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Effect of DIDS Anion Transport Inhibitor on Erythrocyte Resistance to
Change in Osmotic and Temperature Medium Parameters

YCTaHOBIEHO, YTO 4yBCTBUTEIBHOCTh 3PUTPOLUTOB K mocTrunepronnyeckoMy ausucy (IIIJI) 3aBucuT oT cocraBa cpeisl
JeTHIPATAL{H, TIPOIODKUTEIBHOCTH IMIIEPTOHMYECKON HHKYOAalny U TeMIIepaTypbl Cpeabl peruaparanuy. THruOuTop aHMOHHOTO
Tpancnopra DIDS oka3biBaeT BeIpaKeHHOE 3aIUTHOE BIMSHUE Ha S5pUTpoLuThI B ycnoBusix 11171, eciu cpena neruaparaiyuu COaepKUT
HeasiekTposuT. [Ipu aeruaparanuu B asekTpoauTHoit cpene (1,2 mosn/m NaCl) sanutaoe Biusiaue DIDS BoipaxkeHo ciabee v 3aBHCUT
OT TeMIeparypsl cpeasl peruaparauuu. [Ipeamnosnaraercs, 4yTo GpakTopoM, KOHTPOIUPYIOIIUM YyBCTBUTEIBLHOCTh IPUTPOLUTOB K
[II'J1, siBnsieTcst CKOPOCTh OOBEMHBIX H3MEHEHHH PUTPOLIUTOB Ha 00SHX dTanax MHKyOalum.

Knroueesvie cnosa: 3puTpoLUTHI, IOCTTUIIEPTOHNYECKUH JIN3UC, SIEKTPOJIUT, HEAIEKTPOIIHT.

YeTaHOBIICHO, 110 Yy TIIMBICTh €PUTPOLIUTIB 10 noctrineproHiuHoro jgizucy (I1IJI) 3amexuTs Bij ckiiaay cepenoBuILa IeriapaTarii,
TPHUBAJIOCTI TiNepTOHIYHOT iHKyOalii Ta Temneparypu cepenoBuia periaparauii. [uribitop anionHoro Tpaucnopry DIDS Bussnse
3HAYHMH 3axucHU edekT Ha epuTporuTy B ymoBax [1IJ], skiio cepenoBHie Aerigparamii MicTuTh HeenekTpoiit. [Ipu aerigpararii
y PO3uUMHI eNeKTpoliTy 3axucHuil BB DIDS maiike He BHUSBISETHCS Ta 3aJ€KHUTh BiJ TEMIEpaTypH CepeJoBHILNA perixpararii.
[punyckaerbes, mo GakTopoM, SIKHH KOHTPONIIOE 4yTIUBICTh eputpountiB 1o IV, € mBHAKICTD 3MiH 00°€My KIIITHH Ha 000X
erarnax iHKyOauii.

Knruoei cnoea: epuTponuTH, IOCTTINEPTOHIYHHN JTi3iC, €IECKTPOIUT, HECIIEKTPOJIUT.

Erythrocyte sensitivity to posthypertonic lysis (PHL) was established to be dependent on dehydration medium composition,
duration of hypertonic incubation and rehydration medium temperature. DIDS anion transport inhibitor causes a manifested protective
effect on erythrocytes under PHL conditions when dehydration medium comprises a non-electrolyte. DIDS protective effect is slightly
manifested and depends on rehydration medium temperature under dehydration in electrolyte solution. The factor, controlling erythrocyte

sensitivity to PHL is assumed to be the rate of volume changes in erythrocytes at both incubation stages.
Key-words: erythrocyte, posthypertonic lysis, electrolyte, non-electrolyte.

Hocrrunepronnueckwuii nusuc (I117I) spurpoun-
TOB — pa3pylIeHHUE KIETOK, MPEeaBAPUTECIHHBIM
YCIIOBHEM KOTOPOTO SIBJISETCS MX NMETHApaTaIus,
COMPOBOXKIAIOIIASACST U3MEHEHHUEM 00beMa 1 (POPMBbI
KJIeTOK. Takue M3MeHeHUs IPUBOAST K HAPYIICHUIO
CTPYKTYPHI ITUTOCKEIET-MEMOPAHHOTO KOMILIEKCa,
YTO MOXET paccMaTpUBaThCA Kak (aKTop, pe3Ko
MOBBIIAIONINN YyBCTBUTENBHOCTh KJIETOK K MOCIe-
JOYIOIIUM U3MEHEHUSIM OCMOTHYECKUX U TEMIIEPATyp-
HBIX MapaMeTpoB cpeasl [3, 5]. B ycnosusx nerunpa-
TallM¥ CTPYKTYPHOE COCTOSHHUE MEMOpaHBI M ITUTO-
CKeJIeTa 3aBHCHUT OT XapakKTepa IepepacipeacieHus
HWOHOB U BOJIBI B THIICPTOHUYECKOU Cpefie, a TAKXKE OT
CTPYKTYPHBIX MEPECTPOCK KOMIIOHCHTOB MEMOpPaHbI
u ruTockenera [2, 3]. [Ipu peruaparauu BexyImm
(hakTOpOM, OTIPENETISAIOMINM YCTOMIHBOCTH KIETOK K
[1I'J1, stBisieTCs CONTacOBaHHOCTh OOBbEMHBIX H3MEHE-
HUH IIUTOCKEIEeTa U MEMOPaHBI.
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Erythrocyte posthypertonic lysis is the destruction
of cells, which preliminary condition is their
dehydration, accompanying with a change in cell
volume and shape. These changes result in a disorder
of cytoskeletal-membrane complex structure, that can
be envisaged as the factor, sharply increasing cell
sensitivity to following changes in osmotic and
temperature medium parameters [3, 5]. Under
dehydration conditions a structural state of membrane
and cytoskeleton depends on water and ion redistri-
bution character in hypertonic medium, as well as on
structural rearrangements of membrane and cytoskele-
tal components [2, 3]. The leading factor, determining
cell resistance to PHL under rehydration is the
coordination of volume changes of cytoskeleton and
membrane.

