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BYIMELUEBI HAHOCTPYKTYPHI MATEPIANN:
TOKCUYHICTb TA BIOCYMICHICTb

Y emammi y3aeaneneno nimepamypui 0ani ma pesynomamu 61aCHUX OOCAIOICEHb ABMOPIG
w000 moxcuyHoi 0ii’ gyeneyesux Hanompyoox, @ynepenie C60, epagheny, eyenreyesux HaAHOBOIOKOH
ma ixuix modugixayiti y cucmemax in vivo ma in vitro. [lpoananizoeano @izuxo-ximiuni
61acmu8oCcmi, CMpyKmypHi 0CoOIUBOCMi, Xapakmepucmuxky ma napamempu HaHOMamepiania, AKi
3YMOBIIOIOMb CHPAMOBAHICIb MA BUPAMHCEHICIb MOKCUYHUX eekmis. Becmanosneno, wo nuska
gyaneyesux HAHOCMPYKMYPHUX MAMepIanie 8UAeIsAe 8UCOKULL piseHb OiocyMicHOCMI 3 KPO8 10 ma
KATMUHamy pisHux mKamuH, a ye pooums ix nepcnekmugHuUMU O 3acmocy8anis y MeOuyuni ma
bionoeii.

Kniouoei cnosa: gyeneyesi HaHocmpykmypHi Mamepiaiu, moKCU4YHICmb, 6i0CyMiCHICMb.

Beryn

3aBASKM PO3BUTKY HAHOTEXHOJIOTIH CHHTE30BaHO 3HAYHY  KUIBKICTh
HaHOMAaTepianiB: (QyJepeHH, HAHOTPYOKH, HAHOIUIIBKHM, HAHOKOMITO3UTH TOIIIO,
upMano 3 SAKUX Mae ByrmeneBy npupoxy [1]. Ix mBuake Bmposamkenns y
BUPOOHHUIITBO Ta JeAali IIMPIINH 1 TICHIIINN KOHTAKT 13 HUMM XHUBUX OpPTaHi3MiB (y
T.4. ¥ TOAWHU) MOTpeOye IPYHTOBHUX 3HAHb NPO iXHIH MOXJIMBHHA TOKCHYHHMA
BILIMB. BoHOYAcC, yHIKAIBHI BIACTHBOCTI I[MX MaTepialiB 0OMEXYIOTh MOMJIUBOCTI
MIPOTHO3YBaHHS IXHBO1 Oe3meyHOCTi [2].

Ha cporomni mns Oimbmiocti HaHomarepianie (HM) HeBimomi MexaHi3Mu
HAJXO/DKCHHS B OpraHi3M, OlocyMicHOCTi, OioTpaHchopMariii, TpaHCIOKamii B
opraHax 1 TKaHWHAaX, CJIMiHAMII Ta, [0 HAWBAXIMBIIIE, — aCHEKTH IXHBOI
tokcuuHocTi [3, 4]. lle mnWTaHHA TOKIMKaHAa BWUBYATH HOBAa HaykKa —
HAHOTOKCHKOIOTis. Byke cTano Bizomo, mo raamai (10” M) posMipy HAHOYACTHHOK
(HY) yMOXIUBIIOIOTH iX MNPOHMKHEHHS B OpraHi3M dYepe3 JereHi, MUTYHKOBO-
KHIIKOBUM TPakT Ta IUKipy, IICIS 4YOro LUIAXOM HAKONMMWYEHHS B OpraHax i
TKaHMHAX BOHM 3/JaTHI BHUKIUKATH HECIPHUATINBI €(QEKTH: 30KpeMa, YNHHUTH
IUTOTOKCHYHHI BILIMB, 3yMOBJICHUN iXHIMH BHCOKOIO ITOBEPXHECBOIO aKTHUBHICTIO,
KaTaJIiTHYHMMH BIACTHBOCTSAMH Ta TPMBAINM MepiofioM HamiBBMBeAeHHS [5]. Ix
HAKOIIMYEHHsI B OpPTraHi3Mi 3yMOBJICHE THM, III0 HOTO 3aXWCHI CHCTEMH HE 3JaTHi
po3mizHatn HY [6], mpuyoMy KIaCMYHUMH oOpraHamMu-Mimensmu aias HY (axwid
caMme opras, 3aJICKUTh Bil NUIAXiB motparmissHas HY B opraHi3m) € jiereHi, neviHka,
HUPKH, TOJIOBHUI MO30K, IUTYHKOBO-KUIIKOBUH TPAKT 1 JiM(paTHYHI BY3IIH.
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MeToankm ekcriepuMeHTiB. Pe3yJbTaTn g0CaiTzkeHb

Memoou ma excnepumenmanvHi  MoOeni 6 MOKCUKOAO02I. 3a3BUyai
TOKCHKOJIOTiYHI JIOCHI/DKEHHS TPOBOJATH Ha JIAOOpAaTOPHUX TBapHHAaX-CCaBIIX
(mypax, MUIIaX, TBIHEWCHKAX CBHHKAX Ta KPOJHKax). Pa3oM 3 THM, OCTaHHIM YacoM
Jiefauni OibIlle BAKOPUCTOBYIOTh TAKOXK YEpPB’SIKiB, 36MHOBOJIHUX, PENITUIIIH, NITAXIB,
ripoOioHTIB (300- Ta (PIiTOMIAHKTOH), pUO 1 JOHHUX OE3XpeOETHUX, a TAaKOXK BHIII
pocnuaM, Oaktepii W BOJOpOCTi. Y BHIAIKy, KOJM BUNPOOYBaHHS Ha TBapHHAX
MOYKHA 3aMIHHUTH TOCTIHKEHHSIMH 3 BUKOPHCTAHHSAM KIITHHHUX KyIbTyp (in vitro)
Ta KOMII'IOTEpHHX Mogneneil (in silico), OTpuUMyIOUH IIpH IIbOMY PpiBHOI[IHHY
JIOCTOBIpHY iH(OpMaIlifo, caMe Ii OCTaHHI € JONUIBHIMNMH, 00 IO3BOJISIOTH
ICTOTHO 3MEHIIUTH OOCSTH TOCTIIIB Ha TBAPHHAX 1 CKOPOTUTH Yac CKCIIEPUMEHTY Ta
BUTpaTH Ha HHOTO [7]. BogHoUac, Ha xaib, KYJIBTypH KIITHH HE MOXKYTh MTOBHICTIO
BITBOPUTH Oi0JOTiUHI NMPOIIECH Yepe3 HU3KY OOMEXEHb i, Ha TyMKY HHU3KH aBTODIB
[8], MOXyTh ciyryBaTH JHIIE B SIKOCTI «CKPUHIHT-00’€KTay» s OTPUMaHHS
MOTNIEPE/IHIX BHCHOBKIB — aje 3 TOAAJbIINM IPOBEACHHIM EKCICPUMEHTY Ha
TBapuHaX.

