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Effect of Erythrocytes Incubation in Hypertonic Non-Electrolyte

Media on their Osmotic Resistance

VYeraHOBIEHO, YTO YacTHYHAs ToTeps KieTkoit K B pesynbrare runepronnyeckoil nukybauuu B 0,8-1,4 M pactBope caxapo3sl
CIOCOOCTBYET YBEIMYCHHUIO OCMOTHYECKOH YCTOWYMBOCTH IPUTPOLMTOB K TrUMoTOHHYeckoMy 1oky (50 MM pactBop NaCl).
UyBCTBUTEIBHOCTh KJIETOK K U3MEHEHHIO OCMOTHYECKHX IapaMeTpoOB cpellbl IOocie AerHIpaTalii B pacTBOpax HENEKTPOIUTOB,
CoZIepIKalMX BaJIMHOMMIMH (KOHEUHAas: KOHIEHTpalus |MM), 3aBUCHT OT TeMIlepaTypbl THIIEPTOHNYECKON HHKYOaluH.

Knroueesvie cnosa: 3puTpoLUT, TUIIOTOHUYECKHUI IIOK, HOCTTUIIEPTOHUYECKUH JU3HC, BAIMHOMUIIMH, HEANEKTPOIUTHBIE CPEbI.

BcraHosieHo, 1110 4acTkoBa Brpara kiitTuHoto K, cnpudnnena rineproniuHoro inkyOauieto y 0,8-1,4 M po3uunni caxaposu, cripusie
3pOCTAaHHIO OCMOTHYHOI CTIHKOCTI €pUTPOLUTIB 10 rinoToHiuHOro moky (50 MM po3uun NaCl). YUyTnuBicTh KIITHH 0 3MiHH
OCMOTHYHHX MMapaMeTPiB CEPEAOBHINA AeTiApaTallil y po3unHAX HECJICKTPOIITIB, 1[0 MiCTAThH BATIHOMIIIMH (KiHI[eBa KOHIICHTpaIis 1

MM), 3aJIeXKUTh BiJ TEMIIEpaTypy TilMepTOHIYHOT iHKyOaril.

Kniouosi cnoga: eputpouyT, TINOTOHIYHUI IIOK, ITOCTTIMEPTOHIYHUIH JTi3KC, BaJTiHOMILIMH, HESJIEKTPOIITHI CepPeIOBHIIA.

Partial K* loss by cell as a result of hypertonic incubation into 0.8-1.4 M sucrose solution has been established as contributing to
an increase in erythrocyte osmotic resistance to hypotonic shock (50 mM NacCl solution). Cell sensitivity to a change in medium
osmotic parameters after dehydration in valinomycine-containing non-electrolyte solutions (1mM final concentration) depends on a

temperature of hypertonic incubation.

Key-words: erythrocytes, hypertonic shock, post-hypertonic lysis, valinomycine, non-electrolyte media

N3yueHne yCcTOWYMBOCTH KJIETOK K SKCIIOHUPO-
BAHHMIO B THIIEPTOHMYECKUX CPENAX, COAEPIKAIIUX
COJIM ¥ HEDIIEKTPOJIUTHI, UMEET BaKHOE 3HAUCHHE IS
pa3pabOoTKK HOBBIX METOJOB HU3KOTEMIIEPATYPHOTO
KoHcepBupoBanus [1, 2, 6, 10]. [delictBue neruapa-
Talliyd TMPU IKCIOHWPOBAHUH KJIETOK B THUIIEPTO-
HUYECKOH cpejie 3aBUCHT KaK OT POJOKUTEIEHOCTH
9KCTO3UIHH KJIETOK B PacTBOpPax C MOBBIIIEHHOU
TOHUYHOCTBIO, TAK M OT TEMIIEpaTypsl cpeasl [3, 7,
9]. Ilpu MogU(HUKALIMKA COCTOSHHSI KIIETOK B YCIOBHSIX
JOETUAPATAIIN U3MEHSIETCSI UX 9yBCTBUTEIBHOCTH K
BOCCTaHOBJICHHIO (PU3MONOTHYECKUX MapamMeTpoOB
cpensl [9]. Bropuunsie 3¢ dekTsl runeproHnvecKon
JNETUIpaTallid MOTYT CUJbHEE MPOSBIATHCA MPHU
[IEPEHOCE KIETOK HE B U30TOHUUYECKYIO, a B THIIOTOHU-
YECKYIO CpEAY, KOI/la 3HAYUTENBHO YBETNUNBACTCS UX
o0beM. B aToM citydae ocMoTHueckas yCTOHYMBOCTD
KJIETOK OyJIeT 3aBUCETH OT MPOIECCOB, MPOUCXOISIINX
B KJIETKE Ha dTanax ruIepTOHUYEeCKON HHKYOaIiu.