Not only cell sensitivity to temperature and osmotic
effect, but proliferative response [12], induction of
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N3menennem o0bpeMa KIIETOK KOHTPOIMPYIOTCS HE
TOJBKO WX YYBCTBUTEIBHOCTh K TEMIIEPATypPHO-
OCMOTHYECKOMY BO3JIEHCTBHIO, HO U mponudepa-
TUBHBIN OTBET [12], HHAYKIUSA NPOrpaMMHPYEMON
KJIETOYHOM CMEPTH (AIONTO3, IEPBUYHBIM MPU3HAKOM
KoToporo siBisiercs Berxoa K*) [9, 13, 14]. Uarudurop
annonHoro Tparcnoprta DIDS ciocoben npotekTupo-
BaTh KJIETKU OT BO3/IEHCTBUS MOBBIIEHHON OCMOJISP-
HOCTH CPEJIbI, TUIIEPTOHIMYECKOTO KproreMoin3a [4]
Y TIPEeNoTBpalaTh pa3BUTHE anomnrosa [1].

ens paboTer — uzydenne ycroitumBocT K I117J1
HOpMAaJBHBIX ¥ 00paboTanusix DIDS sputponnTos B
3aBHCHMOCTH OT TEMIIEPATyPHBIX PEKUMOB JETUIPA-
TaIH U PETUAPATAINH, & TAKXKE TPOJAOJKUTEIBHOCTH
TUIEPTOHUYECKOH MHKYyOaluu KIETOK B BIEKTPO-
JIUTHOM CpeNe U cpene, coaepkKallel HEdIEKTPOIINT.

Martepnaabl 1 meToAbl

[locne ynanenus miasMbl SpUTPOMACCY JIBAXKABI
oTMbIBanu neHTpudyruposanuem npu 1500 g B
TeyeHue 3-x MUHYT B 10-kpaTHOM 00BeMe (pH3HOIOTH-
yeckoro pactopa (0,15 momas/ia NaCl, 0,01 mons/n
Tpuc-HCI 6ydep, pH 7,4) u oqun pa3 mpu Tex xe
ycnoBuAx, HO 10 muH. JledkonmuTapHyIO MICHKY
yAISUIM acUpanuen.

YyscTBUTENBHOCTH ApuTpouuToB K IIIJT onpene-
JISUTY CIIE Y IOIUM 00pa3oM. AJTMKBOTHI MX OcajIKa I1e-
PEHOCHIIN B THIIEPTOHUYECKHHA pacTBop (1,2 Monb/a
NaCl; 0,86 monb/n caxapossl + 0,15 mons/n NaCl,
pH 7,4) u uakyouposanu B Teuenue 0-160 mun. 3arem
U3 KaXI0H MpoObl alMKBOTY CyCIIEH3UH 3PUTPOLU-
TOB IMEPEHOCUJHM B HM30TOHHYECKHUH pPacTBOP
(0,15 mons/n NaCl, pH 7,4) B 4-x TemnepaTypHbIX
pexumax: 37-37; 37-0; 0-37; 0-0°C u uHKyOHpOBaIU
10 mua. KOHEUHBIN TeMaTOKpUT CYCIIEH3UN COCTABIISII
0,4 %.

Knetku ocaxnanu neHTpu(yrupoBaHHEM B
tedenue 3-x munyT npu 3000 g. Conepxanue remo-
[JI00MHA B CyTIepHATAaHTE OIPEIeNsId CIIEKTPOOTO-
METPUYECKUM CIIOCO00M Ha MOHOXpomaTtope CD-4A
C IPOTOYHON KIOBETOM MU ATMHE BONHBI 543 HM. 3a
100% npuHHMaIM NOIVIOMIEHUE NPOOBI, B KOTOPYIO
nobasisin TputoH X-100 B konnentpanuu 0,1%.
Kaxxnplit sxciepuMeHT NMOBTOPSUIN HE MeHee 6 pa3 B
IBYX MapajuledbHbIX Mpodax. COXpaHHOCTH KIIETOK
BBIpaYKAIH Kak paszHuily Mexay 100%-m remonanzom
Y TEMOJIA30M JJISI KaX 01 SKCTIEPUMEHTAIbHOM TOUKH.

[Ipu 0OpaboTKe KIeTOK MHTHOUTOPOM aHHOHHOTO
tpa"cnopta DIDS k cycnieH3uu 3puTpoIuToB (rema-
ToKpHUT 20%) no6assum DIDS B KOHEYHOH KOHIIEHT-
paumu 50 MKMOJIB/T Y WHKYOUpPOBAM Ha BOASIHOM
6ane npu 37°C B Teuenue 30 MuH. 3aTeM KJIETKH OT-
MBIBAJIH 10 CTAHIAPTHON METOJHMKE U HCIIOIb30BaIIH
B OKCIIEPUMEHTE.

