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MEMBPAHHBIE D®®EKTHI BO3JJEMCTBUSA HAHOCTEPXKHEM
N HAHOYACTHUL OKCUJIA IUHKA HA JIUMO®OLUUTHBI YEJIOBEKA

AHHOTanMs. BBISBICHO CHMKEHHE MHMKPOBS3KOCTH B THAPO(UIBHONW 00NacTH M ee yBelndeHue B ruapodoOHOil
001aCcTH JIMMTUIHOTO OUCIIOs (BHEIIHETO MOHOCIOS) MEMOpPaHbI JTHMQOIIUTOB TOCIE BO3ICHCTBHS HAHOCTEPIKHEH OKCHIA
uHKa (ZnO NRs). ITpu a3ToM He 00HAPYKEHO CTATUCTUUECKU JOCTOBEPHBIX M3MEHEHUH HCCIIeyeMbIX TapaMeTPOB IPH Jei-
CTBMM HaHOYacTHIl okcuja ruHka (ZnO NPs). M3ydyeHne cTpyKTYpHOTO COCTOSIHHSI OEIKOBOI'O KOMIIOHEHTA KJICTOYHBIX
MeMOpaH BbIABMIIO yBelndeHHe konndecTBa NH,-rpymn Ha oBepXHOCTH MeMOpaH ToJibKo nocne aeiicteus ZnO NRs. Yera-
HOBJICHO, 4TO 9KCro3unus kiaetok ¢ ZnO NPs conmpoBoxkanacek yBenndeHueM cojepxanus SH-rpymnmn 6ekoB Ha OBEPXHO-
cTH MeMOpaH JIMMQOIUTOB, a B3aumoeiicteue ZnO NRs ¢ KJIeTKOI IPUBOIMIIO K OKHCICHUIO OEIIKOBBIX CYIIb()rUAPHIBHBIX
rpynn. CoriiacHO pe3ysibTaTtaM CKaHHPYIOUIEH JJIEKTPOHHOW MHKPOCKOIIMU T'€OMETPHUYECKHE pa3Mepbl HAHOYACTHIL
He npesbimanu 30-100 HM, a quaMeTp HaHOCTEp)KHEH okcuaa 1uHka coctaBisul 70—150 uHM npu ux piause 10 500 HM.
[Mony4eHHble pe3yabTaThl MOT'YT OBITh YACTHYHO OOBSICHEHBI BO3MOKHOCTBIO HAHOYACTHUI[ IPOHHUKATH BHYTPb KIETKH, a
IperogaraéMblM MEXaHU3MOM B3aUMOACHCTBUS HAHOCTEP)KHEH € KIIETKOH SBIIAETCSA AIEKTPOCTATUUECKOE B3aUMOICHCTBIE
WM «IIPOKAJIbIBAHUE» LIUTOMIAa3MAaTHYECKON MeMOpaHbI.

KuroueBble c10Ba: HAHOCTEPIKHU U HAHOYACTHIIBI OKCUIA [IMHKA, MHKPOBSI3KOCTh JIUITHIHOTO OHCIIOS, CTPYKTYpHOE
COCTOSIHHE MEMOpaHHbBIX OEIKOB, TUMQPOLHUTHI YeIOBEKa
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MEMBRANE EFFECTS OF ZINC OXIDE NANORODS AND NANOPARTICLES
INHUMAN LYMPHOCYTES