Lenb nanHOW pabOTHI — UCCIENOBaTh (PAKTOPHI,
KOHTPOJUPYIOUINE YyBCTBUTEIBHOCTh 3PUTPOIIUTOB
K U3MEHEHHIO0 OCMOTHYECKUX ITapaMeTPOB CPEIbI.
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Studying a cell resistance to exposure to the salts-
and non-electrolyte- contained hypertonic solutions
is of importance when elaborating new ways for low
temperature preservation [1, 2, 6, 10]. Dehydration
effect under cell exposure to hypertonic medium
depends on either exposure duration in solution with
an increased tonicity or medium temperature [3, 7, 9].
Sensitivity of cells to recovering physiological parame-
ters of the medium changes with modifying their state
under dehydration [9]. Secondary effects of hypertonic
dehydration may be more manifested during cell
transfer not into isotonic, but hypotonic medium when
their volume significantly increases. In this case a cell
osmotic resistance will depend on the processes,
occurring in cell at hypertonic incubation stages.

This research was aimed to investigate the factors,
controlling erythrocyte sensitivity to change in
medium osmotic parameters.

Materials and methods
Erythrocytes of human preserved blood have been
used in the research. Cells were thrice washed-out with
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Matepmnanbl 1 meToAbl

B skcnepuMenTax ObUIM MCIIOIB30BAHBI APUTPO-
LUTHl KOHCEPBUPOBAaHHOM KpOBH uesioBeka. KieTku
TPIXKIBl OTMBIBaNM 10-KpaTHbBIM 00beMOM (u3HO-
aoruyeckoro pactsopa (150 MM NaCl, 10 MM Tpuc-
HCIL, pH 7,4) uentpudyruposanuem npu 2000 g B
TeueHue 3-X MUHYT. [11a3My, TeKoIUTapHyIO IIEHKY
U HAJOCAIKH yAaJsUTd METOIOM aclUpaliy. YIako-
BaHHBII 0CaJIOK 3pUTPOLUTOB XpaHwm 1pu 4°C u
HCIIONB30BANIM B TeUeHHUE 3-4-X 4acoB.

OcMOTHYECKYIO yCTOWYHBOCTE SPUTPOLIUTOB OIpe-
JIEISITH citeayromuM oopazom: 100 MKJT yITakoBAaHHOTO
0CaJIKa 3pUTPOIUTOB NMOMEIAIH B | MJI THIIEPTOHU-
geckoro pactBopa caxapossl (0,8; 1 ;1,2 ;1,4 M
caxapossl, 5 MM ¢ocdarHoro Oydepa, pH 7,4) nim
1 ma ¢usuonoruyeckoro pacteopa (150 MM NacCl,
5 MM ¢ocdarnoro Oydepa, pH 7,4) n uakyOupopanu
npu 0 niu 37°C B pa3nuuHble IPOMEKYTKH BPEMEHU
(B psAe PKCHEpPUMEHTOB THIIEPTOHHYECKAs cpela
cozepxana 1 MKM BanMHOMHLIMHA — CLIEIU(UIECKOTO
nepeHocunka noHoB K¥). 3aTreM aqmKBOTY KJIETOK
(6-10 Mxur) M3 yKa3aHHBIX PACTBOPOB NMEPEHOCHIIN B
2 MJI TUTIOTOHWYECKOTO pactBopa (50 MM NacCl, 10
MM docdarnoro Oydepa, pH 7,4) npu koMHATHOU
Temmeparype. Takum xe 00pa3oM H3MEpSIIN U ypo-
BEHB ITOCTTUIIEPTOHUYECKOTO JIU3UCA, TOIBKO KIIETKH
MEPEHOCUIIH B (PU3NOJIOTHYECKHUIT pacTBOp.

Jns peructpanuy JTUHAMUKHA TEMOJIM3a SPUTPO-
LUTOB ObLJIa UCTIONB30BaHa YCTAHOBKA JJISl H3MEPEHHS
CBETOPACCESHUS KJIETOUHBIX CYCIIEH3H, CO31aHHAs Ha
0aze monoxpomaropa CD-4A. B kxwoBety ¢ 2 M
HM30TOHUYECKOTO PacTBOpA IMPH MOCTOSSHHOM IEpe-
MEILIUBaHUU BBOIWIH 6-10 MKII CyClIeH3UHU KIIETOK.

IIpu craructuyeckoir 0OpabOTKe pPe3yIbTAaTOB
WCIIONB30BAIHM TPAJUIIMOHHBIM METOJ ONpPEesIeHNUs
CTaHAAPTHOTO OTKJIOHEHUS.

Pe3yAbTatel M 00CYy)XAeHue

Kak BuHO 13 JaHHBIX, TPECTAaBICHHBIX HA pHC. 1,
SPUTPOLUTHI YETIOBEKA XapaKTEPHU3YIOTCS BBICOKON
YYBCTBUTEIBHOCTBIO K IEPEHOCY B THIIOTOHUUYECKYIO
cpeny (50 MM NaCl), eciiu ux npeBapUTEILHO HHKY-
OupyroT B pactBope ¢ koHeHTpanueid 150 MM NaCl
npu 0°C (xpuBas 1).

