OIIOBI/I

HAIIOHAJIbHOT XIMIA
AKAJIEMIT HAVK
YKPAITHU

doi: https://doi.org/10.15407 /dopovidi2017.08.071

VIIK 577.352.4:577.334:615.462

H.T. Kaprean !, JI.B. UBanos !, B.A. Kapauesues?, A.H. Jlanynos?, O.A. Hapaun*4,
51.0. Yepkammna %, B.C. Jleontben 2, A.JO. Banos?

! Mncruryr xumun nosepxuoctu um. A.A. Uyiiko HAH Ykpaunst, Kues

2 OusKMKO-TeXHMYECKUIT MHCTUTYT HU3KUX Temrepatyp uMm. b.W. Bepkuna HAH Ykpaumsi, XapbkoB
3 HTK “Uncrutyt monokpucranios” HAH Ykpaunni, Xapbkos

4 MnctutyT npobaem kprobuonoruu u kpuomeanunusl HAH Ykpaunsr, Xapbkon

E-mail: ivleon@ukr.net, karachevtsev@ilt.kharkov.ua

OneHka B3auMO/1€iCTBUSI OKHCJIEHHOTO rpadeHa
¢ MeMOpaHaMH SPUTPOLMTOB U O€JIKaMH ILIA3MbI
KPOBHU KPbIC METOJOM CITUHOBBIX 30H/I0B

IIpedcmasneno axademuxom HAH Yxpainu H.T. Kapmenem

Memodom cnunosoix 30H006 U3YUEHO BAUAHUE OKUCTIEHHOZ0 2PAPEHA HA MUKPOBSIZKOCTID MEMOPAH 3PUMPOUUMO8,
a maxce 83K0CMb 600H0-6eaK0601U (asvt niasmot. [lokasano, umo esedenue OKUCIEHHO20 Zpapena 60 636ech IPu-
MPOYUMO8 He NPUBOOUM K CYULCCTNEEHHDIM USMEHEHUAM MUKPOBAIKOCTU UX MEMOPaH, a nocie 4 u unkyoayuu npo-
UCXO0UM HESHAUUMETLHOE YELIUUCHUE MUKPOBAZKOCTIUL, N0-6UOUMOMY, 8CIeOCMEUe COPOUUU OKUCIEHHO020 Zpadena
Ha membpanax. Honyuennvie pesyrvmamol Ykazoléaom Ha cmMAGULLHOCTL CIMPYKMYPoL MEMOPAH 3PUMpOuumos
npU 63aUMO0CLICMBUL € OKUCTEHHVIM ZPADEHOM, KOMOPOLL MONCHO CHUMAMb 00CMAMOYHO UUMOCOBMECTHUMBLM M-
mepuanom. Beedenue okuciennozo epagena 6 niasmy npusooum K noCMeneHHoMy NnOBbIUEHUIO BA3KOCMU 600HO-
0enK080l (asvl U3 MAKPOMOIEKYL CHIBOPOMOUHOZ0 ANLOYMUHA U OPYeux OEIK08 NAA3MbL YHce 8 MeueHUe NePEvix
cymox. llpusedennvie dannvie NOOMEEPHCOAOM HESHAUUMETLHYIO YUMOMOKCUYHOCTL OKUCIEHHOZ0 Zpagpena no
CPABHEHUIO C Y2AePOOHBIMU HAHOMPYOKAMU, KOMOPble CNOCOOHBL CYUECMBEHHO YEEIUUUMb MUKPOBIZKOCTL MEM-
Opam 3pumpouUmO8 U HaAPYUUMs UX UYEIOCMHOCb.

Kniouegwvle cnoga: yumomoxcuunocnms OKUCIEHHO20 2pA(ena, MUKPOBAIKOCTL MEMOPAH IPUMPOUUTNOG, MEMOO
CUHOBBIX 301008, CHLEOPOTOUHDLIL ALOYMUH, Y2lepootble HAHOMPYOKU.

