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Effect of PEG-1500 on Dipyridamole Binding

with Erythrocyte Anion Channel

Ramazanov V. V., NARDID YA.O., OLgNIK O.A., BONDARENKO V.A.
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

HUccnenoamu Bimsiaue [1317-1500 Ha criocoGHOCTE IUMUpPUAAMOIIa HHTHOMPOBATh TPAHCTIOPT HOHOB H' B spuTponmTax. YcTraHoBMIH,
YTO MHTHOWUTOP HE CBS3BIBACTCS B aHHOHHOM KaHAJIe TCHEIl SpUTPOIUTOB B Cylb(haTHOH cpene, HECMOTPs Ha TO, 9TO OH o0nagaer
crocoOHOCTRIO OJIOKMPOBATh BX0J MOHOB H' B kieTku. Mcmonb3oBaHne SPUTPONMTOB, HAIPY>KEHHBIX (TOPUAOM, MO3BOIIIO
MIPEATIONOXKHTH, YTO HHT'UOUTOPHAS CIIOCOOHOCT AUIMHPHaMOIIa B KIETKaX B CyIb(aTHOH cpezie onpenenseTcs BEIXOASIINM ITOTOKOM
xyopuja npu pabore nukia Sxobca-CreBapra n 4To TpaHCIOPT HOHOB H' oTpakaeT He MONMHBIA 00bEM BXOASIIETO Cylbdara.
BrokupoBanue qUIMHUPHAAMOIIOM yKa3aHHOH (paknnu Tpancmopra noHOB H' u cynbdara 3HAaUNTENEHO CHUMAETCSl B IPUCYTCTBUHU
[12I'-1500 3a cuet nepepacnpeneneHnss HHTHOUTOpa MKy MEMOPaHOI U paCTBOPOM KPHOIIPOTEKTOPA.

Kniouegvie cnosa: SpUTPOLUTEL, AaHHOHHBIN KaHAI, THTHOUTOPHI TPAaHCIIOPTA, KPHOIPOTEKTOPHL.

Hocnimxysanu BrmuB [1ET-1500 Ha 3gaTHiCTS Ainipizamony iHriOyBatu TpaHcnopt ioHiB H' B eputpounTax. Beranosmny, mo
iHTi0ITOp HE 3B’S3YE€THCSA B aHIOHHOMY KaHaJl TiHEH epUTPOLHMTIB y CyIb(AaTHOMY CEpEeIOBHILI, HE3BAKAIOUM Ha WOTO 3MaTHICTh
OnokyBatH BXiz i0HIB H' y kiniTHHH. BUKOpHUCTaHHS €pUTPOLUTIB, HABAHTAXKEHUX (HTOPHUIOM, TO3BOJIMIO IPUITYCTHTH, IO iHTi0iTOpHA
3IATHICTH AiMipiAaMoNy B KJIITHHAX y CyAb(aTHOMY CEpEIOBHILI BU3HAYAETHCSA BUXIIHUM IIOTOKOM XJOPHIY MPH POOOTI IUKITY
Sxo6ca-CreBapra i mo TpaHcnopT ioHiB H' BinOuBae He moBHMIA 00CST BXiTHOTO CyIb(ary. biiokyBaHHS HimipigamMoioM 3a3Ha4eHOl
¢pakuii Tparcniopty ioHiB H' i cynbpdary 3Haun0 3HIMaeThes B mpucyTHOCTI [TEI-1500 32 paxyHOK mepepo3noAiny iHri0iTopy Mix
MeMOpaHOIO 1 PO3YMHOM KPIOTPOTEKTOpA.

Knrouoei cnosa: epuTponTd, aHIOHHUH KaHaJ, IHT10iTOPH TPAHCIIOPTY, KPIOTIPOTEKTOPH.

The authors studied the effect of PEG-1500 on ability of dipyridamole to inhibit the H* ions transport in erythrocytes. It was
established that the inhibitor was not bound in anion channel of erythrocytes ghosts in sulfate medium, despite its ability to block the
H* ions entrance into cells. Using of fluoride loaded erythrocytes allowed to assume that dipyridamole’s inhibitory ability in cells
placed to sulfate medium is controlled by chloride output flow during Jacobs-Stewart cycle functioning, and that proton transport
does not reflect the whole amount of entering sulfate. Dipyridamole blockage of stated fraction of H ions transport was considerably

withdrawn in PEG-1500 presense due to inhibitor’s redistribution from membrane to cryoprotectant solution.
Key-words: erythrocytes, anion channel, posthypertonic lysis, cytoskeleton.

BonopactBopumsie nonumeps! 11017 Hapymator
OCMOTHUYECKUU OallaHC MEXIy THIpPATAIlHOHHBIM
CJIOEM TOBEPXHOCTH MEMOpaHBI U PacTBOPOM,
BBI3BIBAIOT ACTHAPATALMIO MOJSPHBIX rpynn docdo-
JUNNIOB, CHHXKAS IUAJEKTPUUYECKHE KOHCTAHTHI
MOBEPXHOCTH KIJIETKH M PacTBOPOB M YBEINYUBAS
rugpopobHocTs MeMOpansl [7,9,10]. Ilpu sTom
MOJIUMEP CO3JaeT CTEPHUYECKUI Oapbep, NpeaoTBpa-
mas B3auMojieiicTBHe OEJIKOB C MOBEPXHOCTHIO
numnocoM [8], a TakKe CHMXKasi YPOBEHb BKIIOUEHHUS
CIIMHOBBIX 30HAOB B Oenku m MemOpaHns [1].
Bcenencreue copoupoanus [131'-400 u [191-1500 Ha
MTOBEPXHOCTH O€JIKa MPOUCXOIUT CHIKEHUE TTOJBHIK-
HOCTH HUTPOKCHIIBHOTO pajauKajia, KOBaJE€HTHO
CBSI3aHHOTO C MOJEKyJoi anpOymuHa. OTMmedaeTcs
3HAYUTEJIbHOE BBHITECHEHHE CIIMHOBOTO 30HJAA W3
ruIpo¢oOHBIX MoJ0CcTeH MakpoMoieKysl. [Ipu sTom

