
B llaJIbH6ilJleM COllepweHCTBOBaHHH Hy)l(llalOTC!l H CpellCTBa 

HHllHllHllYaJIbHO~i 3ali.\HTbl, OC06eHHO llJUI 3<jJ<jJeKTl18HO~i 3aUHJTbl OpraHa 3peHHll 

06cny)l(HBUIOl.UerO nepCOHaJla OT HOBblX llH1l0B na3epHblX H3nyl.J.eHHH. 

TaKJ1M 06palOM, IJ:nll peweHHll np06neM B 06naCTH fHrHeHWleCKOH 

pemaMeHTaUHH na3epHblX H3JlY ' lemll1, npHMeHlleMblX B COBpeMeHHblX TeXHonOfHllX, 

He06xollHMO npHHllTHe HaUHOHaJlbHOH nporpaMMbl no COBepweHCTBOBaHHIO 

Jla3epHO~ 6e30naCHOCTH. 

HEKOTOPhIE CXO,n:CTBA H PA3JUl4ID1 B TOKCWIECKl1X
 

CBOMCTBAX HAH01..[ACTMU J1.LJ;pyrUX XHMH4ECKHX BEII.J.ECTB
 

)KonllaKOBa 3.11., CHHHUbIHa 0.0.
 

fY Hl1113KonofHH 'leJIOBeKa H fHrHeHbl oKpYlKalOl.UeH cpeilbl HM.A.H.ChlcHHa
 

PAMH, r.MocKBa
 

EypHoe pa3BHTHe HaHoTexHonofHH HeCOMHeHHO npHBe.uCT K TOMy, "{TO B 

6nHlKaHwHe rOllhl CO.llep)l(aHHe HaHo"{aCTHu B 06'beKTUX OKpYlKalOweH cpeilbl 

yBenHl.J.HTCll, H nOllBJlHeTCll HX peaJIbH311 onaCHOCJ:b llnll 'leJlOBeKa. HMeJ;OmHeCll B 

HaCTOlll.Uee BpeMH pe3YJlhTaTbl TOKCHKOJlOfH'IeCKHX HCCJIe1l0BaHHH BO MHorOM 

npon180pe'lHBbl, H CKopee He .IlalOY OTBeTa Ha BonpOCbl 0 TOKCH'IHOCTH 

HaHOMayepHaJlOB, a BbJ3hlBalOT MHO)l(eCTBO HOBbIX. 

ITPHHllTO C'IHTaTh, 'ITO K H3HOMaTepHaJlaM OTHOCHTCli 4aCTHI\bJ C pa3MepOM He 

60Jlee 100 HM. C fl03HnlclH TOKCHKononUi B03HHKaeT Bonpoc, HBJJlleTCJI JIH pa3Mep 

'laCTHU OCHOBHOH xapaKTepHCTHKOH, onpeJleJllllOl.UeH HX onaCHOCTh? [:I pH 

cpaBHeHHH p33MepOB MOJleKyn pa3JlHLIHhlX XHMHl.J.eCKHX BeweCTB MOlKHO 

06Hapy)KHTb, 'ITO HaH60nee KpynHbJe H3 HHX, KaK HanpHMep, nonHxnopHpOBaHHble 

ilHOKCHHbl H <jJypm'lhl, HMelOT n1meHHble p33Mepbl JlO 3 HM (30 A). Ewe 60JlbWe 

npH6nHlKaloTcH no p33Mepy K HaHO'laCTHuaM MOJleKYJTbl ITAY H pacTBOpHMbJX 

nOJlHMepHhTX coeJlHHeHHH. CTeneHb H MexaHH3M TOKCH'JeCKOrO JleHCTBlclll 3ifHX 

Bel.UeCTll p33JTl1'laeTCli B 3aBHCHMOCTH OT CrpYKTYpbl H <jJH3HKO-xHMIcl4ecKHx 

CBOMCTB. 
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BTOpOH B3)1(HOii xapaKTepHCTl1KOfi HaHo'lacTlfLl, B YaCTHOCTJ-l <jJyJIJJepeHOB, no , 
llaH HhJM JU·r. CH1l0pOBa H 1O.A. MaKeeBa (2000) llBJTlleTCll He06hl'lHO 60nhwoe 