B nocsegtee BpeMs Bce yalle HOSBJISIOTCS COOONEHs 0 HOBBIX puMeHenusax rpadena (G),
okcuga rpadena (GO) mam BoccraHoBiaeHHoro okcuga rpadena (RGO) B obimactu 6Guomenn-
IUHCKUX ¥ccaenoBanmii. Tak, B paborax [1, 2] oTMedaeTcst BAKHOCTD U EPCIEKTUBHOCTD UX UC-
MOJIb30BAHUS IS TUATHOCTUKU OHKOJIOTWYeCKUX 3abosieBanuii. [Ipu atom rpacdeHb MOTyT
BBICTYIIaTh JUOO B KayecTBe Meauaropa UMMYHOCEHCOPOB, OO MPSAMBIMU J€TEKTOPAMU PaKO-
BBIX KJIETOK B CJIy4ae MMMOONJIM3AIMK Ha YTJIEPOAHOI TOBEPXHOCTH COOTBETCTBYIOIINUX AHTUTEJL.
Eue oxna nepcrnekruBHasg 00J1acTh IpUMeHeHUsT rpadeHoB — CO3/IaHKue CUCTEM aPecHOl J10-
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CTaBKU TMAaTHOCTUYECKUX U JIEKAPCTBEHHBIX CPECTB, B YACTHOCTU B COUYETAHWUU C MATHUTHBIMU
HAHOYACTUIIAMU B KaueCTBe HOCUTEJIEl MTPenapaToB, HYKJIeOTHA0B/TIeNTHIOB, (PJIyOpeCIieHTHBIX
areHToB. VIHTepecHBbIM TIpeICTaBIIsIeTCS UCTIOIb30Banue rpadeHoB s poToTepMudecKoil Tepa-
Y OTTYXOJIEBBIX KJIETOK [3], a Takke Jeuenust 6osesnn Asbiireiimepa [4]. Biarogapst yHukaib-
HBIM HJIEKTPUYECKUM CBONCTBaM rpaeHbl IeMCTBYIOT KaK HJIEKTPOALI M CIIOCOOHBI CTUMYJIH-
pOBaTh HEHPOHDI.

Mesk/y TeM KJII0YeBBIM BOITPOCOM B YKa3aHHBIX paboTax sIBJseTCst (haKT COXPAHEHUs CIIO-
COOHOCTH PA3JINYHBIX KJIETOK (hYyHKIIMOHUPOBATH U MOAABAThCs M bepeHnnaum nocjie iMmMo-
O6uIM3aIuy UX Ha TOBepXHOCTH rpadera. Muornmu uccienosatesnsiMu |1, 5] ormedaercst Xopo-
1asi GHOCOBMECTHMOCTD M HETOKCHYHOCTh MAaTepraioB Ha ocHOBe rpadena. OHAKO HET OKOH-
YyaTeJbHOTO OTBETa Ha BOIPOC Kak rpacdeHOBble MaTepuasbl B3aUMOJIENHCTBYIOT ¢ KJIETKAMHU U
n1a3Moil kpoBu? [loatomy orpesiesieHne MUTOTOKCUYHOCTU IpadeHa Ha IpuMepe n3ydyeHus B3a-
UMOJIENCTBYST CO CTPYKTYPaMu O€JIKOB MJIa3Mbl 1 MEMOpPaHAMU 9PUTPOIIUTOB MMEET BaKHOE TEO-
peTryecKoe U IpaKTUYecKoe 3HaueHue.

[lesb ncesienoBanmst COCTOSANIA B U3YYEHUN METO/IOM CITMHOBBIX 30H/IOB BIMSHUS OKUCTIEHHOTO
rpacdeHa Ha MUKPOBSI3KOCTh MeMOPaH 3PUTPOIUTOB U BA3KOCTD OBEPXHOCTHON BOJTHO-OETKOBOIA
MAaTpPUITbl MAKPOMOJIEKYJT Psijia CHIBOPOTOUHBIX OEJIKOB TJIA3MBbI, B TIEPBYIO OYepe/lb CBIBOPOTOUHO-
ro anbOymuHa (CA). MUKPOBSIBKOCTh MEMOPaH KJIETOK SIBJISICTCST BAKHEHUIIIMM MTapaMeTpoM, T0-
CKOJIBKY aKTUBHOCTb MEMOPaHHBIX (DEPMEHTOB, CTPYKTYpa U GYHKIMOHMPOBAHIE HOHHBIX KaHa-
JIOB B MeMOpaHax, MX MPOHUIIAEMOCTh, GUOOCTYITHOCTD JIEKAPCTBEHHBIX BEIECTB, CKOPOCTb TIPO-
XOK/IeHUsI HEPBHOTO UMILYJIbCa B HelipOHAX HAIIPSMYIO 3aBUCAT OT 3TOTO ITapaMeTpa.

MarepuaJibi 1 METO/IBI HCCIeIOBaHMii. B paboTe ncomb30BaH METO/T CITTHOBBIX 30H/IOB, CO-
[JIACHO KOTOPOMY TIO CIIEKTPaM 3JIEKTPOHHOTO TTapaMarHuTHOro pesoHatca (IIIP) crabuibHbIX
HUTPOKCUJIbHBIX PAIUKAJIOB C JIUITOMDUIBHBIM OPTaHUYECKUM 3aMecTUTesieM (YTO 1103BOJISIeT UM
BHEJIPUTHCS B JIUTODUIBHBIN CJIOH MeMOpaH SPUTPOIMUTOR ) OIIEHUBAJIK BPeMsT KOPPeJISinu Opo-
YHOBCKO#1 BpamaregbHOi auddysnn 30H10B B MeMOpaHaX KJIETOK U THAPO(MOOHBIX MOJOCTIX
6eJIKOB mIasmel |6, 7].