3acTOCOBYIOUM BHIIC3a3HAUCHI CKCIICPUMEHTaIbHI Mojeni, Tpeba Opatm 10
yBard, mo TOKCHYHICTH HM 3HaYHOIO MipOI0 3aleXKUTh Bill THIy Ta CTPYKTYypH
KIITHH-MIIICHEH, a CUCTEMHa BIiAMOBib OpraHi3My 3arajioM MOXeE CYTTEBO
BIIPI3HATHCSA BiJ pE3yNbTaTiB, OTPUMAHMX IiJ Yac JOCHIZIB Ha 130JhOBaHUX
kiiTHHax. KpiM Toro, 6ioyorivyHi BUITPOOYBaHHS, SIKi BHKOHYIOTHCS Ha TBapHUHAX, HE
MOXYTh TapaHTyBATH 1ICHTUYHICTH BIAMOBIAHUX peakIliil y mozael, a iHANBITyalbHi
BiIIMIHHOCTI MK ITUMH OCTaHHIMH YMOXUIUBITIOIOTH MOSBY MOOIYHHUX peakIiliii HaBiTh
Ha MaTepiaiu 3 700pe BU3HAUYCHUMH BIACTHBOCTSIMH.

Hiana3zon mnorteHuidHoro OiomoriuHoro pusuky HM Moxke OXOIUIIOBaTH K
KOPOTKOTpHBaNi e(ekT (TocTpa TOKCHYHICTh, MOAPA3HEHHS LIKIpH, 04eil, CIM30BUX
000JIOHOK, CEHCHOLTI3allis, TeMoi3, TPOMOOYTBOPEHHS), TakK 1 JOBroTpuBam abo
cneundiyHi TOKCHYHI eQeKTH (CyOXpoHiuHI ¥ XpOHIYHI), T€HOTOKCHYHICTb,
KaHIIEPOT'CHE3 1 BIUTMB HA PEHPOAYKTUBHY (YHKIIIO (BKIIOYHO 3 TepaToreHe3om) [9].
Y 3B’SM3Ky 3 IIMM BHUBUYCHHA TOKCHMYHOCTI HM momiieHO TpOBOAMTH 32
3araJIbHOTIPUIHITHOK METOJIOJIOTIYHOIO CXEMOI0 TOKCUKOJIOTIYHUX JTOCTKeHb [ 10].

VYCminiHo  BUKOPUCTOBYIOTH Y  TOKCHKOJNOTIi  METOJM  MaTeMaTHYHOIO
MOJICITFOBaHHS. [CHYIOTh IIIKaJIK MPIOPHUTETIB OE3MeKH, 0 TO3BOJISIOTH Ha 0a3i Bxke
ICHYFOUO1 HayKOBO1 iH(popMalIlii Mpo BIACTHBOCTI HAHOYACTHHOK Ta TXHIO 010JI0T1UHY
N0  3aBASKH BHKOPUCTAHHIO caMe€ MaTeMaTHYHUX Mojeliel mependadaTu
MOTEHIiHMIA cTyniHb HeOe3neku HY mis 6iocuctem [11].

[Ipu po3pobui MeTomonorii HEOOXiJHO 3BepTaTH yBary W Ha 3pa3kd Ta
CTaHIAPTH, SIKi BUKOPUCTOBYIOTh B €KOTOKCHKOJIOTIYHOMY TeCTyBaHHI. Marepianmu,
0 HaJICUJIAIOTHCS Ha TOKCHUKOJIOTIYHI JOCTIDKEHHS, MarOTh OYTH IOCTiKEHI Ha
IpeaMeT IX: XIMIYHOTO CKIamy (Ul BCiX eneMeHTIB i3 BMictoM >0,1 %); muromoi
noBepxHi Ta ii Mopdoorii (3a pe3yapTaTaMu eleKTPOHHOI MIKPOCKOIIIT); TEKCTYpH
i crymeHio kpucraimiuHocTi. ExoTokcmkosnoram, mo0 3miMCHHTH EKCIO3MIII0 YU
BBECTH 7103y, 3a3BUYail HEOOXITHO MpAIfOBAaTH 3 TECTOBUM MaTepiajioM y pilkoMy
9M PO3YMHHOMY cTaHax. Bomnouac, HU He 3aBXIM PO3YHHSIOTHCS, & MOXYTh
YTBOPIOBATH KOJIOIIHY CYCIEH3iI0: TakK, KapOOHOBI HAHOTPYOKH HEMOXIIHBO
PO3YMHUTH Yy BOJI 3 BHUKOPHCTaHHSIM TaKUX (I3UYHHX METOMIB, K 0OpoOKa
VIBTPa3ByKOM Ta PpO3THPAaHHS, TOX MOXKCE 3HAJOOWTHCS  3aCTOCYBaHHS
JUCTIEPTIyBaJIbHOI pe4uoBUHH [12].

biocymicuicmo. Ilporiecn JOCHIDKEHHS TOKCHYHOCTI Ta 0i0CYMICHOCTI
B3a€MOIIOB’s13aHi, 00 MiX HUMH ICHY€ 3BOPOTHIHA NMPUYUHHO-HACTIAKOBHH 3B’S30K.
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[Tpu oMy MOHSATTS «0I0OCYMICHICTE» HE Ma€ 4iTKOro BU3HaueHHs [13], Oymyuu, B
IIMPOKOMY CEHCi, B3a€EMHUM «CHIBICHYBaHHSM» JIBOX cyOcTaHLii (IITy4yHO
cTBOpeHoi Ta mpupoaHoi). CkiaagoBuMu OIOCYMICHOCTI €  iMyHOJOTIYHa,
MophodyHKIIOHaTHFHA Ta Oi0MeXaHIYHA CYMICHICTb.