Wnas xaptuHa HaOmMogaeTcs, €Cliv KIETKU Mepen
[IEPEHOCOM B THIIOTOHUYECKUH PacTBOP MHKYOHUPYIOT
B TUTIEPTOHNYECKHIX CaXapO3HBIX Cpeiax B MHTEpPBAIE
0,8-1,4 M (puc. 1, xpussie 2-5). UyBCTBUTEIBHOCTh
KJIETOK K TUTTIOTOHHYECKOMY IIIOKY 3aBUCHT OT OCMO-
JIIPHOCTH CaXxapO3HOU Cpenbl ¥ MPOIOIKUTEILHOCTH
WHKYyOallny B THIIEPTOHUYECKUX PACTBOPAX.

B ycioBusX rHnepTOHMYECKOM MHKyOauuu mpu
0°C B TeueHue 6 4 YyBCTBUTEIBLHOCTH 3PUTPOLIUTOB K
TUIIOTOHMYECKOMY IIOKY YMEHBILACTCS C yBEIHue-
HUEM OCMOJIIPHOCTH caxapo3Hoi cpeasl. [Ipu yBenu-
YEHUH NPOJOIKUTEIBHOCTH HHKYOAIMH UX YyBCTBU-
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a 10-fold volume of physiological solution (150 mM
NaCl, 10 mM tris-HCI, pH 7.4) by 3 min centrifugation
at 2000 g. Plasm, buffy coat layer and supernatants
were removed using aspiration. Packed sediment of
erythrocytes was stored at 4°C and used within 3-4 hrs.

Erythrocyte osmotic resistance was determined as
follows: 100 ml of packed erythrocyte sediment were
placed into 1 ml sucrose hypertonic solution (0.8; 1;
1.2; 1.4 M sucrose), 5 mM phosphate buffer (pH 7.4)
or 1 ml physiological solution (150 mM NaCl, 5 mM
phosphate buffer, pH 7.4) and incubated at 0 or 37°C
within different time intervals (in some experiments
hypertonic medium contained 1MM valinomycine:
specific carrier for K* ions). Then a cell aliquot (6-
10 pl) was transferred out of mentioned solutions into
2 ml hypotonic solution (50 mM NaCl, 10 mM
phosphate buffer, pH 7.4) at room temperature.
Procedure for measuring the level of post-hypertonic
lysis was the same but cells were transferred into
physiological solution.

Device for measuring light scattering of cell sus-
pensions, designed at the base of CF-4A monochro-
mator was used for recording dynamics of erythrocyte
hemolysis. We introduced 6-10 ul of cell suspension
into cuvette with 2 ml isotonic solution at a constant
mixing.

Statistical processing was done using the standard
method for determining standard deviation.

Results and discussion
As Fig. 1 shows, human erythrocytes are charac-
terised with a high sensitivity to transfer into hypotonic

Femonus, %
Hemolysis, %

0 4 8 12 16 20 24
Bpems, 4 Time, hrs

Puc. 1. 3aBUCHMOCTH YPOBHS THIIOTOHUYECKOTO TEMOJIN3a
IPUTPOLIMTOB OT BPEMEHH UX SKCIIO3ULIMU B PACTBOPAX TH-
NEPTOHMYECKON CaXapo3bl Pa3InYHOI KOHLICHTPALIMU PU
0°C: 1 —xouTponp; 2—- 0,8 M;3 -1 M;4—-12M;5-1,4 M.
Fig. 1. Dependency of level of erythrocyte hypotonic
hemolysis on time of their exposure in hypertonic sucrose
solutions with different concentration at 0°C: 1 — control;
2-08M;3-1M;4-12M;5-14M.
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TEJBHOCTH CHUYKAETCS, €CIIN KOHIIEHTPAIHS caxapo3bl
B cpene coctaniseT 0,8-1,0 M (puc.1, kxpussie 2, 3) u
BO3pacTaeT MpU KOHLEHTpauuu caxapossl 1,2-1,4 M
(puc. 1, kpussle 4, 5). CnenoBarenbHO, IPU ATUTEIb-
HOUW MHKYOaluy KJIETOK B THIIEPTOHNYECKUX YCIOBHAX
YBEJIMUYEHUE YyBCTBUTEIBHOCTH KIETOK K THITOTOHH-
YeCKOMY LIOKY HaOmronaercsi, €ClM OHHU MOABEP-
rarTcs CUIbHOMY cTpeccy (puc. 1, kpussie 4-5). Kak
[TOKA3aJI0 apaieIbHOE TECTUPOBAHIE TAKUX KIETOK
B (pM3HOIIOTHYECKOM PacTBOpE, YBEITHMUCHHE TEMOJTH3a
st 1,2 m 1,4 M caxapo3sl mocie 7 4 HHKyOaruu CBs-
3aHO C TUIEPTOHUYECKUM F'eMOJIM30M YacTH KJIETOK B
pacTBopax caxapo3bl [4], a He ¢ I3MEHEHUEM TyBCTBH-
TETBHOCTH JETUAPATUPOBAHHBIX KIETOK K THIIOTOHH-
Yyeckoll 00paboTKe (aHHBIC HE MPHUBENEHBI). TakuMm
00pa3oM, MpH IKCMO3ULUHU KIETOK B TUIIEPTOHUYEC-
KHX pacTBopax caxapo3ssl pu 0°C, ¢ 0o1HOH! CTOPOHBHI,
YBEJIMYMBACTCSA OCMOTHYECKAS CTAOMIBHOCTD SPUTPO-
LIUTOB, YTO MPOSBISAETCA B BOZHUKHOBEHHH YCTOM-
YMBOCTHU TAKHUX KJIETOK K THIIOTOHHYECKOH 00paboTke,
C APYTOH — 9acTh KJIETOK IO/ ISHCTBHEM TMIIEPTOHNN
paspymraercs [4].