3onzpr 1 ¥ 2 BBOAWIM BO B3BECH 9PUTPOIMTOB WJIN TJIA3MbI KDOBU MyTeM I00ABJIEHUST X
KoHIleHTprpoBanHoro pactBopa B /IMCO win MeTaHose TakuM 00pa3oM, 4ToObI KOHEUHAsT KOH-
IIEHTPAITHST PACTBOPUTEJIST BO B3BECH HCCIIELyeMbIX 00pa3iioB Obita B mpeenax 0,5—1 %.

0)
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IPUTPOLUTAPHYIO MACCY TIOJYYaau U3 KPOBH KPBIC CAMIIOB ITyTEM TPEXKPATHOI OTMBIBKU
dusuonornyeckum pactopom (0,9 % NaCl), mpurorossieHHbIM Ha HaTpuii-hocharHom Gydepe
(5 mmoumn/n, pH 7,2—7,4), ¢ nocrenyronmm tentpudyrupoanuem (20 mun, 3000 06/Mun).
Hanocamox mocse mepBoro 1meHTpudyrupoBaHus UCIOAb30BAIA B KauecTBe Mia3Mbl. B axcre-
pPYIMEHTE DPUTPOMACCY U ILJIa3My KPOBU KPBIC HOCJIE HeHTprudyriupoBatns pasbaBisii B 2 pasa
(bU3NOIOTYECKIM PAcTBOPOM (KOJIMUYECTBO apuTpoIToB okoso 9 - 106 B 1 mm3 pazbasiennoit
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HPUTPOMACCHI), KOHIIEHTPAIMST CHIBOPOTOYHOTO aTbOyMUHA B pa3OaBIeHHON MaazMme Oblia Ha
yposue 30 + 5 mr/mi [8, 9]. MccienoBanus IIpOBOANIN B CBETIOE BPEMs CYTOK Ha GEeCIIOPO/-
HBIX GesibIx Kpbicax-camiax Maccoit 180—210 r. Kposb oTOupasu y TpyIiibl U3 MIeCTH KUBOT-
HBIX (7 = 6). Bee onbIThl TPOBOAMIIN B COOTBETCTBUM ¢ TpeboBaHusiMu EBpoOTIeiicKoit KOHBEHITUN
M0 3allUTe >KUBOTHBIX, MCIIOJb3YEMbIX [IJII KCIIEPUMEHTAIbHBIX W JIPYTMX HAYYHBIX IIeJIei
(CrpacOypr, 1986), 1 “O061mKX 9THYECKUX IPUHIIUIIOB 9KCIIEPUMEHTOB Ha JKUBOTHBIX”, IPUHSITHIX
B Ykpaune (2001).

B pa6ote ncrnosb3oBasn OKUCJAEHHBIN rpadeH, MoJTyYeHHBINH 2JeKTPOXUMUYECKUM My TEM.
[To oreHOUHBIM TaHHBIM (hypbe-CHEKTPOCKONHU CO/lepKaHNe KMCIOPOACOAEPKANTNUX TPYIITT B
rpadetne He npesbimano 10 %. Cpean HUX ugaeHTUGUIUPOBAHBI KapOOHUIbHbIE, KAPOOKCUJIb-
HbI€, STIOKCU/IHBIE ¥ TUAPOKCUJIbHBIE TPYTIIbL. KoHeuHast KOHIleHTpaIlls OKUCJIeHHOTo rpadeHa
B BOJIHOI B3BECH 9PUTPOIMUTOB WU TIa3Mbl cocTaBisiyia 70 Mir/mi. [lepex akcriepuMeHTOM
BOJIHYIO B3Bech rpadeHa obpabarbiBaan yJIbTpasBykoM B TedeHne 30 MHUH Ha yCTaHOBKE
Ultrasonic Cleaner.

Cruektpsl TP BBe/IeHHBIX BO B3BECh TADAMAarHUTHBIX 30H/I0B peructpupoBasiu mpu 24 °C Ha
paauoctexkrpomerpe ESR Spectrometer CMS8400. MUKPOBA3KOCTb MEMOPAH SPUTPOIIMTOB OlLle-
HUBAJIM HA OCHOBE 00pabOTKY MHTEHCUBHOCTHU W MIUPUHBI TUHUH TpurieTa IIIP-criekTpos cra-
OUJIBHBIX HUTPOKCUJIbHBIX PAJUKATIOB — CIIMHOBBIX 30H/0OB, B3AUMOJEHCTBYIONMX C BHEITHIM
OKpysKeHreM (JIMITUIHBII OUCI0i MeMOpaH spUTPOIMTOB, ruApodobHbIe Kapmatbl CA, Boja) |6,
7]. JLnst pacueTa BpeMeHU KOPpeJIsAIny GPOYHOBCKOM BpalarebHoi A dy3un 30H1a UCTIOIb3Y -
IOTCSI TaKue XapaKTEPUCTUKM CIEKTPOB: NMUPUHA IEHTPAJIbHON KOMIIOHEHTHI, THTEHCUBHOCTD
KOMTIOHeHTOB criekTpa JIIP ¢ MarHUTHBIM KBAHTOBBIM YHCJIOM SI/Ipa 14N (M =0,+1,-1), uzo-
TPOIIHAsI KOHCTAaHTa paciierienus. st OleHK: BI3KOCTH CPefibl 0a30BbIM SIBJISIETCSI yPaBHEHUE
Crokca—IuHINTENHA:

t=4na® -/ 3kT,

r7ie N — BSI3KOCTD CPefibl, & — 3 (EKTUBHBIN PAINyC CIIMTHOBOTO 30H/Ia, OTIPEIEJISIEMbBII 11O CTTEKT-
pam DIIP. Bpems koppesisiiiyi GpOyHOBCKOI BpamatebHoil anddysun 30H1a T, IPOIIOPIHOHATb-
HOE BSIBKOCTH MeMOPaHbI 1, OIPEIEISIETCST U3 IMITMPUIECKUX cooTHomeHuit (cm. [6,7,9, 10]).

[Tosyuentbie pe3yasraTbl 00pabaThIBAIM METOAMU BAPUAIIMOHHON CTATUCTUKH C TTOMOIITHIO
CTaHIAPTHBIX MMakeToB mporpamm Statistica 7 for Windows, Microsoft Excel XP. Ilpu cpaBHeHnn
PE3YJIBTATOB MEKIY IPYIIIaMU UCITOIB30BAIN MOAMMDUITMPOBAHHBIN TTapaMeTPUIECKUI ¢-KpuTe-
puii CTbrojieHTa /1t BBIOOPOK € HEPaBHBIMU JUCIIEPCUAMU. PaccumThIiBaIu CpeHIe BeJIMUNHbL 1
CTaHapTHOE OTKJIOHeHue. Pasnunst cuntanu gocroBepHbiMu 1ipu p < 0,05.

Pesyabrarsl v ux o6cy:kaenue. [uapodoOublii 3011 1 IIpaKTHYECKU He PAaCTBOPUM B BOJIE, HO
XOPOIIIO PAaCTBOPUM B MOJIIPHBIX U HEMOJISIPHBIX OPTAHUYECKUX PACTBOPUTEJISIX, TI0ITOMY PACTBO-
PbI 9TOTO 30HA B 3aMETHBIX KOHIIEHTPAIIUSIX BO3MOJKHBI JINITh B BOAHO-OPTaHMYECKUX CMECSIX.
Ha puc. 1 npusenen crekrp P 3ouma 1, moxydeHHoro mpu M06aBJIEHUN €T0 KOHIIEHTPUPO-
BanHoro pactsopa B /IMCO B dusnomornueckuii pacTBOp. YITMPeHHBIN CHHTJIETHBIN CUTHA Xa-
PaKTEPEH JIJIST CIIEKTPOB JKUAKUX WHAUBUAYAJIbHBIX JUTTOGUIBHBIX HUTPOKCUJIBHBIX PAJIUKATIOB
WM UX KOHIEHTPUPOBAHHBIX PACTBOPOB, B KOTOPBIX IIPOUCXOAAT ObICTPble OOMEHHbIE B3aMO-
JERCTBUS MEK/Y HUTPOKCUIBHBIMU (DparMeHTaMU, Y€MY CIIOCOOCTBYET UX “BBITAJIKUBaHUE” IPYT
K JIPYTY U3 BOJIHOM CpeJibl.
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[l 30H712 2, UMEIONIEeTo B CTPYKTYPe KPOMe aJKUIBHOTO «XBOCTay €1rle M TOJI0KUTEeTbHBIN
3aps/l Ha YETBEPTUYHOM aToMe a30oTa (M BCJIEACTBHE HTOTO XOPOITYIO PACTBOPUMOCTD B BOJIE), B (hu-
3MOJIOTHYECKOM PacTBOpe HabofaeTcst y3kuii TpurietHbiid curaan P (em. puc. 1). 1o cBu-
JIETEJILCTBYET O OBICTPOIT BpamaTeIbHON MOABUKHOCTH 30H/1a B 00Pa30BaHHBIX MM MUTesIax [9].

Ha puc. 2 npexncrassenst ciektpbl DIIP crimHOBBIX 30H10B 1 1 2, HAXOASANINXCS B 9PUTPO-
[UTapHON Macce 6e3 IPUCYTCTBYS U B IPUCYTCTBUU OKUCJIEHHOTO TpadeHa. MOKHO BUIETH, UTO
30H/ 1 aeT CUJIbHO acCMMMeTPUYHBIH curHas B criektpe JIIP, uto cBumerenbcTByer o Bechbma
IJIOXOM KOHTaKTe 30H/a C MMOBEPXHOCThI0 MeMOpaH. 13 1MOIydeHHBIX CIIEKTPOB MOKHO JIUIIh
NpUOIN3UTEHHO OIEHUTH TapaMeTp A 1 HPAKTHYECKU HEBO3MOXKHO OMPEICTHTh BPeMs KOp-
pessitu (tabmuia). [lpucyrcTre rpadera B CUCTEMe He MOBJIHSIIO Ha BUJL M XapaKTep CIeKTpa
IIIP sonpa 1.