Abstract. The study of the physical state of membrane lipids after the exposure of lymphocytes to ZnO NRs revealed
a decrease in the lipid microviscosity of the hydrophilic membrane area and its increase in the hydrophobic area (external mono-
layer). The effects of ZnO NPs on membrane lipid components were not significant. Investigations of the membrane proteins
conformation state revealed a rise of the protein NH,-groups level on the membrane surface only after the lymphocytes exposure
to ZnO NRs. The level of SH-groups of the membrane protein after the action of ZnO NPs increased, otherwise the interaction
of ZnO NRs with cells leads to the oxidation of thiol groups. According to the results of SEM, the geometric size of ZnO NPs
did not exceed 30—100 nm, the diameter of ZnO NRs was 70—150 nm and the length — more than 500 nm. So the obtained results
of toxicological tests can be partly explained by the possibility of ZnO NPs to enter into the cell but the most probable mecha-
nisms for the NRs interaction with the cell are an electrostatic interaction or membrane puncturing.
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BBenenue. Ilpy ObICTPBIX TeMMax pa3BUTHS 0OJACTH HAHOTEXHOJIOTHH MOCTOSHHO PAacTET YUCIIO
HaHOMAaTEpHAaJOB, KOTOPbIE MMEIOT IIMPOKOE NMPUMEHEHNE B MOBCEIHEBHOM XM3HM uenoBeka. Hano-
CTPYKTYPHUPOBaHHBIN OKCHJ IUHKA (ZnO) TaxXe HAIIeN MIMPOKUN CHEKTp MPUMEHEHUs B OMOMemn-
LINHCKOM CEKTOpE, BKJIIOUasi OMOBM3yaIM3alU0 U aJpecHYIO JOCTABKY JICKapCTBEHHBIX cpeacTs [1].
Bonee Toro, Ha ceromHAIIHUN IeHb HAHOCTPYKTYPHI OKCHJA IMHKA SBISIOTCS OJHUMH H3 YacTO
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UCTIONIb3YEMBIX MaTepHalioB JUJIsl CO3JAaHUs MMMYHOCEHCOPOB Onarogapst UX OOJNBIION IIOmanu Io-
BEPXHOCTH U XMMHUYECKOH CTAOMIIBHOCTH, a TaKXKe XOPOIIeH COBMECTUMOCTH ¢ OuoodwekTamu [2; 3].
OnHaKo 0Ka3ajioch, YTO B CPABHEHUH C JPYTUMHU METAJI-COAEpKAaIIMMHU HaHOMaTepuaiaMu ZnO-Ha-
HOCTPYKTYpBI IIpH TIONaJaHUHN B OPTaHU3M YEJIOBEKA MPOSIBISAIOT MOBBIIIEHHYIO ITATOTOKCUYHOCTD H3-
3a 0oJiee HM3KOTO 3apsijia MX KaTHoHa [4].

Tokcuueckoe JeficTBHE HAHOYACTHI] OKCHIA IMHKA OBLIIO M3YYEHO HA KUBOTHBIX MOJEISX in VIVo:
Kak mpu octpoM (10 14 muel) [5], cy6-ocTtpom (ot 15 nHelt 1o 4 Hen.), cyO-xpoHmdeckoM (10 90 nHeit)
[6], Tak u ipu xpoHUYECcKOM (710 4 Mec.) UX BO3JICHCTBUU [7], @ TAKIKE HA KJICTKAX U KJICTOYHBIX JIMHUSIX
yenoBeka in vitro [8; 9]. OOHapykeHO, UTO OKUCIUTENIBHBIN CTpecc (YCHUICHHE TTPOIECCOB IIEPEKHUCHOTO
OKHCIICHHsSI TMITUAO0B, UHTHOMPOBAHUE aKTUBHOCTH CYNEPOKCUIAMCMYTAa3bl, TIyTaTHOHIICPOKCHIA3bI,
Ty TaTHOH-S-TpaHcdepasbl U CHIYKEHUE KOHIIEHTPALUK BOCCTAaHOBJICHHOTO TyTaTnona) [9; 10] u Boc-
NaJIUTEIbHBIC IPOLECCHI (AKCIIPECCHs HEKOTOPBIX BOCTIAUTENbHBIX pakTopoB IL-1b, IL-6, IL-8, IL-12,
TNF-a, IFN-g, MCP-1, CRP) [4; 6; 11] — 1Ba OCHOBHBIX KOMIIOHEHTa B MEXaHU3ME TOKCUYHOCTH HAHO-
MatepHuasioB Ha ocHoBe ZnO. Takxe ObLIO MMOKAa3aHO, YTO alONTOTHYECKUE CUTHAJIBHBIC Y TH, BKJIIOYa-
rorrue 0enok p53 u kacnasy-3 [9; 10], urparT BaXXHYIO POJIb B IIUTOTOKCUYHOCTH HAHOCTPYKTYPUPO-
BaHHOr0o ZnO. Ho TouHBIN MeXaHHU3M, JIeXKaIUi B OCHOBE ATHX 3(P(EKTOB, 10 CUX MOp HE U3BECTEH.