Water soluble polymers PEG break the osmotic
balance between membrane hydrate layer and solution,
provoke the dehydratation of phospholipids polar
groups, decrease the dielectric constants of cell surface
and solutions, increase the membrane hydrophobic
properties [7, 9, 10]. Polymer creates a steric barrier,
resulting in prevention of the proteins-liposomes
surface interaction [8] and in a decrease in the rate of
spin probes inclusion in proteins and membranes [1].
In consequence of PEG-400 and PEG-1500 sorption
on protein surface a decrease in motility of nitroxy
radical covalently associated with albumin molecule
occurs. There is noted a significant displacement of
spin probe from macromolecule hydrophobic areas.
In this case the preliminarily added cryoprotectant
prevents the penetration of hydrophobic probe into
protein molecule. Investigations on erythrocyte
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npeaBapuTeNbHbIe J00aBKH KPHUOMPOTEKTOPOB
MIPETATCTBYIOT IPOHUKHOBEHHIO THAPO(HOOHOTO 30HAa
BHYTPb MOJIeKyIbl Oenka. MccnenoBanus Ha MmeMOpa-
Hax 3PUTPOLMTOB TAKKE MOKa3aJll, YTO MOJEKYIBI
[IOT" BBITECHAIOT CIUHOBBIE 30HABI U3 THIPO(GOOHBIX
o0acTeli moBepxHoCcTH MeMOpa#sl [ 1]. Jumupuaamon
OJIOKUpYeT TPaHCIIOPT XJI0pUAa, cyiabdara u pocara
B MeMOpaHax 3pUTPOLUTOB, CBSA3BIBASICH B ACMPOTO-
HUPOBAHHOM He3apsukeHHOH dopme. [1pu cBa3pIBaHNN
MIPOUCXOIUT HEUTPATTN3AIHS TOJIOKHUTEIBHOTO 3apsiia
B KaHaJIe I0CTyIa CyOcTpara K TpPaHCTIOPTHOMY CailTy
XJOPUIIHBIM aHHUOHOM, KOTOPBIH CIOCOOCTBYyET
BCTpaMBaHUIO HHTUOUTOpaA B THAPOPOOHBIN KapMaH
[6]. Momekybl AUTTHUPHIaMOIIa BKIFOYAIOTCS BHYTPb
JETEPreHTHBIX MULIEIIT HE3aBUCUMO OT MX 3aps/ia, UTO
YKa3bIBAET Ha BEICOKYIO THIPOGOOHOCTE HHTHOUTOPa
[2]. Takum oOpa3oM, CBS3BIBAHWE AMIHUPHUAAMOIIA B
AHMOHHOM KaHajieé MOXET CIYXXHUTb MOJENbBIO I
HCCIEN0BaHMUS BIUSIHUSI KPHONPOTEKTOPOB Ha
XapakTep B3auMOJEHCTBUS OJIoKaTopa ¢ TPaHCIOPT-
HBIM OEJIKOM.

Lenp paboTsl — HCCiIeAOBaHUE TEepepacipese-
JIEHUS] AUMHPHUIAMOJIa C TTIOBEPXHOCTH MeMOpaHbI B
pactBop, conepxkamtuit [191-1500.

Matepnanbl 1 meToAbI

B pa6ore ucnonbzosanu conu: NaCl, NaF, Na,SO,
Mapku yza, D TA u Tpuc npoussoxactsa Calbiochem,
munupuaamont, JINJIC (4,4 —auu30THOIMAHOCTHITb-
Oen-2,2’ —nucynb(hoHaT AUHATPHEBASI COJIb) IIPOU3BO-
ctBa Sigma, [13I'-1500 npousBoactea Merck.

OpUTPOLUTHI YeNIOBEKa MONYy4aal U3 JOHOPCKOU
KpOBU 4-KpaTHBIM OTMBIBAaHHEM pacTBOPaMHu,
coneprkarmmu: a) 0,15 monb/i1 NaCl, 10 MmMosts/i Tpuc
(pH 7.4), 6) 0,15 moas/n NaF, 10 mMois/1 Tpuc
(pH 7.4). Knetku (7%-1i reMaTOKpUT) HHKYOHPOBAIN
B yKa3aHHBIX pacTBopax Tpwxpl 1o 10 mun rpu 37°C.
[Monydyennsie xaopua- u GTOPHACOAEPKALIUE
SPUTPOIUTHI UCTIONB30BANIY B OKCIIEpUMEHTaxX Ha pH-
MeETpe, CONPSIKEHHBIM C CaMOIHUCIIEM M TepMOCTa-
TUpyeMoi sueiikoit ¢ pH-anexTponom. Uccnenoanu
00MeH BHYTPUKJIETOUYHBIX aHHOHOB XJOpHUIA H
¢Topua Ha BHEKJIETOUYHBIH Cynb(ar B 9PUTPOLIUTAX,
BHECEHHBIX B siUeiiky, coxepxamyto 0,12 Monb/n
Na,SO,. B nanHom ciry4ae nNpoHCXOAAT BBIXOX
XJOpHUJa U MOHOB BOJOpoaa mpu paboTe IuKiIa
SAxobca-CreBapra (3akuciaeHne) 1 oOMeH BHYTpPH-
KJIETOYHOTO XJIOPH/1a Ha BHEKJIETOYHBIN CyIb(ar U HOH
Bogopona (3amenagynBanue) [11]. KoncrtauTts
CKOpOCTH BX0z1a HOHOB H 1 mporieHT narnbupoBanus |
JUIUPHUIAMOIIOM BBIYHCISUIA COOTBETCTBEHHO IO
¢dbopmynam :