3on1 2 okazasicst bosiee MHGOPMATUBHON METKOI — ero crieKTpbl DIIP mpemcrasisiior coboit
YeTKO BBIPAKEHHBIE TPUTLJIETHI U3 IOCTATOYHO YITUPEHHBIX JIUHUH. JTO CBUIETETHCTBYET O BHE-
JPEHUN OTJEJIbHBIX CTPYKTYP METKU B MeMOPaHBI 9PUTPOIMTOB U TOYTH MOJHOM OTCYTCTBUU
arperaiuy CTPYKTYP 30H/Q, YTO U SIBJISIETCS NMPUYMHON OOMEHHBIX B3AaUMOJEHCTBHUN MEK/TY
CTPYKTYpaMU PaJINKAJIOB U B KOHEUHOM UTOTEe UCKasKeHUs (acuMMeTpun ) crieKTpoB I1IP.
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Puc. 3. Cnexrp IIIP .,'i
30H70B 1 1 2 B Oenkax
JIa3MbI KPOBU

[lna npenTUdUKAIMT MEeCTOHAXOK/IEHUST HUTPOKCUJIBHOUN TOJIOBKU CIIMHOBOTO 30HIA 2 B
MeMOpaHe KJIEeTOK OIeHUBAH TIOJSIPHOCTD MUKPOOKPY KEHUST HUTPOKCHIBHOTO (hparMeHTa 30H-
71, namepsist napamerp A, — pacmerienne (Ic) mexxay Huskonosesoii (4, ) u nentpanbHoii (Ay)
komnoneHTamu criektpoB JIIP. [Ipn HaxoxkmeHNM HUTPOKCUIBHOI TOJIOBKU 30H/A B BOJIHOM
OKPY)KeHNHU A, I0JDKHO COCTaBATh npubausuresnpo 17,2 Ic, a B unoduibHOM OKpy:KeHUN
MeMGpan kietok — 14—15 Te [6, 7]. Hamu nokasaHo, 4TO HUTPOKCHJIBHBII (parMeHT 30H1a 2 ¢
HeCIapeHHbIM 3JIEKTPOHOM HAXOUTCS Ha MOBEPXHOCTH MEMOPAHbI SPUTPOIIUTA B €€ JIUITHTHOM
okpyxenun. Tak, KoHcTaHTa paciierienust A, B criekrpax IIIP sonzna pasna 15,4 Ic u coorser-
CTBYET HaXOKIEHUIO0 HUTPOKCHJIBHOTO (hparMeHTa B HETIOJSIPHOM OKPY:KeHuu (CM. TabsuIry), a
BpalaTebHast OpoyHOBcKast Audy3ust 30H1a CBUIETEIBCTBYET O CUIBHO 3aTOPMOKEHHOM Bpa-
IIEHUN B BSA3KOH cpejie JIUIHIIHOTO OGUCIost MeMOpaHbl KiaeTok aputpoiutos [10]. 3oz 2, obma-
fast TIOJIOKUTETBHBIM 3aPSIIOM, TIO-BUMMOMY, CIIOCOOEH BCTPaMBaThCst B MeMOpaHy MOA00HO

ITapameTtpsl ciekTpoB IIIP cniuHOBBIX 30HI0B 1 1 2
B MEMOpaHe SPUTPOLUTOB U OEJIKaX MIA3Mbl KPOBU

Bpewms xoppesistiiy, ¢
Bpemsa A T
Oobpasery 3onj | uHkybanuu, 4 07 -
T,,-10° T ,-10° Ty 109
OPpUTPOTHITHI (KOHTPOJIB ) 1 ~14 He onpenensiorcs
— 15,4 319+027 | 137012 | 62%049
OPUTPOIUTHI + TpacdeH 1 ~12 He onpenensiiorcst
4 ~12 He onpepensitores
2 1 15,4 3,45 + 0,30 1,72 £ 0,14 6,30 £ 0,50
4 15,4 3,40 + 0,30 1,69 + 0,14 6,38 £ 0,50
[Tnazma (KOHTPOJIB) 1 — 11,7 1,09 £ 0,08 0,63 £ 0,06 1,48 £ 0,11
— 16,8 1,74 £ 0,13 1,12 £ 0,09 292 +0,23
ITnasma + rpaden 1 1 11,6 1,10 £ 0,08 0,64 £ 0,05 1,50 £ 0,12
4 12,8 1,23 £ 0,09 0,75 £ 0,06 1,73 £0,13
20 13,9 1,47 £ 0,11 0,86 + 0,07 2,14+ 0,17
2 1 16,7 1,68 £ 0,12 1,08 £0,08 | 2,84 +0,20
4 16,8 1,64 + 0,12 1,04 £0,08 | 2,79 £0,20
20 17,2 1,53 £ 0,10 1,04 £ 0,08 | 2,34+0,18
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(hochaTnanaxonmmHy, mMeroneMy TTOJIOKUTEIBHO 3aPSPKEHHYI0 XOTMHOBYIO “TOJIOBKY” W /IBA Jl-
KUJIbHBIX “xBocta”. HuTpokcuabHbiil hparment 3ou1a 2 “3a:kat” Mexkay GhochoTMmuaHbIMU TO-
JIOBKaM¥ B MeMOpaHe, TI09TOMY €ro BpallaTeIbHas TMOABIKHOCTD JIOJKHA OBITH BeCbMa 4yBCT-
BUTEJIbHA K M3MEHEHUIO TUIOTHOCTH YIAKOBKH (hOCHONUIIIIOB KIETOUHBIX MEMOPaH, T.€. K M-
KPOBSIBKOCTH MTOCJIE/THUX.

