the medium containing
KCl at pH 5.4.

The indices of the highest resistance to hypotonia
of the cells, stored for 7 and more days if compared
with 30 mins’ exposure in the media with different
composition (Fig. 5) is vividly presented in Fig. 6. The
values of morphological index testify to the fact that
maximum of presence of echinocites in all the media
for pH values and media with low ionic strength
corresponds to minimal damage (see Fig. 3) and
maximum of osmotic resistance (Fig. 5).

Revealed by us two maximums: damage (electrolyte
media at pH 5.4) and integrity (non-electrolyte media
at pH 7.2) of erythrocytes, characterized with different
shapes, have to be considered from the point of view
of relationship of the shape and ionic homeostasis of a
cell in providing its adaptation to the changing
conditions. The fact of minimum resistance in acid
media at relative preservation of a shape from our point
of view is related to the increased intracellular osmotic
pressure due to the entrance of H ions and blocking
of the release of K™ and CI™ ions [3, 9], as well as
effect of H" ions on negatively charged components
of cytoskeleton-membrane complex and membrane
permeability [4]. The same point of view as for the
increase of the amount of intracellular chlorine under
low pH, resulting in the change of band 3 protein
conformation is presented in the paper [11]. It is
supposed that occurring under these conditions proto-
nization of band 3 protein domain causes the change
in a balanced state of chlorine between extra- and
intracellular medium resulting in its concentration rise
inside a cell. The correlation between the concentration
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Puc. 4. Mopdonoruueckoe cocTosHIE TNTMKOKaJIMKCa MeMOpaH spuTpouuToB nocie 1 cytok I'X (a,0) u nerpanamnms ero
cTpykTyphl K 10—14-M cyTkam (B, T). @ukcanus pyreHnem kpacHbIM. O003HaUCHHUS: TEMHBIE CTPEITKH — NIUKOKAIMKC; M —
MeMOpaHa 3pUTPOLIUTA.

Fig. 4. Morphological state of glycocalix of erythrocyte membranes after 24hrs’ HS (a, b) and its structure degradation to

the 10-14" days (¢, d). Ruthenium red fixation. Legends: dark arrows — glycocalix; M — erythrocyte membrane.

JL71s1 BBISIBTICHUS TATEHTHBIX MTOBPEXKICHUN KIETOK
1 0OBSICHEHUSI BO3MOKHOT'O MEXaHH3Ma TpaHcop-
Manuyd (GopMbl ObLTa MpOaHATM3WPOBAHA YCTONYH-
BOCTh Pa3JIMYHBIX (OPM IPUTPOIMTOB K TUTIOTOHH-
yeckoMmy nu3ncy. [lokazano, 4To mpu nepeHoce 3puT-
POIIMTOB B THIIOTOHUYECKHE PACTBOPHI Hamboiee
YCTOWYMBBI KIETKH, XPAaHUBIIHUECS B HEDJIEKTPOIIHT-
HBIX cpenax s Beex 3HaueHuit pH (puc. 5). B cimydae
3NEKTPOJIUTHBIX Cpell YyBCTBUTEIBHOCTD KIETOK K
TUIIOTOHMM Oomlpeaensiiack 3HadueHueM pH cpens
9KCHO3ULUH: O0JIee yCTOWUIMBEI K JICHCTBUIO OCMOTH-
4ecKoro (pakropa OKa3ajdHuCh KIETKH, XpaHHBLIHECS
npu HelTpanbHbIX 3HaueHusAX pH. Haunbonee Bbicokas
CTereHb MOBPEKICHHS KJIETOK OTMEUEHa IIPU X Tepe-
HOCE B THIIOTOHHUIO H3 cpebl, coaepxaieii KCl, mpu
pH5.4.

®dakT HauOOJbIICH YCTOMYUBOCTH K THIIOTOHHH
KJIETOK, XpaHHUBIIUXCS 7 1 O0JIee CYyTOK, 10 CPABHEHHIO
¢ 30-MUHYTHOH DKCIIO3HIINEH B cpefax pa3IuIHOro
cocTasa (pucC. 5) HaIAAHO TPEACTaBIeH Ha puc. 6.
3HaueHust MOP(HOJIOrMIECKOTO HHIEKCA CBUAECTEIbCT-
BYIOT, YTO MakCHMYM ‘“OXMHOLIMUTapHOCTH , OTMeE-
YEHHBIH Y 9PUTPOLIMTOB BO BCEX CPEAAX JUISA 3HAUCHHS

MPOBJIEMbI
KPUOBMOJIOrMM
T. 19, 2009, Ne1

of intracellular chlorine and change in the shape with
the altering cell pH is reported in the papers [4, 5].

The fact of the highest resistance to hypotonia for
the cells of echinocyte shape, stored at alkyl pH in the
media of low ionic strength, is quite well explained by
the reduction of intracellular osmotic pressure due to
the release out of a cell of K* and Cl- ions on electro-
chemical gradients, that results in the formation of
echinocytes. Heterogeneous population (discocytes,
echinocytes and stomatocytes) of different modifi-
cations occurred to be more sensitive to osmotic factor
effect.

