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OGLUAA UHOOPMALIMA O 2-OM MEXAYHAPOAHOM LUKONE «<HAHOMATEPUA/IbI U
HAHOTEXHOJ10T1W B ) KNBbIX CUCTEMAX. BE3OMNACHOCTb K HAHOMEAWNLUWNHA»

OpraHuszaTopsl
dOHA MHOPACTPYKTYPHbIX M OEPA3OBATE/IbHbIX MPOTPAMM

MOCKOBCKWN rOCYAAPCTBEHHbIA YHUBEPCUTET UMEHW M.B. JOMOHOCOBA

Mpwn yyactnm
000 «METPOJIOTMYECKUI LIEHTP POCHAHO»
3A0 «MOCKOBCKMWI LLEHTP TPAHC®EPA TEXHOIOTNM»

000 «MHHOBALMW N BbICOKUE TEXHONOTUN MIY»

Llenb wkonol

® pasBUTUE MEXOUCUMMIMHAPHBLIX KOMMNETEHUMI CneuManncToB OpraHu3auuii, BbIMOAHAKOWMX paboTbl B
06/1aCTM MEeAMUMHCKMX MPUMEHEHUIA HaHoTexHosiormin u pabotbl B obnact obecneyeHna 6GesonacHoOCTU
HaHOTEXHONOMMI U NPOAYKLUMN HAHOUHAYCTPUW;

e OpueHTauua AeaTeNbHOCTU UcCNeaoBaTeNbCKUX OpraHM3aumii Ha NoTpPebHOCTM KOMNaHWM HAaHOMHAYCTPUM B
chepe obecneveHuns besonacHoCTH;

e BblpaboTKa ONTUMa/bHbIX NOAXOA0B MO OLLEHKE U YNPaBAEHUI0 PUCKAaMM NPU NPOU3BOACTBE U UCMO/Ib30BAHUM
HaHOMaTEepPManoB M COAEPIKALLMX UX NPOAYKTOB.

TemaTuKa WKObI

1. MNonyyeHre W xapakTepusauma HaHOMAaTepuasoB, MPUMEHAEMbIX B MeOMUMHCKMX paspaboTkax wu
nccneosaHuaAx no obecredeHnto 6e30MacHoOCTy.
e CuHTes 1 PpyHKLMOHANM3AUMA HAHOMATEePMaNoB..
e  MeToabl XapaKkTepmnsaLmm HaHoMaTepunanos.
e  CraHgapTHble 06pasLbl HAaHOMaTEPMaNoB: 061acTM NPUMeHeHUs, pa3paboTKa 1 aTTecTaums.
2. ObecneyeHre 6€30MaCHOCTM HAHOMATEPUANOB U HAHOTEXHONOTMUA.
e TOKCMKONOTMA HaHOMAaTEPManoB: NyTU NPOHNUKHOBEHWNA B OPraHM3M, MeTOAbl AETEKTMPOBAHUA U OLEHKa
TOKCMYHOCTMU.
e  [leTeKTMpOBaHME HaHOMAaTepuwasoB B OKPYyKalowen cpede, MPOAYKTAX MUTAHWUA, MPOMbILWAEHHbIX
TOBapax.
e QOueHKa 1 ynpasaeHue pMckamu npu npounsBoACTBE M UCMO/1b30BaHMM HAHOMAaTepPUaos.
3. HaHomegMumHa — Npobaembl U NEPCNEKTUBSI.
e AapecHas JOCTaBKa 1IEKAPCTB U APYTUX TePaneBTUYECKUX areHTOB C MPUMeHeHneM HaHOMaTepPMaos..
e [IMarHocTMKa B meAuuMHe C NpMMeHeHnem HaHO6beKToB.
e  PereHepaTvBHas meauumHa.


http://nano.msu.ru/
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®OHA MHOPACTPYKTYPHbIX N OBPA30OBATE/IbHbIX MPOTPAMM

doHA MHOPACTPYKTYPHbIX U 0Bpa3oBaTe/IbHbIX MPOrpamm, Co3daHHbIn B mapTe 2011 roga B pesynbTaTe peopraHu3aumm
rocyapCTBEHHOW Kopnopauuun «Poccuitickas Kopnopaums HAaHOTEXHONOMMIAY, BbINOAHAET 334a4M KOpnopauun Mo Co3AaHuIo
HaHOTEXHONOTMYECKON UHPPACTPYKTYpbl M peanusauum obpasoBaTesibHbix nporpamm. PoHA  WMHOPACTPYKTYPHLIX U
obpasoBaTenbHbIX NPOrpPamm Co3gaH Ha ocHoBaHuM PepepanbHOro 3akoHa «O peopraHusaumm PoccuiickoW Koprnopaumu
HaHoTexHonornm» ot 27.07.2010 Ne 211-d3
OCHOBHbIE Lenu n 3agaum
e  Copewcteue passutuio B Poccuiickoit depepaumm coBpemMeHHOW MHHOBALMOHHON WMHQPACTpyKTypbl B chepe
HaHOTEXHONOMMM, MEXaHU3MOB U MHCTPYMEHTOB AN1A peannsaummn noTeHuMana HaHOMHAYCTPUN.
e  Copelicteue passuTuio B Poccuiickolt depepaum coBpeMeHHOro KagpoBOro NoTeHLMasa HaHOUHAYCTPUK, B TOM
yucne obpasoBaTebHbIX MPOrpamm.
B cBoelt pesatenbHOCTM ®OHA OKasbiBaeT COAENCTBUE pPeasiv3aLLnm rocyaapcTBEHHOM NOIMTUKM B chepe HAHOTEXHONOTUA.
OCHOBHble HanpaB/EHUA AEATENbHOCTU
[ns copelicteua pa3suTuio B Poccuninickon depepaumm MHHOBALMOHHOW MHOPACTPYKTYpPbI B chepe HaHoTexHoormMii PoHA.:
®  OCyLeCTBAAET pa3paboTKy 1 peannsaumnio MHPPACTPYKTYPHbIX MPOEKTOB U Nporpamm B chepe HaHOUHAYCTPUU;
®  OCYyLeCTBAAET COAEeNCTBME, pa3paboTKy M peannsaumio Nporpamm CTUMY/IMPOBaHUA CNPOCa;
e peanusyeT MeponpuATUA U OpraHn3yeT nposeaeHne paboT no cTaHaapTM3aumm, cepTudurKaumm,
MeTposiornyeckomy obecneyeHuto, cogencTanio obecneyeHunto 6e3onacHoOCT NPOAYKLUN HAHOUHAYCTPUW;
e copenctByeT GOPMUPOBAHMIO CUCTEMBI CTaTUCTUHECKOTO MOHUTOPUHTA;
®  OCYyLEeCTBASET MEepPONPUATUA U OpraHU3yeT npoBeaeHne paboT B chepe HayyHOro NPOrHO3MpPOBaAHUA U
pa3paboTKN AOPOXKHbBIX KapT;
e ocyuwecTBaAeT pa3paboTky U peanunsaLnio MePONPUATUIA MO NONYAAPU3ALLMM HAHOTEXHONOTNIA;
e CcoAenCTBYeT PasBUTUIO MHCTUTYLIMOHA/IbHBIX M 3aKOHOAATe/IbHbIX OCHOB MHHOBALLMOHHOM SKOHOMMKM B
Poccuiickoit ®epepaumnu;
®  OKa3blBaeT COAENCTBME B CO34aHUN, PA3BUTMM U NOAAEPHKAHWUM NNOLWAA0K ANA 0OMeHa ONbITOM, Pa3BUTUA
COTPYAHMUYECTBa, TpaHchepa TEXHONOTMI B HAHOUHAYCTPUN.
[na copelictBunAa passuTuio B Poccuitickoin epepaunm coBpeMeHHOro KaapoBoro NoTeHUnana HaHouHAycTpumn PoHa:
e  paspabaTbiBaeT U COAENCTBYET peasm3aunm Komnaekca obpasoBaTesibHbIX NPOrpamm npodeccuoHanbHom
NoAroTOBKM W NepenoAroToBKU Kagpos;
e OKa3blBaeT coaeincTane GoOPMUPOBAHMIO PbIHKA KBANMPULIMPOBAHHbBIX CNELMANNCTOB, B TOM YMC/Ie NOCPEACTBOM
pa3paboTkm NnpodeccroHasibHbIX CTaHAAPTOB U CO3A4aHNA YCNOBUIA ANA PAa3BUTUA CUCTEMbI OOLLECTBEHHO-
npodeccMoHanbHOM akkpeamTaLMmM 06pasoBaTeibHbIX MPOrpamMMm.

MOCKOBCKMW rOCYAPCTBEHHbIA YHUBEPCUTET UMEHWM M.B. JOMOHOCOBA (MTY)

MTY saBnaeTca KpynHenWMm Kiaccuyeckum yHusepcuteTom Poccuiickoit ®epepaumm, ocobo LeHHbIM 06BbeKToM
KYNbTYpPHOro Hacneama Hapogos Poccuu. OH ocyllecTBAAeT NOArOTOBKY CTyAeHTOB Ha 39 dakynbTeTax no 128 HanpaBaeHUsM 1
CNeunanbHOCTAM, aCNUPAHTOB U SOKTOPAHTOB Ha 28 daKynbTeTax no 18 oTpaciam HayK M 168 HayYHbIM CieunanbHOCTAM,
KOTOPble OXBaTbIBAOT MPAKTUYECKMN BECb CMEKTP COBPEMEHHOIO YHUBEPCUTETCKOrO 06pa3oBaHua. B HacTosAwee Bpema B MTY
obyyaetca 6onee 40 TbiCAY CTYAEHTOB, aCNMPAHTOB, LOKTOPAHTOB, @ TaKXe CNeLMannuCcToB B CUCTEME MOBbILIEHUA
KBanndukaumm. Kpome toro, okono 10 TbiCAY LWKObHUKOB 3aHMMatoTca npu MIY. HayyHasa paboTa u npenoaaBaHue BeayTca B
My3enx, Ha y4ebHO-Hay4YHbIXx 6a3ax NPAKTUKK, B IKCMEANUMAX, HA HAYYHO-UCCNe0BATENbCKUX CYAaX, B LLEeHTPaxX NoBblLeHUA
KBaNMbUKaL MK,

MIY — BeAyLLMI HAayYHbIV LLEHTP CTPaHbl, B COCTaBe KOTOPOro cGopMMPOBaINCh KPYNHbIE HayyYHble LWKObI, paboTanu u
paboTatoT HobeneBcKMe naypeatsl, 1aypeatbl JIeHUHCKoN npemum, FocyaapcTBeHHbIx npemuit CCCP u Poccuu. U3 18 naypeaTos
HobenescKkoi npemMnm HalMx COOTe4eCTBEHHUKOB 11 ABAAAUCH BbINYCKHUKAMKU Uan npodeccopamm MOCKOBCKOTO
yHuBepcuTeTa. 12% Bcex OTKPbITUI, 3aperncTpupoBaHHbix B CCCP, npuHagaexat ydeHbim MIY. Ux Tpya oTmeyeH
60 JleHnHckumm npemuamm, 120 FocygapcteeHHbIMKU npemuamm CCCP. 3a nocnegHue 10 net 6onee 40 paboT yueHbix MY
yaocToeHbl FocyaapcTBeHHOW Nnpemumn Poccuiickon ®epepaunu.

YyebHblit npouecc u Hay4Hyto paboTty B MY obecneumBaeT yHUKa/IbHbIN KONNEKTUB NpenosasBaTenen U yyeHblX. 3To —

2,5 TbICAYM AOKTOPOB M NOYTU 6 TbICAY KAaHAMAATOB HAYK, OKOMO 5 TbicAY NpodeccopcKo-npenoaaBaTesibCkoro cocrtasa. B
MocKkoBCcKOM yHUBepcuTeTe paboTtaeT 6onee 300 akageMMKOB U YieH-KoppecnoHaeHToB PAH v oTpacnieBbix akagemuii. B
YHUBEPCUTETCKON GYHAAMEHTANbHOM U NPUKNALHON HayKe 3aHATO 4,5 TbicAYM HAayYHbIX PabOTHUKOB, BeAyLLMX B HacToALLee
Bpema nccnegosaHus no 6onee 350 NpUOPUTETHBIM HayYHbIM HaMpPaBAEHUAM U NPOrpamMmMam.

B cTpyKTYype MOCKOBCKOro yHMBEpCMTETa Ha CerogHALWHUI AeHb 39 dakynbTeTos, 15 HayyHO-UCCea0BaTEeNbCKUX
WHCTUTYTOB, 4 My3en, 5 dunnanos, okono 380 Kadeap, HayyHbli napk, BoTaHuueckuii cag, HayyHas 6ubamoTeka, MmetoLas
$oHA, B 9 MIH TOMOB, U3aaTenbcTso, TUnorpadua, KynbTypHbIN LEHTP, LWKONA-UHTEPHAT, B KOTOPOW 0byyaeTcA OKo0
300 TanaHTAMBbIX pebAaT co Bcen Poccuu.



NPOrPAMMA 2-o0it MEXAYHAPOHOW LLKO/IbI

«HAHOMATEPWANIbI U HAHOTEXHOJ10TMN B

MUBbIX CUCTEMAX. BE3OMACHOCTb U

HAHOMEOUUUHA»

18 ceHTAbPA

BockpeceHbe

15.00-15.30 C60p y4aCTHUKOB LKO/bI (MOCKBa, CTaHUMA
meTpo «LlapuubiHO»)

15.30 OTnpasneHne n3 MocKBbl 3aKa3HbIMKU
aBTobycamm

17.00 MpubbITHE B NAHCMOHAT «3apsa»

17.00-18.30 Peructpauma u pasmeLleHve

19.00—-20.00 VYxwuH

MNoHepenbHUK 1 9 Ce HTﬂ 6 pﬂ

8.30-9.30 3aBTpak

9.30-10.00  OTKpbITUE LWKOAbI
CEKLIMA: NMONYYEHWE N XAPAKTEPU3ALNA
HAHOMATEPWUANOB, MPUMEHAEMbIX B
MEONUMHCKUX PASPABOTKAX U
NCCNEAOBAHMAX NO OBECNEYEHUNIO
BE3ONACHOCTU

Ceccuna l Mpepcepatenn:
npod. H.J1.Knauko, un.-kopp. PAH B.B.MBaHoB

10.00-10.40

J11.*NANOMEDICINE: CROSSING BIOLOGICAL
BARRIERS FOR DRUG DELIVERY

Alexander V. Kabanov

(Ph.D., Dr. Sci. in Chemistry, Parke-Davis
Professor of Pharmaceutical Sciences, College of
Pharmacy, Director, Center for Drug Delivery and
Nanomedicine, University Of Nebraska Medical
Center, Omaha, NE, USA)

*
CEKUMA: HAHOMEAWUMHA - NPOBJIEMbI U NEPCNEKTUBDI

10.40-11.20

N12. HAHOMATEPWAbI ONA
BEMOMELNLMHCKUX MPUMEHEHWI
TpeTbakos Opuit muTtpresuy

(Akagemuk PAH, npodeccop, aekaH dpakynbteta
HayK 0 matepuanax, MOCKOBCKUM
rocyapCTBEHHbIV YHUBEPCUTET MMEHU

M.B. lomoHocosa, Mocksa, Poccus)

11.20-11.40

Kode-6peitk, BbicTaBKa

11.40-12.20

3. OHOCTEHHbIE YTNEPOOHbIE
HAHOTPYEKM — HOBbIA MEPCMEKTUBHbIN
MATEPWAN ANA BUODUINKU

O6pasuosa EneHa muTtpueBHa

(K.b.-M.H., goueHT, 3aB. nabopartopueit
CMEeKTPOCKONWM HaHoMaTepunanos, MHCTUTYT
obuwei pusnkm nm. A.M. Mpoxoposa PAH,
MockBsa, Poccun)

12.20-13.00

ﬂ4.* GEOMETRICALLY DEFINED

NANOCONSTRUCTS: IMPLICATIONS IN
BIOLOGICAL FATE AND DRUG DELIVERY

Hamid Ghandehari
(Ph.D., Professor, University of Utah, USA)

13.00-13.20

MPE3EHTALMA OBOPYAOBAHUA:
TOKYO BOEKI

13.30-14.30

Oben

Ceccuna 2

MNpeacepatenu:
Prof. A.V.Kabanov, npod. t0.1.fonosuH

14.30-15.10

J15. MBICS: MAGNETIC BLOCK IONOMER
COMPLEXES FOR DUAL IMAGING AND
THERAPEUTICS

Judy S. Riffle

(PhD, Professor, Macromolecules and Interfaces
Institute and the VA-MD School of Veterinary
Medicine, Virginia Tech, Blacksburg, VA, USA)

15.10-15.50

N6. TUNEPTEPMWA B PAOMOYACTOTHOM
MATHWUTHOM NOJE: ®U3NYECKMUE OCHOBbI U
MPUNOMXEHNA

FonosuH KOpuii UBaHOBUY

(O.-¢.-m.H., npodeccop, anpekTop HayuHo-
06pa3oBaTeNbHOro LeHTpa «HaHoTexHonormMn U
HaHomaTepwuanbl», TamboBCKUIA
rocy4apCTBEHHbBIN YHUBEPCUTET UMEHU

I.P. NepxaBuHa, Tambos, Poccun)

15.50-16.10

7. MOANDUKALNA NOBEPXHOCTU METANNA:
OT CUHTE3A HOBbIX MATEPUA/IOB A0
MPUMEHEHMNA B HAHOBMOTEXHO/10TUW
Maxyra AnekcaHnpp leopruesmny

(K.X.H., XuMmunueckunit darkynbteT, MOCKOBCKUI
rocyapCTBEHHbIV YHUBEPCUTET UMEHU

M.B. lomoHocoBa, Mocksa, Poccus)
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16.10-16.30

[8. UCNONb30BAHUE NO/IMINEKTPONUTHbBIX
HAHOMATPUL, 4N1A NONTIYYEHUA
AHTUBAKTEPUA/IbHbIX ATEHTOB

dunartosa /lioboeb IOpbeBHa

(K.X.H., Xumunueckuit pakynbtet, MOCKOBCKUIA
rocyapCTBEHHbIN YHUBEPCUTET UMEHU

M.B. JlomoHocoBa, MockBa)

16.30-17.00

Kode-6peitk, BbicTaBKa

17.00-19.00

KPYT/IbIA CTO/1 «OBPA3OBAHME A/1A
BbICOKMX TEXHO/TOMUM»

Mogpgeparopbi:

CKpabuH KoHcTaHTUH leopruesny

(Akagemuk, gupekTop LieHTpa
«BrounHKeHepua», 3aB. Kadeapoi
6uotexHonornn Mry umenun M.B. lomoHocosa
MockBsa, Poccus)

BepeHdenba Bopuc CemeHoBUY

(K.6.H., Mpe3ungeHT n FNaBHbIN UCNOAHUTENbHBbIN
anpektop, MexayHapogHas nabopatopus
MHHOBALMOHHbIX 06Pa30BaTe/IbHbIX TEXHOI0TUI)
Cnukepbli:

KupnuuHukos Muxaun MNetposuy

(Akagemuk, aekaH 6buonornyeckoro bakynbTeTa
MTY umenn M.B. JlomoHOCOBa, 3aB. Kadpenpoi
BuounH:keHepun MIY, MNpeacepatens Boicwel
aTTecTauMoHHoi Komuccun (BAK) Munuctepctsa
06pasoBaHMA M HayKkK Poccuiickoi depepaumn)
flbnoHckeHe Hatanbsa JleoHnposHa
(PykoBoauTens otaena obpasosaTesibHbIX
npoektos OAO «POCHAHO»)

NeoHToBUY AneKcaHap Bnagumunposuy
(K.ncx.H., 3am. gupektopa MIrA4(HO)T,
MNpeacepatens 00/ "Uccneposatens”,
MpeacenaTenb IOHOLECKNX YTEHUIA UM.
B./.BepHaackoro)

NoesaruH Cepreii AneKcaHgPoBUY
(K.n.H.,yunTtenb G13mKK, 3acnyKeHHbIN yuntenb
Poccuu, ampekTop LleHTpa npodopueHTaumm n
npodunbHoro obyyerus «MonuroH Mpoy,
Mocksa)

CemeHoB Anekceii J1bBoBUY

(YneH-kopp. PAH, akagemuk PAO, PekTop
MOCKOBCKOrO MHCTUTYTa OTKPbLITOrO
ob6pasoBaHuA)

YBapos AnekcaHap HOpbesuy

(A.Nn.H., FaBHbIW Hay4HbIN COTPYAHUK,
depepanbHbli UHCTUTYT Pa3BUTUA 0O6pa3oBaHmA,
KOHcynbTaHT Microsoft, Poccua no Bonpocam
LWKObHOro 06pa3oBaHus)

BTopHuUK

20 ceHTAbPSA

9.00-9.50

3aBTpakK

Ceccuna 3

MNpeacepatenu:
npod. M.U.lWTtnnbmaH, npod. B.N.Tuwkos

9.50-10.30

9. TAPTETHbIE OUMATHOCTUYECKUE U
TEPANEBTUYECKME MYJIbTUMOJA/IbHbIE
ATEHTb! HA HOCUTEJIE CO CTPYKTYPOW
“MATHUTHOE A4PO-YINTEPOAHAA OBON0O4YKA”
EpmakoB AHatoauit EropoBuy

(O.¢.-m.H., npodeccop, 3aB. nabopatopueil.,
MHCTUTYT dr3unKm metannos YpO PAH,
EkatepuHbypr, Poccua)

10.30 -10.50

[10. ATPEFATbl AM®UDUIbHBIX MOJIMMEPOB -
BAXHAA rPYNNA HAHOPA3MEPHbIX CUCTEM
Ltunbman Muxann Ucaakosuy

(4.x.H., npodeccop, pykoBoguTenb YyebHo-
Hay4HOro ueHTpa «bromaTepuanbi»,
POCCUICKNIN XMMUKO-TEXHONOTUYECKUIA
yHusepcuteT um. [1.U.MeHaeneesa, Mocksa,
Poccus)

10.50-11.10

011. BENKOBAA MHXKEHEPUA ®EPMEHTOB AN1A
MEAMLMHCKOM AUATHOCTUKN U
PAPMALEEBTUKU

Tuwkos Bnagumup UsaHosuu

(4.x.H., npodeccop, XMMU4Yeckunii pakynbTeT,
MOCKOBCKMI1 rocyAapCTBEHHbIN YyHUBEpCUTET
mmeHn M.B. JlomoHocoBa, MockBsa, Poccus)

11.10-11.20

MPE3EHTALMA OBOPYAOBAHUA:
TSE-Systems

11.20-11.40

Kode-b6peliK, BbiCTaBKa

11.40-12.20

N112. NOBEPXHOCTHAA ®YHKUMOHANU3ALNA
HAHOYACTUU, ANa MEOULUMHCKOIO
NMPUMEHEHWNA

MocTHukos Masen Cepreesuy

(K.x.H., 3am. 3aB. Kadeapolt BUOTEXHONOMUU 1
OopraHunyecKkoi xummmn, ToOMCKuii
NOAUTEXHUYECKUI YHUBepcuTeT, Tomck, Poccus)

19.00 - 20.00

YKUH

12.20-12.40

[113. PA3PABOTKA CTAHAAPTHbIX OBPA3L,0B
HAHOYACTUL, AN BUOMEANLUMNHCKMNX
MPUNOKEHWNN

NesuH AnekcaHap [lasnaosuy

(4.7.H., YN «BcepoccUiickunin HayyHo-
nUccnenoBaTeIbCKUM MHCTUTYT ONTUKO-
du3nyecknx nsmepeHuin», Mocksa, Poccusn)

12.40-13.00

[14. CPABHUTENbHbIN AHANN3
HAHOA/IMA30B JETOHALMOHHOIO CUHTE3A,
MONYYEHHbIX PA3SHBIMU MPOU3BOAUTENAMU
Usawesckasa CBeTnaHa HuKonaeBHa

(K.d.-Mm.H., WHcTUTYT reonorum Kapenbckoro
Hay4Horo ueHTpa, MeTposasoack, Poccun)




13.00-13.20

[15. UCNONb30BAHWUE ATOMHO-CU/I0BOM
MWKPOCKONWK ANA XAPAKTEPU3ALNN
HAHOYACTWL, HA OCHOBE XUTO3AHA

Kypek leHuc Bauecnasosuy

(K.x.H., LleHTp «BronHxeHepua» PAH, Mocksa,
Poccus)

13.20-13.40

[16. NTPAKTUYECKUE MPUMEPbI
MCNOJNIb3OBAHUA METOAA NTA
(NANOPARTICLE TRACKING ANALYSIS) 414
M3YYEHNA HAHOBMOOBBEKTOB, NMPOLIECCOB
ATPETALMM BE/IKOB, A TAKKE OBLLEN
XAPAKTEPU3ALMN HAHOYACTUL,

EBTyweHKo EBreHuit leHHaguesuny
(Xummnueckuii dakynbTeT, MOCKOBCKUIA
rocyAapCcTBEHHbIM YHUBEPCUTET UMEHU

M.B. JlomoHocoBa, Mocksa, Poccus)

13.40-14.30

Oben

Ceccua 4

Mpepcepatenn:
A.T.H. [.[.JleBuH, a.m.H. B.H0.Ycos

14.30-15.10

N17.% AMATHOCTUYECKOE NPUMEHEHME
HAHOMPEMAPATOB B /IYYEBOW AWATHOCTUKE
Ycos Baagumup lOpbesuy

(4.m.H., PykoBogmTens nabopatopmm
Tomorpadum, 'Y HUU Kapamnonorumn THL, CO
PAMH, Tomck, Poccusa)

15.10-15.30

[18. HAHOKOMIMO3UTHbIE MOKPbLITUA U
MWKPOKAMNCY/bl: CO3JAHME U NEPCIMEKTUBbI
BMOMEANUMHCKOIO NPUMEHEHUA

FopuH AmuTpuii AnekcaHgpoBuy
(A.X.H., PakyNbTET HAHO- U BUOMEULMHCKUX

TexHonorni, CapaToBCKMI rocyAapcTBEHHbIN
yHuBepcuTeT, CapaTos, Poccus)

15.30-15.50

[19. BOOHbIE CUCTEMbI C YI/IEPOAHBIMU
HAHOTPYBEAMWU: TEPMOANHAMWYECKUE
CBOWCTBA M METOAbl XAPAKTEPU3ALMM
Koponosuu Bnagummp denmkcosuny
(Pusnyeckuii darynbTeT, Knuesckuii
HaLMOHA/bHbIV YHUBEPCUTET UMEHMU

T. lWeByeHkKo, Knes, YkpaunHa)

15.50-19.00

CreHpoBasn ceccus

19.00 - 20.00

YKUH

*
CEKUMA: HAHOMEAWUMHA — NPOBNEMbI U MEPCNEKTUBbI

Cpepa

21 ceHTAbPSA

8.30-9.30

3aBTpakK

9.10-9.50

NIKON SUPER RESOLUTION MICROSCOPE
RESEARCH SYSTEMS

Peter Drent

(Ph.D., General Manager, Nikon Instruments
Europe BV)

CERUMA: OBECMNEYEHME BE3OMACHOCTU
HAHOMATEPUAJIOB U HAHOTEXHO/1I0MUM

Ceccna 5

Mpepcepatenn:
npod. I'.T. Fypusa, npod. A.E. Epmakos

10.00-10.40

J120. MEASURING NANOPARTICLES IN COMPLEX
MATRICES

Hans J.P. Marvin

(Dr, RIKILT — Institute of Food Safety,
Netherlands )

10.40-11.20

J121. REDOX ADVENTURES OF CARBON
NANOTUBES: FROM OXIDATIVE LIPIDOMICS TO
BIODEGRADATION

Valerian E. Kagan

(PhD, DSc., Professor, Vice-Chairman, Director,
University of Pittsburgh, Graduate School of
Public Health, Department of Environmental
Health, Center for Free Radical and Antioxidant
Health, USA)

11.20-11.40

Kode-bpeliK, BbiCTaBKa

11.40-12.00

022. KOMNJIEKCHAA OUEHKA KOHTAKTA
HAHOYACTUL, C }KUBbIMW OEBEKTAMU HA
NMPUMEPE LI,OMOBOVI MblILWLN

Nonuk Bacuamii Muxaiinosuu

(K.d.-M.H., MHCTUTYT sgepHolt dum3nkm CO PAH,
HoBocunbupck, Poccun)

12.00-12.20

[23. BMIMAHWUE BHYTPUBEHHO BBOAMMbIX
HAHOYACTUL, HA APTEPUANTbHOE AABNEHUE U
YACTOTY CEPAEYHbIX COKPALLEEHNI Y KPbIC
No6au AHaTtonumii CrenaHoBUY

(K.X.H., UHCTUTYT Nnpobaem Xumnyeckoin ¢pusmnku
PAH, YepHoronoska, Poccua)

12.20-12.40

[24. AENCTBUE HAHOYACTML, 30/10TA HA
CTPYKTYPHO-®YHKUMOHA/IBHYIO
LLENOCTHOCTb TAMETUYECKOIO OHM-
KOMI/IEKCA Y CAMLIOB MbILLIEA
NaBnioueHkoBa CBeTnaHa MuxaitnoBHa
(Bronoruueckuin bakynbtet, MOCKOBCKUI
rocyAapCTBEHHbIV YHUBEPCUTET UMEHU
M.B. lomoHocoBa, Mocksa, Poccus)




N Ly

12.40-13.00 [25. BAKTEPULIMOHbBIE CBOMCTBA 17.00-17.40
HAHOMNEHOK
MNneckosa CeetnaHa HuKonaesHa
(Mpodeccop, HMxKeropoacKuit rocyLapcTBeHHbIN
yHuBepcuTeT, HukHuii Hosropoa, Poccus)

13.00—-13.20 [26. 3KCMPECC-AHA/IN3 ONPEAENEHUNA
OMACHOCTM U TOKCUYHOCTH
HAHOMATEPUAIOB
Conosa EBreHna AHppeeBHa
(Poccuitckas meamUMHCKan akagemus
nocneamnaomHoro obpasosanus, Mocksa)

N31.% % TARGETED NANOCARRIERS FOR
DELIVERY OF DRUGS INTO THE VASCULAR
ENDOTHELIUM

Vladimir R. Muzykantov

(MD, PhD., Professor of Pharmacology and
Medicine, Vice-Chair of Department of
Pharmacology, Director of Center for
Translational Targeted Therapeutics and
Nanomedicine, University of Pennsylvania
Perelman School of Medicine, Institute for
Translational Medicine and Therapeutics,
Philadelphia, USA)

13.30-14.30 O6eg, 17.40-18.20

Ceccnsa 6 Mpepcepatenn:
Dr. Christian Grandfils, Prof. V.R.Muzykantov

14.30 - 15.10
N127.%% CELL RESPONSE TO

NANOTOPOGRAPHICAL CUES: RELEVANCE TO
REGENERATIVE MEDICINE AND NONVIRAL GENE

N32. #*CBEPXPA3PELLIAIOLLIAA OMTUYECKAR
MWKPOCKOMWMA KNBbIX OB bEKTOB

JNleBuH FeHHaauii FTeHpUxoBUY

(Mpodeccop, PryM «BcepoccMncknii HayuHo-
nccneno0BaTeIbCKUA MHCTUTYT ONTUKO-
du3nyecknx nsmepeHuin», Mocksa, Poccusn)

TRANSFER 18.20 - 18.40
Kam W. Leong
(Ph.D., Professor, Duke University, USA)

15.10-15.50
N28.% POLYMER NANOCOMPOSITES FOR

BIOMEDICAL APPLICATION
Rainer Frank Jordan
(Dr., Professor, Chair of Macromolecular

[33. OCOBEHHOCTU MHTEPHATU3ALNN
METANINYECKUX HAHOYACTUL,
3YKAPUOTUYECKUMU KNETKAMW IN VITRO U
IN VIVO

Psa6unkoBa EneHa UBaHOBHa

(4.6.H., npodeccop, MHCTUTYT XMmUUecKomn
6uonornu n dyHaameHTasnbHOM meanumHbl CO
PAH, HoBocnbupck, Poccun)

Chemistry, TU Dresden, Germany)

18.40-19.00 [35. BBAUMOZAENCTBMA HAHOYACTUL,
15.50-16.10 [29. PUTOTOKCUYHOCTb N MPOHNKHOBEHUE OKMCNOB Cu U APYTUX METAJ1I/10B C
B TKAHW PACTEHMIA MHOTFOCTEHHbIX BMOOBBEKTAMMU
YINEPOAHbIX HAHOTPYBOK OcTtpoymoB Cepreit AHApeeBuY
l'yces AnekcaHap AHaToNbeBUY (A.6.H., Buonornuecknii dakynbteT, MOCKOBCKMI
(K.c.-x.H., pyroBoauTens LieHTpa meanLMHCKOM rocyAapCTBEHHbIV YHUBEPCUTET UMEHU
3KO/I0TMU U HAHOTOKCUKOIOTMK, TamMBOBCKUI M.B. JlomoHocoBa, Mocksa, Poccus)
rocyiapCTBEHHbI yHUBEPCUTET, TamboB,
Poccus) 19.00-20.00 YxkwuH
16.10-16.30 [130. BBAUMOJEMCTBUE HAHOYACTUL],
AJZIMA3A C KOMMNOHEHTAMMW KPOBMW IN VITRO
N X BNIMAHUE HA MUKPOPEOJ/1I0M'M4YECKUE
CBOWCTBA 3PUTPOLIMTOB
Mpueskes AnekcaHap Bacunbesuy
(K.d.-M.H., poueHT, dusmuyeckunii bakynbTer,
MOCKOBCKMIA rocyiapCTBEHHbIV YHUBEPCUTET
nmeHn M.B.JlomoHocosa, MockBsa, Poccus)
16.30—-17.00 Kode-bpeliiK, BbiCTaBKa
%*
CEKUMA: MONYYEHUE U XAPAKTEPU3ALMA
HAHOMATEPUANOB, MPUMEHAEMbIX B MEAULMHCKUX
PA3PABOTKAX U UCCNTEAOBAHUAX MO OBECNEYEHUIO **
EE30MNACHOCTMW. CEKUMA: HAHOMEAULIMHA - NMPOBJIEMbI U NEPCMEKTUBDI
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YeTtBepr

22 ceHTAbPA

9.00-10.00

3aBTpaK

Ceccuna 7

MNpeacepatenu:
yn.-kopp. PAH B.B.MBaHoB,
0.6.H. N.B.TMOLWNHCKMIA

12.40-13.20

N42. HAHOCTPYKTYPHAA OPTAHU3AUMA
BMONOIMMYECKUX MATPUKCOB
OmenbaHeHKo Hukonaii MeTposuy

(4.m.H., npodeccop, Pry "UNTO um.
H.H.Mpuroposa" MuH3gpascoupa3sutus PO,
Mocksa, Poccus)

10.00-10.40

N136. HOPMATUBHO-METONYECKOE
OBECMEYEHWE CUCTEMbI BE3OMACHOCTH
HAHOTEXHONOIMMIA N HAHOMATEPUAJIOB
FMmownHckuit UBaH Bcesonoposuu

(4.6.H., HUN nutaHmna PAMH, Mocksa, Poccus)

13.20-13.40

N143. BUILDING BLOCKS FOR CONTROLLED SELF-
ASSEMBLY: FROM AMPHIPHILES TO
SUPERAMPHIPHILES

Xi Zhang

(PhD, Professor, Member of Chinese Academy of
Sciences, Department of Chemistry, Tsinghua

University, Beijing, China)

10.40-11.00

[37. PASMEP HAHOYACTWL, B BO3AYLUHbIX U
BOAHbIX CPEOAX, METOAblI USMEPEHUA
Kapnos Oner Bukroposuu

(K..-M.H., Bcepoccuiicknii Hay4Ho-
NCCNEeNOBATENBCKUI UHCTUTYT GU3UKO-
TEXHUYECKUX U PaUOTEXHUYECKUX USMEPEHWIA,
MeHgeneeso, Poccusa)

13.40-14.30

Oben

11.00-11.20

[38. METOAbl USMEPEHNA NAPAMETPOB
HAHOYACTUL, B ATMOC®EPHOM BO34YXE
NecHukos EBreHuii BacunbeBny

(K.$.-M.H., Bcepoccuiickuii Hay4Ho-
NCCNEef0BATENBCKUI UHCTUTYT GU3UKO-
TEXHUYECKUX U PaAMUOTEXHUYECKUX USMEPEHWUIA,
MeHgaeneeso, Poccus)

11.20-11.40

Kode-b6peitk, BbicTaBKa

11.40-12.00

[39. AMATHOCTUKA HAHOYACTULL B TA30BOW
®A3E HA OCHOBE AN$dDY3UOHHOTO
ONHAMUWYECKOIO METOOA

3araliHoB Banepuit AHaTONbeBUY

(K.¢.-m.H., 3aB. nabopatopueit dpnsmnkn
aspoauncnepcHbix cuctem Oryrn HUOXM nm.
N1.9. Kapnosa, MockBsa, Poccus)

12.00-12.20

[40. METOAUKA U PE3Y/IbTATbI
MCCNEAOBAHMA HAHOYACTUL, B MPUPOHbIX
MWHEPAJIbHbIX BOOAX

[aHbKuH OMmutpuii AHgpeeBuy
(Bcepoccuitckuii HaydHO-MUCCIeA0BaTENbCKUIA
WHCTUTYT GU3UKO-TEXHUYECKUX U
paAnoTEXHUYECKUX U3MepeHUiA, MeHaeneeso,
Poccus)

12.20-12.40

[41. USMEPEHUE SNEKTPUYECKHU
3APAMEHHbIX HAHOYACTWLL B BO3AYLLUHOM
CPEAE

ypasnés AneKceii Brnagumuposuu

(Bcepoccuitckuii HayuHO-MCCeA0BaATENbCKUNIA
MHCTUTYT GU3UKO-TEXHUYECKUX U
pPaAnOTEXHUYECKUX U3MepeHUii, MeHaeneeso,
Poccus)

CERUMA: HAHOMEAMUWMHA — MPOBJIEMbI U
MEPCMEKTUBDI

Ceccuna 8

Mpepcepatenn:
Dr. T.K.Bronich, npod. E.A.Mapksuyesa

14.30-15.10

N44. SELF-ASSEMBLING REDOX POLYMER DRUG
FOR ANTI-OXIDATIVE STRESS INJURY

Yukio Nagasaki

(Ph.D. Professor, Department of Materials
Science, Graduate School of Pure and Applied
Sciences, Master’s School of Medical Sciences,
Graduate School of Comprehensive Human
Sciences and International Center for Materials
Nanoarchitechtonics, National Institute for
Materials Science, University of Tsukuba, Japan)

15.10-15.50

J145. IONIC NANOGELS AS A VERSATILE
PLATFORM FOR DRUG DELIVERY IN TUMOR:
OPPORTUNITIES AND CHALLENGES

Tatiana K. Bronich

(Ph.D., Associate Professor, University of
Nebraska Medical Center, Omaha, NE, USA)

15.50-16.10

[046. ®ONAT-MOANPULIMPOBAHHbBIE
HAHOTENN ANA AOPECHOWM JOCTABKM
MPOTUBOPAKOBbIX MPEMAPATOB IN VIVO
Hykonosa Hatanua BnagumuposHa
(K.X.H., FocyaapcTBEHHbIN Hay4YHbIW LLEHTP
COUMaNbHOM U cyaebHOoM NCUXMaTpmm nm.
B.M. Cepbckoro, Mocksa, Poccus)

16.10-16.30

047. PASPABOTKA METOOA NMONYYEHUA
HAHOYACTUL, HA OCHOBE PLGA C
PEKOMBWHAHTHbIM C-KOHLLEBbIM IOMEHOM
ANNb®A-OETOMNPOTEMHA

FopoBaHHbIW ApTEM Butanbesuy

(MHCTUTYT BUonorum reHa PAH, Mockga, Poccus)

16.30-17.00

Kode-Opelik, BeicTaBKa
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17.00-17.40

J148. INSPIRED BIO- AND NANOBIOMATERIALS
FOR TISSUE ENGINEERING.

Christian Grandfils

(Dr., Associate Professor, Director of CEIB,
Interfacultary Research Centre of Biomaterials
(CEIB), University of Liege, Belgium)

17.40-18.00

[49. DU3NKO-XMMWNYECKME CBOMCTBA
JIMNOCOM C IMNOPUNTbHLIMW
MPONEKAPCTBAMMW B BUCNOE U UX
FTEMOCOBMECTUMOCTb

Ky3sHeuoBa Hatanba PoctucnasoBHa

(MHCTUTYT BUOOPraHNYecKo XMMUK M. akag,
M.M. WemsakuHa n H0.A. OBUMHHUKOBA, MOCKBa,
Poccus)

18.00-18.20

[50. NOYYEHME HAHOCOMA/bHbIX ®OPM
NEKAPCTBEHHbIX MPENAPATOB 414 NEYEHUA
TYBEPKY/E3A NIETKUX

HalipeHoBa AnekcaHgpa

(MOCKOBCKMIA Hay4YHO-UCCNeA0BaTEIbCKUM
MHCTUTYT MeAWULMHCKOW 3Konornm, Mocksa,
Poccus)

18.20-18.40

[51. PA3PABOTKA MY/NIbTUKOMMOHEHTHbIX
CTPYKTYP ONA ALI,PECHOVI JNOCTABKM
fAlweHok Anekceit Muxaiinosuy

(K.d.-m.H., CapaTOBCKUIA rocyapCcTBEHHbIN
yHusepcuteT, Capatos, Poccus)

18.40-19.00

[52. KOHCTPYUPOBAHUE BUPYCOMNOAOBHbIX
HAHOYACTUL, HA OCHOBE ALEPHOTIO BEJTKA
BMPYCA TENATUTA b U M2 BEJIKA BUPYCA
rPUNNA

BbnoxuHa EneHa AnekcaHApoOBHa

(UeHTp «BrounHskeHepua» PAH, Mocksa, Poccus)

19.00 - 20.00

YXUH

20.00 -22.00

KPYIbIA CTO1 « KOMMEPLMAIU3ALMA
HAHOTEXHONOMNM B MEOAULIMHE»
Mopepatop:

TatyHawswunu JleBaH BaxTtaHrosuu
(Buue-npesmaeHT, 000 «Curma.MHHOBaLMMNY)
Cnukepbl:

F'ypua Feopruit TeogopoBuy

(npod., 3aB. nabopatopmein KpUobUoPU3nKK
KNEeTOK KpoBM, FemaToNorMyeckmnin HayuHbln
ueHTp PAMH, Mocksa, Poccus)

BopuceHkKo Mpuropmii FfeHHagbesny

(K.6.H., accoumar, ynpassieHue no
WHBECTULMOHHON AeATEeNbHOCTU MeAULMHCKUX
nporpamm OAO «POCHAHO»)

MaTHWUa

23 ceHTAbPSA

9.00-09.50

3aBTpak

Ceccuna 9

Mpepcepatenu:
npo¢. H.J1.Knauko, npod. b.6.[3aHTneB

09.50-10.30

N53. HAHOTEXHONOIMMW B PETEHEPATMBHOW
MEONUWNHE

Trauyk Bcesonop ApceHbeBuy

(Akagemuk PAH, PAMH, npodeccop, aekaH
dakynbTeTa GyHAAMEHTANbHON MeaULMHDI
MOCKOBCKOro rocyapcTBeHHOro
yHuBepcuteTa umeHn M.B.JTomoHoCOBa,
Mocksa, Poccus)

10.30-11.10

N54. N"PUMEHEHME HAHOYACTML, B
MEOMUMHCKOM ANATHOCTUKE ANA
JETEKUMKM BMONOTUYECKM AKTUBHbIX
COEAMHEHUM

[A3aHTues bopuc bopucosuu

(A.X.H., npodeccop, UHCTUTYT BUOXUMUM UM.
A.H. baxa PAH, Mocksa, Poccus)

11.10-11.30

Kode-bpelik, BbicTaBKa

11.30-12.10

J155. B3AUMOZENCTBME NPOTUBOPAKOBbIX
MPEMAPATOB C TYBY/IMHOBbIMU
HAHOTPYBKAMMU

F'ypusa Feopruit Teogoposuy
(O.9.-m.H., npodeccop, 3aB. nabopatopueit

KproBMODU3NKIM KNETOK KPOBMU,
FemaTonormyeckmnin Hay4Hol ueHTp PAMH,
Mocksa, Poccus)

12.10-12.50

N156. DELIVERY OF THERAPEUTIC PROTEINS TO
THE BRAIN IN MACROPHAGES

Elena V. Batrakova

(Ph.D. in Chemistry of Polymers, Assistant

Professor, Center for Drug Delivery and
Nanomedicine, Department of Pharmaceutical
Sciences, College of Pharmacy, University of
Nebraska Medical Center, Omaha, NE, USA)

12

12.50-13.10

057. TENNOPUINYECKME ACNEKTDI
JIA3EPHOIO HATPEBA
BUO®YHKUMOHA/bHbIX HAHOYACTUL, B
BUOTKAHAX

OmenbyeHKo AnekcaHap UBaHosuY

(K.$.-M.H., oTAeNneHne nepcnekTUBHbIX
Nla3epHbIX TEXHONOTNIA, nabopaTopus
61MO0POTOHUKM, MHCTUTYT Npobaem nasepHbIX U
MHOOPMALMOHHBIX TexHonoru PAH, Tpouug,
Poccua)

13.30-14.30

Obep,




Ceccusa 10

MNpeacenatenu:
npod. N.H.KypoukuH, Dr. E.V.Batrakova

14.30-14.50

158. HAHOKOMMO3UTHbIE MUKPOKANCY/bI
C HAHOYACTMLIAMW OKCUIA LIMHKA:
CO3JAHUE, PU3NYECKMUE CBOMNCTBA,
BMOCOBMECTMMOCTb, TOKCMYHOCTb

KonecHukoBa TaTbsiHa AneKcaHApoOBHa
(K. ¢-M.H., CapaTOBCKMIA roCyAapCTBEHHbIN
yHuBepcuteT um. H.I'. YepHbiweBscKoro,
Capatos, Poccus)

14.50-15.10

[59. NONYYEHWE UHAYLMPOBAHHbIX
NAOPUNOTEHTHBIX KNETOK ANA TEPANUN
BO/IbHbIX HACNEACTBEHHBIMU ®OPMAMMU
NAPKMHCOHU3MA

YectkoB Unba Banepbesny

(HUL, KypyaToBCKMiA MHCTUTYT, MOCKBa,
Poccus)

15.10-15.50

N160. BUOCEHCOPHbIE CUCTEMbI HA OCHOBE
HAHOYACTUL, OKCNO0B META/JTIOB U
NNA3MOHHbIX HAHOCTPYKTYP /14 LI,EI'IEl7I
MEAWKO-BMO/TOMTMYECKOTO MOHUTOPUHTA
HEMPOTOKCMKAHTOB, ®EPMEHTOB U1
BE/IKOBbIX TOKCMHOB

KypoukuH Unba Hukonaesunu

(4.x.H., npodeccop, 3aB. nabopaTtopuei
3KkobunokaTanmsa, MocKoBCKUiA
roCyapCTBEHHbIV YHUBEPCUTET UMEHU

M.B.JlomoHocoBa, Mocksa, Poccus)

17.20-17.40

[063. NTPUMEHEHUE ATOMHO-CH/IOBOM
MWKPOCKONUW aNAa NCCNEQOBAHUA
3MBPVUOHOB XENOPUS LAEVIS
Edpemos Opuit Muxaiinosuu
(Bronornueckuin dakynbtet, MOCKOBCKMI
rocyapCTBEHHbI YHUBEPCUTET UMEHU

M.B./lomoHocoBa, Mocksa, Poccus)

15.50-16.20

Kodoe-0petik, BrICTaBKa

16.20-17.00

N161. CTPYKTYPA 1 CBOMCTBA
MEONUMNHCKUX UMNJTAHTATOB HA OCHOBE
KOMMO3NTOB «HAHOCTPYKTYPHbIM

TUTAH — BUOMNOKPbLITUE»

Kono6os KOpuii PomaHoBuy

(O.¢-m.H., npodeccop, anpektop HayyHo-
0b6pasoBaTeNbHOro M MHHOBALMOHHOIO LEHTPa
«HaHOCTPYKTypHble MaTepuansl 1
HaHOTexHoAorMn», besropoacKui
rocyfapcrBeHHbI yHuBepcuteT, benropog,
Poccus)

17.40-18.20 N164. THE HEALTH EFFECTS OF COMBUSTION-
DERIVED TO ENGINEERED NANOPARTICLES
Rodger Duffin
(BSc (Hons), PhD, FIBiol, Senior Fellow in
Respiratory Medicine, University of Edinburgh,
Scotland)

18.20-19.00 J165. METROLOGY AND STANDARDIZATION OF
NANOSCIENCE AND TECHNOLOGY IN CHINA
Xing Zhu
(Ph.D. Professor, Assistant President, Peking
University, School of Physics, Peking
University, National Center for Nanoscience
and Technology, Beijing, China)

19.30-23.00 ToBapULLECKUI YKUH

assera 24 ceHTADPSA

9.00 - 10.00 3aBTpakK

10.00-11.30 LilepeMoHuA 3aKpbITUA LKOAbI

11.30-12.00 Bbinucka n3 Homepos

12.00-12.15 MocagKa B aBTO6YCbI

12.15 OtnpasneHune B MOCKBY 3aKa3HbiMU

aBTOBYCaMM A0 CTaHLUMM MeTPO «LlapuubiHO»

17.00-17.20

062. MATPUUbBI ANA KNETOYHbIX
TEXHOIOTUI U3 PE3OPBUPYEMBIX U
HEPE3OPBUPYEMbIX NOJIMMEPOB
MonpagyxuH MNasen Bacunbesny

(MHCTUTYT BbICOKOMOIEKYNIAPHBIX COEANHEHWI
PAH, CaHkT-MeTepbypr, Poccun)
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NPOrPAMMA CTEHAOBOW CECCUU
2-0ii MEXAYHAPOHOM LWKO/bI

«HAHOMATEPWAbI N HAHOTEXHOJ10TMN B

KUBbIX CUCTEMAX. BE3OMACHOCTb A

HAHOMEAWLUNHA»

BTOpHUK, 20 CEHTH BPH, 1600

P5

BEMOCOBMECTMMbI KOMMO3ULUNOHHBIA MATEPUAN HA
OCHOBE CBEPXBbICOKOMOJIEKY/TAPHOIO NOJINSTUNIEHA
ONA ALETABYIAPHOTO KOMMNOHEHTA SHAOMNPOTE3A
bapaHos A.A'*, Cenatos ®.C., YepabiHues B.B, KanowkuH
C.4., AaHnnos B.J:I,.2

! degepanbHoe rocyaapcTeeHHoe o6pasoBaTesibHoe
yypexaeHue BbicLero npopeccroHanbHoOro obpasoBaHus
“HauMoHaNnbHbIN UccnenoBaTeIbCKUM TEXHONOMMYECKMIA
yHuBepcuteT «MUCKC»”, MockBa

2 MHCTUTYT mawmnHosegeHnA nm. A.A. bnaroHpasoBsa PAH, r.
Mocksa

P6

NONYYEHUE KANCYIMPOBAHHbLIX HAHOMATEPUAJIOB
METOA0M NMUPOJIN3A ASPO3OJIEN

benocnyaues A.M., /lbicos A.B. , OanH A.T.
HaumMoHanbHbIN nccneoBaTeNbCKU TEXHONOMMYECKMI
yHuBepcuteT « MUCnC»

P1

MATHUTHbLIE BUOCOBMECTUMBbIE

HAHOYACTWLbI OKCUOA HKENE3A OANA MPT-
ONATHOCTUKKM

A6akymos M.A.", Canganosa T.0 !, lOcy6anuesa I.M.%,
lpuHeHKo H.®.2 baknaywes B.N.»% Buwsacpao X2,
CoKonbcKu-lNankos M.g, KabaHoB A.B.3’4, YexoHuH B.N.>2
'Poceuitckuin rocyaapcTBeHHbIN MeAULMHCKNIT yHUBEpPCUTET
um. H.WU. Nuporoea, Kadegpa v OTaen meanLMHCKUX
HaHobuoTexHonormit, MockBa, Poccusa

2 ®IY «locyaapCTBEHHBIM HayUHBbIi LEHTP CoLMabHOM U
cypebHoi ncuxmaTtpum um. B.M. Cepbeckoro» Poc3gpasa.
OTtaen dyHOaMeHTanbHOM U NPUKNALHOMN Hellpobuonormu,
Mocksa, Poccua

3 LeHTtp [locTaBku Jlekapcts n HaHomeanLMHbI,
MepguumHckuii LeHTp YHuBepcuteta Hebpackn, Omaxa CLUA
* MOCKOBCKMI1 rocyAapcTBEHHbINM YHUBEPCUTET UMEHM
M.B./lomoHocoBa, Xumun4yeckuii dakynbTeT, Kadeapa
XMMUYecKol sH3umonormmn, Mocksa, Poccus

P7

MCCNEAOBAHUE B3AVIMOL],EVICTBVIFI OYNINEPEHA U ETO
nPOM3BOAHOIO C BMUOMEMBPAHAMW METO40OM
MOJIEKYIAPHOM OANHAMUKMN

bosparaHaH M.E., LWaiTtaH A.K., LWaittaH K.B.
MocKoBcKuit FocyaapcTBeHHbIN YHUBEpcUTET nm. M.B.
NomoHocoBa, buonoruyeckunin dakynbret

P8

KOBANEHTHAA ®YHKLUMOHANU3ALMA NOBEPXHOCTU
ENE30-YINEPOAHBIX HAHOYACTULL

Bbizos U.B.", Epmakos A.E.Y, YitmuH M.A.Y, Mbicuk
A.A.l,l'loer6a ,CI,.A.Z, MuHUH A.C.3, dunmmoHos B.,EI,.4,
MoctHukos M.C.% TpycoBa M.E.*

"MHcTuTyT dusukn metannos YpO PAH , r. EkaTepuHGypr
2 Ypanbckuit beaepanbHbIil YHUBEPCUTET UMEHM MepBOro
MpesunaexTa Poccun B.H.EnbumHa, r. EKatepuHbypr

? Ypanbckan rocy4apcTBeHHan MeANLMHCKanA akagemus, I.
EkaTepuHbypr

4 HaumoHanbHbIM nccneaoBaTeNbCKU MOAUTEXHUYECKUIA
yHUuBepcuTeT, r. TOMCK

P2

MONYYEHUE HAHOYACTUL, KATANIA3bI 4114
BMOMEONUMHCKOIo NPUMMEHEHUA

AneKcallKuH A,Q,.l, banabywesuy H.F.Z, Knsiuko H.J1.2
MrY umenn M.B. JlomoHocoBa, paky/NbTeT HayK O
maTtepuanax,

MY umenn M.B. JTOMOHOCOBa, XMMUUECKUI dakynbTeT

P9

WHAYUMPOBAHHAA MUE/TIONEPOKCMOA30M
BMOAErPALALIMA OAHOC/OMHBIX YIIEPOOHbIX
HAHOTPYBOK: TMMOX/TOPUT — OCHOBHOWM OKUC/IUTENb,
CMOCOBHbI AEFPAAVPOBATE HAHOTPYBKM in vivo
Bnacosa W.U., Baxpywesa T.B., l'yces A.A., Cokonos A.B.,
Kocteswnu B.A., Tyces C.A.