CorylacHO TIOJTyYEHHBIM JJAHHBIM (CM. TaOJIUILY ), BBEJEHHE OKUCIEHHOTO Tpad)eHa BO B3BECh
PUTPOIIUTOB HE MTPUBOUT K CYIIECTBEHHBIM N3MEHEHMSIM BPEMEHN KOPPEJISAIUU 30H/1a 2 B MEM-
Gpane B mpejiesiax omubOKu akcnepuMenTa. [Ipu nakyOaimu rpadena ¢ apuTpoIrTaMu B TedeHue
4 9 oT™MedaeTcst HeOOIIbIIIast TEHIEHIUS K YBEJNYEHUIO MUKPOBSI3KOCTH MEMOPAHBI SPUTPOITUTOB,
O-BUAKMOMY, BCJIe[CTBIE copOuuu rpadena Ha MeMbOpane. ITOT GakT JaeT OCHOBAHUE YTBEPIK-
JIaTh, YTO OKKMCJIEHHBIN TpadeH He ob/1afaeT IMMTOTOKCHYECKIM AeHCTBHEM, 110 KpaliHeil Mepe, 110
OTHOIIIEHUIO K 9pUTpOIUTaM. Tem cambIM rpadeH, Kak yrIepoaHblil HAHOMaTepHUaJl, CyIeCTBEHHO
OTJIMYAETCST ITO0 CBOMCTBAM OT YIJIEPOIHBIX HAHOTPYOOK, KOTOPBIE B AaHAIOTHYHBIX SKCIIEPUMEHTAX
UHUIMUPYIOT PE3KOE YBeJTNUeHIe MUKPOBI3KOCTH MeMOPaH SPUTPOITMTOB U HAPYIIIEHUE UX I[e-
goctHoctu [10].

Takum 06pa3oM, MOTyYeHHBIE PE3YJbTaThl CBUAETEIBCTBYIOT 0O MHTAKTHOCTH CTPYKTYPBI
MeMOpaH KJIETOK TIPU B3aUMO/IEWCTBUH C MTOBEPXHOCTHIO rpadeHa, 4To 0YeHb BasKHO B TasbHEl-
IeM MIPU CO3/IaHuK Ha ero 6ase GHOMATEPUATIOB, COAEPIKAIIMX MMMOOUTM30BAaHHbIE KJIETKH, CO-
XPaHSIOIIHe JKU3HECTTOCOOHOCTD ¥ JTTUTENBHYIO (DYHKIIMOHATBHYIO aKTHBHOCTD.

Besiku nimasmbl KpOBU SBJISAIOTCST BAKHBIM KOMIIOHEHTOM KPOBH, ITOCKOJIBKY OCYIIECTBIISIOT
(yHKIMY TUTAHWS, TPAHCIIOPTA, MO/IEPKKN OMOXMMIYECKOTO M PEOJIOTUIECKOTO CTaTyca KPo-
BY, KOHTPOJIS €€ CUCTEMbI CBEPTBIBAaHUA U T. /1. K HUM OTHOCSAT, TIpesK/e BCETO, CBIBOPOTOUHBIN
anpOoymut (CA), bubpurore u psit anosunonporenHos [ 11, 12]. Besku miasMbl mepeHoCsT 9H-
JIOTEHHDBIE U 9K30TE€HHBIE CYOCTPATHI, JIEKAPCTBEHHBIE BEIECTRA, OJIaroiapst HAJIMYHUIO Ha TIOBEPX-
HOCTH MaKpPOMOJIEKYJT THAPOMOOHBIX MOJOCTEN, BBICTPOEHHBIX M3 HEMOJISIPHBIX aMUHOKHCJIOT.

Ha puc. 3 npezncrasiens ciekrpsl TP crmnosbix 300108 1 1 2 B ripohOOHBIX TOJIOCTIX
6eJIKOB T1a3Mbl. B OCHOBHOM 3TO YHUBEPCAIbHBIN MiepeHocunK BetecTB — CA, B MAaKpOMOJIEKYJIe
KOTOPOTO UMEIOTCsT TpU TUAPOGDOOHDIE TIOJOCTH, KOTOPble 04eHb 3((HEKTUBHO CBSI3BIBAIOT MO-
JIEKYJIBI JKUPHBIX KUCJIOT, CTEPOUIOB 1 IPYTUX THAPOMOOHBIX coeqnHennii [12].