[Tony4yennsie pe3ynbpraTsl 0O0padaThIBaId 1O
merony CreroneHTa-duiiepa.
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programmable cell death (apoptosis, which primary
sign is K* release) are controlled by a change in cell
volume [9, 13, 14]. DIDS anion transport inhibitor is
capable to protect cells against the effect of increased
medium osmolarity, hypertonic cryohemolysis [4] and
to prevent apoptosis development [1].

The research was targeted to study the PHL
resistance of normal and DIDS treated erythrocytes
depending on dehydration and rehydration temperature
regimens, as well as on duration of hypertonic cell
incubation in electrolyte medium and in that,
containing non-electrolyte.

Materials and methods

After plasm removal the erythromass was twice
washed-out with centrifugation at 1500 g within 3 min
in a 10-fold volume of physiological solution (0.15
mol/l NaCl, 0.01 mol/l Tris-HCL buffer, pH 7.4) and
once under the same conditions but for 10 min. Buffy
coat layer was removed with aspiration.

Erythrocyte sensitivity to PHL was determined as
follows. Aliquots of their sediment were transferred
into hypertonic solution (1.2 mol/l NaCl; 0.86 mol/l
sucrose+0.15 mol/l NaCl, pH 7.4) and incubated for
0-160 min. Then an aliquot of erythrocyte suspension
from each sample was transferred into isotonic
solution (0.15 mol/l, pH 7.4) in 4 temperature
regimens: 37-37; 37-0; 0-37; 0-0°C and incubated for
10 min. Final suspension hematocrit was 0.4%.

Cells were precipitated with centrifugation for 3
min at 3000 g. Hemoglobin content in supernatant was
determined spectrophotometrically using SP-4A
monochromator with flow cuvette at 543 nm
wavelength. We admitted for 100% the sample
absorption, when triton X-100 in 0.1% concentration
was added. Each experiment was repeated not less than
6 times in two parallel samples. Cell integrity was
expressed as a difference between 100% hemolysis
and that for each experimental point.

When treating cells with DIDS anion transport
inhibitor, it was added in 50 p mol/l final concentration
into erythrocyte suspension and incubated on water
bath at 37°C for 30 min. Afterwards cells were
washed-out according to the standard technique and
used in experiment.

The results obtained were processed with Student-
Fisher method.

Results and discussion

The Fig. 1 shows the data about a change in human
erythrocyte sensitivity, initially incubated in hyper-
tonic solution (0.86 mol/l sucrose + 0.15 mol/l NaCl)
to PHL. Maximum integrity is seen to be typical for
cells, dehydrated at 0°C (Fig. 1, curves 3, 4). At the
same time the rehydration temperature does not affect
erythrocyte resistance to PHL. If the temperature of
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Pe3yAbTaTbl M 00CYyKAeHHe

Ha puc. 1 npencrapieHsl qaHHbIE 00 N3MEHEHHUH
YYBCTBUTEIBHOCTH 3PUTPOLUTOB YEJIOBEKA, HCXOJHO
HHKYOUPYyEeMBIX B THIEPTOHUYECKOM PacTBOpE
(0,86 monp/n caxapossl + 0,15 mons/1 NaCl) x ITIJ1.
BunHo, uTo MakcuMasbHas COXpaHHOCTh XapaKTepHa
IUIsL KJIEeTOK, perunapatupyemsix npu 0°C (puc.l,
kpussblie 3,4). Ilpu 3ToM Temneparypa peruaparanuu
HE OKa3bIBAET BIUSHUS Ha YCTOWYUBOCTH SPUTPOIIH-
toB K IIIJI. Ecau teMneparypa rMIepTOHUYECKOTO
pactBopa coctarisier 37°C (puc.1, kpussie 1, 2), TO
YyBCTBUTEIBHOCTHh KJIETOK K pErHJpaTaluy B
uzoronnyeckoit cpene (0,15 mone/n NaCl) ysenuuu-
Baercs. bonee BBICOKOW UyBCTBHUTEIBHOCTHIO OTIIH-
YaloTCsl 3PUTPOLUTHI, peruaparupyemsie npu 0°C
(puc.1, xpusas 2), yem npu 37°C (puc.1, kpusas 1).
W3MeHeHuss 4yBCTBUTENBHOCTU KJIETOK, PETHApa-
tupyeMblx ipu 0 u 37°C, UMEIOT pa3HbI XapakTep.
B pexume 37-0°C 4yBCTBUTEIBHOCTH SPUTPOLIMTOB
k nepenocy B 0,15 mons/n NaCl Bo3pacraer nocre-
[IEHHO C MEPBBIX MUHYT THIIEPTOHMYECKON MHKyOa-
uH, B pexkume 37-37°C oHa HaUMHAET MPOSIBIISTHCS
nocie 80 MUH HHKYOaIum.