3a cydacHMM BH3HaueHHsM, «OiOCYMICHICTB» — L€ 3JaTHICTh Martepialis,
BUpoOiB a00 3aco0iB BUKOHYBAaTH CBOi (YHKIII Ta HE BMKIHMKATH CYTTEBHX
HETaTUBHUX PEaKIliii B OpraHiaMi, ¥ 30KpeMa 3amajlbHUX pEeakilidi 1 CHCTEeMHHUX
MaToJOTiYHUX TporeciB. [Ipo HasABHICTH K€ YM BIACYTHICTh TaKHWX peakIiii Mu
MOJKEMO Ji3HATHCS 3a JOTIOMOTOK) TOKCHKOJIOTIYHUX JOCHIJIKEeHb, 0€3 MPOBEICHHS
SIKUX HEMOXKITUBO OYTH BIICBHCHUMH Y 010CYMICHOCTI TOTO UM 1HIIIOTO MaTepiany.

Martepianu, sKi 3aCTOCOBYIOTBCS y MEIHIIMHI (30KpeMa B CTOMATOJOTIi,
o(TanbMOJIOrii, OHKOJOTii, TpaBMAaTONOrii Ta opTomexdii) W KOHTAKTYIOTh 13
TKaHHHAMH XHBOTO OpPraHi3My, MOBHHHI MaTH BHCOKY CTYyHiHb 0i0CyMiCHOCTi Ha
KIITHHHOMY ¥ TKAaHHHHOMY pIBHSAX Ta JJIA opraHiamy B miomy [14]. Omaum 3
OCHOBHUX TIOKa3HHUKIB OLIHKA Ol0CYMICHOCTI MaTepialiB € TeMOCYMICHICTh
(xapakTep B3aeMOil KpOBi 31 CTOPOHHIM NPEAMETOM), MPUYOMY aHATi3yIOTHCS
(i3UKO-XIMIYHI aCIeKTH TEPBUHHUX CTalid B3a€MOJii CTOPOHHBOI IMOBEPXHI 3
OinkaMKM Ta KIITHHAMH KpPOBi, MPOLIECH aKTHUBalii (PEpMEHTHHX CHUCTEM KpOBI,
MOJICKYJAPHI Ta KIITHHHI MeXaHi3MH KanubIudikanii # 6iomecTpykiii iMIUIaHTATIB
toto. [15]. [amroro o3HaKor0 GiOCYMICHOCTI € CTYITHB 3aMmaibHOI PeaKilii opraHizmy
pelumicHTa Ha CTOPOHHIH NpenMeT, piBeHb SKOI MOXKHA OLIHUTH 332 TOBIIHHOIO
(iOpO3HO-CIIONTyYHOT KamlCyiM, IO YTBOPIOETHCS JOBKOJA TAaKOTO TPEAMETY, a
TAaKOX 32 TICTOJIOTIYHMMH XapaKTEPUCTHKAMH CTaHy OTOYYIOUMX TKaHHH Ta
010XIMIYHUMU MMOKA3HUKAaMH T1a3Mu KpoBi [13].

Byeneyesi nanocmpyxmypui mamepianu. llo3ask BaKJIIMBE MiCIle Cepen
MaTepiaiiB, fKi 3aCTOCOBYIOTBCS Y MEAWIIMHI Ta 0i0JIOTii, MOCiAal0Th BYTJIENEBi
HAHOCTPYKTypHI Matepiamn (BHM), came iXHIMH OypXJIMBHMH PO3BHTKOM,
CHUHTE30M Ta JOCIiIKEHHIMH XapaKkTepu3yBaJIuCs TpH ocTaHHI Aecatunittsa. Cepen
HUX — ByrjeueBi TpyOku Ta HaHochepu (¢pynepeHn), ByTJeLeBi KapKacHi
CcTpyKTypH, ski MicTath C60—C70 Ta Oarato iHmmx. [loegHaHHS YHIKQJIBHUX
¢i3MYHUX Ta XIMIYHMX BIIACTHBOCTEH BiAKPHJIO IIMPOKI MEPCIEeKTUBU IX
3acTOCyBaHHs caMme y Oionorii Ta MeaunuHi. BogHouac, nefani yacriine BAHUKAIOTh
MUTaHHA, YU HE IOKUIMBI Il Marepiald JUis 3J0pOB’sl Ta HAaBKOJHIIHBOTO
cepeIoBHIIA.

Ifro mpobnemMaTHKy iHTEHCHBHO BHBYAIOTh y Oarathox KpaiHax cBity. Tak,
CIIIA, Anownis, BenukoOpuranis (ta iHmi kpainu-wiean €C), a Takox IlBeiinapis,
Kura#i, PecnyGmika Kopes, Asctpamis, KanHama TOIIO CTBOPHIM HHU3KY
MDKHApOJHUX Mporpam 3 BHUABIEHHS MOTEHLIHHOI HeOe3nmeKu HaHoMaTepialiB.
Crenianpanii Bumyck >xypHaiy «Carbony (2006, 44, Ne 6) OyB mNpHCBSYCHHMA
MUTAHHSAM TOKCHYHOCTI Ta 010CyMiCHOCTI BYTJICIICBHX HaHOMATEpialiB, MPHUOMY 5K
TPaAMIIIMHUX, M0 BXXE 3aCTOCOBYIOThCA Yy MeAuIMHI (IMIUTAHTATiB), TaK i
Byrnenesux HaHoTpyOook (BHT). B VYkpaini >k Hem0JaBHO TaKOX pPoO3poOIICHO
MetoanuHi pekomennanii «OImiHka Oe3MeKH JIIKApChKUX HaHoIpemapartiBy [16] 3
CHUCTEMOIO eKCIIpeC-TeCTiB Jid OwLiHIoBaHHA Oe3meyHocti HM  mtyuyHOro
MOXO/KCHHS 3a CTYIICHEM IX BIUIMBY Ha MOKA3HUKHU SKUTTEMISUIBHOCTI 0i0JIOTTUHUX
CHUCTEM pI3HUX piBHIB opraHizaiiii. [Ticyis Takux TecTiB peKOMEHY€EThCS TIPOBOTUTH
HEOOXITHUHN 00CAT TOKCUKOJIOTIYHHUX JOCIIIKCHb, BUXOIIUH 3 IHIINX MeToInIHIX
pekoMeHganid  «/lokTiHIYHI BHIPOOYBaHHS JIKAPCBKUX 3aco0iB», a TaKOX
HacTaHoBU MO3 Vkpaianm «JloKmiHIYHI JOCTIIKCHHS OC3MeKH SK MiIIPyHTS
KIIHIYHAX BUMPOOYBaHb 3a yYacTIO JIFOJUHH Ta PEECTpaIlii JIIKapChKUX 3aco0iB»
(ICH MO3 (R2)).