AHaJOTHYHbIE 3KCIIEPUMEHTH! OBIITN TIPOBEICHBI
mpu 37°C (puc. 2). ['unepronndeckas MHKyOanus
SPUTPOLIUTOB MIPH STOHN TEMITepaType MPUBOIUT K pe3-
KOMY U3MEHEHUIO BPEMEHHOM peakny KieTok. Tak,
00J1aCTh MUHMMAJIHOTO T€MOJIN3a JJOKAINU3YETCS yxKe
B IIpeJieliax MepBbIX MUHYT HHKYOAaluu, B OTIINYHE OT
5-6 a ipu 0°C (cM. puc. 1). D10 MOKeT OBITH 00YCIOB-
JIEHO Pa3IM4MsIMH B CKOPOCTSX NepepacipeeIeHus
HMOHOB B KJIETKAaX Ha 3Talle TMIEPTOHUYECKOW MHKY-
Oarmu ipu 37 u 0°C. Taxoke cinenyer OTMETHTD, YTO

100

Femonus, %
Hemolysis, %

0 T T
0 4 8 12
Bpewms, muH  Time, min

Puc. 2. 3aBucUMOCTD YPOBHS THITIOTOHUYECKOTO F'eMOJTN3a
SPUTPOLUTOB OT BPEMEHHU HX DKCIO3HMLUH B PacTBOpax
THIICPTOHMYECKOH caxapo3bl Pa3iUYHON KOHIEHTpPALMU
npu 37°C: 1 — xouTponb; 2-0,8M; 3 -1 M;4 - 1,2 M.
Fig. 2. Dependency of level of erythrocyte hypotonic
hemolysis on time of their exposure in hypertonic sucrose
solutions with different concentration at 37°C: 1 — control,;
2-08M;3-1M;4-12M.
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medium (50 mM NacCl) if preliminarily incubated in
solution with 150 mM NaCl concentration at 0°C
(curve 1).

Another picture is observed if cells are incubated
in hypertonic sucrose media within 0.9-1.4 M interval
before transferring them into hypotonic solution
(Fig. 1, curves 2-5). Cells sensitivity to hypotonic
shock depends on sucrose medium osmolarity and
incubation duration in hypertonic solutions.

Erythrocyte sensitivity to hypotonic shock reduces
with an increase in sucrose medium osmolarity under
hypertonic incubation at 0°C within 6 hrs. With an
increase in incubation duration their sensitivity reduces
when sucrose concentration in the mediumis 0.8-1.0 M
(Fig. 1, curves 2, 3) and it increases at sucrose
concentration of 1.2-1.4 M (Fig. 1, curves 4, 5). Conse-
quently, at a long-term cell incubation into hypertonic
conditions an increase in cell sensitivity to hypotonic
shock is observed if they undergo hard stress (Fig. 1,
curves 4-5). Simultaneous testing of these cells in
physiological solution has demonstrated that hemo-
lysis increase for 1.2 and 1.4 M sucrose after 7 hrs
incubation is associated with hypertonic hemolysis of
a part of cells in sucrose solutions [4], but not with a
change in dehydrated cell sensitivity to hypotonic
treatment (data are not shown). Thus, under cell
exposure in sucrose hypertonic solutions at 0°C there
is, on one hand, an augmentation of erythrocyte
osmotic stability, manifested in appearance of these
cells resistance to hypotonic treatment and, on another
hand, a part of cells destroys under hypertonic effect
[4].