3ameHa B cpesie IeruIpaTanuy HeNeKTPOIuTa Ha
anexktpoaut (1,2 mons/n NaCl) He oka3biBaeT
3HAYUTEIHHOTO BIUSHUA Ha COXPAHHOCTH IPUTPO-
LUTOB, AeruapatupyemMsix npu 0°C (puc. 2, KpuBble
3,4). B To e Bpems A KIETOK, IerHAPaTHPYEMbIX
ripu 37°C, o01as TeHACSHIUS N3MEHEHUS COXPaHHOC-
TH TIpH nepeHoce B pexume 37-37°C (puc. 2, kpu-
Bast 1) ocTaercss HEU3MEHHOH, ONHAKO B PEXKHUME
37-0°C xapakxrep BpeMEHHOH 3aBUCIMOCTH IIpoLiecca
u3MeHsiercs (puc. 2, Kpusas 2), HU3Kast COXPaHHOCTb
SPUTPOLIUTOB HAOIIONAETCS YKE B HAYaIbHBIH MEPUOJT
WHKYyOallny ¥ BO3PACTaeT K €€ KOHILY.

TakuMm 00pa3om, Kak B JIIEKTPOIUTHOH cpesie, Tak
1 B cpernie, CoaeprKalieii HedJIeKTPOINT, Hanbosiee BbI-
COKasl YyBCTBUTENBHOCTh 3puUTpouuToB K IIIJI
OTMEeUaeTcs MPU HU3MEHEHUH OCMOIIIPHOCTH B PEXKAME
37-0°C (puc. 1, 2, xpusas 2). C yueToM JaHHBIX pabo-
ThI [4] HaOMIOHAETCSI KOPPEISLHSI MEXKTY XapaKTepoOM
HU3MEHEHHS COXPAHHOCTH SPUTPOLUTOB B pEXHUMax
37-37°C u 37-0°C B 31eKTpOIUTHOM cpene u cpeae,
coJieprKalel HeaeKTpouuT (puc. 1, 2, kpussie 1, 2),
u ypoHeM Bbixoga K" mpu 37°C B 1,2 mons/n NaCl u
0,86 mounb/1 caxapo3sl. BunHo, uto B pexume 37-0°C
MaKCHMaJbHOE M3MEHEHHE YyBCTBUTEIHHOCTHU
APUTPOIUTOB oTMedaeTcss B nepBbie 40-60 MuH
WHKYyOaIrum B cpeie, comepiKame HedIEKTPOTUT
(puc. 1, xpuBas 2), u B nepBeie 5-10 MuH — B
AIEKTPOIUTHOM cpene (puc. 2, kpussie 1, 2). B pexu-
Me 37-37°C ee MakcHMaNbHBII POCT HabIIOmaeTCs
TOJIBKO B JIEKTPOIUTHOMN cpene nepBbie 10-20 Mun
(puc. 2, kpuBas 1). B Te xe mpoMeXyTKH BpeMEHH
KJIETKH MPaKTUYECKU MOJHOCThIO TepsitoT K [4].
Brixon K* B cpene, comepxkamnieil He3IEKTPOIUT
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hypertonic solution is 37°C (Fig.1, curves 1, 2), cell
sensitivity to rehydration in isotonic medium
(0.15 mol/l NaCl) increases. More sensitive are those
erythrocytes, rehydrated at 0°C (Fig. 1, curve 2), than
at 37°C (curve 1). Changes in sensitivity of cells,
rehydrated at 0 and 37°C have different character. In
37-0°C regimen the erythrocyte sensitivity to the
transfer into 0.15 mol/l NaCl increases gradually ever
since the first minutes of hypertonic incubation, as
for 37-37°C one it begins manifesting after 80 min of
incubation.

Substitution of non-electrolyte for electrolyte in
dehydration medium (1.2 mol/l NaCl) does not
significantly affect the erythrocyte integrity, de-
hydrated at 0°C (Fig. 2, curves 3, 4). At the same time
for cells, dehydrated at 37°C a common tendency of
integ-rity change during transfer in 37-37°C regimen
(Fig. 2, curve 1) remain unchanged, but in 37-0°C one
the character of time dependency of process changes.
(Fig. 2, curve 2), low erythrocyte integrity is observed
even at initial incubation period and increases to its
end.

Thus, both in electrolyte medium and that, con-
taining non-electrolyte the highest erythrocyte
sensitivity to PHL is noted during change in osmolarity
in 37-0°C regimen (Fig. 1, 2 curve 2). Taking into
account the research data [4] there is observed the
correlation between the character of change in
erythrocyte integrity in 37-37°C and 37-0°C regimens
in electrolyte medium and in that, containing non-

CoxpaHHOCTb KIneTok, %
Cell integrity, %

0 20 40 60 80 100 120 140 160

Bpewms, MuH Time, min

Puc. 1. BiimsHre npomomKUTENbHOCTH WHKYOAIllUH B
TUIIEPTOHUYECKON cpenie, coliepaxaliei HeAIeKTPOIIUT, U
TEMIIepaTypHBIX pexxnmoB repeHoca B 0,15 mons/nm NaCl
Ha YCTOIUYUBOCTb 3pUTpOLUTOB yenoseka k ITJI: 1 —37-37;
2-37-0; 3 -0-37; 4 - 0-0°C.