K=In10*( A pH/ A't);
I=(1-K /K our) *100%,

KOHT
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membrane showed also that PEG molecules displaced
the spin probes out of hydrophobic areas of membrane
surface [1]. Dipyridamole, being bound in non-proton
uncharged form, blocks the chloride, sulfate and
phosphate transport in erythrocytes membrane. During
its binding the neutralisation of positive charge by
chloride anion occurs in channel of substrate access
transport site, and this promotes the inhibitor
incorporation into hydrophobic “pocket” [6]. Dipyrida-
mole molecules are incorporated into detergent micelles
independently from their charge, this points to a highly
expressed hydrophobic properties of inhibitor [2]. Thus,
binding of dipyridamole in anion channel can serve as
a model for investigation of cryoprotectant action to
the character of blocker-transport protein interaction.

The aim of this work was to study the rearrange-
ment of dipyridamole from membrane surface to PEG-
1500 containing solution.

Materials and methods

The following substances were used in the study:
NaCl, NaF, Na,SO, (“pure for analysis” rate); EDTA,
tris (Calbiochem); dipyridamol, DIDS (4, 4’ —
diisotiocyanostilbene — 2, 2° — disulphonate disodium
salt) (Sigma); PEG-1500 (Merck).

Human erythrocytes were derived from donor blood
by 4-fold washing with solutions, containing a) 0.15 M
NaCl, 10 mM tris (pH 7.4); b) 0.15 M NaF, 10 mM
tris (pH 7.4). The cells (7% hematocrit) were thrice
incubated in the given solutions during 10 min at 37°C.
Obtained chloride and fluoride containing erythrocytes
were used in experiments on pH-meter with a
thermostat cell and recorder. The intracellular chloride
and fluoride anions exchange for extracellular sulphate
in erythrocytes was studied in the cells, containing
0.12 M Na,SO,. In this case the efflux of chloride
and protons during Jacobs-Stewart cycle functioning
occurs (acidification) and intracellular chloride
exchanges for extracellular sulfate and proton
(alkalisation) [11]. Constants of H* ions entering rate
and the percentage of dipyridamole inhibiting were
calculated with the following formula:

K=In10*( A pH/A't);
I=(1-K; /K )*100%,

where K dip and K are the constants of H" ions influx
rate in presence or absence of dipyridamole,
correspondingly. The erythrocytes (20% hematocrit)
were treated with DIDS of 50 UM concentration during
60 min at 37°C in medium, containing 0.15 M NacCl,
10 mM tris (pH 7.4), then they were 4-fold washed
(at 3000 rpm). With dipyridamole of 25, 50, 100, 200
MM concentration the cells (hematocrite of 2%) were
treated during 10 min in buffer-free medium, containing
0.15 M NaCl, and then sedimented without inhibitor
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e KHHH u KKOHT — KOHCTAHTBI CKOPOCTH BXOZa HOHOB
H' cOOTBETCTBEHHO IPU HAIUYUHU U OTCYTCTBHU
aunupuaamona. DputpounTsl (20%-i reMaToKpuT)
obpabarsBau ¢ JINJIC B koHieHTparmu 50 MKMOIB/II,
60 mun ipu 37°C B cpene, conepaxkarieit 0,15 Monb/n
NaCl, 10 mmouns/a Tpuc (pH 7.4), u ormbiBanu 4 pasza
(3000 06/muH). C nUIIUPHUIAMOIIOM B KOHIICHTPAIIHSIX
25,50, 100, 200 MxMOBb/1 KIIeTKH (2%-1 TeMaTOKPUT)
obpabarsiBanu 10 mun B 6e30ydepHOl cpene,
coaepxaieit 0,15 momaw/m NaCl u ocaxaanu 0e3
OTMBIBAHUSI HHTHOUTOPA. benble TeHH 3pUTPOLIUTOR
TIOJTy4aJjIy JIN3UCOM KJIETOK Ha JIeATHOI 6aHe B cpene,
coaepkarieit 1 mmons/n DTA, 5 mmons/n Tpuc (pH 8)
B TeueHue 10 muH. TeHH OTMBIBANIHM JTU3UPYIOMICH
cpenoii ipu 15000 06/muH 15 MuH nipu 4°C 10 OTHOTO
yaaneHus reMmoriioonHa. CBsA3bIBaHHE TUIHPUIAMOIIA
OLICHUBAJIH 110 CTETICHH eT0 (DTyOpPECIIEHTHOU MOIISIpH-
3allU, KOTOPYI TECTUPOBAIU MPU TUTPOBAHUU
IMKMOJIB/IT peareHTa TEHSIMH JPUTPOLUTOB B
CHEKTPOMETPUIECKON KIOBETE CIIEKTPOIIyOprUMETpa
Hitachi 2MPF. Benuuuny nonsipusaiuu GpiayopecieH-
WY BEIYUCIISUTN 10 hopmyre [3]:

P=(V, -L *(V /L)/(V +L *(V, /L)),

eV ,L, L, V, —unrencuBHocTH (rryopecueHmuu,
u3MepeHHsle ¢ nossipuzaropamu npu 0-0°; 0-90°;
90-90°; 90-0° COOTBETCTBEHHO.