cpellH Bcex aJlKeHOB "{HCJTO 3KBHBaJleHTHblX pe3KuHOHHblX ueHTpoB (no '111CJly 

.IlBOHHhlX CB1l3eii). 3TH HeHaCblweHllhle CB1l3H MoryT 06yCJlOBnHBaTh BhICOKYIO 

peaKuHoHHylO cnoc06HOCTb HaHO'lan1U, B '1aCTHOCTH, 06p330BaHHe cB1l3eH C 

6enKaMH, HyKneHHOBblMH KHcnOTaMH. B pe3ynhTaTe MoryT B03HHKaTh YHHKao'lbHhle 

BpellHhle 3<jJ<jJeKThI, HHKOrJla npe)J(lle He Ha6nlOJlaBWHeCJI y XHMWleCKHX IlemeCTB B 

llpyrHx <jJH3H'IeCKHX <jJopMax (The Scientific Committee on Emerging and N~wly 

Identified Health Risks (SCENIHR), 2005). 

BMeCTe C TeM, cymecTBylOT XHMHlfeCKHe BeweCTBa, MexaHH3M TOKCH'IeCKOrO 

JleHCTBHJI KOTOphlX TaK)Ke o6ycnoBJleH HaJlH'IHeM HeHaChlweHHhlX CBJl3eii HJlH 

3KTHllHhlX p3.uHKaJIOB, HanpHMep 3nHXnoprH.IlpH~J, aKpHnaMH,i:l, '1eTBepTH'IHhle 

aMMOHHeBhle COellHHeHHH H ilpYfHe. TOKCH4HOCTh nOIJ:06HbfX COCJlHHeHHH xopowo 

H3y4eHa, H H3BeCTHO, 'ITO Hal160nee Ba)J(HoH HX xapaKTepHCTHKOH llBJTlleTCll 

cnoco6HoCTh BhJ3hIBaTb MyTareHHhJe H KaHucporeHHhle 3<jJ<jJeKTbJ; Ha onaCHOCTb 

KaHueporeHHoro 3<jJ<jJeKTa HaHOllaCTHU YK33hlBaIOT HeKoTophle aBTOpbl. 

B JIHTeparype o6CYlK.1laeTCli BOUpOC 0 cnoc06f10CYH yrJTepOilHblX 113H04acTHlI, 

B '1aCTHOCTH <jJynnepeHOB, npH B3aHMo.uel1cTIlHH C MOJleKyJlRpHhIM KHCnOpOJlOM 

reHepHpOBaTh aKTHllllhle <jJOPMhl KHCnOpOlla, HanpHMep, cyuepOKCHllHhle pailHKaJlhl 

H T.n. (G. Oberdorster H coaBT, 2004; f.B. AH.upHeBcKHH H coaBT" 2004; K.D. 

Pickering et aI., 2005; B. Vileno et aI., 2006; M.R. Weisner et aI., 2007). B 

TOKCHKonorHH TaKHe peaKuHH XHMH'IeCKliX BemeCTB npH nocrynneHHH B opraHH3M, 

a TaK)J(e MexaHH3Mhl 3THX peaKUHfl xopowo H3BeCTHhl. TaKHM o6pa30M, Ii 3Ta 

Oco6eHHocTh HaHO'laCTHu He llBnJleTCJI YHHKaJIhHOH. 

MHofHe C"{HTlliOT, liTO HaHO'laCTHUhl onaCHhl H3-3a cBoeii Bhlpa)KeHHOii 

cnoco6HOCTH npOHHK3Th 'Jepe3 reM3To3Hue<jJaJIH'IeCKHH H reMaTOUJlaUeHTapHhJH 

6aphepbl. 3ra cnoco6HOCTb Ta-toKe CBOHcTBeHHa uenoMy pll.rl)' XHMJ1lICCKHX BemeCTB. 