Fig. 1. Influence of incubation duration in hypertonic non-
electrolyte-containing medium and temperature regimens
of transfer into 0.15 mol/l NaCl on human erythrocyte re-
sistance to PHL: 1 —37-37; 2 — 37-0; 3 — 0-37; 4 — 0-0°C.
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(40-60 MuH TUTIEPTOHUYECKOW MHKYOAITNH), TTOBBI-
[IaeT YyBCTBUTENBHOCTh KJIETOK K M3MEHEHHIO
Temmeparypsl (cM. puc. 1, kpusas 2). Ecnu remnepa-
Typa Cpenbl peruaparauuy He u3MeHsercs (puc. 1,
KpuBas 1), cHHxkeHHe KoHueHTpauuu K BHyTpH
KJIETOK HE OKa3bIBacT 3HAYUTEIBHOTO BIUSHMS Ha
YCTOWYMBOCTh SPUTPOLUTOB K U3MEHEHUIO OCMOTH-
YECKHX NTapaMeTpoB cpeabl. B anekTponutHoi cpene
oTeps dpUTponrTamMu KaTnoHoB K* 1o Mepe yBemnmye-
HHS IPOAOJKUTENHHOCTH MHKYOAIlMyu KOMIIEHCH-
pyercs nocrymuierueMm Na' [11, 15]. YBenuuenue
KOHILIEHTpauuu Na' BHYTpU KJIETOK NPENsTCTBYET
naJpHEWIIeMy YMEHBIIEHUI0 uX obbema [6] u
yBEIMYUBAET UX COXPaHHOCTh B pexume 37-0°C
(puc. 2, xpuBas 2), a TaxKe NPEMATCTBYET JalbHei-
IEMY POCTY YYBCTBUTEIBHOCTH KJIETOK IO Mepe
YBEIMUYEHUS IPOAOIIKUTETLHOCTH THIIEPTOHUYECKON
nHKyOamu B pexxume 37-37°C (puc. 2, kpusas 1).

OueBUAHO, OCHOBHBIM (DaKTOPOM, BIHSIOIIUM Ha
YyBCTBUTEIBHOCTH dpuTporutoB K IIIJI, sBnsercs
CKOpPOCTh OOBEMHBIX M3MEHEHHH KJIETOK Ha dTarmax
NEeTUApaTallii W peruaparanui. YMeHbIIeHHUE
CKOPOCTH M3MEHEHHUS 00beMa KIETOK Ha dTarme
JIETUAPATAINH 32 CUET YBEIMUEHHS BI3KOCTH PacTBO-
pa u cumxenus Temneparypsl (0°C) mo3Bonser UM
aIanTHPOBATHCS K H3MEHSIOMHUMCS YCIOBHAM
BHEKJIETOYHOH cpenbl. B cBoto ouepenp, yBenuueHne
nabuabHOCTH MeMOpaHbl SpPUTPOLUMTOB Ha JTare
peruaparanuu npu remneparype 37°C criocodcTByeT
3aMBIKaHUIO BO3HUKIINX Ae(PeKTOB. bricTpoe yMeHb-
nieHue o0beMa Ha dTarle Aeruaparauy (Temneparypa
37°C) cHMXaeT aJlaliTUBHBIE BO3MOXKHOCTH 3PUTPO-
UUTOB. B 3TOM ciyyae CHM)KEHHE TeMIIepaTyphl
peruaparaiuu 10 0°C (pexum 37-0°C) npuBoaUT K
HapyIIECHUIO COTIACOBAHHOCTH U3MEHEHUH B ITUTOCKE-
JeT-MeMOPaHHOM KOMIIJIEKCE Ha dTare BO3BpAIIeHUS
K HCXOTHOMY 00BEMY.

IIponunaemocts kinetok st Na“ u K' kontpo-
JTUpPYETCs] TPAaHCMEMOPaHHBIM TIepepacIIpeIeICHHEM
CI' mocpencreoM Oemnka monockt 3 [10]. B cBsi3u ¢ aTum
MIPEACTABISUIO MHTEPEC U3YyUYEHUE BIMSHMS MpeaBa-
putenbHOi 00pabotku kinetok DIDS Ha pasButHe
[ITJ1 B aneKkTpOIUTHON cpene U cpene, coaepKaueit
HEJJIEKTPOJIUT, NPU Pa3IUUYHBIX TEMIEpaTypHBIX
peKuMax.

Ha puc.3 orobpaxeHa 3aBUCHUMOCTH YPOBHS
COXPaHHOCTH HOPMAJIbHBIX U 00pabdoranHbX DIDS
sputpouutoB B yciaoBusax [1IIJI B cpene, cogeprxartieit
Heanekrpoiut (0,86 Monb/n caxapossl + 0,15 Monb/n
NaCl), mpu neperoce B 0,15 monbs/n NaCl B pexxume
37-0°C. Kak u npy rTUIepTOHUYECKOM KPUOTEMOJIH3E
[4], DIDS 3amuiiaet sputpouuTsl yenoBeka mpu [1IJ1
(puc. 3, xpusas 2). Haubonp1iee 3aiiuTHOE BIUSHHUE
DIDS nposBisiercs B TedeHne nepsoix 60 MUH rumep-
TOHUYECKOW MHKYOAIINK P MaKCUMAJIbHOM BBIXOJIE
K* [4]. Ecnu nepeHoc B cpeay peruaparanuu ocy-
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ConxpaHHOCTb KNeTokK, %
Cell survival, %
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Puc. 2. BiusHue npomomKuUTENbHOCTH WHKYOAallUH B
THIIEPTOHMYECKOH IEKTPOIUTHOM Cpesie ¥ TeMIIepaTypHBIX
pexxumoB repeHoca B 0,15 mons/n NaCl Ha yctoiunBoCTh
sputporuToB veioseka k I1IJI: 1 —37-37; 2 — 37-0; 3 —
0-37; 4 - 0-0°C.