IIpogemMoHCTpHUpPOBAHO, UTO B LIEJIOM TOKCHYHOCTh HAHOMATEPHAJIOB 3HAYUTENIBHO BapbUpyeT B 3a-
BUCHMOCTH OT pa3Mepa WX 4YacTHIl (3Ta 3aBUCHMOCTb HOCHT OOpaTHBIM XapakTep), a pa3Hble (popMBbI
¢ (PMKCUPOBaHHBIM Pa3MEPOM M IIOMIAJBI0 MOBEPXHOCTU OKAa3bIBAIOT Pa3IMYHOE TOKCHYECKOE JeH-
cTBHE Ha KJIeTKy [12]. Kpome Toro, mpu m3ydeHuM BIWSHUS MOBEPXHOCTHOTO 3apsaa HAaHOYACTHI] Ha
ocHose okcna metania (TiO,, Al O,, ZnO) Jiang u coasr. [13] 06Hapy UK, YTO HAHOYACTUIIBI OKCH/IA
OUHKA MPEANOYTUTEIEHO MPUKPETUISIIOTCS K OTPHIATEIBHO 3apSyKEHHON NOBEPXHOCTH OaKTepraIbHOMN
kyeTku. COrnacHo 3THM pe3yibTaTaM, TOKCHYHOCTh JAHHBIX HAHOCTPYKTYP CYLIECTBEHHO 3aBUCHUT OT
uX (pU3MKO-XMMHYECKUX cBOMCTB. TakuM 00pa3oM, BBISIBICHHE B3aUMOCBS3H MEXKy OMOIOTHYECKUMHU
s dexTamMu Ha KIETKY U (PU3MKO-XMMUYECKUMHU CBOMCTBAMHU HAHOCTPYKTYPUPOBAHHOTO OKCH/IA [IMH-
Ka SIBJIACTCS BAXKHOM 3a1aueil A JanbHEHIINX HCCICAOBAaHMI MOTCHIHMATIBHBIX PUCKOB, CBA3aHHBIX
C X BO3JIEHCTBHEM.

Lenb paboThI — IpOBEACHNE CPABHUTEILHOTO aHAJIN3a JICUCTBUS Pa3IMYHBIX (POPM HAHOPAa3MEPHOTO
okcua nuHkKa (HaHoctepkHU — ZnO NRs u Hanoyactuibl — ZnO NPs) Ha cTpyKkTypHO-QyHKIIMOHATb-
HOE COCTOSTHHE OCTKOB M JIUITU0B MeMOpaH JIHMQOITUTOB YETIOBEKA.

MaTtepuaJibl 1 MeTOABI Hccae0BaHus. B paboTre ucrnonp3oBaHa nepudeprudeckas KpoBb MPaKTH-
YECKU 3J0POBBIX JIOHOPOB (AHTHKOATYJSIHT — remapuH), nonydeHHas u3 PHIIL] tpancdysuonorun
Y MEIIMIMHCKUX OnoTexHonoruii Munucrepcrsa 3apaBooxpanenus Peciyonuku benapyce. [lepudepu-
yeckne MoHOHYKJeapHbie ki1eTku (IIMHK) kpoBu BeiAemnsinu B rpaaueHTe mioTHocTH Histopaque-1077
nmyTeMm nenTpudyrupoanus B Teuenue 30 mun, 300g.

ITopommok ZnO NPs u ZnO NRs pa3Bonuin B IeHOHN3UPOBAHHOMN BOJIE 1O KOHCYHOW KOHIICHTPAIIUH
1 mr/ma. [lepen kaXIpIM HCMOIB30BaHWEM TOTYYEHHYIO CYCIIEH3WI0 00padaThIBalid yIbTPa3ByKOM
B TeueHue 30 muH, 22 kHz. Mopdonoruto ZnO NRs u ZnO NPs uzyvann METOZOM CKaHUPYIOLIEH
anekTpoHHol MuKpockonuu (COM) nipu yBenuueHuu 50000 ¢ anexTpuueckuM HanpspkeHueM 3,0 kB.

