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PEAKIINA I3ETA IIOTEHIIUAJIA MEMBPAH SPUTPOLIUTOB
YEJOBEKA HA MOAVJIATOPbI AKTUBHOCTHU I'AP1OC KAHAJIOB
HA ®OHE B-U3JTYYEHUSA MAJIOM MOIITHOCTH

Llenb pa6otbl. M3yueHune peakuymu gseta noteHumana (A1) membpaH 3pMTpoLUTOB YenoBeKa npu MoauduKaLmm ak-
TMBaTOpamMu 1 6nokatopamu yHKLMOHANBLHOTO COCTOAHMA Ca**-3aBUCMMBbIX KalMeBbIX KaHaN0B B NoJjie paanon3oTon-
HOro usnyyenus *°Sr/°Y manoi MOWHOCTU.
Martepuanbl U MeToAbl. IpUTPOLMTHI NONYYaNM U3 JOHOPCKOW Kposu. [T BblYMCAAAN MO NOAYYEHHOMY 3HAYEHMIO
3neKTpodopeTMYeCKON NOABUKHOCTMU KIETOK. B KneTouHble cycneH3nun npeaBapuTenbHO BHOCUMAU UcCiefyeMble Be-
lWecTBa, a 3aTeM annkBoTbl pactBopa **Sr(N0Os)z, 4TOObI NONYYUTL KOHEYHYIO KOHUEHTpALUUIO 44,4 Kbk-n™.
Pesynbrartbl. PagnonsotonHoe usnyyenue *°Sr/®Y (PWU, 15 mklp/4) nosbiwaer abcontotHoe 3HaveHue [N (AMae)
MeMOpaH 3pUTPOLUTOB W €ro AeNCTBUE ABAAETCA 06paTUMbIM. ITO YKa3biBaeT Ha To, 4T0 3heKT onocpeayeTcs Heno-
HU3MpyolLei komnoHeHTon PU. Anbytupun-uAM® B nruanasoHe KoHueHTpaumit 1-100 MKM 1030HE33aBMCUMO MOBbI-
waet a6 membpaH 3puTpoLmnTOB, HO PU He ycunueaeT ero acddekT. AHanpunuH B KoHueHTpaumax 10 n 100 mkM po-
30He3aBucumo nosbiwaet [Ma6. IPdekT MakcumanbHoit KoHUeHTpauumu aHanpuanHa (100 MkM) — cHuxaetcsa PU.
Knotpumason B fuanasoHe KoHueHTpauuit 0,1-10 MkM nosbiwaeT [iag MeMOpaH 3pUTPOLUTOB OTHOCUTENBHO KOHT-
pons, TOrAa Kak ero MakCUManbHaa KOHLUEHTPALMA — CHUXKAeT, @ MMHUMaNbHasa — AOCTOBEPHO He BAKAET Ha 3TOT No-
Ka3zatenb. [lecteme knotpumasona Ha [l npu KoHueHTpaumsax 10-100 MkM otmeHsetcs PU, HO He nameHseTca npu
0,1-1 MKM. HuTpeHaunuH BO BCeM AMana3oHe KOHLUEHTpaLuii 030He3aBMCMMO noBbiwaeT [Alag MeMOpaH 3puTpoLu-
T0B, a PW ycunusaert ero geiicraue.
BbiBoabl. 1. [1f MOHM3MpYIOLLENA KOMMNOHEHTHI PAgUOHYKAUAHOTO M3/ly4eHUs CyLLeCcTBYeT Mopor GUosornyeckoro
OEeNCTBUA Ha KNeTKuW, onpefensemblit 3 MEKTUBHOCTbIO UX aHTUOKCUAAHTHOW cucTembl. 2. [pn MOWHOCTH [03 HUXe
NOporoBo¥i fencTBue pagnon30TOMHOIO M3NYyYeHUA OMOCpeLyeTca ero HEMOHU3UpYIoLLen KOMNOHEHTON W ABNAETCA
06paTUMbIM, @ NO3TOMY OMpPEAENAETCA TONLKO B NONE U3JTyYEHUS.
KnioueBble cnoBa: [appoc KaHan, A3eTa noteHuuan, B-usnyyeHue, 6uomemobpaHbl, CTPOHLMIA-90, 3pUTPOLUTHI Ye-
noBekKa.
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Zeta potential response of human erythrocyte membranes to the modulators

of Gardos channel activity under low rate [3-radiation

Objective. Study of human erythrocyte DP response under modification by activators and blockers of the function-
al state of Ca*-dependent K* channels under low rate B-radiation.

Materials and methods. Erythrocytes were isolated from the donor blood. The zeta potential was computed from
the value of the cell electrophoretic mobility. The investigated drugs preliminary introduced in cellular suspensions,
and then aliquote of *°Sr(N0s). solution to get the final activity concentration of 44.,4 kBg-L".

Results. The radioisotope radiation of *°Sr/®°Y (RR, 15 mGy-h") increases an absolute value of erythrocyte mem-
branes DP (DPab), and its action is reversible. It specifies the effect is mediated by nonionizing part of the RR.
Dibutyril-cAMP dose-independent increases DPab of erythrocyte membranes in the concentration range of 1-100 uM,
but RR does not amplify this effect. Anapriline increases dose-independent DPab in concentrations 10 and 100 mM.
The effect of maximal concentration of anapriline (100 uM) decreases by RR. Clotrimazol increases DPab of erythro-
cyte membranes in the concentration range of 0,1-10 uM relatively control, while its maximal concentration -
decreases, and the minimal level does not reliably influence on this index The action of clotrimazol on DP in con-
centrations of 10-100 uM is abolished by RR, and is not changed in the range of 0,1-1,0 uM. Nitrendipine raises
DPab of erythrocyte membranes in all of range of concentrations, and RR amplifies the effect of the drug.
Conclusions. 1. There is a threshold of the biological action on cells for the ionizing component of radioisotope
radiation determined by effectivity of operation their antioxidant system.