HanpHMep, nOBepXHOCTIlo-aKTHBHble BemecTBa, II T.4. BhICOKOMoneKYHJlpHhle, He 

TOJThKO caM!1 npOHHKalOT 'lepe3 6HOJTOrHlfeCKHe 6apbepbJ, HO H llIlJIlilOTCli 

npOBOilHHKOM JlJJllllpyrHx XI1MH<leCKHX Bel.UeCTB. 
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oueHKH pHCKa nponyKTOB HaHOTeXHOJlOrHH Heo6"'OAHMO AOOOJlHHTeJlbHO OOJlY'lHTbKOTopoeMbl OpeL\nOJlaraeM, 'lTO eCTb OltHO cy~ecTBeHI·lOe CBOHCTllO, 

3TO HXoco6eHHOCTH TOKCHcleCKoro AeHCTBHll HaHOl.JHCTI1U ­OOpeL\emleT 

l.Jpe3BbJl.J3HH311 cTa611nbHOCTb. DPOHHK311 B KJleTKH, B cHny CBoero pa3Mepa 

npeHMy~eCTBeHHO nyTeM 3HnOOHT03a (M .M. npHrolKHHa, 2007), HaHOl.JaCTHObJ, 

B03MO)KHO, reHepHpylOT aKTHBHble epOPMbJ KHCJlOpOna, KaK 3TO OOKa.3aHO B pa60Tc 

G. Oberdorster H coaBT, 2004. 06Pa30B3HHe cyoepoKcHnpanl1K3J10B npOHcxOAifT 11 B 

npouecce 6Ho-rpaHc<popMaUHH XHMHl.JeCKHX BemeCTB. OnHaKo HaHO'13CTHUbl 

cTa6HnhHbl H He OOABepralOTClI 6HOTpaHcepopMal.\HH 11, cynll no n3HHbiM 

nIneparypbl, He BbIBOL\lITClI H3 KJleTKH, 'ITO Bbl3bIBaeT B KJleTK3X c-rpecc It 

pa:JpyJlJeH He KJleTKH. YlMeHHo 3THM, Ol.JeBHL\HO, a He MeXaHHl.JeCKHM L\eHCTBHeM 

06bllCHJleTCJI 6aKTepHUHAHoe L\ellcTBHe yrnepoAHbTX HaHoTpy60K, 06H3pylKeHHoe 

Yl.JeHbfMH H3 I1enbcKoro YHHBepcHTeTa (CiliA). 

B CBlIJH C 3THM, 3aKJIlOl.JeHHe f.B. AHltpHeBcKoro H coaBT. (2004) °none3HbiX 

CBoHcTBax fl1ApaTHpOBaHHb\X epyJleppeHoB (HanpI1Mep, aHTHOKCI1AaHTHOe, 

HeiiponpOTeKTepHOe, 3HTI1rl1CT3MI1HOBOe nei1cTBHcH T.A.) Bbl3blBaeT COMHeHHe C 

rHrHeHHl.JeCKHX n03Hl.\HH, T. K. 3TH 3ep¢eKTbl MoryT 6bJTh I1pOllBneHHeM CTaAHH 

aAanTal.\HH, 3a KOTOpOH. MOlKeT nOCJleJJ.OBaTb CpbTB anal1TaUHOHHblX MeXaHHJMOB. 

0606w:e~lHe A3HHbIX JlHTeparypbl D03BOnlleT JaKJIlOl.JHTb, Y:TO B 113y'leHHI1 

TOKCH'lHOCTH HaHOl.J3CTUU H XHMHl.JeCKHX Bew:eCTB Apyrl1x <pH311l.JeCKHX epOpM 

HMeeTca KaK 06W:l1e, TaK H cneUH<pH'leCKl1e aCneKTbl. He cnyy:a}iHo, npe1-\CTaBneHHall 

B DOL\rOTOBneHHOM B 2004 r. MelKL\YHapOL\HbIM HHCTliryTOM HayK 0 3nopoBbe 

(lLSI) AOKyMeHTe «Principles Jor characterizing the potential human health effects 

Jrom exposure to nanomaferials: elements oj a screening strategy) MeTOnHl.JeCKall 

cxeMa 1i3yyeHliJl TOKCIi'lHOCTH HaHOMaTeplianOB npHHUHnlianbHO He OTJlHy:aeTClI OT 

06111enpliHlITblX TOKCI-lKOnorHy:eCKHX I1ccneAOBaHHH. 