Oy HUIN dpusmko-xummyeckoit meamumHol PMBEA, Mocksa

P3

CUHTE3 HAHOMOPUCTbIX MATEPUAJIOB KPEMHE3EMA U
MX AOCOPBUMOHHbBIE CBOMCTBA MO OTHOLIEHMIO K
MOJICMAOMUHY

H.A. AnéwwuHa, E.B. MapdeHtok

YupexaeHue Poccuiickol akagemum Hayk MHCTUTYT Xumum
pactsopos PAH, r. MBaHOBO

P10

CUHTE3 HAHOKPUCTANJIMYECKOIO rMAPOKCUMANATUTA C
MCNOJ/Ib30OBAHUEM BUOTEHHOIO MCTOYHUKA KA/TbLIUA.
CONOCTABJ/IEHUE C BUONTOTMYECKUMU CTPYKTYPAMMU
lonowanos 1., Kawkapos B.M., PymaHuesa H.A., CepeguH
MN.B., Jomawesckas 3.M.

BopoHexcKkuii FocyaapcTBeHHbIN YHUBepcuTeT, BopoHexk

P4

N3YYEHUE ®YHKLUMOHAIBHOCT HOBOIO XMMEPHOIO
BE/IKA UHTEP®EPOH-y—CYP®AKTAHT CB
JINMOCOMA/IbHOM ®OPME

AHTMnosa H.B., KysHeuosa H.P., bonabipes U.A.,
LWaxnapoHos M.W., 3asanosa J1./1.

NHCTUTYT BUOOPraHNYecKom XMmumn M. akag. M.M.
LWWemsaknHa n HO.A. OBYMHHMKOBA, Poccuiickan akagaemus
HayK

P11

BNUAHUE YTNEPOOHbIX HAHOTPYBOK HA
PENPOAYKTUBHbBIE ®YHKLNM CAMOK JIABOPATOPHOM
MbILLW U NOCTHATANBbHbIN NEPUOL, PA3BUTUA EE
NOTOMCTBA

lopweHésa E.B.l, lyces A.A.l, Tkaues A.I.2

! TamBOBCKMIt rocyJapCcTBEHHbIN yHUBEPCUTET UMeHM P,
[epxaBuHa

2 TamBOBCKUIt rOCYAapCTBEHHDIM TEXHUYECKUI YHUBEPCUTET
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P12 poCTON M 3OGEKTUBHDIN CMIOCOB MOJYYEHUA P19 MOAYYEHUE U XAPAKTEPUCTUKA MUKPO- U

HAHOYACTWL, KOHAEHCMPOBAHHOWM AHK U PHK HAHOPA3MEPHbIX MEKTUH-COAEPKALLMNX MATEPUAIOB
[aHunnesuny B.H.", BacuneHko E.A.%, MeuHukosa E.B.2 3axaposa H.T. Y XynaiibepreHosa EM.2, Kblgpanunesa K.AM2
" MHcTuTyT Brooprarmndeckoit xumun PAH, Mocksa ¥opo6ekosa LLI.}K.2
2 MHcTUTYT Kpuctannorpadum nm. A.B. LLly6HMKOBa PAH, ! Mockosckuit ABMALMOHHbINA MHCTUTYT (FoCyAapCTBEHHbIN
Mocksa TEXHUYECKUIN YHUBEPCUTET), 2MOCKBa, Poccusa
MHCTUTYT XUMWUK U XMMUYecKon TexHonornm HAH,

P13 npPUMEHEHME METOJA MK-CNEKTPOCKONWN ®YPbE ANA KbiprbiscTaH
M3YYEHUA CTPYKTYPbl KOMMAEKCOB /IMMOCOM C
NONIMKATUOHAMM P20 pA3PABOTKA CUCTEM OCTABKM JLOKCOPYBULMHA HA
[eireH VI.Ml, CbibaunH A.B.Z, Alpocnasos A.A.z, Kyapawosa OCHOBE MOAN®ULUNPOBAHHbBIX XUTO3AHOB
E.B. 3ybapesa A.A.l, OBYMHHMKOBA E.B.l, NnbnHa A.B.l,
MY um.M.B.JToMOHOCOBa, XMMUUYECKUIt GaKyIbTET, Kad. FeHepanos A.A. 2, 3aiiues C.10. 2, CaupuyeBckan E.B.2,
Xvmunyeckon sHaumonornum, Mocksa, Bapnamos B.n.!
ZMmry MM.M.B.J/lomoHOCOBa, XMMUYeCKUi GakynbTeT, Kad. 1y-~|pe>i</:|,eHv|e PAH UeHTp «brnounHxeHepua» PAH, Mocksa
BbicokomoneKkynapHbIx coeanHeHni, MockBa MOCKOBCKasn rocy4apCcTBeHHas aKageMna BeTepuHapHON

MeanUMHbI U buoTexHonormm, Mocksa, 109472, yn.

P14 pA3PABOTKA METOZA MO/YYEHNA KOPMOBOM JOBABKM Axagemmka Ckpa6uHa, 23, c1p. 10
ONA KYP HA OCHOBE HAHOPA3MEPHbIX YACTULL *KENE3A *UHcTUTyT BMoOpraHnyeckoi xumun PAH, Mocksa 117997,
Opavenosckuii 0.B.", donmanuc 10.1..%, Hukoros U.H.5, Yn. Muknyxo-Maknas 16/10
donmaHuc r.a.z, NanTes I'.}O.g, Eropos W.AY, ducnnunH B..Y,
! Bcepoccuitckuii HayuHO-MCCAE0BATENLCKU 1 P21 CUHTE3 U XAPAKTEPUCTUKA BUOAKTUBHOTO
TEXHOIOTMYECKU MHCTUTYT NTULeBoacTBa PACXH AHTUBAKTEPUA/IBHOIO MNOKPbLITUA ONA AEHTANbHbIX
Zl/IHcmTyT MeTanNyprum n matepmanosegeHna nm. MMMNNAHTATOB
A.A.Baikosa PAH, r. Mockea MBaHoBa A. A., CypmeHes P. A.
*komnanus 000 «BNOTPO®», r. CaHKT-lMeTepbypr HaumMoHanbHbIN nccnepoBaTenbcknii TOMcKMi

MonutexHuyeckuin YHnsepcutet

P15 OLEHKA BO3AECTBMA HAHOYACTUL, HA MOPDOOMUIO

KNETOK METO0M ATOMHO-CM/TI0BOM MUKPOCKOMUK P22 1y3y4EHME CBOMCTB OY/INEPEHOSA Coo(OH)2s HA MPEAMET
Opo3n E.C.Y, Tne6 E.10.Y, MopHuk E.B.2, Yuuk C.A. BMONOTMYECKOM AKTUBHOCTM

! MHcTUTYT Tenno- n maccoobmeHa mm. A. B. /ibikoBa HAH Keapos A.B.l,TypOBeu,KMVl B.5.2

benapycu ! MBH/A n H® PAH, Mocksa, yn. bytneposa, a.5A, 117485

2 YIHCTUTYT BUOGU3MKM M KNETOUHOM MHKeHepun HAH 2 MTY um. M.B.JlomoHocosa, Mocksa

benapycu, MuHck, benapycb

P23 CPABHUTENBHOE U3YYEHUE GAPMAKOKUHETUYECKMX

Pl6A,£I,PECHAFI LOOCTABKA TEHOB B PAKOBbIE K/TIETKU MAPAMETPOB CYMEPOKCUAANCMYTA3bI U EE
MEJIAHOMbI C MOMOLLbO CREUNPNYHBIX HAHOYACTULL, MOANDULMPOBAHHOM GOPMbI - HAHO3UMA
NOJIUMNNEKCOB Kuparosa E.A.", Mopososa A.t0.%, Bana6ywesny H.T". %,
JypbimaHos I\/I.O.l, Ynacos A.B.z, Beneukas E.A.l, PoguyeHko MycTtaduHa T.E.z, Hacbipos M.P 2, MeyeHKNH M.A.l, Knauko
H.C.Y, Xpamuos t0.B.2, Tpycos r.Aal Po3eHkpaHL, AAM H.A. !

Csepgnos E.,El,.s, Co6ones A.C."7%, ! Xumunueckuit dakynbTeT MOCKOBCKOrO rocyAapCcTBEHHOIO
'MockoBckuit rocyapCTBEHHbIN YHUBEPCUTET UMEHMU yHuBepcuTeTa umeHn M.B. JlomoHocoBa,
M.B./lomoHocoBa 2 ®IY «loCyAapCTBEHHBIN HayUHbIN LEHTP COLMaNbHOM 1
2MHCTUTYT Bronorum reHa PAH, r.Mocksa cypebHon ncuxmaTtpun um. B.N.Cepbckoro»

3l/I|-|c1'14Ty'|' 6uoopraHmnyeckoi xummm um.M.M. LLiemakmHa 1 MwuH3apascoupassutma PO

H0.A. OBunHHMKOBa PAH, r.MockBa

P24 4 13KOTEMMEPATYPHAS KOHCOMMOALMA

Pl7AHTl/IOI-(Cl/I,El,AHTHbIE HAHO3MMbI: NO/TYYEHUE, HAHOMOPOLLIKOB KAPEOHAT3AMELLEHHOIO
CBOWCTBA U MPUMEHEHME T’MOPOKCUANATUTA
3ariuesa E.A. 1, YrnaHosa C.B.l, Jlonyxos A.B.l, KabaHoB Kanmawwuna E.C., duaunnos A.10., Mytnses B.WN.
A.B."2, Knauko H.N.! MockoBcKuii FocyaapcTBeHHbI YHUBepcuteT umernu M.B.
MTY umern M.B.JToMmoHOCOBa, XUMUYECKMIT DaKy/IbTET, JlomoHocoBa
Kadenpa XMMUYECKON SIH3UMONOTUH,
*MeauLmHCKI LeHTp yHuBepcuTeTa Hebpackm, Hebpacka, P25 MATHUTHBIE ANBIUHATHbIE YACTUUbI, HANONHEHHBIE
Omaxa, CLUA KANENBKAMW MACNA, A1 [OCTABKWM JIEKAPCTB

Komaposa I'.A.l‘z, Crapopybues C.I'.l, Xoxnos A.P.>?

P18 MCCNEAOBAHUE NPUPOAHBIX HAHOPASMEPHbIX CUCTEM ‘dusnueckuit darynbTeT MIY um. M.B. JlomoHocoBa,
METOZIOM ANHAMMUYECKOWN MEKDA3IHON Mocksa
TEH3UWOMETPUN ’|nstitute of Polymer Science, University of Ulm, Ulm
3apyaHasn E.H., AosxeHko H.A., 3ariues C.1H0., Makcumos
B.WN.

Proy BMNO «MocKoBCKaa rocyaapCTBeHHAA akagemusa
BETEPUHAPHOM MeaULMHbI U BuoTexHonornm umenm K.U.
CKpsabuHa», Mocksa
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http://www.ibch.ru/about/history/personalia/740
http://www.ibch.ru/about/history/personalia/738
http://maps.yandex.ru/?text=%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0%2C%20%D1%83%D0%BB.%20%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D0%BA%D0%B0%20%D0%A1%D0%BA%D1%80%D1%8F%D0%B1%D0%B8%D0%BD%D0%B0%2C%2023%2C%20%D1%81%D1%82%D1%80.%2010&sll=37.796526%2C55.699573&sspn=0.00824%2C0.004653&source=business
http://maps.yandex.ru/?text=%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0%2C%20%D1%83%D0%BB.%20%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D0%BA%D0%B0%20%D0%A1%D0%BA%D1%80%D1%8F%D0%B1%D0%B8%D0%BD%D0%B0%2C%2023%2C%20%D1%81%D1%82%D1%80.%2010&sll=37.796526%2C55.699573&sspn=0.00824%2C0.004653&source=business

P26 HOBbIE MYTAHTHbIE OKCH/A3bI D-AMUHOKUCOT C
YNYYLWEHHbIMW CBOMCTBAMMU
Komaposa H.B.l’s, lfonybes VI.B.Z'3, XopoHeHKoBa C.B.a,
Tuwkos B.N V%3
1l/IchlTy'r Buoxmmumm nm. A.H. baxa PAH, Mocksa
2XUMUYEcKUi dakynbteT MY nm.M.B.JTomoHocoBa, MocKksa
3000 «MHHOBaLMM 1 BbICOKME TexHOMOrMM MIY», Mocksa

P27 x APAKTEPM3ALMA BUOSIOTMYECKMX OB EKTOB C
NCNO/Ib30BAHWEM CKAHWUPYIOLLLEM 30HA0BOM
MWKPOCKONMA N HAHOUHOEHTUPOBAHMA
KpaByyk K.C.l’z, HaymeHKko }O.H.s, YcenHos A.C.l,yceMHos
cct
1 TeXHONOrMYECKMI UHCTUTYT CBEPXTBEPAbIX U HOBbIX
yrnepogHbix matepuanos, 142190, MockoBckas obnacTs, T.
Tpowuuk, yn. UeHTpanbHasn, 7a
’HaLMoHabHbIM UCCAeA0BATENbCKIIA TEXHONOMMUYECKMI
yHusepcuteT "MUCKUC", r. MockBa
*MockoBCKuit OU3UKO-TEXHUYECKUIA UHCTUTYT, T.
JonronpyaHbii

P33 CUHTE3 NPMBMTOrO COMONMMEPA XUTO3AHA C
NONMBUHWUNIOBbLIM CMTMPTOM, NOZTYYEHHOIO
TBEPAO®A3HBIM METOAOM M HAHOBO/IOKHUCTbIN
MATEPWAN HA EFO OCHOBE
JlecHAkoBa J1.B. 1, CoHuMHa A.H. 1, YepHbiweHKo A.O. 2, Akonos
T.A. 2, Buxopesa |'.A.1,3eneHeu,Km71 AH.?

! MOCKOBCKMIA roCyAapCTBEHHDIM TEKCTUABHbBIN YHUBEPCUTET
mm. A.H.KocbirmHa, Poccua, Mocksa

MHCTUTYT CUHTETUYECKUX NOSIMMEPHbIX MAaTEPUANIOB UM.
H.C.EHukononosa PAH, Poccusa, Mocksa

P28 37IEKTPOHHBIE CTEKTPbI HAHOCTPYKTYPHbIX
KOMTM/IEKCOB KOBAJbLTA (lll) C ANTUO/IOM
KyaaibepreHosa P., lapmeH6aeBa A., Mateesa C.,
Cyryp6ekosa I'.

Tapl'yY um. M.X.lynatu, KazaxcraH

P34 EPMEHTATUBHOE PA3LENEHNE MHOTOKOMMOHEHTHbIX
MWKPOYACTUL, C MNONIMSNEKTPO/IUTHOM OBOJIOYKOM U3
noannENTMAOB
MapuyeHko W.B. 1'2, AweHoKk A.M. 3'4, bopoanHa T.H.l,
bykpeesa T.B.%, Mnothukos I.C. >, CkupTtay A.T. 4
! yypexperne Poccuiickoil akagemnn Hayk MHCTUTYT
Kpuctannorpadpum um. A.B. LLlybH1KoBa, MockBa
HaLMoHaNbHbIN UCCNeA0BATENbCKMIA LeHTP KypuaToBCKuit
MHCTUTYT, MOCKBa
3 CapaToBCKMUI rocyiapCTBEHHbIN yHUBEpcUTeT, GakynbTeT
HaHO- 1 BUOMeaMUMHCKUX TexHonormi, Capatos
* MHcTUTYT Makca MnaHKa KoANouaos U UccneaosaHusa
nosepxHocten, fonbm, repmanHuns
> MOCKOBCKMIA rocy4apCcTBeHHbINM yHUBEpCUTET M. M.B.
JlomoHocosa, MockBa

P29 MUKPOKANCY/IMPOBAHHBIE MYJ/IbTUK/IETOYHBIE
OMYXOJEBBIE COEPOUAbI B U3YHEHWM
MPOTUBOOMYXOEBLIX SIMMNOCOM C /INNOGUIBHBIM
MPONIEKAPCTBOM METOTPEKCATA

KysHeuosa H., Mpwusanosa A., Bogoso3osa E., Mapksuyesa E.

NHCTUTYT BUOOPraHUYeckom XMmumn um. akag. M.M.
LWemaknHa n K0.A. OBYUMHHMKOBA, Poccuiickasa akagemus
HayK, yn. Muknyxo-Maknas

P35A,EI,PECHAFI [OOCTABKA HAHOJIEKAPCTB U NMPOBIEMbI EE
BHEAPEHMA
MartueHko E.A.
FocyaapcTBeHHbIN YHUBEpCUTET ynpasnieHua, r. Mocksa

P30 13YYEHME akTmBHOCTM CYPA50: HOBbIE BO3MOXKHOCTM
adpeKTUBHOM, 6€30MaCHON M IKOHOMMUYECKM 3HAUMMOM
MeAMKaMEHTO3HOM Tepanuu

Kykec U.B..
Mepsbit MTMY um U.M. CeyeHoBa, r. Mocksa

P31 EIOAKTUBHBIE ®OCOATBI KANBLMA A18 MEAULMHBI
JlazebHaa M.A., Kono6os 10.P., KyabmuHa E.A., BOAKOBHAK
H.H., KonoboBa E.T.,
lpebuosa E.A.

HOuWLL «HaHOCTPYKTypHble maTepmasbl U HAHOTEXHOOTUN»
OrAOY «benropoacKuin rocyaapcTBEHHbIN HaUWMOHANbHbIN
nccnen0BaTeIbCKU YHUBEPCUTET?

P32 1cCNEQOBAHUE POPMUPOBAHMS OBOIOYKM BOKPYT
30/10TbIX HAHOYACTWL, NPU UX MHKYBALWMNU C NAA3MOMN
N BNUAHUA TAKUX YACTUL, HA @YHKUMW KNETOK KPOBU
NesuH A0, ' Aceitues A.B.z, bekmaH 3.M.2, CKOTHMKOBA
O.M.Z, A3unsosa O.A.z, TBoporosa cAl
loryn «BHUNODU», r. MockBa
2®ry «HUM ®XM» OMBA Poccuun, r. Mocksa
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P36 ATPEFATUBHAA YCTOMYMBOCTb HAHOKOMMO3UTOB Fe@C
Mutun A.C.", Bbizos 1.B.?, Epmakos A.E2 YitmuH M.A2,
Mbicuk A.A.2
' royBMno YrmA Poc3apasa Poccun, r.EkaTepuHbypr
2 NHCTUTYT dn3mkm meTannos YpO PAH, r.EkaTepunHbypr

P37 noaBOAHbIE KAMHN 3KOTOKCUKOJIOTMYECKOM OUEHKU
HAHOMATEPUAOB
Mopranés }O.H.l'z, , FocteBa M.A.l, Mopranés C.PO.l,
KanuroHosa E.E., Mopranésa T.r.b?
YenTp «BroTect-HaHo», TOMCKUIt rocyAapCTBEHHDIA
yHUBEpCUTET
2CUBMPCKUIT rocy4apCTBEHHDIN MEANLMHCKUI YHUBEPCUTET,
Tomck

P38 CMEKTPOCKOMUYECKOE MCCNEOOBAHUE
CMELWAHHO/IMTAHAHbBIX KOMMNNIEKCOB KOBA/IBTA
"Mycab6aesa A., ’Cyryp6ekos E., ‘Mareesa C.,
'KynaibepreHosa P., 'Cyryp6ekosa I.
1Tapry um. M.X.Aynatwn, r.Tapas
?KazaxcTaHCKO-BPUTaHCKMIt TEXHUYECKUIT YHUBEPCUTET,
Anmartbl

P39 ONPEAENEHUE KOHCTAHT CBA3bIBAHWA B CUCTEME
AHTUTEH-AHTUTENO U PA3PAEOTKA
NONAPU3ALMOHHOIO ®JTYOPOMMMYHOAHA/TU3A
PTOPXMHOJ/IOHA OP/TOKCALIMHA
Heuaesa H.1."?, EpemuH C.Al
"MockoBckuit FocyfapcTBEHHbIM YHUBEPCUTET UM.
M.B.JlomoHocoBa
2l/IchlTyT 6uoxvmnm um. A.H. Baxa PAH




P40 cO34AHVE AHTUIEHHBIX KOMIMIEKCOB HA OCHOBE
YACTWL, CTPYKTYPHO MOAM®OULMPOBAHHBIX BUPYCOB
PACTEHWUI

HukutmH H.A., TpudoHosa E.A., Kapnosa O.B., Atabekos W.T.

MocKoBCKMI [ocyAapcTBEHHbIV YHUBEPCUTET UMEHU
M.B.JlomoHocoBa, buonoruyeckuin pakynoret

P41 1CNONBb3OBAHME KABLMIN-OOCHOATHBIX HAHOYACTUL,
ONA AOCTABKU NEKAPCTBEHHbIX MPEMAPATOB B /1A3
HunKonbcKasn l/I.VI.l, LUnmaHoBCKas E.B.l, be3Hoc O.B.Z,
MaBneHko T.A.Z, KabaHoB A.B.s, YecHoKoBa H.E.Z, Knayko
H.N.Y, Koct 0.A.

! Xummuueckuit pakyabteT MOCKOBCKOTO rocyAapcTBEHHOMO
yHuBepcuTeTa umeHun M.B.JlomoHocoBa, Mockea 119991,
2 ®dry Mockosckuit HUM rnasHbix 6onesHeit um.
lenbmronbua PocmearexHonoruii, Mocksa

3 Center for Drug Delivery and Nanomedicine, University of
Nebraska Medical Center, Nebraska

P46 MOAY/1b YNPYTOCTU NOKPbITUA U3 NATEKCHbBIX YACTUL,
HA UHTPAOKYNAPHOWM NINH3E U KPEMHUEBOW
NOANOXKKE
Noroukas U.B."?, KysHeLoBa T.A%3 Yukuk C.AZ
'Benopycckuit rocysapcTBeHHbIi yHUBEpPCUTET, MUHCK,
benapycb
2l/IHCTMTyT nopowkosoi metannyprum HAH Benapycm,
MwuHck, benapycb
3l/IHcmTyT Tenno— u maccoobmeHa um. A. B. ibikoea HAH
benapycu, MuHck, benapycb

P47 MCCNEQOBAHWE TOKCMYECKUX CBOMCTB YINEPOOHbIX
HAHOTPYBOK HA PENPOAYKTUBHYHO CUCTEMY
MNEKONUTAIOLLMX
Nonakosa N.A. 1, lyces A.A. 1, EmenbaHoB A.B. 1, Tkaues A.T. 2
TambBoBckuit rocyfapCTBEHHbIN YHUBEPCUTET UMeHU T, P.
[eprkaBuHa,r.Tambos
2«HaHoTexLleHTp» r. Tam6os

P42 TOKCMKON10OM'MA HAHOMATEPUANOB: OLIEHKA
TOKCMYHOCTU HAHOYACTUL, OKMC10OB MEON W KEJE3A
HA KY/ZIbTYPE K/TIETOK
Octpoymos C. A.z, CyeTtuHa U. A.l, NopuepHsesa P. Fl.l,
NonatuHa 0. A
'orey HUK supyconorum um. [1.1. saHoBCKOro
MwuH3sgpascoupassutna PO, Mocksa
MY um. M.B.J/TomoHocoBa, Buonornyeckuii pakynbreT,
Mocksa

P48 AHTMOKCUOAHTHAA TEPANUSA AQBIOBAHT-
MHAOYUMPOBAHHOIO APTPUTA
Cabuposa A.{., 3anantotamHosa J1.H., Haceibynnuua 4.A.,
MeTtposa A.A.
KasaHCcKul rocy4apcTBeHHbI MeAULMHCKUI YHUBEPCUTET,
KasaHb

P43 OLIEHKA TOKCUYHOCTY HAHOYACTWL, OKMUC/IOB MEAM U
YKEJTE3A HA KYJIbTYPE K/TIETOK: AHAZINU3 TUCTOTPAMM,
MONYYAEMbIX ABTOMATUYECKMM CHETYMKOM K/IETOK
SCEPTER
Octpoymos C. A% MNoayepHsaesa P. . CyeTnHa U. AL
NonatuHa O. A%,

'oreY HUK Bupyconornn um. .M. MBaHoBCKOro
MwuH3gpascoupassutma PO, Mocksa

2MTY um. M.B.JTomoHOCOBa, Bronormueckuii dpakynbter,
Mocksa

P49 roMOrEHHAS HYKNEAUWMA N3 NEPECBILLEHHOIO NAPA
KAK HOBbI CNOCOB MEHEPALIMM HAHOYACTUL],
MBYMPO®EHA ANA MEONLUMHCKUX LIENEN
Camoaypos A.B., OHuwyk A.A., Bocenb C.B., baknaHos A.M.
MHCTUTYT XUMWYECKOM KUHETUKM U ropeHna CO PAH,
HoBocnbupck

P44 BbICOKOYYBCTBUTE/IbHOE OMNPEAENEHWE MPUOHOBOIO
BE/IKA C UICNONb3OBAHMEM CNEKTPOCKOMUU FKP
MecTosckuii 10.C.% bypawos N.AZ
! Xumuueckuit pakynsteT MIY um. M. B. JlomoHOCOBa,
Mocksa
2 IHCTUTYT BUOXMMUYECKOM GU3NKKM UM. H.M. ImaHyans
PAH, Mocksa

P50 OMTUYECKMIA METOZ, ONPEAENEHWA U KOHTPOIA
KOHUEHTPALMN U OPYTUX XAPAKTEPUCTUK MPO3PAYHbIX
PACTBOPOB
CaHHukosa M.C., Kypawes C.M.

HaumMoHanbHbIN Mccnea0BaTeNbCKUt TEXHONOTMYECKMI
yHusepcuteT « MUCKCx», r. MockBa, Poccua

P45 Y CKYCCTBEHHBIE BUPYCHbIE YACTWUUbI, COOEPHKALLNE
YY}KEPOHbIM TEHETUYECKUIA MATEPUAN
MNeTtposa E.K.l*, HUKUTUH H.A.l, MpoTononosa A.,CI,.Z,
[Oy6posuH E.B.2
'Bronoruueckuii pakynsteT MY umern M.B. JlomoHocoea,
r. Mocksa
Hnn «LLeHTp NepcneKkTUBHbIX TEXHONOTMINY, I. MOCKBa;
3dusmnueckuit dakynstet MY umern M.B. /IOoMOHOCOBA, T.
Mocksa

P51 cpABHUTENBHOE UCCNEAOBAHME MPUMECHO
JTIOMUHECLEHLWW B KONNTOUOHbIX KBAHTOBbBIX TOYKAX
A’B®, TETMPOBAHHbIX ME/bIO
Caykosa T.10., flopodees C.T.

MOCKOBCKMI rocyAapCTBEHHbIN YyHUBEPCUTET M. M. B.
JlomoHocoBa

'dakynbTet Hayk 0 maTepuanax

ZXUMmnueckmin dakrynbTeT

P52 HAHOYACTULI CEPEBPA A8 UCCIIELOBAHMA
BUONOTNYECKMX MOJIEKY/T METO40M TKP-
CMEKTPOCKONUK
CemenoBa A.A.'*, Tyamnuu E.A.? Xa6atoBa B.B.2, Bpaxe
H.A.2, Makcumos I'.B.3, TpeTbsAKoB PO.LI,.l'2
'dakynbTeT HayK 0 maTepuanax, MocKoBCKMit
rocyAapCTBEHHbIW yHUBEPCUTET MMeHn M.B.JlomoHocoBa
ZXummnueckuit dparynbTeT, MOCKOBCKWMIT roCyAapCTBEHHbIN
yHuBepcuteT umeHn M.B.JTomoHocoBa
Buonoruueckuit paryabtet, MOCKOBCKMIA rOCY4apCTBEHHbIN
yHuBepcuteT umeHn M.B.JTomoHocoBa
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P53 3YYEHME BAMAHMA TEHHO-TEPANEBTUYECKOTO
NPEMAPATA HA OCHOBE HEMPOTPODUYECKOrO ®AKTOPA
POCTA BDNF HA BOCCTAHOBJ/IEHUE NEPUDEPUYECKOWN
MHHEPBALUN
CemuHa E.B., Kaparayp M.H., CbicoeBa B.10., PybuHa K.A.,
Crambonbekuit [.B., Cysganbuesa O.I., KanuHuHa H.U.,
TKauyk B.A.
dakynbTeT dyHAaMeHTanbHON meanumHbl MY nm. M.B.
JlomoHocoBa, MockBa

PS8 MOONDUKALMA HAHOCTYKTYPUPOBAHHBIX YACTUL]
KAPBOHATA KANbLMA ANA CO3AAHMA CUCTEM
LOCTABKM JIEKAPCTB

TpywwuHa A.b., HabaTtos b.B., bykpeesa T.B.
MHcTUTYT KpUuctannorpadum um. A.B. LLy6HMKoBa PAH

P54 1 CKYCCTBEHHO-MOJIEKYNAPHBIE CUCTEMbI OMCKA U
HEMTPANM3ALIMKN BUPYCHbIX HAHOOBBEKTOB
CepbuH A.B.l'z, LiseTkoB B.E.l’z, Kapacesa EH.
1HayLlHo—leHOBaLl,V|0HHb||7| $oHa 3p0poBba, MockBa
2 WHCTUTYT HedTeXxMmmMYecKoro cuHTesa um. A.B. Tonunesa
PAH, MockBa

P59 CCNEAOBAHME CTABMBHOCTU HAHOYACHTML,
KOMMMEKCOB NMYTATUOHMNEPOKCUAA3bI TUNA | C
NOJIN3NEKTPO/IUTAMM PA3IMYHOMN NPUPOAbI
dunaTosa }'I.}O.l, MaHnHa l/l.C.l, OcunoBa T.A.l, KabaHos
A.B.Z, Knsuko H.J1.

IXumuueckuit dparyabTeT MOCKOBCKOrO rocyAapcTBEHHOMO
yHuBepcuteta umeHun M.B. JlomoHocoBa, MockBa

’DURHAM RESEARCH CENTER, NEBRASKA MEDICAL CENTER,
OMAHA, US.A

P55 CO3AHME M TECTUPOBAHWE IKPC-MIATOOPM HA
OCHOBE CTPYKTYP A4PO-OB004KA, COOEPHKALLNX
HAHOK/ACTEPbI YINIEPOJA
Creutopa l/l.lO.l, MapKuH A.B.l, NoHomapes A.H.3,
AkumaHckmit A.B.%, Fopun I.A."

!CapaToBcKuit rocyaapcTaeHHbIi yHUBEpCUTET
2l/IHcTMTyT BbICOKOMONEKYNAPHbIX coeanHeHnn PAH
300 «Hay4Ho-TexHu4eckui LieHTp MpuKnagHbIx
HaHoTexHonorui»

P56 MUKPOCTPYKTYPA HUKE/NIEBOTO KOMIM/EKCA,
MOANDPULIMPOBAHHOIO NO/INITUNEHTIMKONIEM
2Cyryp6ekosa I., 'Cyryp6ekos E.,’KyaaibepreHosa
P.,’Mycabaesa A.,’KaHTap6aesa C.
'KazaxcTaHcKo-BpUTaHCKMIA TEXHUYECKMIA YHUBEPCUTET,
KasaxcrtaH, r. AamaTbl
2Tapa3cr<m7| rocy4apCTBEHHbIV YyHUBEPCUTET M. M. X.
[ynatun,KasaxcraH, r. Tapas

P60 yYEBHDIN LEEHTP HAHOBMOBE3OMACHOCTU MYLLTY HA
BA3E THL, NPUKAAOHOM MUKPOBMOIOTUM U
BUMOTEXHONOTUN
XonogeHko B.M., Motanos B.A., Pupcrosa B.B., YyryHos B.A.,
Kob63es E.H., Metyxos B.H., AaTtnos N.A.
®BYH ML, npuknagHo MMKpobruonormm n 6MoTexHonormm

P61 MATEMATUYECKOE MOZE/IMPOBAHME IM3MHOBbIX
OEHOAPUMEPOB N UX TUBPMAOB M KOMIMJIEKCOB C
ONUronenNnTMaAMMU
Heenos N.M.", ®anbkosuu C.I.% Mapkenos ,Cl,.A.l, Unbaw
M.10.%,

[apuHckuit AAl

1l/IHCTMTyT BbICOKOMOJIEKYIAPHbIX coefvHeHni PAH,
Bonbwow np.31, C1.- Netepbypr

2CaHKT-MeTepbyprekuit rocy4apcTBeHHbIi yHUBepeuTeT, CT.-
MeTepbypr

P57 NONYYEHWE KOHBIOTATOB KBAHTOBBIE TOYKM-
AHTUTENA, U UX UCMO/Ib3OBAHUE B
NMMYHOXPOMATOTPA®PUYECKOM AHAJTU3E
TapaHoBa H.A., bepnnHa A.H.,., Kepaes A.B., 3aHTunes b.b.
NHcTUTyT B1oxummm um. A.H. baxa PAH
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TE3UCbI NEKLUN U
NOKNAJOB

j'l 1 NANOMEDICINE: CROSSING BIOLOGICAL
BARRIERS FOR DRUG DELIVERY
Alexander V. Kabanov,"” Xiang Yi," Jing Tong," Natalia L.
Klyachko,l'2 William Banks,® Elena Batrakova,® Matt
Zimmerman,’ Irving Zucker!
'Center for Drug Delivery and Nanomedicine, University
of Nebraska Medical Center, Omaha, NE 68198-5380,
USA, *Laboratory for Chemical Design of
Bionanomaterials, M.V.Lomonosov Moscow State
University, 119991 Moscow, Russia, 3Geriatric Research
Education and Clinical Center, VA Puget Sound Health
Care System, Seattle, WA 98108, USA

Polypeptides can positively affect outcomes of central
nervous system (CNS) related diseases, but their entry into the
brain is commonly restricted. One example is leptin, a candidate
for treatment of epidemic obesity that has failed. A major cause
of its failure is unfavorable pharmacokinetics and peripheral
resistance - loss of leptin ability to cross the blood-brain barrier
(BBB), and so reach its receptors in the arcuate nucleus of the
hypothalamus. We produced a conjugate of leptin with Pluronic
P85 (P85-LepA) that has a long half-life, is enzymatically resistant
in blood and brain, and retains biological activity. The P85-LepA
crosses the BBB by a mechanism independent of the leptin
transporter and was shown to be effective in the ob/ob mouse
and mice with diet-induced obesity. Therefore, P85-LepA may be
effective when normal transport of leptin across BBB is impaired.
Another example is RedOx enzymes, such as Cu/Zn superoxide
dismutase (SOD1), which has potential to mitigate oxidative
stress in CNS. We incorporated SOD1 into polyion complexes
with cationic block copolymers. Such complexes (“nanozymes”)
were shown to increase stability, circulation half-life and brain
delivery of active SOD1 after peripheral administration. The
intracarotid injection of SOD1 nanozyme greatly attenuates Angll
pressor response in conscious rabbits after chronic heart failure.
Therefore, SOD1 nanozymes have potential for the treatment of
cardiovascular diseases associated with the dysregulation of
brain angiotensinergic signaling, particularly hypertension and
chronic heart failure.

REFERENCES:

1. Kabanov, A.V., Gendelman, H.E. (2007) Nanomedicine in
the diagnosis and therapy of neurodegenerative disorders, Progr.
Polym. Sci. 32(8-9):1054-82.

2. Brynskikh, A.M., Li, S., Zhao, Y., Mosley, R.L., Boska, M.D.,
Klyachko, N.L., Kabanov, A.V., Gendelman, H.E., Batrakova, E.V.
(2010) Macrophage delivery of therapeutic nanozymes in a
murine model of Parkinson's disease, Nanomedicine (Lond).
5(3):379-96.

4. Price, T.O., Farr, S.A,, Yi, X., Vinogradoyv, S., Batrakova, E.V.,
Banks, W.A., Kabanov, A.V. (2010) Transport across the blood-
brain barrier of pluronic leptin. J. Pharmacol. Exp. Ther.
333(1):253-63

5. Rosenbaugh, E., Roat, J., Gao, L., Yang, R.-F., Manickam,
D.S., Yin, J.-X., Schultz, H.D., Bronich, T.K., Batrakova, E.V.,

Kabanov, A.V., Zucker, I.H., Zimmerman, M.C. (2010) The
attenuation of central angiotensin Il-dependent pressor response
and intra-neuronal signaling by intracarotid injection of
nanoformulated copper/zinc superoxide dismutase, Biomaterials
31(19):5218-26.

6. Tong, J., Luxenhofer, R., Yi, X., Jordan, R., Kabanov, AV.
(2010) Protein modification with amphiphilic block copoly(2-
oxazoline)s as a new platform for enhanced cellular delivery. Mol
Pharm. 7(4):984-92.

7.Yi, X., Zimmerman, M.C., Yang, R., Vinogradov, S., Kabanov,
A.V. (2010) Pluronic-modified superoxide dismutase 1 (SOD1)
attenuates angiotensin ll-induced increase in intracellular
superoxide in neurons, Free Radic. Biol. Med. 49(4):548-58.

8. Zhao, Y., Haney, M.J.,, Klyachko, N.L., Li, S., Booth, S.L,,
Higginbotham, S.M., Jones, J., Zimmerman, M.C., Mosley, R.L.,
Kabanov, A.V. Gendelman, H.E., Batrakova, E.V. (2011)
Polyelectrolyte complex optimization for macrophage delivery of
redox enzyme nanoparticles, Nanomedicine (Lond). 6(1):25-42
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HAHOMATEPUADBI 411 BUOMEAUUNHCKUX
NPUMEHEHWIA

10.0.TpeTbAKOB

dakynbTeT HayK 0 maTepnanax MocKoBCKoOro
rocyZapCTBEHHOro YHUBEPCUTETA UMEHM
M.B./lTomoHocoBa

119992, Mockga, JleHUHcKKe ropbl, PHM MTIY
yudt@inorg.chem.msu.ru, goodilin@gmail.com
PasBuTMe MeaMUMHBI UM MNOWUCK  NyTel  yaydweHus

N2

NPOAO/TKUTENBHOCTU U KayeCTBa XU3HU ABAAKOTCA OAHUMU U3

cambIx NPUOPUTETHbLIX HanpasaeHui NPaKTUYECKOro
MCNOJIb30BaHUA AOCTUMKEHUIA HaHOTEXHoNOrMiA. K 6auvKanwmnm
nepcrneKkTMBaM MPaKTUYECKOro BHeAPeHWsa 6HMOoCoBMECTUMbIX
HaHOMaTepManoB OTHOCATCA CO34aHWME KOCTHbIX MMMAAHTOB Ha
OCHOBe TMApPOKCManaTMTa, a TaKKe NpenapatoB ANs pelleHus
npobnembl

KaNbLMEBOro  340pOBbA

TepaneBTUYeCKUX N ANAarHOCTUYECKMX HAaHOYaCTUL, U NpenapaTos

Hauun, npumeHeHue

Ha wux ocHose. B nekuyuu OﬁCy)K,D,aIOTCﬂ npuembl CUHTE3a

HaHOmaTepuanoB Ans  OGUOMEAULMHCKUX NPUMEHEHUI C
MCMONb30BAHMEM  NOAXOAOB  "MArkoW  xumun",  cnocobbl
KOHTpONs mopdonorMv U  MNOBEepPXHOCTHON  MoauduKauum

MArHMUTHbIX HaHOYacCcTUU AnAa runeptepmmn OHKONIOrMYeCKux

3aboneBaHUi M MarHUTHO - pe3OHaHCHOM Tomorpadwuu,

HaHoyacTMy,  61aropogHbIX  METasIoB € MIa3MOHHbIM
pesoHaHcom g TKP - AMArHOCTMKM KPOBEHOCHOW CUMCTEMbI U
c0o3/aHunA BUOCEHCOPOB, KBAHTOBbLIX TOYEK - MAPKEPOB, NPUEMbI
co3aHuA cynepruapodobHbIx

HaHOCTPYKTYPMPOBAHHbIX KepammyecKux

nosepxHocTel 7
membpaH,
(HOTOKATaIMTUYECKUX CUCTEM AN SKONOTUYECKUX LieNe.

BnarogapHoctn:  pabota  BbinosHeHAa nNpu  GUHAHCOBOM
noaaepxke POOU (npoektbl 11-03-12154-odu-m-2011, 11-03-
00761-a),
A.A.CemeHoBy, A.E.lonbarT,

asTop 6Gnaromaput E.A.l'yaunuHa, B.U.MyTnsesa,
H.A.Bpaxe 3a npeaocTaBieHHble

maTtepuanbl U UX N1040TBOPHOE 06Cy)K,CI,eHME.
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j'l 3 OAHOCTEHHbIE YTNEPOAHbLIE HAHOTPYBKU —
HOBbI MEPCMEKTMBHbLIA MATEPUAN DA
BMOPU3ZNKU
O6pasuosa E.A.

MHcTuTyT 06welt dpusmnkm um. A.M. Mpoxoposa, PAH
119991 Mocksa, yn. Basunosa, 38
elobr@kapella.gpi.ru

OZHOCTEHHbIE yrnepoaHble HaHOTPYO6KU- HaHOMacLWTabHble
OAHOC/NOMHbIE UMANHAPLI U3 ncTa rpadeHa, oTKpbiTbie B 90-e
rogbl [1], ye NpoAEeMOHCTPMPOBANU PAL, YHUKANbHbIX CBOMCTB,
NO3BOJ/IMBLUMX Pa3BUTb HOBbIE TEXHO/IOTUM B HAaHO3/EKTPOHMKE,
ONTO3/IEKTPOHMKE, N1Ia3epPHON GU3MKE, BaKYYMHOWN 3/1EKTPOHUKe,
CO34aHWM  HOBBbIX

KOHCTPYKLMOHHbIX  MaTepuanos "

MUKpPOXMPYpPrun.  bnarogapa  yHWKasbHbIM ONTUYECKUM

CBOICTBaM, onpegensembiM reometpueir HaHOTPYbku (ee

OVNaMeTPOM U XMpaibHOCTbIO)  [2], HaHOTPYBOKM  cTanun

paccMaTpuBaTbCA  KaK  MepPCreKTUBHbIN  CBETOM3/yYatoLnii

MaTtepuan C NepecTpaMBaemMbiM CMEKTPOM MOF/IOWEHUA WU
donontomuHecLeHUMM B BANKHEM MHOPAKpPaCHOM AManasoHe.
3TO CBOWCTBO MO3BO/IM/IO CO34aTb HAa MX OCHOBE HOBbIN Knacc
CBEPXObLICTPbIX  HENIMHEMHO-OMTUYECKUX  MOAY/NATOPOB  ANA
dbopmMrpoBaHUA GEMTOCEKYHAHBIX UMMY/IbCOB B TBEPAOTE/bHbIX
nasepax, pabotatolwmx B AnanasoHe AauH BoAH 1-2 mkm [3,4].
ITO Ke CBOWCTBO OMNpeAesvnno BO3MOMHOCTb WCMO/Ib30BaHUA
BOAHbIX CYCMeH3Uii HaHOTPYOOK B KayecTBe NOMMHECLLEHTHbIX
MapKepoB, BBOAUMbIX B 6uonornyeckne o6bekTbl [5]. ITn
paboTbl HauaTbl HeAaBHO. NS WX YCMewHoro 3aBepLieHus
HeobxoaMMo pewuTb Uenbln pag npobnem. [lpexae Bcero,
HeobxoAMMO npousBecTM OTHOP HAHOTPYOOK C AOCTAaTOYHO
y3kum (meHee 0.1 HM) pacnpefeneHuem no AuvameTtpam. ITo
BO3MOMHO peasn30BaTb Kak B MpoOLLecce pocTa HaHOTPyboK
(nocpeacteom BblboOpa noaxoAAlEero MeToga CUHTE3a WU
KaTanusatopa) [6], Tak ¥ npu nocnepoctoBoit 0b6paboTke

(Hanpumep, MeTo0M rpPafiMeHTHoro

ynbTpaueHTpuoyruposaHus).[7]. Heobxoaumo HaiTh Haubonee
3dpdeKTUBHbIE

o6ecneqMBarou.|,Me

NOBEPXHOCTHO-aKTUBHbIE BeulecTsa,

BbICOKYIO  CTeMeHb  AWUCMEPrupoBaHuA
HaHOTPYBOK B CYyCMEH3UW, NOBbLILIAIOLLYIO KBAHTOBbIWA BbIXOA, UX
doTontomuHecueHumm [8]. Heobxoammo cornacosatb paboumii
CMEKTPasbHbIA AMANa3oH NOJYYEHHbIX CyCneH3ui ¢ obnacTbio
NPO3PaYHOCTU TKaHel XKWBbIXx opraHuamos. OpHaKo, nepsble
06pasLbl OBMONOrMYECKMX MApPKEPOB Ha OCHOBE OAHOCTEHHbIX
YyrnepoAHbIX HAHOTPYOOK YXKe CyLLeCTBYHOT U MOKasblBaloT
Xopoluve pe3ynbTaTbl CENEKTUBHOTO HAKOMAEHWUA B Pa3IUYHbIX
TKaHAX, 06/1afan CywecTBEHHO MEHbLIEN TOKCUYHOCTbIO MO
CPaBHEHUIO C OpraHMYeckumu Kpacutenamu [9]. C atumu
obpasuamu yxe nNpoBefeHbl MepBble YCMelHble OnbITbl MO
doToaMHaMMyecKol  Tepanuu  pakoBbix 3aboneBaHui. ITu
pe3ynbTaTbl NOATBEPKAAMOT Le1IeC00b6Pa3HOCTb ONTUMM3ALUK U
pa3BuTUA BGMOMapKepOB Ha OCHOBE OJHOCTEHHbIX YrAepOAHbIX
HaHOTPYOOK.

Paboma noddepiaHa 8 pamKax uccaedosamesnbCKux Mpozpamm

PAH u npoekma FP7 IRSES No-247007.
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GEOMETRICALLY DEFINED
NANOCONSTRUCTS: IMPLICATIONS IN
BIOLOGICAL FATE AND DRUG DELIVERY

H. Ghandehari*?, Tian Yu'?, Heather Herd*®, Adam
Gormleyz's, Nate Larson?, Ryan Robinson®?,
Abhijit Ray™?, Khaled Greish™?

'Departments of Pharmaceutics & Pharmaceutical
Chemistry and “Bioengineering, *Utah Center for
Nanomedicine, Nano Institute of Utah, University
of Utah, Salt Lake City, Utah, USA
hamid.ghandehari@pharm.utah.edu

na

Advances in nanotechnology have provided the opportunity
with specified shapes and
geometries. Variations in geometry, surface characteristics, and
core composition can influence the Dbiological
nanomaterials and hence their utility in biomedical applications

to fabricate nanoconstructs

fate of

including drug delivery. Recent efforts in our lab focus on

evaluating the influence of the geometry and surface
characteristics of gold and silica nanoparticles on cellular uptake,
biocompatibility and biodistribution™. We have shown that the
cellular uptake of silica nanoparticles is cell-type dependent and
that surface charge and pore size play predominant roles in
toxicity®. Hemolytic activity was shown to be porosity- and
geometry- dependent for bare rod shaped and spherical silica
nanoparticles, but surface charge- dependent for amine-modified
particles®.

intracellular markers suggest the involvement of autophagic like

Analysis of cell morphology and colocalization with

activity in response to silica

Comparison

intracellular nanoparticle
of the uptake and
biodistribution of rod-shaped and spherical gold nanoparticles in

accumulation®. cellular
models of ovarian tumor demonstrate differential biodistribution
and uptake based on both geometry and surface properties.
Gold nanorods exposed to laser light enhanced the permeability
and retention of albumin intratumorally in a murine model of
prostate cancer’. Ongoing studies point to the distinct
contribution of silica nanoparticle size, geometry, porosity and
surface properties on in vivo toxicity, as well as the ability of gold
nanorod mediated photothermal therapy to enhance the delivery

of water-soluble polymer-drug conjugates to prostate tumors.
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j'l 5 MBICS: MAGNETIC BLOCK IONOMER
COMPLEXES FOR DUAL IMAGING AND
THERAPEUTICS
Nipon Pothayee, Nikorn Pothayee, N. Jain, L. M.
Johnson, S. Balasubramaniam, R. M. Davis, N.
Sriranganathan and J. S. Riffle
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Multifunctional nanocarriers comprising a combination of
therapeutic and contrast-enhancing imaging agents are of great
interest for delivering drugs and tracking their biodistribution in
vivo. One approach is to have phagocytic cells take in the
complexes so that areas of the body that are concentrated with
macrophage-like cells will have sufficient contrast for good
imaging. With an aim to develop nanocarriers with high drug
loadings that integrate magnetic resonance imaging agents into
one system, we have designed magnetite block ionomer

nanoscale complexes containing cationic antibiotics (fig 1).
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Figure 1. MBICs containing antibiotics

The magnetite cores are synthesized via reduction of an Fe(lll)
organometallic precursor, which allows formation of discrete
particles. We have established a platform of doubly-hydrophilic
block copolymers having nonionic polyether components and a
range of carboxylate and phosphonate-functional polyanions in a
separate block that are synthesized through controlled free-
radical and ring-opening polymerizations. The polymers are
bound to the magnetic nanoparticle surfaces via ligand
adsorption of the anionic blocks, thereby creating a double
corona structure with a nonionic PEO shell and an ionic layer
comprised of polymeric carboxylates or phosphonates. We have
shown previously that phosphonates are stronger anchor groups

for magnetite in physiological media containing phosphate ions
relative to carboxylates,1, 2 but the polymeric nature of all of
these copolymers enhances binding through cooperative
adsorption. To further increase the stability of the complexes in
physiological conditions and also to increase their sizes, some of
these are designed as crosslinked gels with intensity average
diameters of 100-200 nm in diameter. The portion of anions that
are not attached to the magnetite provide binding sites for
loading cationic drugs via ionic complexation in the cores.
Poly(ethylene oxide) was chosen as a block copolymer segment
to improve biocompatibility and aid in dispersion in water
through interparticle steric repulsion. The multi-cationic drugs,
gentamicin and streptomycin, have been employed as models for
encapsulation.

Magnetite nanoparticles are powerful contrast-enhancement
agents for T2-weighted magnetic resonance imaging because of
their high magnetization, low toxicities and particulate nature.
The contrast is generated through transverse relaxation of water
protons near these complexes and higher rates of relaxation lead
to improved images. Recent results from both our laboratories
and those of others strongly suggest that the nanoscale size of
such complexes is of paramount importance for increasing
relaxivities.3 Figure 2 shows examples of discrete particles versus
small clusters of particles, delineating the rather dramatic
relationships among cluster size and transverse relaxation rates.

Saturation mageetzation of the aleic aad-coated magnetite at 3N K was 65 e
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Figure 2. (Left) MBICs with diameters of 34 nm have a
relaxivity of 82 (s mMFe)-1 while MBIC clusters with
diameters of 152 nm have relaxivities of 317. (Right) Discrete
MBICs loaded with gentamicin have diameters of 62 nm and
relaxivities of 160 (s mMFe)-1 while clusters with diameters
of 109 nm have relaxivities of 332.
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j‘l 6 TMNEPTEPMWA B PAOANOYACTOTHOM
MATHUTHOM MONE: PU3NYECKUE OCHOBbI
N NPUNOXKEHNA
lonosuH H0.U.
HOU, «HaHOoTexHONOrMN 1 HAaHOMaTepuanbi»
TambOBCKOro rocysapCTBEHHOIO YHUBEPCUTETA UMEHU
I.P. OepKaBuHa, r. Tambos, yn. MHTepHaUnoOHanbHas,
Aa. 33
golovin@tsu.tmb.ru

Mpea  NoKanu3oBaHHOM  runepTepmMuM € MOMOLLbIO
crneumanbHO BBEAEHHbIX B OMYX0/lb MarHUTHbIX YacTuL, KoTopble
3aTem pPa3orpeBaloTcA B PaAMOY4acTOTHOM MarHuTHom nose (RF
MF), BblgBMHYTA M anpobuposBaHa 6onee 50 net Tomy Hasaa.
OZHaKO NPaKTUYECKM MHTepecHoe PasBUTME OHa MOYYUIa AULb
B KOHLLe MPOLUIOro BeKa, Moc/ie Toro, Kak 6bliv paspaboTaHbl
npocTble MeToAbl CUHTE3a MarHUTHbIX HaHouacTuy, (MNPs) c
pasmepamu, COOTBETCTBYIOWMUMU Nepexony GeppomarHeTKos B
(~10 HM).

pasmepamu

cynepnapamarHutHoe cocrosHue

CynepnapamarHutHble  4YacTuupl ¢ B6/M3M

KPUTMYECKOTO AAA MNepexoja M3 cynepnapamMarHuTHoOro B
dbeppomarHMTHoe cocTosHWe MpU 33aAaHHOW Temnepatype (ans
60/1blIMHCTBA

KOMHATHOW TemnepaTypbl W

maTepuanoB 3To cooTBeTcTByeT auametpy MNPs 8..14 Hm)

MCMO/Ib3yeMbIX

obnapatotT ropasgo 6onblwei cnocobHOCTbIO reHepupoBaThb
Tenno 8 RF MF, yuem mHorogomeHHble MNPs c pasmepamu
cyLLecTBeHHO npesbiwatowmmmn 100 HMm.