2. At dose rates below a threshold, the action of ionizing radiation is mediated by its nonionizing component, and

is reversible, and therefore is determined only in the field of radiation.
Key words: Gardos channel, zeta potential, B-radiation, strontium-90, human erythrocytes, biomembranes.
Problems of radiation medicine and radiobiology. 2015;20:490-499.

BCTYILUIEHUE

KarnoHHble KaHaIbl — MHOTO(YHKIIMOHAJIBLHBIC OEIIKO-
Bbl€ TPAHCIIOPTEPHI, OTBETCTBEHHBIE 3a PETYJIUPOBKY
MeMOpaHHOTO ITOTeHIIMAaJIa TTIOKOST B OOJIBIIMHCTBE KJIETOK,
VHIYKLWIO TTOTeHIIMANA ACMCTBUS B BO30OYIMMBIX KJIeTKaX
¥ TpaHCMeMOpPaHHYIO TPAaHCIYKIIMIO BO MHOTMX CUTHAIb-
HBIX KacKaJax, a TakKe M MOHHbBIII OOMeH B 1ieJIoM. Tak,
Ca?"-3aBucuMble K*-KaHajlbl 3pUTPOLIMTOB 4YeJIOBEKA
YUYaCTBYIOT B PEry/ISIUU X 00beMa 1 aronTo3a uepe3 K+-
crienguueckuii mpotemH Memopans! (lapooc-kanan) [1,
2]. UnenTnduLnpoBaHo HeCKOIbKO moaTunoB Ca?*-akTu-
BUpyeMbIX K*-kaHayloB 1 M3y4eHbl MX (HU3MOJIOTTIHEIE
XapaKTEepUCTUKU B pa3HbIX Kietkax [3]. Tapmoc-kaHan
SPUTPOLIUTOB HAeHTUGHUIIPOBaH Kak Ca’'-akTuBHpYe-
MBIl KaHaia mpomMexxyTouHoi mpoBoauMocTi (KCNN4,
i KCa3.1). TTokazaHo, 4TO areHThbl, KOTOpbIe MOBBILIIA-
10T ypoBeHb TAM @ B KJIeTKaX, MHAYLIUPYIOT XapruOIOTOK-
CUH-YYBCTBUTENBHBIN MOTOK K*, KOTOpEINf 3aBUCHUT OT

INTRODUCTION

Cation channels are multifunction protein trans-
porters, accountable for regulation of rest mem-
brane potential in most cells, potential action
induction in excitable cells, and transmembrane
transduction in many signal cascades, and also
ionic exchange on the whole. So, Ca*"-dependent
K+ channel of human erythrocytes participates in
adjusting of their volume and apoptosis through
K+ specific membrane protein (Gardos channel)
[1,2]. A few subtypes of Ca**-activated K* chan-
nels are identified, and their physiology properties
are studied in different cells [3]. The erythrocyte
Gardos channel is identified as Ca**-activated K*
channel of intermediate conductivity (KCNN4, or
KCa3.1). It is sown that agents which promote the
level of cAMP in cells induces the charybdotoxin
sensitive current of K*, which depends on the
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npucytctBust Ca** [4, 5]. HeusbupaTenbHbIil 6J10KaTOP
[-ampeHOoperenTopoB, aHATIPWIMH, B HU3KMX KOHIIEHTpA-
LIMSIX TAKKe aKTUBUpPYeT Bbixoa K™ 13 KJIeTOK ImyTeM MOBBI-
ILIEHUSI YyBCTBUTEIBHOCTA KaHAJIBHOIO OejlKa K MOHaM
Ca*", HO B BLICOKMX KOHILIEHTPALMSIX OH IEHACTBYET KaK UH-
ruouTop, cHmkas yposeHb TAM®D B sputponmrax [6].

W3 usBecTHBIX OjokatopoB lapmoc KaHaja, Jiydile
BCEro oxapakTepu3oBaH OiokaTop umuToxpoma P-450
KJIOTPUMAa30J1, KOTOPbIiI MHTMOMPYET KaHall IIyTeM IIpsi-
MOTO B3aMMOICHCTBUS ¥ YMEHBIIIACT ITIOTEPIO KaIusl TP
00pabOTKe KJIETOK KaJIbIIMeBbIM MoHOMopoM A23187 [7].
K unruouropam Ca**-3aBucumbix K-kaHanoB npuHaz-
JIexXuT U 6okatop Ca?'-KaHaJIOB HUTPEHIUIIMH, KOTO-
poiit apdextuer B sputporutax (ICsp = 10° M) [8].
OH JeicTBYeT IyTeM TPSIMOI OJIOKMPOBKU BbIxoma K*
yepe3 [apaoc kaHanbl. Bece aTu auraHabl mpu B3auMo-
JIEeUCTBAM ¢ MeMOpaHHBIMU OeJIKAMY U3MEHSIIOT X KOH-
(opmanmio, 4To B ciaydae M3MEHEHMSI 3JICKTPOCTATH-
YECKMX B3aMMOIEMCTBUM MEXIY MaKpOMOJICKYJIaMU
IUIa3MaTU4YECKON MeMOpaHbl MOXET MPUBECTU K U3Me-
HEHMIO ee MOBEPXHOCTHOIO IMOoTeHLMa a. PaHee HaMu
ObLIO IMOKA3aHO, YTO PaAUOHYKIMAHOE n3iaydeHue (°Sr
u “C) B Maibix 1o3ax (0,5 u 1 MxIp, COOTBETCTBEHHO)
MOBbIIIAeT a0COJIOTHYIO BEJUUYMHY N3eTa IMOTeHLIMaja
(AI1s) 3pUTPOLIMTOB U JIEMKOIIMTOB KPOBM YeJIOBEKa,
oTpaxarouiero (hyHKIMOHAIbHOE COCTOSIHUE KIETOK [9].
bonee Toro, ObLIM ITOTYYEHBI JaHHBIC, CBUACTEIHCTBYIO-
II1e O TOM, UTO 3TOT 3 HeKT peaanusyercs yepe3 MeMO-
paHHbIe CUTHaJbHbIe cucTeMbl [10, 11] u compoBoxaa-
eTCsI CTPYKTYPHBIMM IIepecTpoiiKaMu MeMOpaHbl 3PUT-
pouutos [12].