BMecTe C TeM, B OT'leTe HayYHOrO KOMI1TeTa nO HOBblM pliCKaM Anll 3nOpOBbJl 

(SCENIHR), H3naHHOM B oKT1I6pe 2005 r. ((The appropriateness of existing 

methodologies to assess the pOLen/ial risks associated with engineered and 

adventitious products oj nanotechnologies)) oTMeqaeTClI, 'ITO nnll 3neKBaTHOH 

OTBeTbl Ha cneAYlO~He BonpOCbl: 

• X3paKTepHCTHKa MexaHli3MOB H KIiHeTHKH nocrynneHl1il HaHO'laCTHU H3 

OyeHb JlJHpOKoro Kpyra npoueCCOB 0POH3B01-\CTBa Ii 0pl1MeHeHHlI npOAYKTOB 

HaHOTeXHOJlOrHH; 

• peaJlbHbJe ypOBHH B03neHCTBHlI HaHOl.JaCTHU KaK H3 l.JeJlOBeKa, TaK Ii Ha 

• npeAenbl, B KOTOpbIX BOJMO)KHO 3KCTPanOnl1posaTb AaHHbie TOKCHKonorHIi 

HeHaHOl.JaCTHU H npymx epli3HyeCKHX <pOPM, HanpliMep, BonOKOH HeKOTopblX 

BemeCTB, Ha TOKCHKonorHIO HaHOMaTepHanOB, a TaJOKe Me)K,!J,y HaHoclaCTHuaMH 

pa.3nHl.JHbIX pa3MepOB H epOpM; 

• TOKCHKOKI1HeTH'leCKHe AaHHble, l.JTo6bl HL\eHTI1<pHllHpOBaTb opraHbI-

MHilleHH H onpeL\eJlIiTb A03bl AJI.<! oueHKH onacHOCTH; OHH BKJJlOy:alOT CBeL\eHHJI 0 

JaBI-lCHMOCTI1 «A03a-OTBeT» AnJl opraIiOB-MHweHel't, 0 cy6KJJeTOY:HOH nOKaJlli3aUHH 

HaHoy:acTHU Ii HX MexaHWleCKHX 3epepeKTax Ha KJleTOl.JHOM ypOBHe; 

• HH<popMaUHJI, nonycleHHall B ycnoBHlIx npoli3BoncTBeHHoro BOJAel'tcTBHH H 

Cll1l3aHHaH C BnHJlHlieM Ha 3nOpoBbe pa60l.JHX, 3aHlITbTX B np0l13BOnCTBe Ii 

npHMeHeHHH HaHO'laCTI1U; 

• cynb6a, pacnpeAeneHHe, CTa6H.1bHOCTb H 6HoaKKyMyJlJlUHa HaHOl.JaCTHU B 

OKpYlKalOw:eii cpeJJ.c Ii lKHBblX opraHlBM<lX, BKJllO~lall MIiKpoopraHH3Mbl; 

• 3epepeKTbI HaHOLJaCTHU B OTHoweHHH pa3JlI1'lHblX )KHBbIX OpraHI13MOB B 

KalKAOM 113 06beKTOB OKpj')KalOw:eH CpeL\bl H lIBnlllO~HXCJI npeACTaBI1TenJlMIi 

Pa.3J1Hl.JHblX -rpo<pl1y:eCKliX ypoBHeH. 

KpoMe Toro, cyw:eCTBylOT HeKOTopble aCneKTbl, KaCDlOlllHeCJI 

<jJYHAaMeHTa.rIbHbIX CBOHCTB HaHO'laCTIiU, KOTopble -rpe6ylOT 113yl.JeHHlI, B l.JaCTHOCTH, 

CnOCo6HOCTb HaHO'IaCTHU HrpaTb POJlb OpOBOAHHKOB (BeKTopOB) XHMH'IeCKI1X 

Bew.eCTB 11 MHKpoopraHH3MOB, I1X B3aIiMOL\ejkTBHe C ApyrliMH epaKTopaMH cTPecca». 