Knerkn unky6uposanu ¢ ZnO NPs, ZnO NRs u ZnCl, B konuenTpanusax 10 u 50 MKr/mi1 B TedeHue
3 u B nutarenbHol cperae RPMI-1640 ¢ mobdasienuem 10 % 3MOpHOHANIBHOM TENsTYbEl CHIBOPOTKHU
1 2 MM L-rmyramuna B yBaaxHeHHOH armocdepe ¢ 5%-upim conepxannem CO, mpu temmepatype
37 °C. OrmeiBky npoBogunu B tedenue 10 muH, 300g B 10 MM docdatHOoM Oydepe crremyromero
cocrasa: KH,PO, — 2 MM, Na HPO,-12H,0O — 10 MM, NaCl - 137 mM, KCl - 2,7 MM, pH 74 (PBS),
CyTEpHATaHT yIaJsiIv, a KIETKH PECYCIICH3UPOBAIH B TOM e Oydepe 1 UCTIONb30BaIH B AaIbHEHIITNX
9KCHEPHUMEHTAJIBHBIX MPOTOKOJIAX.

M3MeHeHne MUKPOBSA3KOCTH JTUITUTHOTO OUCIIOSt MeMOpaH TUM(OIIMTOB U3YyUalIu C UCIIOJIb30BaHUEM
TUNOPUIBHBIX (DIYOpPECHEeHTHBIX 30HA0B 1-(4-TpumeTnnamMMoHuil)-6-hennn-1,3,5-rekcarpuena (TMA-
JADI) u 6-nopexanon-2-qumeTHIaMuHOHa(TaneHa (laypaaHa). OUeHKy YpPOBHSI Cylb(QruapuUiIbHBIX
(SH)-rpynn 6enkoB memOpan [IMHK npoomwiu ¢ ucnosnws3oBanuem N-(1-nupen)-maneumuia (IIM).
06 yposae NH,-rpynmn na noBepxHOCTH MEMOpaH KJIETOK CyMJIU 0 MHTEHCMBHOCTH ()IIyOpECIEHIIMH
¢dyopeckamuna (4-¢penmicnupo[pypan-2(3H),1'-pranan]-3,3'-auona).
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OnyopuMeTpUUeCKH aHaIH3 TPOBOAMIN Ha criekTpodyopumerpe CM2203 (COJIAP, Benapycs),
a COM-uccnenoBaHusi ¢ MOMOIIBIO CKaHHMPYIOIIEro 3JIeKTpOHHOro Mmukpockomna S-4800 FE-SEM
(Hitachi, Simonus). CraTuctuyeckasi 00pabOTKa pe3ysIbTaToB HKCIIEPUMEHTOB MPOBOIUIACH C HCIOIb-
30BaHHMEM HENapaMeTPUUECKOT0 KPUTEPHUsT YUIKOKCOHA.