B nekummn msnaratotca GusMYECcKMe NPUHLMNLI, Nexalime B
OCHOBE MarHWUTHOM runeptTepmumn. ONUCLIBAIOTCA TeOpeTUYECKme
M 3KCMepUMEHTa/IbHble MeTOAbl OLLEHKU TensoreHepupyoLwen
cnocobHocTu (SAR) cynepnapaMarHUTHbIX OKCUAHbBIX HAHOYACTUL,
(SPIONs) B RF MF, c yyeTom HeeneBcKoro M 6GpOyHOBCKOro
MeXaHU3MOB AmMccunaumm sHepruun. [laetca CBA3b MarHUTHbIX
xapaktepuctuk  MNPs n SAR. Obcyxaaerca 3aBUCUMOCTb
BeAnYMHbl SAR OT 4yacTtoTbl HanpsaxeHHoctn RF MF. OtgenbHo
paccMoTpeHbl NPobaembl aHaIUTUYECKON U SKCNEPUMEHTANbHOM
neperpeBa SPIONs wu  xapakTtepa

pacnpegeneHvs TemnepaTypHoOro noas B MarHUTHOM CycrieH3un.

OLEHKM  JIOKa/IbHOTO
MoKasaHo, YTO Npu peanbHbiX ycnosuax pasorpesa SPIONs B RF
MF nokanbHbii neperpes A T ~ 10 K Heobxogumblit ans
3bdEeKTUBHOM aHTUPAKOBOM Tepanuu, MoXeT BbiTb 10KaN30BaH
B 06/1aCTU PaANYCOM He MeHee HECKOIbKMX MM. Ha moBepxHOCTH
HaHo4acTuy, neperpes He npesbliwaeT A T = 10-2 K, ga)ke B o4eHb
KOHLIEHTPMPOBaHHbIX cycneH3uax. Tem He meHee, SPIONs moryT
MCNonb30oBaTbCA ANA afPECHON AOCTaBKM U KOHTPOAMPYEMOrO
BbICBOOOXAEHUA  NEKApCTB U3

HaHOKancyn, ynpasneHuAa

CKOPOCTbIO BUOXMMUYECKUX  peaKkuuil,  OMarHoCTUKMU
3aboneBaHui, BM3yanmsaummn 6MOCTPYKTYp U ap. Ob6cyxapatoTes
BO3MOMHble MexaHW3Mbl M cnocobbl ucnonb3osaHua SPIONs B
3TUX Lenax.

Ocoboe BHUMaHWe yAeNeHO MeXaHOXMMMUYECKMM acreKTam
aKTUBaLMM H6UOXUMUNYECKUX peakuui c yyactnem
MaKpPOMONEeKyA, NpUWKNTbIX K noBepxHocT MNPs. MpuHumaetca
BO BHMMaHWe, 4TO MOJIEKY/Ibl, 3aKpenieHHble mexay AByx MNPs,
UCMbITbIBAIOT AedopmaLmio U3-3a BpalleHusa nocnegHux 8 RF MF.
B pe3synbTaTe pacTAXKEHUA U CKPYUMBAHMA MAKPOMOIEKY MOXKET
U3MeHUTbCA nx KOHpopmauus,

paccTosHMe  Mexay

PeaKUMUOHHbIMUN LEHTPaMU, OTAENIbHBIMMX aTOMaMU U Tpynnamum,
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pasopsatbca cnabble cBA3M M ap. [pusogatca

OZIHOMOJIEKY/IAPHON  MEXaHUYECKOW CMEeKTPOCKONUM Ha 3TOT

JAaHHble

CYeT, a TaKXKe OLUEHKM CWA, [OEUCTBYIOWMUX HA CBA3aHHble
MaKpPOMOJIEKY/Ibl B MarHWTHOW CyCMeH3uu, nomelleHHow B RF
MF.
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|D|7 MOANDUKALIMA NOBEPXHOCTU METANINA:
OT CUHTE3A HOBbIX MATEPWAIOB A0
MPUMEHEHNA B HAHOEMOTEXHO/10TUN

Mayra A.l.
MTY nmeHn M.B. JlomoHOCOBa, XMMUYECKNNA

dakynbTeT, 119911, MockBa, JleHUHCcKue ropel, 4.1,
cTp.3.
majouga@org.chem.msu.ru

B nocneaHune pecatunetvs 6bian pa3BUTbI TEOPETUHECKME U

3KCMepuMeHTasibHble npeAacTaBaeHun 06 apcopbumn
cepocofepsKalmx COeAMHEHUI A Ha 30/10TOM MOBEPXHOCTU WU
NoNy4eHUM Ha WMX OCHOBE CAaMOOPraHW3YHLLMXCA MOHOCI0EB
(COM). Bonbwoi uHTepec Bbi3biBatoT COM, nonyyatowmecs B
pesynbtate aAcopbumM OpPraHUYECKMX MOAEKY/, COAEPMKaLLMX
OZHOBPEMEHHO CepocoaepKalumii GparMeHT U TePMUHANbHYIO
GYHKUMOHaNbHYIO rpynnupoBKy. OAHMM W3 Hanpas/ieHW B
COBPEMEHHOM  HAHOTEXHO/MOMMWM  ABAAETCA  MCCiefoBaHue
GM3MKO-XMMMYEKMX CBOWCTB HAHOYacTUL, MeTannos (301070,
Keneso, nannaguii u 1.4.). Cpegm 3TMx 06bLEKTOB Haubosbluee
CTPYKTYpbl  ¥”

4yTo CcBA3aHO C uX 3ddEeKTUBHbIM

BHUMaHWE YAENAeTca  WU3y4YeHWto cBoiicTB

HaHOK/acTepoB 30/10Ta,
NPMMEHEHMEM B PasfiMYHbIX 06NACTAX HAYKM M TEXHUKM B
B6MOXMMUYECKMX

Ka4vecTtse CeHcopos,

CsolicTBa Knactepos 3TOro

NeKapCTBEHHbIX
npenapaTtoB M KaTaAM3aTopOB.
61aropogHOro MeTassia B MEpBYyH0 o4epedb ONpeaenstorcs
Cnocobom CUHTE3a, NPUPOAOIA CTabUAM3MpylOLWero auraHaa,
pa3mepom 1 GopMOIt HaHOYACTULLbI, ee 3apAL0BbIM COCTOAHUEM.
B aTOM cBA3M pa3paboTKa CUHTETUYECKUX MOAXOLOB MOAYYEHUA
HaHOYaCTWL, 30/10Ta C 3a4aHHbIMM CBOMCTBaMM NpPeACTaBAAETCA
aKTyaNbHbIM Y CBOEBPEMEHHbBIM.

B poknage 6yayT paccMOTPeHbl  pasauuHble  MeToAbl

nony4vyeHuA HaHO4YacTuUL,  30/0Ta, OonuncaHbl meTobl nx

CTa6VI}'II/I3aLI,VIVI n MO,CI,VIC]JVIKBLI,I/II/I opraHnyeckumm

HU3KOMOIEKYNIAPHBIMU INTaHAAMU U 6VIOM0}'I€Ky}'IaMI/I.
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Animal and Natural Resources Institute, ARS - USDA
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CtpenTokokK rpynn A u C U 3010TUCTbIA CTadUNOKOKK
ABNAIOTCA BO3OYAWUTENAMM OMacHbIX 3abosneBaHWUit BHYTPEHHUX
OpraHoOB, KOXHbIX MOKPOBOB M ropna. ExxeroaHo B Poccum 3tu
3abonesaHua COTHM  ThbiCAY

nopasator (ctadunokokKk) u

MWANOHBI  (CTPENTOKOKK) 4enoBeK, 60/blioe  KOANYecTBo
C/ly4aeB WMMEIOT NleTafbHbli ucxod. JleyeHne aHTMBMOTUKaMu
TepAeT CBOIO aKTya/lbHOCTb, Tak Kak 30% LITaMMOB CTPENTOKOKKa
rpynnbl A 1 90% WTamMMOB 30/10TUCTOrO CTaPUNOKOKKA K HUM
YCTOWYMBbI.

M3yyaemblt B AaHHOW pabote ¢epmeHT PlyC cnocobeH
NIM3MPOBATb KNEeTKM cTpenToKokkos rpynn A, C u E, a depmeHT
LysK — knetku Staphylococcus aureus, B Tom uucie WTammbl,
PE3NCTEHTHbIE K METULMANNHY U BAHKOMULMHY. ITU GepmMeHTbI
MMeIOT MepCcneKkTuBbl ANA MNPUMEHEHWA B KayecTBe CpencTs
rMrMeHbl MOMIOCTU pTa (/leYeHne aHrMH, TOH3WIIUTOB), CPeacTB
ONA BHYTPEHHEro BBEAEHUS Ha PaHHUX WM MNO34HMX CTaauAx
pa3BuTUA UHOEKUMIA, Ccpencts AnA  fedeHus 3aboneBaHui
KOMHbIX MOKPOBOB (poKa, GypyHKybl, HarHoeHus). OCHOBHbIMU
npobnemamv,  NPENATCTBYIOLWMMMU  UCMONb30BAHUIO  3TUX
bepmMeHTOB B MEeANLMHCKUX LeNsx, ABNAAIOTCA UX HE U3YYEeHHOCTb
Kak BMOKaTaNM3aToOpOB: B MTEpPAType B MPUHLMMNE OTCYTCTBYIOT
Kakne-nnbo KMHeTUYecKMe AaHHble U HW3Kaa CTabunbHOCTb B
YCNOBUAX XpaHeHusa. Takum obpasom, Lenblo AaHHOU paboTbl
ABNANOCL  UCCNefoBaHMe  PU3MKO-XMMUYECKUX CBOMCTB U
pa3paboTKa NeKapCTBEHHbIX MPenapaToB HOBOTO MOKONEHWUS Ha
ocHoBe depmeHTOB HakTepuodaros AA nevyeHus 3aboneBaHui,
BbI3blBaeMbIX CTpenToKokkom rpynn A u C # 3010TUCTbIM
CTapUNOKOKKOM.

Ona depmeHTa LysK meTogamm KMHETUYECKUX M3MEepPeHWi,
cefMMeHTaLmMK, HaTuBHOro 1 SDS anekTpodopesa NokasaHo, uTo
33aBUCUMMOCTM OCTAaTOYHOM aKTUBHOCTU OT BPEMEHW ONUCbIBAOTCA
ypaBHeHMeM BTOPOro nopsfka B WHTepBane Temnepatyp 20 -
40°C,pH 6-9, uHtepsane KoHueHTpaumit 0.05 — 0.5 mr/mn, T.e. B
LWIMPOKOM AmanasoHe ycnosuit. LysK obnapaer Huskon gna
MeAMUMHCKOro  npenapaTta CTabunbHOCTbIO: B YC/OBUAX
ucnbiTaHni npu  372C  (ycKOpeHHas WHaKTMBauusa) depmeHT
TepAeT 50% aKTMBHOCTM B TeyeHue 5-6 uacos, npu 22°C
(TemnepaTypa xpaHeHus) 3a 6-7 gHe.

M3BecTHO, 4TO arperaumio 6enKoBbIX MONEKYA MOXHO
noAasuTb AobaBieHVMEM MOAU3NEeKTpPoNUTOB. [nA 3ToW uenu
MCroab30BaNmn nonunbpeH,

NONUKATUOHDI, Takune KakK

NONUNN3UHDBI, NONUITUNEHUMUHDBLI PaA3NUYHBIX MONEKYNAPHbIX

MacC, a TaKXKe ux 6}10K-COI‘IOﬂMMepr C NONUITUNEHTNUKONEM.

Bce 6e3 UCKAOYEeHUA NOJIMKATUOHbI npossAAnu
CTabUAN3aLMOHHBIN 3OPEKT, KOTOPbIV BblA Hanbosee APKUM Npu
ucnonb3oBaHuM  nonubpeHa.  Ons

yBennyeHuma Yyncna

3NIEKTPOCTaTUYECKMX  KOHTaKTOB  MOJIeKyn  depmeHTa MU

nonubpeHa, oTpUUATENbHbIM 3apas  Monekynbl LysK  6bin

yBennyeH nytem  mogudukauuMu  amuHorpynn  depmeHTa

AHTaPHbIM AHIMAPULOM. Mpu yBeYeHUn cTeneHu
moanduKaLumm monekynbl LysK aHTapHbIM aHrapuaom go 70% u
Npu YBE/JIMYEHUWN COAEPKAHUA NoAnbpeHa MOXKHO A06bUTbCA
YMEHbLUEHWUA KOHCTaHT MHakTuBauuu B 500 pa3 v yBenuuyeHus
BpemeH nosymHaktuBaumm B 1000 pa3 no CpaBHEHUO C
bepmeHTom 6e3 f06aBOK. Xumuyeckas ummobunusaumsa LysK
6bl1a OCyWecTBNEHa 33 CYeT MNPULLIMBAHWA E€ro MOJIeKYNn K
NOBEPXHOCTU MOJIMMEPHbIX HOCUTENeW: noavanbaervga W
nonunvsuHa. Mpoueccbl KOHTPOAMPOBAAM NPY NOMOLLU MeToaa
SDS anekTpodopesa. MMmMOBUAM30BaHHbLIN Takum obpasom
depmeHT coxpaHan 40 — 60% aKTUBHOCTM U BblN B HECKONbKO pa3
cTabunbHee He UMMOBUIM30BaHHOIO pepmeHTa.

YcTaHOBNEHO, YTO MNpu Temnepatypax 22 u 372C depmeHT
PlyC uvHaKTMBMpYyeTCA MO  AUCCOLMATUBHOMY  MEXaHWU3MY.
OcHOBHbIM crnocobom cTtabunmsaumm PlyC 6bl1o BKAOYEHME B
MULLENNAPHO-NONNINEKTPOIUTHBIE  KOMMNO3ULMK, COoAepKaline
NOJIMAKPUNOBYIO KUCOTY, IULEPUH, HEMOHOTeHHble MAB 6puaK
30 v NatopoHuKk ¢ 127, n AeKCTpaHbl, KOTOpble NO OTAENBHOCTU
NOJIOKWUTENbHO  BAMAKOT Ha cTabunbHoCTb  ¢depmeHTa. B
Komnosmumm M16 ¢epmeHT coxpaHAaeT 100% aKTMBHOCTU B
TeyeHne 2 MecAUEB XpaHeHUa npwu

YKa3aHHbIX BbllWe

Temnepatypax. [py WCNbITaHMAX Ha KMBbIX KAeTKax 6blio
NOKa3aHo, YTo Komno3sumuuu 6e3 pepmeHTa He 3GPEeKTUBHbBI U UTO
npyv MCMNoAb30BaHWM TOMbKO depmeHTa MpU MNoceBe KJETOK,
OTOOPaHHbIX U3 30HbI /IN3UCA, eCTb KOMoHUWU. Y depmeHTa B
cocTaBe KOMMO3UUMIA Takux 3ddeKToB HeT. MoKasaHo, YTo npwu
XpaHeHUn dpepmeHTa B KOMNO3ULMN M16 ymcno KonoHui nocne
nepecesa paBHO 0 B TeyeHMe 2 mecALLeB.

Takum obpasom, cTabunbHOCTb U 3PHEKTUBHOCTD AENCTBUSA
CTabUNU3MPOBAHHBIX  Npu nomoLLm NOJIN3NEKTPONNTOB
npenapatoB oboux GepmeHTOB yAOBNETBOPSAET TpeboBaHMAM K

MEeAMUMHCKMM npenapaTtam.
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HauMOHaNbHBIN UCCNE[0BaATENbCKMI
NOAUTEXHUYECKUI YyHUBEpCUTET, TOMCK

3ry HAK Kapguonorum Tomckoro Hay4Horo ueHtpa CO
PAMH, Tomck

4l/IHCTwTyT opraHuyeckoro cuHTesa YpO PAH,
EkaTepuHbypr,

5|/|HCTI4TyT dusmnonorun n ummyHonorum YpO PAH,
EkaTepuHbypr

®ypanbckan rocyaapcTBeHHas MeanuLMHCKasn
akagemusa, EkatepuHbypr

Mpwu paspaboTke TapreTHbIX MY/IbTUMOZA/bHbIX
OVArHOCTUYECKMX WM TepaneBTUYECKUX areHToB C  Lesbio
obecneveHns  3GGEKTUBHOCTM  CUCTEMbI  MPU  NIEYEHUU

HOBOO6paBOBaHMl7I KenateibHO UMEeTb HOCUTE/Ib, Ha KOTOpOm

Kak Ha nnatdopme MEeTOJaMM  HEeKOBAaNIeHTHOW  Uan

KOBaNEHTHON XMMWYECKOWN MPULIMBKU MONKHO OJHOBPEMEHHO

pa3mecTuTb pasinyHble KOMMOHEHTbI (Hanpumep,
nonnatunenravkonn  (M3M'M),  nenTmabl,  PaAMOHYKAWUAbI,
MarHuWTHble MeTKM U T.n.). [loTpebHOCTb B pa3paboTke
MYNbTUMOAANbHbIX cuctem ANarHoCTMYECKoro "
TepanesBTUYeCcKoro Ha3HayeHuA Bbl3BaHa cnegyowmnmm
OCHOBHbIMU NPpUYUHaAMMU. CyuwiecTsytoime meTtoabl
WHCTPYMeHTanbHoM pauarHocTuku:  Y3U, MPT, ontuyeckue
MeToAbl — YacTo HeAoCTaTOYHbl He TO/MbKO A/ paHHeW

AMArHOCTMKM, HO M Npu  OBHapy)eHWM MO3LHUX O4yaros
HOBOObGpa3oBaHuii. CyLlecTByeT HECKO/IbKO Npobnem, KoTopble
cnegyet pewatb: OTCYyTCTBUE 3PDEKTUBHBIX M CENEKTUBHBIX K
LMPKYMPYHOLLMX

ANArHOCTUYECKNX npenapaTtos; HeA4O0CTYNHOCTb, AOPOroBu3Ha u

pasHbIM BMAAM  ONyxoneil,  [OAr0

Hu3Kaa 3ddeKTUBHOCTb ANA bonbliMHcTBa onyxonen [M3T-

AWMArHOCTUKKM, Hampumep, ¢ 18F-raoKo30i; HesenaTtenbHble

no6ouHble 3PpPEKTbI M3-3a OTCYTCTBMA CENEKTUBHOIO HaKONNEHMA
NpenapaToB B MOPa)KEHHbIX OpraHax M paspylieHue OpraHos

peTMKyI’IHPHOVI CUCTeMbl; OTCYTCTBME HaAeXHbIX BEKTOpPOB

a,qpeCHoﬁ AOCTaBKN TepaneBTUYECKUX areHTos B

NaToNOrMYECcKUiA oYar, M BCIEACTBME 3TOrO, OrpaHUYeHHas
3dPEeKTUBHOCTL

neyeHumAa C

CYLLECTBYHOLLMX
MCMob30BaHMEM

TepaneBTUYECKUX METOL0B
NIOKaNbHOrO  BO3AENCTBUA;
OTCYTCTBME BO3MOMHOCTM MPAMOrO KOHTPO/IA  HaKOM/eHus
npenapaToB B OMyXO/IM U OLEHKW TepaneBTuyeckoro adoekTa;

HeAO0CTaTO4YHOEe pPa3BuUTUe MeToA0B JI0OKA/IbHOTo BO3,CI,EFICTBI/IF| Ha

ONyX0NM  C  WCMONb30BAaHMEM  COBPEMEHHbLIX  METO40B
dusnueckoro  Bo3geicTBuA  (Hanpumep,  Na3epHOrO U
3/1EKTPOMArHUTHOTO).
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B niMTepaType MMeIOTCA OrpaHMYeHHble CBEAEHUA O CO3AaHuu

MYNbTUOYHKUMOHANBHBIX ~ CUCTEM,  OCOBEHHO,  BEKTOPHOW

ZAocTaBKe B coyeTaHum c AMArHOCTUYECKUMM "
TepanesTUYECKMMM areHTamu. Haumbonbluee pacnpoctpaHeHue
MOMIYYMIM  HAHOYACTMUBI, KaK CPEACTBO LOCTaBKM MpenapaTos,
NPenMyLLeCTBEHHO, Ha OCHOBE MarHeTMTa A4/ CO3A4aHus
ANArHOCTUYECKMX M JIEKapPCTBEHHBIX NPENapaTos Npu BBeAeHUN B
KPOBOTOK. OAHAKO, HAaHOYACTMLbl Ha OCHOBE MarHeTMTa MmetoT
cpegne.

HaHouactuupl uncTbix meTannos (cepebpo, 301070, MAaTWHA),

OrpaHMYEHHY0  YCTOMYMBOCTbL B  BMONOrMyeckom
KBAHTOBble TOYKU WU YrNepoAHble HAHOTPYOKM ABNAIOTCA
TOKCUYHbIMU.  XMMMYecKas CTabUNbHOCTb U OAHOBPEMEHHO

byHKUMOHANM3aUMA TaKMX MaTepuanos B HaHoguanasoHe
BecbMa npobsemaTMyHa C y4eTOM WX BbICOKOW PeaKuMOHHOWM
CNocobHOCTM UM TOKcMYeckoro sddekta. Takum obpasom,
pasBUTUE HETOKCUYHbIX, CTaBU/IbHbLIX MY/1bTUMOAANbHbIX CUCTEM
HaxXo0AMTCA Ha CAMOW paHHEeN CTaguu UccnenoBaHum.

B Ko/NNeKTMBe aBTOPOB CUHTE3MPOBAHbl HAHOKOMMO3UTbI Ha
yrnepoga,

6MoCcoBMECTUMBIM U

ocHoBe  3d-meTannos,  Kancy/MpoBaHHble B

ABNAOWMECA  HOBbIM  CTabUNbHbIM,
HETOKCMYHbIM MaTepUaNomM 1 NpeacTasastome coboi CTpyKTypy
«MeTanmyeckoe

beppomarHuTHoe AApO-yrnepogHas

obonoyka» wmam “ruraHtckme dynnepensl” (FP) co cpeagHum
pa3smepom Komnosuta meHee 10 HM W TOAWMHOMN YrAEpPOLHOro
cnos 1-2 HM. B foKnafe npeanoxeHbl mMetodbl MoguduKauum
yrnepoAHoit 060/104KM HAHOKOMIMO3UTOB Ha OCHOBE Kenesa,
Uenbo noayyYyeHnAa XMMUYECKM aKTUBHbLIX LEHTPOB (aMVIHO-,
KapboKcu-

TMAPOKCU-TPYNM) HAa  ee  MOBEepPXHOCTU.

MpepcTaBneHsbl MeTOAbl HEKOBANEHTHOW W  KOBaNEHTHOM

MPULIMBKK, C Y4ETOM aKTUBHOCTU KOHLLeBbIX rpynn, M3"os, RGD-
nentmMaoB u xenatopos (Hanpumep, DOTA) pgna ceA3bIBaHUA
paavoHyknnaos (Tc-99m) Ha moguduLMpoBaHHOW yrnepoaHoi
obonoyke. PaspaboTaHbl meToabl MOAUPUKALUW YriepoaHOM
NMOBEPXHOCTU HAHOYacTUL, obecneuymBatolme CcTabuabHOCTb
CYCNeH3nN B Pas/InyYHbIX XUAKUX cpefax (Boda, ¢dus. pacTsopsl,
nnasma,

M T.A.) C KOHTPONEM CBOMCTB

PaspaboTaHbl

NOBEPXHOCTN U

napameTpoBs cpepgbl. metoabl  AMP-KOHTpoOAA

BpemeH penakcaumm Tl u T2  HAHOKOMMNO3WUTOB C LE/bIO
ONTUMM3ALMM MX KOHTpACTUpyloleln cnocobHoctn npu MPT

BU3yaan3aLunm o4aros 3abosieBaHus. MpeacTaBneHbl pesynbTaThbl

no 6Mopacnpep,eneHmo HaHOKOMMNO3NTOB B OpraHax
IKCNepnMeHTanbHbIX KUBOTHbIX. O6Cy)K,D.a}OTCFI
TepanesTn4yeckne meToabl neyeHmAa C MUCNO/Ib30BaHNEM

NasepHoO W MarHUTHOM abnALMKM MOAENbHbIX Onyxonew ¢
MY/IbTUMOZA/IbHbIMW HAHOKOMMNO3UTaMU.
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ATPEFATbI AMOUPU/IBHBLIX MONTMMEPOB -
BAHAA TPYMMNA HAHOPA3MEPHbIX

CUCTEM

LWruabman M.W.! Kyckos A.H.l, [opAayan A.B.l,
Tsatsakis A.M., Torchilin V.P.?

1P OCCUICKMIT XMMMUKO-TEXHONOTNYECKHMIA
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yHuBepcuteT umenn 1.1.MeHpeneesa

shtilmanm@yandex.ru

zUniversity of Crete, Iraklion, Crete, Greece

*Northeastern University, Boston, USA
HaHopasmepHble CUCTEMbI PA3NMYHOTO TUNA, TaKMe KakK
HaHochepbl, HaHOCANCyAbl, AEHAPUMEPDLI, JIMMOCOMbI LUMPOKO
MUCMONb3YIOTCA B KayecTBe HocuTesnein 6MONorMyeckr aKTUBHBIX
Belwects. B nocneaHee Bpems BaXKHOE MECTO cpegu TaKux
cMCTeM 3aHAAM arperatbl ampudUIbHbLIX MONMMEPOB.

B poKnage paccMoOTpeHbl MeToabl CUHTE3a amMoUPUAbHBIX

NPOU3BOAHbLIX PA3/NIUYHBIX BOAOPACTBOPUMbBIX MONUMEPOB —
nonun-N-BUHUANUPPONUAOHA, noavakpunamuga,

NO/MAKpPUNOBOM KuUCNoTbl M ap. [loKasaHo, 4TO TaKkue
amdudunbHble Nonumepbl cnocobHbl 06pa3oBbIBaTb B BOAHbIX
cpepax arperatbl € pasmMepom OT  [JeCATKOB [0 COTeH
HaHOMeTPOB. BblN0 M3yyYeHO BAMAHME CTPOEHWUA MOAUMEPOB Ha
1x cnocobHOCTb 06pa3oBbIBaTh arperatbl.

BblNO YCTaHOBNEHO, YTO CUHTE3WPOBaHHble ampudUnbHbIE
noavmepbl  MOryT 6bITb  WUCMOAb30BaHbl Aaa  MoguduKauum
MeMb6paH IMNOCOM C NOBbILEHUEM UX YCTOMUMBOCTU K AENCTBUIO
pasnuuHbIX paspywatowmx dakTopos. [puBeAeHbl NpuUMepbl
MCNONb30BaHWA HaHOArperaToB B KayectBe Hocutenein pns
MMMOBMAN3AUMM PA3/IMYHBIX JIEKAPCTBEHHbIX M 6MoaOrMyYecku
aKTMBHbIX BELECTB C aHTUOYHrasbHOW aHTMBOCNANUTENBHOM,
aHTUPAKOBOW AKTUBHOCTbIO. [lonyyYeHHble HaHoarperatbl 6bian
TaKXKe  WCMONb30BaHbl AR MOBbIWEHUA  CTabUAbHOCTM
NoAUNENTUAHbIX IEKAPCTBEHHbIX BELLECTB.

Bblnun paspaboTaHbl MeToAbl BBEAEHUS B CUHTE3UPOBAHHbIE
amdudubHbie NoMMepbl PasANYHbIX GYHKLMOHA/bHLIX rpynn,
TaKMX Kak  anbaerugHas,

AMWHOKUCIOTHAA M Ap. ITO NO3BOMAO Ha OCHOBE MOJIyYEHHbIX

3NOKCMAHAA,  KapboKWcabHas,

HaHOarperaTtos CUHTE3NPOBATb cnucrtembl, 06na,u,arou.|,me

cobCTBEHHOM  BMONOrMYEecKoM  aKTUBHOCTbIO,  Hampumep,
QHTUBUPYCHOM, UMMYHOCTUMYINPYIOLLLEN.

Xopowue TOKCUKONOTMYECKME XapaKTEPUCTUKKM CUCTEM Ha
ocHoBe amduduabHbIX  NoaumepoB  N-BUHUANUPPOAUAOHA
No3BONAIOT HAAEATbCA Ha BO3MOXHOCTb WX MPaKTUYECKOro
NPUMEHEHUSA.

NuTepatypa

1. Torchilin V.P., Shtilman M.l., Trubetskoy V.S., Whiteman K.,
Milshtein A.M. (1994) Amphyphylic vinyl polymers effectively
prolong liposome circulation time in vivo. // Biochimica et
Biophysica Acta,, N.1195, P.181-184.

2. Torchilin V.P., Levchenko T.S., Whiteman K.R., Yaroslavov A.A.,
Tsatsakis A.M., Rizos A.K.,, Michailova E.V., Shtilman M.I.
Amphiphilic poly-N-vinylpyrrolidones: Synthesis, properties and
liposome surface modification. // Biomaterials, 2001, V.22, N. 22,
P. 3035-3044.

3. Kuskov A.N., Shtilman M.I., Goryachaya A.V., Tashmuhamedov
R.l., Yaroslavov A.A., Torchilin V.P., Tsatsakis A.M., Rizos A.K. Self-

assembling nanoscaled drug delivery systems composed of

amphiphilic poly-N-vinylpyrrolidones // Journal of Non-Crystalline
Solids, 2007, V.353, N.41-43, P.3969-3975.

4. Kuskov A.N., Voskresenskaya A.A., Goryachaya A.V., Artyukhov
AA, Shtilman M.L,, A.M. Preparation and
characterization of poly-N-vinylpyrrolidone
J.Mater.Sci.:

Tsatsakis
amphiphilic
nanoparticles  containing indomethacin. //
Mater.Med., 2010, V.21, N.5, P.1521-1530.

BE/TKOBAA MHXKEHEPNA PEPMEHTOB
Ana MEAUUMHCKON AUATHOCTUKA U
OAPMALEBTUKN

Tuwkos B.A. 1’2’3, CasuH C.C. **

Xumuueckuit parynbter MY umeHu
M.B.JlTomoHocoBa, MockBa, Poccua

2l/IHCTMTyT 6uoxummn um. A.H.baxa PAH, Mocksa
Poccua

3000 «MHHOBaLMM U BbICOKME TEXHONOTUU MY,
Mocksa, Poccusa

vitishkov@gmail.com
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CDepMeHTbI ABNAKOTCA YHUKa/IbHbIMU 6MOKaTaJ’IM3aT0paMM,

KOTOpble  MO3BO/IAIOT  CENEeKTUBHO U LieNeHanpaBieHHo
OCYLLECTBAATb Pa3/IvyHble NMPOLECChl B NPUCYTCTBUU BANU3KMX MO
CTPYKTYpe coefuHeHuit. Bbicokana cneunduyHocTb GepmeHToB K
NPUPOAHbIM  COEAUHEHUAM OLHOBPEMEHHO ABAAETCA M UX
HeJ0CTaTKOM, MOCKO/IbKY B KayecTBe TepaneBTUYECKUX CPeacTs,
KaK MpaBWaO, MCMOMb3YIOTCA aHa/NorM MNPUPOAHbLIX BELLECTs,
KoTOopble 0671aal0T KaKk MUHUMYM TaKoi e ¢usnonornyeckomn
aKTMBHOCTbIO, HO ropasgo bonee yctoiumebl. Kpome Toro, yacto
npoduab cybcTpaTHOM CneumduyHOCTM NPUPOAHbIX GepmeHTOB
He ONTUManeH A/ Co34aHMA HOBbIX JIEKAPCTBEHHbBIX NPenapaTos
WK BbICOKOYYBCTBUTE/IbHBIX BUOCEHCOPOB. B KayecTBe npumepa
MOXHO [-amuHokucnor,

NpuBECTM NPUPOLHbIE  OKCUAA3bI

KOTOpble HEe/Nb3A WCMONb30BaTb ANA PaHHEW AMArHOCTUKM
WKn3odpeHnn M3-3a BbICOKOW aKTMBHOCTU Kak C [-cepvHOm
(aHanu3upyemblii mapkep), Tak 1 ¢ [-anaHuHom v [-npoanHom,
NPUCYTCTBYIOLLME B HEPBHbIX  TKAHAX B CPaBHUMBIX
KOHUeHTpauuax ¢ [1-cepuHom.

Hamu npoBogsaTca CcUCTEMATUYECKME UCCNEfOBaHUA Mo
M3YYEHUIO CTPYKTYPbI, GYHKUMM U NPAKTUYECKOMY MPUMEHEHUIO
bepmeHToB A1 MEeANLMHCKON AMArHOCTUKU U GpapMaLeBTUKN —
dopmuataernaporeHasa (OAr), nepokenaasa (MO), okcnaasa -
amuHokucnot (OAAOQ), nenuumnnuHauunasam(NA), rugponasa
apupos (AEH). oar
YHUBEPCANbHbIM cTpecca

MUWKPOOPraHM3mMOoB U pacTeHunii, JAAO UrpaeT KAYeBYO Posb B

anbda-aMMHOKUCAOT aBnseTcs

b6enkom naToreHHbIX
perynaumMmM HepBHOM AeATeNbHOCTU U APYrux npoleccos. Mouck
PerynaTopos aKTUBHOCTU 3TUX (PepMeHTOB ABMAETCA HOBbIM
NOXOA0M K CO3JaHMI0 IeKapCTBEHHbIX CPeACTB. 3TN GepMeHThl, a
TakKe MA n AEH aKkTMBHO Mcnonb3ytoTca B GpapmaueBTUYECKON

NPOMBbIWIEHHOCTM, @ nepokcngasa u OAAO - B
BbICOKOYYBCTBUTE/NbHbIX 6OuoceHcopax. [na Kawxgoro cnyvas
npUMeHeHMs TOro WA  KHoro depmeHTa  HeobxoAnmo

LeNeHanpasneHHo M3MEHWUTb ero cBoicTea. [na nposeseHus
paboT No HanpaBNEHHOMY W3MEHEHMWI0 CBOMCTB ¢GepmMeHTOB
Hamu paspaboTaHa yHuBepcasbHasa naatdopma, KoTopas
obbeguHAeT  pasHble

noaxopabl: 61MONMHPOPMALMOHHbIE
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PEKOMBUHAHTHbIX OHK,

N 3KCMEPUMEHTaNbHOE W3yYeHUe CTPYKTYP,

uccaenoBaHus, TEXHONOrMK
KOMMbOTEPHOE
PauMOHaNbHbIN  AM3AaMH  MONOMKEHWUM [NA  AaMUHOKUCIOTHBIX
3aMeH. [NA KaXAoro W3 nepevyucneHHbix GepmeHToB 6biin
MosyyeHbl HOBble MyTaHTHble GOPMbl € YHUKaAbHbIMU
cBOMCTBaMM.

Pabota noppep:kaHa MuHUCTepCcTBOM 06pa3oBaHNUA U HayKK
(rockoHTpaktbl 16.512.11.2148, 11G34.31.0004 u no noTam
2011-1.2-512-085-09 u 2011-1.2-512-085-011) u Poccuiickum
doHOoOM dyHOAMEHTaNbHbIX UccnesoBaHui  (rpaHTtel  10-04-

01334, 10-04-00887, 11-04-00920, 11-04-00959 1 11-04-00962).

NMOBEPXHOCTHAA ®YHKLMOHANTN3ALMA
HAHOYACTUL, 418 MEAULMHCKOTO
NMPUMEHEHWA

dunnumonos B.A., NoctHmkos M.C., Tpycosa M.E.
HaumMoHanbHbIN nccnepoBaTenbcknii TOMCKMiA

Nni2

noauTexHn4Yecknin yHnsepcutet 634050 Tomck, np.
JleHunHa, 30
postnikov@tpu.ru

HaHouacTvubl HaxodAaT Bce 6osbllee NPUMEHEHWE B
COBPEeMEHHOM meauuuHe " MeLMKO-61M0N0rnYeckux
uccnegosaHuax. [pu  3aTom  Haubonee nepcrnekTUBHbIMU

BbIFNAAAT HAHOYACTMLbI, MOKPbITbIE C/I0AMM OPraHUYEecKuX rpyn,
aapa
HaHOYacTULLbl U OpraHuM4eckol 0b0/s0YKM MO3BOASET CO34aBaTb

MOCKONbKY ~ UMEHHO  KOMBWHAUMA  XapaKTepUCTUK

MaTepuasnbl € 33aHHbIMU CBOWCTBAMM.

B nekumu paccmatpuBatoTca MeTogbl GyHKLMOHANM3aLuu
OpPraHUYEeCKMMU CNOSIMM MOBEPXHOCTEM HAHOYACTUL, Pa3/IMYHOM
npupoabl - MeTabl, OKCUAbI, YrepoaHble HAaHOTPYOKKU M T.M.

Cywecrtsylowme NoAaxoapl K  GYHKLMOHANM3ALMM  MOXKHO

pasgenntb Ha ABa TuUNa, ﬂepBbIVl M3 KOTOPbIX OCHOBAH Ha

HEKOBAaNEHTHOM CBA3bIBAaHUU OpPraHU4Yecknx cnoes C A4POM

HaHOYaCTMLUbl — MOKpbITME noAumepamu, GopmupoBaHue

MULLENNAPHBIX 060104EK Pa3IMYHOro TMNa U T.n. Bropoit nogxosa
COCTOMT B MPOBEAEHUN XMMWYECKOW, KOBANEHTHON MNPUBUBKM
OpraHWYecKMx MOJIEKY/l K MOBEPXHOCTAM HaHoyacTuu,. Kaxapli
M3 MeTO40B MMeeT CBOM AO0CTOMHCTBA, OrpaHuyeHua u coepbl
NPUMEHEHMUA.

O6cyKpaloTcA  M3BECTHble U MEPCMeKTUBHblE  NyTH

npakTnyeckoro NUCNONb30BaHUA d)yHKLI,VIOHaﬂMBVIpOBaHHbIX

(rMbpuaHbIX)  HaHoYacTMLW, B MeauuMHe,  BUoXMmum,

MONIeKynApHOW  b6uonormn. K  HactoAwemy BpemeHu B

Haubonbluelr CcTeneHn peanunsoBaHbl TaKWe HanpaBAeHUs

MCNONb30BaHMA, KaK UeneBaa [AO0CTaBKa J1€KapcCTts, Co3[aHue

B6MOMONIEKYNAPHbIX ~ CeHcopos,  6uoKaTanus,  cenapauus

6MOM0ﬂeKyl], meTogbl in  vivo MarHuTo-

TepmoTepanma opraHOB N HEKOTOPbIE Apyrue.

BU3yaansauumu,

Bce 6o0nee WMPOKOe BHEAPEHWE HAHOTEXHOMOMMA B
MEeAMLMHY U XKMBble CUCTEMbI MPUBENO K GOPMUPOBAHMIO HOBbIX
MEXANCLUMMINHAPHBIX HanpaBaeHui

«HaHOTepanuA», OCHOBHble MNOHATMA W AOO0CTUXKEHUA KOTOPbIX

«HAHOTOKCUKOANOrMA» U

TaKxe 06CYKAA0TCA B NEKLUN.
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PA3PABEOTKA CTAHOAPTHbLIX OBPA3L,0OB
HAHOYACTULU, ANnA BMOMEONUNHCKNX
NPUNOXKEHWN

JleBUH A.Q,.l, Haraes A.l/l.l, TBoporosa C.A.l,
Oemun B.A%,, Bysyaykos t0.M.2

oryn «Bcepoccucknii HayuHo-
nccnenoBaTeNbCKUi MHCTUTYT ONTUKO-GU3NYECKUX
nsmepeHuiny, 119361, r. Mockea, yn. O3épHas, 46
ad_levin@mail.ru

ZHVILI, «Kyp4aToBCKMIM MHCTUTYT», 123182, .
MockBa, na. akagemuKa Kypuatosa, 1
demin.vyacheslav@mail.ru
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B cBA3M C WHTEHCUBHbIM pPa3BUTUEM 6MOMe,EIMLl,VIHCKVIX

HaHOTEXHOATUIA 3HAQUUTE/IbHLIM  MHTEpec  MpeaCTaBAAOT
M3MepPeHUa NapameTpoB HaHOYacTUL, (Npexae Bcero, pasmepos
N XMMMWYECKOTO COCTaBa) B BMOMOMMUECKMX KUAKOCTAX N TKaHSAX.
MogobHble M3mepeHMn HeoBXO4MMbI TaKKe Npu UCCaens0BaHUK

TOKCUYHbIX CBOWCTB HaHOMaTepuanoB U KOHTPONE HEKOTOPbIX

BMOOB npoayKuuu Ha coorBetcTBMe  TpeboBaHMAM
HaHo6e3onacHocTU. [na  obecneyeHWs  eAMHCTBA  TaKMUX
N3MeEpPEHUI HYKHbI CTaHAapTHble 06pasLubl (CO),

BOCMPOM3BOAALLME CBOWCTBA HAHOYACTWL, B KUAOKOW cpege.

Momumo 0b6blyHbIX TpeboBaHui, npeabasasembix K CO
(cTabMNbHOCTb METPONOTMYECKUX XapaKTEPUCTUK), OT 0bpasuoB
HaHoYacTWL, nNpeAHa3HayYeHHbIX A8 MW3MepeHuin B cpedax

6uonornyeckoro NPOMNCXOXAEHUA, TpebyeTca ewe
6MOCOBMECTUMOCTb M XMMMYECKas ycTonumsocTb. B 2008 r.
HaumoHanbHbIA MHCTUTYT CTaHZAPTOB M TexHonorui CLUA (NIST)
paspabotan CO Ha OcHOBE HAHOYACTUL, KONJIOMAHOIO 30/10Ta
(RM 8011, RM 8012, RM 8013),
NpPeMMyLLECTBEHHO Ha BUOMEANLMHCKMUE NPUNOKEHUS.

B ®ryn BHUMODU B 2009 - 2010 r. 6biAn paspaboTaHbl
CTaHAApTHble 06pasLbl AMameTpa HaHocdep 30/10Ta B KUAKOM

cpege FCO 9629-2010. 3Tv CO moOrytT MCNonb30BaTbCA MNpu

OpPUEeHTUPOBaHHble

UCMbITAaHUAX W MOBEPKE CPEACTB  WM3MEepeHuil  pasmepos
HaHouacTWu, pa3paboTke MeToAMK UM3MEepeHus, KOHTpone
KauecTBa pesy/nbTaToB U3MepeHuii, nposeaeHnn
MeKN1aboPaTOPHbIX CAMYEHUI, MOATBEPKAEHUM COOTBETCTBUA
npoayKumuu HaHouHaycTpun.  OaHUm M3  OCHOBHbIX
npegHasHavyeHuin CO  aBnAetcA  obecneyeHne  eauHCTBA
M3MepeHUil  MapaMeTpoB  HaHoYacTUL, B  6MONOTUYECKUX

MKUAKOCTAX U TKAHSAX.
FCO 9629-2010 6blan
(3011) coepuyeckmx HaHouvacTumL,

B kayectBe matepuana AnAa
MCMNO/b30BaHbl  CycneH3uu
KONNOUAHOrO 30/10Ta, BbliNycKaemble BpUTaHCKoM dpupmoli British
Biocell International (BBI) c HomnHanbHbIMK pa3mepamu 10, 30
60 Hm. Mpu aTOM obecneunBaeTcs XopoLlas MOHOAWUCNEPCHOCTb
(KoadduuUMeHT BapuauuM  OUMAMETPOB  He 8%),

OZHOPOAHOCTb (FOMOreHHOCTb) U yCTOMYMBOCTbL 30/1A. B xoae

bonee

pa3paboTku CO cTabunbHOCTL M O4HOPOAHOCTL MaTepuana bbina

noaTeepxaeHa MHOTOKpPaTHbIMMK n3mepeHnamm
rTMAPOAMHAMMYECKOTO  AMamMeTpa  HaHo4yacTuL, — MeToAoM
OMHaMUYecKoro pacceaHus cseTa (4PC). Maccosas

KOHLLeHTPaLMA 3010Ta B KONIJIOMAHbIX pacTBOpax coctasaset 48-

50 mr/am3. N3rotoBneHne CO ocyuwectBnaeTca nytem
aMMyNMPOBaHUA  UCXOAHbIX 301eli B  YCNOBUAX  BbICOKOWM
CTEPWUNBHOCTM BCEro TexHosorMyeckoro mnpouecca. Ob6bem

)ugkoctn B 1 amnyne — 4 cm3. CTepunbHOCTb HeobxoamMma Ans


mailto:postnikov@tpu.ru
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UCK/lOYeHUsA nonagaHus 6akTepuid, KOTopble MOryT Bbi3BaTb
M3MEHEHMEe pa3MepoB YacTUL, 30/1A BC/AeACTBME arperauuu
HaHoyacTul,. ATTecTyemoi xapaktepuctukon CO aBnaetca
AnameTp HaHouacTuy. OnpefesieHUe aTTecTOBaHHbIX 3HaYeHul
npoussoauTca metogamu [PC (ucnonb3oBasnca aHaAusaTop
Nano ZS)
3N1EKTPOHHOM MUKpOCKONUK (Mcnosibosanca Mmukpockon NVision

40 ¢upmbl Carl Zeiss). M3amepeHus npoBoaATcA O1A Kamaown

pasmepoB Malvern Zetasizer N CKaHupyloLLen

Bblnyckaemoti naptum CO.
Mpu paspabotke 6UOMEOULMHCKMX HAHOTEXHONOTUW, a

TaKXe npu wuccnenoBaHMAX nNo HAHOTOKCUKOAOrUm, 4yacto

TpebyeTca onpefenatb pacnpedeneHve pPasAnYHOro BuAa

HAHO4YaCTUL, B TKAHAX U OpraHax na6opaToprlx KMBOTHbIX. [na
TAaKUX WCCNefoBaHUIM BecbMa 3¢¢eKTVIBHbIMM OKa3blBakoTCA

AAepHO-PpU3MYecKkmne meToApl n3mepeHus MaccoBoit

KOHLEHTPaLuuM  3/1€MEeHTOB —  HeMTPOHHO-aKTUBALMOHHbIN

aHan“3 M ramma-cnekTpockonusa. Ona obecneveHus eauHcTBa
Taknx wusmepennin PHLL KU coemectHo ¢ ®ryn BHUKMOODU
pa3pabatbiBaeT CO MaccoBOM KOHLEHTpauMM U pasmepos

HaHoYacTWL, cogepxawmx cepebpo (matepuan — uucroe

cepebpo) U UMHK (MaTepuan - OKcua, UMHKa). MNpurotoBneHune
YCTOMYMBbIX MOHOAMCMNEPCHbIX CYCMEH3MIN U3 3TUX MaTepuasnos

ABNAETCA  OOCTAaTOMHO  C/IOKHOM  3ajayeil; B [AOK(age

paccMaTpuBalOTCA  passivuyHble MNyTM ee  peweHua. [Ona

onpegeneHuAa aTTECTOBAHHbIX 3HaYeHuUM MaccoBoM

KOHLLeHTPaLUUM  WCMONb3yeTCss MeTosd, aTOMHOM 3MMCCUM  C
WHAOYKTUBHO-CBA3aHHOM nnasmoit (A3-UCN). [Ona onpeaeneHus
OPC wn

Mpepnonaraetcs,

pasmepoB  MCMOAL3YIOTCA  MeToAbl CKaHupytoLei

3/1EKTPOHHON  MMKPOCKOMUMK. yto byaer
pa3paboTaHbl Asa Komnaekta CO, B COCTaB KaXKA0ro n3 KOTopbIxX
3HaYeHUAMMU MaccoBOW

BOMAYT 06pasupl C HECKONbKUMMU

KOHUEHTpaummn. Mcnonb3oBaHMe TaKMX KOMMAEKTOB — AacT
BO3MOXHOCTb ObecneuynTb eAMHCTBO W3MEpPEeHUIt MaccoBoOW

KOHLEHTPALIMM M Pa3MEPOB HAaHOYACTML, B OpraHax v TKaHsX.

ﬂl 14 CPABHWUTE/IbHbIA AHANN3
HAHOA/TMA30B AETOHALUWMOHHOTO
CUHTE3A, NMONYYEHHbLIX PASHbIMW
MPOU3BOAUTENAMMU

Meawesckana C.H.

YuypexkaeHue Poccuiickoi akagemnm Hayk
UHctutyT reonorum KapHL, PAH, 185910
MeTposasoack, yA. MNywknHckaa 11
ivashevskaja@yahoo.com

BO3MOXHOCTb BKAOYEHUA YrNepoAHbIX HAaHOMaTepManos Ha

Xusble CUCTEMDI OTKpbINO nyTb Aana n3yvyeHuAa nx
NOoTeHUMANbHOIo npumeHeHua B HOBOW obnactn -
HaHomeauumHe. B HacToAwee Bpemsa LUl/IpOKVIVI CNeKTp

HaHOMaTepuanoB Ha OCHOBe pas3inMyHbiXx ¢opm yraepoaa
(dynnepeHbl, HAHOTPYOKKM, HAHOA/IMa3bl) U3y4alOTCA B KayecTse
06beKTOB ona 61oMeANLMHCKUX NPUNOXKEHUM [1].
MccnepoBaHMa noKasanu, 4To HaHoanmasbl (HA) ropasgo 6onee
6MOCOBMECTUMbI, YEM ApYr1e yraepoaHble HaHomaTepuansi [2].
HeTokcuueckuii Xapakrep, CcUNbHasn n cTabunbHan
doTontommHecLeHUMA B AvanasoHe 550-800 HMm,

6onbluan yAeNnbHaA NOBEPXHOCTb WU NEerkoctb, C

Manble
pasmepbl,

KOTOPOM OHWM MOTYT BbITb CBA3aHbI C BoMonekynamu, aenaet HA

NpUBNEKATENbHBIMM AR PasAUYHbIX  BUOMEAMLMHCKUX
NPUNONKEHWIA. HaHoanmasHble yactmupl ABAAOTCA
MepcnekTUBHLIMK  MaTepuanamum  Aas  TPaHCNOPTUPOBKM

NeKapcTBeHHbIX MpenapaTos (Hanpumep, BoAHas Aucnepcus
HepacTBOPMMOro MOXeT
c HA).

BKAOYeHMA HA B MWMKPONAEHKM, B KAyecTBe JIOKa/AM30BaHHOro

paHee npenapara o6pasosatb

Komnnekc PaccmatpuBatotca  pasnuyHbie cnocobbl

MOKPbITUA, BbIAENAIOWEro JIeKapCTBEHHbIM npenapat, wuau

mmnnaHtata [3]. MepeuncneHHble  cBOWCTBA

ucnonb3osatb HA B

no3BonAlT
6uomeauLMHe ANS  NpoBeAeHus
3 deKTUBHON XMMMUOTEPANUM NPU PaKoBbIX 3aboneBaHuax [4], a
BbICOKaA  afcopbumMoHHas  cnocobHOCTb  JaeT  BbICOKYHO
CBA3YHOLLYIO

BUPYCOB, MMKPO6OB 1 BakTepuit [5].

aKTMBHOCTb ~ OTHOCUTENIBHO  60/1IE3HETBOPHbIX

[NaBHbIMM NPEnATCTBUMAMM K LUMPOKOMY MCMO/1b30BaAHMIO
OETOHAUMOHHbIX HA B HacToAwMin MOMeHT sasaawoTca [6]:
OTCYTCTBME YeTKOW CTaHO4APTM3aLuWM, HU3Kasa CTabunbHOCTb
KayecTBa y pasHbIX Npou3BoamTENEN U HEBOCMPOU3BOAUMOCTb
Nnosly4aemoro NpoaykTa B 60/bLIOM KoNM4YecTBe (Bbipaxaercs B
pa3HOpPa3sMepHOCTW, Pa3HOM JIMHEMHOM U  GYHKLMOHAZIbHOM
coctase). Takmm 06pa3oM, Hay4yHO-MpPAKTUYECKas 3HA4YMMOCTb
pabotbl Mo wuccneposaHuio HA onpegenseTca pacluMpeHnem
npeacTaBieHUit 06 WX CTPYKType U CBOMCTBAxX, YTO pacliMpuT
BO3MOHOCTW UCMO/Ib30BAHMA AAHHOMO NPOAYKTa.