3 ananm3a MaHHBIX TAOJIUIBI CJIEYET, YTO MPU BBEJEHUH B3BECH OKUCJIEHHOTO TpadeHa B
GeJIKY TJIa3Mbl, MEYEHHBIE 30HAOM 1, B TeUeHUE CYyTOK MPOMCXOIUT MOCTEIEHHOE MOBbINIEHUE
BpPEMEHU KOPPEJISIIIUU U, CIIEI0BATENBHO, BSIBKOCTH BOIHO-0€JIKOBO#T (hasbl, 0-BUIUMOMY, BCJIE/I-
CTBUE PACTSIHYTOW BO BpeMeHH cOpOIHMU OETKOBBIX MAaKPOMOJIEKYJ Ha ruApodoOHON ToBepX-
HOCTH rpadeHa. ITO COTIACyeTcst ¢ JaHHBIMU PaboThI [11] 0 TocTereHHOM CBSI3BIBAHMH HEKOTO-
pbIx 6eKOB 11a3Mbl, BKtodass CA, Ha TOBEPXHOCTH OJJHOCTEHHBIX 1 MHOTOCTEHHBIX YTJIEPOHBIX
HaHOTPYOOK.

B T0 ke Bpemst /Uis1 30H7a 2, CBSI3aHHOTO € THAPO(GOOHBIME MTOJOCTSIMUA OETKOB T17Ia3MbI, He
HaOJI0/1aI0Ch CYIECTBEHHBIX U3MEHEHHI B BI3KOCTH BOAHO-GENKOBON (hasbl. BosamosxkHO, 910
CBSI3aHO C HAJIMYKEM Y 30H71a 2 TIOJIOKUTETBHOTO 3apsijia, 4TO 00YCIOBIMBAET OTTATKUBAHIE, HA-
pUMep, OT MOJOKUTETHHO 3aPSKEHHBIX (DPAarMeHTOB JIM3MHA BHYTPU OCHOBHON THAPOGMOOHOI
nosioctt CA U IIPEIsITCTBYET IIIOTHOMY KOHTaKTY 30H/1a ¢ Oesikom [12].

[TosrydeHHBIE Pe3yJIbTaThl, a TAK/Ke MIPUBEJEHHbIE HAMU JaHHBIE B paHee OMyOJUKOBAHHBIX
paborax [10, 13] 110 M3y4EHMIO IUTOTOKCUYHOCTH YIJIEPOAHBIX HAHOTPYOOK MO3BOJISIIOT CPABHUTD
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MesKILy cOOO0M IUTOTOKCHYECKOe JieiicTBre TpadeHa n HaHOTPYyOOK Ha MeMOpaHbl KireTok. Harm
PEe3yJIBTAaThI TIOJIHOCTBIO COTJIACYIOTCSI C BBIBOAAMHU PA0OTHI [3] O TOM, YTO YIJEpOHbIE HAHO-
TPYOKHM 110 CPaBHEHUIO ¢ rpaheHOM SIBJSIOTCS GoJiee arpeCCUBHBIMU U TOKCUYHBIMU 00hEKTaMU
10 OTHOIIEHUIO K KJeTKaM U UX opraHesijiaM. BechbMma 1moka3aTesbHO TO, UTO BBIBOJIBI aBTOPOB
paboThl [5] oOcHOBaHbBI Ha pe3yJibraTax uccjaegoBanus ¢ kiretkamu PC12 (Mojesb HeiipoHOB MO3-
ra) — U3MEHEeHUHU UX MOPMOJIOTUU U HAPYIIEHUN UX 11eJIOCTHOCTH, MeTa00IMUECKON aKTUBHOCTH,
B YaCTHOCTH TI0 Py (hepMeHTOB (JIaKTaTAeruiporeHasbl U Kaclasbl), a TaKyKe TeHePaIii aKTUB-
HbIX (opm kuciopoga (ADK), uro oObsicHsIETCST TaK HA3bIBEMBIM OKCHAATHBHBIM CTPECCOM.
Hexotopoe Tokcuyeckoe BoszeiicTBue rpadeHa, M0 UX MHEHUIO, CBS3aHO JIUIMIb C TeHeparen
AOK 1pu 10CTaTOYHO BBICOKUX KOHIIEHTPAIIMAX 9TOr0 HAaHOMAaTepuasa U ero IJTUTeJbHOI NHKY-
Galy C KIETKAMIL.