Pe3yabraThl U ux 00cy:knenue. M3BecTHO, UTO KJIETOYHAsE MeMOpaHa sBiIsieTcs OapbepoM, 3allu-
LIAIOIIUM KJIETKY U €€ COACpP)KMMOE, M NMO3TOMY MMEHHO LUTOIUIa3MaTnyeckasi MeMOpaHa — ofHa M3
ITIaBHBIX MUIIEHEH ACUCTBUS KCEHOOMOTHKOB. CTpyKTypHOE M (DYHKIMOHAJIBHOE COCTOSHUE IJia3-
MaTH4YeCKOH MeMOpaHBl YacTO UTPArOT BAXKHYIO poib B (JOPMHpPOBaHUHM OTBETa KJIETKH Ha ACHCTBHUE
TOKCHYHBIX areHToB. Ha mepBoM sTame paOOThl HAMU H3Yy4YE€HO M3MEHEHHE (PU3NYECKOTO COCTOSHUS
aunuaoB B MmeMOpanax [IMHK npu B3anMonelicTBUM WX ¢ HAHOpPa3MEPHBIM OKCHAOM LUHKA in Vitro.
st aTOoro ucnonp3oBanu TunoduiabHble GuyopecueHTHble 300161 TMA-/I®OI™ u naypaan, napaMeTpsl
(ryopecueHIIMM KOTOPBIX MO3BOJISIIOT CYJUTh O MUKPOBS3KOCTH JHUITHIHOTO OUCIIOS KIETOUHONH MEM-
Opanbl. CyIeCTBEHHBIM pa3Iu4HieM 3TUX (IYyOPECHEHTHBIX 30H/I0B SIBJISCTCS MX JIOKAIU3AIHS B MEM-
OpaHe, YTO MO3BOJIMJIO OLEHHUTH (PU3NUIECKOE COCTOSTHUE (POCHOTUNUIOB HA PA3HOU ITyOHUHE JTUITHIHO-
ro Oucnosa nuMmpountapubix MemOpan, moguduuupoBanHeix ZnO NRs u ZnO NPs. Kak BugHo u3
naHHbIX TaOnuubl, nHKyOanus [IMHK kpoBu ¢ HaHOCTpyKTYpHpoBaHHBIM ZnO pa3iaudHOi (OPMEI
MPUBOAMT K J10303aBUCHMOMY CHIKEHMIO nossipuzaunu guyopecuenunu (P) TMA-IA®I, BkinroueHHOro
B MeMOpaHbl TUM(OIHUTOB, 0 CPAaBHEHHIO C MHTAKTHBIMU KiIeTKaMH. B cuiy toro, uro TMA-ADI
JIOKaNIM3yeTcss BOJIM3M MOBEPXHOCTH JTUMHUAHOTO OUCIOS, MOXKHO HMPEATIOJIIOKHUTE, YTO MPH ACHCTBUH
HCCIENYEMBIX ZN-COAEPKAINX COSAUHEHHH in Vitro MPOUCXOINUT CHUKEHNE MUKPOBA3KOCTH JIMITH]IOB
B 00J1aCTH TOJSIPHBIX TOJIOBOK JIMITUIHOTO OMCIIOST MeMOpaH JTUM(OIUTOB Ha IPaHULE pa3jielia «Bola—
munuay. [Ipu aTom Gonee BeIpakeHHBIH 3G QekT Obu1 XapakTepeH nMeHHo st ZnO NRs. [Tapannenxsno
ycTaHoBJIeHO, 4To npu Bo3zaerictBuu ZnO NRs (50 mxr/mi) nHa [IMHK 3HaueHue reHepann3oBaHHOM
nonsipuzannu payopecueHuuu (GP) nmaypnana, BCTpOSHHOTO B KJIETOYHYIO MEMOpaHy, JOCTOBEPHO
YBEIUYHMBAJIOCh B cpefHeM Ha 15 % mo cpaBHeHHIO co 3HaueHHeM (P, XapakTepHOro Jjisi KOHTPOJIS
(Tabnuua), B TO BpeMs Kak npu AerictBur ZnO NPs nHabaronanachk TMIIb TEHASHIUS K €r0 YBEITHUCHHIO.
W3 nony4eHHBIX pe3yJabTaTOB MOXHO 3aKJIIOYUTh, YTO MPHU BO3AECHCTBUM MMEHHO HAHOCTEP)KHEH
OKCHJa IUHKA Ha JUMQOUUTHI MPOUCXOANUT YBEIUUYCHUE MUKPOBSI3KOCTU JIUMHUIOB B T'UAPOPOOHOMH
YaCTH BHELIHETO JIUITHIHOTO MOHOCIIOSI.