L EJIb PABOTbI

N3ydyeHue peakimuy n3eta MOTeHIIMAIa MeMOpaH 3pUT-
POILIMTOB YeJI0BeKa MPU MOAUGMUKALIMY aKTUBATOPAMU 1
OyiokaTopamMu (YHKIMOHAJIBHOro coctosHusa Ca?*-3a-
BUCHUMBIX KaJIMEBbIX KAaHAJIOB B I0JIe PaIlON30TOITHOTO
u3mydeHus *’Sr/”"Y Majioif MOIITHOCTH.

MATEPUAJIBI 1 METO/IbI

Bce ucnonb3oBaHHBIE peaKTUBBI ITOMYYEHBI U3 (DUPMBI
Sigma-Aldrich. SpuUTpoLUTHI MOTYyYaIN U3 JOHOPCKOI KPO-
Bu neHtpudyruposanneM npu 2000 g B reuenne 10 Mmun
NpU KOMHATHOM Temriepatype. st onpeneaeHus BeIuuu-
Hbl JATT uamepsian aaekTpodopeTUUecKyo MOABUKHOCTD
KJeToK B anekTpodopetnyeckoMm pactBope (KCI — 2,5;
CaCl, — 2,0; mmoxkosa — 280,0; Tpuc-HCI — 10,0; 3Haue-
HUs gaHbl B MMonb/1, pH = 7,4) cornacHo [13]. AI1 BbI-
YUCJISUIA 110 TTOTy4eHHOMY 3HAUEHUIO 3JIeKTpohopeTudec-
KO TTOIBIZKHOCTH, MCITONB3Ys IpUOIKeHre [eapMronb-
ma-CMOTyXOBCKOTO C TIOMOIIBLIO TIporpaMMbl Zeta for

presence of Ca** [4,5]. Nonselective antagonist
-adrenoreceptors, anapriline, in low concentra-
tions also activates the exit of K* from cells by
increasing sensitivity of the channel protein to Ca?*
ions, but in high concentrations it operates as an
inhibitor lowering cAMP level in erythrocytes [6].

From known Gardos channel blocker,
cytochrome P-450 inhibitor clotrimazol is the best
of all described which blocks Gardos channel by
direct cooperation and diminishes the potassium
loss at treatment of cells with calcium ionophore
of A23187 [7]. To inhibitors of Ca**-dependent K*
channels belongs and inhibitor of Ca** channels
nitrendipine, which is effective in erythrocytes
(ICso = 10° uM) [8]. Nitrendipine operates by the
direct blocking of K" output through Gardos
channels. All of these ligands at interaction with
membrane proteins change their conformation
that in the case of change of electrostatic interac-
tions between the plasma membrane macromole-
cules can cause the change of membrane surface
potential. It has been previously shown by us that
the radioisotope radiation (**Sr and "*C) is in small
absorbed doses (0,5 and 1 mGy), accordingly, rais-
es an absolute value of zeta potential (Zwp) in
human erythrocytes and leucocytes reflecting the
cell functional state [9]. Moreover, data that this
effect is able to be realize through the membrane
signal systems [10,11] and is accompanied by
structural rearrangements of erythrocyte mem-
brane was obtained [12].

OBJECTIVE

Study of human erythrocyte DP response under
modification by activators and blockers of the
functional state of Ca*'-dependent potassium
channels in the field of low rate radioisotope radi-
ation.

MATERIALS AND METHODS

Erythrocytes were isolated from the whole donor
blood by centrifugation at 2,000 g for 10 min at
room temperature. The electrophoretic mobility
cells as indicator of their zeta potential was
determined in the electrophoretic solution
(KCI — 2.5; NaCl — 5,6 mM; CaCl, — 2.0; glu-
cose — 280.0; Tris-HCI — 10.0 mM, pH = 7.4) at
room temperature using a cylindrical microelec-
trophoresis [7]. The zeta potential was computed
from the value of the electrophoretic mobility
using the approximation of Helmholtz-
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Windows. O61ydeHre ObLIO BBIMOIHEHO IMyTeM J00aBie-
HUS B | CM CTEPUIIbHYIO KIOBETY, COIEPKAIILYIO KJIETOUHYIO
cycriensuio (~ 1-10° kii/mi), pactBopa *Sr/"Y, 4TOOBI T10-
JIY4UTh KOHEYHYI0 KoHUeHTpauuio 44,4 xbk/n. Ipenmno-
Jlarasi, 4To paJioOM30TOITbl PABHOMEPHO pacipeaesieHbl 1o
BceMy 00BbEeMy KJIETOYHOM CYCIEH3WM, MOIIHOCTb J103bI
BBIUNCIISUIACH, KaK ormrcaHo paHee [12]. B kieTouHbIX cyc-
MEH3UsIX KOHIEHTpaLus BHeceHHOro “Sr/”Y He mnpeBbI-
mana 2,3 HM. B npenBapuTesIbHbIX UCCIEIOBAaHMSIX yCTa-
HOBJIEHO, YTO HEPAIMOAKTUBHBIN CTPOHIIMIA B TAKON KOH-
LeHTpalMu He okasbiBajl BaussHus Ha JII1. Ilpenapatbl
BHOCWJIM B Cpey MHKYOAIMU TTOCIe J0OaBICHHUS alluKBO-
Thl Sr/"Y B KOHIIEHTpalMsIX, YKa3aHHBIX B TaOJIMIIaX.
JlaHHbIe BbIpaXKEHbI KakK CpelHMe 3HauyeHusl t cpeaHe-
KBaZpaTUYHbIE OIIMOKK cpenHero. CTaTUCTUIECKYIO J0C-
TOBEPHOCTD Pa3IMUMii MEXIY rpyrnramMy OLEHUBAJIH 10 t-
tecTy CthlofgeHTa. O0BeMbI BBIOOPOK Be3zie paBHbI 10. Ma-
TeMaTuueckasi 00padoTKa pe3yIbTaTOB TPOBOAMIACH C T10-
MOILILBIO TTporpaMmbl Statistica v6.0 it Windows.