Fig. 2. Influence of incubation duration in hypertonic elec-
trolyte medium and temperature regimens of transfer into
0.15 mol/l NaCl on human erythrocyte resistance to PHL:
1-37-37;2—-37-0; 3 - 0-37; 0-0°C.

electrolyte (Fig. 1,2, curves 1, 2) and the level of K*
release at 37°C in 1.2 mol/l NaCl and 0.86 mol/l
sucrose. In 37-0°C regimen the maximum change in
erythrocyte sensitivity is seen to be observed within
the first 40-60 min of incubation in non-electrolyte
containing medium (see Fig. 1, curve 2), and within
the first 5-10 min into electrolyte one (Fig. 2, curves
1, 2). In 33-37°C regimen its maximum growth was
observed only in electrolyte medium within the first
10-20 min (Fig. 2, curve 1). Within the same time
intervals cells lose K™ almost completely [4]. K*
release into a non-electrolyte containing medium
(40-60 min hypertonic incubation) augments cell
sensitivity to temperature change (see Fig. 1, curve
2). If the temperature of rehydration medium remains
unchanged (Fig. 1, curve 1) a reduction of K*
concentration inside cells does not significantly affect
erythrocyte resistance to a change in medium osmotic
parameters. In electrolyte medium a loss of K* cations
by erythrocytes with the augmentation of incubation
duration is compensated by NA* income [11, 15].
Increase in Na" concentration inside cells prevents
further reduction of their volume [6] and augments
their integrity in 37-0°C regimen (Fig. 2, curve 2), as
well as prevents further growth of cell sensitivity with
augmentation of hypertonic incubation duration in 37-
37°C regimen (Fig. 2, curve 1).

The rate of cell volume changes at the stages of
dehydration and rehydration is apparently the main
factor, affecting erythrocyte sensitivity to PHL. A
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Fig. 3. Influence of incubation duration in hypertonic non-electrolyte containing medium in 37-0°C (a) and 37-37°C (b)

regimens of normal (1) and DIDS treated (2) human erythrocyte on resistance PHL

miecTBisieTcss 0e3 U3MEHEHHs TeMIIepaTyphl (PexUM
37-37°C), DIDS npakTHYecKH MOITHOCTBIO yCTPaHsEeT
YqyBCTBHUTEIHHOCTB dpuTpounToB K [1IJI (puc. 4, kxpu-
Bas 2).

AHaJIOTUYHBIE SKCIEPUMEHTHI OBLITH MPOBE/ICHEI
U B DIIEKTPONMTHOU cpene (puc. 5, 6). Kak BuaHO M3
pHC. 5, Ha HaYaIBHOM dTare TUIePTOHNYECKON HHKY-
6aru (20 mun) DIDS uaru6upyer pazsurue [11J1 npu
nepeHoce KJIETOK B ycioBus u3oToHuu npu 0°C.
OnHako Mo CpaBHEHHIO CO CpeloM, comeprkalieit
HERJIEKTPOIUT (CM. pHC. 3), €ro 3alIUTHBIA dPQeKT
MeHee BhIpaxeH (puc. 5). B To ke Bpems npu
IepeHoce KIeTOK 0e3 M3MEHEHHUs TeMIlepaTyphl
(pexum 37-37°C, puc. 6) DIDS ycunupaet 4yBCTBU-
TENBHOCTh YPUTPOIIMTOB K U3MEHEHUIO OCMOTHYECKUX
napameTpoB cpefibl, 0COOCHHO Ha Ooliee MO3JHUX
JTanax runepTOHNYEeCKOr HHKYyOaIuu.

MO>KHO MTPEIIOIOKHUTD, YTO CHIIKEHHE CKOPOCTH
repepacnpeesieHrs HOHOB Yepe3 MIa3MaTHIeCKyIo
MeMOpaHy, 3a c4eT MHIHOMPOBaHHS MEPEHOCUUKA
aHUOHOB (OenKka MoJOoCH 3), BIUSET W Ha CKOPOCTh
yMEHbIIEHUs 00beMa 3PUTPOLIUTOB Ha HTAIle JeTHIpa-
TalWu, MO3BOJISAA KIETKE aJalTHPOBAThCS K H3Me-
HSIOMIMMCS ycIoBusIM cpenbl. [lomumo GrnokupoBa-
HUS NepepacnpeneicHuss HOHOB MEXIY KIETKOW H
BHEKJIETOUHOU cpemoii DIDS moBkImIaeT mpoyHOCTH
CBSI3BIBAHMS LIIUTOCKENIETA C OCJIKOM II0JIOCHI 3, a TAKKe
BBI3BIBAET JUCCOLHUAIMIO TETPaMEpOB Oeska MOI0CH
3 Ha JUMEpBI, YTO MPUBOAUT K YBEIMYCHUIO IIOBEPX-
HOCTHOH ITJIOIIA/IA B yYaCTKaX KOHTaKTa O6eJka mojo-
CBI 3 C JIMIUIHBIM OMCIIOEM U YCHIICHHIO CBSI3BIBAHHS
aTOrO OenKa ¢ MeMOpaHHBIM ckenetoM [7, 8]. Takum
o0pazom, B cperie, coaepkatieid Heanekrponut, DIDS
YMEHBIIAET CTEIICHb ACTHAPATAllU SPUTPOLIUTOB (3a
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decrease in change rate of cell volume at dehydration
stage due to the augmentation of solution viscosity
and temperature reduction (0°C) enables their
adaptation to changing conditions of extracellular
medium. In its turn, the augmentation of erythrocyte
membrane lability at rehydration stage at 37°C
contributes to closing the occurred defects. A rapid
decrease in the volume at dehydration stage (37°C)
reduces adaptive capabilities of erythrocytes. In this
case a decrease in rehydration temperature down to
0°C (37-0°C regimen) results in a disorder in
coordination of changes in cytoskeletal-membrane
complex at the stage of initial volume recovery.