Llenbto gaHHOM paboTbl ABAAETCA CPaBHUTE/bHbIW aHANU3

(YAA),

MeToA0M AETOHAUMOHHOIO CMHTE3A. O6pasu,b| B BMAE NOPOLIKOB

06pasuLoB  yNbTPAAMCNEPCHBIX a/IMA30B NONYYEHHbIX
M BOAHbIX AMCNEPCUIl BbiNN MONyYeHbl U3 Pa3HbIX UCTOYHMKOB:
YOA-1 (PHNL «AnTaii»); YOA-3 (000 "Pean-A3epxuHck"); YOA-
4 (®CYN CKTB «TexHonor»); YOA-5 (NanoCarbon Research
Institute Ltd.); YOA-6 (Gansu Liru Lingyun NanoMaterial Co Ltd.).
MPUHATO CUYNTaTb, YTO TOSILKO KOMMIEKC AMarHOCTUYECKMUX
MEeTOA0B [3eT BO3MOMHOCTb MOJNYYUTb WUCTUHHbIE 3HAHWUA O
CTPYKTYype U
Xumunueckui

CBOMCTBax yrnepoaHbix HaHOMaTepnanos.

coctaB bbln  onpeaeneH macc-

cnekTpomeTpumn (ICP-MS Xseries2 (ThermoFisher Scientific)) u

MeToaamu

PEHTreHOCMNEeKTPaNbHOro MMKpoaHanusa (aHanusatop INCA-350
(Oxford AG), coBMeLL,EHHbII C 3NEKTPOHHbIM MUKpocKkonom VEGA
I LSH (OO0 TESCAN)).
CTPYKTYPHbIX 31€MEHTOB BblAN NpoaHasM3MpPOBaHbl C NOMOLLbHO
CKaHMpYIOWen 3N1eKTPpoHHOW MmuKpockonun (VEGA Il LSH),
aToOMHO-cunoso mukpockonum (N'Tegra Aura NT-MDT n CMM—

PasnnyHble ypOBHM arperaumm

220) v nasepHOM CKaHMpyoWweil KOHPOKaNbHON MUKPOCKONUM
(uBeTHOI 3D nasepHblit MuKpockon VK—9700/VK-8700K). AHanus
CTPYKTYPHbIX NapameTpoB KpUCTaaiuToB 6bin  NpoBegeH C
NOMOLLBIO PEHTIeHOCTPYKTYpHOro aHanmsa (Thermo Scientific
ARL X'TRA Powder X-ray Diffraction System).
Obpasupl  XapaKTepu3ylTCA  PasNIMYHOM  CTPYKTYpOUA,

mopdosiornert M CocTaBomM npumeceil. AHanM3  AaHHbIX,
nosy4yeHHbix metogom PCA, nokasan, 4to HeobpaboTaHHbIV
obpasey, YOA-6 copepKuT 60nblioe KOAMYECTBO amopdHOro
yrnepoga, a Ha AudpakTtorpammax OCTanbHblX 06pasLoB

NPUCYTCTBYIOT ~ NATb  YETKO  BbIPAKEHHbIX
cooTBeTcTByOWMX anmasy (Fd3m).  Pasmepsl
KOrepeHTHOro paccesaHus 6blan  onpegeneHsbl no Haubonee
(111): ~ 4 Hm.

HAHO4YaCTULbl CKNOHHbI K o6paaosaHmo arperaTtos, MMerLwmnx

OTpaXKeHWUW,
obnacreit

WHTEHCUBHOMY  OTpa*XeHuto AnmasHble
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dpaKTanbHylo CTPYKTypy. Pasmepsl arperatoB B 06pasuax (Hm):
YAA-1 (100-200), YOA-3 (40-110), YOA-4 (6-10), YOA-5 (110-
180), YOA-6 (1000-2000). dopma arperatoB: npaBUIbHaA
Kybuyeckas (YOA-1 wu YOA-5), okpyrnaa (YOA-3, YOA-4) wu
BbiTAHYTan (YA-6). DnemeHTHbIM aHanu3 nokasan Haaunyve B
o6pasuax 3HAUMTENIbHOTO KOJMYECTBa Heyr/iepoAHbiXx aToMOB
(Cr, Cu, Ni, Zn, Sb, Zr, W, Y, Zn, Hf, Pb, Cr, Cd, Ti, Ag, Fe, Al, Cl),
COAEep!KaHUe KOTOPbIX 3aBUCUT OT YCOBUI CUHTE3A, OYUCTKU U
nocneaytouien obpaboTkum.
PaboTa nogaep:kaHa OH3 PAH-5.
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HaHoanmasos. http://rough-

MCNONb30BAHUE ATOMHO-CU/I0BOWM
MWKPOCKOTMUN ONA OXAPAKTEPU3ALIU
HAHOYACTULU, HA OCHOBE XMTO3AHA.
Kypek [1.B., UnbnHa A.B., 3ybapesa A.A.,
Bapnamos B.I.

UeHTp «BuonHkeHepua» PAH, MockBa, Poccua
Svoboda_rus@mail.ru
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Co3pgaHne 6GMOKOMMNO3UTOB HAa OCHOBE  NPUPOLHOro
noAMMepa XWTO3aHa Ha CETrOAHALWHWUA AEHb HALWIO LWWPOKOe
NPUMEHEHWNB Pa3IMYHbIX obnactax BuoTexHosnorMmM, nuLLeBol
NPOMBILNEHHOCTU U MeAULMHBI. OAHUM M3 K/OYEBbIX 3Tanos B
uccnenoBaTeNbCKUX pabotax no

CO34aHU0 TaKunx

B6MOKOMMO3UTOB  ABAAETCA  OXapaKTepus3auua  MOJy4eHHOro
maTepuana. B nocneaHee Bpemsa aTOMHO-CMI0BAs MUKPOCKONUSA
(ACM) cTana WKMPOKO WMCNO/Mb30BATbCA AN BU3yanusaLun M
aHanM3a no/lyyaemblXx HAHOYACTWL, Ha OCHOBE XWTO3aHa,
MCMONb3YEMbIX AN1A AOCTaBKM 1EKAPCTBEHHbIX CPEACTB.

ACM nosBonsieT pabotaTb ¢ 0bpasuamm pasamepamu ot 10 go
2000

onpeaenatb

HAaHOMEeTPOB, 4TO JAaeT BO3MOXHOCTb He TO/AbKO

pasmepbl  NOJlyYaeMbIX HAHOYaCTUL, HO MU
nccnenoBaTb TakMe NapemeTpbl Kak CTabuabHOCTb U CKIOHHOCTb
K arrperauun. CoBpemeHHble pa3paboTku s JaHHOTO mMeToaa
cOoenann BO3MOMKHbIM NPOBOAMTbL aHaNM3 HEMNOCPEeACTBEHHO B
JKUOKOCTW, YTO Ba)KHO M YyAOBHO B cayyae pabotbl ¢
6uonornyeckummn obbekTamu. B aaHHOW uccnepoBaTenbCcKon
paboTe aTomHO-cunoBoi mukpockon NTEGRA Prima (HT-MAT,
Poccua) 6bia ncnonb3oBaH ANA BUM3yanM3alUmmn, oxapaktepusauum
M aHa/sM3a HaHOYaCTUL, Ha OCHOBE XMTO3aHa C ralakTOMaHHaHOM
M CYKuMHWnxuTo3aHa[l].  Bbiau

ANanas3oHbl

NU3y4eHbl nojsiydaemble

pasmepos, nonngucnepcHocCTb, CTabunbHOCTL U

CK/IOHHOCTb K arrperaunm Taknx HaHo4actuu,.
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|ﬂ|16 MPAKTUYECKME NMPUMEPbI
NCMOJ1Ib3OBAHMA METOAA NTA
(NANOPARTICLE TRACKING ANALYSIS) 4114
M3YYEHNA HAHOBMOOBBEKTOB,
MPOLLECCOB ATPEFALIMM BEZTKOB, A
TAKKE OBLLEV XAPAKTEPU3ALNN
HAHOYACTUL,

EsTyweHko E.l'., JoHuosa E.A., KypoukuH U.H.
MocKoBCKMI [ocyAapcTBEHHbIM YHUBEPCUTET UM.
M.B. lomoHocoBa, Xumnueckuii akynbrert,
MockBa, JleHunHckue ropsl, 4. 1/73, K. 526
e.evtoochenko@gmail.com

BypHoe pa3suTMe 061acTM HaHOHAYK M HAHOTEXHO/OMMA B
nocaesfHue rofbl NPUBAEKAET 3HAYUTENbHbIN MHTEPEC YYeHbIX K
UCCNef0BaHMIO U UCMO/Ib30BAHWUIO Pa3/IMYHbIX HAHOMATEPWANOoB.

HaHo06beKTbI 3a4acTyro NPOABNAKOT HOBbIE, a nog4ac

YHUKa/bHble CBOWCTBA, PacWMpsAs BO3MOXKHOCTU NPUKNAAHOM
HayKku. Bcneg 3a nosiBneHMEM HOBbIX OOBLEKTOB MOABAAOTCA U
HOBble MeToAbl UX U3yyeHus. Og4HUM U3 TaKUX METOLO0B ABAAETCA
Nanoparticle Tracking Analysis (NTA), nossonsatoowmii M3mepsaTb
pasmep ¥ KOHLEHTPALMIO HaHOYacTUL, B pacTBopax. B otanune ot
obLiensBecTHOro metoaa AnHamumyeckoro ceetopacceaHma (DLS),
meTtog, NTA ocHOBaH Ha aHanu3e MHAMBUAYANbHbIX YacTUL, U Kak

cnheacrtsue, o6na,u,aeT 3Ha4YnTeENbHO 6onee BbICOKUM

paspelleHneM B OTHOWEHUM PaKUMA  HaHOYacTUL, cnabo

YYBCTBMTE/IEH K MbIAW U arperatam 4acTul, a TaKKe Mno3BosAeT
N3MEPATb KOHLLEHTPALMIO Kaxaon 13 dpakumii [1, 2].

B nabopatopum [OCTFEHOMHON  XMMUM  XMMUYECKOrO

dakynbTeta MY Bo3amoxkHOCTM meToga NTA 6bian onpoboBaHbl

ONA PelleHVs Lenoro pafa HayyHblX 3afady: McciefoBaHuWA

npouecca camocbopkuM 6esKoBbIX  HAHOTPYBOK, W3yyeHus

npouecca arperauum  nNpuoHonofobHbix  6enkos, obuei

XapaKTepusaLuMn  WUCMNONb3yembIX  NpenapaTos

AVOKeuaa MmapraHua [3], 30/10Ta, yrnepogdHbix HAaHOTPY6OK K

HaHoYacTuLy,

NPOYmX.
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JOVUATHOCTUYECKOE MCMOJ/Ib30BAHUE
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MpumeHeHWe KOHTPACTHbIX NpenapaToB-MapamarHeTMKOB

0060CHOBAHHO  CYMTAeTCA OAHMM W3  BaKHeMwWwux nyTtein

COBEpLUEHCTBOBAHMA MarHUTHO-Pe30HACHOM Tomorpaduyeckoin
(MPT)
ncnonb3ytoTea

ANArHOCTUKMN. Haunbonee LWNPOKO Ha ceroaHa

npenapatbl Ha OCHOBe KomnnekcoB Gd,
BO3JeiCTBME KOTOPOro Ha NpOLECcChl penakcaumMum NpOTOHOB
BOAbl B BMONOrMYECKUX TKaHAX Haubonblwee. O4HAKO BbICOKas
TOKCUYHOCTb CBOBOAHOrO rafloIMHUA U CBA3AHHBIN C 3TUM PUCK
pa3BuTUA cUCTEMHOro HedporeHHoro pubposa — HeyacToro, HO
TAXeNoro OCNOXHEeHUA - cTumyanpyet MHTepec K
MCNONb30BaHWUIO APYrMX NapamarHeTUKOB, Kak pefKo3emMe/NbHbIX
METaNoB, TaK U Pa3NNYHbIX GOPM Kenesa u MapraHua.
KoHTpacTupytoLan CNocobHOCTb npenapartos ans
KAvHu4eckon MPT onpegensetca B MNepByld oyepedp WX
penakcMBHOCTbIO (rl, Mmosb * ¢!) — cnocoBHOCTbIO COKpalLaTh
Bpems  NPOAONbHOW  penakcauuMu  NpoToHOB  BOAbl B
6uonormyecknx cpepax, KoTopas B CBOK ouyepelb 3aBUCWUT OT
MOHHO-AEPHbIX B3aUMOAENCTBMI MNapamarHeTMKa C BOAHOWM
obonouKkoi, npuyem Yem 6onblUe CMWUH, BPEMSA 3/EKTPOHHOW
penakcauMm u yem nabunbHee 0o6MEH MONEKYN BOAbl, TEM
nydwe. Mmea nNAaTb HECMAPEHHbIX 3/MEKTPOHOB HA HapyKHbIX
obonoukax, Mn(ll) aBnseTca OAHUM M3 NYYWIUX BO3MONKHbIX
MapKepoB-napamarHeTukos ans MPT. PaHee 6binun pa3paboTaHbl
npenapaTtbl Ha OCHOBE BOAOPACTBOPUMbIX Komnnekcos Mn(ll) —
MaHrackaH (Mn-34TA) u neHtamaHr (Mn-ATNA). MeHTamaHr
NPOAEMOHCTPMPOBAN  AMarHOCTUYecCKMe U Buonoruyeckue
CBOMCTBA, 6/M3KME K KOMIMJ/IEKCAM rago/IMHUA.

B pa3sutMe AUHUK

OoTeYyeCTBEHHbIX  AMArHOCTUYECKUX

napamarHeTMKoB  —  MNPOM3BOAHbIX  MapraHua,  6biau
Mn-OUTA
HaHOYacTULbl OKCMAa mapraHua (MnO) ¢ NoKpbITeM On1eaTom, a

HaHO4YacCTuLbl Mn-oneara, CTaﬁMﬂVBMpOBaHHbIe

CMHTE3UPOBAHbI KOMIM/IEKC (LmknomaHr),
TaKxe
dochonmnuaHbIM NOKPLITUEM.

Mn-ALUTA
MCNONb30BaHWEM HAaHOAMCNEPCHOW TEXHONMOTMMN B TBepAoi dase
M3 OoKcupa wunm KapboHata Mn u HS5[LUTA, ¢ nocneaytowmm

(UnknomaHr), 6bin CUHTE3UPOBaH c

pactBopeHvem W nonyvyeHuem B wutore 0,5M Mn-AUTA 8
¢duspacteope.. Mn-ALTANOKasan BbICOKYlO, He YCTynatoLLyto
Komnnekca Gd, penakecusHocTb rl = 4,12 +-0,12 mmonb * ¢t u

NO3BO/IUN 3a CYET 3TOro BbINONIHEHWE KaK CTaTUYEeCKUX, TaK U

OUHAMUYECKUX, U aHrnorpadpuuecknx MPT-uccnegosanuin. Mpu
TOKCMKO/IOrMUYecKMx uccaegosaHusax LD50 npesbiwana 17,5 ma/
Kr Beca Tena, obecneunBas NPAKTUYECKU HEOTPaHUYEHHbIV
TepaneBTUYECKUI AManasoH.

HaHouacTuupl okcuaa mapradua (MnO), nepBoHayanbHO ¢
pobaBneHvem oneata Mn, 6blIM  MOAyYyeHbl €  pasMepom
HaHo4yactn 25-80 HM M 3aTem AMCNEeprupoBaHbl C NOKPbITUEM
NONMITUNEHTINKONEM  ANA  MNOBbIWEHUA PacTBOPUMOCTU U
6uocosmectumoctn. O6n1agan BbICOKOW penakCUMBHOCTbIO, r1>67
mmonb ¢, npu BBEAEHUM KpbiCam C MNepeBMBaeMbiMU
onyxonaMu HaHovactuupl MnO nornowanucb TKaHbO paka

MO/IOYHOW  Kenesbl. [lpuM  3TOM  TOKCcMYeckux  3ddeKTos,

cneunduyHbIX  AnA  BbICBOBOXKAEHMA Mn, Yy JKUBOTHbIX He
Habaoaanock.
HaHouacTtuubl Mn-oneaTa, CTabunnsmpoBaHHble
dochonmnuaHbIM NOKPbLITUEM, OTIMYANNCL OT HaHovacTuy, MnO
6o/bluen penakcMBHOCTLIO rl, npesbiwatoweit 100 MmO ¥ c'l,
M3 pacyeTa Ha HAHOYACTULY, @ TaKXKe BbICOKOW PENAKCUBHOCTLIO
r2, coctasmswen ana MnOIl 659 +- 4,5 mmonb* ¢, Takwe ns
pacyeTa Ha HaHouacTuuy. Mpu NOBPEXAEHMA SHAOTENNA A0PTbI
MU KPYMHbIX apTepuit y Kpbic, HaHo4acTuubl MnOl nossonanu
BM3yanM3MpoBaTb €ro, YTO YKasblBaeT Ha BO3MOMKHOCTb
MUCMOMb30BAHUA 3TUX HAHOYACTUL, ANA pPaHHel ANArHOCTUKM
ATEPOCKNEPOTUYECKUX U APYTUX NOPAKEHUN COCYANCTON CTEHKM.
Mn(l1)

OKa3blBaeTCA BO3MOXHbIM MONY4YUTb pPAL  AONATHOCTUYECKUX

Takum 06pa3om, Ha OCHOBE HAHOKOMIM/IEKCOB
npenapatoB C pasnMyHbIMUM  6MODU3NYECKMMU  CBOMCTBAMM,

BbICOKMMU BU3yannsauMoOHHbIMU n nepcnKkeTuBHbIMU

KNNHUYECKNUMU XapPaKTEePUCTUKaMU.

ﬂl 18 HAHOKOMIMO3UTHbIE MOKPbLITUA,

CTPYKTYPbI A4PO-OB0OJI04KA,
MWKPOKAMCY/1bl: CO3JAHMUE,
YMNPABNEHUE ®USNHECKUMMN
CBOWCTBAMMW, MEPCMNEKTUBbI
BEMOMEONUMHCKOIO NPUMEHEHWNA
lfopuH O.A.
CapaToBCKMI rOCyAapCTBEHHbIN YHUBEPCUTET,
410012, r.CapaTos, yn. AcTpaxaHckas, 83
gorinda@mail.ru

WccneposaHne obbeKkToB MUKpPOMMPA ABnAeTcA
NPUOPUTEHTBIM HaMPaBAEHNEM PA3BUTUA COBPEMEHHOMN HayKu U
TexHukU. Cpegu 6onblioro pasHoobpasua HaHOpPa3MeEpPHbIX
O0OBEKTOB BaXKHYIO PO/Ib UIPalOT MOHO- W  MYJbTUCIONHbIE
NoKpbITUA. POMb TaKMX MOKPbLITWIA B HAaHOBMOTEXHO/OTUM U
MeAMUMHE COCTOMT B MOAMGMKALMKU MOBEPXHOCTM, CO34aHUU
HOBbIX HaHOCTPYKTYPUPOBAHHbIX MUKPOOOBHEKTOB, WM3MEHEHUU
OUBMKO-XMMUYECKMX CBOWCTB MaTepuanos. Pa3Butne ykasaHHbIX
obnacteit COBPEMEHHOW HAyKM M TEXHUKM Byaer cBsizaHO ¢
MCNONb30BaHNEM METOA0B CO34aHMA MATEPUasoB U YCTPOMCTB,
OCHOBAHHbIX Ha NpuUHUMNE «CHM3Y-BBepx» [1, 2]. TUNUYHbIM
NPMMEPOM  TaKoro  MeToAa

ABNAeTCA nocnenosartesibHaA

agcopbums, BapuauMAMM  KOTOpPOro ssAaAlTca: 1)  meton

NeHrmiopa-broaxetT, nossonaowmii GopmMUpoBaTb MOHOCNOM
OPraHWYecKkMX MOJIEKY/N Ha TPaHWLEe pasgena »KUAKoCTb/ras u
NepeHocUTb WX Ha TBepayto

noanoxky [3]; 2) metop,
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nocnefosatesibHON aacopbuuy NPOTUBOMONOMKHO 3aPAMKEHHbIX
MONM3NEKTPONIUTHBIX MOIEKYN (nosmMnoHHaa c6opka) u/uam
HaHouyactuy, [4, 5, 6]. Oba meToaa MO3BONAIT HE TO/bKO
co34aBaTb OpPraHM30BaHHble MOHO- M MYJbTUCIOM, HO W
3 EeKTUBHO ynpaBAATb UX CBOMCTBAMM B NPOLLECCE NONYYEHUS.

Pa3BuTME COBPEMEHHbIX TEeXHO/NOrMIU MpU  COo34aHUU
dYHKUMOHANbHBIX YCTPOWCTB M MaTepuasnoB C 3aJaHHbIMU
DUBMKO-XMMUUYECKMMU CBOWCTBAMM, W, KaK CAeAcTBME, HA WX
NpUMeHeHue, Hanpumep, NS Pa3paboTKM HOBbIX COBPEMEHHbIX
CUCTEM  AMArHOCTUKM 3aboneBaHui

n nedvyeHwuAa (BKﬂPO‘-IaH

pa3pa60TKy cuctem A0CTaBKM  NEeKapCTBEHHbIX Cpeacts u

BaKUMH), pa3paboTKM TEXHOMIOTMMN CO34aHMA HOBOIO MOKO/NEHUA
3/IEKTPOHHbIX NPMBOPOB M YCTPOMCTB, CO34AHMA  KYMHOM»
O4eXAbl ¥ T.4., CBA3AHO C LeabiM pagom daktopos: 1) nonckom
HOBbIX MOAXOA4O0B K CO34aHMIO WCKYCCTBEHHbIX MaTepuasos,
dbopMMpyemMbIX MO MPUHLMMY «CHU3Y-BBEpPX»; 2) ynpasaeHuem
CBOMCTBAMM MOBEPXHOCTM TBEPAbIX Ten nyTem Cco3gaHus
HaHOpa3MepHbIX MOKPbLITUIA; 3) MOMCKOM HOBbLIX MaTepuanos, B
TOM 4YMCAe OPraHWYecKMX COegUHEeHWI 33[aHHOro CcocTaBa W
NPOCTPAHCTBEHHOrO  CTPOEHMA, @  TaK¥Ke  KOMMO3WUTOB
HEOPraHWYECKMX HAHOYACTUL, U OPraHUYEcKUX CoeauHeHunit; 4)
CO34aHNEM  HOBbIX o06bekToB

UCKYCCTBEHHDbIX MUKpOMUPa,

Hanpumep, HaHOCTPYKTYPUPOBAHHbIX MWKpoKkancyn [7] u
CTPYKTYp TUNa «Aaapo-060104Ka», No3BoNsOWMX GOpMMPOBaThL
MY/NbTUDYHKLMOHA/IbHBIE MOKPbLITUA U cpefbl. Heobxoanmo
npupoasl,

YHKLUMOHMPOBAHUA KOTOPOM Mbl 4YacTo KOMupyem, pasmep

OTMETUTD, 4yTo ana KMBOW MeXaHU3MbI

d)yHKLI,VIOHaI'IbeIX 3/1IEMEHTOB  UCHUCNAETCA MUKPOMETPaMU

(Hanpumep, KNETKM KPOBM), 0A4HAKO, 63 COMHEHUs, ynpaBieHune
UX KWU3HELEeATeNbHOCTbIO onpeaenaeTca 06beKTamu HaHOYPOBHSA
(MOHbI, MmoneKynbl 6enKoB U T.4.).

Ha coBpemeHHOM 23Tame Ba)HO He TO/MbKO MOAYYaTb
pasnuyHble  HaHopasmepHble

NOoKpbITUA C 3a1aHHbIMN

CBOWMCTBAaMM, HO M HAYYUTbCA LOUCTAHUMOHHO yNpPaBAATb

napameTpamum 7] XapaKTepUCTUKamu KakK NNaHapHbIX

HaHOpa3MepHbIX CNoeB, TaK U HAHOKOMMO3UTHbIX MUKPOKaNCyn

nocpeacTsom 3/IeKTPOMArHUTHOro n3ny4yeHmn nnn
yNIbTPa3ByKOBOroO BO3AeNCTBUA. Takum obpasom,
HaHOTEXHONIOTUYECKUI  NOAXOA B  COYETAaHUM C  HOBbIMMU
MaTtepuasamn U ynpasBJeHWem CBOWCTBAaMM MOBEPXHOCTU
TBEPABIX TEN, a TaKKe BO3MONHOCTbIO [AWUCTAHLMOHHOTO
ynpasneHus DU3MKO-XMMUYECKUMHN cBOWCTBAMM
HaHOCTPYKTYPUPOBAHHbIX ~ OBBEKTOB  MOMET  CYLLECTBEHHO
pacWwupuTb  KPyr BO3MOMKHOCTEM BbICOKMX TEXHONMOMMWA W

MOJIEKYJIAPHOTO NOAX0AA B HayKe U TeXHWKE M BbIMTU HA HOBbIN

YPOBEHb UX NPUMEHEHMs, Hanpumep B MeauuMHE U
6MOTEXHONOTUM, XMMUYECKOM MPOMbILLIEHHOCTH.
[aHHas paboTa BbiNosHEeHa Npu GUHAHCOBOWN NoAAEPIKKe

npoekTta PO®UN 09-03-00245-a.
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ﬂ|19 BOAHbIE CUCTEMbI C YTTEPOAHBIMMW
HAHOTPYBAMW: TEPMOAMHAMMWYECKUE
CBOWCTBA U METObl XAPAKTEPU3ALUUN
B.®. Koponoswuy, /1.A. bynasux
KneBcKMIM HaLMOHaNbHbIV YHUBEPCUTET UMEHMN
Tapaca LWeB4yeHKa, Dusnyeckuii pakynbreT. ya.
Bnagnumupckas 64, Knes 01601, YkpanHa
korolovich@gmail.com

B Halwem pabote

npeactasneHbl pe3ynbTatbl

3KCNepuMeHTaIbHOro nccnenoBaHunA TepMmoanHaMU4eCcKnx

CBOWCTB  BOAHbIX cUCTEM € YHKLMOHANN3UPOBAHHbBIMU
KapbOKCUAbHBIMM  Fpynnamu
(SWCNTs).

PaCCYMNTbIBAaIUCb NO 3KCNEpPUMEHTA/IbHbIM TEpMOGEpMHECKMM n

OAHOCTEHHbIMU  yrnepoaHbIMn

HaHoTpybamu TepmoAvHaMUYECKMe  CBOWCTBA
O6HapyeHo
SWCNTs Ha

TepMmognHamuyeckume cBOMCTBa nccnegyemoiX BOAHbIX CUCTEM.

KOHUEHTPAUMOHHbIM  3aBUCUMOCTAX MNJIOTHOCTWU.

BAMAHWE  PYHKLMOHANM3aLUMKM  NOBEPXHOCTU
MpennoxeHo ypaBHeHWe COCTOAHMA, afleKBaTHO ONuUCbiBaloLwme
TePMOAMHAMUYECKME CBOMCTBA BOAHbIX cnctem ¢ SWCNTSs.
Xapaktepusauma BoaHbix cuctem ¢ SWCNTs nposogunacb
MeTo4aMn  AUHAMMUYECKOTO WM KOMBWMHALMOHHOrO paccesHus
CBeTa, a TaKXe MO CHWMKaM ONTUYECKOr0 W 31EKTPOHHOro
MWKPOCKOMOB.
CoyeTaHne B  BOAHbIX CUCTEMaX C  Yr1epoAHbIMK
HaHOTPybamun 0cobeHHOCTE MONEKYNAPHOM CTPYKTYpbl BOAbI U
yrnepoaHbix HaHOTPy6 06bACHAET WX YHUKanbHble GU3MKO-
XMMWYECKMe CBOWCTBA, YTO HAXOAAT LWMPOKOE MNpaKTUyeckoe
npumeHeHne. Ha CerogHAWHWA [eHb BbIAEAUIOCH 4eTbipe

OCHOBHbIX HanpasB/eHUA NpPUMeHeHUA BOAHbIX cCuUctem C

YINepOAHbIMM  HaHOTPY6amu:  TenJIOHOCMTENM,  TPaHCMOPT

NIeKapCTBEHHbIX MNPEenapaToB W KaTasM3aTopos, rmneptepmus
3/10KQYeCTBEHHbIX OMyXosiei, Mpoueccbl abcopbUUM TOKCUUHbIX
TAXKENbIX MeTannoB. ddpdekTBHoe U BesonacHoe npumeHeHue
BOAHbIX CUCTEM C YrNEpPOAHbIMU HAHOTPYH6aMM B 3TUX OTpaCasAX
TpebyeT CBOMCTB MU

3HaHuA nx TepMmoguHamMnyeCcKnx

3¢ deKTMBHbIX MeToA0B XapakTepusauuu. [losTomy, Uenblo

Hawenm paﬁOTbI 6bln10 3KCNepumeHTanbHOE UCCnenoBaHue

N30TEPMUYECKOTO moayns ynpyroctu, KoapdULMeHTa

06beMHOro  TEnJIOBOro  pacluMpeHus, MN30TEPMUYECKOTO
NPUPOCTY SHTPOMMUM, IHTANIbMUMU U NOUCK YPABHEHMUA COCTOAHMUA
afleKBaTHO OMWCbHIBAOLLEro 3TN TEPMOAMHAMUYECKME CBOMCTBA B
LUIMPOKOM MHTEPBAse TeMMNepaTyp v AaBleHUN.

O6beKkT uccneaoBaHus - BoAHble cuctembl ¢ SWCNTs,
MaKCUMasibHOW KoHueHTpaumein 3 r/n. SWCNTs cuHTe3npoBaHbI
371eKTPOAYrOBbIM MeToa0M B atmocdepe renus.
feomeTpuueckne napameTpbl SWCNTs: avametp (1+2) Hm,
AnvHHa - (1+5) Topubl  yrnepogHbiXx  HaHOTPYO

bYHKUMOHANU3MPOBaHHbI KapboKcuabHbiMK rpynnammu (-COOH)

MKM.

(Pnc.1), nyTem OKMC/IeHWA a30THOM KUCNOTOW, YTO MO3BOAWIIO,
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co3gatb
YrNepoAHbIMU HaHOTPY6amu.

CTabuNbHYI0O BO BPEMEHM BOAHYID CUCTEMY C

Puc.1. EM usobpaxkeHme SWCNTs

AHanu3 CnekTpoB AMHAMUYECKOro paccesHus cseta (Puc.2)
No3BO/IUN OxapakTepusoBaTb pa3mepbl arperatos SWCNTs B
BOAE M OOHapyXuTb WX TeMMepaTypHyl CTabuabHOCTb.
CoyeTaHWe AMHAMWYECKOTO U KOMBWHALMOHHOIO paccesHus
CBETA C 3/1eKTPOHHON MMKPOCKONUEN MO3BOANNO KOMMIEKCHO
OXapaKTepu30BaTb

uccnegyemble o6pasupl.
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Puc.2. PacnpegeneHve ONTUYECKUX HEOLHOPOAHOCTEN B
BoaHow cucteme ¢ SWCNTs. KoHueHToaumsa SWCNTs 0.3 r/n

P—V—T paHHble noAy4eHbl METOAOM  CUAbGOHHOrO

nbesomeTpac onddepeHumanbHbIM TpaHchOopMaTOPHbIM
0ATYMKOM JIMHEMHBbIX CMeLLeHWd B WHTepBase AaBfieHui oT
0,1MNa po 103,2MMNa u uHTepsane Temnepatyp ot 293K po

354K.
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Puc.3. M3oTepmunyeckuii moaynib ynpyroctm Bogabl M
BOAHbIX cuctem ¢ SWCNTs npu 8 MMa n 100 MMa.
KoHueHTpauua SWCNTs 3 r/n

Ha ocHoBe P—V—T pAaHHbIX U MUKHOMETPUYECKUX U3MEPEHUI,

Mbl  PacCyMTanu  U30TEPMMUYECKUI  MOAyNb  YNPyroctu
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j'l 20 MEASURING NANOPARTICLES IN COMPLEX
MATRICES
Hans J.P. Marvin, Hans Bouwmeester & Ruud J.
Peters
RIKILT-Institute of Food Safety, Akkermaalsbos 2,
6708 WB Wageningen, the Netherlands
Hans.marvin@wur.nl

Because of their novel physicochemical characteristics
engineered nanoparticles (ENPs) are nowadays applied in many
new consumer products including food. It is inevitable that
human and environment will be exposed to these particles and
therefore information on their safety is necessary. To collect that
information, reliable methods of detection and quantification of
ENPs in complex matrices is required. This paper will show some
results obtained with three methods:

1. Single Particle - Inductively Coupled Plasma Mass

Spectrometry (SP-ICP-MS)
This method capable of detecting nanoparticles (metal and metal
oxides) in sample extracts at very low concentrations and has
been used by us to determine nanoparticles in food, consumer
products and samples from toxicological studies. This method
requires only limited sample preparation and is suitable for fast
screening.

2. HydroDynamic Chromatography Inductively Coupled

Plasma Mass Spectrometry (HDC-ICP-MS)
This method is a combination of size separation followed by a
confirmation method to characterize nanoparticles (metal and
metal oxides) in food, consumer products and some food items.
It is use in cases where only ICP-MS does not offer enough
specificity.

3. (Transmission, Scanning) Electron Microscopy (TEM, SEM)
Microscopy is used to determine the size and shape of the ENPs
(isolated or present in the matrix). When used in combination
with EDX it is used to determine the chemical composition of the
identified ENPs (SEM-EDX).
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REDOX ADVENTURES OF CARBON
NANOTUBES: FROM OXIDATIVE
LIPIDOMICS TO BIODEGRADATION

Valerian E. Kagan
University of Pittsburgh, Pittsburgh, Pennsylvania,

USA

Engineered nanomaterials are becoming a pervasive
presence in different spheres of modern life — from diverse
technological applications to a plethora of consumer products —
and this raises concerns about their possible adverse effects on
human health and the environment. Among the different
(CNT),
particularly single-walled carbon nanotubes (SWCNT), are most

advanced and abundant in their applications. The unique

nanomaterials available today, carbon nanotubes

physico-chemical characteristics combined with the vast surface
area make the biological effects ofcytotoxicity of these novel
nanomaterials cannot be readily deduced from previous
investigations of other particles or fibers. In fact, in vitro data
indicate that SWCNT may exert strong cytotoxicity with induction
of oxidative stress. More importantly, recent in vivo studies have
demonstrated robust and unusual pulmonary inflammatory
responses of SWCNT upon exposure of mice via aspiration or
inhalation. Inflammatory tissue responses were also observed
when certain multi-walled CNT with high aspect ratios were
administered to mice via intraperitoneal injection. There are
three issues relevant to interactions between SWCNT and
oxidative stress that will be discussed:

1. Biodegradation of CNT by different peroxidases
(including  myeloperoxidase and  eosinophil
peroxidase);

2. Selective Oxidative Lipidomics response towards
mitochondrial cardiolipin in the lung invoked by

of CNT and
spectrometry of phospholipids;

3. Lipid Corona that is formed around CNT after their
pharyngeal aspiration in mice that contains typical

inhalation revealed by mass

surfactant phospholipids along with surfactant
proteins A, B and D and defines their recognition
and uptake by macrophages.

32

ﬂlzz KOMMJ/IEKCHAA OLEHKA KOHTAKTA
HAHOYACTUL, C KMBbIMU OB BEKTAMMU
HA MPUMEPE LI,OMOBOVI MblILLN.
Nonuk B.M.", FepaunHckan N1.A.%, FopauKoBcKan
T.H.z, KonyaHoB H.A.z, MoOLWKNH I\/I.I'I.l,
MenbTek C.E.2
"MHcTuTyT saepHoit pusmnkm CO PAH ,

HoBocnbupck np. /laBpeHbTbesa 11
popik@inp.nsk.su

2l/IchlTyT umTonorumn u reHetnkm CO PAH,
HoBocunbupck np. /laBpeHbTbeBa 10

HaHouactuubl - BblCOKOAMCNEPCHbIE YacTULbl pPasmepom
meHee 100 HM xoTs 6bl B OQHOM W3MepeHUn ¢ uU3nKo-
XMMWYECKMMWU CBOMCTBAMM, CYLLECTBEHHO OTAUYAIOWMMUCA OT
MCXOOHbIX MaTepuanos. B HauuoHanbHOW Nporpamme pPasBUTUSA
HaHoTexHoNornik 6onblioe 3HayeHWe NpUObpPeTaeT KOHTPO/b
61obe3onacHOCTM HAHOMAaTEPUANoB NpPU WX MPOU3BOACTBE W
MCNONb30BAHUK, B TOM YUCNIE, B HAYYHbIX UcCneaoBaHuMAX. Takas
3ajava,
pa3paboTku

HaCToATEeNbHO TDE6VET npumeHeHuUA WU3BECTHbIX W

HOBbIX METO40B W  TEeXHONOTWIA  KOHTPOAS.
MccnepoBaHua ABAAIOTCA HEOBXOAMMbIM 3BEHOM B oblem
KOMMeKce OUEHOK HaHobuobesonacHOCTU. B ocHoBe MnpoeKkTa
NEKUT KOMMAEKCHbIM MOAXOA, COCTOAWMI M3 onpegeneHus
pa3mepoB, AUCMEPCMOHHOMO M 3/IeMEHTHOro cocTaBa 06pasuos,
pa3paboTka 3KCNEePUMEHTANbHbIX

mMeToa0B BBeAeHUA

HaHOOBGbLEKTOB, M3yyeHMe MX  pacnpedesieHus B OpraHusme
3KCNEPUMEHTANbHBIX KUBOTHbIX, BbIABNEHWE MOTEHLMANBHBIX
«OPraHoOB-MULLEHEN» U U3yYEHUE NAaTOreHETUYECKUX MPOLECCOB,
06YC/I0B/IEHHbIX BO34ENCTBMEM HAHOYACTUL, B 3aBUCMMOCTU OT
3/IEMEHTHOTO COCTaBa M pa3mepoB. [1OCKOMbKY  M3yyeHue
6uonornyeckux adpdeKToB HAHOYACTUL, CBA3AHO C MPOrHO30M
BO3MOXXHOIo HEeraTMBHoOro BAUAHUA Ha HCMXO¢M3I/IOI10FVI‘-IECKOE
6narononyyme noaen, To B NpoekTe pa3paboTaH 1 anpobuposaH
KOMM/IEKC METOAO0B, XapaKTepumaytolwmx 6aarononyyve moilei B
napameTpax afeKBaTHbIX AnA 3Toro 6uonoruyeckoro Buaa.
Mpeanaraemblii KOMMJEKC METOLOB HanpaBieH Ha M3ydyeHue
cneunduyecknx 6uonormyecknx 3PPeKToB U MexaHU3MoB
BO34ENCTBUA HAHOYACTUL, Ha KMBble OpraHM3mbl. DTOT NOAXOA,
He OTMeHAEeT ((MGTO,CI,VI‘-IeCKI/IX

peKomMeHZauuii  OLEHKMU

6e30nacHOCTM  HaHOMaTepuanos»,  BBeAEHHble
ot 12.10.2007 r. N 280,

Ha Wu3y4vyeHue o6u.|,eT0chquKoro BO3,Cl,el‘;1CTBVIﬂ

Mpukasom
PocnoTtpebHaasopa KoTopble
Hanpae/eHbl
HaHo4YacTWL, HO He MpeanonaraloT W3y4YeHWUs KOHKPETHbIX
naToreHeTUYeCKUX MEeXaHU3MOB BO3AENCTBUS, YTO HeobxoaAnmo
ANA  pa3paboTKM  paLMOHaNbHbIX

CpeacTe  3awmthl U

NpPooUNAKTUKM 3aboneBaHuit, 06yCNoBNEHHbIX

HAaHOKOMMOHEHTaMU.
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6bITb

HaHouyactuubl  (HY)

ynydweHna O0CTaBKUM BHYTPUBEHHO BBOAMMBDbIX JIEKAPCTBEHHbIX

MoryT ncnonb3oBaHbl  AnAa

npenapatos. OgHako Bonpoc O BAMAHMM camux HY Ha
napameTpbl CUCTEMHOM TFeMOAMHAMMUKKM, TaKMX KaK cpegHee
apTepuanbHoe pfasneHue (CAL) KpoBM M 4yacToTa cepAeyHbix
(4cce),

uccneposaH. B goknage npencrasneHbl gaHHble 06 addextax

COKpaLLeHuit B HacToAllee BPeMA MPaKTUYECKU He
HY, He copepkalwmx nekapcts, Ha CAL n YCC y 60apCTBYOWMX

cB0OOOAHO NepeABUraloLMXCA  KpbIC NOCAe  BHYTPUBEHHOO
O HOKPATHOro BBeAeHUA. bbb uccnenoBaHbl pasnndxble HY: (i)
HeopraHW4yeckMe Me30MOopUCTblE KPEMHUEBbIE HAHOYACTULbI
(MSiHY) ¢ pasnnyHO XMMWUYECKOW NPUPOAOW MOBEPXHOCTU
(TTK),

N XUMUYECKM OKMUC/IEHHOW

(Tepmuueckn  rmapokapboOHMU3NPOBaAHHOM TepMUYECKM
(x0)
noBepxHocTbio), (i) uYacTMubl akpwunosoro nonavmepa c
pasniMyHoi pacTtBopumocTbio (Eudragit® L100, RSPO u E100) u
yrnepoaHoie (OYHT).
BHyTpMBeHHble MHbeKummn TFK MSiHY (o6bemHbIl anameTp (0O4)
=90 Hm, &-noTeHuman =+4,2 mB), Eudragit® E100 NPs (O[], = 163
HM, & = +63,0 mV) u ny4ykos OYHT (O[, = 118 Hm, & = —53,8 mB) B

[o3e 5 Mr/Kpbicy conpoBoxaanucb cHuskeHnem CAL (10-15 mm

KapboHusunposaHHoi (TK)

(iii) OfHOCTEHHble HaHOTPYOKM

Hg) wn vyBenuuenvem YCC pautenpHocTblo oT 4 ao 9 u.
BHyTpueeHHoe BBegeHne TK MSiHY (5 mr/Kpbicy) npuBoanno K
ymepeHHOMy cHuxkeHuto CA/l, Torga Kak COOTBeTCTByoWMe Mo
n03e UHbekuun XO MSiHY, Eudragit® L100 n RSPO HY He Baunaam
Ha CA[. Takum obpasom, rugpodobHbie HY moryt obnagatb
cobcTBeHHbIM BAnAHMEM Ha CAL n YCC. CHukeHne CAL moxer
TaKXe 6bITb CBA3AHO C NOTOK-3aBUCUMOW AunaTaumeit cocyaos B
pe3ysnbTaTe yBe/MYEHWA HAMPAXEHUA CcABUra Ha 3SHAOTENUMW.

OpfHako B UeNOM MexaHu3mbl, BauAHMA HY Ha cepaeyHo-

COCYAMCTYIO ~ CMCTEMY  OCTaloTCA  HEeACHbIMU M TpebyloT

OanbHeunwero uccnefoBaHus.

MNccnepoBaHna BbiNoMHEHbI B pamKax ®PuHcko-Poccuitckoro
COBMECTHOIO MCCNeA0BaTeNbCKOro MpoeKTa, GUHaHcMpyemoro
YHuepcuTeTrom BocTouHo PUHAAHAMM.

|D|24 AEVCTBUE HAHOYACTML, 30/10TA HA
CTPYKTYPHO-®YHKLMOHAJIbHYIO
LUENOCTHOCTb TFAMETUYECKOIO AHMN-
KOMMJIEKCA Y CAMLLOB MbILLEWX

[aBnoYeHKoBa C.I\/I.l'z, 3axuaos C.T.l, Mapuwak
T.N2 Pypoi B.M.}, LJemeHTbeBa 0.B2, CKypuanH
C.I%, 3enenunna U.A.Y, Xoxnos AH.%,
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M.B./lomoHocoBa, 119991, Poccusa, Mocksa,
NeHunHckue ropbl 4.1, c1p.12, Buonoruyeckuii
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2l/IHCTMTyT 6uonornu passutna um. H.K.Konbuosa
PAH, MockBa

3VHCTUTYT GUBMYECKOI XUMUM 1 3NEKTPOXUMUM
mm. A.H.®pymkunHa PAH, Mocksa

“MHCTUTYT MONERYAAPHOI BUOAOTUN UM.
B.A.9Hrenbrapara PAH, Mocksa

B HacToswee Bpems u3lydyeHue Buonoruyeckux spdexkTos

HaHO4YacTunL, CTaHOBUTCA npeameTom MHOTO4YUCNEHHbIX

NPUOPUTETHBIX UCCNefoBaHUA. Kak W3BECTHO, HaHOYaCTULLbI
AEMOHCTPUPYIOT NPUHUMNUANBHO Apyrve GU3MKO-XMMUYECKUe
CBOICTBA, YEM MUX MUKPO- U MaKpPOCKOMMYEcKue aHanoru. B cuny
WX CBEPXMAasblX PasMEPOB M CMeuUdUYECKUX FeOMeTPUYECKUX
dopm
nNpenATCTBUN, ANA HUX HET HEeNpPOHWULLAEMbIX CTEHOK BHYTpWM

HaHoOYacTWLbl HE  WCMbITbIBAOT  MPOCTPAHCTBEHHBIX
KNETOYHbIX CUCTEM; B LMUTOMIA3MATUYECKOW Cpese OHU MOoryT
[eNcTBOBaTb KpaiHe HeyrnopaaouyeHHO M arpeccuBHO, NOPOXKAas
OTPOMHOE KOJIMYECTBO CBOBOAHbLIX KUCNOPOAHbIX PajuKanos,
AKTUBHbIX MyTareHHbIX MONIEKY, BO3OYKAEHHbIE COCTOSHUA.

B cBfA3M C OTKpbiBaOWMMUCA GOMbLIMMK MepcneKkTuBamm
MCNONb30BaHUA  HAHOYaCTUL, 30/10Ta B NPOMbILLIEHHOW
NPaKTUKe, MeauLUMHe, Hay4yHbIX UCCNef0BaHMAX MNOLHUMAEeTCA
BOMPOC O TOM, 06/134a10T /I HAHOYACTULbI 30/10Ta TOKCUYECKUMM
addektamu (Daniel, Astruc, 2004; Boisselier, Astuc, 2009).

3afaya HacToAwen paboTbl coctosna B M3ydyeHUn adpdekTos
OeNCTBMA  HaHOoYacTWL, 30/10Ta Ha CNEepMUOreHHble KNeTKu

mblwen. [OnA  AOCTUXKEHWUA  MNOCTaBAeHHOM  uenn  6bina

MCMNO/Mb30BaHA MOAE/NbHAA CUCTEMA AeKOHAeHcauuMu faepHoro
XpomaTuHa in vitro, umuTMpylowas npouecc obpasosBaHus
MYKCKOTrO

nospexaeHus B

NpoHyKneyca 1
CTPYKTYpe
CNepmueB roTOBUAWM M3 KayZasbHbiX OTAENOB 3NuMAMAMMMCA

BbIABAAIOWAA  MNOTEHUMANbHbIE
[OHM-komnnekca. CycneHsuto

NoJI0BO3pesbIX CamLoB Mbiweid F1-rubpuaos CBAXC57/BI6.

Hamu Bnepsble MokasaHo, 4To 06paboTka ramer,
nemembpaHn3nMpoBaHHbIX aogeunncynbpatom Na, B cpepax,
COAEePMKALUMX HAHOYACTULLbI 30/10Ta (AMameTp YacTul, ~2.5 Hm) B
KoHueHTpaumn 1.0 x 1015 wuactuu/mn, w

MHKyBaumsa B pacTBope AUTMOTPEUTONA NPUBOSAT K HapyLIEHWIO

nocnegyowas

OVHAMUWKM npouecca AeKOMMNaKTU3aumMm xpomaTuHa. Mo cteneHu
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PacnakoBKM AZEPHOr0 MmaTepuana rameTbl YCIOBHO 6blau

pasfgeneHbl Ha TPWU T[PYNMbl: «UHTaKTHble» (B LENOM He

OT/IMYAIOLMECA OT HATUMBHbLIX AAEp), YaCTUYHO W MONHOCTbIO
CTpyKTypa
[AEKOHAEHCMPOBaHHbIX anep
06paboTaHHbIX HaHOYacTMLAMM 30/10Ta, PE3KO OTAMYanacb OT

AEKOHOEHCUPOBAHHbIE. BHewHe 4YaCTUYHO n

MONIHOCTbIO cnepmues,
KOHTPO/IbHbIX 06pasLoB, NpuobpeTas rMbibYaTyo opraHM3aLmio

XpomMaTMHa  BMECTO  AgucrnepcHon. Miowagb  Npoekuun
NOJSIHOCTbIO  AEKOHAEHCMPOBAHHbIX AAep 6blla  yMeHblueHa
npuéaunsutenbHo B 2 — 3 pasa. [pu paBHbIX YCAOBUAX
3KCMEePMMEHTA YacToTa BCTPEYAEMOCTU MHTAKTHbIX, YaCTUYHO M
NOJIHOCTbIO AEKOHAEHCMPOBAHHbIX AA4Ep COCTaBNANA B KOHTpose
2, 18 n 80%, a B 06pasLiax, MHKY6MPOBaBLUMXCA C HAHOYACTULLAMM
30/10Ta B TeyeHne 20 MuH 1 40 muH, cooTBeTCcTBEHHO 16, 80 1 4%
1 60, 30 1 10%.

B Apyroi cepumn sKcnepMmeHToB AMHAMMKY AEKOHAEHCauMm
anep aNMANANMANbHBIX CMEePMATO30MA0B Mbllleln U3yvanum Ha 14
CyT Mnocne OAHOKPaTHOro BHYTPUOPIOWMHHOMO BBEAEHMS WM
HaHovactuy, 3on0ta (C=1x1015 uactuu/mn). Mocne Tuonosow
06paboTKM B  OMbITEé 4YMUCAO CNEepmMMeB C  MNOJIHOCTbIO
AEKOHAEHCUMPOBAHHbIMKU Aapamn coctasuao 100%, npu atom B

KOHTpPONE NPUCYTCTBOBA/IM BCE TPWU rpynnbl AAep: MHTAKTHbIE

(13,5%), YacTMyHO (42%) 7 NONHOCTbO (44,5%)
[OEKOHAEHCMPOBaHHbIE.

Ha ocHoBaHuM 3Tux Habnwo4eHWM Mbl  NPUWAKM K
3aK/IOYEHUIO, yTo HaHOYaCTULLbI 30/10Ta obnagatot

CNepmMaTOTOKCUYECKUM AelCTBMEeM. MexaHM3M 3TOro AencTeus
MOKeT BbITb CBA3aH C B3aMMOAENCTBMEM HaHOYaCTUL, 30/10Ta C
MoneKkynamu asyxuenodeyHor OHK (Esgokmmos u ap., 2010),
Apyroi
HaKOM/IEHUA OCHOBHbIX AAEPHbIX 6e/IKOB B cnepmuoreHese.

NPUYMHON MOKEeT OblTb HapylleHWe CUHTe3a U

Nutepatypa

1. Boisselier E., Astuc D. Gold nanoparticles in nanomedicine:
preparation, imaging, diagnostics, therapies and toxicity // Chem.
Soc.Rev., 2009, v. 38, p.1759-1782.

2. Daniel M.C.,, Astruc D. Gold nanoparticles:
supramolecular chemistry, quantum-size-related properties and

assembly,

applications towards biology, catalysis and nanotechnology //
Chem.Rev., 2004, v.104, p. 293-346.

10.M., B.N.,
HaHOCTPYKTYpbl U HAHOKOHCTPYKL MU HA ocHose AHK. M.: «CaiHc
npeccy», 2010, 256 c.

3. EBpokumos CanaHos Ckypuaunu  C.I.
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BAKTEPULUWNAHBIE CBOMCTBA
HAHONJIEHOK
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YHusepcuteT um. P.E. Anekceesa, r. HxHUIM
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“HusKeropoacKuit FocysapcTBeHHbIN YHUBEpCUTET
um. H.1. NobauescKoro, r. HWxHuii Hosropoga.

Ha cerofHALWHMI AeHb co34aHne HaHOMAaTepranoB ABAAETCA
04HVM 13 Hanbonee NepCneKTUBHbIX HaMpPaB/IEHUI KaK B HayKe,
TaK M B TEXHONOTMYECKUX OTpacnsax. AKTUBHOE pa3BUTUE
HaHOTeXHOMOrMK BbICTPO pacluupseT chepbl ee NPaKTUYECKOro
npumeHeHus. CUHTe3Mpyemble MmaTepuanbl:  HaHOYacCTULLbI,
HOHOM/IEHKU, HAHOTPYOKM U T.4. HAXOAAT LUMPOKOE NPUMEHEHUE
BO MHOrux cdepax neatenbHocTM. HOHOMOKPbLITUSA HaxoaAT Bce
bosiee  WIMPOKOE NpUMEHeHMe B ONTUYECKUX CUCTeMax,
MUKPO3NEKTPOHMKE, OTOrasbBaHWKe, CUCTEMAX, CMOCOBHbIX K
camooumnwieHunto.  OAHMM U3 MaTepuanos,  ABNAIOLWMXCA
bOTOKATaNUTUUECKM AKTUBHBIM, B TOM YMUCAEe NPOABAAIOLLUM
b6aKTepuuMaHble CBOWCTBA, ABAAETCA AWMOKcua, TutaHa (TiO2-
nnéHkn). [aHHoe cBoWcTBO o06ycnosneHo obpa3oBaHWEM
aKkTUBHbIX ¢dopm Kucnopoga (ADK: O, OH:, HO,:, H,0,) Ha
NMOBEPXHOCTU MNEHKM MNpPU BO3AEUCTBUU YAbTPadMONETOBOrO
CBETA C 3HEepruei NPEeBbIWAIOLLYIO WUPKUHY 3anpeLéHHON 30HbI
(A< 390 Hm).