The same experiments were carried-out at 37°C
(Fig. 2). Erythrocyte hypertonic incubation at this
temperature results in a sharp change of time cell
response. Thus, the area of minimum hemolysis is
localised even within the limits of first minutes of
incubation in contrast to 5-6 hrs at 0°C (see Fig. 1).
This may be stipulated with the differences in ion
redistribution rates into cells at the stage of hypertonic
incubation at 37 and 0°C. Of note is that at 37°C an
osmotic resistance of cells is much lower than at 0°C
and does not practically develop under erythrocyte
incubation in 1 and 1.2 M sucrose solution. This is
associated with more manifested damaging hypertonic
effect on erythrocyte membrane at 37 than at 0°C.
During incubation for more than 4-5 min in erythrocyte
membrane there is probably appearance of the defects,
resulting in irreversible damage of erythrocytes during
their transfer into hypotonic conditions that is con-
firmed also with available posthypertonic hemolysis
after 4-5 min of incubation (its level makes appro-
ximately 20% and is further growing) [4, 8]. Thus at
37°C two processes take place: during the first one
under the effect of sucrose hypertonic solutions the
resistance to hypotonic treatment within the first
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npu 37°C ocMoTHYECKass yCTOWYMBOCTH KIETOK
BBIpayKeHa HaMHOTO ciabee, yem nipu 0°C, u mpaxkTH-
YEeCKH HE Pa3BUBAETCS IPU MHKYOALIMU SPUTPOLIUTOB
B 1 u 1,2 M pactBope caxapo3sl. BugHo, uro 310
CBsI3aHO ¢ Oojiee BHIPAKEHHBIM MOBPEKIAIOIUM
JeficTBUEM THIIEPTOHMU HAa MeMOpaHy 3pUTPOLHUTA
npu 37°C, ywem npu 0°C. BeposTHO, npu HHKyOauu
KJIETOK cBbIlIe 4-5 MUH B MeMOpaHe 3pUTPOLHTA
BO3HHUKAIOT 1€(PeKTHI, MPUBOASIINE K HEOOpaTUMOMY
MMOBPEXICHUIO IPUTPOIUTOB MPU MEPEHOCE HX B
TUIIOTOHUYECKNE YCIOBHSA, YTO MOATBEPKIAETCS
TaK)ke HAIMYUEM IOCTTHIIEPTOHUYECKOTO TeMOJIN3a
nocie 4-5 MUH HHKyOanuu (ero ypoBeHb COCTABIISIET
npumepro 20% wu pacter B gaipHeimem) [4, 8].
Takum o0paszom, npu 37°C UMEIOT MECTO Ba MpO-
Lecca: NepBblil — MO AEHCTBUEM THUIEPTOHHUYECKHUX
pacTBOPOB caxapo3bl BO3HUKAET YCTOWUHMBOCTDH K
TUIIOTOHUYECKOH 00paboTKEe B MEpBBIE MUHYTHI
WHKyOaIuy; BTOPOH — YBEIMYEHHE MPONOLKUTENb-
HOCTH MHKYOaluy MPpUBOJUT K HApYLICHUIO Oapbep-
HBIX CBOWCTB MEMOpAHBI U MPOSIBIIETCSA B YMEHBIIIE-
HUU yCTOWYMBOCTH KJIETOK K THIIOTOHHYECKOMY LIOKY
mnocine 4-Xx MUHYT UHKyOalliy B THIIEPTOHHYECKOU
cpeze, 9TO CBSA3aHO C POCTOM ITOCTTUIIEPTOHUYIECKOTO
reMoNn3a B JaHHBIX YCIOBUSX.

ToT dakt, yTo IPH IKCIIOHUPOBAHUH B THIIEPTOHH-
YECKHMX pacTBOpPAax HEIIEKTPOJIUTOB KIIETKa TepsieT
Oonpiryto wacte K* [5, 7], mocimyxuim oCHOBOHM st
MIPEIIONIOKEHUS 00 €ro y4acTuH B IPOILecce BO3HUK-
HOBEHUS YCTOWYMBOCTH KJIETOK K TMIIOTOHUYECKON
oOpabotke. [nst mpoBEepKH 3TOH THIIOTE3BI KIETKH
ncromany no K , skCrioHnpys ux B pacTBOpax caxa-
PO3BI B IPUCYTCTBUM BaJIMHOMHLIMHA. Kak BUAHO U3
JMaHHBIX PUC. 3, 3pUTPOIUTHI, 00pabOTaHHBIE BAIHHO-
MUIIMHOM, TIPAKTUYECKN TEPAIOT YyBCTBUTEIHHOCTD
K TUIIOTOHMYECKOMY IIIOKY YK€ B Ipeaesax OJHOTO
yaca runeproHndeckoi nakybanuu npu 0°C, mpudem
Ha0Jr0MaeMbli 3P PEKT He 3aBUCUT OT OCMOJIIPHOCTH
caxapo3Hoii cpefipl. [lomyueHHbIe TaHHbIE CBUETENb-
CTBYIOT O TOM, YTO YBEIHUYEHHE IPOHULIAEMOCTH MEM-
Opanbl 111 K npuBoaut x 6osee ObICTpOMY HOBBI-
LIEHUI0 YCTOWYMBOCTU KJIETKH K TMIIOTOHMYECKOU
oOpaboTke.

AHaJIOTUYHBIE SKCIEPUMEHTHI OBIIIH MPOBEICHBI
u npu 37°C (zaHHBIE HE IPUBEICHBI). YCTaHOBJICHO,
YTO B 3THX YCJOBHUSIX IPUTPOLUTHI HE IPHOOPETAIOT
YCTOWYHUBOCTH K THIIOTOHUYECKOM 00pabdoTke. Bepo-
aTHO, ipy 37°C BaTMHOMUITAH 3HAYUTEITHLHO YCKOPSET
niepepacmpeaencane nonos K™ [5], a ato sBisercs
MIPUYUHOMN JTOTIOTHUTENBHOTO PE3KOTO 00BEMHOTO H3-
MEHEHUS KJIETOK, 9YTO MOXKHO pacCMaTpuBaTh Kak
MOBPEX AU (aKTOp YK€ Ha dTane TMIepTOHU-
YeCKOM MHKYOalnu S3pUTpOUUTOB. BanHOMHULIMH MO-
JKET OKa3bIBaTh MOBPEXIAIOIIEE AEHCTBUE HA MEM-
OpaHy >pUTPOILUTOB B THIMEPTOHUYECKUX YCIOBHIX
ipu 37°C.
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lemonus, %
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Puc. 3. 3aBHCUMOCTD YPOBHS THIIOTOHHYECKOTO TeMOJIN3a
IPUTPOLUTOB OT BPEMEHH UX IKCIO3HLHUH B PACTBOpax
TUIIEPTOHUYECKON Caxapo3bl pa3iIM4HOW KOHLIEHTpaLuu
npu 0°C npu Hannuuu 1 MkM BanueoMunuHa: 1 — 0,8 M;
2-1M;3-12M;4-14M.