60



Il. Pe3ynbTatin HaykoBWX AOCHiXEHb

HaykoBi HampamioBaHHS 3 [FOTO THTAHHSA MIHPOKO TIPEACTABICHI Y
nmyOmiKaIisiXx oCTaHHIX pokiB. BcraHoBneHO, 1m0 MimeHaMu g ByrieneBux HY e
Oionoriuni makpomonekymu (JHK, PHK, 6inku) i1 wmemOpanu (30kpema
ricToreMaTH4Hi), a TaKOXK TeMaToeHIe(alliyHi Ta TUIAICHTapHI Oap’epu i cucTtemMu
OKMCHEHH$/BITHOBIIEHHsI (BKJIIOYHO 3 mepekucHuMm) [4]. Arperatu Byrieneux HY
3[1aTHI HAKOITMUYBATHCh B €HA0COMAaX, MITOXOH/PISIX, IUTOILIA3MI, SIIpi Ta siAepLi i
BUKITUKATH 3MIHH €HEPreTHYHOTO MeTaboi3My 1 piBHS BUIBHHUX paIdKaliB Ta
ymkomkenns JTHK [17, 11].

Huni BHT € omHuM i3 TphOX HaWAOCHIHKCHIIINX HAaHOTOKCHKOJIOTaAMH
00’exTiB. JlaHi 1momo ixHiX OiosoriyHUX e(eKTiB cynepewmBi. BigkpuTi Oim3bK0
JIBOX JECATHPIY TOMY, BOHH BBaXajWcs IIUJIKOM Oe3lmeyHuMHu, a cdepa ix
BUKOPHUCTAHHS 1 HUHI 3aJIMIIAETHCS yXKEe IIUPOKOr. Pasom 3 TUM, HEl0JaBHO
3’scyBasiocs, mo BHT, npoHukatoun uepe3 MeMmOpaHy, HaKONWYYIOThCS B
IMUTOIUIA3MI Ta sApi, BUKIMKarouM 3aruOenb wmtuHA [18, 19]. I[lpu npomy
TOKCUYHHUHI e(deKT MOB’s3yI0Th, 30KpeMa, 3 JI€I0 3aIMIIKIB KaTaji3aTopiB IpymnH
3amiza Ha BHT [20].

Boanouac, okpiM piBHS YHCTOTH MaTepiany, HOro TOKCHYHICTh 3aJICKHUTh BiJ
OaraThbOX IHIIMX YHHHHUKIB. 30KpeMa, MaloTh 3HA4YEHHS CHOCI0 OTpuUMaHHS Ta
KiJbKicTh mpomapkiB y cTinii BHT: Tak, € nani npo OinbImuii cTynmiHb TOKCHYHOCTI
came oxHoctiHHUX BHT [20]. Po3mip Ta ¢dopma Takok BIUIMBAIOTH Ha TPOSBH
TOKCHYHOCTI, IPHYOMY MPIOPUTETHY POJIb Y MPOIECI PO3BUTKY TOKCUYHHUX €(DEKTiB
3a mamux no3 BHT Binmirpae came ¢opma uactuHkH [21], Tomi SIK piBeHb
MPOHUKHEHHSI B KIIITUHY Ta [IMTOTOKCUYHICTH 3ayiexathb B goBxuan BHT (kopoTki
MPOHUKAIOTh akTUBHIME) [22]. Bin posmipy BHT 3anexuTh 1 peakiis Ha HUX
MakpodariB [23]: ocTaHHIM Ba)XKO NOIVIMHYTH AOBri (moHanm 20 MM) Ta >KOPCTKi
BHT i BoHU pearyroTs JHIlle BUKHIOM y BiANIOBIHE CepeIOBHUINE TOKCHYHUX (HOpM
kucHio (T®K) Ta rimponiTHIHuX (PEepMEHTIB, 0 BUKJIUKAIOTh XPOHIYHE 3aMajcHHS.

Sk BKazaHO BHUIIE, TOKCHUKOJIOTIYHMNA e(eKT MaTepiany 3aleXuTb Bij
EKCIEPUMEHTAIBHOI MOJETI, THITy Ta CTPYKTypH OlOJOTiYHMX KIITHH, OOpaHHX B
SKOCTI TecT-00’ekta. Tak, rpyma BITYM3HSHUX BYCHUX [24] BCTaHOBWIIA SIBUIIC
BUOIpKOBOT1 TOKCHYHOCTI OararocTinHuX BHT BiZHOCHO 10 KIITHUH Pi3HUX OpraHiB
(IeYiHKM, HUPOK, CepIls Ta JIETEHIB) IIypiB 1 PO3IJHYyNa ii NPUYMHH, JO SIKUX
BITHOCATh BIAMIHHOCTI Yy TigpodiibHO-TMOGiIIEHOMY OallaHCi  JTOCIHIHKEHUX
TKaHWH, B3a€MHE BiJIITOBXYBaHHA OJHOWMEHHO 3apsypKeHHX Qocdomimiaib
MeMOpaH Ta okucHeHuX HT i ekpanylody fifo cypdakTaHTIB Ha aJIbBEONAX JIETEHb.
Bueni BcranoBwiy, mo ximiuny moaudikamiro (okucaenHs) BHT ciin posrisnatu
K IDIIX 10 orpuManHas HM i3 MiHIMI30BaHOK TOKCHYHOIO JTI€H0 Ha i30JIbOBaHi
KIITUHM TKaHWH TeBHUX opraHiB. Tak, mpu gocmikeHHI Oi0CYyMICHOCTI SIK
omuHoctinauX (OBHT), tak i1 Garatoctinaux (BBHT) nanotpyOok mim yac 72-
TOJMHHOTO KYJIbTUBYBaHHS KJIITHH HUPOK 3eJeHOi MaBmu JiHii Vero nHa OBHT Ta
BBHT, ocamkeHHX Ha TOBEPXHAX CKISHHUX MiAKIAA0K, OYyJO BCTaHOBIIEHO
BiJICYTHICTh TOKCHYHOTO e(eKTy [22].