Llenbto

6aKTepULUMAHbIX CBOWCTB HAHOMNEHOK Ha OCHOBE [AMOKCMAA

JOaHHOM pabotbl cTano nccnefoBaHue

TUTAHA B OTHOLWEHUWM TPamMMNoNoXKuTenbHbIX (Staphylococcus
epidermidis 1061, S.aureus 956, S.aureus 455, Enterococcus
faecalis 971, E. faecium 2381) u rpamoTpuuatensHbix (Escherichia
coli 321-5, Pseudomonas aeruginosa 9691, Proteus vulgaris 1212,
Klebsiella oxytoca 525, K. pneumoniae 527) wrtammoB 6akTepuit.
WccneposaHuve YKM3HEecnocobHocTM npoBoOAMIOCH Ha
NMOBEPXHOCTU HAHOMJIEHOK, HAHECEHHbIX Ha MOAJ/IOXKKY METOAOM
30/1b-Te/Ib TEXHONOMUN.

LWtammbl  GaKkTepuit  BbIpaWMBAANUCL  Ha
(MMNA)

Temnepatype 37°C, cMblBanuCb GU3NONOrMYECKMM PACTBOPOM U

NOBEpPXHOCTU
MACONENTOHHOro arapa B TeyeHue 24 yacoB npu
B3BELUMBA/INCb B KOHEYHOM KOHUeHTpauun 10 ME. MonyyeHHyto
CYCMeH3Mnio pasBoaWN A0 MONYYEHUA N30IMPOBAHHbIX KOOHWUI
B KonmuyectBe 200-300 KosnoHuneobpasyrowmnx eanuuy, (KOE) Ha
Yawky Metpu. CTepunbHble Yawku Metpu ¢ TiO-naéHKON 6blan
OMbITHbIMK, @ uYalwku [eTpu 6e3 NAEHKM — KOHTPOSEM.
BbakTepmanbHyto cycneHsuto B Koamyectse 0,7 mn BHOCMAM B
Yawky MNeTpu n obayyanu nog YO namnoit BIO-2 Ha paccToaHMmM
18,5 cm B TeyeHue 15 mMuH. [ANA OTCEYEHUA «KECTKOro»
ynbTpadumoneTa MCnonb3oBancA CBETOPUABTP C MaKCMMyMOM
nponyckaHua 365 HM. 3aTem, 0,05 mn HaKkTepranbHOW cycneHsum
BblceBanM Ha Yawku Netpu ¢ MMA. Mocne nHKkyb6aumm (24 vaca,
37°C)
MccnepoBaHve KaxAoro wWTamMma NPOBOAMIOCL B CEpUM He

npoussoannca noacyetr 4Yucna eguHUYHbIX KONOHWIA.

MeHee 6 IKCNepUMeHTOB.
WccnepoBaHue 6akTepuumaHoro apdeKta HaHOMAMAEHOK Ha
ocHoBe  TiO, NOKa3ano CHUMKEHWE YKU3HEecrnocobHOCTU Kak


http://www.google.ru/search?hl=ru&newwindow=1&biw=1280&bih=749&sa=X&ei=emzwTYSXHI2aOq_a0KAD&ved=0CBcQBSgA&q=Klebsiella+oxytoca&spell=1
http://ru.wikipedia.org/wiki/Klebsiella_pneumoniae

rPaMMOIOKUTENIbHBIX, TaK W TrpamoTpuuaTesibHbIX 6akTepuit
(PucyHoK 1).

CHuxeHune yncna KOE npu Mcnonb3oBaHUWM MJIEHOK MOXET
ObITb 06BACHEHO rNaBHbIM 06PA30M OKMUC/IEHMEM KJETOYHOW
CTeHKU n/uan membpaHbl H6akTepuit A®K, obpasyembiMn Ha

nosepxHocTn TiO,-NNEHOK.

»o
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PucyHok 1 — Yncno KOE 6akTepuit nocne uHKybaumm nog
ynbTpaduoneTosbim csetom (365 Hm) B TeuyeHue 15 muH Ha
NOBEPXHOCTU CTEKNA (KOHTPOAb) U TiO2-NAeHKu (onbIT).

PucyHok 1 semoHcTpupyeT, Yto npu 0bay4eHnn ob6pasLoB Ha
nosepxHoctn TiO,-NnéHKM YP-ceeTom B TeyeHue 15 MUHYT He
Habnoganocb nonHoro (100%) cHuskeHua KonudectBa KOE,
nostomy 6bliM  nposeaeHbl

3KCNEPUMEHTbI NO U3YyYEHUIO

AvHaMUKKM 6akTepuumaHoro addekta TiO,-nneHoK (PUCYHOK 2).

a 6 B

PucyHok 2 — CHuxkeHune uncna KOE wramma S. aureus 956
nocne WHKyb6auumu B TedeHue 45 MUHYT: @ — OTPULATENbHBbIN
KOHTpOnb (MHKybauma 6e3 ynbTpadmoneta u Ti02); 6 -
NOJIOMKUTENIbHBIM KOHTPOAb (MHKYBauma nog, YP-csetom 6e3 TiO2
— NAEHKM); B — oOnbIT (MHKybauus noa YO — cseTom Ha
NOBEPXHOCTU OTTOXKEHHbIX TiIO2-NAEHOK).

Takum nokasaHo

obpasom, B pabote

YKM3HECNOCOBHOCTM KakK ANA TPaMNONOXKUTENbHbIX, TaK U ANA

noaasneHue

rpamoTpuLaTenbHbIX 6akTepuit npu Bo3geincTeum Yd-ceeTa Ha
nosepxHocTb TiO,-NneHoK B TeyeHue 15 muH. Bosgelicteme YO-
cBeTa Ha noBepxHOCTb TiO; — NNEHKM B TeYeHMe Yaca NPUBOAMUT K
NoYTM NOSIHOMY YHUYTOXEHMIO (gna S. aureus 956 oTmeyeHo
CHUXKeHWe usHecnocobHocTM Ha 96%, ana S. epidermidis 1061
— Ha 94%, ana S.aureus 455 — Ha 83%, ana E. faecalis 971 — Ha
67%, E. faecium 2381- Ha 90%, ana E.coli 321-5 — 53%, ans
Klebsiella oxytoca 525 — 63%, gna P. aeruginosa 9691 — Ha 84%).

Paboma evbinonHeHa npu noddepxcke epaHma 11-04-97036-
p_rosonxwbe._a.

|DI26 SKCMPECC-AHAJTIN3 ONPEOENEHUA
ONACHOCTU N TOKCUYHOCTHU
HAHOMATEPWANOB.
bapaHoB B.l/l,l, Conosa E.A,l, [aHKoBCKan O,A.Z,
Naspos B.0.

'Poccuiickan MeamuUMHCKas akaaemusa

nocneamnaomHoro obpasosanus, Mocksa, yi.

BappukagHan 4.2/1

duanka@mail.ru

2HUK BaKLUWH M CbIBOPOTOK um. U.U. MeuHnkosa

PAMH, Mocksa
YBenunyeHue NPOMbILL/IEHHOTO npou3BoACTBa
HaHomaTepuanos (HM), Habnogaemoe B nocnefHue rogbl, v
CBA3AHHOE C 3TUM YBe/InYeHue Yncaa NepcoHana, BCTynatLLero 8
HernocpesCcTBEHHbIN  KOHTakT ¢ HM, Bneuét 3a cobow
HeobxoAMMOCTb pPa3paboTKM MeToAo0B ObICTPOro TECTUPOBaHMUSA
MX AeNCcTBUA Ha Buonornyeckne ob6bEKTLI C Lesbio onpeaeneHus
CTeNeHW HeraTMBHOTO B/AWAHWA HA OPraHM3M YesloBeKa.
CyliecTBytoWMe B HacToALee BpeMA MeToabl TecTupoBaHma HM
OT/INYAIOTCA 3HAYUTENbHOM A/AWUTEeNbHOCTbIO. B cBA3M C 3atum
Hamu ©Obl1a NpeanpuHATa MOMbITKAa pPaspaboTKM 3Kcnpecc-
MeToAa npeaBapuUTENbHON TUTMEeHUYecKoW oueHkn HM, uto
nossoAnno  6bl  yKe Ha 3Tane  NoAynpOMbIWAEHHOTO
NPOV3BOACTBa OLEHUBATb WUX MOTEHLMANbHYIO OMACHOCTb ANA
37,0pOBbA YeoBeKa.

Llenb HacToAWwero ucciefoBaHUA 3ak/alo4anacb B OLEHKe
LMTOTOKCMYECKOTO  AEeUCTBMA  pasiuuHbix TmMnoB HY no
OTHOLWEHUO K KneTkam Vero in vitro u paspaboTka, Ha 3ToM
OCHOBeE, 3KCrpecc-aHaan3a TOKCMYHOCTU HM.

B 3KCNepumeHTax Mcnonb3oBanun nepesvBaemyto
dunbpobnacTonofobHYO KNETOUHYIO KyNbTypy Vero, Nony4eHHyo
M3 MOYEYHOro 3NUTeNNA 3eNeHON apPUKAHCKOW MAPTBILIKMU.
[aHHas KynbTypa, TPagMLUMOHHO UCMO/b3yemMas B BUPYCONOrMU
ONA onpeAeneHua LUTONAaTOreHHOro AencTBUA BMPYCOB, B TOM
yncae Kopu, aNUAEeMUYecKoro napoTuTa, repneca u Ap., B Halwmx
onbITax 6blna ajanTuposaHa ana onpegenexHuna
uuToTOoKCMYeckoro aeictena HY. Knetkmn Vero obpabatbiBanu in
vitro HY Bonbdpama M ero coeauHeHuit ¢ KobanbTom. B
yactHocTh, HY W - 25 1 60 Hm, mHorodasHoi komnosuumein {W-
C} - 15 Hm, WC = 50 Hm, HY SiO, (10-15 Hm) n HY Ag (60 Hm). B
KauyecTBe KOHTPOAA UCMOb30BaNUN KNETKU, HeobpaboTaHHble HY.
Pe3synbtatbl oueHmBanun 4yepes 24 un 48 4 c nomouwpio DA -
puaepa Titertek Multiskan MCC/340 npu annHe BoaHbl 450 HM.

YCTaHOBNEHO, YTO CTeneHb LMTOTOKCUYECKOro AencTBuA
nccnefyembix HAHOOHBEKTOB 6bl1a NPAMO NPOMNOPLMOHANBHA UX
KOHLUeHTpaumm B Kynbtype. HY SiO, B KoHueHTpaumax ot 1,0 ao
obnaganu 3HaYMTENIbHbIM

KOTOpbIN

0,1mr/mn
adpdekTom,

LMTOTOKCUYECKMM
Bblpakanca B 6GbICTPOM CMOPLLMBAHUM
OTAENbHbIX KAETOYHbIX 3/1EMEHTOB C MOJIHOW AeCTpyKuuein B
JanbHeMWemM  KJeTOYHOro  MoHocnos. B
0,01mr/mn  HY SiO,

MOHOC/I09, a B KOHUEHTpaumsax meHee 0,001mr/mn He oKa3blBaau

KOHL,EHTpaLmu
BbI3blBa/IM YACTUYHOE MOBPEXKAEHME

BMAMMOTO B/IMSIHUA HA YKM3HECNOCOBHOCTb KNETOYHOM KyNbTypbl.
HY Ag B KoHueHTpauum O,1mr/mn 100%
paspylieHue MoOHOCN0A. [aHHbI deHOMEeH COnpoBOXAanca

BblI3blBann

HabyxaHMemM KNeTOK M WX MOCAeAYHOWMM JIM3UCOM, YTO,

BEPOATHO, CBA3AHO C HEPEeryinpyembiM MPOHUKHOBEHMEM
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http://www.google.ru/search?hl=ru&newwindow=1&biw=1280&bih=749&sa=X&ei=emzwTYSXHI2aOq_a0KAD&ved=0CBcQBSgA&q=Klebsiella+oxytoca&spell=1

1 mfls

MEKETOUYHOM KUAKOCTU Yepe3 obpasoBaBLUMecs NOpbl BHYTPb
K/IETOK.

BblpaXKeHHbIMWU LMTOTOKCUYECKMMW CBOMCTBaMU obnaganu
Tak ke H4Y WC n WC-Co. Mpu geictenumn H4 WC B KOHUEHTpaL MK
0,1 mr/mn paspywanocb 4o 90 % knetoyHoro moHocnos. Mo
Mepe YMeHbLUeHUA KOHUeHTpauun B KyabType HY WC wux
LMTOTOKCMYECKaA aKTUBHOCTb PE3KO CHUKaMACh.

Oenctene HY WC-Co nposasnsnocb cnegyowum obpasom:
nog, savsHuem 0,1 mr/mn HY WC-Co octasanock o 30 %, a noa
sanaHnem 0,01 mr/mn - A0 65% M3HECNOCOBHbIX K/IETOK.
MOHO nonaratb, YTO BbICOKAA LIMTOTOKCMYECKAA aKTUBHOCTb
[,@aHHOTO CoOeIMHEHMSA CBA3aHa C MPUCYTCTBMEM B HEM KobasbTa.

MpoBeAeHHble WCCNEAOBaHUA MOCAYXUAM OCHOBOW ANA
HM,
b6bicTpO  ¥”

pa3pa60TKV| meToaa onpegeneHua OnacHOCTU

no3BoAAOWEro B  NabopaToOpHbIX  YCA0BUAX
3KOHOMMYHO TecTMpoBaTb TOKCMYHOCTb HM. C  nomoubto
[AHHOTO  3KCMpecc-meToaa

BO3MOXHO npeansapuTenbHoe

TMrMeHn4eckoe  pernameHTvposaHne HM, nossonsiowee B
KpaTkue (24-48 u4) cpoku penaTb BbIBOAbI O MOTEHLMAAbHOW
OMAaCHOCTU UCCNedyembliX HAHOCOEAMHEHUI B  pamMKax UX
npoussoactsa. Kpome Toro, Bo3moxHo onpegeneHue mnx MNAK in
vitro, a TakXe HeobXxoAMMOCTb WCMO/Nb30BAHUA CMELMabHbIX

Mep 3alLMThbI.

j'l 27 CELLULAR RESPONSE TO
NANOTOPOGRAPHICAL CUES: RELEVANCE
TO REGENERATIVE MEDICINE AND
NONVIRAL GENE TRANSFER
Kam W. Leong, James B. Duke
Department of Biomedical Engineering,

Department of Surgery, Duke University, Durham,
NC 27708

Topography of extracellular microenvironment can influence

cellular responses from attachment

differentiation and production of new tissue. Cells in their natural

and migration to

environment interact with extracellular matrix that contains
structures in the nanometer scale. Nanoscaled topography of
synthetic materials, through its resemblance to in vivo
surroundings, may provide potent cues to influence the behavior
of the seeded cells in regenerative medicine applications. It may
also influence the implant-tissue interface reaction.

This presentation will highlight our recent work on gaining
mechanistic insights of cell-nanotopography interactions. The
of applying
Optimization of

presentation will also explore the potential
topography to enhance nonviral transfection.
nonviral gene delivery typically focuses on the design of
particulate carriers that are endowed with desirable membrane
targeting, internalization, and endosomal escape properties.
Topographical control of cell transfectability, however, remains a
largely unexplored parameter. Emerging literature has
highlighted the influence of cell-topography interactions on
modulation of many cell phenotypes, including protein
expression and cytoskeletal behaviors implicated in endocytosis.
Using high-throughput screening of primary human dermal
fibroblasts cultured on a combinatorial library of microscale
we have demonstrated an

topographies, improvement in
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nonviral transfection efficiency for cells cultured on dense
micropit patterns compared to smooth substrates. This study
represents the first demonstration of a topographic influence on
nonviral gene transfer.

Kam W. Leong is the James B. Duke Professor of Biomedical
Engineering at Duke University. He received his PhD in Chemical
Engineering from the University of Pennsylvania and a
postdoctoral training in Applied Biological Sciences at MIT. After
serving as a faculty in the Department of Biomedical Engineering
at The Johns Hopkins School of Medicine for 20 years, he moved
to Duke University in 2006 to work on applying nanotechnology
to drug, gene, immuno-, and cell therapy. He holds a
Distinguished Visiting Professorship at the National University of
Singapore. He serves on the editorial boards of eight journals,
owns more than 40 issued patents, and has published ~240 peer-
reviewed research manuscripts. His research focuses on
understanding and exploiting the interactions of cells with
nanostructures  for  therapeutic  applications.  Discreet
nanostructures in the form of nanoparticles are applied to drug,
gene, and immunotherapy. Continuous nanostructures in the
form of electrospun nanofibers and imprinted nanopatterns are
applied to implant design and tissue engineering applications.

Webpage link:

http://fds.duke.edu/db/pratt/BME/faculty/kam.leong/

j'l 28 POLYMER NANOCOMPOSITES FOR
BIOMEDICAL APPLICATIONS
Rainer Frank Jordan
Technische Universitat Dresden, Zellescher Weg
19, 01069 Dresden, Germany

Recently, numerous nano-scaled entities ranging from an
artificial virus to carbon nanotubes and graphene came into the
focus of research for biomedical applications. However, for most
medical applications a defined and tailored interface is needed to
integrate the material into a biological system or for direct
medical use. Besides self-assembled monolayers (SAMs), polymer
brushes are widely used to specifically tailor surface properties,
add chemical and physical functionality and, to integrate a solid
substrate into soft biological matter.

Polymer brushes are usually prepared by a multi-step
preparation method using initiator functionalized SAMs and
consecutive  surface-initiated  polymerization  techniques.
Although this multi-step approach has several advantages, a
more direct path to defined coatings is always desirable.

In this talk methods for the modification of a broad variety of
nanomaterials materials, from artifical virus to graphene with
functional polymer brushes will be presented. l.e. by means of
self-initiated photografting and photopolymerization (SIPGP) a
broad variety of defined and very stable polymer brushes can be
prepared. The high thermal and chemical stability of the polymer
grafting points also allows various polymer analog reactions
and thus add numerous

under quite drastic conditions

possibilities in terms of surface functionalization.
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B TKAHM PACTEHMIA MHOTOCTEHHbIX

YINEPOAHBLIX HAHOTPYBEOK

['yces A.A.l, CmunpHoBa E.A.z, 3aiiueBa O.H.l,
JlaszapeBa E.I\/I.z, OHULWEHKO F.E.z, Ky3HeuoBa E.B.3,
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(Multiwalled
NPOMBbILLIEHHO

MHOrocTeHHble  yriepofHble  HaHOTPY6KM
nanotubes, MWCNT) -

nponssoauMbIX HaHOYacCcTUL, C YHUKaNbHbIMU CBOWMCTBAaMMU MU

carbon Knacc

WMpoKoi cdepoit NpUMeEHEHMs B HaHoTexHosnoruax [1].
CoobLaeTca Kak O MO3UTUBHBIX, TaK U O HEraTMBHbIX 3ddeKTax
MHOTOCTEHHbIX Yr/1IepoAHbIX HAHOTPYOOK ANA pacTeHuin [2-6].
Mpepnonaraetca, YTO MHOFOCTEHHblE YrAepoAHble HaHOTPY6KM

He B COCTOAHMU NPOHUKHYTb Yepe3 KNEeTOYHYO CTEHKY pacCTeHuA,

1 Habnogaemble 3¢ deKTbl Bbi3BaHbl aAcopbumeit HaHOYaCTUL, Ha
KOPHAX pacTeHus. Llenb AaHHOro uccnefoBaHusa COCTOUT B TOM,

adpdekT

«TayHUT»,

yTo6bl  OLEHUTL YrepoAHOrO  HAHOCTPYKTYPHOrO

martepuana cofepKallero MHOTOCTEHHble
yrnepogHble HaHOTPYBKM Ha pa3BUTME MPOPOCTKOB 3cnapuera
necyaHoro Onobrychis arenaria ¥ nokasaTb HaKomnieHue
MHOTOCTEHHbIX YI/IePOAHbBIX HAaHOTPYOOK B 3KCMOHWMPOBAHHbIX
pacTeHuax. YcTaHOBNEHO, 4TO «TayHWUT» CTUMY/NMPOBan pPocCT
KOpHeh u ctebnei, U yBeanumBan aKTMBHOCTb NEPOKCMAA3bl B
TKaHAX pacTeHuidi. MeTogoM NpPOCBEYMBAIOLLEN 3NEKTPOHHOM
MWKPOCKONWUM  MOKa3aHO, YTO MHOrFOCTEHHble YriepoAHble
HaHOTPYBKM HaKanAMBalOTCA B KOPHAX U NIUCTbAX UCCAeLyeMblX
NPOPOCTKOB W MOATBEPHKAEHO, UTO [JAaHHble HaHOYaCTWLbl
[EeNCTBUTENBHO MPOHUKAKT Yepe3 KETOUHYI CTEHKY. Takum
0bpasom, cTUMyanpyroLWni 3PPEKT MHOFOCTEHHbIX YrNepPoaHbIX
HaHOTpPYy6OK Ha npopocTkax O. arenaria MoKeT 6bITb CBA3aH He
TONbKO C agcopbumell Ha KOPHAX, HO U C MPOHUKHOBEHMEM,
HaKOM/JIeHUEM U NMepeMeLLeHNEM HAHOTPYOOK K APYrMm TKaHAM

pacTteHus.
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B3AUMOJENCTBUE HAHOYACTUL,
AJIMA3A C KOMIMNOHEHTAMW KPOBU IN
VITRO N UX BNUAHUE HA
MMWKPOPEO/IOTMYECKME CBOMCTBA
SPUTPOLUTOB

Mpuresxxes A.B.l'z, Jlyrosuos A.E.z, MoHoBa B.I’.a,
CamcoHoBa I-O.C.l, YeHnr ‘-I.—J'I.A, MNepeBeneHueBa
E.B.*

‘dusnueckuit dakynbTeT, MOCKOBCKMI
rocyAapCTBEHHbIV YHUBEPCUTET UM.
M.B./TomoHocoBa, Mocksa, Poccus,
avpriezz@gmail.com

2Me»(/:l,yHapo;:l,an‘& NasepHbIv LeHTP, MOCKOBCKUIA
rocyfapCTBEHHbIV YHUBEPCUTET UM.
M.B.J/TomoHocoBa, MockBa, Poccusa

3HayLlen?l LeHTp Hesposornun PAMH, Mocksa,
Poccua

“dusnueckuii bakynbteT, HaLmoHa bHbI
yHusepcuteT [loHr XBa, XyanaHb, TaBaHb

Bonpocbl 6MOCOBMECTMMOCTM HaHOHaCTML, HAHOTOKCUHYHOCTH
M HaHo6e30MacHOCTM B HacToAWEee BpPems MPUBAEKAOT BCe
bonbluee BHMMaHWE wuccneposaTenein. HaHodyacTUubl anmasos
(HA)
MapKepamu U NOTEHUUA/IbHO MOTYT WKMPOKO MNPUMEHATbCA B

ABNAOTCA nepcneKkTUBHbIMU bnyopecLeHTHbIMK
6MOMEANUMHCKOMW AMarHOCTUKE. XOTA OHWU HETOKCUYHbI U He
paspyLIaloT KU3HEHHO BaKHble OpraHbl, TKAHW WU KAETKM, KaK
nokasaHo B page BMONOrMYEcKMX SKCMEPUMEHTOB KakK in vitro,
TaK 1 in ViVO, BO3MOXHOCTb MX UCMO/Ib30BaHUM B KANHUYECKOWN
NPaKkTUKe  OCTaéTcA  OUCKYCCMOHHOW. Ectb  onaceHus
BO3MOXHOCTU HaKonieHWa HA B KNeTKax, MHbIX HEXeNU Te, 4To
nccnesoBasnch B SKCNEPUMEHTAX.

Llenbto AaHHOM paboTbl 6b110 UCCNef0BaTh B3aumoaencramne
HA ¢ KoOmMnoOHeHTamM KpoBW U WU3yuuTb BAMAHMEe HA Ha
MUKPOPEONOrMYECKNE XapPaKTEPUCTUKM KPOBM, B YAaCTHOCTW, Ha
cnocobHocTb 3puTpoumToB (3) AedopmnpoBaTLCA B CABUIOBOM
MOTOKEe M K CMOHTaHHOW arperauuu. 3TO ucciefoBaHue 6bino
MOTUBUPOBAHO TeM 0BCTOATENILCTBOM, YTO BBEAEHUE Kak HA, Tak
M BGONbWMHCTBA APYrMX HaHOYaCTWUL, B KWMBOM OpraHMsMm B
TepaneBTUYECKUX  UAn 06bI4YHO

ANarHOCTUYECKux uenax

NPOU3BOAUTCA BHYTPMBEHHO, T.e. 4Yepe3 KPOBOTOK. OaHako
B/IMSIHWE HAHOYACTUL, HA KPOBb U HA eé CNOCOBHOCTb HOPMANbHO
TeYb MO COCyAam PasHbIX AMAMETPOB MPAKTUYECKM HUKOrAa He
y4uTbIBaeTCA.

B paHHOM paboTe npeacTaBneHbl pe3ynbTaThl UCCAEA0BAHUA
B3anumogeinctama HA (5-500 Hm) ¢ D KpoBu u ¢ Benkamm nnasmbl
KPOBM anbbymMUHOM U Y-rNoBYIMHOM, KOTOPbIE UFPaloT BaXKHYHO
ponb B MEXKNETOUYHbIX

B3aMmogenctsuax.  Mamepenus

NPOBOAMAUCL C WCMONb30BAaHMEM METOAOB PamMaHOBCKOM,
abcopbUMOHHOM M NasepHOl CKaHupylowen ¢ayopecueHTHON
CMNEeKTPOCKONWUM,  AMHAMUYECKOro ynpyroro

onbdy3HOro paccesHus cBeTa W Na3epHON AudbpakTomeTpumn

cBeTopacceaHuUA,

(akTauuTomeTpum).

[Ona nemoHcTpaumm B3aumopeinctema HA u 3 mbl nonyumam
dnyopecueHTHble W CBETNOMNONbHble M306paxkeHua HA u 3,
MHKYOMPOBAHHbIX B

cycneHsun  HA.  dnyopecueHuma HA

BO36Yy)KAanacb Ha 488 HM U AETeKTMPOBaNach B AnanasoHe 491-
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539 HMm. MonyyeHHble M306parKeHUs ACHO MOKasbiBakoT, Yto HA
NPUCOEAMNHAIOTCA K KNETOYHbIM MembpaHam 3.

AnAa usyyeHma samaHma HA Ha O mbl nposenu in vitro
M3mepeHua uHAeKca p[edopmumpyemMocT 3 U HECKONbKUX
napameTpoB KMHETUKM MX arperaumu. B Hawmx sKkcnepumeHTax
Mbl gob6aBnaam cycneHsmm HA B GUAMCTMAANPOBAHHON BoAae U B
du3nonormyeckom pactBope B Pa3/IMYHbIX KOHLIEHTPaUuAX B
06pasubl CBEXEB3ATOM Ye/OBEYECKON KPOBU. Mbl Takke

ncnonb3oBanu HaHoanmasbl c KapboKcMAMpPOBaHHOM
noBepxHocTbio (KHA), KOTopble XapaKTepu3yroTCA MOBbIWEHHOM
610COBMECTMMOCTBIO.

Mbl nokasanu, 4To MMmeeTca onpeaenéHHoe oTpuLuaTeNbHoe
BavaHue HA u KHA Kak Ha pgedopmupyemoctb, Tak M Ha
arperauyMoHHyI0 KMHETUKY D B 3KCMPUMEHTAX, MPOBOAUMBIX in
vitro. CreneHb 3TOr0 B/AMAHUA 3aBUCUT OT pPa3MepoB MU
KOHUeHTpauun yactuy,. Tak, 6onee menkune HA n KHA (pasmepom
OKO/10 5 HM) B 60/1€€ HM3KMX KOHLEHTpaumax (okono 33 mkr/mn)
CHWXKaAOT Bpems (OpPMUPOBaAHWA arperatoB W YBENUUUBAKOT
aMNAWUTYAY CMOHTAHHOM arperaumu 3 B LENbHOW KPOBM, YTO B
uesom AsnseTca oTpULATENbHBIM dusmonormyeckum
npossaeHvem. Yactmupl 6onbwero pasmepa (100-200 Hm),
PaBHO KaK UM YacTWLpbl MEHbLUErO pa3mepa, Ho B 6osiee BbICOKMUX
KoHUeHTpaumax (okono 330 mKr/mn), nNpuMBOAAT K MeHee
OTPULATENBbHBIM MOCNEACTBUAM, YTO MOXKHO WMHTEPMNPETUPOBATH
KaK pe3ynbTaT arperauym mMasbixX YacTuL, B KOHLEHTPUPOBAHHbIX
CYCMEH3MAX U HEMPOHUKHOBEHMWE CPABHUTE/IbHO KPYMHbIX YacTuUL,
HA n wnx

Kap6okcunmposaHue

arperatos  BHYTpb 3

nosepxHoctn HA

yepes ux membpaHy.
YyacTuy,  ymeHbliaet
cTeneHb OTPULIATENBHOFO BAMAHMA Manbix KHA, opHako He
YCTpaHAET ero NosHOCTbLIO.

BaunsaHue vactmy HA Ha casurosyto gedopmupyemocts 3
TaKXe OTpuLaTeNbHO: MHAEKC AedopMMPYyeMOCTU D CHUKaeTcA
BO BCeM MWCC/eA0BaHHOM AMana3oHe CABUIOBbIX HaNpPAMXKeHWUn
(ot 3 po 60 Ma). OfHaKO CHUXEHWE UHAEKCA AedOPMUPYEMOCTU
CTAHOBMTCA O4EBUAHBIM NPU 60/1ee BbICOKMX COHLLEHTPaLMAX.

MccnepoBanoch TakkKe BAMAHWE CMELUMBAHMA  BOAHbIX
cycneHsuin HA n KHA ¢ BoaHbIMK pacTBopamu anbbymuHa u y-
rnobynvHa.  [poAEMOHCTPUPOBAHO  Hanuume  aacopbuum
monekyn 6enka Ha nosepxHocTM HA u KHA, yTo NpuBOAMT K
pocty paguyca
BbIPaXX€HHOCTU 3TOrO ABNIEHUA 3aBUCUT OT KOHLLEHTPaLMKN YacTuLy,

r'MapPOAVHAMUYECKOTrO vyactuy.  CTeneHb

n pH pactBopos. [MpeaBaputenbHoe nokpbiTue HA yvactuy,
Mo/ieKynamu anbbymuvHa ymeHblaeT 3TOT 3PdEKT, HO He
YCTpaHAET ero NosHOCTbLIO.

3TU pe3ynbTaTbl MOKa3blBalOT HEOBXOAMMOCTb TLLATE/BbHBIX
uccnefoBaHUn  BAUAHUA

HaHO4YaCTuUL, Ha peonorn4yeckue

CBOWCTBA KpOBM B Tex C/Ay4asx, Koraa npegnonaraerca
OCYLUEeCTBAATb AOCTaBKYy YacTUL, K TEM WAM MHbIM OpraHam Wu
TKaHAM OpraHu3ma yepes KPOBOTOK.

ABTOpbl 6narofapHbl 33 NOAAEPXKKY [AaHHOM paboTbl
rpaHTom  PO®U  08-02-92002-HHC, a rpaHToOM
HaumoHanbHoro HayyHoro Coseta TaliBaHs 97-2923-M-259-001-

MY3.

TaKXe
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TARGETED NANOCARRIERS FOR DELIVERY
OF DRUGS INTO THE VASCULAR

ENDOTHELIUM

Vladimir Muzykantov

University of Pennsylvania School of Medicine,
Department of Pharmacology and Center for
Translational Targeted Therapeutics and
Nanomedicine
muzykant@mail.med.upenn.edu
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Delivery and effects of most drugs remain suboptimal, since
they do not have natural affinity to intended therapeutic targets.
Further, biotherapeutics including enzymes require protection
against deactivation and specific sub-cellular addressing, not
attainable for these drugs naturally. Endothelial cells lining
vascular lumen represent an important therapeutic target in
vascular, pulmonary and other disease conditions. Studies by
other and our labs show that targeted delivery of therapeutics to
endothelial cells can be achieved using nanocarriers targeted to
specific molecules expressed on the surface of the endothelium.
In particular, cell adhesion molecules represent attractive targets
for endothelial drug delivery in the context of inflammation and
oxidative stress. This lecture provides examples of targeted
nanocarriers for endothelial delivery of antioxidant enzymes and
discusses key aspects of rational design including optimization of
carrier geometry and affinity to specific binding sites, which help
to control key parameters of drug delivery: pharmacokinetics,
circulation in blood, binding to selected endothelial cell

phenotypes, sub-cellular addressing and duration of the

therapeutic effects.

j'l 3 2 CBEPXPA3PELUAKOLLAA ONTUYECKAA
MWKPOCKOTIKUA KMBbIX OB BEKTOB.
JlesuH .., Mowucees H.H.
Bcepoccuiickuii HayuHo-UccnepoBaTenbckuii
NHCTUTYT ONTUKO-PUr3nyecknx MamepeHuin
(BHUMO®DMU), 119361 r. Mocksa, yn. O3épHasn, 4.46
levin@vniiofi.ru

BaxkHoW npobsemoit MUKPOCKOMUKU ABAAETCA MNOBbILEHWE
paspeluatouieit cnocobHocTU. NMPUMEHUTENBHO K MUKPOCKONWUU
MBbIX KNETOK 3TO 3HayeHue. 37O

umeeT pelialollee

onpeaenseTca  Tem, YTO  OpraHeAibl  KAETKU  UMetoT
cyBMUKpOHHbIE pa3mepsbl. [na HabnwogeHus TpaHchopmaLmu
KMBOW  KIETKM Heobxoaumo obecrneuntb paspeluatoLLyto
cnocobHoctb Ha yposHe 0.1-0.05 MKM npu A/AMHE BOJHbI
30HAMpYyOLWero n3nyvyeHun 0.5 MKM. Paspewatowan
cnocobHoCTb Ntoboro onTMyeckoro npubopa onpeaenseTca ero
annapaTHoW ¢yHKUMeR. Y MUKpOCKona WHCTPyMEHTanbHasA
paspeluatoLLas cnocobHOCTb onpeaenseTcs YNCI0BOWM anepTypoi
MWUKPOOBBEKTUBA U A/IMHOM BO/IHbI 30HAMPYIOLLEFO U3/TYYEHUA U
COCTaB/AET A/1A BbICOKOKAYECTBEHHbIX MUKPOCKOMOB BENNYUHY
nNpUMBAN3NTENBHO PaBHYIO ANUHE BOAHbI. OAHaKo, uccnenoBaHus
B o06nacTM paavModu3MUEcKUX U ONTUYECKUX U3MEpPEHUN
NoOKasasu, YTo MpU BbICOKOTOYHOM PEerucTpaLumn 13obparkeHui
TEOpeTUYECKUI (paieeBCKUi) Npeaen paspelleHns MoXKeT bbiTb
npes3oiaeH. bbino NokasaHo, YTO paspeluatolias CrnocobHOCTb
onpeaenseTca He annapaTHbIMKU CBOMWCTBaMM camoro npubopa, a

TOYHOCTbIO U3MEPEHUA BbIXOAHOIO CUTrHanNa.

Ewe pBaguate natb  netT

OUOPaKUMOHHBIN Npeaen HenpeogonMm W 4YTo Heobxoammo

Hasag, Kasanocb, 4TO
OTKa3aTbCA OT CBETa KaK TaKOBOTO MPU M3yYEeHUU OOBLEKTOB,
pasmepbl KOTOPbIX BO MHOFO pa3 MeHblue AJIMHbI BO/HbI CBETA.
MMEHHO TakKMM nyTem MOWAM CO34aTeNIM 3NEKTPOHHbLIX U
OpaHako,

PEHTTEHOBCKMX MUKPOCKOMNOB. nocne [OOAnrux ner

HaﬂpH)KEHHOVI pa6OTbI CTano BO3MOXHbIM PerncTpupoBaTb

HaHOOOBEKTbI M U3MEHEeHUsA HaHOMeTPOoBOro maclTaba C

NOMOLLbHO OnTUYECKOro MMKpOCKonNa. KoHeuHo,
ANOPAKUMOHHBIN NpefieNl HUKTO He OTMEHAN, HO ero yaaértcs
060MMTU, UCMONB3YA XUTPOYMHbIE ONMTUYECKME CXEMbI U NPUEMBI
BbIYUC/IUTENILHOW KOPPEKLUM.

ONTMYECKME CUCTEMBI, B KOTOPbIX CTPOUTCA M306parkeHne co
CBEPX pa3spelleHMeEM MOXKHO pas3genvTb Ha Jse 6onblive
rpynnol.

B nepsoi n3obpaxkeHma co

rpynne BOCCTaHOB/EHMe

cBepxpaspelleHmeM npeacrasaser coboi  ABYXCTyneH4aTbli
npouecc. Ha nepBom 3Tane OCyWECTBAAETCA perncrpaums
M306paKeHnsa ¢ MaKCMMasibHO BbICOKOM TOYHOCTbIO, Ha BTOPOM
sTane pewaetca obpaTHas 3afada peayKkuMu K uaeasbHOMy
npubopy. MpeasapuTesibHble OLEHKM MOKasblBalOT, 4TO nNpu
n 8-10

OTCYETOB PEruCTpaTopa Ha 3/NEMEHT paspeleHus BO3MOXHO

M3mMepeHusax usobpaxeHusa ¢ ToyHoctblo 0.1-0.2%

[OOCTUXEHME CBEPXPa3peLeHma B MUKPOCKONUKM. TeopeTuyeckune
N 3KCMepUMEHTaNbHble UCCNeA0BaHUA MOKasann BO3MOMKHOCTb
cnocobHocTM B

noslyyeHus  paspeluatoem

muKpockone 0.1-0.02mkm

onTU4eCcKom

Bo BTOpPOI, ONTUYECKME CUCTEMbI KOHCTPYMPYIOTCA TaKUM
ob6pasom, 4Tobbl chopMMPOBATL MMMNY/IbCHbIM OTKAMK Npubopa ¢
MWHUMabHOW LUMPUHOA.

Mpun 3TOM BapbupytoTcA

ocBeTUTEe/NIbHAA  cCUCTema, MNPenapaTonoarotoBka  06bEeKTa,
CKaHWpOBaHMe 06bEKTA U T.A4,

KntoyeBbiM MOMEHTOM B 3TOM C/yyae ABAAETCA MOJyYyeHue
MHPOPMALMM O PA3/IMYHLIX YACTAX HAHOOOBEKTa He3aBUCUMO
apyr ot gpyra. CylecTBylOT TpU OCHOBHble Fpynnbl MeTOAOB,
no3Bo/IAOWMX cAenaTtb 3T0.

MepBaa rpynna meTOAOB LeneHanpaB/ieHHO 3acTasiAeT
CBETUTb Ty WMAM MHYH 4YacTb ucciegyemoro obbekta. Cambii
MU3BECTHbIA M3 3TUX METOAOB - CKaHWpyoWwasa onTuyeckas
MWKPOCKONUs BAKKHEro nons.

Bo BTOpOM rpynne MeToAoB BblAENATCA 0OBEKTLI, KOTOPblE
CBETATCA pa3HbIMM LBeTamu. B 3Tom cnyyae c nomowbto
cBeTOdUNbTPOB, MPOMYCKAOLWMX CBET TOrO MAM WMHOro LBeTa,
MOXHO OMnpesenATb TMOJIOKEHWEe KAaXA0ro W3 O0ObLEKTOs,
a NOTOM — COCTaBAATb €AUHYIO KapTUHY.

MocnegHAA

rpynna meToaos, WUCNONAb3yeT CBOWCTBA CamMmXx

ceTAWmMxXca 06bekToB. Ciofa OTHOCATCA BCE JIIOMUHECLEHTHbIE
meToabl. CyLlecTBYIOT TaKMe 06bEKTbI, KOTOPbIE MOXKHO «BK/NOYATLY
M BbIKNOYATb» C MOMOLLBIO CMELManbHO NoA06paHHOro cBeTa.

B cBOIO ouepespb, MUKPOCKOMbI TaKKe MOMKHO pa3fAe/inTb Ha Aga
TUNA, OAMH U3 KOTOPbIX paboTaeT C IOMUHECLEHTHbIMU 0BbeKTamu,
a pgpyron - ¢

HeNlOMUHECLeHTHbIMW. B HacTosAwee Bpemsa

HanMboNbLUNIA n30b6pakeHnin  co

HIOMMHECU,eHTHOH

nporpecc B MOJAY4YEHUU
cBepxpaspelleHnem AOCTUTHYT B obnactu
(dntoopecueHTHOM) MUKpOCKONUMK.

B f0KNafe NpoBOAMTCA aHA/U3 OCHOBHbIX ONTUYECKUX CUCTEM, B
KOTOPbIX 9KCMEePUMEHTA/IbHO Moy4eHbl 1306paxKeHns
6MONOrNYECKMX MUKPOOOBEKTOB C paspelleHuem, MPeBbillaoLLUM

OndpPaKLMOHHbBIV Npeaen.
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|E|33 OCOBEHHOCTU MHTEPHATU3ALUMN
30/10TbIX HAHOYACTUL,
SYKAPUOTUYECKMUMU KNETKAMU IN
VITRO N IN VIVO
CnuuypiHa HO. E., MapueHko A. K., MbiwHaa U. A,
MbiwHbIA [. B., 3eHkoBa M.A., Pa6unkosa E. N.
WNHCTUTYT XMHn4eckoi buonoruv u
dyHAaMeHTanbHON MeanunHbl CO PAH,
HoBocnbupck, 630090 np. /laBpeHTbeBa, 8
lenryab@niboch.nsc.ru

CosfaHMe  «MHCTPYMEHTOB» AN MaHMMNy/IMpoBaHUA

KNETOYHbIMU  GYHKUMAMM ABAAETCA OAHOW M3 NPUOPUTETHBIX

3aga4y 6uoHaHoTexHonorun. MepcnekTUBHOM OCHOBOW TaKWX

(3HY),

KoTopble, 6narogaps XMMWUUYECKOM WMHEPTHOCTM M OTCYTCTBMIO

KMHCTPYMEHTOB» CUYMTAOTCA 30/10Tble  HAHOYaCTULbI
TOKCMYECKMX CBOWMCTB, LUMPOKO WMCMO/Ib3YOTCA Npu paspaboTtke
CpeacTB AMarHOCTUKM U NledeHUs OnyxoneBblx 3aboneBaHui.
Pa3paboTkK, HanpaBneHHble Ha BMELATeNbcTBO B GYHKUUK
KNeToK, [AO/MKHbl  6asMpoBaTbCA Ha  3HAHMM  fgeTanew
B3aumogenictama 3HY ¢ KneTkol 1, B YaCTHOCTU, MEXaHU3MOB UX
MHTEpHanu3aLuKn, cBeeHna O KOTOPbIX B Hay4yHOW auTepaType
HeAoCTaTOYHbl. 3afayelt [aHHOrO  UCCAef0BaHUS  SBUNOCH
usyyeHuve wuHTepHanmsaumm 3HY knetkamm Hela in vitro un
KNneTkamu renatombl Al in vivo ¢ NOMOLLbIO METOAA 3/1EKTPOHHOMN
MMKPOCKONUMN.

KneTtkn KynbTypbl Hela B moHocnoe obpabatbiBann 3HY (16
+ 1 HM), NnonyYeHHbIMM UMUTPaTHBIM MeTogom (0,42 UM/1 maH.
dopmbl

nocpeacTBOM MHTpanepuToHeanbHoro BBedeHuAa 3HY

renatombl Al -
(1,33
UM/mbiws). MNocne yacosoit agcopbumm 3HY npu 100C KNeTkm

KNETOK), a K/IeTKM acumuTHOM

Hela uHKky6uposanu npu 37°C B Teuenme 5, 10, 20 30 muH, 1, 2,
5,9, 18, 24, 48 n 72 4, 3atem ¢ukcnposann 4% p-pom
napadpopmanbaernza. ACLUTUYECKYIO XKWMAKOCTb OTOMpanu wus
nepuToHeanbHOM NONOCTM Mblweit (nnHua A/He) yepes 30 mMuH,
1,5 n 3 4y nocne BeeaeHua 3HY, kneTkn duKcmposanu 4% p-pom
napadpopmanbvaernga. Obpasubl obpabaTbiBaAn CTaHAAPTHLIM
MEeTOAOM W 3aAuBasuM B CMeCb 3MOH-apanauT. YAbTpaTOHKue
cpesbl M3y4Yanu B 3NEKTPOHHOM MUKpockone JEM-1400 (Jeol,
AinoHna), ¢GOTOCbEMKY MpoBOAMAM C NOmoWbo UndpoBoin
Kamepsl Veleta (SIS, FepmaHus).

UccnepoBaHume cpe3oB KaeTok KynbTypbl Hela Bbiasuao 3HY
yepes 5-10 MUH MHKY6aLMM B «OMYLLEHHbIX» SMKaX M KaBeonax,
KOZIMYECTBO KOTOpPbIX Hapactaso B TeyeHue 30 MWH, 3aTem
cHuKanocb. Yepes 10-20 muH MHKybaummn 3HY nokanmsosanucb
TaKXe B pPaHHMX 3HAOCOMAxX M KaBeocomax, a 4yepe3 30 - B
No34HUX 3HA0COMAX (MyNbTUBE3UKYAAPHbIX Tenblax, MBT). MBT
ABNANNCb OCHOBHbIM MecToM HakonneHnua 3HY B kKnetkax Hela B
TeyeHune nepsbIx 5 Y
TpaHcbopmupoBanucb B

MHRy6auuy, 3aTeM  OHHM

NIN30COMbI, KONMYECTBO  KOTOPbIX
nocreneHHo Hapactano. lNpouecc sHpgoumTo3a 3HY KneTkamm
Hela npeKkpawanca no mepe WHKybauumu, yepes 48 u 72 y
onyLeHHble AMKM 1 KaBeosbl ¢ HY3 Ha cpe3ax He Habao[aNuUCh.
AHanu3 ynbTPATOHKMX Cpe3oB KneTok Hela B AguHamuke
nokasbiBaet, 4to 3HY, nomaB B KAETKY NyTeM KNATPUH- U

KaBeO/INH-3aBUCUMOTro 3HAO0UUTO3a, HEeKoTopoe Bpemsa

HaxogAaTcA B MBT, 3aTeM JIOKaNM3yOTCA B IM30COMAX, CTPYKTYpa
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KOTOPbIX HE NpeTeprneBaeT 3aMeTHbIX U3MEHEHUI B TeyeHue 72
u.

Knetkn acumtHOM ¢opmbl renatombl A-1  oTamyatoTca
WHTEHCMBHbIM pa3BUTUEM CTPYKTYp, ONocpeaylolmx npouecc
MaKpOMMHOLMTO3a, U KpaliHe cnabbim - CTPYKTYp, CBA3AHHbIX C
KNaTPUH- N KaBEOJIMH-3aBUCMMbIMM TUNAMM 3HAOLMTO3a. Yepes
30 MMH uWHKy6auum 3HY BbLIABAAAMUCL B OCHOBHOM B
MaKpOMNUMHOCOMAX, U KpaliHe peaKo - B paHHUX 3Hgocomax, MBT
N KaBeoCcomax.

Yepes 1,5 wu 3 4 wuHKybauum 3HY

obHapyK1Banncb B eanHMYHbIX MBT, 04HaKO B OCHOBHOM OHM

30/10Tble  HAaHOYACTULbl B  MY/IbTMBE3UKYNAPHOM Tenblie
KNETKU Ky/nbTypbl Hela (cnesa) M B MakponmMHOCOMAX KNeTKu

renatombl Al (cnpasa) yepes 30 MUH UHKYBaLMK.

CpaBHUTENbHBIM aHanu3 B3ammogenctema 3HY ¢ KneTkamm
KynbTypbl Hela u renatombl A-1 Ha yAbTPacTPYKTYpPHOM YypOBHEe
nokasan, u4to B obeux

9KCNepumeHTaNbHbIX cucrtemax

HaHOYaCcTULbl COXPaHAIOT AUCNEPCHOCTb W He OKa3blBaloT
3aMeTHOro MOBpeXJalolero [JeicTBuMA Ha YAbTPaCTPYKTYpy
KNEeTOK, 4YTO COrnacyerca C AaHHbIMU U3YYEHUA TOKCUYECKOro
aeicreuna 3HY. MHTepHanusauma 3HY kneTkamum KynbTypbl Hela un
renatombl A-1 HOCMT NaCCMBHbIA XapakTep W NPOUCXOAMUT

nocpesACcTBOM MexaHW3MoB, NPeobnajaloWmnX B AaHHbIX TUNax

KNeTOK B eCTeCTBEeHHbIX YCNOBUAX: KNATPUH- U KaBEOUH-
3aBUCUMBbIX TMnos 3HAOUUTO3a n MaKpOnMHOUUTO3a,
COOTBETCTBEHHO.
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MOP®O-OYHKLUMOHA/TbHbIE
NnocnegCTesnA BHYTPUBEHHOIO
BBEAEHNA HAHOPA3MEPHOIO
MATHETUTA B SKCNEPUMEHTE

MwunbTto M.B.l, Cyxogono VI.B.l, KnemeHTbeBa T.K.z,
Maraesa A.A.2

1I-(ad)e,u,pa mopoonornu n obweli natonornu rOY
BMO Cn6IrMY MuH3gpascoupassutus Poccum, r.
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Kadeapa BUOXMMUM 1 MONEKYNAPHOMN GUONOTM
roy BMoO CnbrMy MunsapascoupassuTma Poccum,
r. Tomck

3OT,u,en CTPYKTYPHOM MaKpoKnHeTukn THL, CO PAH,

r. Tomck
Mcnonb3osaHue HaHOpa3MepHbIX maTepuanos
HEOPraHNYecKoro  MNPOUCXOXKAEHUA  ABNAETCA  OAHUM U3

nepcneKkTUBHbIX HaﬂpaBHEHMVI npumeHeHuAa HaHOTEXHO/NOrMIA B

buonorm 1M megmumHe. HecmoTps Ha  MHorosneTHee
3KCNEepMMEHTaNIbHOE MCCNeL0oBaHWe HaHOPasMepHbIX YacTuu,
MHOTrMe MPUHUMNMANBHO BaXKHble BOMPOCbl  OTHOCUTE/IbHO
MEXaHU3MOB UX B3aVIMO,EI|eVICTBVIH C OpraHamu, TKaHAMU U
KNeTKamm OCTatoTCA HEACHbIMMU.

Ocoboe MecTo cpeau HeopraHWYecKMx HaHoMaTepuanos
3aHMMAIOT MarHWTHble HaHomaTtepuanbl. [na GUomeaULUMHCKUX
uenel vauwe Bcero ucnosnbsyetca marHetut (FesOs), KOTOPBLIN
npeacrasaseT coboi cmecb PasNNYHbIX OKCUAOB ¥Kesesa.

Llenb uccnepgoBaHUA: M3Yy4UTb BAMSAHME HAHOPA3MEPHOro
MarHeTMTa B pPas3/IYHble CPOKM MNOCAe OAHOKPATHOIO MU
mopdo-

d)yHKLI,MOHaﬂbHOE COCTOAHME NeYyeHn, Nerkoro n no4vek Kpolic, a

MHOFOKPaTHOrO  BHYTPMBEHHOrO  BBeAeHMA  Ha
TaK»Ke Ha obLLylo NPO- M AHTUOKCUAAHTHYHO aKTMBHOCTb MN1a3Mbl
KpOBMU.

HaHopa3mepHbIi  MarHeTUT, wucnonb3lyembli B paborTe,
nosy4eH MexaHOXMMMUYECKMM cnocobom B oTAene CTPYKTYpHOWM
MaKkpokuHeTukn THL, CO PAH. YacTuubl HaHOMaTepuana umeroT
chepuyeckyto popmy 1 cpeaHnin pasmep - 10 Hm.

WccneposaHune nposoaunock Ha 80 6ecnopogHbIX Kpblicax-
camuax, maccoit 150+30 r, U3 KoTopbIx 6blnM chopmupoBaHbl 4
rpynnbl: 1-a rpynna (20 KpbIC) — WHTaKTHble KUBOTHbIE; 2-A
rpynna (20 KpbiC) — MHOrOKpaTHOe BHYTPUBEHHOE BBeAEHWE
cTabunmsmpytowero pacteopa; 3-A rpynna (20 Kpbic) —
OAHOKpaTHOE BHYTPUBEHHOE BBEAEHME CYCMeH3UW MarHeTuTa
(0,1 r(Fe304)/krmaccbi

MHOroKpaTHoe BBegeHUe CyCneH3Un marHetuta — B XBOCTOBYHO

Tena); 4-a rpynna (20 Kpbic) -
BEHY KpbIC Kaxable ABOE CYTOK BBOAMAM MO 2 MA CyCNeH3uu
marHetmTa (0,1 r(FesO4)/Krmacce! Tena).

3a nepuos HabnAeHUA CNOHTAHHOM rMBENU KUBOTHbIX He
OTMeYanocb. BbiBeAeHME  KUBOTHbIX W3 3KCMEPUMEHTA
nposogunu vepes 1, 7, 14, 21 n 40 cyTOK Noc/ie UHBEKLUN.

[Ona  mopdonornyeckoro uccnefoBaHua 6panv  neyeHb,
nerkoe u KpoBb pgns  wuccnenosaHuAa

NOYKUN  XKUBOTHbIX.

aKTUBHOCTU opraHocneundpuyHbIx bepmeHTOB,
cBO60OAHOPAAMKANbHBIX MNPOLLECCOB, @ TaKXKe KOHLEeHTpauuu
MeTaboANTOB Yy KMBOTHbIX COBMPanM B BaKyyMHble NPOBUPKM,

copeprkawme SATA.