Fig. 3. Dependency of level of erythrocyte hypotonic hemo-
lysis on time of their exposure in hypertonic sucrose solu-
tions with different concentration at 0°C at the presence of
1uM valinomycine: 1 — 0.8 M; 2 — IM; 3 - 1.2 M; 4 —
1.4 M.

incubation minutes appears, during the second one an
increased incubation duration results in the disorder
of barrier properties of membrane and is manifested
in lessening of the cell resistance to hypotonic shock
after 4 min of incubation in hypertonic medium, that
is related to the growth of posthypertonic hemolysis
under the given conditions.

The fact that during exposure to hypertonic
solutions of non-electrolytes the cells lose a major part
of K* [5, 7] served as the base for supposing about its
participation in the process of appearance of cell
resistance to hypotonic treatment. To check this
hypothesis the cells were exhausted on K* by their
exposure to sucrose solutions in valinomycine pre-
sence. Fig. 3 shows that erythrocytes treated with
valinomycine practically lose the sensitivity to
hypotonic shock even within the limits of one hour of
hypertonic incubation at 0°C, moreover the observed
effect does not depend on osmolarity of sucrose
medium. The obtained data testify to the fact that an
increase in permeability of membrane for K*
accelerates the getting of resistance to hypotonic
treatment by a cell.

The same experiments were performed at 37°C (the
data are not presented). It has been found that under
these conditions the erythrocytes do not gain the
resistance to hypotonic treatment. It means, at 37°C
valinomycine significantly accelerates the redistri-
bution of K™ ions [5] and this is the cause of additional
sharp volumetric change in cells, that can be
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YToObI BEISICHUTD, SABJISETCS 1M OCBOOOKAcHHEe K*
OTIPEAETISIONTIM TIPOIIECCOM B BOSHUKHOBEHUH YCTOM-
YUBOCTH KJIETOK K THIIOTOHHYECKOH 00paboTke, mx
SKCIOHUPOBAIIM B (DM3MOJOTHYECKOM PacTBOpE B
npucyTcTBUU 1 MKM BaTuHOMMIIMHA, TIOCIIE YETO MO~
MeIllald B THIOTOHUYECKYI cpeny. MHKyOamus
KJIETOK C BAJIMHOMUIIMHOM MPUBOAUT K YBEIUUYCHUIO
WX YCTOMYMBOCTU K THIIOTOHUYECKOW 00paboTke
(puc. 4). ITpu 0°C mpaxkTryecKy MoIHast COXPAHHOCTh
KJIETOK B THIIOTOHMM HaOmromanack nociie 150 mMun
WHKyOaImu B GU3NOIOTHYECKOM PACTBOPE C BAITMHO-
MHIITHOM, Tor7a kak mpu 37°C — nocne 5 muH. Ecn
MIPOBECTU CPABHUTEIBHBIA aHAN3 dTHX JaHHBIX C
JAaHHBIMH TI0 KWHETHKE BhIxoAa K™ u3 KiIeTku B mpu-
cyTcTBur | MKM BaJIMHOMHIIMHA B (PU3HOIOTHYECKOM
pactBope [5], To 00HapyKUBAETCS KOPPEIALUSI MEXKTY
MPUOOpPETEHNEM KISTKAMH YCTOWYMBOCTH K THITOTO-
HU4YecKoi 00paboTtke u BeixonoMm K'. CnenosarensHo,
YCTOMYHUBOCTD KJIETOK K TUIIOTOHUU MOKET 3aBUCETh
ot Hanuuust K BHyTpu kietku. CHU>KEHHE KOHIICH-
Tparuu K mpuBoaUT K YMEHBITIEHUIO BHY TPUKIIETOU-
HOI OCMOJISIPHOCTH, YTO, TIO-BUIUMOMY, U OTIPEICIISICT
YCTOWYIMBOCTD IPUTPOIUTOB K THTIOTOHIYECKOM 00pa-
0OTKe.

Bo3nukaet HeOOXO0TUMOCTE U3YUCHUS H3MEHEHUS
qyBCTBUTEIBHOCTH KIIETOK K IIOCTTHIIEPTOHUIECKOMY
JIM3UCY TpU UcToleHnH ux o K' B runepronnyeckux
pacTBOpax caxapo3bl U 3aBUCUMOCTH 3TOTO MpoLiecca
OT TeMmIeparypsl uHKyOamuu. J[Js 3TOro KieTKu
sxcnioHupoBanu B 0,8 M pacTBope caxapo3sl Ipy Ha-
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Puc. 4. 3aBUCUMOCTB YPOBHS THIIOTOHUYECKOTO IEMONIH3a
9PUTPOLMTOB OT BPEMEHH HMX 3KCIO3HLUMHU B (HU3HOIO-
THYECKOM PacTBOPE MpH HAIMYKU | MKM BaJMHOMUIIMHA
IpU pa3nu4HbIX Temmneparypax: 1 —0°C; 2 —37°C.