3HauyHy KIUTBKICTh POOIT TPHUCBSAYCHO W BUBYCHHIO AHTHOAKTEpiaNbHOI il
Byraeuesux HanomarepianiB: OBHT i BBHT, d¢ynepeny C60 y Boamiii ¢asi,
KOJIOTTHOTO TpadiTy, HAHOBOJIOKOH, aMOp(HOTo BYTJEIo Tomo. JocmikeHHs iX
IUTOTOKCUYHOCTI TPOBOJWIM Ha KylnbTypax FEscherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis, Staphylococcus epidermis, a Takox pi3HUX MIKpOOHHUX
CHIBHOTAX PIYKOBUX Ta CTIYHUX BOJ [25, 26, 27]. BcTaHOBNIEHO BHUIIY TOKCHYHICTh
OBHT Ta 3amexHicTh aHTHOaKTepialbHOTO e(EeKTy BiJ IiaMeTpy, IOBKHUHH,
¢i3uKo-XiMiuHOT MoaMdikaiii (OKMCHEHHS, (DYHKI[IOHATI3allii, MPOKAIIOBaHHA), a
TaKOX CTymeHoo aucrnepryBanHs BHM B po3uuni, mnpuuoMy piBeHb

61



"BicHuk" YMT Ne 1 (8) 2015

MOIITKO/KYBAJIBHOI Jii OyB HaWBHIIUM B aMOp(HOTO BYIJIEII0, a HAWHWKIUM — Y
BBHT. 3Bincu 3po0jeHO0 BHCHOBOK, IO MiJBUIICHHS CTYIEHIO CTPYKTYPOBaHOCTI
HAHOBYTJICIIO 3MEHIITY€ BUPAKECHICTh OAaKTEPUIIUIHOTO e(EeKTy.

[IpoTsiroM KiIBKOX POKIB 3IIHCHIOBAJIOCH OIIHIOBaHHS TOKCHMYHOI nii BHM
«Taynit» (P®) Ha ocHoBi BBHT Ha mnoka3HHKH 4YOJOBI4OI pPENpORyKTHBHOI
CHCTEMH, a TaK0XX BUBYAINCS CTaTeBi po301KHOCTI y BUABI (i3i070TIYHOTO edeKTy
nporo BHM (Ha Mummax) i HOro reHOTOKCHYHHUH BIUTHB HA TaKUX TiAPOOIOHTIB, SK
nepiofaadHiid Ta OMHOKIITHHHI 3eJieHI BogopocTi ¥ Oakrepii [20]. BeranopneHo, mo
JNOCTi/DKEHN  HaHoMmartepian HanexuTb Jo Il kmacy HeOesmeku s
HABKOJIMIITHBOTO TIPUPOJTHOTO CepeIoBHINA (TOMIpHO HEOE3MEYHI PCUOBHHH ).

Oyneperan Cgp, Yy CBOIO Uepry, BBaKarOThcsl ManoTokcmaammu (1200-2500
MI/KT), SIK 1 IXHI CIIOJIyKH 3 TJIIOTaTiOHOM, OeTa-aJaHiHOM, a TakoX (Top-, OpoM- Ta
aMiHOMICTKUMHU pajukanamMu [4]. BogHowac, mpueananus g0 Cgp MIpUAMHIB Ta
MIPUMIIUHIB CYTTEBO MiJABHINY€E TOKCHYHICTh HOBUX PEYOBHH. BiomMo Takox, 1Mo i
¢dynepenon Cg(OH),4 BuKiIMKae remaToToKcHyHHMM edekT. IlpumyckaeTscs, Mo
TOJIOBHUMH MEXaHi3MaMH IIMTOTOKCHYHOI aii ¢QyliepeHiB € BHUKIUKAHI HUMHU
MEPEKHCHE OKHCHEHHS JITIIIB 1 PO3BUTOK OKCHJIATHBHOTO CTPECY i MOB’sI3aHi 3 IIHM
HAaCIIKU: 30KpeMa, TeHOTOKCUYHICTh Ta HeKpo3 [27].

3BifcH BUILIMBAIOTH BUCHOBKH, 1110 HeMoAu(ikoBaHi (ynepenu Cqp 38 HU3BKUX
(61m3pKUX 10 (Pi310JOTIYHNXK) KOHIICHTPAIIIH HE BUSBIISIFOTh TOCTPOT TOKCHYHOI il Yy
CUCTEeMax sIK in vivo, TaK 1 in vitro [28, 29].

[TuTaHHs TOKCHIHOCTI rpadeHy Tek Hapasi 3aluImacThes BigkpuTuM. i mpossu
3ajeKaTh Big HOro mosw: 25 MKr/mm — Oesmeuna, tomi sk 100 ta 300 MKr/mm
MPHU3BOJATH 10 3aruberi, BiamoriaHo, 50 Ta 60 % kmiTHH JiHIT Vero 3a ix iHkyOarii
ynponoBx 24 roaun [30]. € gaHi ¥ mOIO CYTTEBHX BIAMIHHOCTEH y Xapakrtepi
B3aemonii 3 OiocucTeMaMH YHMCTOrO Ta (PYyHKIIIOHAi30BaHOrO TpadeHiB: Tak,
MIPHITYCKAETHCSA, IO (PYHKIIIOHATI3AIlis KapOOKCHIIBHUMU IPyIlaMHA Ma€ BHpIIIaIbHE
3HA4YeHHA JJIs IPUTHIYEHHS IUTOTOKCHYHUX e(eKTiB rpadeny.

BruB HaHOMatepianiB Ha IMyHHY CHCTEMY TaKOX BaXJIUBHH JJISI CTBOPCHHS
Oe3neuHux HaHOTexHOJOTriH. [laHux mpo B3aemoxito BHM 3 iMyHHOIO CHCTEMOIO
Iy’Ke Mayo, aje € MOBIAOMIICHHS Mpo iXHiil BIUIMB Ha Makpodard, JiMQouuTH Ta
TUMOITUTH EKCICpUMCEHTaNbHUX TBapuH [31, 23]: 3okpema, momiueHo, mo BHT
CIIPUYHMHSIOTh PO3BUTOK aneprii, a (ynepeHn — aHTHaJepreHHi edektu [32]. €
MoBiIoMIICHHS 1 Tipo HeratuBHUE BB BHT, mo moTpamuiau depe3 JercHi, Ha
KJIIITHHU IMYHHOI CHCTEMH, IIUISXOM IPUTHIYCHHS (DYyHKLIOHANBbHOI akTHBHOCTI 7-
nmiMponuTiB (0e3 3MiHH 1X KUIBKICHOTO CKIIQay), a TakOX CIPHSHHS PO3BUTKOBI
aJeprivyHUX peakiiii y NIypiB 4epe3 aKTHBAIIO B-TIMQOIHMTIB Ta IiJABHIICHHS
npoxyktuBHocTi IgE [33]. BomHouac, moapa3HiOOUi Ta aiepridyHi eEeKTH BILIUBY
BHT Ha mikipy BUBYEHI HEJOCTATHBO [34]: Tak, i Yac MpOBEACHHS aruliKamiiHOTO
TectyBaHHS 40 MOOpPOBOINBIIIB OyJIO BCTAHOBJICHO, IO OXHOKPATHUH BIUIMB CaXi,
sika MictuTh BHT, He BUKIIHKa€E MOApa3HIOBAILHOI 200 XK anepriynoi peakiliii [35].