PE3VYIJIBTATBI 1 OBCYXK/IEHUE

HanoxeHnHoe moe B-w3aydeHHMs] ¢ MOIIHOCTBHIO O3B
0,15u 1,5 mxIp - 9! He Bausino Ha A1 B TeyeHUEe OTHO-
4yacoBOI aKcHo3ulMu. JanbHeiiliee MOBBIIIIEHUE MOIII-
HocTu 1036l yBenuuuBano I, mpumepHo, Ha 8 %
(Tabm. 1).

CrnenyeT oTMETUTB, uTO JIT 3puTpOLIMTOB pa3alnuHbIX
JTOHOPOB MMEJU pa3Hylo YyBCTBUTEIbHOCTH K PU mamoii
MOIITHOCTH, KakK 3TO OBbLIO MOKa3aHO W MJIsSI MOCT-
pagyaOHHOTO JSUCTBUSI MIOHU3UPYIOLIETO U3TydYeHUS
3HAUYMTEJIBHO Oosiee BhICOKOI MoImtHocTH [13]. OgHako
Jaxe 3puTpoluThl, I1 KOTOphIX He U3MEHSIIICS B TI0JIE
PH manoit momHocTH, oTanyanuch peakuueid JIIT Ha
JIMTaHIbl MEMOpPAaHHBIX OCJIKOB B HAJOXEHHOM IIOJIE U
BHe ero (maHHBIe HE TMOKa3aHbl), KaK WM B ciydyae
SPUTPOLIUTOB C YyBCTBUTEIbHBIM I1.

MonsipHast KOHIIeHTpauuys ’Sr** B cpelle MHKyOaluu
ObUTa Ha ceMb TIOPSITKOB HIKe TakoBoit st Ca’’, T.e. pa-
JMOAKTUBHBINA CTPOHIIMIL HE MOXET IIOCTYIIUTh B KJIIETKY B

Ta6nuua 1

Smoluchowski by means of “Zeta for Windows”
application. Irradiation was performed by sup-
plement of *Sr/*Y solution in 1-cm sterile glass
vials containing the cell suspensions (~ 1-10°
cells/ml) to obtain the final activity concentra-
tion 44.4 kBqg-l'. Assuming that the radioiso-
topes are uniformly distributed throughout the
cell suspension, the dose rates were calculated as
described previously [12]. In cellular suspensions
the concentration of *Sr did not exceed 2.3 nM.
Such concentration of nonradioactive strontium
did not have influence on ZP (data is not
shown). The data are given as means = SEM.
Significant statistical differences between groups
were evaluated using the Student t test (p < 0.05).
Sample numbers are equal 10 everywhere.
Statistical analysis of the results was performed
by means of the program of Statistica v6.0 for
Windows.

RESULTS AND DISSCUTION

The B-radiation field emitted by *Sr/*°Y with the
dose rate of 0.15 and 1.5 mGy - h™' does not influ-
ences on zeta potential of erythrocytes for one-
hour exposure. Further augmentation of the dose
rate increases ZP,, approximately 8% (Table 1).

It should be noted that erythrocyte DP of differ-
ent donors had a different sensitivity to the low
rate radiation, as it was shown and for the postra-
diation action of IR considerably higher rate [13].
However even erythrocytes, ZP of which did not
change in the field of the low rate radiation, had a
differed reaction of ZP on membrane protein lig-
ands under and out of the imposed field (data is
not shown), as well as in the case of erythrocytes
with sensitive ZP.

The molar concentration of the *°Sr** in the
incubation medium calculated was by seven
orders magnitude less than that for Ca*, i.e.,

Bnuanue HanoxeHHOro nNonsA paguoU30TONHOFO U3Ny4YeHMA manon mowHoctu (15 mklp/y4) Ha AN apuTpouuToB

yesloBeKa
Table 1

Effect of superimposed field of the low power radioisotope radiation (15 pGy/h) on human erythrocyte ZP

Mapametp MornowexHas po3sa, Mklp / absorbed dose, mGy

Parameter ¢doH / background 0,15 1,5 15

an, mB /ZP, mv -21,90 + 0,24 -21,97 +0,19 -22,53 + 0,32 -23,59 + 0.29*
% K koHTponio / % to control 100,0 100,3 102,5 107,7

[MpumeyaHme. * — Hanmume AOCTOBEPHBIX OT/IMYMIA OT KOHTPONS (poHOBOE 06nyyeHue), p < 0,05, n = 10.

Note. * — significant difference vs. control (background radiation), p < 0.05, n = 10.
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A3eTa noTteHuuan, mB
Zeta potential, mV

Sr-90

KoHTponb
Control

Sr-90
(oT™MbIBKa / washing)

KOHTpOsIb (OTMbIBKA)
Control (washing)

PucyHoK 1. BausHue otmbIBKM Ha i 3puTpOLUTOB, NPeUHKYOMpPOBaHHbIX €O °°Sr B TeueHue 1 yaca

* — Hanuumne [OCTOBEPHOrO OTM4Ms OT KOHTponst (6e3 otMbiBku), p < 0.05, n = 10

Figure 1. The effect of washing on zeta potential of erythrocytes preincubated with °°Sr for 1 hour

* — significance difference from the control (without washing), p < 0.05, n = 10.