Fig. 4. Dependency of level of erythrocyte hypotonic
hemolysis on time of their exposure in physiological solution
at 1M valinomycine presence at different temperatures:
1 -0°C;2-37°C.
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considered as a damaging factor even at the stage of
hypertonic incubation of erythrocytes. Valinomycine
may render impairing effect on membrane of
erythrocytes under hypertonic conditions at 37°C.

To elucidate whether K* release is determining
process in appearance of cell resistance to hypotonic
treatment, they were exposed to physiological solution
in the presence of 1 UM valinomycine, afterwards there
were placed into hypotonic medium. Cell incubation
with valinomycine results in an increase of their
resistance to hypotonic treatment (Fig. 4). At 0°C quite
a complete integrity of cells to hypotony was observed
after 150 min incubation in physiological solution with
valinomycine, meanwhile after 5 min at 37°C. If to
compare these data with those about the kinetics of
K" yield out of cells in presence of 1 UM valinomycine
in physiological solution [5], then the correlation
between cells’ gained resistance to hypotony treatment
and K* yield is revealed. Therefore, cell resistance to
hypotony depends on the presence of K* inside cells.
K* concentration reduction leads to a decrease in
intracellular osmolarity that likely determines cell
resistance to hypotonic treatment.

The necessity of studying the change in cell
sensitivity to posthypertonic lysis at their exhaustion
on K" in sucrose hypertonic solutions and dependence
of this process on incubation temperature appears.
With this aim the cells were exposed to 0.8 M sucrose
solution with and with no 1 UM valinomycine at 37°C.
Fig. 5 demonstrates that the level of posthypertonic

100

Femonus, %
Hemolysis, %

0 {.-l T T T
0 10 20 30 40

Bpemsi, MuH

Time, min

Puc. 5. 3aBUCHMMOCTb BETUYHHBI OCTTUIEPTOHUYECKOTO
TeMOJIN3a SPUTPOLUTOB, U3MEPSIEMOTO NPH TIEPEHECECHUN
uX B ()M3HOJIOTHUECKUI PACTBOP, OT BPEMEHHU MX HHKYOa-
i B 0,8 M pactBope caxapossl mpu 37°C: 1 — 0e3 BasiHO-
MULHKHA; 2 — Ipy HaIuuuu 1| MkM BallMHOMUIIMHA.

Fig. 5. Dependency of the value of erythrocyte post-
hypertonic hemolysis, measured during transferring into
physiological solution, on time of their incubation into 0.8 M
sucrose solutions at 37°C: 1 — free of valinomycine; 2 — in
presence of 1 UM valinomycine.
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JWYUN U OTCYTCTBHH | MKM BalWMHOMHIIMHA TIPH
37°C. Kak BUIHO U3 AaHHBIX PUC. 5, YPOBEHb MOCT-
TUIEPTOHNUYECKOTO JIN3MCA BhIIIE TP HAJTMYNH BaJIH-
HOMUIIHA, 0COOEHHO B IIEPBHIE MUHYTHI HHKYOALlUH.
AHaJIOTHYHBIN KCTIEPUMEHT OBl TpoBeaeH npu 0°C.
Krnetkun sxcionuposanu B 1,2 M pacTBope caxapo3sl
MIpY HAIWYUH ¥ OTCYTCTBUH | MM BaTMHOMUIIMHA B
tedenue 6 4. [Ipr 3TOM ypoBeHb MMOCTTHIIEPTOHUYEC-
KOTO TeMOJIM3a He OTNInJaycs (JJaHHbIe HE TpUBEe-
HbI). MOXXHO TPENNoiIoXKUTh, YTO OoJiee BBICOKAs
YyBCTBUTEIHHOCTh SPUTPOLIUTOB K MOCTTUIIEPTOHH-
YECKOMY JM3UCY B YCIOBUSAX UX TPEABAPUTEITHHON
runeproHnueckoil nukyOamuu npu 37°C BbI3BaHa
JOIMOJHUTEIBHBIMA OOBEMHBIMU H3MEHECHUIMHU
KJIETOK T0oA JeficTBHEeM HOoHO(Opa Ha 3TOM 3Tane. B
JIaHHOM cirydae Temieparypa (37°C) BeIcTynaer Kak
(akTop, 3HAUNTEIHHO YCKOPSIOMINI MPOIIecC BHIXOAa
Kanus, U, KaK CJIEJCTBUE, OCMOTHYECKH CBA3aHHOU
BOJBI, YTO MOXET SBIATHCSI OAHON W3 MPUUYUH
YBEJIMYECHHUS TyBCTBUTEIHHOCTH SPUTPOIIUTOB K U3Me-
HEHUIO 0CMOTHYECKUX MTapaMeTpoB cpeasl. C apyroi
CTOPOHBI, BAIMHOMHUIIMH BJIHSIET HA CTPYKTYPY MEM-
OpaHbI ¥ er0 HAJTMYHe MOXKET U3MEHSITh OTBET 3PUTPO-
LIMTOB Ha TEMIIEPATypHOE M OCMOTHYECKOE BO3ZEH-
CTBHE C TOYKH 3pPEHHUS CTPYKTYpHOH LIETOCTHOCTH
KJeToK. Takum 06pa3om, yCHIICHHE IOCTTHIIEPTOHH-
geckoro remonusa npu 37°C B IpUCYTCTBUH BaJIMHO-
MUIHA MOXET ObITh 00YCJIOBIIEHO MOBPEKIAIOIIUM
JeCTBUEM 3TOTO HOHO(Opa HAa MEMOpaHHBIE CTPYK-
Typsl kietku. [Tpu 0°C, BeposTHO, BATMHOMHIIMH HE
OKa3bIBA€T BBIPA’KEHHOTO IIOBPEKAAIOIIET0 AEHCTBUSA
Ha CTPYKTYpy MeMOpaHbl, I03TOMY YPOBEHb I1I0CTTHU-
[IEPTOHUYECKOTO FeMOJIN3a KaK IPU HAIWYMHU, TaK U
OTCYTCTBUHU BaJIMHOMULIMHA JIOCTOBEPHO HE OTIIH-
qaercsl.