Pe3yAbTathl M 00CyXXAeHHe

DKCTIEPUMEHTBHI TOKA3aJIH, YTO POCT KOHLIEHTPALIH
JUNUPHUAAMOJia BEI3bIBAET MHTHOMpPOBAaHUE BXOAA
MIPOTOHOB B 3pUTpouuTHL. Ecnu sxcniepuMeHTansHast
cpema comepkana monoidHuTensHo 15% I151-1500,
ATO MIPUBOAMIIO K CHATHIO OJIOKHAPYIOIIEH CITIOCOOHOCTH
nHrubuTopa (puc.l). YuuTsiBas TakoW pe3ynbTar,
SPUTPOUUTH ObIIIM 00paboTaHbl pa3IUYHBIMH
KOHIICHTPAIMSIMUA JUITHPHIAMOJIA, YTOOBI MOJIEKYJIbI
WHTHOHUTOpA N3HAYAIBHO CBSI3AIHCH ¢ MeMOpaHoi. B
3TOM Clly4yae TakXe OTMedaeTcs OJOKMpOBaHHE
BXOZla IPOTOHOB B KIJIETKY, KOTOPOE TOAABISIETCS B
npucyTtctBuu I[19I'-1500, XOTs ¥ B MEHBLIEN CTETIEHN
(puc. 2, a). Korga B sueiiky AOMONHUTENHHO OBLTH
n00aBIeHbI TAKKE e KOHLIEHTPALUU JUIUPUIaMOTIa,
KaK U IIpH 00paboTKe SpUTPOLUTOB, UHTHOMPOBAaHHUE
TPaHCIIOPTa MPOTOHOB YCHJINBAJIOChH, OTHAKO BIIMSTHHE
[12I'-1500 Ha cHIKeHUe OJIOKUPYIOIIEH CIIOCOOHOCTH
JTUTHPHIAMOIIa COXPaHsIoch (puc. 2, 0). B mociemaem
ciaydae moaaBisromas crmocodHocts I191-1500 ma
WHTHOUTOPHYIO CHITY AWMHPHIaMoJia ObLTIa HAUMEHee
BBIPKEHHOW. DTO MOHATHO, TaK Kak OokaTop ObLT
MpEeABapPUTENILHO CBSI3aH C MEMOpaHOW KJIETKH H,
KpOME TOrOo, HaxoAHWJIcs B Cpeae MHKyOauuu.
[TonyuyeHnHble pe3yabTaThl YKa3blBalOT HA TO, YTO
[13I'-1500, BO-mepBBIX, MOKET MPENATCTBOBATH
KOHTAaKTy JUIIMPHIAMOJIa C MEMOpPaHOH U COOTBETCT-
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washing-out. Erythrocyte ghosts were obtained by cell
lysis on ice bath in the medium, containing ImM EDTA,
5 mM tris (pH 8) during 10 min. The ghosts were
washed by lysing medium at 15000 rpm during 15 min
at 4°C upto a total hemoglobin removal. Dipyridamole
binding was evaluated by its fluorescent polarisation,
tested by titering of ImcM of reagent by erythrocytes
ghosts in spectrometrical well of Hitachi 2MPF spectro-
fluorimeter. The fluorescence polarisation rate was
calculated by the following formula [3]:

P=(V, -L *(V,/L)/(V +L *(V, /L)),

where V, L, L, V, are fluorescence intensities,
measured with polarisators at 0-0°; 0-90°; 90-90°;
90-0°, correspondingly.

Results and discussion

It was shown in the experiments that a rise in
dipyridamole concentration results in inhibition of proton
influx into erythrocytes. The blocking ability of inhibitor
was withdrawn, if the medium additionally contained
15% PEG-1500 (Fig. 1). Taking this result into account,
the erythrocytes were treated by various concen-
trations of dipyridamol, to provide a preliminary binding
of inhibitor and membrane. In this case we also
observed the blockage of proton influx to the cells,
being suppressed in PEG-1500 presence, but in lesser
extent (Fig. 2a). At extra adding into the well the same
dipyridamole concentrations, as those for erythrocytes