Ornsin 3apyOikHuX myOmikamin [31, 36] cBiguuTh mpo po30DKHOCTI Y
pe3ynbTarax TOKCHUKOJIOTIYHMX eKCIepuMeHTIB. Tak, mopsn 31 BCTaHOBICHUM
IIKiUTMBAM BILUTUBOM BYIJICIICBHX HAHOCTPYKTYp Ha CMiJepMalibHi KEPATHHOIUTH,
¢ibpobnacTi, TEMaTONMTH, AacTPOIUTH, CHITEJIOUUTH OpOHXIB, Makpodary,
TiMGOLUTH, KIIITHHU KapIUHOMH JIFOJUHH U JIETeHb, SUICKIITHHH, CPUTPOIIUTH Ta
THUMOITUTH CKCIIEPUMEHTAIFHUX TBApHH, Y 0araTboxX eKCIepuMeHTax (SK in vivo, Tak
i in vitro), BogHO4ac, 3a(hiKCOBAHO BiJICYTHICTh TOKCHKOJIOTiYHOTO BITUBY BHM.
3okpema, Moaudikoani renapuaoM BBHT 3a koHmeHTpanii 3Mr/mi B yMoBax in
Vitro BUSBWINCSA CyMICHHMH 3 KPOB’10 JIFOJHMHH, @ TH)KHEBUH KOHTAKT (hiOpoOmacTiB
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nypie i3 ¢ynkmionanizopauumu  COOH-rpynamu  BBHT He cnpuywHuB
LUUTOTOKCHYHOTO €(heKTy.

Mix TuM, y JiTepaTypi icHyI0Th AaHi [37], 3rigHO 3 SKUMH (QyHKIIOHATI3aMlis
BBHT He € 000B’s3k0BOIO uiss OiocyMicHOCTI — goctatHbo Toro, mo BHT e
OUHMIICHUMH 1 HE MICTATh MeTaJeBUX a0o X aMOp(HHUX BYIJICLEBHX 3aJIMIIKIB Ha
CBOIX IIOBEPXHSX.

Kmouem 1o  BupimieHHS  NHTaHHS ~ pO30DKHOCTI Yy pe3yibrarax
TOKCHKOJIOTIYHHX JOCTIDKCHh MOXYTh CTaTH PEKOMEHJAIlT MOA0 iaeHTH}iKarii
METOJIiB TOCTI/DKEHb Ta METOJOJOTIUHUX MiaxoiB [2, 9]. Tak, aBTopu podoTu [23]
pajaTh 3aCTOCOBYBAaTH Yy3arallbHEHI IMIXOAM Ta BHBYATH TJIIMOWHHI MEXaHI3MH
B3a€MOJIii HAHOO0 €KTa Ta JKUBOTO OpraHizMy (061000’€KTa) 3 ypaxyBaHHSAM HE JIUIIIE
nosepxHi HY, ane i1 ii po3mipy, dhopmu, miomi Ta pagiycy KpUBHU3HHU, XIMiYHOTO
CKJIaJy, HAsIBHOCTI HA HiM XiMIYHUX (YHKIIOHAJIBHUX TPYI, IIOBEPXHEBOTO 3apsmy,
BaJICHTHOCTI, €JIEKTPOIPOBITHOCTI, T€TEPOreHHOCTI, MOPHCTOCTI, TiAPOPIIBHOCTI,
rigpo@oOHOCTI, KPUCTAIIYHOCTI Ta HasgBHOCTI JedekTiB (e, Oe3CcyMHIBHO,
HalBaXXJIMBIIIE), a TAKOXK SIKOCTI HABKOJIMITHBOTO CEPEJOBHUINA Ta Oe3mocepe Hbol
obOnacti KOHTakTy. Tak, HaBKOJMWIIHE CEPEIOBHINE MOXe OyTH TpeacTaBicHE
MOJICKYJIaMH BOJW, KHCIOTAMU ¥ OCHOBAMH, COJSIMH Ta MYJIbTHBAJICHTHHMU
i0OHaMH,  pPO3UYMHCHUMM  OpraHiYHMMH  CHOJyKamH,  cyppakTaHTamMud i
noJieiekTpoiTaMu. JIJis MeXi K KOHTAaKTY «TBEpIe-piKe» BAKIMBAMH €
rifipaTamis Ta Jerijpataiis moepxoHb HY, po3YuHHICTh, arperarisi Ta JUcCIepcis,
pECTPYKTypH3allis MOBEPXOHb Ta BUBUIBHEHHS BUILHOI €HEPTii, ajgcopOIiis 3apsiB
Ta OPTaHIYHUX MOJIEKYJI, YTBOPEHHS MTOBIIHOTO EIEKTPUIHOTO IO, EICKTPHYHA i
CIIEKTPOCTATHYHA B3aEMOJII Ta 130€JeKTpUYHA TOUKa. [Ipy KOHTaKTi 3 MEMOpaHOIO
JKMBOI KJITHHH CJIIJ{ 3BaKaTH 1 HAa B3aEMOJII0 3 OloMonexkynamu (JTimigu, OuTKH,
JHK), sixa Mo’ke BUKIMKAaTH CTPYKTYpHI Ta (DyHKLIOHANbHI 3MiHM, TIEPCHECCHHS
BUJTbHOI €Heprii Ha OIOMOJIEKYJM Ta IXHE OKUCHE IOIIKOKECHHS, KOoH(DipMariiHi
3MIHHU Ta YIIKO)KEHHS MiTOXOHJIPIM 1 Ti30COM.