ObpaboTka pes3ynbTaToB MNPOU3BOAMAACL C  MOMOLLbIO
cTaTUcTMyeckoro naketa «SPSS 11.5».
BHyTpMBEHHOE BBELEHMNE HaHOpPa3MepHbIX yacTumy,

MarHeTuTa KpbiCam COMPOBOXAAETCA pPa3BUTUEM KOMMJIEKCa

MOPGOOTMYECKUX  WM3MEHEHUIA B  WMCCAEAOBAHHLIX OpraHax,

BbIPaXXEHHOCTb KOTOPbIX CHUXAETCA K KOHUY 3KCNepuMeHTa

nocne OAHOKpPATHOro BBeAeHUA MarHeTuTa u nweet

[0303aBMCUMbI  XapaKTep MpyM  MHOTOKPaTHOM BBEAEHWUM

HaHoMmaTepuana.

Hamu NoKasaHo HaKoMAeHWe YacTuy MarHetuTa B paroumrax
reyeHW, JIETKOrO WM MOYEK KPbIC, KOTOpOe  Bbi3blBaeT
noBpexaeH1e M NocieayoLLyto TMbesib H4acTu KIEeTOK NeYeHn u
noyek, a TakkKe O6WMM UM NEpPUBACKYNAPHLIM  OTEKOM,
NOJIHOKPOBMEM COCYZ0B MWKPOLMPKYAATOPHOrO pycia M BeH
BCEX UCCNeA0BaHHbIX OPraHoB.

HaHopasmepHble YacTULbl MarHeTuTa rnociae OAHOKPAaTHOro

BBEAEHMA ONpeaenAloTcA B OpraHax Kpbic B TeyeHne 40 cyTok,

4yTO cBmnaeTenbCTsyetr o HU3KOWM CKOpoOCTH BblBeAEHUA
HaHOMaTepuana U 0 CKNIOHHOCTU ero K HaKonaeHuto.
HaHopasmepHbie YacTuubl MarHeTuTa 06na,u,a 0T

NPOOKCUAAHTHLIMU CBOMCTBAMM 33 CYET BXOAALLErO B MX COCTAB
)enesa. MpoOKCMAAHTHbIE CBOWMCTBA MarHeTUTa MNPOABAAKTCA

CunbHee C yBennvyeHnem [03bl. YBennyeHne aKTUBHOCTU

AHTUOKCMAAHTHbIX cuctem naasmbl, conposoXaatoulee

BHYTpUBEHHOE BBeaeHue MarHeTuTa, obbAcHAeTCA

KOMMNEHCAaTOPHOM  aKTMBauuMel B OTBET Ha  ycwuieHue

CBO60,CI,HOpa,CI,MKaI'IbeIX npoueccos B nnasme.

Takum o6pa30M, Haubonee BEPOATHbIM  MEXaHU3IMOM

nospexaeHuna KNeToK nccnenoBaHHbIX OpraHos npn

BHYTPUBEHHOM BBEZEHWM HAaHOPa3MEPHOro OKCUAa XKenesa Ham
NpefcTaBAseTcAs  MNepPeKkUcHbIi  Tin.  JTo  NOATBep)KAaeTcs
NOBbILEHWEM YPOBHA CBOOOAHbLIX PaZMKasoB B KPOBU mocne
BBEAEeHMUA aKTuBaumen

HaHOMarHeTuTa, a TaKXe

AHTUOKCUOAHTHbIX cucTem KpoB#, HanpaB/ieHHbIX Ha

npeaoTBpaLLeHne AabHERLWEero NOBPesKAEHNA KIETOK.

B3AMMO/AENCTBMA HAHOYACTUL,
OKWNC/TI0B CU N PYTUX METANJIOB C
EMOOBBEKTAMMU

Octpoymos C. A.l, Moa4yepHaesa P. A. 2, CyetnHa WN.
A. 2, NonatuHa O. A. 2, JxoHcoH ML.E. 3, TalicoH
,D,>+<.¢.3, LLnH B.2

IMTY um. M.B.JToMoHOCOBa, B1ONOrMYecKHil

035

¢dakynbTeT, MockBa, Poccus; ar55[at]yandex.ru;
drBY HUW Bupyconorum um. .1. MBaHoBCKoro
MwuH3gpascoupassutua PO, Mocksa, Poccus;
3vauaepCMTeT Maccauycetca, Amxepct, CLLUA

Me,ﬂ,b ABNAETCA OAHUM U3 KNKOYEBbLIX TAXEe/IbIX MeTannos,
KOTOpble 3arpA3HAIT OKPYXKAlLWy cpeay W NpeacrtaBaatoT
CepbesHylo yrposy A4 340pOBbA YeNoBeKa M 3KocucTem. Meab
MOKET MonagaTb B OKPYKAMLWY cpesy UM B PacTBOPUMON
dopme,
YCTaHOB/1€HO, YTO HaHOYaCTUUbl, B TOM 4Ynucne OKCcuaa megu u

M B popme HaHouacTUu,. B psaze vccnenoBaHuii 6biio

OKCUAO0B PAAA APYIMX METaN/I08, CNOCOBHbI BO3AENCTBOBATL Ha

XuUBble  OpPraHU3mbl  Pa3INUYHbIX 6uonornyeckne Bnabl u“

nponssBogunTb TOKCHMYECKNE 3¢¢eKTbI. B gaHHOM uccnepoBaHuu
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[AaH aHau3 CyLLeCTBYIOWEN HayYHON nTepaTypbl U pesynbTaTos

HOBbIX 3KCNEPUMEHTOB. HoBble onbITbl aBTOPOB BblABUAN

LOMNO/HUTENbHbIE AAHHbIE O TOKCUYecKuXx 3ddeKTax HaHoYacTUL,
OoKCMAa Mmeau Ha buonoruyeckre 06bEKTbI, Takue, Kak
pasNnyHble  BMAbI PACTEHM W KAETKM MJeKonuTalowmx. B
[OMOJIHEHME K 3KCMEPUMEHTaM MO M3Y4eHMI0  TOro, Kak
HaHOYaCTULbl B3aMMOAEWCTBYIOT C JKMBbIMM OPraHW3Mamu u
KNeTkamu, Mbl

npoBesn TaKXKe OonbiTbl MO MUccnegoBaHUIO

B3aMMOLENCTBUIA HAHOMATEPUANOB C  HEXMBbIM OMOreHHbIM
maTtepuanom. ABTOpPbl OBHapPYKUAW, YTO 3TU B3aMMOAEWNCTBUA
NPUBOAAT K YBE/JWYEHUIO KOHLEHTpauuM MeTanna B XKUBOW
6Momacce M B HEXMBbIX OMOreHHbIX maTepuanax. ABTOpbI

KonnyectsBeHHO n3yuymnnun 370 yBennyeHue, NUcnonb3ya

ONTUYECKMIA  3MUCCUOHHbBIN cnekTpomeTp C

cBfAzaHHOW nnasmoi (ICP-OES). PesynbTtathl obcyaatotca B

WHAOYKTUBHO-

CBA3U C CoBpeMEeHHbIMU I'IpO6I]EM3MM TOKCHKoOA0rnu,

IKOTOKCUKOIOMMM 1 HayK 06 OKpysKatoLLel cpeae.

j'l 3 6 HOPMATUBHO-METO4NYECKOE
OBECIMEYEHUE CUCTEMBDI
BE30MNACHOCTU HAHOTEXHO/10MM U
HAHOMATEPWUAOB
ImoLlmMHCKMIA U.B.

YuypexkaeHue Poccuiickoit akagemum
MEAMUMHCKUX HAYK HAay4YHO-UCCNen0BaTEIbCKUIA
MHCTUTYT NuTaHua PAMH, 109240, Mocksa,
YcTbUHCKMIA Npoesg, 2/14

gmosh@ion.ru

ObLwecTBEHHOE NPU3HAHWE AOCTUNKEHU HAHOTEXHONMOMUM
(HT) caeprkmBaeTca BO3MOXKHbIM HannuMem y HaHouactuy, (HY) un
(H™m)
34,0p0BbA

HaHOMaTepwuasnos NOoTeHUManbHO He6ﬂar0anﬂTHbIX

apdekToB  anA yenoseka. B cooTtBeTcTBMM C
noctaHosseHnem [naBHoro [OCYyAapCTBEHHOTO CaHUTapHOro

Bpaya Poccuiickoit depepaumn Ne 29 ot 31 oktabpa 2007 roaa

nobble HY u HM, u B o0cobeHHOCTH, HenocpeaCcTBEHHO
BO3AeMcTBylOWMe Ha OpraHnsmM  YenoBeKa, OOMKHbI
paccmaTpuBaTbCA  Kak  HoBble  O0OBEKTbl,  Mnogjexaliue

yrnyb6néHHoM oueHke ux b6esonacHocTU. B pamKax peanusauuu
depepanbHO Lenesol Nporpammsl «PazButTne MHOPACTPYKTYpbI
HaHouHAycTpun B Poccuiickolt Pepepaumm Ha nepuog 2008-
2011 ropoB» bblna NOCTaBNEHA 334a4a Pa3paboTKM U BBEAEHUA B
,quICTBMe CUCTembl HOPMATUBHO-METOAUYECKUX [LOKYMEHTOB,

obecneunsatoLmx CTaHAapTU3aLmio " YHUPUKaUmto
nccaen0BaHUM, 3KCNepTU3, oueHoK B obnactn 6esonacHocT HM
n HT. [laHHaa cuctema BK/ItOYAET cnefytolime GyHKUMOHaNbHbIE
610KM:

1. OnpepeneHne npuoputetos. Lienb AaHHoro pasgena —
sngos HM wu HT,
6e30macHOCTM KoTopbiX TpebyeTca B MepByl0 ouvepenb BBUAY

COo34aBaeMblX

YCTaHOBNIEHWE MPUOPUTETHBIX oLEeHKa
HaMUMA  3HAYUTE/IbHBIX anNpPUOPHbLIX PUCKOB,
3TMMK obbekTamu. B coctaBe 6/10Ka ABa fOKyMeHTa. MepBbiit 13
HWX  yCTaHaBaMBaeT

noTeHLUManbHOM

MeTOAMKY W NOPAAOK  OLEHKM
onacHocTH VHAVBUAYANbHbIX HM c
MCNO/Nb30BaHMEM CBeAEeHUM, HaKOMEHHbIX B /uTepaType B
OTHOLLEHWUM UX AENCTBUA Ha BUonornyeckne cuctemol. Bropoit us
[OKYMEHTOB Ha OCHOBE 3TUX AaHHbIX U C Y4ETOM MHPOpMaLMK

pa3p860TLIMKOB MHHOBALUMOHHbIX NPOeKToB B obnactu
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HaHOMHAYCTPUM
NpoAyKLMK
NPOM3BOACTBA MO YPOBHIO WX MOTEHLMANbHOM OMacHocTM AnA
NPOAYKLMH,

MO3BONAET KNacCMPMUMPOBaATb KOHKPETHbIE

BUAbI HaHOMHAYCTPUM M TEXHONOTUU  UX

notpebutenei nepcoHana npeanpuaTUiA  ©

HaceneHuna.

2. KonuuecTBeHHbli aHasM3 M HOpMUpoBaHue. Pasgen

BKNKOYaeT Ha HacToAWMM MOMEHT ABa AOKYMEHTa,

onpeaensiowmx MeToAbl  BbIABAEHUA, WUAEHTUOUKALMM U

KonuyectseHHoro onpegenedns HY u HM B obbeKkrtax
cpegbl  (Bo3gyx,

paCTVITeﬂbeIVI NOKpPOB, OpPraHuU3mbl

OKpy)KatoLen BOAHble 06bEeKTbl, MOYBbI,
BOAHbIX W  CyXOMYyTHbIX
JKMBOTHbIX) M B NMPOAYKLMK, @ TaKKe TMrmeHnYeckne HopmaTusbl,
yCTaHaB/iuBatoLme pedepeHTHble 6e3onacHble YPOBHM
cogepskaHua BaxkHenwmx HM (HY cepebpa, avokcuaa TuTaHa,
yrnepogHble HaHOTPY6KK). B nepcnexktnee gaHHbI pa3gen byaer
pacwmMpAaTbCA UM COBEPLUEHCTBOBATbCA MO Mepe pa3paboTku
HOBbIX METOA0B aHanv3a HM n BBefeHUA HOBbIX FTMIMEHNYECKUX
HOPMaTUBOB.

3. Otbop npob. Pasgen BKAOYAET CeMb [OKYMEHTOB,
yCTaHaB/IMBaOWMX MeToAbl 0T6opa Npob BaxKHENLNX 06bEKTOB
OKpYy’)Kalolen cpeapl, nogsepraembix KoHTamuHaumm HY/HM.
TpeboBaHus K MeTodam

otbopa npob

coyeTaHun C

BK/IIOYAIOT  UX
penpeseHTaTMBHOCTb B mepamu  no

npeaoTBPALLEHNIO  HEKOHTPO/NIMPYEMbIX W3MeHeHuit HM B
cocTaBe oTobpaHHbIX 06pa3LLoB.

4. TOKCMKONOro-rTMrmeHmyeckas u meamuko-buonornyeckas
oueHKa. PaspaboTaHO UM yTBEPXKAEHO 4eTblpe [OKYMEHTa,
YCTaHaB/IMBAOWMUX MeToAbl TecTupoBaHua 6GesonacHoct HY u
HM B 61onormuecknx cuctemax (Ky/nbTypbl MUKPOOPraHU3MOB 1
KNIETOK, pacTeHus, rMapobUOHTbI, TENIOKPOBHbIE WBOTHbIE in
vivo.

5. KoHTponb M Haasop. PaspabotaHo M yTBepXkAaeHo 14
npoueaypbl
KoHTpona HM B

AOKYMEHTOB, YCTaHaBAMBAOWMKUX NOPAAOK U

3KCNepTn3bl MNPOAYKUMM HAHOUHAYCTPUM,
COCTaBe OCHOBHbIX BWAOB MOTPEBUTENbCKOW MPOAYKLUMKM U
MPOMbILUNEHHOMO Cbipbs, B MPOU3BOACTBEHHbLIX MpoLeccax, B
0ObeKTax OKpy:Katowein cpeabl. B 6awkaliwee  Bpems
npeanonaraeTca 3aBeplueHve AAHHOTO pasfena yTBepKaeHuem

ewgé feBATU LOKYMEHTOB.

6. OueHka u ynpasneHve puckamm HT u HM. K
YTBEPXKAEHWUIO NpeACTaBieHbl MNPOeKTbl ABYX [AOKYMEHTOB.
OueHKa pucka NPOBOAWTCA HA OCHOBAHWM  KpUTEPUEB,

OTPaMKaloLWMX OTpULATE/IbHBIE MOCAEACTBMA ANA  340PO0BbA

paboTHMKOB NPOU3BOACTB U HaceneHus, noABepraembix

Bosaeictauto HM. MokasaTenu, ncnosb3ylowmeca Aaa OLEHKU
pucka HY/HM (pedepeHTHble

[03bl M KOHUEHTpauuu ana

YCNOBWUIA OCTPbIX, MOAOCTPbIX M XPOHWYECKUX BO3LENCTBUW,
Apyrve), BbIBOAATCA U3

onpegenaembiX B 3KCNepPUMeEHTe MnapamMeTpoB 3aBUCUMMOCTU

rmrmeHn4yeckmne HOpMaTuBbI 4]

«,D,OBa/KOHLI,eHTpaLIMH - OTBET?, C MUCNO/Ib30BaHNEM

COOTBETCTBYHOLLMNX NOHUXKAOLWMX K03¢¢MLI,I/IEHTOB 3anaca. JT1o0

obecneumBaeT WX HAAEKHOCTb MNPUMEHUTE/IBHO KO BCEM
BO3MOKHbIM C/lyyasm Bo3genctana HY/HM Ha yenoseka.
Hactoawan paboTa BbINONHEHa MO rocyAapCTBEHHOMY

KOHTpakKTy ¢ MuHUcTepcTBOM 06pa3oBaHNA U Hayku Poccuiickoi
depepauumn B pamkax PepepanbHoOW LENeBON NPOrpammbl
«Pa3BuTe UMHPPACTPYKTYpbl HAHOMHAYCTpUM B Poccuitckoi

Pepepaumm Ha 2008-2011 roapi».
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BOAHbIX CPEOAX, METOAbl USMEPEHUA
O.B. Kapnos, E.B. JlecHukos, .M. banaxaHos, [.A.
[aHbKWH.

depepanbHOE rocyapCcTBEHHOE YHUTApHOE

npegnpuaThe «BcepoccUickunii HayyHo-
nccnenoBaTeNbCKUM MHCTUTYT GU3MKO-
TEXHUUYECKUX U PASUOTEXHUYECKUX U3MEPEHUIA»
(@ryn BHUNDTPU), 141570, n. MeHgeneeso,
CoNHeYHOropckuit p-oH MocKoBcKow 061.
mera@vniiftri.ru

HaHoyacTMLbl a3p030asa M HaHOYacTWLbl B BOAHbIX cpegax
OKa3blBalOT CYyLLECTBEHHOE BAMAHME Ha BMoormieckme o6bEeKTbI
[1,2],
ypesBbl4altHO

nosTtomy KOHTPO/1b nx napameTpos CTaHOBUTCA

aKTyanbHbiM. oA HaHoyacTMUamu  06blYHO
NOHMMAIOT YacTuLbl, pasmep KoTopbix meHee 100 Hm.

K OCHOBHbIM XapaKTepUCTMKaM HAHOYaCTUL, OTHOCAT:
«pasmep» YacTuL, (B e4UHULAX ANUHbI), CYETHYIO KOHLLEHTPaLuIiO
YyacTuy, (KOMIMYEeCTBO 4YacTUL, Ha eAuHUUy O6bEMA), YAENbHYH
naowaab MOBEPXHOCTM YacTuy, (B eAuMHMUAx naowagu Ha
eAvHULY 06béma), opMy M CTPOEHME YacTUL, XUMUYECKUIA NN
6uonornyeckuii coctas. fanee byaem paccmatpusaTb TOJIbKO
pa3mep HaHoYacTuL,

B HacTosillee Bpems cyllecTByeT HECKO/IbKO CTaHAAPTHbIX
MEeTOA,0B U3MEPEHUs pasmepa HaHOYaCTUL, — 3TO, NPEXKAeE BCero,
MeTOoJ, Ha OCHOBE 1a3epHOi AnbpaKkuMK (AManasoH U3mepeHus
pa3mepa HaHovacTuubl oT 100 mKm 4050 Hm [3]), meTog Ha
OCHOBe ABNEHUA AMHAMWYECKOro paccesHWs CBeTa B BOZAHbIX
cpepax (ananasoH ot 5 MKM g0 3 Hm [4]), meTog Ha ocHoBe
onbdepeHUManbHOM 3NEKTPUYECKOM MOABUMKHOCTU HAHOYACTUL,
(avnanasoH ot 1 mkm 2o 7 Hm [5]) n apyrue. TakKe pa3suBatoTcA
1 BHEAPAOTCA HOBble MeToAbl, Hanpumep metog, Anddy3noHHoM
cnekTpockonuu [6]. Hue pfaH KpaTkuii aHanu3 Haubonee

pacnpocTpaHeHHbIX MeToA0B. Pa3pabatbiBaemble

HaLMOHa/IbHble HOPMaTUBHbIE JLOKYMEHTbI MpuBeseHb! B [7].
MeTopa n3mepeHus pasmepa HaHOYACTUL, Ha OCHOBE ABJIEHUSA

paccesHUs 3NEKTPOMarHUTHOro u3nyyenus [3] ocHoBaH Ha

M3MEPEHUN WHAMKATPUCHI paccesHus, T. €. 3aBUCUMOCTU
MHTEHCUBHOCTM PACCEAHHOrO W3J/IyYeHUA OT Yr/ia paccesHus
NNOCKOW MOHOXPOMATUYECKOW 3NEKTPOMArHUTHOM BOJIHbI Ha
aHcambne uactuy asposons wuam B3Becu [8]. PaccesHHoe

M3/ly4eHne U3MEPAIOT  MHOF03/IEMEHTHbIM  pOTONMPUEMHbBIM
YCTPOMCTBOM B LWMPOKOM [JuanasoHe yrios. 3aTem, pellas
obpaTHyl0 3aflady paccesHWs B pPaMKax OMNpeaeseHHbIX
MOAENbHbIX NPeACcTaBieHUN, HAXOAAT GYHKUMM pacnpeseneHuns
4acTUL, MO pasmepam, UX CPeHUI pasmep U KOHLEHTpaLMIO.
MeToa, M3MepeHMs NapameTpoB HaHOYacTWL, Ha OCHOBE
AMHaMUUYecKoro paccesHua cseTa [4]. IToT meTos nossonset
HalTU Ko3dOUUMEHT andPY3MM HAaHOUACTUL, B XKUAKOCTU NyTEM
aHanM3a XapaKTepHOro BpemeHW (AYKTyauuil MHTEHCMBHOCTU
pacceaHHoro Oanee no kKoapduumeHty anddysmm

PaCCYUTbIBAOT PaanyC HaAaHOYaCTULL.

cBeTa.

MeTos, M3MepeHMA napameTpoB HaHOYacTWL, Ha OCHOBE
meToaa «anddepeHUManbHON  3NEKTPUYECKOM MOABUNKHOCTU
yactuy, asposons» [5]. [ucnepcHbli cocTaB rasoBbIX cpen,
M3MepAT € nomolblo  AvddepeHuManbHOro  aHanvsatopa

NOoABUMXXHOCTU, B KOTOPOM MPUNOKEHHOE 31EKTPOCTaTU4ecKoe

nosie MeHseT TPAEKTOPMIO 3apPAMKEHHbIX YacTUL, U, TEM CaMbIM,
OCYLLECTB/AETCA UX cenapaLmsa no pasmepam.

MeToa, M3MepeHUs NapameTpoB HaHOYacTWL, Ha OCHOBE
ouobody3nMoHHOW  crnekTpockonun. CyTb  meToga
Anddysun
M3MepPEeHHOMY 3Ha4YEHUI0 KO3 OULIMEHTA MPOCKOKA YacTUL, Yepes
ondodysmoHHylo  baTapeto. Mo HalaeHHomy

KoapouumeHta anddysmm oueHMBaOT pasmep YacTuy, no

coctout B

onpeaeneHnn KoapoduumeHTa yactumy, no

3Ha4YeHu

dopmyne KaHHUHrema—MunnekeHa [9].
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HAHOYACTUL, B ATMOC®PEPHOM
BO34YXE.
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MHCTUTYT GU3NKO-TEXHUYECKUX U
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Hay4HO-MUCCIeA0BATENLCKNI MHCTUTYT
dusmyeckont xumum nm. /1. A. Kapnosa

3Griffith University, Brisbane, Australia

B nocnege Bpemsa B pamKkax OBbIYHOrO TEXHMYECKOro
nporpecca BO3HMK/IO OFPOMHOE KOJIMYECTBO HaHo4acTul, C
KOTOPbIMM Ye/IOBEK HEOCO3HAHHO BCTYMNaeT B KOHTAKT. B cuiy ux
ocobble

cneunduyecknx  cBOMCTB

CBA3aHHbIE C

BO3HUKaKOT I'Ip06lleMbI,

n3yvyeHnem BO3,C|,€I‘;1CTBMH HaHO4YaCTuUL, Ha

b6uonornyeckme obbekTbl [1]. OgHaKo pelweHune 3TMX nNpobnem
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CBA3aHO B MNepByl0 ouyepeab C ONpeAeseHUeM AUCMepPCHOro
COCTaBa HaHOYaCTUL, B YAaCTHOCTU MX Pa3MEPOB M KOHLLEHTpaLMm
B a3poamcnepcHoi cpese.

OCHOBHbIM ~ UCTOYHMKOM

VIH(I)OpMaLI,VIVI O TOKCHUYHOCTH

HaHO4YacTuL, ABNAIOTCA AaHHble o BOB,D,EVICTBMM

menkoaucnepcHoi noinv PM 10 Ha 6uonornyeckne o6bEKTbI
(PM 10 — ycnoBHoe 0603HayeHuMe YacTuL, AnameTpom MeHblie 10
MKM). B pamkax uccnegoBaHMit aspo3osieit 6bi0 YCTaHOBAEHO,
YTO  WUCTOYHWMKAMWU  MblIN meHee 10

pasmepom MKM,

BO3HMKAIOLWEN B pe3ynbTaTe  YesI0BEYECKOW [AeATeNbHOCTU
agnaoTcA — 45 % - npomblwaeHHOCTb, 33 % - [OpOXKHOEe
OBUXKEHWe, OCTanbHOe — MPOM3BOACTBO CbiMy4yMX MaTepuasos
[2].

B HacToAwee BpemAa AONA  U3MEpPEHMA  AUCNEePCHbIX

napameTpoB HaHOYaCTUL, B a3pOAUCNEPCHON cpese 06blIYHO
MCnonb3yloT  ABa  MeToda  M3MepeHus,  3T0  MeTog
«anddepeHumanbHon nogsBuKHocTM» (SPMS), onpeaeneHHbin
ISO/AWI 15900 wu

cnekTpockonuu [3].

CTaHZapTOM meTton  anddysnoHHoM

Lna  onpenenexus BO3MOXKHOCTEW

CKaHUPYIOLWMX U3meputenein NoasusKHoOCcTM Yactuy, (SMPS) Tuna

U3MepPUTENbHbIX

TSI 3936 Hamu 6bIAKN NpoBeAeHbl MeX1abopaTopHble CANYEHUA ,
B KOTOPbIX NPWUHANO y4acTue 4 nabopatopun — «BHUNDTPU»,
«HUDXN um. N.A. Kapnosa», «BHUNM um. [.U. MeHaeneesa»
(Poccna) u Tpuddutcknii  Yuusepcutet (Griffith University)
(r.bpucbeH, Asctpanusa). CAnYeHUs NPOBOAMIUCE C MOMOLLbBIO
3/71eKTPOMCKPOBOrO reHepaTopa, KOTopbIi npegHasHayeH ans

MOJIYYEHUA  a3pPO30/bHbIX YacTWL, 3afaHHbIX pPasMepoB U
KOHUeHTpaumin [5]. ObpasoBaHuWe 4YacTuL, B 3TOM reHepaTtopa
NPOUCXOAMT B 30HE UCKPOBOIO Paspsaga MeXAy 3/NeKTPodamu.
Mpoueaypa

nepeso3Kkn

nposeaeHuA CANYEHUN nposoaunnacb nytem

[JaHHOTO TreHepatopa no nabopatopuam
M3MepeHun pasmepoB HaHo4vacTuL, cepebpa u ctanmn npubopamm
TSI npu pasMyHbIX pexkumax paboTbl reHepaTtopa. MposeaeHHble
MeXN1abopaTopHble C/AMYEHMA MOKa3anu, UYTO PaCXONKAeHWA
pe3ynbTaToB He NPEBbICUAN 3aABNEHHbIX HeonpeaeneHHocTen ~
+10 %.
CpaBHeHune pesynbTaToB

napameTpoB HaHo4yactuy, metogom SPMS u anddysmoHHol

n3mepeHua AncnepcHbIX
CNEeKTPOMETPUM OCYLLECTBAANOCL ABYMA Cnocobamu: B nepsom
C/y4ae U3MepANCb OUCMEPCHbIE XapaKTEePUCTUKM MapameTpoB
HaHOYacTUL, TFeHepUpyemMblX 3/1EeKTPOUCKPOBLIM TeHepaTopom
aHanusatopom anddepeHUManbHON NOABUNKHOCTM YacTuL, TMNa
TSI 3936 u auddy3MOoHHLIM a3pPO30/IbHbIM  CNEKTPOMETPOM
(OAC). Bo BTOpOM cnydae M3MepuTesb MNOABUMKHOCTU YacTul,
(SMPS) Tvna TSI 3936 MCNOAb30BAACA B FeHEPaTOPHOM PEXKMUME,
npyv KOTOPOM M3 BCEro CnekTpa noctynatowmx Ha Bxoa TSI 3936
YacTUL, C €ero BbIXOAA BbIXOAMT asp030/ib C GUKCUPOBAHHBIM
3HauyeHWem pa3mepa Yactuu, a AUbPY3MOHHBIN CNEeKTpoMeTp
(OAC) npoBoANA M3MePEHNA NapaMeTPOB HaHOYaCTUL,
N3mepeHna, nposeaeHHble cnekTpomeTpom JAC wun TSI,
conoctasumbl B npegenax 10 % norpewHoctu. MpoBoanauce
nccaef0BaHUA TaKKe asapo3o/ielt TEXHOTEHHOr0 NMPOUCXOXKAEHUA,
B YaCTHOCTM HamMu NpoBeAeHbl

U3IMepeHna napameTpos

HaHO4YacCTuL, Ha BbIXxo4e 6bITOBOrO NblNecoca

a4
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pacnpegeneHus  No  pasmepam U

KOHLLEHTpaLmMm YacTuy, HaHOMETPOBOTO AvanasoHa
npeacraBnset coboli akTyanbHyt0 Npobaemy, MOCKObKY pazmep
YacTuupl — 3TO ewé OoAuH napameTp, C MOMOLLbI KOTOPOro
MOYHO KOHTPO/MPOBATb U PErynpoBaTb CBOWCTBA HAHOCUCTEM.
OfHaKo HeT MeToAda, C NMOMOLLbI KOTOPOro MOXKHO 6bin0 6bl
HanpAMyl0  M3MepUTb  pasmep  4acTUL,  HAHOMETPOBOrO
AvanasoHa. B cuny sToro Ana onpeaeneHus CnekTpa pasmepos
YacTUL, UCNONb3YHOTCA CaMble Pas3/ivyHble PasmepHble CBOMCTBA
yactuy, — ux AMddy3MOHHYI MOABUMKHOCTb, MOABUNKHOCTL B
aNeKTpuyeckom nose W T.4. Mcnonb3oBaHve MOABUKHOCTU
YacTUL, B 3N1EKTPUYECKOM MNONe NpW BCeW MPUBAEKATENbHOCTU
obnafaeT CcyllecTBEHHbIM HeAOCTaTKOM — ANs 3Toro cnocoba
onpeaeneHna CnekTpa pasmepos TpebyeTca 3apaauTb YacTuLpbl,
Npu 3TOM BO3HMKAIOT HeonpeaeéHHOCTU BEPOATHOCTU 3apALKM
YacTuULbl, BEPOATHOCTb ABOWMHOrO 3apsaaa U T.4. ITOro HeJoCTaTKa
nweH andPysMOHHBIN AMHAMWYECKUA METOZL OnpeaeneHua
CMeKTpa pasmepoB YacTul. O4HaKO 3TOT METOA, — UHTErpabHbIN
M CBA3AH C peleHWem COOTBETCTBYIOLLEr0 WHTErpasabHOro
ypaBHeHua —

ypaBHeHUA BonbTepa, KOTOpoe OKa3blBaeTca

HeycTolumBbIM.  [lnAa  pelweHna 3Toit  npobnembl  Hbina
npeanoXeHa napamMeTpusauua pacnpejesneHus No pasmepam
YacTuubl, B pe3ynbTaTe Yero 3agaya 6oi1a ctabunmsmposaHa. Ans
peanusaumm 3Toi npoueaypbl 6bin co3paH AMbOY3IMOHHBIN
a3po30/bHbIN  cnektpomeTp (AAC). OcHoBHolt 610k OAC —
anddy3noHHble baTapeun, Ha KOTOPbIX MPOUCXOAUT OCaxAeHue
BbICOKOAMCMNEPCHbIX a3PO030J/IbHbIX YacTuL, 3TO OCaXKAeHue —
CeNleKTUBHOE, NO3TOMY OHO HecéT B cebe wHPopmaumo o
pacnpezeneHns  no OnddysmnoHHas baTapen

npeacTaBiseT coboi UMAMHAPWUYECKMIA KaHan C ceTkamu, Mo

pasmepam.

KOTOPOMY MNPONYyCKakT MOTOK C YaCTUUamMun, U OCaXAatoTCA Ha

CeTKax, KOTOpble  YCTAaHOBJ/IEHbI nonepéxk KaHana. Ona
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nsBnaeyYeHus aton MHoopmauun 8 AACe [1] n3mepsatoT NPOCKOK —

M3MepAlT 4O/ YacTUW,  KOTopble  Mpowau  Yepes
c(n

onoboy3noHHyto batapeto 6e3 ocaxkaeHus: C(n) , n

— KOJIMYECTBO CETOK, C(N) — KOHLUEHTpauusa 4YacTuy, nocne

npoxoxaexus yepes anuddysnoHHyto 6atapeto ¢ n cetkamu. Ans
3TOM BEAMYMHBI NOAYYEHO AOCTaTOYHO NPOCTOE COOTHOLIEHME:

An. _
P(n)=1+-—)"

A (1)
rae y v A — napameTpbl raMma pacnpeaeneHus:

4
p(N)= e x

I'(7) @

2

— D3
x=D3 ,

n3mMepus  pag

rae T(y) — ramma ¢yHKUmMA OSiinepa,

KoadpduumeHT anddysuu.
NPOCKOKOB  ANA  Pas/IMuHbIX

Takum obpasom,

Kosimyecrts CEeTOK MOXHO

BOCCTAHOBWUTb  pacripefgenieHne no pasmepam. Ha pwuc.l

npegacrasaeH JAC BHelHWI BUA, annapaTypsl.

Puc. 1.
cnekTpomeTpa

BHewHui

Bua  Anddy3MOHHOro  a3po30/1bHOro

[OuanasoH pasmepos,
cnektpomeTpom — 3 — 200 HM, AMANa30H KOHUeHTpauun — 1 —
105 cm-3, OAHY  MWHYTY.

Annapatypa HenpepbiBHOM  pexume,

KOTOpbIA ~ MOXHO  U3MepwuTb

O4HO WU3MepeHune 3aHUMaeT

MOXeT pabotatb B
pesynbTaTbl M3MEPEHWUW HaKanIMBaloTCA B COOTBETCTBYHOLLMX
daitnax B passnuHbiX GOPMax, UMEIOTCA HECKOIbKO PEXMMOB
pabotbl - B cyéTymMKka fAgep

pexume  CreKTpomeTpa,

KOHAEHCaLMK, CHETYMKA CYOMUKPOHHDBIX YacTuL,.

NuTtepartypa
1. B.A. 3araitHoB Auddy3noHHbIV CNEKTPOMETP A8 AUArHOCTUKMU
HaHo4acTuL, B ra3oBoit ¢ase. HaHoTexHuWKa, 1, 141 - 146, 2006

|£||4_O METOAMKA U PE3Y/IbTATbI
NCCNEJOBAHMA HAHOYACTUL,

B MPUPOOHbBIX MUHEPAJIbHbIX BOOAX

O. A. NaHbkuH, O. B. Kapnos, [l. M. banaxaHos,
E. B. JlecHuKos, A. P. TapadytgmHoB
BcepoccuiicKuii HayYHO-UCCNe0BaTENbCKUIA

MHCTUTYT GU3NKO-TEXHUHECKUX 1
PagMOTEXHUYECKUX U3MEPEHUIA,

noc. MeHgeneeso, MockoBcKan obaacTb
mera@vniiftri.ru

B pabotax [1-3] Hamu 6bl10 MOKA3aHO, YTO KaKAbl BUZ
NPUPOAHON MWHEpPaNbHOM BOAbl MMEET CBOM XapaKTepHbIl
CMEeKTP AMCNEPCHOrO COCTaBa HAHOYACTUL, YTO MOXKET CAYXWUTb
MAEHTUOUKALMOHHBIM Np13HaKom npu cepTMdUKaLmm
MWHEpabHbIX BOA,

MpupoaHble MUHEpasibHblE BOAbl XapaKTepusylTca Mo

TakKMM MapameTpam, Kak obuwasa MuHepanusaumsa wu  (uam)
AHWMOHHBIN (KaTMOHHbLIN) cocTaB. OAHAKO 3HayMTe/NbHAA 4acTb
MUKPO3/1EMEHTOB B NPUPOAHbIX MUHEPA/bHbIX BO4AX HaXxo4AMTCA
B COCTaBe HaHoyacTuy AwucnepcHoi asbl, nostomy Ans
[O0CTOBEPHOM MAeHTUOMKALMM 06pasLoB MWHEPasbHON BOAbI
TOProBOM MapKe WMAU UCTOYHUKY MPOUCXOXKAEHUA HEeobXoAMMO
3HaTb AUCMEPCHbIE XapaKTePUCTUKM [3].

,D,ﬂﬂ n3mepeHnAa TaKUX XapaKTepuUCTUK HaHOYaCTUL, B BOOHbIX
cpefax B HacToAlLlee BPemA LUMPOKO MCMO/b3YIOT aHaaM3aTopsl
Ha OCHOBE AMHAMMUYECKOro paccesHus cseta [4]. AHanusaTopbl
3TOro TMNa No3BOJIAKT A0BOJILHO HAAEKHO ONpesenaTb CPeaHUM
pasmep  HaHouyacTMy B

cnydvyae nx MOHOAOUCNEPCHOro

pacnpegenenus. Mpu  NOAUAMCNEPCHOM  pacnpegeneHunu
HaHOYaCTUL, NO pa3mepam, YTO ABNAETCA XapaKTepHbIM AnA
NPUPOAHBLIX MWHEpanbHbIX BoA [3], pe3ynbTathl onpeaeneHus
AWCNepCHOro cocTaBa HaHOYacTUL, B BOAE 3aBUCAT OT paja
Apyrux ¢akTopoB, B TOM 4YuC/Ne OT METOAMKM BbIMOJHEHUA
namepeHuit [5].

MeToAMKa W3MepeHWa pa3mepa uYacTuly, B NPUPOAHBIX
MWHEpa/ibHbIX ~ BOAAX C  WCMO/b30OBaHMEM  aHanu3aTopa
HaHOYaCTWL, PeanusyloLero MeTos AMHAMUYECKOro paccesaHus
cBeTa, B YCI0BMAX MOAMAMCNEPCHOTO  MHOTOMOZA/NbHOIO
pacnpegeneHus 3ak/toyaeTca
dYHKLMM

ncno/sib3oBaHnem

B aHanu3e KOPPEenALMOHHOWM
paccesHHOro CBETa OT WCCAeAyemMbIX 4YacTul, ¢
Multiple Modes
(MynbTMMOAanbHas Mofenb aHanusa), B OCHOBE KOTOPOro

pexunma Narrow

nexat anroputmbl  «Non-Negative Least Squares» (meTon
HaMMeHbLUNX KBAZAPaAToB C orpaHuyeHusamu) [5] n «CONTIN»
(meTopg, perynapusaumm AaHHbIxX) [6]. B aTom pexxume namepeHus
aHanM3aTop MO3BOAAET ONpPeAenuTb pasmepbl HaHovacTuL,
pasnnMyYHbIX COCTaBAAWMX (HO He Bonee Tpex) Mpu ycnosuw,
ec/un cpefHue pasmepbl 3TUX COCTAaBAAIOLMX OTIMYAOTCA APYT OT
Apyra B COoTHoweHun 3:1 n 6onee.

PesynbTathl aHanusa AaHHbIX AVNHAMUYEeCKOoro
CBETOPACCeAHMA MNOATBEPXKAAIOWEe HaAM4Me HAHOoYacTUL, U
XapPaKTepPHOro CnekTpa AWCNEePCHOro pacnpegeneHnsa Ana Tpéx

TUMNOB NPUPOAHbLIX MUHEPAsIbHBIX BOA, NPeACTaB/eHbl Ha puc. 1.
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1) 2) 3)
Puc. 1. PasmepHble CneKTpbl YUC/IEHHOro pacnpegeneHus
1 - HosoTepcKas

yactiy, 06pasuoB  MUHEpasibHbIX  BOA:

uenebHas; 2- HapsaHn; 3 — EcceHTykun Ne 17.

KoHTponb 3a gucnepcHoi ¢pasoi ABAAETCA 04eHb BaXKHbIM B
aHanM3e NPUPOAHbIX MUHEPaNbHbIX BOA WM MO3BOAAET AenaTb
BbIBOAbI O MPOUCXOKAEHUMN BOAbI U €€ CBOMCTBAX.
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B pesynbTaTe }M3HeAeATENbHOCTU OPraHM3MOB U MPOLLECCOB
Npou3BOACTBA B BO3AYWHOM cpefe 06pasyloTcs HaHoYacTULbl
pasamepom ot 0,2 go 200 Hm. BamaHuMe 3TUX HaAHOYACTUL, Ha
YKMBble OpPraHU3Mbl A0 KOHLA elie He M3yyeHo. HopmaTuBHbIX
[OKYMEHTOB, peryavpytolimx 6esonacHoctb npebbiBaHuA noaen
B cpefe, HaCbIWEeHHOW HAaHOYaCTULMMMU YKa3aHHbIX pPasMepoB U
nx A0NyCTUMYO KOHLLeHTpaLmio He paspaboTaHo.
NccneposaHua, nposoavmble

py6e>+(0M, B OCHOBHOM HaNpaBaeHbl Ha U3ydyeHUe BAMNAHUA Ha
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KaK B Halen CTpaHe, TaK U 3a

opraHusm
pasmepom 0,3 — 0,7 HMm (nerkux aspouoHos) [1]. B P® a 2003

YesoBEKa  I/IEKTPUYECKM  3aPAXKEHHbIX  YacTuLy
roay BBegeHbl B obpalieHue "TUrnMeHudeckue TpeboBaHMA K
a3POMOHHOMY  COCTaBy

obLecTBeHHbIX nomeweHnin CaHlMuH 2.2.4.1294-03" B KOTOpPbIX

BO34yXa  MPOM3BOACTBEHHbLIX U
YCTaHOB/NEHbI NpeaenbHble AOMYCTUMbIE KOHLEHTPaLMM TObKO
NerkMx aspoMOHOB B MPOM3BOACTBEHHbIX M  OBLLECTBEHHbIX
MOMELLEHMUAX, OTKNOHEHMA OT KOTOPbIX MOryT MPUBECTM K
He61aronpuATHLIM NOCNEACTBUAM 4/ 340P0BbA YesoBeka. Aas
INEKTPUYECKM 3apAXKEHHbIX HAHOYaCTWL, APYrMX pasmepos
(cpenHue u TaKenble a3pPOMOHbI U CBEPXTAXKE/ble a3pOMOHbI —
aspo3onn)  Nofo6HbIX

HOPMaATUBHbIX AOKYMEHTOB He

paspabotaHo. B ToXe BpemA YCTAaHOB/IEHO, YTO BAbIXaHWe

TAMKENbIX a3POMOHOB, MNPUBOAWUT KMBOTHLIX U YesOBEKa K
cepbe3sHbiM HegomoraHnam [2]. OTMeYEeHHbI CyLLeCTBEHHbIN
npoben B HJA HeobxoAMMO YyCTpaHWUTb nNyTem paspaboTku
6e3onacHocTb

CTaHAapTOB, pernameHTUpyroLwmnx

KM3HEeOEeATe/IbHOCTM  YesioBeKa B Cpefax  HacblLEeHHbIX
CPeAHUMU U TAXKEIbIMU @3POMOHAMM U a3PO30AMM.

M3mepeHus BblEHA3BaHHbIX HAHOYACTUL, WUrpPaeT BaXKHYIO
ponb B obecneyeHun 6e30MaCHOCTU KUSHEAEATENbHOCTU U
LUIMPOKO NPUMEHAETCA B Pa3/INYHbIX OTPACAAX, Kak B PP, Tak 1 3a
pybexxom. N3mepeHus KOHLLeHTpauum 3N1EKTPUYECKMU
3apAXKEHHbIX HAHOYACTUL, NPOBOAATCA C MOMOLLbIO CYETYMKOB U
CMEKTPOMETPOB a3pPOMOHOB, paboTa KOTOpbIX 0BbIMHO OCHOBaHa
Ha MeToZe acnUpPauMOHHOro KoHAaeHcaTopa [3]. 3ToT meTon
ABNAETCA OCHOBHbIM B 3TOM BUAE U3MEPEHUI U UCNO/b3yeTcs B
page cTpaH, Hanpumep B cTtaHgapte AnoHun JIS B 9929:2006;
«Standard for measuring methods of airborne ion density».
MeToa,  acnuMpaumMoHHOrO  KOHAEHcaTopa  3ak/loyaetca B
cnefylowem: Ucciefyemblii BO34yX NpoAyBatoT BAOb 06KNAA0K
KOHAEHCaTopa, Yalle BCEro UWAMHAPWUYECKOro, K BHELIHeW
obKnagke

OKasaBLUMecs B MOTOKe BO3A4yxa, ByayT nepemelatbcs BMecTe €

KOTOPOro npWAOXeHO HanpAa)eHue; a3pOUOHbI,

MOTOKOM M OAHOBPEMEHHO CMELLATbCA B 3/IEKTPUUYECKOM none,
ocaxgasacb Ha KoHAeHcaTopa.
MN3mepssa TOK, NOMy4YeHHbIN Ha 3To obKnagKe KoHAeHcaTopa, U

N3MEpPUTE/IbHYIO  0BKNaAKY

3HaA ObOBEMHbIM pacxop Bo3gyxa yepe3 KOHAEHCATop, MOXKHO

onpefenuTb  KOHUEHTPaUMIO aspoMOHOB B  WUCCIELyeMOM

BO3JyXxe.
[Ona wcnbiTaHWi, rpasyvpoBKKM, KaNMBPOBKM UM NOBEPKMU
npumeHsaloT  Komnnekc CU -

YKa3aHHOM  amnapaTypbl

rocyaapcTBeHHbI 3TaNoOH  eauHuy, o6bemHoi

NJIOTHOCTU 3neKTpuyeckoro 3apsaga (OM33) MOHM3MPOBAHHOIO

nepBUYHbIN

BO3/lyXa M CYETHOW KOHUEHTpauuu aspouwoHos DT 177-2010.
BocnpoussegeHne eauHuy, OM33 M CYETHOM KOHUEHTPaAUUM
A9POMOHOB OCHOBAaHO Ha CO3J4aHWM cpeApbl CpaBHeHWA —
MOHM3NPOBAHHOTO BO3AyXa C

YKa3aHHbIX Be€/IMYMH U U3IMEePEeHUU NapamMeTpoB 3TOM cpeapbl

3ajaBaeMmbiMn  3HaYeHNAMU

3TaNIOHHbIMKN meToaamum (METO,CI,OM acnunpaunoHHoOro

KOHZeHcaTopa) M cpeacTBaMu m3mepeHuit. Cpefa cpaBHeHUs
CO3Z1aeTCA NPU NOMOLLM reHepaTopa asPOMOHOB COCTOALLErO U3
a3pOMOHM3aTOPa W CUCTEMbI PEryNIMPOBAHUA  KOHLEHTPaLMM

d3POMOHOB Ha OCHOBE 3NEKTPOCTaTUYECKUX ocap,MTeneH.

Mepenaya pasmepa eguHuL, nonspHoi OMN33 MOHWM3MPOBAHHOTO
BO3/yXa WM CYETHOM KOHLLEHTPALMWN NErKUX aspouOHOB pabounm
3TafloHam  Mpou3BoAMUTCA

meToaom HenocpeAaACTBEHHOIO
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C/IMYEHUA B COOTBETCTBUM C
cxemolit — TOCT P 8.646-2008 [4].
B panbHelwem Ha

rocyapCTBEHHON MNOBEPOYHOW

ocHoBe 23TanoHa [T 177-2010
HameyvaeTca:

- co34aHMe UM BHeapeHue pabouyux 3TanoHoB B PO B
COOTBETCTBMM C NOBEPOYHOM cxemoli [4];

- UCMbITAaHWMA nNpU  cepTUPUKALUN  a3POUMOHU3IMPYIOLLLETO
obopyaoBaHMA (a3ponoHM3aTopOB BO3AyXa);

- BHeApeHue TEXHONOTUA C

HOBbIX MUCNO/Ib30BaHUNeEmM

COBPEMEHHbIX BbICOKOTOYHbIX CU.
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AN CPeAcTB U3MepeHUit 06bEMHOM NAOTHOCTU 3/1EKTPUYECKOTO
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Self-assembly spontaneously creates various well-defined
structures from disordered components. Among the various
components for self-assembly, amphiphiles are one of the most
powerful building blocks. An amphiphile is a molecule that
contains both hydrophilic and hydrophobic parts. When
amphiphiles are dispersed in water, the hydrophilic part of the
amphiphiles is preferentially immerged in the water while the
hydrophobic part tends to reside in the air or in the nonpolar
solvent. Therefore, the amphiphiles are aggregated to form
different molecular assemblies by the repelling and coordinating
action between the hydrophilic and hydrophobic parts to the
surrounding environment.

In contrast with ampbhiphiles, superamphiphiles refer to
amphiphiles that are formed by non-covalent interactions,
including host-guest interactions, hydrogen bonds, and charge
transfer interactions or combined interaction of different
intermolecular forces. (Figure 1) The superamphiphiles can be
low-molecule-weight molecules as well as polymers. The advance
of superamphiphiles can enrich the family of conventional
amphiphiles that are formed on the basis of covalent bond; in the

mean time it provides a new bridge between the colloidal and

supramolecular sciences, opening a new avenue for the assembly
of functional supramolecular materials.

amgp—— 2
R |

o gqE————

o S |

Figure 1. Superamphiphiles with different architectures

driven by various noncovalent bonds.

This presentation is going to discuss how to employ
polymeric superamphiphiles for controlled self-assembly and
disassembly. For example, taking adenosine-triphosphate (ATP)
and double-hydrophilic ~ block
poly(ethyleneglycol)114—block—poly(L-lysine

copolymer, methoxy-
hydrochloride)200
(PEG—b—PLKC) building blocks, an enzyme-responsive polymeric
superamphiphile can be constructed by mixing these two
building blocks with different charge ratios in water. The
superamphiphile can self-assemble in water to form spherical
aggregates. Upon the treatment of CIAP, a type of phosphatase,
the spherical aggregates will disassemble. It's found that the
aggregates can be used to load guest molecules, and the loaded
guest molecules can be released upon the treatment of enzymes.
The release process can be finished within four hours, faster than
conventional enzyme-responsive systems from amphiphilic
polymers. The fast releasing speed could be attributed to the
high enzyme activity of the natural repsonsive sites on ATP
molecules and the dynamic nature of the electrostatic
interactions.

Besides enzyme responsive polymeric superamphiphiles,
superamphiphiles in response to physiological pH can also be
fabricated by using PEG-b-PLKC and 4-(decyloxy)benzaldehyde
(DBA) on The
superamphiphile can self-assemble in water to form spherical
polymer micelles under pH 7.4, around physiological conditions,

the basis of dynamic covalent bonds.

and the aggregates disassemble when pH is reduced to 6.5, thus
providing a new carrier for loading and releasing guest
molecules. It should be noted that the assembly and disassembly
processes are reversible and that disassembly occurs at pH 6.5,
near the extracellular pH of tumor cells. Moreover, the loaded
guest molecules can be rapidly released.
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Reactive oxygen species (ROS) are known to play versatile
roles on the occasion of many important events. However,
excessive production of ROS causes significant adverse effect to
living body. Such oxidative stress must be controlled
appropriately. For example, arterial re-canalizations achieved by
thrombolysis and intravascular intervention are main treatment
strategies to restore blood supply in ischemic stroke and heart
attack. However, reperfusion has a dilemma of ischemia-
reperfusion injury caused by ROS, which is produced after a long
ischemic period and can extend a damaged area. Therefore,
protection of organs affected by ROS has been perused not to
cause the larger damaged area than that associated with the
arterial occlusion. It is known that stable nitroxyl radical such as
2,2,6,6-tetramethylpiperidin-1-oxyls (TEMPO) reacts effectively
with ROS compounds. However, these compounds have not
been applied clinically because they were inactivated due to the
acute reduction by anti-oxidant systems such as catalase,
glutathione peroxidase in vivo. In order to overcome poor
bioavailability and biocompatibility, we developed a novel core-
shell type nanoparticle composed of amphiphilic block copolymer
possessing nitroxide radicals as a side chain of the hydrophobic
segment and named nitroxide radical-containing-nanoparticle
(RNP). Nitroxide radical is known to have unique antioxidant
properties, which acts as a self-replenishing antioxidant with
catalytic reaction, changing the formation from nitroxde radical
to oxoanmonium cation and hydroxylamine in the process of
redox transformation.

Since the nitroxide radical moiety was conjugated with the
hydrophobic segment via an amine linkage, it converts to
hydrophilic by protonation under an acidic environment. RNP
formed a micelle possessing nitroxide raicals in the core under
the physiological conditions, and demonstrated high
performances of the prolonged blood circulation time by the
compartmentalization of nitroxide radicals into the micelle and
pH-sensitivity to help nitroxide radicals act as antioxidant due to
the collapse of nanoparticle in low pH condition such as ischemic-
tissue in vivo. The preparation, physicochemiccal® and biological
characterization and anti-oxidant properties against ischemia-
reperfusion injuries’, Alzheimer’s disease® will be summarized in
this paper.

The author would like to express his sincere appreciation to
Profs H.Matsui, A.Matsumura, K.Suzuki, H.Tsurushima, Drs.
T.Mamiya, Mr.Marushima, (Medical School of U.Tsukuba), Prof.
A.Hirayama,(Tsukuba Tech. University), Prof. H. Isoda, Dr. J. Han
(Grad.School Life&Envi.Sci of U.Tsukuba) Prof. Y.lkeda, Drs.
T.Yoshitomi, P. Chonpathompikunlert, K.Toh, D.Miyamoto and

48

(Grad.School their

collaboration.

Pure& Appl. Sci. of U.Tsukuba) for

References

1. T.Yoshitomi, et al., Biomacromolecules :10(3) 596-601 (2009).
2. T.Yoshitomi, et al., Bioconjugate Che.,: 20 1792-1798(2009).