90

WHrubuposaHue, %
Inhibition, %

0 T T T T

0 50 100 150 200 25C
Ounupugamon, MKMOnb/n
Dipyridamole, pmol/I
Puc.1. CreneHp HHTHOMPOBAHUS AUITHPHUIAMOIIOM TPaHC-
nopra HoHOB H' B apUTpOLMTHI B cpenax, colepKaliux:
1-0,12 mons/n Na,SO,; 20,12 mois/n Na,SO, +T19I'-1500
(15%).
Fig. 1. Dipyridamole inhibiting rate for H* ion transport
into erythrocytes in media, containing 1- 0,12 mol/I Na SO ,;
2-0,12mol/INa,SO, + PEG-1500 (15%).
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Dipyridamole, umol/l Dipyridamole, pmol/l
Puc. 2. Bnusuaue [13I'-1500 Ha cmocoOHOCTh JUMUPHUIAMOJIAa THTHOUPOBATH TPAHCIIOPT MOHOB H™ B 3pUTPOIUTHL: a —
MIpeBapUTEIbHO 00paboTaHHbIE TUMMPHIAMOIIOM; O — MPEABAPUTEIBEHO 00pabOTaHHBIE TUITUPUIAMOIIOM, HHIHOUTOP
TOTIONTHHUTEIBHO TO0ABIIANICA B SKCIIEpUMEHTANIBHYTO cpeny. 1 — 0,12 mons/n Na,SO,; 2 — 0,12 mons/n Na, SO, +119I'-1500
(15%).
Fig. 2. PEG-1500 effect to dipydamole inhibiting activity for H" ions transport into erythrocytes a — preliminarily treated
with dipyridamole; b — preliminarily treated with dipyridamole, and additionaly with presense of inhibitor in experimental

medium. 1 — 0,12 mol/l of Na,SO,; 2— 0,12 mol/l of Na,SO, + PEG-1500 (15%).