Conclusions

During HS the relationship between transformation
of cell shape and their osmotic resistance, as well as
the degree of damage depending on ionic strength and
pH of equilibration medium is observed.

Under acid values of pH the erythrocytes are
transformed into heterogeneous population of disco-
cytes and echinocytes not depending on the composition
of storage medium, while neutral pH values caused
transformation of erythrocytes into homogenous, echi-
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pH 7,2 u cpenax ¢ HU3KOM HOHHOM cuioif mpu pH 8,6,
COOTBETCTBYET MUHUMYMY IIOBPEXICHHA (CM. puc. 3)
1 MakCHMyMY OCMOTHYECKOH yCTOWYMBOCTH (pHC. 5).

BrlsiBneHHBIE HAMU ]BA MAKCHMyMa — IIOBpEX/e-
HUe (37eKTponuTHEIEe cpensl pu pH 5,4) u coxpan-
HOCTb (HE3JEKTPOIUTHBIE cpeasl pu pH 7,2) sputpo-
LUTOB, XapaKTePU3yEMBIX Pa3HbIMU (hopMamu, HE0O-
XOZIMMO paccMaTpUBaTh C TOUKH 3PEHMSI B3aUMOCBS3H
(hopMBI 1 MOHHOTO TOMEOCTa3a KJIETKH B 00ECTIEYEHNT
€e aJanTaluy K MEHSIOMHUMCS YCIOoBUSIM. DakT
MHHHMMAJIBHON YCTOMYMBOCTH B KUCIBIX CPENAX MpU
OTHOCHTEIFHOM COXPaHEHHUHU (POPMBI, C HaIIEH TOUKH
3peHus, CBSI3aH C MOBBIIIEHHBIM BHYTPUKIETOYHBIM
OCMOTHYECKHUM JIaBJIECHUEM 3a cUeT Bxoja MoHOB H'
u 6nokupoBanus Beixona noHoB K™ u Cl[3, 9], a Taxke
¢ Bo3aeicTBUEM MOHOB H™ Ha oTpuuartensHO 3aps-
KEHHbIE KOMIIOHEHTBI IIUTOCKEIET-MEMOPaHHOTO
KOMIIJIeKca U MeMOpaHHYI0 NMPOHULAeMOCTb [4].
AHanoru4Hasi TOYKa 3pEHHs] OTHOCUTENILHO YBEIH-
YEHUs KOJWYECTBA BHYTPUKIETOYHOIO XJIOpa MpHU
HU3KUX pH, mpuBozsmero k M3MEeHEHHI0 KOH(pOP-
manuu BI1-3, usznoxkena B padore [11]. [Ipeamnona-
raeTcsi, 4TO MPOUCXOAIIA B ATUX YCIOBUSAX IPOTO-
Hu3aus BHEIHeTo fomMeHa bI1-3 BeI3pIBaeT uzmene-
HUE€ PaBHOBECHOTO COCTOSHHS XJOpa MEXIy BHE- U
BHYTPHUKJIETOYHOM CpeIoN, NPUBOJS K YBETHUECHHUIO €I0
KOHIIEHTpalK BHYTpH KieTku. Koppensanus Mexny
KOHIIEHTpalKel BHYTPUKIETOYHOTO XJI0pa U U3MEHE-
HueM GopMel ipu n3MeHeHnu pH kieTkn oTMevaeTcst
B paborax [4, 5].

®daxT HaHOOMBINIEH YCTOMYUBOCTH K JISHCTBHIO TH-
MOTOHUH KJIETOK 3XUHOLUTAPHBIX ()OPM, XPAHUBLIHXCSI
npu menoyHslx pH B cpegax HU3KOH MOHHOW CHIIBL,
JOCTAaTOYHO XOPOIIO OOBSCHSIETCSH CHHXKEHHEM
BHYTPHUKIIETOYHOTO OCMOTHYECKOTO JaBIICHUS 32 CUET
BeIxoga u3 kiaeTtku moHoB K" u Cl mo amexrtpo-
XUMHYECKOMY TPaIUueHTY, YTO IPUBOAMT K 00pa3oBa-
HUIO 3XMHOIIUTOB. [ eTeporenHas momymsinust (IuCKo-
LUTHI, 3XMHOIUTHI K CTOMATOIIUTHI) PA3TUIHBIX MOZIH-
¢ukanuii okazanacek 6oee 4YyBCTBUTEIBHOM K AEUCT-
BHIO OCMOTHYECKOTO (hakTopa.

BbiBOADI

B mponecce I'X HabmtopaeTcst B3aMMOCBSI3b MEX-
Iy Tpanchopmanuneit GopMbl KJIETOK M UX OCMOTHYEC-
KOM YCTOMYHMBOCTBIO, a TAKIKE CTEIIEHBIO TOBPEXKICHUS
B 3aBUCUMOCTH OT HOHHOM cvutbl ¥ pH cpeibl 5KkBuno-
pauuu.