OIIIYTHMBbIX KOJIMYECTBaX Yepes3 KajblueBble KaHaibl. [1o-
3TOMY PaIlOU30TOIIBI MOXKHO pacCMaTpUBaTh KaK BHEIII-
HUN pagvallMOHHBIA MCTOYHUK OTHOCHUTEJIBHO KJIETOK.
DTO MOATBEPKIACTCST JAHHBIMM, ITOJTydEHHBIMU Ha SPUT-
po1MTax, KOTOpbIe MTPeABAPUTEIbHO UHKYOUPOBAJIH C HC-
IOJIB3YEMOM KOHIIEHTpaleil ’Sr’t B TedyeHne 2 4acoB, a
3aTeM OTMBIBaJIM B pocpaTHOM Oydepe (puc. 1). Ananus
PE3yIBTaTOB, MPEICTABIEHHBIX HAa pycC. 1 CBUIETEILCTBY-
€T, YTO OTMBIBKA MPAKTUYECKH TTOJIHOCTHIO OTMEHSIET 3(h-
dekT pammon3ortornos Ha A1 spurporinToB yesoBeka.

Auoytupun-uAM® B nuamna3oHe KOHLEHTpaLWii
1—100 MxM no3oHe3aBrcumo ToBbiaeT JdI,6 aputpo-
nutoB (tabn. 2). PagmouzoronmHoe wusnyuyenue (15
MKIp/9) oKa3bIBaeT aHAJIOTUYHOE NEHCTBHE, HO HE YCH-
JuBaeT 3PdexT nuoyTupui-uAM® B nuanasoHe 3¢-
(beKTUBHBIX KOHIIEeHTpaluii. B HemelicTByOIIEM Ararna-
30HEe KOoHIleHTpanuii npenapata (10—100 HM) nposBis-
eTcd TUIIb 3PPEKT MOHN3UPYIOLIETO N3TydeHUS].

AnanpunuH B KoHueHTpauax 10 u 100 MM, ripu Ko-
TOPBIX OH CHUKAET ypoBeHb TAM® B sputpouuTax [6],
no30He3aBUCUMO yMeHbIaeT 11,6 mpuban3uTebHO Ha
40 % OTHOCUTEIIBHO KOHTPOJISI. B MEHBIINX KOHIIEHTpA-
LUSX aHAMTPUJIWH He u3MeHseT 3HadeHue JII1, HecMoTps
Ha TO, YTO OH ITOBBIIIAET YYBCTBUTEILHOCTh KAaHAIbHO-
ro 6enka Kk nonam Ca?* [6]. PannonsoTomnHoe u3iay4eHne
cHIXaeT 3 PeKT MAKCUMaJIbHONM KOHIIEHTpALIMK aHall-
puinHa (100 MKkM) B cpeareM Ha 10 % (yacTMYHO agau-
TUBHBIN OTBET), a ipu 10 MKM otmeHsieT. [1pu Heaeii-
CTBYIOIIMX KOHIEeHTpauusax mpemrapara (10—100 aM)
TIPOSIBIISAETCS JIUIITD 3P PEKT pagruaiin.
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the °Sr’* cannot enter the cells in appreciable
quantities. Therefore, radioisotopes can be
considered as external radiation source with
regard to the cells. It was confirmed by our
finding obtained with the red cells preincubated
for 2 h with concentration of *Sr used, and then
washed with the phosphate buffer (Fig. 1). It
was seen that the washing practically fully elim-
inated the effect B-radiation on ZP of human
erythrocytes.

Dibutyryl cAMP dose-dependent increases the
erythrocyte DPy, in the concentration range of
1—100 mM (Table 2). The radioisotope radiation
(15 mGy - h'") renders the analogical action, but it
does not enhance the effect of dibutyryl cAMP in the
effective concentration range of the preparation. The
effect of ionizing radiation appears in the noneffec-
tive concentration range of the preparation only.

Anapriline in concentrations of 10 and 100 mM,
which reduces the level of cAMP in erythrocytes
[6], dose-independent decreases DP,, by approxi-
mately 40 % relatively control. Anapriline does not
change a value DP in fewer concentrations in spite
of the fact that it increases the sensitivity of the
protein channel to the Ca**ions [6]. The radioiso-
tope radiation reduces the effect of the maximal
concentration of anapriline (100 mM) by 10 %
(partial additive response), and abolishes the effect
of 10 mM. The effect of radiation at the inactive
concentrations of the preparation shows up only.




ISSN 2304-8336. pobnemu pagiauiitHoi Mequumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

EKCMNMEPUMEHTAJIbHI
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Ta6auuya 2

Bauanue pméytupun-uAM® u ananpununa Ha AN mem6pan 3putpouutoB yenoseka (MB) B none papwmo-

u3otonHoro usny4yeHus (15 mklp-y™)
Table 2

Effect of dibutyryl cAMP, and anapriline on zeta potential of the human erythrocytes (mV) under the imposed

field of B-radiation (15 pGy-h)

Ycnosus onbita

KoHuenTpauus npenaparoB, M / concentration of drugs, M

Experimental conditions 0 10+ 10° 10°® 107 108
Iunbytnpun-uAM® / dibutyryl ;CAMP -19,56 + 0,51  -24,02 +1,10* -25,27 +0,96* -24,58 = 1,06* -20,06 + 0,60 -19,89 + 0,38
% ot koHTponst / % to control 122,7 129,2 125,7 102,5 101,6
InGympun-uAM® + %Sy / dibutyryl cAMP + %S¢ -23,69 £ 0,58* -24,48 £ 0,57* -24,96 +0,70* -25,08 + 0,57 -23,47 +0,60* -23,86 + 0,62*
% ot koHTpona / % to control 1211 125,1 127,6 128,2 120,0 122,0
Ananpunux / anapriline -20,04 £0,38 -12,23 +0,36* -12,33 £0,55* -18,91 +0,41* -20,74+0,46 -20,13+0,45
% ot koHTpons / % to control 61,0 61,5 94,4 103,5 100,4
Ananpunnn + %Sy / anapriline + %©Sr -23,64 =051 -16,80 +0,53* -23,26 £ 0,51* -24,51 £0,41* -24,82+0,60* -24,65 = 0,27*
% ot KoHTpONs /% to control 118,2 83,9 116,1 122,3 123,9 123,0

MpuMeyaHme. 3Mech 1 Janee: * — Hannyme OCTOBEPHOrO OTIMYUS OT KOHTPONS (B oTCyTCTBME npenapara i 20Sr), p < 0.05, n=10.
Note. Here and next: * — significant difference relative to control (in lack of drugs and %Sr); p < 0.05, n = 10.