BEHHO BXOJYy MHIHOWTOpa B aHMOHHBIM KaHal; BO-
BTOPBIX, MOXET HMPOUCXOAMUTH IepepacrpeaeicHue
CBSI3aHHOTO MHTHOUTOPA B pACTBOP KPHUOIIPOTEKTOPA.
st TOro 4To0bl YTOYHUTH TaKHE MPEIIION0KEHUS,
JUTS OLIEHKH CBSI3BIBAHUS AUTTUPUAAMOJIA HCCIIEOBAIN
MIOJISIPU3AITUIO eTo (piryopecteHIy [3] B IPUCYTCTBUU
0eJIbIX TeHEH, MOYYEeHHBIX U3 KOHTPOJIBHBIX SPUTPO-
UTOB, U PPUTPONUTOB, 0Opaboranawx JANJIC,
KOTOPBI B OTIAMYHME OT JUNUPHUAAMOJIA SIBIAETCS
HEOOpaTUMBIM HHTHOUTOPOM TPAHCIIOPTHON CHCTEMBI
U KOBAJIGHTHO CBSI3BIBAETCS B aHHMOHHOM KaHale,
CHIKasi CPOJICTBO XJIOPHIA K TPAHCTIOPTHOMY CauTy
[4,5]. UccnenoBaHMe moKaszajlo, 4TO CTEMEHb
noJsipu3aluy nHruouTopa Beie B cpese ¢ NaCl, yem
B cpene ¢ Na, SO, (puc.3). Ilpu 5TOM MHrHOMTOp
aamonHoro kanana JAMJIC u I13I'-1500 6moxupyrot
poct noaspu3aiuu GuyopecueHiiuyd B 0,15 Moib/n
NaCl, no ne B 0,12 Mon/1 Na,SO,. D10 cBUIETENBCT-
BYET O TOM, YTO POCT MOJISIPU3ANHN (ITyOPECIICHITUH B
XJIOpUAE HAaTPHUA ONpPEAENsieTCs CBA3BIBAHUEM
OUNHUpPUAAMOJa B AaHHOHHOM KaHaje, TOrna Kak
MEHbILAs CTETIEHb NOISAPU3ALHH B CyIb(are HaTPHs
XapaKkTepu3yeTcs, BUOUMO, 3PPEeKTOM paccenBaHUs
MeMOpaH (comoOunu3anus MeMOpaH JOAELHI-
cynbharom Hatpus Ha 50% CHMXKAET MOJIAPH3ALNIO
¢yopecueHIH, TaHHbIE HE IpeAcTaBieHbl). Takum
00pa3oM, SKCHEPUMEHTHI [0 H3YYCHHUIO BIUSHUS
JUJIC u I[T2I'-1500 Ha momnspr3artuiio (hIyopeceHITHN
JWITUPUIaMOJIa TIOKa3bIBAIOT, YTO B CYJIb(aTHOH cpefie
B CpPaBHEHUH C XJIOPHHOW CBSI3bIBaHHE TUMTUPUIAMOTIA
B aHHOHHOM KaHalle MeMOpaH 3pUTPOLUTOB HE
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treatment, the inhibition of proton transport was
increased, but the PEG-1500 effect on dipyridamol
inhibition action was kept (Fig. 2b). In latter case the
suppressing effect of PEG-1500 to dipyridamole
inhibition was the least expressed. It is obvious, since
the blocker was preliminarily bound with cell membrane
and additionally present in incubation medium.
Obtained results show that, firstly, PEG-1500 can
prevent the dipyridamole contact with membrane, and,
correspondingly, the inhibitor entrance to anion channel;
secondly, there is a possibility of rearrangement of
bound inhibitor into cryoprotectant solution. To check
such supposition, we have evaluated the dipyridamole
binding by studying its polarisation fluorescence [3] in
presence of ghosts, derived from control erythrocytes
and from the cells, treated with DIDS. In contrast to
dipyridamole DIDS is an irreversible inhibitor of
transport system and binds covalently in anion channel,
decreasing the chloride affinity to a transport site [4,
5]. It is shown in our investigation that inhibitor
polarisation rate is higher in NaCl containing medium,
comparing to that with Na,SO, (Fig. 3). In this case
the anion channel inhibitor DIDS and PEG-1500 block
the rise in fluorescence polarisation in 0.15 M NacCl,
but not in 0.12 M Na,SO,. This testifies to the fact,
that rise in fluorescence polarisation in sodium chloride
is determined by dipyridamole binding in anion channel,
whereas lesser polarisation rate in sodium sulfate is
determined apparently by membrane scattering effect
(membrane solubilisation by sodium dodecyl sulfate
decreases the fluorescence polarisation for 50%, data
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NpoucXoAuT. TeM He MeHee dKCIEePUMEHTHI MO
HCCIIEIOBAaHNIO OJOKHPOBAaHMS BXO/Ja MPOTOHOB B
KJIETKH yKa3bIBaloT Ha oOpaTHoe. C 0HOW CTOPOHBI,
TpaHcnopt noHoB H™ B cynbdarHoiil cpene, KOTOpbIi
CONMpOBOXKIaeT BXxoA cyibdara [11], 6moxupyercs
JUMHAPHIAMOJIOM (CM. pHc. 1), ¢ Apyroi — 3ameHa BO
BHEKJIETOYHOH cpele XJIOpuaa Ha cyab(par CHUMAeT
KaK CBSI3bIBaHHE TUIMHMPHIAMOJIa B aHHOHHOM KaHaje
(puc. 3, 4), Tak 1 6GJIOKMPOBaHUE JAHHBIM HHTHOUTOPOM
Tpancnopra cynbdara [6]. CuekrpodiryopuMerpudec-
KHE Pe3yJIbTaThl MOYKHO OOBSCHUTD C YIETOM JIAHHBIX
[6], 9TO MUTIMPUAAMOI HE CBS3BIBACTCS B aHUOHHOM
KaHaye B cynb(paTrHOW Cpefie W YTO JJIsi €ro CBSI3bI-
BaHUA HEOOXOAMMBI aHMOHBI xjopuaa. OgHaKo
OJOKMpOBaHNE ITUIMPUAAMOIIOM Bxona MoHoB H B
cynb(haTHON cpele CBHUAETENbCTBYET 00 oOpaTHOM
(cm. puc. 1). Takum naHHBIM €CTh OOBSICHEHHE, €CITH
MPENIOIOKUTh, YTO BXoA MOHOB H', TecTupyemsii
pH-31eKTpoa0M, BBIBIISIET HEKOTOPYIO JAOJIIO O0IIEro
TpPaHCIOPTa, YYBCTBUTEIbHYIO K TUIUPUIAMOIY B
Cynb(aTHOM cpene, HO HE BBISABIAEMYIO B IKCIEpH-
MEHTaxX C paJuOaKTHUBHBIM cyibdatoMm [6]. B
MIPEIoIaraeMoM ClTydae CBSI3bIBaHUE TUMTUPUAAMOIIA
B KaHalle MOXET KaTaJu3WupPOBATHCA XJIOPHIOM,
KOTOPBIM BBIXOAHUT Ipu pabore mukia Sdxobca-
CreBapTa B 3pUTPOIIUTAX, BHECEHHBIX B CYIb(aTHYIO
cpeny. OTOT BBIOPOC XJIOpUIa COMPOBOXKIACTCSA
OBICTPBIM 3aKHUCIEHHUEM CYCIIEH3UH KIJIETOK, a
nocnenyoniee 3ameladyiBaHue OTpakaeT 0OMeH
XJIOpU/Ia Ha BHEKJIETOUHBIN cynbdar u nmpotoH [11].
B3auMogeiicTBue aunupugamolsia ¢ aHHOHHBIM
KaHaJIOM 3PUTPOLIUTOB B Cynb(aTHOI cpene, omnocpe-
JOBaHHOE BBIXOISIIUM XJIOPUAOM, OyeT HPOUCXOINUTD
[0 TOMY € MEXaHH3MY, YTO M B XJIOPHIHOU cpene
[6] — HeHTpaM3aIus XJI0PHUIHEIM aHUOHOM TIOJIOKH-
TEJTBHOTO 3apsi/ia B CyOCTpaTHOM KaHalle MPUBOANT K
OTKpPBIBaHHIO THIPO(HOOHOT0 KapMaHa M BCTPaHBaHHIO
B HETO OJIOKaTropa. YUHUTHIBas TAKOE MPENITOI0KEHHE,
KJIETKH Hachlain (TOPUIOM, KOTOPKIH ciadee, ueM
XJIOpUJI, MHULIMHPYET CBS3bIBAHUE AUNUPHUIAMOINA B
AaHUOHHOM KaHaye 3putponutos [6]. Ha puc.5
NpeacTaBleHbl Pe3yJbTaThl 10 MHIUOUPOBAHUIO
JUIIAPUIAMOJIOM BXona MOoHOB H' B spuTpouuTsl,
cozepxaliye pa3nuuHble aHMOHBI. Kak u mpeamno-
Jlarajaoch, 3aMe€Ha BHYTPHUKJIETOYHOIO XJOpHUJA HA
dbTOopUa TPUBOMUT K CHUIKCHHUIO MHTHOUTOPHOU
CIIOCOOHOCTH JUITMPHUIAMOJIA, YTO COTJIACyeTCs C
naHasiMu [6]. Junupuaamon B ommmuue ot JAM/C
KIACCU(PUITUPYIOT KaK MHIMOUTOP aHUOHHOTO KaHaIa,
KOTOPBIN OJOKHpYeT KaHajbl JOCTyla aHUOHOB K
TpaHcIopTHOMY caiTy [5]. Kak Op110 0TMEUECHO BBIITIE,
€ro CBS3bIBaHHE OMOCPENYETCS B3aUMOIEHCTBUEM C
rupodoOHBIM yyacTkoM KaHana [6]. MccnenoBanue
JIOKaJM3allMd MOJIEKYJl JUIMHMPHIAMONa B MULEIIax
JeTepreHTa Mnokasanao, 4To MOISIpU30BaHHAs 4acThb
MOJIEKYJIbI HAXOUTCSI B ITOJISIPHOM 30HE, a HEMOJIIPHBIE