BbiBOADI

Takum oOpa3oM, yBeluYeHHE YCTOHYMBOCTH
SPUTPOLUTOB K NEPEHOCY B YCIOBHS THIIOTOHHH
(50 MM NacCl) mocne 5KCOHUPOBAaHHUS B TUIIEPTOHH-
yeckoM pany (0,8-1,4 M) caxapo3sl sBIsieTCS pe-
3yJIbTaTOM YaCTUYHOUN MOTEpU BHYTpHUKIIETOUHOTrO K7,
YTO YMEHBIIAET BHYTPUKICTOYHYIO OCMOJISIPHOCTh H
MPUBOJUT K TOMY, YTO KJIETKA HE JIOCTUTAET CBOETO
KPUTHYECKOTO TEMOJIMTHYECKOTO 00beMa B THUIIOTO-
HUMU.

OpnHako OBICTPOE UCTOIIEHUE KIETOK 110 KaJIHIO C
MOMOILBIO CNEIN(PUYECKOTO NEPEHOCUNKA HOHOB
KaJusl (BaJIMHOMHIIMHA) HE IPUBOIUT K NOBBIIICHHUIO
YCTOMYUBOCTH KJIETOK K IOCTTHIIEPTOHUYECKOMY JIU-
3HCY, YTO MOXKET OBITh CBA3aHO C PE3KUMHU OOBEMHBIMH
HU3MEHEHHSMH KJIETOK IPH OMHOBPEMEHHOM BO3/IEHCT-
BHUU HOHO(OpA U BBICOKOH TOHMYHOCTH CPEIbl HHKY-
Oammu, a Takke ¢ MOBPEXKAAFOIINM JIeHCTBUEM BallH-
HOMHIIMHA HAa MEMOpPaHy 3pUTPOIUTOB.
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lysis is higher in valinomycine presence, especially
within the first incubation minutes. The same experi-
ment was performed at 0°C. The cells were exposed
to 1.2 M sucrose solution with and with no 1mM
valinomycine for 6 hr. Herewith the level of posthyper-
tonic hemolysis did not differ (data are not presented).
One may suppose that higher sensitivity of erythro-
cytes to post-hypertonic hemolysis under conditions
of their preliminary hypertonic incubation at 37°C is
caused by additional volumetric changes of cells under
the effect of ionophore at this stage. In this case the
temperature (37°C) acts as the factor significantly
accelerating the process of potassium release and as a
consequence of osmotically bound water that may be
one of the causes of a rise in sensitivity of erythrocytes
to the change of osmotic parameters of the medium.
Valinomycine affects the membrane structure and its
presence may vary the response of erythrocytes to
temperature and osmotic effects from the point of view
of structural integrity of cells. Thus strengthening of
posthypertonic hemolysis at 37°C in presence of
valinomycine can be stipulated with damaging effect
of this ionophore on membrane structures of a cell.
At 0°C valinomycine does not probably cause a
manifested damaging effect on membrane structure
and therefore the level of posthypertonic hemolysis
both with and with no valinomycine does not
statistically an significantly differ.

Conclusions

An increase in erythrocyte resistance to the transfer
into hypotonic conditions (50 mM NaCl) after
exposure in hypertonic row (0.8-1.4 M) of sucrose is
the result of partial loss of intracellular K*, that dec-
reases intracellular osmolarity and the cell does not
approach its critical hemolytical volume in hypotony.

However rapid cell exhaustion on K+ with
valinomycine (a specific transporter of potassium ions)
does not lead to a rise in cell resistance to post-
hypertonic lysis that may be related to sharp volumetric
changes in cells at simultaneous effect of ionophore
and high tonicity of incubation medium, as well as
impairing effect of valinomycine on membrane of
erythrocytes.
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