Cell permeability for Na* and K* is controlled by
CL- transmembrane redistribution via band 3 protein
[10]. In this respect of interest was to study the effect
of preliminary cell treatment with DIDS on PHL
development in electrolyte medium and non-
electrolyte containing one under various temperature
regimens.

Fig. 3 demonstrates the dependency of integrity
level of normal and DIDS-treated erythrocytes under
PHL conditions in non-electrolyte containing medium
(0.86 mol/l sucrose + 0.15 mol/l NaCl) when
transferring into 0.15 mol/l NaCl in 37-0°C regimen.
As under hypertonic cryohemolysis [4], DIDS protects
human erythrocytes at PHL (Fig. 3, curve 2). The
highest protective DIDS effect is manifested within
the first 60 min of hypertonic incubation under
maximum K* release [4]. If the transfer into
rehydration medium is carried-out with no changes in
temperature (37-37°C regimen), DIDS eliminates
erythrocyte sensitivity to PHL almost completely
(Fig.4, curve 2).
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cueT ymeHblleHHs Bbixoga K' u3 kietku) u crabu-
JU3UPYET CBA3b B IpeAesax LUTOCKEIeT-MeMOpaH-
HOro KoMIuiekca. B anektponutHo#t cpene DIDS,
BEPOSITHO, HE OKa3bIBAa€T 3aMETHOTO BJIMSAHHUS Ha
repepacupee’eHue HoHOB [4] U omocpeayeT CBOM
3aIIUTHEIN d(ppeKkT Ha HadaIbHOM 3Tale JeTHIIpa-
taiuu B pexxume 37-0°C 3a cuer cTaOUIU3aI[|K [IATO-
ckeneT-MmeMOpaHnHOTo KoMIuiekca. COBOKYMHOCTh
rociieHuX (pakTopoB, OYEBUIHO, SBIAETCS TPUINHON
YMEHBIICHNS PacTSHKUMOCTH MEMOPaHBI SPUTPOIIHTA,
YTO ompenesnser noppexaaroniee aeiicrsue DIDS B
pexume 37-37°C, xorma cKOpoCcTh O0OBEMHBIX
M3MEHEHHH OCTAaTOYHO BBICOKAs, a KOHLIEHTpaLUs
Na' B KJleTkax yBeIMYEHa BCIEICTBUE €r0 MOCTYII-
JIeHUA Ha dTane neruaparauuu. B pexume 37-37°C
DIDS, BeposiTHO, BEI3BIBAET pacCcONIacOBaHUE CKOPOC-
Tell BOCCTaHOBJIEHHs 00beMa MEMOpPAHBI U IUTOCKE-
JIeTa, YTO U ABJSAETCS MPUIUHOM €TO MOBPEKIAIOIIETO
neiicTBus Ha OoJiee MO3JHIX ATalax JAeTHApPaTalHH.

BbiBOADI

UyscTBUTENBHOCTH ApuTpouuToB K I1TJI 3aBucut
OT cOCTaBa CpeAbl AEeTUAPATALNH, TPOJOIKUTENb-
HOCTH T'MIIEPTOHUYECKON HHKYOALUU ¥ TEMIIEPaTyPhI
cpensl peruaparaunu. [Ipuuem ¢dakTtopom, BIHsIO-
UM Ha YyBCTBUTENBHOCTH 3pUTpounToB K [IITJI,
SIBIISIETCS CKOPOCTh OOBEMHBIX U3MEHEHUH KIIETOK Ha
JTanax Kak Jeruparaluy, Tak U peruaparanuu.

Wurnburop annonnoro tpancrnopra DIDS oka3bl-
BaeT BBIPAXKEHHOE 3aIUTHOE BIUSHNE HAa SPUTPOIIH-
Tel B yciaoBusx IIIJI B ToMm ciydae, ecinu cpena
OeTUpaTaluy COonepX uT HeanekTponuT. Koraa
KJIETKH JIETHJPATUPYIOTCSA B 3JIEKTPOJIUTHOM cpene,
addexr DIDS meHee BbIpaxkeH U 3aBHCUT OT TEMIIEpa-
TYpBI CPENbI pEruIpaTaluy.
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The similar experiments were performed in
electrolyte medium as well (Fig. 5, 6). As presented
in Fig. 5 at an initial stage of hypertonic incubation
(20 min) DIDS inhibits PHL development when
transferring cells under isotonic conditions at 0°C.
However if to compare with non-electrolyte-con-
taining medium (see Fig. 3), its protective effect is
less manifested (Fig. 5). At the same time when
transferring cells with no change in temperature (37-
37°C regimen, Fig. 6) DIDS strengthens erythrocyte
sensitivity to a change in medium osmotic parameters,
especially at later stages of hypertonic incubation.