NMPOBJIEMbI
KPUOBMONOrum
2003, N24

0,25

o
N
1

o

-

[¢)]
1

o
N

Monspusauusa cpnyopecueHUmmn
Fluorescence polarisation

0,05 -

0 T T T T
0 100 200 300 400 500
Benok, mkr/mn
Protein, pg/mi
Puc. 3. Poct ypoBHs mossipuzanui QayopecieHInu
JUIUAPUIAMOJIA TIPH TUTPOBAHUM OEJIBIMU TEHSIMHE SPUTPO-
IIUTOB B cpeaax, comepxamux: 1 — 0,15 mons/n NaCl, 10
mmons/n Tpuc(pH 7,4); 2 —0,12 mons/n Na,SO, , 10 Mmons/n
tpuc(pH 7,4).
Fig. 3. Rise in the dipyridamole fluorescence polarisation
rate when titering the erythrocyte ghost in media, contain-
ing 0.15 mol/I NaCl, 10 mmol/l tris (pH 7.4) (1); 0.12 mol/l
Na,SO,, 10 mmol/l tris (pH 7.4).

are not presented). Thus, the experiments on
investigation of DIDS and PEG-1500 effect on
dipyridamole’s fluorescence polarisation show that no
binding of dipyridamole in erythrocytes membrane anion
channel occurs in sulfate medium comparing with the
chloride one. Nevertheless, the experiments on the
studying of blocking the proton influx into cells point to
the contrary one. On one hand, the H" ions transport
in sulfate medium, accompanying the sulfate influx [11],
is blocked by dipyridamole (see Fig. 1). On other hand
the change of chloride for sulfate in extracellular
medium eliminate both the dipyridamole binding in anion
channel (Fig. 3, 4) and the blocking of sulfate transport
by this inhibitor [6]. Spectro-fluorometrical data (Fig.
3, 4) could be interpreted taking into account the fact,
that dipyridamole does not bind in anion channel in
sulfate medium, and this phenomenon is possible in
presence of chloride anions [6].

When supposing the dipyridamole binding in the
channel could be chloride catalysed, resulted from the
Jacobs-Stewart cycle functioning in the erythrocytes,
placed into sulphate medium. This outcome of chloride
is accompanied by a fast acidification of cell suspension,
and the following alkalisation reflects the chloride
exchange for extracellular sulfate and proton [11].
Dipyridamole and erythrocytes anion channel
interaction in sulfate medium, mediated by chloride
outcome, will proceed by the same mechanism, as for
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Puc. 4. Biusuaue JJUJIC u I13I'-1500 Ha poCcT ypoBHS NOISIpU3ALUH (BIyOpPECLEHIINH JUIUPUAAMOJIa TIPH TUTPOBAHUHT
OCIBIMU TEHSAMH SPUTPOIUTOB; IpUTpoLUThI 00padoTansl I1JIC nepen BeiaeneHrueM Oeibix TeHel: a— 1 —0.15 monb/n
NaCl, 10 mmos/n tpuc(pH7.4); 2 — 0,12 monw/n Na,SO,, 10 mmons/n Tpuc (pH 7.4). 6 — 1 —0.15 mons/n NaCl, 10 mmois/n
Tpplc(pH 7.4) +I12T-1500(15%),2 — 0 12 mosb/n Na, SO 10 mmons/n Tpuc(pH7.4)+I12I-1500(15%).

Fig. 4. Rise in the dipyridamole fluorescence polarlsatlon rate when titering the erythrocyte ghost; erythrocytes were
preliminarily treated with DIDS before ghosts obtaining in the media, containing a— 1— 0.15 mol/l NaCl, 10 mmol/l tris (pH
7.4);2—-0.12mol/INa,SO,, 10 mmol/l tris (pH 7.4); b—1-0.15 mol/lNaCl 10 mmol/1 tris (pH 7.4) +PEG- 1500(15%) 2-0,12
mol/INa,SO,, 10 mmol/ ris (pH 7.4)+PEG-1500(15%).

3aMECTHTENH MPOHU3BIBAIOT TUAPoPoOHOE AAPO
MHuIeaabl. J[ake B CHCTeMEe C IMOJIOKHTEIbHO
3apsAKCHHBIMU MHULCIIJIaMU IIPHU HU3KOM pH, Koraga
OTTAJIKUBAHUEC MEXKAY ITPOTOHUPOBAHHBIMHU MOJICKY-
JIJaMU TUITMpUaMoJia U IMOJIOKHUTEIIbHO 3apsAKECHHBIMU
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Puc.5. MarubupoBanue QUIHPHUIAMOJIOM TPAaHCIOPTA
noHoB H' npu 3aMeHe BHYTPUKIETOYHOI'O XJIOpHIA Ha
¢bTopun: 1 — HOpMaNBHBIE XJIIOPHICOACPIKALIHE SPUTPO-
LUTBL; 2 — SPUTPOLUTHI, HATPYIKEHHBIE HTOPUIOM.