3. a)A.Marushima, et al., Neurosurgery, 8, 1418-1426 (2011). b)
T.Yoshitomi, et al., Biomaterials, accepted

4. P. Chonpathompikunlert, et al., Therapeutic Delivery, accepted

j'l45 IONIC NANOGELS AS A VERSATILE
PLATFORM FOR DRUG DELIVERY IN
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Strategies for effective systemic delivery of anticancer drugs
remain at the heart of successful implementation of novel cancer
therapies. The use of nanoparticles for tumor targeting and drug
delivery is one of the most exciting and clinically promising
aspects of nanotechnology. In particular, nanosized hydrogels
(nanogels) have been utilized in pharmaceutics for development
of novel therapeutic and diagnostic modalities. They can be
designed to facilitate the incorporation of a variety of
compounds or even particles through a combination of
electrostatic, hydrophobic, and hydrogen bonding interactions.
We developed a novel type of ionic nanogels with controlled
spatial distribution of polymer chains The fabrication procedure
involves a preparation of micellar templates by the self-assembly
of ionic blocks of double hydrophilic block copolymers (e.g.
poly(ethylene glycol)-b-polycarboxylic acid) with oppositely
charged condensing agent were used as templates. The resulting
nanogels possess swollen cores of crosslinked hydrophilic
polyions surrounded by nonionic hydrophilic shell. The ionic
character of the core provided for pH-dependent swelling
behavior of the nanogels and allowed for the encapsulation of
charged therapeutic molecules with very high efficiency. Hybrid
nanogels containing hydrophobic domains in the ionic cores were
designed to provide for combinatorial therapy resulting in
simultaneous delivery of several anticancer drugs with very
different physical properties and mechanisms of action. Chemical
functionalization of nanogels with targeting moieties was also
explored in order to enhance accumulation of highly toxic
ingridients specifically within cancer cells and prevent their
accumulation in healthy organs. This talk will discuss the
potential application of the ionic nanogels as carriers for delivery
of anticancer drugs, peculiarities of their interactions with cells,
tissue distribution, and toxicity.
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3Ll,eHTp JocTaBku Jlekapcts 1 HaHomeanumMHbI,
dapmaueBTUYECKUIA Konneax, MeanumHCKuin
LeHTp YHuBepcuTeTa Hebpacku, Hebpacka, CLUA

AppecHas [OCTaBKa /IeKapcTB U AMArHOCTUYECKUX MOJIEKYA B
06/1aCTb 3/10KaYECTBEHHbIX OMyX0/iel - 04HA U3 OCHOBHbIX 3334
HaHomeauuMHbl. PonatHbi peuentop (PP) MmeeT BbICOKWIA
YPOBEHb 3KCMPECCUM HAa MeMBpaHax PaKoBbIX KNETOK B OT/IMYUE
oT 340poBbiX Knetok [1]. Cneunduyeckas agpecHas [OCTaBKa
HaHOKOHTEeMHepoB K PP-NONOKUTENBbHbIM K/1eTKaM MOXET bbITb
obecneyeHa 3a cyeT MOAUPUKALUN KOHTEMHEPOB BEKTOPHbLIMU
rpynnamu. Llenb faHHOM paboTbl 3ak/ioyvanacb B CO34aHWUM
HOBOro TUna ¢onat-moanudULMPOBAHHOTO HaHOrensd, KoTopblv
MOXeT b6biTb MCNONb30BaH [ANA [AOCTaBKM NPOTUBOPAKOBOIO
npenaparta umcnaatnHa (CDDP) B onyxonb [2].

HaHorenn c¢ 3apaHee 3aAaHHbIMM CBOWCTBaMWU  Oblin
KOHBbOrMpoBaHbl ¢ ponunesoit knucnotol (PK) n sarpykeHbl CDDP.
Knetkun nvHumn A2780 afaeHOKapUMHOMbI ANYHMKA YenoBeka (OP-
NONOMMUTENbHbIE) M KneTkn A549 ageHOKapUMHOMbI /IerKoro
yenoseka

(dP-oTpULaTENIbHBIE) ncnonb3osanu ans

onpeaeneHns  3GGEKTUBHOCTM  CBA3bIBAHUA  HArpyKeHHbIX
nexkapcteom PK-HaHorenen ¢ knetkamu npu 37°C n 4°C, a TakxKe
WX LMTOTOKCUYHOCTb. KOHKYpeHTHOe CBA3blBaHWME W3y4yanu B
(0-50 mM).

AKTUBHOCTb HaHOrenew, Harpy»eHHbix CDDP, 6bina uccnegosaHa

npucytcteun  cesobogHon K MNMpoTnBopakosas

Ha MOAenn pakoBbiX KAETOK AuYHMKA A2780, nNpuBUTbIX K
UMMYHOZePULMTHBIM Mbilwam. WMccneayemble SieKapcTBEHHbIE
$opMbl BBOAUAN BHYTPUBEHHOM MHBEKUMEN Kaxabli 4-blli AeHb,
obLee KOMYECTBO MHBEKLMI COCTaBUO 4.
donat-moamMdULMpPoOBaHHbIE HAHOTen NpPeaCcTaBAAT coboi
OTpULATENbHO 3apsaKeHHble YacTuubl (120-150 Hm). HaHorenu
06/134a10T BbICOKOM EMKOCTbIO 3arpy3ku umcnaatuHoin (go 40%
B/B) M MPOSIOHIMPOBaHHLIM BbICBOBOXAEHMEM NEKapCTBa,
KoTopoe 3aBucuT OT pH cpepgbl. YposeHb HakonneHua OK-
A2780 6bin

HemMoaNOULMPOBAHHbIX

HaHorenen B PaKOBbIX K/NeTKax 4esioBeKa

3HauMTENbHO  Bbllle, Yem  AnA
HaHoresei, W ymeHbllanca B npucytcTeum csobogHoit ®K, uto
cBUAETENbCTBYET O crneunduyeckom B3ammogencTsum c OP.
BeepseHne ®OK-BeKTOPOB NPUBOAMUT K 3HAUYUTENIBHOMY YCU/IEHUIO
LMTOTOKCUYECKOTO AEeNCTBMA MNpemnapata NoO CPaBHEHUIO C
CUCTEMOI HaHorenb/nekapctBo. Bce nekapcTBeHHble Gopmbl
CDDP vHrnbupoBanun pocT onyxo/in No CPaBHEHUIO C KOHTPOJIEM.
TopmorkeHVMe pocTa OMyX0AM W yBeAuveHue  cpepHen
NPOAO/IKUTENIBHOCTU KU3HU KUBOTHBIX Oblin 6onee BbipaKeHbl

B rpynne ®K-HaHorens/CDDP (Puc. 1B). OgHako npu ero

COBMECTHOM BBeAEHMM cO cBObOAHOW POoNMeBOI KNUCNOTOM 3TN

roKasaTe/iM  yXyAWananucb, YTO MOXeT 6blTb  0BBACHEHO

HacbiweHvem OP. BBegeHne cBO6OAHOro IeKapcTBa He OKasano
TaKOro BbIpaXKEHHOro TOPMO3ALLEro BIMAHUA HA CKOPOCTb POCTa
onyxonun, Habnwoganacb TeHaeHuus notepu Beca (Puc. 1A) u
COKpalleHne cpegHer NPOAOMKUTENbHOCTU KU3HWU MKUBOTHbIX
(18 npotmB 12 CcyTOK), YTO CBMAETENLCTBYET O TOKCMYHOCTU
npenapara.

B
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Egeml.nuuls
Puc.1. (A) MNoTepsa B Bece KMBOTHbIX U (B) pocT onyxonu
nocse BBeAEHNA NeKapcTBeHHbIX Gopm CDDP B Mozenun pakoBbIX
KNeToK AnyHuKa A2780. PesynbTtaTbl NpeAcTaB/ieHbl Kak cpegHee
+ SEM (n = 7-8), *p<0.05,
He3HauyMmMasn BenYMHa.

**p< 0.01, NS-ctaTUcTMUeCcKH

Bnepsble NOKa3aHa BO3MOXHOCTb OoAHOBpPEMEHHOro

MCMoNb30BaHUA umucnaatvHa u ®K-BeKTopoB B OfHOM cucTeme
ANA afpecHOM [OCTaBKM nekapctea B onyxonn. C nomobio

3KCNEePUMEHTOB in Vvitro M in vivo ycTaHoBneHO, 4TO O@K-
HaHorenb/CDDP npeacrasnaet cobori nepcneKkTUBHY
NleKapcTBeHHylo  dopmy, KOTOpas  MO3BO/AET  YAy4yliuTb

AKTUBHOCTb U CHU3UTb TOKCUYHOCTb NPOTMBOPAKOBOrO NpenapaTa
uucnnaTmHa.
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Cepbe3Hoit Npo6semoit XMMMOTEPANUM 3/10KAaYEeCTBEHHBbIX
HOBOO6pPa30BaHUI ABAAETCA BbICOKAA CUCTEMHAs TOKCMYHOCTb
MCMoNb3yembix npenapatos. Bmecte ¢ Tem, 3GdEKTUBHOCTb

NIEKApCTB  3a4aCTyld CWIbHO CHUMKAeTCA UM3-33  PasBUTUSA
YCTOWYMBOCTU K HUM KNeTKamu onyxoneid. OfLHUM M3 NOAXOAOB K
pelweHuIo AaHHbIX Npobaem, a TakKe K ONTUMM3aLMM HEKOTOPbIX
bapMaKOKMHETUYECKUX napameTpos NPOTUBOOMYXONEBbIX
npenapaTos, ABMSETCA WX BKIOYEHWE B COCTaB HAHOPA3MEPHbIX
YyacTuL, Ha oCHoBe buoaerpagupyembix nonvmepos [1]. Takxke, K
YBE/NMYEHUIO  MPOTMBOOMYXO/EBOM  aKTUBHOCTM  MPUBOAMUT
cBA3blBaHMe HaHo4acTul, (HY) c BeKTopHbIMK Monekynamu [2].
Llenbto paHHOW paboTbl sBnseTca paspaboTka cTpaternu
CBA3bIBaHMA NOMMEPHbIX HY Ha OCHOBe conoinMmepa Mo0YHOWM
n ravkonesoi kucnot (PLGA 50/50) ¢ pekombuHaHTHbIM C-
(pA®N3a) B
KauecTBe BeKTOpHoOro 6enka. PaHee B Hawem WMHCTUTYTe 6bino
pA®PN3a  addeKkTMBHO 1

B3a MMOﬂ,eﬁCTByeT C

KOHLEBbIM  AomeHoM  anbda-deTtonpotenHa

nokKasaHo, 41O cneunduyHo
peuentopom  anbda-dpeTonpoTenHa,
M36UpaTENbHO 3KCNPECCUPYIOLLMMCA KAETKAaMU MHOTMX BWUAOB
onyxonei [3].

C-koHueBo gomeH A®I, MCNoNb30BaHHbLIA ANA OAHHOTO
uccnefoBaHWsA BblAeNeH MO METOAMKE, ONMUCAHHOW paHee [4].
Mepes npoBedeHWEM CLWIMBKM 6blia MPOAEMOHCTPUPOBAHA
3bdEKTUBHOCTL 3HAOLMTO3a Besika OMnyxoneBbIMU KNeTKamu U
OTCYTCTBUE 3HAOLUTO3a inmdoLmTamu.

B xofe faHHOM paboTbl 6bLI0 PEANN30BAHO TPU PA3/IUYHBIX
CTpaTervm cBA3bIBaHWA BEKTOPHOro 6enka ¢ noanmepHsimm HY.

Mpn nepsom nopxope obpasosBaHWe Komnnekca HY c
p38A®N npoussBoguaoCch NyTem HEKOBANeHTHOM aacopbuumn
6enka K ruapodobHoi nosepxHocTn HY. dayopecueHTHaA MeTKa
AN peTtekumn HY BBOAMAACh C MOMOLLbIO CBA3bIBAHMA KOHLLEBOM
roynnbl - PLGA ¢ pokcopybuuuHom €

AVLMKNOreKcuKapbogunmmnaa nepes
nonyyeHmem HY. Tpu nonyvyeHUM TakMX YacTuy, pacteop

KapbOKcUAbHOM
MCMONb30BaHMEM

KoHblorata PLGA ¢ pgokcopybuumHom B AMCO no Kanasm
pobasnanca K pacteopy p3pAdPM B  docdaTHO-coneBom
(PCBP) pH 7,4 npu

nepemelumBaHnn. lNocne 4vero pacTBop noasepranca Auanunsy

bydepHom  pacTBope AKTMBHOM

npotus ®CBP pH 7,4 pana ypanenua w3bbitkos [JMCO.
MonyyeHHble  TakMm  obpa3om  YacTuubl  OTAENAAM  OT
HecBA3aBLUeroca 6eska c NMOMOLLLbIO TPEexKpaTHoM

ynbTpadunbtpaumm (Amicon Ultra-15, 30 k[a). Pasmepbl YactuL,
coctaBuamn 77 Hm (68%) 1 254 Hm (32%).

Mpu BTOpOM noaxoge nonydyeHne HY ¢ BKAoYeHMem
AOKcopybuumHa npounsBoANIOCH MeToZoM ABOViHOTrO
3MY/IbIMPOBAHUA C UCMO/Ib30BAHMEM B KayecTBe MOBEPXHOCTHO-

aKTMBHOrO BellecTBa MOAMBMHWUAOBOMO cnmpTa [5]. CBA3biBaHUeE
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aMMHOTPYNnbl BEKTOPHOro 6e/lka C KOHLEBOW KapboKcubHOM
rpynnoii PLGA npou3BoAMIOCh C NOMOLLBH BOAOPACTBOPUMOro
Kapboanmmnaa nocne obpasosBaHMA Yactul (pasmepbl 250 Hm)
[6].

Mpy TpeTbem noaxoAe 4YacTuubl MO/AyYanucb MO MmeToay
aHaNorMYHOMYy OMMUCaHHOMY B MEpPBOM MOAXO4Ee, HO PacTBOP
KOHblOraTa noaMmepa C [OKCOPYOUMUMHOM [06aBAsAM He K
1%-my (w/w)

ka),

KapboKcuibHyto rpynny [2]. MonydeHHble YacTuLbl, OYULLAUC

pactBopy 6enka, a K BOAHOMY pacTeopy

nonuatuneHravkona (12 copepauiero  csobogHyo

ot n36bITKa NOANSTUNEHTINKONA c NMOMOLLLbIO
ynbTpadunbTpaumn. CeasbiBaHMe ¢ p3aAdM npousBoamnoch
nocpeacTsom aKTUBaL MK KapbOKcubHOM rpynnbl
NOJIMSTUNEHTIMKONA, COPOUPOBAHHOTO Ha MOBEPXHOCTU YaCTULL,
1 ee nocneayowem B3aMMOLENCTBMM C aMUHOrpynnoi 6enka.
HY oumwann ueHTpUdPyruposaHmem. Pasmepbl MONYYEHHbIX
yactmy, 450 Hm.

YcnewHocTb Mcnonb3yemor cTpaTermm onpegensanacb no
Hannuumio cneunduyeckoro B3ammogeictana HY ¢ noBepxHoOCTbIO
KNETOK afieHOKapLUMHOMbI MOJIOYHOM Kesie3bl YenoBeKa NNHUK
MCF-7, Hecywmx peuentop anbda-dpetonpotenHa (npu +4°C).
CneundunYHOCTb B3aMMOAENCTBUA OLLEHMBANACh MO CHUMEHUIO
YPOBHA

peuenTopom B pesysibTaTe ero npeasaputeNbHON 610KMPOBKU.

cBA3bIBaHMA  ¢nyopecueHTHO-MedyeHHbIXx HY ¢

YpoBeHb CBA3blBaHUA onpegenann C MUCNO/Ib30BaHNEM

npoToyHoro  uuTodnyopumetpa. brokuMpoBKka  peuentopa
ocyLlecTsiANacb NOCPeACTBOM WMHKybaLUMM KNeToKk B cpefe,
coaepKaleit n3bbitok pA®PN3a,.

TpuaLaTMNPOLEHTHOE CHUMKEHME YPOBHA B3aUMOAENCTBUA
HY, cBA3aHHbIX C BEKTOPHbIM 6e/KoM, C MOBEPXHOCTbIO
OMyXoneBbiX KJETOK nocne 610KMPOBKM peuentopa 6bino
[AOCTUTHYTO TONIbKO B C/ly4ae UCMO/Ib30BaHMA TPeTben cTpaTernm
KOHbBIOrMPOBaHWA.

Takum obpasom, bbina paspaboTaHa cTpaTerns noayyYeHus
HY, cBA3aHHbIX C BeKTOpHbIM 6enkom (p3aAPM), cneunduryeckn

B3aMMOZEMNCTBYIOLMX C peuenTopom ADI.
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Tissue engineering encompasses implantable devices formed
from: donor replacement tissue (allograft), natural and synthetic
biopolymer  scaffolds, growth factors (autologous and
recombinant proteins) and living cells (alone or within viable
tissue) to be employed to regenerate specific diseases related to
muscular, skeleton or craniofacial eye cornea damages.

Over the last century allografts and autografts represented
the best solutions and now they remain the “gold standards”.
However, there are still many problems related to infections,
disease transmission and long-term availability of materials in a
market where demand for organ/tissue implants is ever growing.

The implantation of a scaffold at the defect site becomes
therefore mandatory in order to:

e bridge the gap created by the defect, while protecting
the inner tissues against all kinds of aggressions
(microbiological, chemical, physical types)

e counteract inflammation and promote wound healing

tissue

e conduct, organize

reconstruction

and promote complex

e promote a neovascularisation

Tremendous progress with encouraging results has already
been achieved in the field of tissue engineering with biomaterials
available in clinical use. However major advancements are still
needed in order to bring these technologies to their full potential
as for example in case of:

e Human reconstructed skin, composed of either human
neonatal dermal fibroblasts or of dermal and epidermal
components (e.g. treatment of foot ulcers

e Cartilage replacement products

e Materials designed for reconstruction of cornea, blood
vessel and bone.

Many challenges remain and much work is still needed in
order to achieve the ultimate goal of tissue engineering, not only
to replace structures and improve function of diseased tissue,
but also to reconstruct complex organs.

|

Accordingly, several “‘smart biomaterials”’ have already been
functionalized either by cells, growth factors or genes in order to
improve the complicated biological event of tissue repair. The
incorporation of some specific signal peptides for integrins such
as RGD (Arg-Gly-Asp) into the biomaterial has attempted to
mimic the extracellular matrix, modulate cell adhesion, induce
cell migration and elicit a neo-endothelisation process.

The numerous multifunctional polymers developed so far
and not yet used for tissue engineering will be adopted and
optimised for this application. In this context detailed knowledge
on novel polymer materials including architecture and surface
properties, in relation to cell reactivity in vitro, is needed.

Tissue-engineering scaffolds should be analogous to native
extracellular matrix (ECM) in terms of both chemical composition

and physical structure. Polymeric nanofiber matrix is similar, with
its nanoscale nonwoven fibrous ECM proteins, and thus is an
excellent candidate of ECM-mimetic material.

Over the last decade, nanomaterials have been highlighted
as promising candidates for improving traditional tissue
engineering materials. Importantly, research has shown that
nanomaterials exhibit superior cytocompatible, mechanical,
electrical, optical, catalytic and magnetic properties compared to
conventional (or micron structured) materials. These unique
properties of nanomaterials have helped to improve various
tissues growth over what is achievable today. However the
construction of such ex vivo analogues is quite challenging due to
the complexity of the living tissues.

In this context, we have optimized new biocompatible and
biodegradable copolymers, made only of polymer sequences
already used in clinic, which provide new mechanical and barrier
properties (oxygen, water), and which allow the manufacture of

textile/hydrogel composites.
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OueHKa napameTpoB B3aUMOAEUCTBMA HAHOPa3MEPHbIX
CUCTEM [OCTaBKM JIEKAPCTB, NPeAHa3HaYeHHbIX A1 CUCTEMHOMO
BBEAEHMA, C KOMMOHEHTaMM KPOBW Yesi0BEKA BasKHa C TOUKM
3peHun 6e30MacHOCTM HAHOMEAMULMHCKUX NpenapaTos. B paboTe
remoCcoBMEeCTUMOCTb

IMnocom c SIMNOGUNBbHBIMU

nposfekapcteamu B AunuaHom 6bucnoe wuccnepgoBaHa  BO
B3aMMOCBA3M C UX GU3UKO-XUMUYECKUMU CBOWCTBAMM.
Jlunocombl Ha ocHoBe NpupoaHbix dochaTnannxonmuHa (PC)
7 bochatTnannmHosuTa (P1), HarpyKeHHble 1,2-
AVONEOUNTIULEPUAHBIMU  CNOKHOIOUPHBIMU  MPOU3BOAHBIMM
WMPOKO NpumeHAeMblX B KAWHUKE NnpenapaTtoB MeToTpeKcaTa
(MTX-DOG) nnm mendanaHa (MlIph-DOG, cocTaBa
PC/PI/MTX(Mlph)-DOG, 8 : 1 : 1 (Mmonb), roTOBUAM CTaHAAPTHLIM
MEeTOZI0M 3KCTPY3UM Kak onucaHo paHee [Kuznetsova et al, J Drug
Del Sci Tech, 2009].
KOHTPONNPOBaIM C MOMOLLbIO  /1a3epHbIX  AMPPAKLMOHHBIX

meToAoB Ha npubope Zetasizer Nano ZS (Malvern Instruments

Pasamep u {-noTeHuman nunocom

Ltd, UK). Cepus TecToB Ha reMOCOBMECTMMOCTb, NPOBOAMMBIX in
Vitro B COOTBETCTBUM C pPeKoMeHZauusMu MexayHapoaHowm
opraHusaumMm no craHgaptmsaumm SO (10993-4), Bskaouyana
OLEHKY BANAHMA NIMMOCOM Ha LeNOCTHOCTb 3PUTPOLMTOB (B TOM
yncne TecT Ha remonus) M TpombouuToB, a TaKXKe Ha
DYHKLMOHMPOBaHWE KackagoB KOMMIEMEHTA U KOarynaLumm.
lMoKa3aHO, 4TO MNOBEPXHOCTb JIEKAPCTBEHHbIX JIMMNOCOM
XapakTepusyeTca Bonee

oTpMnuaTeNnbHbIM {-noTeHuUManom.
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MTX-DOG-

ZINOCOM CBfI3aHO C HanuumMem cBO6OAHON a-KapboKcuabHOM

abcontoTHoe

BbICOKOEe

3HaueHne {-noTeHumana

rpynnbl MeToTpeKcaTa B MoOnekyne nposnekapcrea. MTX-DOG-
IMNOCcoMbl 6biIM B cpegHem KpynHee aunocom ¢ Mlph-DOG, a
TaKe 6onee CKAOHHbI K arperauuu.

JlekapcTBEHHbIE  /IMMOCOMbI, B LUEJOM,  NPOABUAU
TO/IEPAHTHOCTb MO OTHOLIEHUIO K KOMNOHEeHTaM Kposu. OgHako,
MTX-DOG B nunocomanbHoi dopme 3ameanan Koarynauuio um
BbI3bIBaN aKTUBaLMIO cucTembl KOMMN/eMeHTa. Ha
reMopeaKkTUBHOCTb JIMMOCOM He BAWANM Hanuune u CTPYyKTypa
aflpecHbIX YINEBOAHbIX NUraHA4OB CcemeilcTBa cuanun Jlbtouc
(amoneonnravuepuaHolie MN3r-copep:awme KOHBIOraThl
SiaLeA/SiaLeX-PEG-DOG,

2 mon %), a TaKXKe Hanuume unu otcytcTeue Pl, BbINONHAOLWErO
ponb NOBEPXHOCTHO-CTabuausupytowlero ¢aktopa B cocTase
NNOCOM. YMeHblueHue cogepanma MTX-DOG B 6ucnoe ¢ 10 go
2.5 mon. % NpuBOAMIO K YMEHbLUEHUIO BE/IMYMHBI NOTEHUMaNa
NMOBEPXHOCTU M MeHblueMy pa3mepy JIMMOCOM, 4YTO, B CBOK
oyepeapb, BbIPAXKANOCb B CYLWECTBEHHOM CHUXXEHUU BAUAHUA
MTX-DOG-amnocom  Ha

KOMNAeMEHTa U Koarynauum Kposu.

6enkoBble  Kackagbl  CUCTEMbI
Takum o06pa3om, WM3MeHeHMe cocTaBa 6ucio0A /MNocom
MOXeT NPUBOAUTb K HeXXenaTe/ibHbiM, HO KOHTPOAMPYEMbIM
no6o4YHbIM 3bdPeKTam MO OTHOLIEHUIO K KOMMOHEHTaM KPOBMU.
Paboma svinonaHeHa npu noddepxcke POOU (npoekm 06-04-
49432) u FEBS Collaborative Experimental Scholarships for

Central & Eastern Europe.

.EISO NONYYEHWNE HAHOCOMA/IbHbIX ®OPM
JNEKAPCTBEHHbIX MPEMNAPATOB, HA

OCHOBE BMOAETPAOUPYEMbIX
NOAMMEPOB, ANA NEYEHUA
TYBEPKYNE3A JIETKUX
HahgeHosa A.A.l, CeBepuH C.E.l, Jemunxosa O.B.Z,
Pabuesa M.C.!
"MockoBckuit HayyHo-UccnepoBaTenbckui
WHcTuTyT MeguumnHckol dkonorum (MHUUMD),
Mocksa, Cumdepononbckuin bynbsap 4.8
a.a.naydenova@ya.ru
?LleHTpanbHbIi HayuHo-Mccnenosatensekuii
WHctutyT Ty6epkynesa PAMH (LULHUUT PAMH),
Mocksa

B HacToslllee Bpemsa exerogHo Ty6epKynes yHOCUT JKU3HU

1,6 munnvoHoB 4enosek. Poccua BOT yke MHOrue roapl

CcTabuibHO  BXOAMT B 4YMCIO  CTpaH € Haubonbluen
pacnpocTpaHeHHOCTbI0 3Toro 3abonesaHus, nostomy 6opbba c
NIeKapCTBEHHOW  YCTOMYMBOCTbIO  MWKOBaKTepuii  Tybepkynésa
ABNAETCA O4HOMN M3 aKTyanbHbIX Npobaem meanumHbl. OAHUM K3
Hanbosee MEepPCNeKTUBHbLIX HanpaBAeHW B pPeLeHUn 3ToW
npobnembl ABNAETCA CO34aHME HAHOCOMA/IbHBIX 1EKAPCTBEHHbIX
bopm M3BECTHLIX MPOTUMBOTYHEPKYNE3HbIX NPEnapaToB UAKU WX
KOMMO3MUMIA Ha oOcHOBe 6uoAerpaavpyemblx MOJMMEPOB,
Pa3peLLEHHbIX A1 NPUMEHEHUA B MEAMLIMHCKOMN NPaKTUKe.
Hamu 6b1M NonyyeHbl HOBbIE IEKAPCTBEHHbIE KOMMO3ULMU
M3BECTHbIX  AHTUMMKPOOHLIX U MPOTUBOTYOEPKYNESHbIX
npenapatos: D-umknocepuHa, KanpuomuumHa, pudamnuumHa,
nesodnoKcaumHa, paga

JlOMed)JIOKCBLI,VIHa, INHE30Nnga M
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OPYrMX, Ha ocHoBe 6uoaerpaaupylowmx NoAMMEpPOB MONOYHOM
KMCNOTbI U COMOIMMEPOB MOJIOYHOM U TIMKO/IEBOM KucnoT. Ans
NoNy4eHUA 3TUX CPEACTB MCMO/b30Ba/M CTAHAAPTHbIE METOAbI

B pesy/nbrate 4ero
~250+400 HM. 3ITn

npenapatbl 061a4anM BbICOKON aHTUMUKPOOHOW aKTUBHOCTLIO

OOMHAPHbIX WAW  OBOWHBIX 3MYNbCUIA,

Nnosy4yanu HaHoYacTMLUbl  pasmepos
LIMPOKOTO CMEeKTPa W HWU3KOM TOKCUMYHOCTbIO. Kpome ToOro,
no/lyyeHHble npenapaTbl MOKa3aAu 3HauMTENbHOE YBeauyeHue
npoTnBoTY6epKyNé3HOM 3dHEKTUBHOCTU MU NPOSIOHIMPOBAHHOCTbL
OEUCTBMSA B OMbITaX HAa K/AMHUYECKMX LITaMMax OT 6ONbHbIX
Ty6epKynésom.

B KauyectBe npumepa B Tabnvue npuBeaeHbl pesynbTaTbl
npoTnMBOTY6EpPKYNE3HOMN

nccnenosaHumA AKTUBHOCTH

HaHOCOManbHbIX Gopm pudamnuumHa 1 d-uuKknocepuHa.
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72 oymea 142 oy 21 cymen
*KOE — KonoHneobpasyowan eanHmLa.
dapmaKkonornyeckas 3¢ deKTUBHOCTDL nencreuna
JIeKapCTBEHHOTO  cpeacTBa  Ha  ocHoBe pudamnuuMHa W

cybcTaHumm pudamnumumHa Ha BbiceBaemocTb M. Tuberculosis

10

2

3

HONTPOALHOR pynne|
=] 8

12,5 s/ WE Wano
25 wr/ W wano

12,5 s/ vamed
L 25 mriur wann

(00 OTHOWEHHIO K COALEHIMNEO D

12,5 wrfwr sano

Baicuiaewocrs M fubereskosis ik, %

Teomms 142 cymin 212 cymim

MpumeyaHue: B KOHTPONE BBOAUAM  (PU3MONOTUYECKMIA
pacTBop B 06b&Me paBHOM 06BbEMY BBOAMMOrO npenapara.
nencTemns

dapmakonoruyeckas adpeKTUBHOCTL

NeKapCTBeHHOro cpeancrtsa  Ha  OCHOBe d-Ll,VIKﬂOCGpMHa u

cybcTaHumMK BeltecTsa Ha BbiceBaemocTb M. Tuberculosis
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CMMMETPUYHbIE N AHU3OTPOMHbIE
MYJIbTUKOMMNOHEHTHbLIE MUKPO- U
HAHOYACTUUbI 1 KANCY/1bl

AweHok A.I\/I.l’z, [enuena I\/I.l, Mésang, x.b CKkupTay
Art

"Makc-MNnaHk UHctutyT Konnonaos u
MosepxHocTtein, 14424-Notcpam, FepmaHua
yashchenok@mpikg.mpg.de
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TexHosorui, CapatoBckuii FocysapcTBeHHbIN
YHusepcuTert, 410012, r. CapaTos, yn.
AcTpaxaHckas, 83
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MonnanexkTponnTHble MUKpOKancybl Hawn pag
NPUMEHEHUI B TaKUX 06NAcTAX KaK MMMYHONOTWsA, PaKoBas
Tepanua, OOCTaBKa BELLECTB B MEXKK/IETOYHOE NPOCTPAHCTBO,
CEHCOpbl, U KaK MoZe/ibHble CUCTEMbI BUMOMOTMUYECKUX peaKLuit
[1-6].

ncnonb3sya

MONM3NEKTPONUTHBIE  MUKPOKANCy/ibl nosyyator,

TEXHO/I0TUIO I'IOI'IVISJ'IeKTpOﬂVITHOﬁ CaMOC60pKM,

KoTopasa 6a3supyetcA Ha nocnefoBaTenbHoOW — agcopbuum

NPOTUBOMONOXKHO 3apAXKeHHbIX NONMNINTEKTPONNTOB Ha

3apAKEHHYD  MOBEPXHOCTb. bnarogaps  pasHOCTOPOHHOCTU
MeToZa Noc/iefoBaTeNbHOM agcopbuum, BO3MOXKHO, CO3AaBaTbh
MY/IbTUOYHKLUMOHANbHYIO U YYBCTBUTE/IbHYIO K Pas3/IMyHbIM
BHELWHMM nonam 0b60n0YKy Kancyn. B nocnepHee Bpems Ha
OCHOBE MOJIMMEPHBIX MUKPO- U HaHOKancy/bl 6blna NpeanoKeHa
HoBas 06/1acTb  My/IbTUKOMMOHEHTHbIX ~ MWKpoKancyn  [5].
PasnuyHaa mopdonorus (M30TponHas M aHWU3OTPOMHas) TaKMUX
MY/IbTUKOMMNOHEHTHBIX YacTuL, U Kancyn npeacraBaseT 60/bLwoi
MHTepec baarogapsa UX GyHKLMOHANbHOCTU.

pabote
peaKkuus  BHYTpM

KafbUMit KapbOHATHbIX YacTUL, B CPaBHEHWM C TaKOM e

B  pmaHHOM npeAacTaBneHa  KOHTpoAupyemas

bepmeHTaTMBHan MY/IbTUKOMMOHEHTHbIX
peaKkumeil BHYTPM MOAMINEKTPONUTHBIX Kancyn [6, 7]. Kanbumit

KapboHaTHble 4acTWubl 3anosiHeHHble depmeHToM  bbian

AEKopupoBaHbl sMncomamu ¢ cybctpatom. O6HapysKeHo, YTo
MOPUCTOCTb, MOHHAA CWAA, M KOHLEHTPALMA YacTul, MoryT
OKas3blBaTb BAMAHWME Ha aAcoP6LMIO YACcTUL, MEHbLIEro pasmepa
Ha  NOBEPXHOCTb 60nbLLOro Takue

YyacTuy, AnameTtpa.

MY/IbTUKOMMOHEHTHbIE  CUCTEMbI  MO3BO/AT OAHOBPEMEHHO
KancynMpoBaTb MONEKY/bl C Pa3HbIM MOJIEKYIAPHON Maccoit B
OZHOW YacTUUe WAW Kancyae C Nocaeaylowym npoBeseHnem
cneunduyeckorn BUOXMMUYECKON peakuum B OrpaHUYeHHOM
npocTpaHcTee.

AHUW30TPOMNHbIE YACTULLbI M Kamncy/n NOAYYEeHHble MyTeM WX
BBEAEHWA M YACTMYHOrO

MaCKUpoBaHuA B MArkne

6uocoemectumble  PLL/HA  nonumepHble nneHkn [8]. B
JanbHenwem YyacTuubl MeHbLLero pasmepa 66111
afcopbupoBaHbl Ha MOBEpPXHOCTU  Koasoupaos  Hosbliero

pafuyca, He MOKPbITbIX MOAMMEPHON nneHKoin. [obasneHve

pacTBopa LWenoyM C BbICOKMM pH nNoO3BOAMNO UM3BAEYbL

aHU30TPOMHYID CTPYKTYpY C MpeaoTBpalleHVMem JanbHenwein
KoanecueHumm yactuu, [JaHHble noaxog, AsnseTcA
YHUBEPCANbHbIM AN MOJMYYEeHUs [OCTaTOMHOTO KO/MYecTBa
YacTUL, Pas3MYHOrO pasmepa M MO3BO/AET OCYLLECTBAATL WX
bYHKLMOHaNM3aumio.

Mbl nonaraem, YTO TakME CUMMETPUYHbIE U aHWU3OTPOMHbIE
MY/IbTUKOMMOHEHTHbIE CTPYKTYPbl OTKPOKT BO3MOXHOCTU A/A
pasnnyHOro  6MONOrMYECKOro  MpPUMEHEeHUs, B TaKuX
NPUIOKEHUAX KaK KOHTPOIMPYyeMble GepPMEHTATUBHbIE PeaKLMK,
mexaHo-buonorusa, 6uomeamumMHcKMe ceHcopbl. C  apyrow
CTOPOHbI, GYHKLMOHANMN3ALMA MONMMEPHBIX MJEHOK Kamncyaamu
M KOHTPO/Ib MX B3aMMOZEWNCTBUA MHTEPECHO C TOYKMU CO3AaHWA

I'IOKprTVIl‘/‘I M NOANOXKEK ONA BblPpalMBaAHNA KNETOYHbIX KYNbTYP.

PucyHok. 1. KoHueHTpuyeckue (cneBa) M aHWM3OTPOMHblE
(cnpaBa) MynbTUKOMMNOHEHTHbIE YacTuubl. Pasmep maclwtabHoro
OTpesKa Ha M306pakeHnsAaX COOTBETCTBYET 4 MUKPOMETPAM.
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.ﬂ|52 KOHCTPYUPOBAHWE BUPYCONOAOBHbIX
HAHOYACTUL, HA OCHOBE AAEPHOTIO
BE/TKA BUPYCA TENATUTA B U M2 BEJTKA
BUPYCA TPUMNA
bnoxuHa E.A., Kynpuanos B.B.
LeHTp «brnounHkeHepua» PAH, 117312, r. MockBa,
np-T 60-netus OkTAbpA, 7, Kop.1
TenedoH: +7(495) 135-73-19
Blohina-lena87@mail.ru

OAHUM U3 APKMX NPUMEPOB MPUPOAHbIX HaHOYaCTUL,
ABAAIOTCA CTPYKTYPbl, 06pasyemble AfepHbIM aHTUIEHOM BUpYyCa
renatuta b (HBc). CnocobHOCTb ycMAMBATb WMMMYHOTEHHbIE
CBOWMCTBA NEeNTMAOB, NPEeACTaBNEHHbIX Ha MOBEPXHOCTU ITUX
YacTuL, MOXKET BbITb UCNONb30BaHa NPY CO34aHUN BaKLUUH, B TOM
yucne NpoTMB rpunna.

TpaguuMOoHHbIE NPOTUBOrPUMNMO3HblE BaKLUMHbLI CO3A4atoTcA
Ha OCHOBe MOBEPXHOCTHbIX 6enkosB BWpyca rpunna —
HelMpaMMHUAA3bl U remarriloTUHUHA, BbICOKAs W3MEHYMBOCTb
KoTOpbIX Tpebyet

NOABNAIOLMXCA LWUTaMMOB. KoHcepBaTuBHbIi M2 6es0Kk Bupyca

CO3[4aHMnA HOBbIX BaKUuMH ONnA BHOBb

rpynna fABAAETCA OAHUM U3 KaHAMAATOB A1A  CO34aHMA
«YHMBEPCANbHOM» BaKUMHbIL. Mbl pa3paboTtasn HOBbIN cnocob
KOHCTPYMPOBaHUA BUPYCOMOAOBHbIX YacTUL, Hecylmx Ha cBoew
NOBEPXHOCTU BHEK/IETOYHbIN AomeH M2 6enka Bupyca rpunna
(M2e), ocHOBaHHbIN Ha HEKOBANEHTHOM B3aumogeincTemm M2e ¢
06/1aCTbl0 UMMYHOA0MUHAHTHOW neTan HBc.

Ona  3toro  mbl KOAMPYIOLWMI

PEKOMBUHAHTHbLIN 6e/oK, BKAYAOWMIN Tpu Konuum M2e wu

CKOHCTPYMPOBaNU reH,

nentuaa, cssasbiBatowmiica ¢ HBc. 3ToT rubpuaHbii 6enok u HBc
6bINN IKCNpPeccnpoBaHbl B KneTkax E.coli. PaspaboTtaHbl meToabl

OYMCTKM  BMPYCONOAOBHbIX YacTUL, HEecyWMX Ha CBOeW
nosepxHoct M2e nentuabl. Ob6pasoBaHMe HaHoYacTUL,
XapakTepHoli gna  HBC  cTpykTypbl 6bl10  NoATBEp*KAEHO

LaHHbIMW 91€KTPOHHOW MUKPOCKONUKU. OnbITbl Ha 1a60pPaTOPHbIX
KMBOTHbIX, NpoBeaeHHble B HAW Mpunna MuH3apascoupa3smtus
noATBEPAUN BbICOKYHO MMMYHOTFeHHOCTb OYMLLEHHbIX
npenapaToB BMPYCONOAOOHbIX HaHOYacTWL, W MOKasaau, 4To
MMMYHM3aUMA Mblleit 3TMUMM 4YacTuuamu obecneumBaeT uX
3alWMTY OT NeTasibHON rpuUNNo3HOW MHbeKumu. Pabota 6bina
nopaep:kaHa rpaHtom PLAPROVA 7-oii pamMOYHOI mporpammbl

EC.
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HAHOTEXHO/10rMW B TEPEHEPATUBHOM
MEONUMHE

Tkauyk B.A.

dakynbTeT PyHAAMEHTaNbHON MeanUNHBI MTTY
nmeHun M.B. JlTomoHocoBa, /TOMOHOCOBCKUIA
npocnekT, 4.35/1, Mocksa, Poccus, 119192
tkachuk@fbm.msu.ru
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B nocnepHve [ecATUNETMA YCMewWwHO pa3BMBAeTCA HOBOE
Hanpas/ieHve MeAMLUMHbI — pereHepaTMBHas MeauuUMHa, 3a4a4a
KOTOPOI COCTOMT B penapauuu U pereHepauum NoBpPeXAEHHbIX
OpPraHOB W TKaHeW, a TaKXKe B BOCCTAHOBAEHWW YTPAYEHHBbIX
bYHKUM
pereHepaTMBHOW MeAWLMHbI ABAAETCA

opraHusma. OCHOBHbIM MNHCTPYMEHTOM

reHHas W KJeToyHas
Tepanua. TpaguWUMOHHAA MeaMuMHa ONA leYeHUA MPUMeHseT
ABnAlTCA  Mbo  MHrMBUTOpamu

npenapatbl,  KoTopble

bepmeHTOB, MO0  aHTaroHMcTamu  peuenTtopos,  nbo

6/10KaTOpaMM  MOHHbLIX KaHanoB. B cooTBeTcTBUM € 3TUM,
coBpemeHHble dapmaKosiorMyeckme npenaparbl
byHKLMIO
pereHepauuu

npenaparbl

BAMNAKOT Ha

KNEeTOK, a He Ha MmopdoreHes UM npoueccsl

B TKaHW. Kpome Toro, ¢dapmakonormyeckme
06bIYHO BAWAIOT CUCTEMHO HAa CBOM MULLIEHM,
Haxo4AlWMeca BO MHOTMX OpraHax WM TKaHAX. Ha cerogHsawwHui
[EHb U3BECTHa CTPYKTypa reHOB YeoBeKa, A8 MHOMMX U3 3TMX
reHoB u3BecTHa MuX ¢yHKUMA. BBeaeHWe reHoOB NOKanbHO B
OKpY)KalolLyto rpynny KAETOK MO3BOAAET OKasaTb ToyeyHoe
BO3JeiCcTBME B MecTe TpaHCdeKuun, n ¢ nomollbio 6enkos u
nenTvaoB, o6pasyloWMXCA HAa OCHOBE BBOAMMbLIX [EHOB, B

TEeYEHME  ANUTENbHOro BpPEMEHMU (Hepenu, mecsALbl)
NoAAEPHKMBATb UX IKCNPECCHIO.

MopdoreHes n pereHepaLus TKaHeW 3aBUCAT OT GaKTOpPOB
poCTa, LMTOKMHOB, XEMOKMHOB, MO3TOMY JIOKa/lbHasA CeKpeuums
3TUX BEeLEeCTB MOXKET CTUMY/MPOBaTb (a B ONpeAeneHHbIX
CNy4asx M NoAaBAATb) NPOLECCHl PereHepaumy NoBPEXKAEHHbIX
TKaHeW. B goknage 6yayT paccMOTpeHbl MexaHW3Mbl aapecHom
TeHoB ¢

AOCTaBKU TepaneBTUYECKUX AOMOLbKO  BUPYCHbIX

Aapyrux
KOHTelHepoB. [pyroit 3¢pdeKTUBHbLIN MeTos BOCCTAaHOBAEHMWA

BEKTOPOB, AEHAPUMEPOB, MNAa3MWUA, AUMNOCOM U

GYHKUMIA OpraHoB W pereHepauuy TKaHel ABNAETCA KNeToyHas

Tepanua, OCHOBaHHaA Ha BBeAeHUU CTBO10BbIX nnn

NPOreHWUTOPHbIX KAETOK B MNOBpeAEHHY0 obnacTb. B goknage

6yayT 0b6CyXKAEHbl  MeToAbl  MAEHTUPWMKALWUW, BblaeneHus,

HapaLMBaHNUA Y BBEAEHMA 3TUX KNETOK.
CyuiectBytoT ya06Hble MOAENU A1 OLEHKM BMOIOrMYecKoit
aKTMBHOCTU CTBOJIOBbIX K/NETOK, @ TaKXKe MpOAYKTOB TKaHEBOW

MHKEHepuMn  (MaTpUKCbl, renun, matepuanbl C HaHO- W

MUKpoAYekammn n Ap.). OnbIT nocnegHWx NeT nokasasa, uTo

buonorunyeckme Sd)d)eKTbl CTBON0OBbIX KNeToK mory

peanu3oBaTbCA Yepe3 WX IHAOKPUHHYI dyHKUMIO, T.e. yepes
cekpeumio  GaKTOpOB  POCTa,  LMTOKMHOB,  MaTPUKCHbIX
MeTannonpotenHas u T.4. B goknage 6yayT paccmoTpeHbl
NnepcrneKkTUBHble  HaMpaBNeHWA  MPUMEHEHUA  NPOAYKTOB
CeKpeLun CTBO/IOBLIX KAETOK A/f CTUMYAALUWU SHAOTEHHbIX

pereHepaTtnBHbIX NPOLECCOB B OpraHn3me.
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NMPUMEHEHWUE HAHOYACTHUL, B
MEOMUMHCKOM ANATHOCTUKE ANA
OETEKUWWN BUONOTMYECKU AKTUBHbIX
COEAMHEHUN

[3aHTnes b.b.

NHCTUTYT B1Moxummn um. A.H. baxa PAH, Mocksa,
JleHUHCKKMI npocnekKT, 33

dzantiev@inbi.ras.ru

N54

OCHOBHblE  TEHAEHUMM  PasBUTUA  CUCTEM  JAETeKLMU

6MONOrMYECKM  aKTUBHBIX  COEAMHEHWUN, MNPUMEHAEMbIX B
MeOMUMHCKOW AMarHoCTUKe, OMpeaensioTcs HeobXoauMMOCTbio
MOBbIWEHUA YYBCTBMTEJbHOCTM M COKPALLEHMA AJIMTESbHOCTU
aHanun3os.,

npPoOBOAMMBIX KaK B CTauMOHapPHbIX, TaK U BO

Hapagy C
MMWHWaTIOPU3aLMen M aBTOMATM3aLMel aHaIUTUYECKUX CUCTEM,

BHeNabopaToOpPHbIX YCI0BUAX. B CBA3M C  3TUM,
BEAYTCA aKTMBHble PaboTbl MO MOWCKY HOBbIX PELeHWn anas
reHepaumMm M perncTpaumm aHaiUTUYECKOro CUrHana, a Takke
AN O4HOBPEMEHHOro OnpeAeneHns MHOMMX COeAUHEHWUN B
MUKponpobax (mynbTUnapameTpuyeckuii aHanus). Haubonee

dAKTUBHO ncnosblyemole B Me,ﬂ,VILI,VIHCKOVI npaKTuKke

TPagMUMOHHbIe BuMoaHanuTMueckme metoabl (TBepaodasHbIi
MMMYHODEPMEHTHbIN aHaM3 U Ap.) UMEIOT PAL TEOPETUHECKUX
N METOAMYECKUX OrpaHUYeHui, MPEenaTCTBYIOWMX YBENUYEHNIO
3KCMNPECCHOCTU MPU COXPaHEHWM BbICOKOMN YyBCTBUTE/bHOCTU. B
[OKNage paccmatpuBaetca  NPUMeEHeHMe HaHoMaTepuasnos
pasHbIX K/AACCOB ANA PaCWMPEHUs BO3MOMKHOCTeH 6uo- u
MMMYHOXMMUYECKUX CUCTEM aHaNMn3a.

PaccmotpeHbl  daKTopbl, npeaen

O6Hapy)KeHWi| Pa3INYHbIX aHANUTUYECKUX CUCTEM, NPUMEHEHUE

orpaHuyuneatome

CUHTETUYECKMX PELenTopoB A/ BbICOKOAGpOUHHOTO CBA3bIBAHUA
LeneBbIX COeAMHEHW, BO3MOXHOCTU COPOEHTOB C BbICOKOW
YAENbHOW MOBEPXHOCTbIO KaK CPeACTB  KOHLEHTPUPOBAHMS.
ConocTaeneHbl Pas/iMiHble CUCTEMbI FOMOTeHHO-TreTepOreHHoro
aHanu3a, coyeTatoume KOHLEHTPUPOBaHWe Lenesbix
coeauHeHUI 3 6o/bliMX 06BEMOB C NOCNeAyIoLLeN reHepauuei
CArHana Ha oOrpaHuM4YeHHOM noBepxHOCTU. [MpeacTaBneHbl
MCCNefoBaTeIbCKME U KOMMEpPYecKue paspaboTKM MarHWUTHbIX
adpdUHHbIX copbeHTOB, JaHa oueHKa ux 3pdeKTUBHOCTU B
COYETAHWM C pPasHbIMKU CUCTEMAMM AeTeKuuu. PaccmoTpeHbl
npUMepbl KacKagHOro YCU/IEHUA CUTHaNa C MCMOJ/b30BaHWEM
HaHo4YacTUL, [AaH aHaAM3 PEeKOPAHbIX UYyBCTBUTE/IbHOCTEN B
Pa3AnNYHbIX BUOAHANUTUYECKMX CUCTEMAX.

PaccmoTpeHbl 0cob6eHHOCTH peleHuin npu
BbICOKOYYBCTBUTENbHOM ONTUYECKON WM 31EKTPOXMMUYECKON
AeTeKuMn HaHOAUCNEPCHbIX MapKepoB M ee NpUMeHeHUU OnAa
uenei aHanmsa. ConoOCTaBNEHbl CBOMCTBA HAHOAMCMEPCHbIX
MapKepoB PasHbIX XMMMUUYECKMX K/IACCOB (KONNOMAHBIX 4YacTuu,
30/10Ta, cepebpa, Kenesa, yrnepoAHbIX HaHOYACTUL, KBAHTOBbIX
OpraHW4Yeckux MONMMEpPHbIX Kpacutenel w  ap.),

UCNO/ZIb3yemMbIX B MMMYHOaHanunse cC OnNTUYeCKoM p,eTeKumeﬁ.

TOYEK,

OxapaKTepu3oBaHbl BO3MOXHOCTU npuMeHeHns
HaHOAMCNEePCHbIX MAapKepoB B cxemax 6Mo- M MMMyHOaHanu3a
Ha MeMbpPaHHbIX HOCUTENAX, NOBbLIWEHUA UX YYBCTBUTENbHOCTH,
3KCMPECCHOCTM U NPOU3BOAUTENLHOCTU. MpUBEAEHbI NPUMEpDI
YCWAEHUA CWUTHANa C MOMOLLUBIO HAHoYacTUL, B MembpaHHOM
aHanu3e. PaccMoTpeHbl OCHOBHbIE AMArHOCTUHECKUE 3afaun, Ans

peweHna KOTOpPbIX B  HactoAwee BpemAa NPUMeEHAKTCA

HaHoAMCNepCHble MapKepbl, 0CO6EHHOCTM PasHbIX TUMOB TecT-
cuctem.

[JaHbl npumepbl paboT No AETEeKUMU eAMHWUYHbIX MOEKY
WUAK KNEeToK B 6uonpobax C NpUMeHeHMEM HaHoYacTUL, AnA

reHepaumn [0OCTOBEPHO BbIABAAEMbIX CUrHanoB. [loKasaHbl
dHaNUTN4YeCkne BO3MOXKHOCTM CUCTEM C  WUCNOJSIb30OBAaHMEM
aHTUTENOCoAepPKalux 30HAOB B ATOMHO-CUN0BOW
MUKpPOCKONUN.

PaccmoTpeHbl NepcrnekTMBHbIE NyTU pa3BuTUA 6GuoaHanusa

Ha OCHOBEe HaHOMapKepos ana banbHenwero

COBEpPLUEHCTBOBAHMA METOA0B MEANUMHCKON ANAarHOCTUKMN.

B3AMMO,CI,EVICTBVIE MPOTMBOPAKOBbIX
MPENAPATOB C TYBY/IMHOBbIMU
HAHOTPYBKAMMW.