A decrease in the rate of ion redistribution through
a plasmatic membrane via inhibition of anion carrier
(band 3 protein) may be assumed to affect the rate of
erythrocyte volume reduction at dehydration stage, by
allowing cell to be adapted for changing medium
conditions. In addition of blocking the ion redistri-
bution between cell and intracellular medium DIDS
increases the stability of cytoskeletal binding with
band 3 protein, as well as causes tetramer dissociation
of band 3 protein into dimers, that results in
augmentation of surface area in contact sites of band
3 protein with lipid bilayer and strengthening of this
protein binding with membrane skeleton [7, 8]. Thus,
in the medium, containing non-electrolyte DIDS
reduces the extent of erythrocyte dehydration (due to
a decrease in K* release out of cell) and stabilises the
bound within the limits of cytoskeleton-membrane
complex. Probably, in electrolyte medium DIDS does
not significantly affect ion redistribution [4] and
intermediates its protective effect at initial state of
dehydration in 37-0°C regimen due to stabilisation of
cytoskeleton-membrane complex. Evidently, the
totality of latter facts is the cause of a decrease in
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erythrocyte membrane tensibility, that determines
DIDS damaging effect in 37-37°C regimen, when the
rate of volume changes is quite a high and Na*
concentration in cells is increased due to its income at
dehydration stage. In 37-37°C regimen DIDS probably
causes a mismatch of recover rates of membrane and
cytoskeletal volume, that is the reason of its damaging
effect at later dehydration stages.

Conclusions

Erythrocyte sensitivity to PHL depends on de-
hydration medium composition, duration of hypertonic
incubation and rehydration medium temperature.
Moreover the rate of volume changes in cells both at
dehydration and rehydration stages is the factor, af-
fecting erythrocyte sensitivity to PHL.

DIDS anion transport inhibitor causes a manifested
protective effect on erythrocytes under PHL conditions
if dehydration medium comprises non-electrolyte.
When cells are dehydrated in electrolyte medium,
DIDS effect is less manifested and depends on rehyd-
ration medium temperature.

References
1. Bayev D.V., Gusarova G.A., Sapozhnikov A.M. Interaction
between protective effect of chlorine channel inhibitors with
expression of 70 heat shock proteins in models of apoptosis
and osmotic stress of EL-4 lymphoma cells // Biol. Membrany.—
2002.— Vol. 19, N4.— P. 275-282.
Belous A.M., Bondarenko V.A., Babijchuk L.A., Bondaren-
ko T.P. Common mechanism of cell damage under thermal
shock, freezing and post-hypertonic lysis // Kriobiologiya.—
1985.— N2.— P. 25-32.
Bondarenko V.A., Bondarenko T.P., Rudenko S.V. Dehydration
effects in controlling the cold and osmotic sensitivity of cells //
Problems of Cryobiology.— 1992.— N4.— P. 14-26.
Ramazanov V.V. Influence of osmotic stress and cytoskeletal
modifiers on cold and hypertonic stress development: Thesis
of candidate of biol. sciences, Kharkov.— 1993.— 138 p.
Rudenko S.V., Bondarenko V.A. Role of change in erythrocyte
volume in post-hypertonic lysis // Modeling of cryobiological
processes: Coll. of scientific papers.— Kharkov, 1988.—
P. 55-56.
Shpakova N.M., Bondarenko V.A. The sensitivity of erythrocyte
to cold shock in media containing salts and nonelectrolytes //
Problems of Cryobiology.— 1992.— N3.— P. 15-20.
Eaton J.W., Branda R.F., Hadland C., Dreher K. Anion channel
blockade: Effects upon erythrocyte membrane calcium
response // Am. J. Hematol.— 1980.— Vol. 9, N4.— P. 391-399.
Glaser R., Donath J. Stationary ionic states in human red blood
cells // Bioelectrochem. Bioenerg.— 1984.— Vol. 13, N1.—
P.71-83.
Gomez-Angelats M., Cidlowski J.A. Cell volume control and
signal transduction in apoptosis // Toxicol. Pathol.— 2002.—
Vol. 30, N5.— P. 541-551.
Guizouarn H., Gabillat N., Motais R., Borgese F. Multiple
transport functions of red blood cell anion exchanger, tAE1:
its role in cell volume regulation // J. Physiol.— 2001.— Vol. 535,
N2.— P. 497-506.
Huber S.M., Gamper N., Lang F. Chloride conductance and
volume-regulatory nonselective cation conductance in human

10.

1.

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N23



NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N23

261

12.

13.

14.

15.

red blood cell ghosts // Pflugers Arch.— 2001.— Vol. 441, N4.—
P. 551-558.

Lang F., Busch G.L., Ritter M. et al. Functional significance of
cell volume regulatory mechanisms // Physiol. Rev.— 1998.—
Vol. 78, N1.— P. 247-306.

Lang F., Gulbins E., Szabo I. et al. Cell volume and the
regulation of apoptotic cell death // J. Mol. Recognit.— 2004.—
Vol. 17, N5.— P. 473-480.

Okada Y., Maeno E. Apoptosis, cell volume regulation and
volume-regulatory chloride channels // Comp. Biochem.
Physiol. A Mol. Integr. Physiol.— 2001.— Vol. 130, N3.—
P. 377-383.

Woolgar A.E. Haemolysis of human red cells by freezing and
thawing in solution containing sucrose: Relationship with
posthypertonic haemolysis and solute movements //
Cryobiology.— 1974.— Vol. 11, N1.— P. 44-51.

Accepted in 11.04.2006

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N23