Fig. 5. Dipyridamole inhibition of H* ion transport at the
exchange of intracellular chloride for fluoride: 1 — normal
chloride containing erythrocytes; 2 — fluoride loaded eryth-
rocytes.
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the chloride medium [6], i.e. neutralisation of a positive
charge by chloride anion in substrate channel leads to
the opening of hydrophobic “pocket” and incorporation
of blocking agent into it. Taking this fact into account,
the cells were loaded with fluoride, which initiates the
dipyridamole binding in erythrocyte anion channel in
lesser extent comparing to chloride. Fig. 5 shows the
results on inhibitor action of dipyridamole on H" ions
influx into erythrocytes, containing various anions. As
supposed, the change of intracellular chloride for
fluoride leads to decrease in inhibitor action of
dipyridamole, that is in concordance with the data of
paper [6]. In contrast to DIDS dipyridamole is classified
as an anion channel inhibitor, which blocks the channels
of anion access to transport site [S]. As it was stated
above, its binding is mediated by interaction with
channel hydrophobic site [6]. Investigation of
dipyridamole molecule localisation in detergent micelles
showed that molecule’s polarised part was in polar
zone, and non-polar substitutes transpierce the micelle
hydrophobic nucleus. Even in the system with positively
charged micelles at low pH, where the repulsion
between protonated dipyridamole molecules and
positively charged micelles surfaces decreases the
dissociation constant in 100 times, it localises inside
the micelles [2]. This points to a highly expressed
hydrophobic properties of dipyridamole molecule. PEGs
are known to be in concurrence with phospholipid polar
heads in membranes for water binding, as well as to
have a structuring effect to water layer around
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MTOBEPXHOCTAMHU MHIIEIUT CHI)KAeT KOHCTaHTY JIUCCO-
nmarmu B 100 pas, Bce paBHO OH JIOKAJTU3YETCs BHYTPH
MuLet [2]. 3To yKka3bIBaeT Ha BBICOKYIO THAPO(d00-
HOCTb MOJIEKYJIBI funpuaamona. M3sectHo, uro [191°
KOHKYPHPYIOT C HOJSIPHBIMU TofloBKamu Qocdonu-
MUI0B B MEMOpaHax 3a CBA3bIBAHKE BOJIbI, OKa3bIBa-
0T CTPYKTYypHUpYIOIllee NeMCTBUE Ha CJIOW BOMBI,
npuierariui kK noauMepy [7]. IaMeHenue conbBa-
TAIMOHHBIX CBOMCTB BOZBI MPUBOANT K M3MEHEHUIO
OUDJIEKTPUIECKUX KOHCTAHT pacTBopoB [0 mu
MemOpanHoi moBepxHocTu [10]. Bece aTo moxer
CII0CcOOCTBOBATH BEITECHEHHUIO THAPOPOOHBIX 30HI0B
U3 MOBepxXHOCTel Oenka u MemOpansl [1], a u3Mme-
HEHHUE TUAIEKTPHUECKUX CBOMCTB Cpe/Ibl HHKYOAI —
nepepacupeseseHuI0 JUIUPUAAMOIIa MEXTY MEM-
OpaHoli 1 paCTBOPOM U MPEMSATCTBOBATH OCTYILICHHUIO
ero B MeMOpaHy.

BbiBOADI

[TonydenHsle pe3ynapTaThl MO3BOJAIOT MPENIO-
JIO’KUTh, YTO TPAHCIOPT MOHOB H' B 3puUTpOLIUTHI,
BHECEHHBIE B CYNb(aTHYIO Cpeny, OTpa)kaeT TOIBKO
9acTh 00beMa OOMEHa BHYTPHUKIETOYHOTO XJIOPUIA
Ha BHEKJIETOUHBINH cynbdar. UHrnbupoBanue 3Toi
noau oOMeHa AWMNHUPUAAMOJIOM OTpenemsieTcs
MIPYUCYTCTBUEM aHHOHOB XJIOPH/A BO BHY TPUKIIETOYHON
cpene. 1IOI'-1500 nmopaBnseT cBA3BIBAaHUE TUIUPH-
Jamojia B aHHOHHOM KaHaine MeMOpaH M CHUXKAaeT
OJIOKUPYIOLIYIO CIIOCOOHOCTH TAaHHOTO HHTMOUTOpa Ha
TpaHcnopT HOoHOB H' B apuTponuTsl. 31O AelcTBHE
MIOJIMMEPA CBA3AHO C IepepacipeeIeHueM TUIMApHIa-
MoJia MEXIY MEMOpaHOH U pacTBOPOM.
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polymers [7]. Changes in solvating properties of water
affect the dielectric constants of PEG solutions and
membrane surface [10]. All this can lead to the
exclusion of hydrophobic probes from proteins
microenvironment and membrane [1]. In addition, the
changes in dielectric properties of incubation medium
will result in dipyridamole’s rearrangement between
membrane and solution, as well as in prevention of its
entering to membrane.

Conclusions

The obtained results allow to assume that H* ions
transport into erythrocytes, placed into sulphate
medium, reflects only the part of intracellular chloride
and extracellular sulphate exchange. Inhibition of this
exchange share by dipyridamole is determined by
presence of chloride anions in intracellular medium.
PEG-1500 suppresses the dipyridamole binding in
membrane anion channel and decreases the blocking
ability of this inhibitor to H* ions transport into
erythrocytes. This polymer action is associated with
the rearrangement of dipyridamole between membrane
and solution.
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