biocymicuicmo eyeneyesux mamomamepianie. CodyKH BYTIEIIO (BYTJICBOIIH,
oinkw, xupu, [IHK, PHK, ropmonu, amiHO- Ta KapOOHOBI KUCIIOTH) OEPYTh Y4acTh y
¢bopMyBaHHI BCiX TKaHHH JIIOJICBKOTO OpraHi3my. Byrienp mMae BUCOKY 0i0J0OTiUHY
cyMicHicTe. Came GiocyMicHICTH ByIJIeIto i iforo ¢izumko-xiMiyHa Ta OioximiuHa
CIIOPIIHEHOCTI 3 yciMa TKaHWHAMH JTIOJICBKOTO OpraHi3My, i 30KpeMa KiCTKOBOIO,
CHpUsJia 3aCTOCYBaHHIO y KIIHIYHMX YMOBaX BYTJCHEBUX HAaHOCTPYKTYPHHX
immrantatie (BHI). TlomepenHi TOKCHKONOTIYHI €KCIEPUMEHTH MOKa3alld, M0
3pasku BHI moBHICTIO BiANOBIAaI0OTH BUMOTaM J0 MaTepialliB, sKi KOHTaKTYIOTh 13
BHYTpIITHIM CEPEIOBUIIEM Ta TKAHUHAMH OpPTraHi3My: BOHH HETOKCHUYHI, HE MAlOTh
MOJIPa3HIOBAIbHOI Ta CEHCHO1TI3yI0401 11ii, He BUKIMKAIOTh PEeaKilii BIATOPrHEHHS, Y
HUX BHCOKa OioyioriyHa cymicHicTh [20]. YacTHHA WX IMIJIAHTATIB BUTOTOBIISETHCS
3 BYTJICIIEBOTO KOMIIO3UIIIHHOTO Martepiany «YTIEKOH-M» (CIUICTEHHsI BYTJICICBUX
BOJIOKOH Ta HUTOK «YKH-5000», mipomiTHYHO 3B’s3aHUX BYTJIEIEBOIO MATPHIICIO),
BYTJICIb-BYTJICLIEBOTO KOoMITO3HLiifHOTO Marepiany (BBKM) Ta Bucoxomopuctoro
BYTJICITIO.

ABTopu poOotu [22] Tex pexoMeHAylTh BUKopucToBYyBaTd BHT B sikocTi
KapKacHOIO Marepialy JuIsl pereHepariii KicTKOBOi Ta XpsmoBoi TkaHuH. Ili
pexomeHpamii oOrpyHToBaHi TuM, mo BHT wMaroTh cTpyKTypy, T€OMETPHUYHO
ONMU3BKY 1O TPUTAMaHHOI UII OCHOBHOTO OiTKa CITONYYHOI TKaHUHHA TBapHH —
konareHy [38], i MoXyThb OyTH BOyZOBaHI y KIITHHHHM Kapkac Ta BXOAUTH IO
ckJaay 0i0CYMICHHX KOMITO3UTHHX MaTepialiB.

Ha mepexoHaHHs 111101 HU3KK aBTOPIB, 0IOCYMICHICTh MaTepialiB 3HAYHOIO
MIipOr0 3yMOBJIEHA 3/IaTHICTIO 70 Oiojerpanarii. Taka 37aTHICTh HEUIOJAaBHO Oyiia
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BusBiieHa y BHT, komu Oyio 3adikcoBaHO SBHINE OKHCHO-(EPMEHTATUBHOTO
PO3ILEIUICHHS HAHOTPYOOK NPOTIroM § THXKHIB 3aBISKHA BUKOPHUCTAHHIO MPUPOJHUX
MEXaHi3MiB IMyHHOTO 3axucty JroauHu [39]. Ilpm mpoMy mpo 3HaTHICTH 10
Oiogerpamanii BHM indopmyroTs ¥ iHINI aBTOpW: TakK, BCTAHOBIEHO, IO
OionmerpamoBani 12-ronuHHOIO 1HKYOaIi€ 3 Mienonepokcuaasow moaunan OBHT
BUKJIMKAJIM MEHIIY 3amlalbHy pPEakiliio y LIypiB MOPIBHAHO 3 HEJICTpaJOoBaHUMHU
BHM [40].

VYKpaiHChKI BUYEHI HE CTOATH OCTOPOHb y MHUTAHHAX pPO3POOKH HOBHUX
BYITICIICBUX HAHOMATEpiaJiB Ta BHMBYCHHSA iXHIX BIAacTHBOCTEH. BueHux-
TOKCHKOJIOTIB IIIKaBJISITh TEOPETHYHI Ta TIPAKTUYHI THUTAHHSA O€3MeYHOCTI W
oiocymicHocti BHM [2, 9, 13, 16, 19, 24, 34, 36, 41].

Tax, B IHcTuTyTi npobiem matepiano3naBctBa iM. I. M. ®@panuesnua HAH
YKpaiH# OTPHUMAaHO BYIJICIICBUN HAHOCTPYKTYpHMH BOJIOKHHCTHH MaTepiai
(ABBM) «/lnenp-MH», 1m0 MictuTh Taki HaHOQOpMH, SK HaHOTrpadir,
HAHOBOJIOKHA, HAHOTPYOKH 1 HAHOHUTKH, 1 Ma€ BUPa3Hi copOIiiHi BIacTuBocTi [42].
Noro ximiunmii ckia MpeJICTaBIICHUH, mepeBaxkHo, ByrieneM (92,2-99.9 %) ta
MikpojoOaBkaMu jgeskux XiMmiuyHux enmemeHtiB (Si0,, O, N, H). Kinbkicts
KHCHEBMICHMX (YHKI[IOHANbHUX TPyl MABUIIEHO 3a PaxXyHOK pPiAWHHOTO
okucHeHHs [43]. Ilo3ask neit MaTepiai INIaHYeThCs BUKOPUCTOBYBAaTH y MEIUIIMHI,
W 30KkpeMa B sKOCTi copOeHTy, Oylo TMpPOBEJICHO HH3KY JIOCTIKCHb HOTO
Oe3neunocTi (6iocyMicHOCTI) a0 K, HaBIMAKW, MOXKJIMBOTO HETAaTUBHOTO BIUIMBY Ha
JKUB1 OpraHi3aMu. Tak, METOI0 OFHOTO 3 TaKHUX EKCIICPUMCEHTIB OyJI0 BHBUCHHS
KIITHHHUX PEaKIiii Ta JEsKUX MOKa3HUKIB IMYHITETY SK MapkepiB 0iocyMicHOCTI
ABBM 1mpu #ioro 3actocyBaHHI HOro B SIKOCTI aIUTIKalliHOTO COpPOCHTY Ha paHH
urypis [44, 45].

OxepkaHi pe3ynbTaTH CBi4aTh Npo Te, IO arulikamidHa copOmis 3
BukopucTanHsM ABBM 3amobirae po3BUTKY €HAOTCHHOI IHTOKCHKAIl TMpH
MeXaHIYHIi TpaBmi (PO IO CBiAYUTH 3HWKEHHS KOEQIiEHTy TOKCUYHOCTI,
JNEHKOIUTAPHOTO 1HJEKCY 1HTOKCHKAIi, HIUTOTOKCHYHOTO Ta IIMTOJITHYHOTO
1HIEKCIB TIONIKOJDKCHUX TKaHWH) Ta YHHUTH CYTTEBHH TeparneBTUYHHN e(eKT Ha
nepebir paHoOBOro MpOIEeCy, IHTEHCHBHICTh 3alalieHHs, HaOpsAK 1 MPUCKOPEHHS
penapaTHBHOI pereHepartii.