JUiist BBISICHEHHSI BOIIPOCA, U3MEHSETCS JIM CTPYKTYPHOE COCTOsTHHE MeMOpaHHBIX OenkoB [IMHK
npu B3aumonericTeuu ¢ ZnO NRs n ZnO NPs 0p11H MCIIONB30BAaHBI TTApaMeTPhl COOCTBEHHOW U 30H-
noBoi (piyopecueHuu. M3BeCTHO, YTO OCHOBHBIMM IpynnaMu B OeJiKaX, OTBETCTBEHHBIMM 3a HUX
(yopecLeHTHbIE CBONCTBA, SIBISIOTCS apOMaTHYeCKUEe aMHUHOKUCIIOTHI — TPUIITO(AH, TUPO3UH U de-
HunananuH. Tpunrtodan, Onarogapst Hanbosee BBICOKOMY KBaHTOBOMY BBIXOAY B O€JIKax, 4acTo IOMU-
HUPYET HE TOJBKO B CIIEKTpax (IyOpecLEHIIMH OTACIbHBIX OCNKOB (aJIbOYMUH CBHIBOPOTKH), HO M UX
reTepOreHHBIX cMeceld. YcTaHOBJIeHo, uTo mnocie mHkyOauuu [IMHK uenoBeka ¢ aBymst opmamu
HAHOCTPYKTYPHPOBAHHOTO OKCHJIA IIMHKA B KoHIeHTparusax 10 u 50 mxr/mu B Teuenue 3 1 nipu 37 °C,
[I0JIOKEHUE MaKCUMyMa CIEeKTPa COOCTBEHHOHN (PIIyopeclieHIINN HE U3MEHSETCs, B TO BPeMs KaK MHTEH-
CHUBHOCTb TpUINITO(aHOBOH (iryopeceHInH MeMOpPaHHBIX OEJIKOB MCCIEIYyEMBIX KJIETOK JOCTOBEPHO
cHIKaeTcs B cpeaneM Ha 10-25 % (tabnuua) u, 6osee TOro, CTENeHb CHUKEHUSI 3aBUCENa OT KOHIICH-
Tpalyy HaHOCTPYKTypupoBaHHOro ZnO B MHKyOanuoHHOH cpeae. OnHAKO OTIIMYUN B 3HAYCHUSX
WHTEHCHBHOCTU TPUNTO(AHOBOW (IIyOopeclHeHIINH MEMOpaHHBIX OCKOB JTUM(OIIMTOB B 3aBUCHMOCTH
OT (OpMBI HAHOCTPYKTYPHUPOBAHHOTO ITMHKA HE OOHapykeHO (Tabmuima). OmeHKa WHTCHCUBHOCTH
tdmyopecrnienriun [IMHK B Buammoii o061acTi, KoTopasi 00ycIoBJieHa B OCHOBHOM BOCCTAaHOBJICHHOM
(hopmoii mupuauaEyKIeoTH 0B HAJI(D)H, BBIsIBHIIA TOCTOBEpHBIE OTIIMYUS JaHHOTO MapaMerpa 0
Y TIOCJIE PKCIO3UINU uccieayeMbix kiaeTok ¢ ZnO NRs u ZnO NPs. Kak BuiHO u3 TaOnuIbel, HaHOUYA-
CTHIIBl OKa3bIBAIOT JICHCTBHE JIMIIb B KOHLIEHTpauuu 50 MKI/MJI, @ HAHOCTEPKHHU — HA BCEM HCCIIeye-
MOM JIMana30He KOHUEHTPAIUM.

Uzydenue cTpykTypHOH MoaM(MUKANKMK OETKOB HHUTOIIA3MAaTHYECKOW MeMOpaHbl JTUMQOIUTOB,
0 KOTOPOH MOKHO CyAnTh 10 KonmuuecTBy SH- nu NH_ -rpyn, BeIBUIIO pa3HOHATIPABJIEHHBIA XapaKTep
neiictBusi ZnO NRs u ZnO NPs. [lokazano, uto 3-uacoBas nakyoanus cycnensuu [IMHK ¢ ZnO NPs
B KoHIEHTpauusx 10 m 50 MKr/Mia OpUBOJUT K J10303aBUCHMOMY YBEIUYCHHIO WHTEHCUBHOCTH
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(dayopecuennuu N-(1-nupeH)-manenmuna B cpeqaeM Ha 4—13 % (Tabnuna), KOTOPBIA, KaK U3BECTHO,
[IPH BCTPaMBaHUM B IIUTOIUIA3MaTHYECKYI0 MeMOpaHy B3auMoaencTByer ¢ SH-rpynmnamMu OeKoB | 110
WHTEHCUBHOCTHU (IIYOPECLUEHIIMH €r0 MPOAYKTOB MOXKHO CYAUTH 00 yPOBHE CYIb(THIPUIBHBIX TPy
Ha TIOBEPXHOCTH MeMOpaHbl. B TO ke BpeMsi MpH SKCIO3HIHMM KJIETOK C HAaHOCTEpXKHAMH ZnO
Habmonanack oOpaTHasi TEHASHIUS — CHUKEHUE HHTEHCUBHOCTHU (aryopectienunu [IM, 4yTo yka3siBaeTt
Ha BO3MOXXHYIO MHULUAIIUIO OKUCIUTEIBHBIX ITPOLECCOB MEMOPAHHBIX OEIIKOB.