IIpu kucneix 3HaueHUsIX pH 3pUTpOLUTEI TpaHC-
(hopMUPYIOTCS B TETEPOTEHHYIO MOMYJISIIHIO TUCKO-
LIATOB YU 3XUHOLIUTOB BHE 3aBUCUMOCTH OT COCTaBa
Cpeabl XpaHEHUs, TOra KaKk HEUTpaJIbHble 3HAUEHUS
pH BbI3BIBANN TpaHC(HOPMALIUIO 3PUTPOLIUTOB B TOMO-
TEHHYI0, 9XMHOLUTAPHYO MOMYIALHIo. I Ipy menouHsx
3HadeHusx pH cpenel Ha 2-e cytku I'X B Heanek-
TPOJIUTHBIX Cpeldax KIETKH MHTEHCHBHO TpaHc(op-
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Puc. 5. OcmoTnueckast pe3UCTEHTHOCTh 3PUTPOLUTOB B
90 MOcmonb NaCl B ycnoBusix 30-MHUHYTHOM SKCIIO3UIAK TIPH
20°C (crutomHas JMHUA) U Ha 7-¢ cyTku ['X (myHKTHpHAs
JIMHUST) B 3aBUCMMOCTH OT pH cpeibl MHKYOAaIMK ¢ pa3iim4HbIM
noHHbIM coctaBoM: [1 —cpena 1 (NaCl); A —cpena 2 (KCl);
e —cpena 3 (manuUT); O — cpena 4 (caxaposa).

Fig. 5. Osmotic resistance of erythrocytes in 90 mOsm NaCl
under 30 mins’ exposure at 20°C (solid line) and to the 7*
day of HS (dashed line) depending on incubation medium
pH with various compositions: [J — medium 1 (NaCl); A—
medium 2 (KCI); @ — medium 3 (mannit); O — medium 4
(sucrose).
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Puc. 6. Mopdonorudeckuit uHAECKC POPMBI 3PUTPOIIUTOB
Ha 7-e cyTku I'X B 3aBucumoctu ot pH u cocrasa cpensl
nnky6auuu: [1 —cpena 1 (NaCl); A —cpena2 (KCl); @ —
cpena 3 (ManauT); O — cpena 4 (caxaposa).

Fig. 6. Morphological index of erythrocyte shape to the 7%
day of HS depending on pH and composition of incubation
medium: - medium 1 (NaCl); A—medium 2 (KCl); @ —
medium 3 (mannit); O — medium 4 (sucrose).

nocyte population. Under alkyl values of medium pH
to the 2" day of HS in non-electrolyte media the cells
are intensively transformed into spheroechinocytes,
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MHUPYIOTCA B C(HEPOIXUHOIMTHI, TOTAA KaK B JJIEKTPO-
JUTHBIX — 00pa3yeTcs reTeporeHHast MOy IUs JIHC-
KOLIUTOB Y 3XUHOLIUTOB.

B nponecce I'X creneHs MoBpekAeHUs KIETOK B
HEIEKTPOIUTHBIX cpefax ['X moctoBepHO HUXKeE, a
HX OCMOTHYECKAsl yCTOMYMBOCTB BBILIE 10 CPAaBHEHUIO
C 2JIEKTPOJIUTHBIMU. YCTaHOBJIEHO, YTO BHE 3aBHCH-
MOCTH OT HOHHOH CHJIBI CPE/IbI P KUCIIBIX 3HAYEHHSIX
pH Habmiomaercss MUHUMaNbHAs OCMOTHYECKas yc-
TOWYUBOCTH dpUTpOLUTOB. Hambonee ycToiuuBoii
(hopMoii k TeHCTBUIO (PaKTOPOB CPEABI SIBIISETCS IXU-
HomUTapHas hopMa KIEeTOK.

HccnenoBanue cocTosTHUS IPUMEMOPAHHOTO CII0sI
sputpounToB npu ux ['X mokazano, uro mexay 10 u
14-Mu cyTKamMy XpaHEHUS IPOUCXOAUT PA3pPhIXJICHNUE,
a TIPHU HEKOTOPBIX YCIIOBUAX OTCIIOEHUE U MOTEPS TITHKO-
KaJIMKCA.
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meanwhile in electrolyte ones the heterogeneous
population of discocytes and echinocytes is formed.

During HS the degree of cell damage in non-
electrolyte media is significantly lower and their osmo-
tic resistance is higher if compared with electrolyte
ones. It has been established that independently on
ionic strength of the medium at acid pH values there is
observed minimal osmotic resistance of erythrocytes.
The most resistance form to the effect of the medium
factors is echinocyte cell shape.

The examination of the state of membrane-adjacent
layer of erythrocytes during HS has shown that
between 10" and 14" storage days the desintegration
and the exfoliation and loss of glycocalyx under certain
conditions take place.
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