MHome H3 3TI1X oco6eHHOCTeil HaHoy:aCTHU 113Yl.JalOTCJI 3a py6e)j(OM Ha 

Kynbrypax TKaHeu B TeCTax in vitro. O'leBHAHO, OTel.JeCTBeHHble IiccneAoBaHHa 

5554 



TaK)Ke CnC,nOBaIlO 6b[ Ha4aTb C H3Y'leHHiI TOKCHKOKflHenllm HaHO'IaCTHU Ha TaKHX 

6H006"heKTax. 

rEHOTOKC~ECKOE~EHCTBllEHAHOMATEPMAnOB 

CblyeBa JI.n.
 

ry HI1I1 3KOnOrHH l.JenOBeKa H rHrHeHbl OKpY)I{aIOllleH Cpenbi HM. A.H.CblcHHa
 

PAMH, MocKBa
 

HaHOMaTepHaJ1bI (HM) aKTHBHO BHenpilIOTCiI B HalllY )I{H3Hb. Oc060ro 

BHHMaHHiI 3acnY)l{ffBaIOT HOBble, CKOHC11JYHpOBaHHble HM: ¢YJlJlepelIbl, 

yrnepo,nHble HaH011Jy6KH, KBaHTOBble T04KH, HaH04aCTHUbl. CYllleCTBYIOT H 

npHpo,nHble BellleCTBa, KOTopble H3Yl.JaJ1HCb TOKCHKOJlOraMll, HO TonbKO B HaCTOillllee 

BpeMiI OTHeceHbl K HM. TIon06Ho HOBbiM XHMHyeCKHM coenHHeHilllM HM ,nOJDKHbl 

npOHTH oueHKy reHeTH4eCKOH 6e30naCHOCTH. TIp06neMa 3aKnIO'IaeTCiI B TOM, KaKHe 

MeTo,nbl Hcnonb30BaTb ,nn51 oueHKH r<:HOTOKCH4eCIillX CBOHCTB HM? KaKHe ,naHHble 

YKa3bIBalOT Ha reHOTOKCHl.JeCKYIO aKTHBHOCTb HM? KaKI-Ie oc06eHHOCTH HM 

cnenyeT yyeCTb npH H3Y'Iel-ll-IH reHOTOKCH4eCKOH aKTHBHOCTH HM? KaKHe no,nXOnbI 

(o,nHHaKOBble HJJH OTnHyaIOlllHeCiI) npHMeHilTb npH TeCTHpOBafll1H HM pa3HOrO 

THna? )lOCTaTOl.JHbI nH CYllleCTBYIOlllHe 06111enpHHilTble B MHpe H POCCHH 6aTapeH 

TeCTOB Mil Bb15lBneHHiI reHOTOKCHl.JeCKHX CBOI1cTB HM? 

HM xapaKTepH3YIOTCiI oc06eHHOCTJl.MH, n03BOJlilIOlllHMH npennOJlO)KHTb HX 

reHOTOKCHl.JeCKOe neHCTBHe: BbICOKOH npOHHuacMOCTbIO Ha OpraHI13MeHHOM, 

opraHHOM, TKaHeBOM H KneTOYHOM ypOBHJl.X; HH,nyKUHeH CB060,nHbI.X paW-IKaIlOB, II 

TOM l.JHCne aKTHBHblX <pOPM KHcnopona H a30Ta (QUIT J.R. et aI., 2005; Wang L. et 

aI., 2007; Papageorgiou 1. et aI., 2007); nOBpe)I{)J.eHHeM UHTOCKeneTa (Jin S_ et aL, 

2007); cnoc06HoCTbIO HeKoTopbIX HM npeo,noneBaTb KapHoneMMy H pacnonaraTbciI 

B ~Inpe KneTKH (Lovric J. et aI., 2005); KOHbIOraUHeH C ~HK (Dubertret et aI., 2002); 

COCTaBOM HeKoTopblX HM, BKJlIOl.JaIOlllI1X aTOMb[ XHMWleCKHX coeLlHHeHHH, 

06nanaIOlllHx KaliueporeHHblM ,neHCTBHeM, lianpHMep, Ka,nMHil HnH MbIlllbilKa 

(Hardman, 2005); CXOIlCTBOM B cTpoeHHH lieKOTopblX HM C BonOKHaMH ac6ecTa 
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(Oberdoster G., et aI., 2005), KOTopbrH 06n3,llaeT reHOTOKCHyeCKHM H 

J{a~lUeporeHHblM ,neHcTBHeM (fARC Monographs, 1977). 