Hccnenosanue BIUAHUSA HAHOCTPYKTYPUPOBAHHOIO OKCH/IA IMHKA HA ypoBeHb NH,-rpynm Ha mo-
BEPXHOCTH MeMOpaH JTUMQOLHUTOB 4YEJIOBEKa C MOMOIIBIO (hIyopecKaMHHa, B3aWMOJCHCTBYIOMIETO
C JOCTYIHBIMHU NEPBUYHBIMU aMUHAMHU Ha MOBEPXHOCTH KJIETKH, IIPOJEMOHCTPUPOBAJIO, UTO B CIydae
SKCIIO3MIMHU KIETOK ¢ HaHoyacTuuamu ZnO chepudeckoit GopMbl u3MeHeHHs KonudectBa NH -rpynn
HE TPOHMCXOIUT, a MPH B3aWMOJCHUCTBUHU C HaHOCTEPXKHAMH ZnO B KOHUEHTpauuu 50 MKI/MiI peru-
CTpUpPYETCsl yBEJIMYCHHE MHTEHCHBHOCTH (uryopecleHunH ¢uyopeckaMuHa B cpegHeMm Ha 15-20 %
(Tabnmia), 9TO CBHJETENBCTBYET O BO3PACTAHUH JOCTYITHBIX AJIs (DIyOpECIEHTHOT O 30H,1a aMUHOT PYTIIT
Ha MOBEPXHOCTH MEMOPaHHBI.

[TapaniensHO HaMU ObliIa TIPOBEICHA OICHKA JCHCTBHS XJIOpHUAa [MHKA, KaK UCTOYHUKA Zn’', Ha
BBIILICHCCIICAOBAaHHBIC TAPAMETPHI, XapaKTEPU3YIOMINE CTPYKTYPHO-(QyHKIIMOHATIBHOE COCTOSTHIE MEM-
Opan numdonuTos. Kak BuaHO n3 Tabnuusl, nakyoauus cycnensun [IMHK ¢ xnopuaom nuHKa B KOH-
ueHTtpanusax 10 u 50 MKr/mi mpuBogMiIa K J0303aBHCMMOMY YBEIWYEHHUIO MHTEHCHBHOCTH (Iyo-
pecuenuu N-(1-nmupen)-manenmuaa B cpeaneM Ha 1020 %, a ”HTEHCUBHOCTH (ayopecieHuu ¢iyo-
peckaMMHa HE OTIMYaliach OT 3HAUCHHWH, XapaKTEepPHBIX AJ WHTAKTHBIX KJIETOK. Takum oOpa3zom,
addexT Bo3meicTBUs Zn?" Ha OENKOBYI0O KOMIIOHEHTY IIMTOILIA3MAaTHYCCKOH MEMOpaHbI COMOCTABUM
¢ TakoBbIM 17151 ZnO NPs. [Ipu 5ToM cCpaBHUTENBHBIN aHAIN3 OTBETA JTUITUIHON KOMIIOHEHTHI (110 rapa-
MeTpam QuyopecteHnnn TunoduiabHeiX 30810B: P u GP) mnasmarnueckort memOpansl [IMHK mocne
WHKyOauy ¢ HaHOpPa3MEPHBIM OKCHUJOM IIMHKA W XJIOPHJOM IIMHKA BBISBHUJI OJHOHAIPABJICHHBIN Xa-
pakTep ux JeHcTBUS.