Takum 06pa3oM, TPETIOKEHHBIN HaMU CIIOCOO OIEHKH IUTOTOKCUYHOCTH YTJIEPOAHBIX Ha-
HOMAaTepPHUAJIOB C MTOMOIIHIO METO/Ia CTUHOBBIX 30HIOB MTO3BOJINJI HAM BIIEPBBIE OJTHO3HAYHO TTPO-
JIEMOHCTPUPOBATH U KOHCTATUPOBATH OTCYTCTBUE BBIPAKEHHON IIMTOTOKCUIHOCTH Yy OKUCJIEHHO-
ro rpadena. IToT pyHIaAMEHTAIbHbBIN BIBOJI UMEET IPUHITUITNATbHOE 3HAUYEHNE, TaK KaK OTKPbI-
BaeT JIOTIOJIHUTEIbHBIE BO3MOKHOCTH 10 CO3/[aHII0 Ha OCHOBE TPad)eHOB HOBBIX OMOMATEPUATIOB
U CUCTEM OMOMEMIIMHCKO HATTPABIEHHOCTH.

Paboma Kapauesuesa B.A., Hsanosa A.FO., Jleonmvesa B.C. evinonnena 6.iazodaps noddepaicke
HAH Yxpaunvt (epanm N15/17H) u TODU Yxpaunwvt (epanm D73,/89-2016).
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OIIIHKA B3AEMO/IIT OKMCHEHOT'O TPAGEHY
3 MEMBPAHAMMW EPUTPOIIUTIB I BIJIKAMU IIJTASMU
KPOBI ITYPIB METO/ZIOM CIITHOBUX 3OH/IIB

MeTo/IoM CTIHOBUX 30H/iB BUBUEHO BILUIHB OKMCHEHOTO TpaheHy Ha MIiKPOB'SI3KicTh MeMOPaH epUTPOINTIB, a
TaKOK B’SI3KiCTh BOAHO-0i/KOBOI (hasu 1iasmu. IlokazaHo, 10 BBeJEHHS OKMCHEHOro rpadeHy B CyCIHeHsio
€PUTPOIINTIB He CIIPIUIHSIE ICTOTHIX 3MiH MiKPOB'SI3KOCTI X MeMOpaH, a TicJist 4 Toft iHKyOartii BiZOyBaeThCs He-
3HauHe 301TbIIEHHsT MIKPOB'sI3K0CTI, MaOyTh, BHACJIIOK copOIlii OKMCHEeHOTo Tpadeny Ha MeMOpanax. OTpumani
pe3yIbTaTi BKa3yioTh Ha CTAOIBHICTD CTPYKTYPH MeEMOPaH epUTPOITUTIB ¥ pasi B3a€EMOIii 3 OKHCHEHNM rpade-
HOM, SIKUU MOJKHA BBa)kKaTH JIOCUTh IIMTOCYMICHUM MaTepiajsioM. BBe/ieHHs1 okucHeHOro Tpadeny Jo TazMu
3YMOBJTIOE TIOCTYTIOBE TTHABUIIEHHST B'SI3KOCTI BOAHO-01JTKOBOI (hasi 3 MAKPOMOJIEKYJT CHPOBATKOBOTO albOyMiHy
Ta iHIMX GIJIKIB TIJIa3MU BIKe MPOTATOM niepiioi 106w, HaseeHi gaHi miATBEPAKYIOTh HESHAYHY IIATOTOKCUYHICTh
OKHCHEHOTO TpadeHy MOPIBHAHO 3 BYTJIeIIeBUMU HAHOTPYOKaMM, SIKi 3[[aTHi iCTOTHO 301bITUTH MiKPOB'A3KiCTh
MeMGpaH epUTPOIUTIB i MOPYIIMTH iX I[iTiCHICTD.

K10406i cnosa: yumomoxcuuiicmv OKUCHEH020 2papeny, Mikpos a3Kicmv MeMOPan epumpoyumie, Memoo CniHoGux
301018, cuposamxosuil arvdymin, syzieuesi nanompyoxu.
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ESTIMATION OF THE INTERACTION OF OXIDIZED GRAPHENE
WITH RAT'S ERYTHROCYTE MEMBRANES AND BLOOD
PLASMA PROTEINS BY THE METHOD OF SPIN PROBES

The effect of oxidized graphene on the microviscosity of erythrocyte membranes, as well as the viscosity of the
water-protein plasma phase, is studied by the spin probe method. The introduction of oxidized graphene into a
suspension of erythrocytes did not lead to significant changes in the microviscosity of their membranes. After
four hours of incubation, an insignificant increase in the microviscosity is observed, apparently due to the sorp-
tion of oxidized graphene on membranes. The obtained results indicate the stability of the structure of erythro-
cyte membranes upon the interaction with oxidized graphene, which can be considered a sufficiently cytocom-
patible material. The introduction of oxidized graphene into plasma leads to a gradual increase in the viscosity
of the water-protein phase from the macromolecules of serum albumin and other plasma proteins within the first
24 hours. The obtained data confirm the insignificant cytotoxicity of oxidized graphene in comparison with car-
bon nanotubes, which are able to significantly increase the membrane microviscosity of erythrocyte and break
their integrity.

Keywords: cytotoxicity of oxidized grapheme, microviscosity of erythrocyte membranes, spin probe method, serum
albumin, carbon nanotubes.
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