reHOTOKCHyeCKHe CBoHcTBa rIM H3Yl.JeHbl B HeCKonbKHX HccnenOBaHHilX in 

vitro. ~HK-nOBpe)I{)J.eHHil BbUiBneHbI MeTonOM Comet npH oueHKe ,nei1cTBilll 

HaHOl.JaCTHU K06aJlbT-XpOMOBoro cnnaBa Ha KyJIbTHBHpyeMbie ¢H6p06nacTbl 

yenOBeKa (Papageorgiou I. et aI., 2007); yJlbTpaToHKHx (MeHee 100 HM B ,nHaMeTpe) 

TiOrHaH04acTHu Ha JlHM¢0611acTbl 4enOBeKa (Wang 1.1. et aI., 2007); nOKpb[TblX 

uepHeM TiOr HaH04acTHu, aKTHBHpyeMblx BI1IlHMbIM CBeTOM, Ha KlleTKH renaTOMbI 

4eJlOBeKa Be17402 (Wang L. et aI., 2007); Ti02-HaHo'IacTl-IU pa3MepOM 10-20 HM 6e3 

¢OTOaKTHBaUHH Ha 6POHXHaJlbHble JnHTenHOUHTbI 'IeJIOBeKa BEAS-2B (GUIT lR. et 

aI., 2005). HaH04acTHUbI peaJlbrapa nOBbIlllalll1 jJJ1K-¢parMeHTaUHIO H anonT03 B 

KlleTKaX U937 (Wang X.B. et aI., 2007)_ HaHo'lacTHUbl '-lHTOCaHa (65 HM) B 

KOHueHTpaUHilX 25-100 MKr/n HHnyuHpOBaJ1H jJJ1K-¢parMeHTauHIO H anOUT03 B 

KJJeTKaX KapuHHoMbl )Keny,nKa l.JenoBeKa MGC803 (Qi LF et aI., 2005). 

B TO )Ke BpeMiI, reHepaTopbI peHTreHOBCIillX nY'leJ:i HOBOro THna, B KOTOpblX 

Hcnonb3YIOTCiI yrnepo,nHble HaH011Jy6KH, OKa3aJ1HCb o,nHHaKOBbIMH no 

J¢¢eKTHBHOCTH HH,nyKUHH ~HK-nOBpe)K,neHHH (,nBOHHbIX Pa3PblBOB) B KJ1eTKaX 

JIHM<P0MbI MbIllleH in vitro, no cpaBHeHHIO C paHee npHMeHilBll111MHC5I reHepaTopaMH 

TepMHOHHOro THna (Narazato T. et a!., 2007). JIIOMHHecueHTHble KpeMHHeBbie 

HaIiO'laCTHUbl He Bb13bIB!lJ1H MonH<pHKaUHIO OCHOBaHHH ,llHK, pll3pblBbI ~HK, 

nOBblweHHYIO penapauHoHHyIO aKTHBHOCTb KlleTOK B KynbType npH KOHlleH11JaUHH 

MeHee 100 MKrlMll (Jin Y. et aI., 2007). 

nOBblweHHe ypOBHiI XpOMOCOMHbIX a6cppaUHH nOKa3aHO B OnblTaX no oueHKe 

neHcTBHlI l-laHO'laCTHU OKCHna UHHKa (cpeilHHH pa3Mep - 100 HM). 3TOT HHrpeAHeHT 

lllHPOKO HCnOJIb3yeTCJl. B nepMaTOnOrHl.JeCKHX npenapaTax H cpenCTBax Y<D-3alllHTbL 

TIpenapaT HHnYUHpOBaIl XpOMOCOMHble a6eppaUHH npH 06pa60TKe KYJlbTYPbI 

KJJ.eTOK KHTaHCKoro XOMilYKa CHO B Tpex BapHaHTax: B TeMHOTe, B YCJlOBI1i1X 

npen06pa60TKH YC!J-CBeTOM C [lOCJIe~IOlllHM neHCTBl1eM OKCHna UJ-jHKa H npH 

onHoBpeMeHHoM neiicTBHH OKCHna UHHKa H YcD-06nyyeHHJl.. B ,nByX nocnenHHX 

BapHatlTaX OnblTa 3Ha4HMblH 3¢¢eKT BblilBneli npH 60nee HH3KHX KOHneHTpaUHlIX 
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