OnHuM U3 BO3MOKHBIX OOBSICHEHUH CTONb pa3HbIX MEMOPaHHBIX 3QPEKTOB ACUCTBUS HAHOCTEPK-
HEH M HAHOYACTHII OKCHJA IUHKA MOXKET SIBJISITHCSI CIOCOOHOCTh HAHOCTPYKTYP Ha ocHoBe ZnO «oTna-
BaTh» MOHBI MHKa (aHriL.: ion-shedding effect), koTopbie B BBICOKMX KOHIEHTpAIMSIX CIIOCOOHBI 3a-
MyCKaTh MPOLECCH MPOrPaMMUPYEMOi KJIETOYHOM rMOeny U BIUATh Ha PU3MKO-XUMUYECKHE CBOHCTBA
KOMITOHEHTOB (O€JIKOB ¥ JIMIH/IOB) IIUTOIIa3MaTHIECKOM MEMOpaHBI KJIETOK, KaK OBIJIO MMOKa3aHO HAMH
paHee Ha spuTpounTax duenoBeka [14; 15]. CormacHo pe3yibraraM CKaHHPYIOIIEH 3JIEKTPOHHOMN
MUKPOCKOIHH (PUCYHOK), TEOMETPHUECKUE Pa3Mephl HCIOIb3YEMbIX B pab0Te HAHOYACTHUI[ OKCHUIA
UMHKa Haxoauiauchk B auanazone 30—100 HM, B TO BpeMs Kak JUaMETpP HAHOCTEP)KHEH OKCHJIA IIUHKA
coctaisin 70—150 M, a ux anuna He npeBbimana 500 aM. TakuM 00pa3om, MOXKHO MPEANIOIOKHTD,

COM-u306paxeHuss HaHOCTep kHEH (@) 1 HaHOYacTHI] (b) OKCHJIa ITMHKA, HAHECEHHBIX Ha CTEKJITHHYIO TTO/TIOKKY,
B KOHIICHTpAuH | Mr/mi

SEM-images of zinc oxide nanorods (a) and nanoparticles (b) deposited on a glass substrate in concentration 1 mg/ml
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YTO HMEHHO HAHOYACTULBI OKCHJA LMHKA HMEIOT BO3MOXHOCTH IPOHUKATh BHYTPh KJCTKH,
B TO BpEMsl KaK IpeArnojaracMblM MEXaHU3MOM B3aUMOACUCTBUSI HAHOCTEPKHEH C KIJICTKOU SIBIISETCS
ANEKTPOCTATUICCKOE B3aUMOJICHCTBUE HITN IIPOKAJIBIBAHUEY ITUTOIIA3MATHUSCKON MEMOpaHBI.

3akJsrouenue. [lonyueHHbIe pe3ynbTaThl yKa3bIBAIOT HA H3MEHEHHUE (PU3UKO-XMMHYECKOTO COCTOS-
HUSI KOMIIOHCHTOB MeMOpaH WMMYHOKOMIIETEHTHBIX KJIETOK, TMOJBEPIIIMXCS BO3JCHCTBHIO Pa3HBIX
(hopM HaHOpPa3MEPHOTO OKCHJIA IIUHKA. [Ipu 3TOM CTOMT OTMETHUTH, YTO 0OOJIee BhIpAKCHHBIE MEMOpa-
HoTporHbie 3QdekThl Ha0monaroTes At ZnO NRs. [laHHbIH QakT MOKET SBISATHCS PE3yJIbTaTOM OCO-
OCHHOCTEH B3aMMOJICHCTBHS HCCIEIyeMbIX (hOpM HaHOMAaTepuaia C MOBEPXHOCTHIO KIIETKH, YTO Be-
pOSITHEE BCETO, BHOCHT CYIISCTBEHHBIN BKJIAJ[ B OTBET IIUTOIJIA3MAaTUYECKOW MEMOpaHbI Ha UX BO3-
JIeficTBHE.

BaarogapnocTu. ABTOpHI BBIpaXKaroT OJIaroJapHOCTH
CT. HAy4. COTPYIHUKY MHCTHTYyTa aTOMHON (PU3UKY U CIIEKT-
pockonnu JlarBuiickoro YHuepcuteta (r. Pura, JlarBus)
kaHa. ¢us.-mat. Hayk P. B. Burtepy 3a mpemocraBneHHBIC
00pasnbl HAHOCTPYKTYPHUPOBAHHOTO OKCHJA IIMHKA M IO-
MoIib B mpoBenernn COM-uccnenoBanuii. Pabora momnep-
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