Krnorpumazon (s [apooc kaHaia KOHIIEHTpALMS Ipe-
napaTa, MHIMOUpYyIolas aKTMBHOCTh KaHaida Ha 50%,
IDsp=50 HM) B nuanazoHe KoHueHTpauuit 0,1—10 MkM
yBesmuunBaeT 11, MeMOpaH 3pUTPOLIUTOB OTHOCUTEJILHO
KOHTPOJIs1, TOT1a KaK €ro MakKCMMajibHasl KOHLIEHTpalys —
CHIDKAeT, a MUHUMAJIbHAas — JOCTOBEPHO HE BIIMSICT Ha
ATOT mokaszateab (Tadn. 3). MoHuzupylolmas paguaius
yBesnuuuBaeT 11,5, HO, TeM He MEHee, OTMEHSIET JeicTBUe
KJI0TpMMa30Jjia B KOHIIEHTpalMsIX KaK nmoHwxkatromux (100
MKM), Tak 1 nosbimamx (10 MkM) Il 1, mo-Buau-
MOMY, MPOSIBJISIET TOJIBKO CBOE JACMCTBUE TTPU KOHIIEHTpa-
LUsIX KjoTpumasona 1 MKM 1 Huxke.

B ortimume ot knorpumasosna, HuTpeHaunuH (IDsy =
100 HM) BO BceM Auara3oHe KOHIIEHTpalMid, 32 UCKITIOUe-
HUEM MUHMMAJIBHOM, H030He3aBUCHMO ITOBbIIAeT Il.6
SPUTPOIIUTOB, a -U3TydeHHe YCWINBAET €ro NeHCTBUE.
B nanHOM ciydae HaOMOmAeTCs TTOJIHOE aAIUTUBHOE B3a-
MMOJIEHCTBIE B-U3TydeHNUsT C HUITPEHIUTTTHOM.

[MTomygeHHbIe MTaHHBIE YKA3bIBAIOT, UTO B-M3Ty4eHre Ma-
JIO MOIIHOCTU B OOJBIIMHCTBE CJIydaeB WM3MEHSIET
neiictBre MomudukatopoB aktuBHOCTU Ca*-3aBHCHMBIX
K*-xaHaJloB Ha IMOBEPXHOCTHBIN ITOTEHIIMAI 3PUTPOLIM-
ToB. Ho ITOX02Ke Ha TO, YTO 3TO CBSI3aHO HE TOJIBKO C M3Me-
HEHMEM MX B3aMOIEUCTBUS CO CIeM(PUISCKIMM JTUTaH-
JaMUu BCJIEACTBUE OOILEl CTPYKTYPHOW NepecTpOrKu
MeMOpaHbl B nojie usaydyeHus [12]. He uckitoueHo, 4To
HabmogaeMbie 3P@MEKThI peaIM3yIOTCS B pe3ysibTraTe B3au-
MOMEMCTBUS 3TUX IIPEeHapaToB U C IPYTUMM OEIKOBBIMU
muleHsiMU. Tak, HarpyuMep, HUTPEHAUIIMH TaKKe MOXKET
B3auMozeiicTBoBath ¢ Ca’'-KaHanaMu 1 o -aapeHopeLer-
TopaMH. DTU M paHee MOJyYeHHbIC NaHHbIE YKa3bIBaIOT,
YTO U3MEHEHNE YyBCTBUTEILHOCTH SPUTPOLIUTOB K pery-

Clotrimazol (for Gardos channel IDsp=50 nM)
increases DP,, of erythrocytes in the concentra-
tion range of 0.1-10 mM relatively control,
while its maximal concentration — decreases,
and the minimal level does not reliably influence
on this index (table. 3). The ionizing radiation
increases DP,,, but nevertheless abolishes the
action of clotrimazol in concentrations both
lowering (100 uM) and raising (10 uM) DPyy,
and presumably it only shows the proper action
at the concentrations of clotrimazol of 1 uM and
below.

Unlike clotrimazol, all concentration of
nitrendipine (IDsy= 100 nM), except the minimal
one, increase ZPab of erythrocytes dose-independ-
ent, and B-radiation amplifies the effect of the
drug. In this case there is complete additive interac-
tion B-radiation with nitrendipine.

The findings specify that low rate -radiation in
most cases changes effects of Ca**-dependent K*
channel activity modifiers on erythrocyte surface
potential. But look like that it is related not only to
the change of their interaction with specific lig-
ands because of joint structural rearrangement of
membrane in the radiation field [12]. It does not
exclude that the dose-dependent effects observed
will be realized as a result of interaction of these
drugs and with other protein targets. So, for exam-
ple, nitrendipine also can interact with Ca** chan-
nels, and o -adrenoreceptors. These and previous-
ly findings [15] specify that change the sensitivity
of erythrocytes to the regulators of Ca**-depend-
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Ta6auuya 3

BnusHue 6nokatopos Ca?*-3aBucumbix K*-kananoe Ha [Nl mem6paH 3putpouutoB yenoseka (MB) B none

paauousoTonHoro usnyyeHus (15 mxlp-u?)
Table 3

Effect of Ca2+-dependent K+ channel blockers on zeta potential of the human erythrocytes (mV) under the

imposed field of B-radiation (15 pGy-h)