Ciin TakoX 3a3HAYMTH, 10 YaCTHHA ONMCAHUX BHIIE HAHOCTPYKTYP (30KpeMa
BHT) Bxoaute nmo ckimanxy ABBM y 3B’s3aHOMY BUIJISAII, HAOarO4d HOMY CBOIX
MO3UTHBHUX  SKOCTeH Ta, OJIHOYACHO, TMO30aBIIsIIOYM HOTO  HEraTWBHUX
BJIIACTHBOCTEH, TPUTAMAaHHHUX BYTJICIIEBUM YacTKaM y BUTbHOMY cTaHi. BoxHowac, sk
BiJIOMO, 3aKpimicHi Ha miaknaakax BHT He BUSBIAIOTE TOKCHYHOTO edekTy [22], Ak
i BHT y cknani 6iomoiaiMepHHX IMIUTAHTATIB (JUB. TAKOXK BUIIE Y ILOMY PO3JILI).

Bucnosxku

[lincymMoByIOouM AaHi HAyKOBOiI JITepaTypH Ta BIACHUX JOCTIIXEHb, MOXKHA
3pOOUTH TaKi BUCHOBKH.

Crierudivni 610JI0TiIYHI €EKTH HAHOCTPYKTYP, IMOB’SI3aH] 3 IIUM PH3HKH IS
3I0POB’sl JIFOJIMHU Ta MOXJIMBI IIKIJJIMBI HACIITKA 3YMOBIIOIOTH HEOOXIIHICTh
MIPOBEJICHHS JOCTIKCHb, METOIO SIKUX € TapaHTyBaHHsS OE3MIEYHOCTI 3aCTOCYBaHHS
HAHOTEXHOJIOTIH Ta HAHOMATepiaiB.

AHami3 JiTepaTypHUX JaHUX IO0Ka3aB, OI0 IuToToKcHyHa Ais BHM 3anexurts
Hacamrepen BiJ IXHBOI KOHIICHTpalii, CTaHy arperamii Ta dYacy MpOBEICHHS
JIOCHIDKEHbD.
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CrpsIMOBaHICTh Ta BUPa3HICTh TOKCHYHMX edekTiB BHM 3amexars Bix Takux
nmapaMeTpiB, sK po3mip, (opma, CTYIMiHb TUCHEPTryBaHHS y PO3YHHI, XiMidHa
IpUPO/A, HASBHICTh TEXHOJIOTIYHUX JOMIIIOK, MOpPQOJIOridHa Oprasizalis,
CTPYKTYpHI 0COOJIMBOCTI, BUA (YHKIIOHAIBHUX TPYI, TOBEPXHEBUH 3aps,
BaJICHTHICTb, €JEKTPOINPOBIAHICTh, EIEKTPOKIHETUYHUH TMOTEHLIal YacTUHKU Y
PO3UMHI, TiAPOGUIBHICTE, TiIpohOOHICTh, KPUCTATIYHICTH, HAsBHICTh Ic(EKTiB
TOIIO.

DizuKko-xiMiUHYy Moau(pIKaIlifo (OKHCHEHHS, (G yHKIIIOHATI3AIIIO,
MIPOKAIIOBAHHSA) Ta MiJIBUINEHHSA CTYICHIO CTPYKTYPOBAHOCTI CHiJ PO3IIIAIATH SIK
eTanM Ha IUIIXy J0 oTpuMaHHid HM i3 MiHIMI30BaHOI TOKCHYHOK [i€0 Ha
130JIbOBaHI KIIITHHU Ta KIITHHA TKAHUH IICBHUX OPTaHIB.

Huzka BHM BusiBiasie BUCOKMI piBeHb 0iOCYMICHOCTI 3  KpOB'IO,
¢ibpobractamMu, acTpOIUTaMH Ta OCTEOOJIACTaMH, a TaKOX YHHUTH CYTTEBHH
TepaleBTUYHHUI BIUIHB Ha Mepedir paHOBOTO IPOIIECY, TOK MOXe OYTH 3aCTOCOBaHA
Yy MEAMIMHI i 010JI0Tii.

B cmamve 0600wenvl numepamypruvle OanHble U pe3yibmamsl COOCMBEHHbIX UCCAe008AHULL
agmopo8 OMHOCUMENLHO MOKCUYECKO20 OeliCmaus yenepooHvix HaHompyook, ¢yriepenos C60),
epagena, yenepoOHbIX HAHOBOAOKOH U UX MOOuuKayuil @ cucmemax in vivo u in vitro. Ilpoananu-
3UPOBAHBL PUUKO-XUMUUECKUE CEOTICMEA, CMPYKMYPHbIE 0COOEHHOCMU, XAPAKMEPUCMUKY U Na-
pamempul HAHOMAMEPUATIO8, KOMOPbIe ONPeOensom HANPAeIeHHOCHb U 6bIPANCEHHOCHb MOKCU-
yeckux oghgexmos. Ycemanoeneno, umo psaod  yenepoOHuIX HAHOCMPYKMYPHLIX MAMepuanos
NPOABNAIOM 6bICOKULL YPOBEHL OUOCOEMECTNUMOCIIU C KPOBbIO U KACMKAMU DA3HBIX MKAHEN, a Do
oenaem ux nepcneKmMuGHuIMU 0I5l NPUMEHEHUs 8 MeOuyuHe U OUOIOUMU.

Knrwouegvie cnosa: yenepoOuvle HAHOCMPYKMYPHblE MAMeEPUAnbl, MOKCUYHOCMb, OUOCO-
BMECMUMOCHID.

The literature data and own results of the authors regarding to toxic effects of carbon
nanotubes, C60 fullerenes, graphene, carbon nanofibers and their modifications in vivo and in
vitro systems are summarized in the review. The physicochemical properties, structure
peculiarities, characteristics and parameters of nanomaterials, which determine trend and
intensity of toxic effects were analyzed. It is noted that the number of carbon nanostructured
materials exhibit a high level of biocompatibility towards blood and cells of various tissues. This
fact indicates to availability of their using in medicine and biology.

Keywords: carbon nanostructural materials, toxicity, biocompatibility.
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