Ycnosus onbita

KoHuenTpauus npenaparoB, M / concentration of drugs, M

Experimental conditions 0 10+ 10° 10°® 107 108
Knotpumason / clotrimazol -18,33+ 0,36 -15,55 +0,79* -20,90 £0,72* -20,71 +0,77* -19,89+ 0,62* -19,15+ 0,70
% ot koHTpons / % to control 84,5 114,0 113,0 108,0 104,0
Knotpumason + %S / clotrimazol + %Sy -20,73+0,51* -1850 =050 -18,84+0,34 -20,73+0,51* -20,72+0,50* -21,07 +0,51*
% ot koHTpona / % to control 113,1 101,0 103,1 113,1 113,0 1154
HutpeHavnux / nitrendipine -22,01 £0,24 -2426 + 1,22 -2426 +1,03* -23,83+0,96* -23,78 +0,98* -21,62 0,68
% ot koHTpons / % to control 110,2 110,2 108,9 108,0 98,2
Hutpexaunuy + %Sr / nitrendipine + %Sr 23,71 £0,29* 26,11 +0,86* 26,19+ 1,06 2570+0,65* 2535+0,67* 23,72+ 0,99*
% ot koHTponst / % to control 107,7 118,6 119,0 116,7 115,2 107,8

nsiTopaM akTuBHOCTH Ca’*-3aBrcuMbIx K*-KaHamoB Mo-
XKET IPUBECTU K HAPYILIECHUIO HEMPOTYMOPAIbHOM PETYJISI-
1IMK1 B 1IEJIOM OpraHu3Me Ipy MepMaHEeHTHOM OOJTy4eHUM
JIaKe MOHU3UPYIOIIEW paaualeil MaJaoi MOIIHOCTH.

Creayer OTMETUTD, YTO JEUCTBUE PAIMOU30TOITHOIO
uznydyenust Ha Il M mMexaHUUeCcKyl CTaOUIbHOCTb
MeMOpaH 3pUTPOLIMTOB YeJOBeKa SBISIETCSI 00paTu-
MBIM, T.€. He ITOBPEXIAIOIINM MeMOpaHHBIE CTPYKTYPHI
kietku [9, 15]. B aToM ciayyae MHTEHCUBHOCTh 00pa30-
BaHMSI CBOOOIHBIX paaIlKaIOB MOHU3UPYIOIIUM U3JTyde-
HUEeM MaJIoli MOIITHOCTH, MIO-BUAMMOMY, HE IPEBBIIIAET
CYMMAapHYI0 aHTHUPaIUKaJbHYI0 aKTUBHOCTH KIJIETKU.
HeiicTBUTENIBHO, B Ta0JI. 4 TIpUBEACHBI JaHHBIE O CKOPO-
CTsIX 00pa3zoBaHMsT aKTUBHBIX ¢opM Kuciaopoga (ADK),
MHIYLIMPOBAHHBIX MOHU3UPYIOIIMM HU3JIy4eHUEM B pe-
3y/IbTaTe paarosn3a Boabl [16] 1 oGpasyoluecs B 9pUT-
poLMTax MPpU KIETOYHOM MeTabonusme [17].

AHanM3 pe3yJabTaToB, IIPEICTaBIeHHBIX B Ta0II. 4, CBU-
JIETEJBCTYET, YTO CKOPOCTh obpazoBaHust ADPK B spur-
poOLMTAX MPU MOIIHOCTY MOHM3UPYIOIIETO U3JIyYeHMUSI,
JIexalneili B MUKPOTPEeBOM IHAIla30He, 3HAUYMTEIHLHO
yCTymaeT MeTa0OJIMYEeCKOM, YUYUTHIBAsSI, YTO MOCIECIHSIS
KacaeTcs TOJbKO CKOPOCTM O0pa3oBaHUS paauKaloB
‘OH. CrnenosatelbHO, aHTHpaIMKaJlbHasl aKTUBHOCTH
SPUTPOLIMTOB MOXKET BIIOJIHE JIe3aKTUBUPOBATh paaua-
LMoHHO obpasyoiinecs ADK.

CornacHo Padmanabha Rao [18], korma P-uyactuia
WU Y-U3JTy4yeHUe, MPOXOAs Yepe3 JEKTPOCTaTUIeCKOe
noJjie, Co3aaBaeMoe 3JEKTPOHHON O0O0J0YKOM, TEPSIIOT
SHEPIUIO B BUIE 3JEKTPOMArHUTHOIO U3IyIeHUS, DHEP-
TUsl KOTOPOTO BBIIIE DHEPIUU YIbTPachrOJIeTOBOIO MU3-
JiydeHus. OOBIYHO 3Ta SHEPTUST BO30YKAaeT BaJ€HTHBIN
5JIEKTPOH, KOTOPBIM M3JIydaeT e IMPEUMYILISCTBEHHO B
yIbsTpadroIeTOBOM IMAIla30HE CIIEKTpa IIpM KOMHAT-
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ent K* channel activity can result in a disorder of
the neurohumoral regulation in a whole organism
under a permanent irradiation even by ionizing
radiation of low rate.

It should be noted that action of the radioiso-
tope radiation on DP and mechanical stability
of human erythrocyte membrane is convertible,
and it does not damage the cellular membrane
structures [9, 15]. In this case intensity of free
radicals formation by the low rate ionizing
radiation does not presumably exceed total
antiradical activity of cells. The formation
rates of active forms of oxygen (AFO) induced
by the ionizing radiation as a result of water
radiolysis [16], and generated in erythrocytes
by way of cellular metabolism [17] are shown
in the Table 4.

As shown in Table 4, the formation rate of AFO
in erythrocytes under low rate ionizing radiation
lying in a range of 40—400 mGy - h™' is consider-
ably less than metabolic one, taking into
account that the last in regard to only the forma-
tion rate of the -OH radicals. Consequently,
antiradical activity of erythrocytes can com-
pletely deactivates AFO induced by the radia-
tion.

According to Padmanabha Rao [18], when
B-particle or y-radiation passed through the
electrostatic field created in an electronic shell,
lose energy as an electromagnetic radiation, the
energy which higher than energy of ultraviolet
radiation. Usually this energy excites a valence
electron which emit it mainly in the ultraviolet
range of spectrum (~80 % for **Sr/*°Y), but also
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Ta6nuua 4

CpaBHMTeNbHAA XapaKTePMCTUKA CKOPOCTU 06pa3oBaHuUA aKTUBHBIX opm kucnopoaa (APK), MHAYUMPOBAHHbBIX
MOHM3MPYIOLLUM U3JTyYEHUEM N 06PA3YIOLMXCA NPU KNETOYHOM MeTabonusme

Table 4

Comparative characteristic of the formation rate of active forms of oxygen (AF0), induced by ionizing radia-
tion, and generated in erythrocytes by way of cellular metabolism

MouwHocTb A03bl,MIp 4’ CkopocTb npoaykuun A®K, Hmonb 5! yac™! MocTpagnaunoHHble Moneebie adpdexTbi
Rate of formation AFO, nmol I h-' peakuumu
Dose rate, mGy h" meTtabonuyeckas* [17] wuHayumposanHas UP [16] Postradiation Field effects
metabolic* [17] induced by IR [16] responses
®oH / background 0,5 -
0,04 0,025
0,4 0,25 OrcyrctytoT / not appear MpucyTcTayioT / appear
4 2,5 BblpaxeHHble KIEeTOYHbIE PeakLmm
Evident cellular responses Mackvpytotcs
nocTpagnauOHHbIMK
> 60 > 37,5 CMCTEMHBI OTBET, OKCUAATUBHbINA CTPECC
Not appear

Systemic response, oxidative stress

lMpumeyaHue. * — pacyeTHbIE 3HAYEHS TONBKO MO MPOAYKLIAM MMAPOKCUITbHOTO paaukana -OH.

Note. * — estimated values of only the -OH production.

Hoit teMmneparype (~80% mis *°Sr/*°Y), HO Takke B BU-
IUMOM U uHGpakpacHoM auamnazone (~20%) [18]. Be-
POSITHO, MMEHHO 3TH 00pa3yIoIINecs KOMIIOHEHTHI ITpU
B3aMMOJIENCTBUM B-U3JTyUeHHUs C BEIIECTBOM U BbI3bIBa-
10T obpaTtuMble 3¢ heKThl, HabMogaeMbIe B T10JIe MOHU-
3UPYIOIIETO U3TyYeHUS MaJIOM MOIITHOCTH.

BBumy Toro, 4ro HEeMOHM3UPYIOIIAask KOMIIOHEHTa NOHU-
3UPYIOIIETO M3JTyYeHUsT BbI3bIBAET CYIIECTBEHHbIE M3Me-
HEHUS CTPYKTYPHO-(DYHKIIMOHAILHOTO COCTOSIHUSI OMO-
MeMOpaH, UCITOJIb30BaHME PaIOaKTUBHOM METKU JIJIsI U3Y-
YeHMST HATUBHOW (PYHKIIMOHAJIEHOM aKTUBHOCTH MeMOpa-
HOCBSI3aHHBIX O€JIKOB SIBJISIETCST IPOOJeMaTUYHBIM U Tpe-
OyeT MoATBepKEHMSI IMOJIYYEHHBIX PE3Y/IBTaTOB HEPaaion-
30TONHBIMU MeTomamMu. Harpumep, 1Ipy panron30TOITHOM
(*Rb) onpenenennn ATO-NHIYLINPYEMBIX KATHOHHBIX IT0-
TOKOB B 3puUTpoLutax [19] MOIIHOCTb 103bl HOHU3UPYIO-
1ero m3nydeHus cocrapisier ~30 MIp/4, 4TO Ha HECKOJb-
KO TIOPSIIKOB MIPEBHIIIACT MOIITHOCTh J03bI, BHI3bIBAIOIIICH
CTPYKTYPHO-(DYHKIIMOHATIbHbBIE BO3MYILIEHMSI B MeMOpa-
He, BAUSIONINe Ha KJeTouHble pyHkumu [12, 14, 20].

BbIBO/IbI

W3 BBIIIEU3T0KEHHOTO CIIEIYET, UTO:

1. g noHu3upytolieii KOMIOHEHThI paglon30TOITHOTO
uainydeHust °Sr/*’Y cyiecTByeT mopor OMOJIOTHYECKOTo
NEMCTBUSI HA KJIETKH, OTIpeiesIsieMblil 3(h(PeKTUBHOCTBIO
(byHKIIMOHMPOBAHMS X AHTUOKCUIIAHTHON CUCTEMBI.

2. I1pu MOIITHOCTH 103 HUXKE TIOPOTOBOM AeHCTBIE pady-
OM30TOITHOTO U3IydeHust *’Sr/”’Y onocpenyeTcst ero Heu-
OHUBUPYIOIIEH KOMITOHEHTOM U SIBJISIETCSI 0OpaTUMBIM, a
TTO3TOMY OTIPEIEISIETCS TOJIBKO B TTOJIE U3TYUEHUS.

in a visible and infra-red range (~20 %) at a
room temperature [18]. Probably, exactly this
appearing component at interaction of B-radia-
tion with a matter causes reversible effects
looked after in the field of low rate ionizing radi-
ation.

In view of the fact that nonionizing component
of ionizing radiation causes the significant changes
of the structure functional state of biomembranes,
the use of radioactive label for the study of native
functional activity of membrane-bound proteins is
problematic, and validation of the derived results is
requires by non-radioisotope methods. For exam-
ple, at radioisotope (**Rb) determination of cation
fluxes induced by ATP in erythrocytes [19] dose
rate of ionizing radiation makes ~30 mGy-h',
that by a few order of magnitude transcends the
dose rate causing structure functional perturba-
tions in a membrane influencing on cellular func-
tions [12, 14, 20].

CONCLUSIONS

It ensues from stated above that:

1. There is a threshold of the biological action on
cells for the ionizing component of radioisotope
radiation (*’Sr/”"Y) determined by effectivity of
operation their antioxidant system.

2. At dose rates below a threshold, the action of
radioisotope radiation (*°Sr/’Y) is mediated by its
nonionizing component, and is reversible, and
therefore is determined only in the field of radiation.
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