F.T.Fygwﬂl, E.A.Kanyxa2

rematonornueckuin Hay4HbI LLeHTP
MwuH3gascoupassuTma PP, Mockea, 125167,
HoBbI 3biIkoBCKMI Npoe3a 4, THL,

M OCKOBCKMIt PUIUKO-TEXHUUECKNUIT UHCTUTYT,
[DonronpygHsiii, MO, 141700, MOTU
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B uncne nepcnekTMBHLIX METOA0B NPOTMBOPAKOBOM Tepanum

LUIMPOKO obcykpaetca Tak HasblBaemas 610KOBanA
XMMMUOTepanus, Npu KOTOPOM C ONPeAeNeHHbIMU UHTepBaNamu
MCMONb3YIOTCA Lenble  rpynnbl OAHOBPEMEHHO [AeNCTBYHOLLMX

npenapatoB.  KombuHupoBaHue npenapatoB B  610KK
NPOU3BOAUTCA C Lie/Ibl0 MOBbIWEHUA 3PHEKTUBHOCTU Tepanuu. B
pAfe coBPEMEHHbIX NPOTOKO/10B B OA4MH 610K MOXKET BXOAMUTb A0
10 ofHOpPeMeHHO AeWCTBylOWMX npenapaTos. B yucne Takoro
poAa UMTOCTAaTMYECKMX MpenapatoB ocoboe MecTo 3aHMMaloT
areHTbl OKasblBaloliee AeicTBUe HA TYOYNMHOBbIE HAHOTPYOKM.
OT6Op TaKMUX areHTOB, a TaKKe UX YAa4yHOe CoYeTaHue B pamKax
opgHoro 6710Ka, NOMMMO NPOYEro WMMeeT Lenblo MOHU3UTL
NoBOYHYIO TOKCUYHOCTb. MCnonb3ya NOCTPOEHHYO Auarpammy
COCTOAHMA TYyBYNMHOBbLIX HAHOTPYBOK, aBTopbl GopmynupytoT

npasuna noabopa LUTOTOKCUYECKUX areHTOB B OAMH B10K.
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MACROPHAGES AS TROJAN HORSES FOR
BRAIN DELIVERY OF REDOX ENZYMES

Elena V. Batrakova'?, Matthew Haney™?, Yuling
Zhao?, Poornima Suresh®?, Anna M. Brynskikhl'z,
R. Lee Mosley®*, N.L. Klyachko®®, Alexander V.
Kabanov*?, Howard E. Gendelman®*

'Center for Drug Delivery and Nanomedicine
Department of Pharmaceutical Sciences

3Center for Neurovirology and Neurodegenerative
Disorders *Department of Pharmacology and
Experimental Neuroscience, University of Nebraska
Medical Center, Omaha, Nebraska, USA
>Department of Chemical Enzymology, Faculty of
Chemistry, M.V.Lomonosov Moscow State
University, Moscow, Russia; and 6Deparment of
Chemistry, M.V. Lomonosov State University,
Moscow, Russia

Parkinson’s disease (PD), age-related and one of the most
common neurological disorders, is accompanied by inflammatory
process within substantia nigra pars compacta (SNpc). To reduce
neuroinflammation and prevent neuronal death, cell-mediated
delivery system of an antioxidant enzyme, catalase, loaded into
bone marrow derived monocytes (BMM) was developed. To
preclude enzyme degradation inside cell-carriers, catalase was
coupled with a synthetic polyelectrolyte of opposite charge
forming a polyion complex micelle, nanozyme. Transport of
nanozyme loaded into BMM to SNpc in an animal model of PD
was demonstrated by Image Visualization and Infrared
Spectroscopy (IVIS). Therapeutic effect of nanozyme loaded into
BMM in MPTP intoxicated mice was manifested in decreased
inflammation in SNpc, in particular, microglia activation (two-fold
reduction in CD11b levels). Furthermore, the neuroprotective
effect of using
immunohistochemistry by staining TH-positive dopaminergic

nanozyme formulation was observed
neurons. Finally, protection of dopaminergic neurons in PD
mouse model upon administration by nanozyme-loaded BMM
was confirmed by MRSI in MPTP-intoxicated mice; no decrease of
levels of the brain neuronal metabolite N-acetyl aspartate (NAA)
in the SNpc and stratum were observed in MPTP-intoxicated
mice treated with nanozyme-loaded BMM. It suggests that
nanozyme-loaded monocytes can be used as alternative
therapeutic formulation for treatment of neuroinflammation-
associated pathologies, particularly in PD.
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BUOPYHKLUMNOHANbHbIX HAHOYACTUL, B
BUOTKAHAX
Omernbyerko A.U.", Co6onb 3.H.", Nasnosa C.C.>
1V|HCTMTyT Mpob6nem JlazepHbix u
MHbOopMaumMOoHHbIX TexHonoruii PAH, r.Tponuk,
yn.MnoHepckas 2 alexio@kmail.ru

2HOropCKMit rocy4apCTBEHHDBIN YHUBEPCUTET I

XaHTbl-MaHcuiicK, yn.Yexosa 16

Pavlova_SS@mail.ru

B cBA3M C OTKPbLIBWIMMUCA B nocnegHee Bpema LUMPOKUMU

nepcnexkTMBamm npumeHeHus *6UOPYHKLUMOHANBbHBIX
HaHOYaCTWL, B 1a3ePHON MeAMLMHE BO3HUKAET PAJ, HepeLLeHHbIX
npobaem B3aMMoLeNCcTBMA Na3epHOro 13NydYeHus, HaHo4YaCTUL, U
6uoTKaHel. ITo, nNpexae Bcero, Npobaembl agpecHol AOCTaBKU
NIEKApCTBEHHbIX MpenapaToB ¢

nOMOLbKO  HaHo4YacTUL, WU

HaHOpa3MepHbIX  HocuTene B BGUMONOTUYECKMX  TKaHAX,
061a/atoWmx HU3KOM NPOHULAEMOCTBIO (XPALL, KOCTb, POroBuLa
rnasa v ap.). Hapagy c npobnemamu TpaHcnopta HaHovacTuy, B
BA3KOYNPYrUX 6MONOTMYECKMX TKAHAX, JIMLWEHHbIX KPOBEHOCHbIX
COCYAOB, BO3HMKAeT paj npobnem, CBA3AHHbIX C MIOXOM
NPOXOAUMOCTbIO HAaHOYACTUL, B CETU MENKWMX Kannuanapos, u
BblBEAEHMA HAHOYACTWL, U3 OpraHW3ma Npu UX HaKOMJeHUWu B
pAage opraHoB (neyeHb, MOYKM).

Kpome Toro, cywecrsyer

npobnema [AONTOBPEMEHHOM CTabUNBHOCTM HaHoyacTuy, B
opraHusme, cofeprKalmxca npu GU3MONOTUHECKUX YCIOBUAX
(koarynauus, ceaumeHTaums). K

araomepauma  u qyucny

HepeleHHbIX  Npobnem, Takke  oTHocutcA  npobnema
TEPMUYECKOM YCTOMUYMBOCTM HOTOMOMNOWAOWMX HAHOYACTUL, K
Nla3epHOMY HarpeBy (nasepHas runepTepMmus U TepmoTepanms).
B psge cnyyaes, Hanpumep NpW Na3epHOW UHMKEHEpUW
XpALWEN, C MOMOLLbIO MarHUTHbIX HaHOYaCTUL, OKCUAOB Kenesa
yaaetca

pewuTs npobaembl yNpaBiseMoro TpaHcnopta B

NNIOXOMPOHULI@EMbIX TKaHAX MyTEM JIOKaJIbHOTO /1a3epHOro
HarpeBa U HaNOXEHWUA BHELUHETO HEOAHOPOAHOrO0 MarHUTHOro
nona [1]. CywecTByeT psg MeTOA0B yayyleHUs cTabuabHOCTU
OU3MKO-XMMUYECKMX CBOMCTB NPEnapaToB HAa OCHOBE M3BECTHbIX
[2-3].
Tennodusnyeckme

6MODYHKLMOHANBHBIX HAHOYACTUL, B a3toit pabote

paccmaTtpuBatoTca acneKTbl  N1a3epHOro
HarpeBa 6MOdYHKLMOHA/IbHbIX HAaHOYaCTUL, OKCMAOB Kesnes3a 1
OKCUAHbIX BPOH3,  MMMPErHMPOBaHHbLIX B XPALLEBYK TKaHb.
PeweHbl Bonpockl cuHTE3a 6MObYHKLMOHANBbHBIX HAHOYACTUL, U
KOHTPOAA CTabUAbHOCTU KO/TIOUAHBIX PACTBOPOB Ha UX OCHOBE, a
Takke (GOTOMETPUUYECKOro OMnpeaesieHUs ONTUYECKUX CBOMCTB,
BAVAIOWMX Ha TepMWYEcKMe npoueccbl B 6WOTKaHAX  npu
Na3epHOM Harpese.

[na oueHKM GoToTepmmuYeckon spPeKTUBHOCTU NOTNOLWEHMUSA
nsnyyeHus Er-BonokoHHoro nasepa (A = 1.56 pum) pasanyHbIxX

HaHO4YaCTUL, NPUroTaB/INBANUCL reniesble CMeCU 3TUX HaHOYaCTUL,

*HaHouacTuupl U UX KOMMIEKCbI, BBOAMMbIE B OPraHv3m
CNoco6HbIE BbINOHATL B HEM Pa3/iMiHbIE MEAMUMHCKME 33a4a4M
(TepaneBTMYECKME U AMArHOCTUYECKME CPEACTBA, HOCUTENN AnA
HanpaBAeHHOM’, afPecHON [OCTaBKMU IEKAPCTB U Ap.) - OTHOCATCA
K MHOTOGYHKLMOHaNbHLIM UK BUOGYHKLMOHANbHBIM.
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B pasAnyHOM KoHueHTpaumm ot 0.1 mr/ma go 10 mr/mn. C
MOMOLLbI0 GOTOMETPUM MOJTHOTO MOT/IOWEHUA U3IyYEeHUA B CNoe
33laHHON  TONLUMHBI
KO3 OULMEHTbI MOTNOWEHNA Pa3NINYHBIX HAHOYACTUL, B resie (cm.

onpeseneHbl  MOHOXpOMAaTUYecKue
Tabanua 1).

Tabnnua 1. KoadpouumeHTbl
cMmecei NP PasNnYHOM MOLLHOCTU nasepa

nornoweHnAa wuccneanyemblix

lens lenb +HxMo03=1:1 lenb + Fe304=1:1
3apaHHan
MOLWHOCTb, BT W3mepeHHan WU3mepeHHan W3mepeHHan
fa, cm-1 a, cm-1 a, cm-1

MOLWHOCTb, BT MOLLHOCTb, BT IMOLLHOCTb, BT

0,5 0,518 10,84 0,195 18,83 0,408 14,20

0,9 0,779 10,05 0,417 15,39 0,713 13,10

Ll,anee 3TN rean HaHOCUUCL Ha nospexaeHHyt

NOBEPXHOCTb XPALEBOW TKaHW, M 3T0 MecTo o0b6ayyanochb
MMMYbCHO-MEPUOANYECKUM N1a3EPHBIM U3NTYYEHUEM.

C nomolbto MK-Tepmometpumn (tennosusop UPTUC-200M)
M3yyeHbl  TEPMUYECKME  TMpPOLLECcCbl  Na3epHOro  Harpesa
NOBEPXHOCTU XPALLEBOM TKAHWU CyCTaBa, Ha KOTOPYIO HAHOCUAUCH
NPUroToB/IEHHbIE resiesble cmecn. Ha Puc.1l nokasaHbl Kpusble
HarpeBa XpALLEBOM NoBepxHOCTU. OUeBUAHO, YTO HAHOYACTULbI
OKCUAHOM 6poH3bl, MMetowme 6onbliee noraouieHune (taba. 1),
addekT npu

BO3EMCTBUUN Nla3epHOro usnyyeHusa. dototepmuyeckuii abdekT

NoKasblBaloT  6onblnii  GoToTepMUYECKUA
HaHOYaCTUL, OKCMAA *KeNnesa HECKONbKO HUXKe, Yem OGpOH3bI
Ho_zoMOO3.

NPUrOTOBNEHbLI C

Otmetum, uTto  doTtonornowatrowme  6uorenn

MCMONb30BAaHMEM HAHOYACTUL, OKCUAHOM
6pPOH3bI 3HAYUTENIbHO MeHbLel KoHueHTpauun (0,9 MKr/m), uem

okcmaa »enesa (10 mr/mn).
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Puc.1. Tennosaa AMHamumKa xpawga: 1- ¢ HaHo4YacTULAMMU
6poH3bl Hg20M003; 2 — ¢ HaHouacTUMuamu Fe;0q4; 3 — 6e3
HaHo4acTmL,
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1. Hukudoposa OmenbyeHko

HAHOKOMMO3UTHbIE MUKPOKATCY/1bl C
HAHOYACTUUAMU OKCNOA LUMHKA:
CO340AHUE, PU3SNYECKUE CBOWCTBA,
BMOCOBMECTUMOCTb, TOKCNYHOCTb
Konechukosa T.A."?, lopuH L],.A.l’ 2 depoposa
M.A.3, lyces A,A.A, [eopruesa P.5, Ddepu A,s,
®depHargec N.%, Wykun A.1.", Mésanbg X.*

*Max Planck Institute of Colloids and Interfaces,

D14424, Potsdam, Germany
tatiana.a.kolesnikova@gmail.com
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?CapaToBCKUIt rOCyAapCTBEHHbIA YHUBEPCUTET UM.
H.T. YepHbiwesckoro, 410012, r. CapaTos, yA.
AcTpaxaHckas, 83

3CapaToBCKMit rocy4apCTBEHHDBIN MeANLMHCKUA
yHuBepcuteT um. B.W. Pasymosckoro, 410026, r.
Capartos, yn. bonblas Kasaubsa, 112
*TamBOBCKMIt roCyapCTBEHHBIN YHUBEPCUTET UM.
I.P. NepxaBuHa, 392000, r. TamboB, y..
MHTepHaumoHanbHas, 33

>Charité Universititsmedizin, Berlin, Germany,
Hindenburgdamm 30, 12203 Berlin

SUniversitat Bayreuth, Physikalische Chemie II, D-
95440 Bayreuth, Germany

YHWKa/bHble CBOMCTBA MOJIM3NEKTPONMUTHBIX MUKPOKAMcyA,
BK/IIOYAIOLLME MPOCTOTY MX KancyasuuMnm u GyHKLMOHANM3aLmu,
AeNalT NnepcnekTuBHbiIM UX NpumeHeHWe B KayecTsBe Cpeacts
afpecHoOn [AOCTaBKM NeKapcTBeHHbIX Bewects [1]. OgHum w3
cnocoboB BbICBOBOXKAEHUA 3aKancCyAMpoBaHHOrO u3 obbema
Kancyn BelWecTBa B OpraHU3me ABAAETCA Y/NbTPas3ByKoBas
06paboTKa, TaK Kak oOHa MPUBOAWUT K OAHOBPEMEHHOMY
BCKPbITUIO MHOXECTBA Kancyn WM npM 3TOM He OKasblBaeT
paspyLatolero AeicTBMA Ha 340pOoBble TKaHW. BcTpamsaHue B
TBepAoda3HbIX  HaHOBK/OYEHUM

BbICTynawoumnx B

060/104Ky  MUKpOKancyn

(Hanpumep, HaHoyactuy, ZnO), KayecTse

COHOCEHCMBMNIN3ATOPOB, MO3BONAET CYLECTBEHHO MNOBbICUTH
YyBCTBUTE/IBHOCTb Kamncyn K Y/AbTpasByky M obecneunTb ux
paspyLlueHune 6AM3KMX K

TepanesTuyeckomy nopory [2].

npu 6o0s€ee HU3KUX MOLLHOCTAX,

Mpu 3TOM BaXHO 3HaTb
B3aMMOCBA3b MapPaMeTPOB, XapaKTePU3YIOWMX MexaHUdYecKkue
cBoiicTBa 060/104eK MMKPOKAMCya, C UX YYBCTBUTENBHOCTBIO K
YNIbTPa3ByKy, T.K. UMEHHO MeXaHW4YecKWe CBOWCTBA ONpeaensoT
NPOYHOCTb M CTAaBUNBHOCTb Kamncyn BO BPEMEHM, a TaKkKe
peakuMio Ha BHellHee BO3jelcTBueE,
Aedopmaumio  mavM  paspylweHune.  [na

HaHo4yacTMuamn ZnO paHHaA 3aBUMCUMMOCTb XapaKTepusyeTcs

Bbi3blBaloLLee WX
MUKpOKancyn ¢
yBe/IMYEHMEM  YNbTPA3BYKOBOM YYBCTBUTE/IBHOCTM npu
BO3pacTaHuM ob6bemHomn dppakumm ZnO B 060104Ke, YTO BbI3BAHO
CHUXXEHWEM 31aCTUYHOCTM U KEeCTKOCTU 060/104eK MUKPOKANCyN
B pe3ynbTaTe W3MEHEHMA COOTHOLWEHUA Mexay obbemHow
dpaKkumelt nonumepa 1M HeopraHuyeckol ¢asbl [2]. Kpome Toro,
AncnepruposaHue ZnO-KOMMO3UTHBIX MUKPOKANCy/ B cpesax co
cBOWCTBAMM, OAM3KUMU K OU3MONOTMYECKMM  YCNOBUAM
(docdaTtHo-conesoit bydep, N1asma Kposu U A4p.), 0bHapyKMBaeT
HE3HaYUTENbHOE  CHUXKEHWE  YyBCTBUTE/IbHOCTM  Kancyn K
YNbTPa3BYKYy NO CPAaBHEHUIO C BOAHOW cpeaol [3].
OZHUM M3 BaXKHbIX 3TanoB Uccnef0BaHUA 6GOCOBMECMMOCTH

MUKPOKanNcyn ABnAeTca WU3y4YeHue MexaHU3Ma, Jiexaulero B
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OCHOBE MX B3aMMOAENCTBMA C BMONOrMYEecKUMU ObbEeKTamum
(knetTkamu, GakTepuaMU U MUKpPoopraHmMamamu). Tak, MHKybauua
ZnO-KOMNO3UTHbIX MUKPOKAMCYA C KNeTKaMW KPOBU YesioBeKa He
BbI3bIBAET NOBPEXAEHMA U TMBENN NocnesHUX U He NPUBOAUT K
remocoBmectumocTb [3].

remosiM3y, 4TO TMOATBEPKAAET WX

3HaHMe MEeXaHWYEeCKUX CBOMCTB MUKPOKancyn nossonaert

npesoTBpaTUTb  WUX  MNPEXAEBPEeMEHHOe  paspylleHne B
opraHMsme B pe3y/ibTaTe MeXaHWYecKoW Jerpagauuuv  wau
BO34EeNCTBUA U3BHE. TaK, Ans ZnO-KOMNO3UTHbIX MUKPOKaMcyn
cTeneHb pgedopmauum B Mpolecce B3aMMOAEMNCTBUA  C
daroumMTaMm KpoBWM YesOBEKA OMNpeAenseTcd MeXaHU4YecKumu
CBOMCTBAaMW W YyBE/IMYMBAETCA C POCTOM ObBbeMHOW dpaKumm
HaHouyaTuy, ZnO B o06os0yke [3]. Mpu 3TOM noraouweHue
cdaroumtamn Kancyn avametpom 10 MKM 3aTpygHeHO B cuny
C/IMWKOM KpyMHOro pasmepa, Torga Kak sieHue daroumtosa
aBnaerca 3pPeKTUBHbIM cnocobom yTunusaumm b6onee Menkux
¢dparmeHTOB 060104EeK  MWKpOKancyn, ob6pasoBaBlIMXCA B
pe3ynbTaTe UX ybTPa3ByKoBOM 06paboTku [3].

LLinpokoe pacnpoctpaHeHMe HaHOMaTEpPUanos BeaeT K

HEeobX0AMMOCTM WCCIeA0BaHUA WX TOKCMYHOCTM. Ha [aHHbIN

MOMEHT  6O/bWMHCTBO  PaboT  MOCBALEHO WUCCAEA0BaHUIO
LIUTOTOKCMYECKOTO addekTa, OKa3blBaEMOro
HaHOCTPYKTYPUPOBAHHLIMM  MaTepuasaMu  Ha  pas/iMyHble
WTaMMbl KNEeToK M/IEKONUTAOLLMX. OpHako, npw

npoOMbIlLNIEHHOM nNpou3sBoacTBE U MPUMEHEHUU BO3MOXKHO

MaccoBoe MNPOHMKHOBEHME MUKPOOOBLEKTOB, a TaKkKe UX
COCTaBNAOLMX KOMMNOHEHTOB, B OKPYKaloLLyto cpey. MOCKOoNbKy
Ha CEroAHAWHWA AeHb BecbMa

Y3KUIN  Kpyr W3BECTHbIX

XMMUYECKMX  COEAMHEHWA W  HaHOMaTepuasos  npoLen
TeCTUpPOBaHWE Ha npegmMeT TOKCMYHOCTM in vitro u in vivo,
aKTyanbHbIM  NpeacTaBnfeTca

uccnenoBaHWe  BO3LENCTBUA

MUKPOKANCy/, a TaKKe COCTaBAAIOWMX WX KOMMOHEHT, Ha
rTMAPO6UOHTOB, MOCKO/IbKY BOAHAA cpefa Asaserca Haubonee
BEPOATHbIM MYHKTOM NepPBUYHOrO HaKon/aeHuA aburoreHHbIx
MUKPO- M HaHOOGbLEKTOB. TecTuposaHue ZnO-KOMMO3MUTHbIX
MUKPOKAMNCyn W COCTaBAAIOWMX WX KOMMOHEHT Ha npeamer
TOKCUYHOCTM  MOKa3ano, YTO  MMWKPOKANCy/sbl  OKasblBaloT
HaMMeHbLLEee TOKCUYECKOe AeicTBue Ha rMA06MOHTOB, TOrAa Kak
M3 BCEX COCTaBAAOWMX KOMMNOHEHTOB PACcTBOP MOJIMKAaTUOHHOIO

NOAN3NEKTPONTA 061343ET MaKCMMaIbHOM TOKCUYHOCTbIO [4].
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MHAYyUMPOBaHHbIE MIOPUNOTEHTHbIE CTBOJIOBbIE  K/IETKM
(MNCK),

cnocobHbl K

Kak M 3mbpuoHanbHble CcTBOMOBble KneTkn (ICK),
HEOrpaHW4YeHHOMY YUCNy  AeneHuid U K
avddepeHUMpoBKE BO BCE TUMbI KJETOK OpraHusma. BakHoi
ocobeHHocTblo UMCK aBnfeTca To, YTO UX MOXKHO MOJly4yaTb OT
noboro naumeHta. Mo 3toit npuumHe MMNCK npeacrasastoT
WHTepec ANA MofennposBaHuA bHonesHelt uyenoseka. Mopenu
HelipofereHepaTUBHbIX 3abonesBaHuin Ha ocHose UMCK nomumo
WX TMPUMEHEHUA [N MOUCKA HOBbIX JIEKApCTB, BEPOATHO,
No3BO/AT MPeoAoNeTb TPYAHOCTU B W3YYEHUU MEXAHU3MOB
pasBUTUA  HelpoaereHepaTUBHbIX  3abo/seBaHuUI,  KoTopble
0TYaCTW CBA3aHbl C OrPaHUYEHHBIM AOCTYMOM K YE/NOBEYECKUM
HEepBHbIM K/IETKaM.

Llenb paHHOM paboTbl 3akayvanacb B NOAYYEHUM W
XapPaKTepUCTMKe MHAYUMPOBAHHbLIX NIOPUNOTEHTHbLIX CTBO/TOBbIX
K/IETOK M3 BUONCUM KOXKM 60NbHBIX 60Ne3HbIo MapKUHCOHA.

M3  6uoncMuM  KOKM  Tpex MauMeHTOB,  CTPajatoLymx
HacneacTBeHHOW popmoii 6one3HU MapKUHCOHa bblav NosyYeHbl
nepsuYHble KynbTypbl $ubpobnactos. B ¢ubpobnactsl 6bian
BBEAEHbI YeTbipe reHa TPaHCKPUMNUMOHHbIX ¢akTopos: Oct3/4,

Sox2, c-Myc, KIf4. 3T reHbl ucnonb3yoTcA B HONbLIMHCTBE

UCCNefoBaHUA  NPU  UHAYKUMKM  COMATMUYECKMX KNETOK B
NAOPUNOTEHTHOE  cocToAHWe. [lanee No  OpUrMHAsbHOMY
NpoTOKoNly  6blAM  MOAYyYeHbl  KAOHbI  MHAYLMPOBAHHbIX

NIIOPUNOTEHTHbLIX CTBOJIOBbIX K/IETOK. JInHum MHOYUMPOBAHHbIX
NIOPUNOTEHTHbLIX CTBONIOBbLIX K/IETOK 6bin OXapaKTepn3oBaHbl.
MMCK
Kapuotun, 3KCNpPeccupyroT MapKepbl NAPUNOTEHTHLIX KIETOK,

MoKasaHo, 4TO nony4YeHHble nmerT HOPMa/’IbeIVI

cnocobHbl  andbdepeHuMpoBaTbca B

3apoapbleBblX

KNeTKu BCex Tpex

INCTKOB,  BKAOYas  godamuHepruyeckue
HeWpoHbl. MonyyeHHble UMCK moryT 6biTb MCNONb30BaHbl Aaa
noctpoeHuna mogenu 6onesHn MapKMHCOHa in vitro n paspaboTku

MeTo40B Tepanun 3abosieBaHus.


mailto:len_soap@mail.ru

J16() BMIOCEHCOPHBIE CUCTEMbI HA OCHOBE
HAHOYACTWUL, OKCMA0B META/IIOB U
MNNA3MOHHbIX HAHOCTPYKTYP A1
LIESIEM MEAMKO-BMONOMMYECKOTO
MOHUTOPUHIA HEMPOTOKCUKAHTOB,

OEPMEHTOB U BE/TKOBbBIX TOKCMHOB
MN.H. KypoukuH

Xumunueckuin dakynbtetr MY nm. M.B.
JlomoHocoBa, J/leHunHcKue ropsl 1/3, Mocksa,
Poccua

ikur@genebee.msu.su

PaccmoTpeHbl BO3MOMKHOCTM  UCNONb30BaHMA HaoYacTuL,
oKcnaos meTannos n (bepMEHT-I'IOI'IVIBI'IeKTpOI'IVITHbIX
HaAHONNEHOK ana co34aHunA BbICOKOYYBCTBUTE/IbHbIX

6uoceHcopoB. MoOKas3aHo, YTO YyBCTBUTENIbHOCTb BUOCEHCOPHbBIX
CUCTEM, CO3[aBaeMblX C MPUMEHEHWEM MEeToAa MOC/0MHOro
HaHeCeHWA MO/ININEKTPONNTOB, MOXeT 6biTb  CyLLeCTBEeHHO
yBe/MyeHa 3a CYET MCMOo/b30BaHMA credylowmx $aKTopos:
BK/IOYEHMEM B COCTaB HAHOMAEHOK YriepoaHbix U 6enkosbix
HaHOTPYBOK, UCMONb30BaHMEM MONUINEKTPOSUTOB C Pas/INYHOM
NPOCTPAHCTBEHHOW  OpraHM3auuel, WU3MEHEHWEM KaTUOHO-
cpefbl,

BO3MOMKHOCTM, CO3[aHHbIX Takum 06pasom,

aHMOHHOrO  coCTaBa TUNOM  UCMOJ/Ib3YEMOrO
pacTtsopuTeNs.
BUOCEHCOPHBIX CUCTEM NPOAEMOHCTPUPOBAHbI Ha NpUMepax
BbICOKOUYYBCTBUTENLHOTO  ONpeAeneHna aKkTUBHOCTU  3cTepas

KpoBH, nx MHIMBUTOPOB, a TaKxXe N-auetun--D-

rNIOKO3aMUHMAA3bl  (BMOXMMUMYECKUIA  MapKep 3abonesaHuii
noyeK 1 paHHero MacTuTa).

Bo BTOpOW YacTM [oOKNafa PacCMOTPEHbl aHANUTUYECKMe
BO3MOXHOCTU KOMBWHaLMOHHOTIO

meToaa CNeKTpoCcKonuu

paccesHus cBeTa, No3BONAIOLLETO npoBoAuTb
BbICOKOCNELMOUYECKUI aHANN3 XMMUYECKUX COefuHeHun. B
1974 ropy MaptnHom ®OnerwmaHom 6bl10 NOKa3aHO, 4TO
CYLeCTBEHHOE YBE/NMYEHWE YYBCTBUTE/NIBHOCTM 3TOrO MeTona
[OCTUraeTcs Npu aacopbumMmn aHanU3MpPyemoro CoeAMHEHUA Ha
(HaHoCTpPYKTYP)
AB/NIEHME MONYYUNO Ha3BaHUE — TUTAHTCKOE KOMBWHALMOHHOe
(TKP).  TKP

4yBCTBUTE/IbHOE

NOBEPXHOCTb HaHO4YacTUL, meTtannos. 3To

pacceaHne nossonaert nposoguTb YynbTpa-

onpeaeneHve AKTUBHOCTU

KOHLEHTpaLmi

depmeHTOB,

NpeaenbHO  HU3KKX cybcTpatos, 6e/KoBbIX

AHTUTEHOB, a TaKXe BUPYCHbIX U 6aKTepMa}1beIX YacTtuu.

JononHutenbHble  BO3MOXHOCTM  meTogam [KP  npupaér

MCNONb30BaHWE  KOMMIEKCHbIX  MIA3MOHHbIX  HAHOCTPYKTYP

30/10Ta U ApYyrnx meTannoB. Bo3moOXKHOCTU HOBbIX UMMYHO-IKP
meToz,08 ana 6enkos

onpegeneHnAa NPUOHOBbIX

NPOAEMOHCTPUPOBAHbI B 3aK/HOUYUTENbHOM YacTV fOKNAAA.

CTPYKTYPA 1 CBOMCTBA MEONUNHCKNX
MMMNAHTATOB HA OCHOBE
KOMMO3UTOB «HAHOCTPYKTYPHbIN
TUTAH — BMOMNOKPbBITUE»

Kono6os KO.P.

HayyHo-o6pa3oBaTesibHbIi U UHHOBALLMOHHbIN
LEeHTP «HaHOCTPYKTypHble MaTepuasbl 1
HaHoTexHonormm» HaumoHanbHoOro
uccnenoBaTesnibckoro benropoackoro
rocyHusepcuteTa, 308015, r. benropog, yn.
MNobeabl, 85

kolobov@bsu.edu.ru

el

B poknage obcypatotca pesysnbTaTbl GyHAAMEHTa/bHbIX
MCCNeAo0BaHMI 3aKOHOMEPHOCTEN GOPMUPOBAHMUA CTPYKTYPbl U
npupoAabl
HaHOCTPYKTYPUPOBAHHbIX

¢WI3VIKO-XMMW-I€CKVIX npoueccos, npoTeKkawwmnx B

MeTaNINYeCKNX  MaTepuanax B
peanbHbIX ycnoBuAx Mx paboTbl (Kak maTepuana MeguUMHCKUX
MMMNNAHTaToOB) B XWBOM OpraHusme. To €CTb, B YCIOBUAX

cpeapbl,

COMPOBOXAAIOLWEMCA, B TOM YMC/E, HACbILEHNEM BOLOPOLOM.

BO34encTBUA arpeccuBHoOM BHeLWHeWn
M3BEeCTHO, YTO TaKoe HacbllleHWe, NMPUBOAMUT K OXPYNyYUBaAHUIO
MeTaN/INYeCKNX MaTepuanoB MO BHYTPEHHUMM MOBEPXHOCTAM
pasgena, rNaBHbIMU U3 KOTOPbIX ABAAIOTCA rpaHuLbl 3epeH (I3).

OfHMM U3 CMOCOBOB  YMEHbLUEHMA  OTPULIATE/IbHOTO
BO34EMCTBMA HaCbIWEHWA BOAOPOAOM ABAAETCA YBe/MYeHMe
yAenbHol nosepxHocTM 3 3a cyeT U3MeNbYeHMA pa3mepos
3epeH A0 CyOMMKPOHHOro MmaclTabHOro ypoBHA, Hampumep
BO3elcTBNEM MHTEHCUBHOM nnactuyeckon  Aedopmauimm
(MNA). Takoe Bo3aeicTBME NO3BOAAET NONYYUTb Pa3Mepbl 3epeH
B cybmuKpoKkpuctannmndeckom (CMK) coctoarum B uHtepsane 0.1
— 1 MKM 1 B HaHOCTpYyKTypuposaHHom (HC) cocToaHuM — meHee
0.1 mkm [1,2].

OpgHako B nocneaHue

UNa moxer

rogbl 6bl10  OBHAPYKEHO, uTO

BO3eicTBne npuBoAWUTL K  (GOPMMPOBAHMIO

3epHOrpaHMyYHOn nopuctoctv. CneacTBMem 3TOro  sABAseTcA

npossneHve cBepxbbicTpon AnddysumM U3 BMONOTUYECKUX
WUIKOCTEN NO BHYTPEHHUM CBOBOAHBIM NOBEPXHOCTAM (TpeLLMH
M NOp) Kak npumecein 3amelleHus, Tak W BHeapeHusa. K
NocNelHUM OTHOCUTCA W BOAOPOJ, HaKOMJIeHWe KOToporo B
nopax M TpewmHax npeBpalaeT UX B pe3epByapbl BbICOKOrO
AasneHua Bogopoga. Cneacrsnem sToro ABAAETCA BOAOPOAHOE
OXpynyMBaHMe Mo rpaHuWuam 3epeH. B pgoknage obcyxpatotea
BO3MOHble cnocobsl noaaBneHus nopo- "
mna.

ABTOpPOM C Konseramu pa3paboTaHbl M 3anaTeHToBaHbl B PO

TpewmHoobpasoBaHsa Npu MpoBegseHUn 0b6paboTku
TexHonorun WM HaHOCTPYKTYpUPOBAHUA C WCNOJb30BaHUEM
COYeTaHWsA NonepeyvyHo-BUHTOBOW M NPOAO/BHOM MpoKaTok [3].
[aetca nipopmauua ob opraHusaLmm cepuinHOro NpoMsBoACTBa
npyTKOB ¥ NPOMBbIL/IEHHOIO  COpTaMeHTa U3
HaHOCTPYKTYPUPOBAHHOIO TUTaHa. MeaWUMHCKME MMNAAHTaTbI

NAacCTuH

ONA TPAaBMATONIOMMKU M3 TaKOro maTepuana, HaunHasa ¢ 2009 roaa,
NOCTaB/ATCA B KNMHUKN PD.

B omanume oT TpaBmatosnoruu, rAae  MMMIAHTaThl B
6onblIMHCTBE cnyyaeB paboTaloT B opraHMame He bBonee roaa,
CcTOMaToNornyeckmne MMMAAHTaThI npegHasHayeHbl ana
OUTeNbHOM  (HEeCKoNbKo  pecaTuneTuii) paboTbl

OopraHname B yCnoBuAX LLMKHMHECKOVI Harpysku c pasanyHbimu

B XunBOM

aMNAUTY4aMU U BEIMMMHON yCUAMIA. B CBA3M C 3TUM B pAag
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Ba)KHeMWMX BblaBuraetca npobnema crabunbHoct CMK n HC
COCTOAIHUI B MaTepuasne, U3 KOTOPOro U3roToB/eH UMnaaHTat. B
OOKNafe paccMaTpMBatoTCA BOMPOCHI OLEHKM cTabunbHocTv CMK
1 HC cocTosiHWMIA MO AaHHBIM 3KCNepPUMEHTaNbHbIX UCCNe0BaHNUM
KMHETUKU NPUBOAALLErO K MHTEHCUBHOMY Pa3ynpoYHEHUIO pocTa
3epeH B YCNOBMAX OTKMUra 6e3 HarpyskM, a Takke npu
BO34,EMCTBUM LIMKINYECKOW Harpy3KM C UCMONb30BaHNEM METOAa
OMHAMO-MEXaHUYeCKoro aHanMsa B LUMPOKOM  UWHTepBane
Temnepatyp. B cBA3M C TeM, YTO peasibHble 3KCNepMMeHTaNbHble
TecTbl B 06CyKAAEMOM C/ly4ae JO/KHbI NpoAokaTeea Ao 10 net
m bonee, paspabaTbiBalOTCA  MeTOAbl  KOMMbHOTEPHOrO
CTPYKTYPHbIX

coctonaHuit. ObcykaatoTcs cnocobbl NOBbIWEHUA CTabUAIBHOCTU

MOAENMPOBAHNA  CTAaBUNBHOCTU  UCCaeayemblX
HAHOCTPYKTYP 33 CYeT HaHOPa3HOro AUCNEPCHOrO YMNPOYHEHUA
HC TuTaHa.

npobnem KauyecTBEHHOro

MpoBoantca  obcyxaeHue

yaydweHus 6MOMexaHWYecKolW COBMECTMMOCTM  TUTAHOBbIX
CnnaBoB c cobaogeHnem NpuHLMNA He MUCMOAb30BaHMA A4AA
nernpoBaHMA BpeaHbIX ANA XUBOFO0 OpraHUma XMMUYeCKUx
3/1emeHTOB. Takas BO3MOXKHOCTb peasiM30BaHa HeAaBHO MyTem
CO34aHMA HU3KOMOZY/NbHbIX (C MOAynem ynpyrocti, 6AnsKum
COOTBETCTBYIOLLEMY AJ/1A XMBOW KOCTHOM TKaHW) 6e3HMKeneBbix
CM/1aBOB Ha OCHOBE TUTaHa.

AHanM3npPyIOTCA COBPEMEHHble MmeToabl  popmuUpoBaHUA
6MOMHEPTHBLIX M BMOAKTUBHbLIX MOKPbLITMI Ha METaNIMYECKUX
MMMNaHTaTax. ObcyxpatoTca 0cobeHHOCTH meToaa
MMKPOZAYrOBOro (B pacTBOpax KUCOT U Lienoyen ¢ gobasneHmem
HaHOKPMUCTaN/IMYECKOTO  FMAPOKCMAanatMTa)  GopMmMpoBaHMSA
6MOAKTUBHbIX TMAPOKCUAANATUTOBLIX MOKPLITUI Ha TUTaHe W
B/IUAHME  TaKUX cBoOWcCTBa

I'IOKprTVIl';I Ha MeXaHn4eckune

MMNNAHTaTOB  Pas/IMYHOTO  pasmepa. PaccmatpuBatotea
0CcOBEHHOCTU pPOCTa KOCTHOM TKAaHU MpPU HanuuumM BUOAKTUBHbIX
MOKPbLITUIA, WX OCTEOMHAYKTUBHbIE W  OCTEOKOHAYKTUBHbIE
csoiicTBa [4].
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OpaHo-

ABYX WU TpexmepHble maTpuubl ANA  KAETOYHbIX

TEXHONOTUIA ABAAIOTCA Npoobpasamu HEpPBHOW, COCYAMUCTOW,
COEANHUTENIbHOMW, NOKPOBHOM, KOCTHOW UM Ap. TKaHel. MaTtepuan
MaTpuy, gonkeH obnagatb 6UMOCOBMECTMMOCTBIO, OTCYTCTBMEM
LUMTOTOKCMYHOCTH,  MPOrHO3MpyemoW pe3opbuueid B TKaHU
opraHuama. 3TMum TpeboBaHMAM OTBEYAeT XMTO3aH — MNPOAYKT

YacTUYHOTO AeaUeTUAMPOBAHWMA  MPUPOAHOro nojaucaxapuaa

XUTUHa.
an co3gaHumn TKAaHEUHXXEHEPHbIX npenapartos,
cogeprawmx KNeTKn, BO3HUKaeT I'IOTpe6HOCTb B

Hepe3opbupyemMbix MaTpULAX, KOTOPble JOMKHbI obecrneynBaTb

aaAresnto KNeToK Ha NOoBEPXHOCTHN, WUHTEHCUBHbIE obmeHHble

npoueccsl, npoxoAAliue npu nponudepauum "
anddepeHumposke. Martepuan LOMKeEH obnagatb
MexaHUYeckumu XapaKTepuUCcTUKamu, No3BONAOLLMMMU

NPOM3BOANTL HEOBXOAMMbIE MaHWUMyAAUMKM C maTtpuuen. Ons

nonyyeHus  Hepesopbupyembix — maTpuy,  6bl1  BblbpaH

cnupTopacTBopumblii - anndaTtuyecknin  cononnamug (CNA) -

conoavmep noan-g-KanponakTama 7
nosurekcameTuNeHagunMHammaa.

MonyyeHbl BONMOKHA, MAEHKU U MNOpUCTble  BN0YHble
maTepuanbl M3 XUTO3aHA M KOMMO3WUTOB Ha €ro OCHOBE W

HaHOYaCTUL, pa3iMyHoOi GopMbl U pasmepa (MOHTMOPUAIOHUTA,

raanyasuta, XpusoTuia, XWTWMHA). [lOKasaHo, 4YTO BOJIOKHa,
Nnosly4eHHble KOoaryiauMOHHbIM MeTOA0M M3 pacTBOpa XMTO3aHa
B YKCYCHOW KMUCNOTE, XapaKTepu3yloTCA MNpeumyLLecTBEHHOW
OopueHTauuMel BAO/Mb OCUM BOMOKHA YacTuL, HaMoOJHUTENA W
KPUCTANZIMTOB MATPULbl, YTO CNOCOBCTBYET MOBBILEHUIO YNPYTUX
XapaKTEPUCTUK KOMMO3WUTHbIX BOJMIOKOH MO CPaBHEHW ¢
M30TPOMHbIMU NJIEHOYHbIMUW 06pasLAMM.

NccnepoBaHve pe3opbummn BOMOKOH M3 XMTO3aHa in vivo B
LIMpOYalLLIEeN CMUHHOM MbIWLE KpbiCbl MO3BOAMIO CAeNaTb
BbIBOJ, O CTabMNBHOCTU CTPYKTYpPbl BOJIOKOH B TEYEHWe NepBbIX
15 CcyTOK 39KCNO3MUMKM, WHTEHCMBHOW AedparmeHTauun w
YacTU4HOU pe3opbumm BONOKOH Ha 20 — 25 cyTKM M NOAHOM
pe3opbunn Ha 30 cyTKu.

MccnepoBaHe UMTOTAaKCMYHOCTM  HaMOAHWTENA B BuUAe
HaHoyacTy, MMT npoBeAeHO Ha MAEHOYHbIX W BN0YHbIX
KOMMO3UTHbIX ~ MaTepuanax. [lokasaHo, u4TO  BBegeHue
TMAPOCUIMKATHBIX HAHOYACTUL, B XWUTO3aHOBYIO MaTpuly He
OKa3blBaeT TOKCMYECKOTOo BO3AEWCTBMA Ha  KNETKWU, He
NpenaTcTByeT NPoMdepaLIMm KNETOK Ha KOMMO3UTHOW MaTpuLe.

BeegeHune yactmy, MMT B XMTO3aHOBYIO MaTpULy NO3BOAUNO
noAy4ntb 6104HblIE MaTpULpl (ry6KKM) cOo cTabuabHON NopUCTOM
CTPYKTYpOli B BOAHbIX Ccpeaax

(puc.1), uyto cnocobcTByeT

Ky/Z1bTUBALU UM CTBO/IOBbIX KNETOK B obbeme MaTpULbl.
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XWUTO3aHa, cogepKawen 5 mac.% MMT

Puc. 2. Apresuva CTBONOBbIX KAETOK HA maTtpuue wu3
HaHoBOJIOKOH CMA
MeToaom 3NeKTPodOpPMOBaHNA NoayYeHbl
Hepe3opbupyemble MaTpUuUbl Ha OCHOBE HAHOBOJIOKOH CIIA.
CNA ort

ycnosui

YcTaHOBNEHbl  3aBUCMMOCTM  AMaMeTpa  BOJIOKOH

KOHLLeHTpaLuun  pacTeopa,
anekTpopopmoBaHumA. MokasaHa Xopollas aAresuna CTBOJIOBbIX

T™MNa  pacTeopuTens,

KneTok K ClMA maTpuuam (puc.2).

.D|63 NPUMEHEHME ATOMHO-CU/10BOW
MWKPOCKOMUKN ANAa NUCCNEAOBAHNA
SMBPMOHOB XENOPUS LAEVIS

Edpemos K0.M., Myxnsakosa E.A., barpos [1.B.,
Benoycos /1.B., WariTtaH K.B.

MIY wum. M.B. JlomoHocoBa, Mocksa,
MockBa, JleHUHcKue ropsl 1, cTp. 73
yu.efremov@gmail.com
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OouuTbl U 3MBPUOHBI LWNOpLEBOW NArywKu (Xenopus laevis)
ABNAIOTCA LUMPOKO WCMO/Ib3YEMbIM OBBEKTOM NPU U3YYEHUU
MHOIMMX MexaHu3moB pa3sutua (Gurdon and Hopwood, 2000).
370 06yCcNoBNEHO WX AOCTaTOYHO 6Oo/bMMKM  pasmepamu,
yA06cTBOM paboTbl U MaHWMYIMPOBAHUA C HUMU. TaKKe OHU
MCNOANbB3YHOTCA A1 SKCMPECCUU U U3YYeHUA pa3NnyHbIX 6enkos. B
npouecce pasBUTUA 3MBPUOHA MPOUCXOAAT MHTEHCUBHbIE
CKOOMEPUPOBAHHbIE KNETOYHbIE [ABWUMKEHWUA, KOTOpPble M3y4eHbl

naneko He nonHoctbio (Keller et. al., 2000). Ona nydwero

NOHMUMaHUA nx npupoabl BaXHO YCTaHOBUTb ponb
B3aVIMO,D,el7ICTBVIﬂ MeXAYy KNETKaMM, a TakXKe C MaTPUKCOM, posun
CUTHANbHbIX I'IyTeFI B KNeTKax. 3TW 3HaHuA nony4yatorca

pPasnUYHbIMK, B TOM YMCAE U MUKPOCKOMUYECKMMU, METOAAMM.
OCHOBHOW MeTOoJ, UCCNefOoBaHUA MOBEPXHOCTM 3IMBPUOHA 3TO
CKaHMPYIOLLAn 3N1eKTPOHHAA MUKpockonua (CIM) (Tarin, 1971;
Monroy et. al., 1976), oagHaKko, oH He MO3BoOAsET paboTaTb C

KMBbIMU 3MBpMoHamK. Mo3Tomy Lenblo gaHHoW paboTbl 6bin10
3KCNEPUMEHTA/IbHO MOATBEPAUTL BO3MOXKHOCTb UCCNeL0BaHUA
UKCMPOBAHHBIX U XMBbIX 3MBproHOB Xenopus laevis meTogom
aTOMHO-cunoBo MuKpockonumn (ACM). B aaHHoi paboTe Mbl
ucnons3osanu ACM ans Toro, 4tobbl NOATBEPAMUTL U AOMNONHUTD
MMeLWMecH B IMTepaType AaHHble O CTPYKType MOBEPXHOCTU
3MbproHoB. [ns 3Toro 6bin paspaboTaH cneumanbHbll MeTos
3aKpenneHns 3M6PUMOHOB B AMKaX, CAENaHHbIX B araposom
KUBble U GUKCUPOBaHHbIE

OOHbIWKe. bblnn  unccnenosaHbl

ambpuoHbl  Xenopus  laevis, mopdonorus

MOBEPXHOCTM K/IETOK Ha PasHbIX CTagusax passutma. aHHble ACM

COonocCTaB/eHa

CPaBHUBA/IUCb C IUTEPATYPHbIMU U COBCTBEHHBIMWU AAHHLIMU
COM. Ha uBbiXx 06pasuax TaKXKe MWCCNef0BaHO ABUXKEHUe
KNETOYHbIX FpaHuL,
(pucyHok  1).  MonyyeHHble

M3MeHeHUe MOBEPXHOCTU CO BpemMeHem
pesynbTaTbl  MNOATBEPNKAAOT
BO3MOXHOCTb MCMoNb30BaHMA ACM 4 M3ydeHWs SMBPUOHOB.
BAUAHME PA3NNYHBIX BELLECTB M BO3AEWCTBUI Ha ambpuoreHes

TaK»Ke MOKeT BbITb UCCNEA0BaHO C NomolLbio ACM.
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Puc. 1 [1Ba nocnepoBaTenbHbIX Kagpa (a, 6) ¢ aHUmanbHoro
noJitoca *unsoro asmbproHa Xenopus laevis (Bpema Ha 1 kagp — 5
MWHYT). KOHTaKTHbIA meTod ACM, npeacTaBieH TOAbKO CUrHan
OoWMnBKN obpaTHOM cBA3KU. BMAHO, 4YTO KNeTKa, MomedyeHHasn
CTPe/NIKOW  Ha Kagpe a, HeceT MHOro0 MWKPOBOPCUMHOK, MO
CPaBHEHUIO C OCTaNbHbIMU. Ha Kagpe 6 4MCI0 MUKPOBOPCUHOK
Ha Hew BuaHbl nepecTpoinkm B

YMEHbLWNNOCh. TaKXe

LMTOCKesIeTe, KOTOPbIN BbIFIAAMT Kak CETb Ha NOBEPXHOCTU.
Paboma evinonHeHa npu noddepxke ®LUM «HayyHblie u
Hay4yHo-nedaaoauyeckue Kadpel UHHOBAUUOHHOU Poccuu» Ha

2009 —2013 20061, K Ne [1717 u PO®U, 2paHm Ne 05-04-48681.
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j'l 64 THE HEALTH EFFECTS OF COMBUSTION-
DERIVED TO ENGINEERED NANOPARTICLES
Rodger Duffin
University of Edinburgh, The Queen’s Medical
Research Institute, 47 Little France Crescent,
Edinburgh EH16 4TJ, Scotland, UK
rodger.duffin@ed.ac.uk

A substantial literature demonstrates that the main ultrafine
particles found in ambient urban air (PM) are combustion-
derived nanoparticles (CDNP) which originate from a number of
For CDNP, three
properties appear important — surface area, organics and metals.
All of these can generate free radicals and so induce oxidative

sources and pose a hazard to the lungs.

stress and inflammation. Inflammation is a process involved in
the diseases exhibited by the individuals susceptible to the
effects of PM — development and exacerbations of airways
disease and cardiovascular disease. It is therefore possible to
implicate CDNP in the common adverse effects of increased PM.
The adverse effects of increases in PM on the cardiovascular
system are well-documented in the epidemiological literature
and, as argued above, these effects are likely to be driven by the
combustion-derived NP. The epidemiological findings can be
explained in a number of hypotheses regarding the action of NP:

1) Inflammation in the lungs caused by NP causes
atheromatous plaque development and destabilisation;

2) The inflammation in the lungs causes alteration in the
clotting status or fibrinolytic balance favouring thrombogenesis;

3) The inflammation causes stimulation of the autonomic
nervous system culminating in alterations in the heart rhythm,
leading to fatal dysrhythmia;

4) The NP themselves or metals/organics released by the
particles enter the circulation and have direct effects on the
endothelium, plaques, the clotting system or the autonomic
nervous system/heart rhythm. Environmental nanoparticles are
accidentally produced but they provide a toxicological model for
a new class of purposely ‘engineered’ NP arising from the
nanotechnology industry, whose effects are much less
understood. Bridging our toxicological knowledge between the
environmental nanoparticles and the new

nanoparticles is a considerable challenge.

engineered
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METROLOGY AND STANDARDIZATION OF
NANOSCIENCE AND TECHNOLOGY IN
CHINA

Xing ZHU*

School of Physics, Peking University, 100871,
Beijing, China

National Center for Nanoscience and Technology,
China, 100190, Beijing, China
zhuxing@pku.edu.cn

*Chairman of SAC/TC279-Technical Committee
Nanotechnologies, Standard Administration of
China

Nanotechnology has become the key research field in China. In

165

the government strategic planning “Outline of the National Long-
and Medium-Term Program for Scientific and Technological
Development of China”, NANORESEARCH was listed as one of the
four priority key programs in this Outline, in the resent years, about
50-100 million USS were invested in those programs every year.
China is one of the few pioneering countries in nanoscience research.
Chinese scientists have explored nanoscience and technology in areas
from nanomaterials, nanodevices, and nanobiology to nano-
characterization and -fabrication. China has made a number of
related

fundamental researches. Since 2007, China published about 25% of

breakthroughs in the studies on nanomaterials and
total scientific paper in the world and the number of nano-patents
takes the third position in the world.

In this paper, we will report the resent progress of metrology
and standardization of nanotechnology in China, taking an example
of the activities at National Center for Nanoscience and Technology,
China. Due to the strong demand on the standardization of
nanotechnology, the National Technical Committee for
Nanotechnology, Standardization Administration of China (SAC/TC
279) was established. This technical committee consists of, among
others, experts in metrology, material scientists and standard
administration officers. Under the strong support of Ministry of
Science and Technology, SAC/TC279 has organized projects on nano-
standard, reference nano-materials, metrology methods and so on.
Over 50 national standards of nanotechnology have been published,
and over 30 first grade and second grade reference nano-materials
were approved as national reference materials.

This effort will strengthen the metrological capabilities of the
research facilities in public institutions as well as manufacturing
sectors in nanotechnologies. Protocols that may lead to reliable
measurement techniques are being seriously discussed in order to
speed up the standardization process. The issue of adapting existing
standards and regulations to newly evolved nanotechnologies have
been under review.

China of
nanotechnology’s potential technical application, concerns have
been raised about the potential hazard of nanomaterials to the

In addition to an increasing awareness in

environment and human health. To address these concerns, some
national basic research projects on biological effects, biomedical
application and the development of new nano-drugs of artificially
produced nanostructures was initiated, along with a number of major
projects addressed for environmental and workplace safety of
nanomaterials.

The Chinese scientists take active parts in 1ISO nanotechnology
standardization activities in 1SO/TC229 and 1SO/TC201. One ISO
nanotechnology standard will be published officially by I1SO in Aug
2011, which was carried out by Chinese scientist. We will report the
activities of the above mentioned topics.
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M.B./lomoHocoBa, Xumunyeckuii dakynbTet, Kadesgpa
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CynepnapamarHuTHble HaHOoYacTULbl OKcuaga enesa (MHY)
npuMeHaloTcA  Aana peweHua pasHoObpasHbIX  3agady
MOJIEKYNIAPHOM U KNETOYHOM BUONOrnM, CBA3AHHLIX C AeTeKunen
1 pasgeneHnem BUMONOrMYEecKUX OBBEKTOB B MarHUTHOM Mose.
BbicOoKaa yaenbHaA HaMarHMYEHHOCTb MNO3BONAET MPUMEHATb
MHY B KauyecTBe KOHTpacTa ANA BU3yanu3auuu Natonormyecknx
npoLleccoB  METOA0M  MarHWUTHO-Pe30HaHCHON  Tomorpadum
(MPT), uyTo o0cob6eHHO BaXHO AAA paHHel AWarHOCTUKM
onyxoneit. KonnongHole pacTBOpbl HAHOYACTUL, YUCTOTO Kesesa
KpaiiHe HecTabuibHbl, OKUCAAIOTCA HA BO3AYyXe U B CYXOM BuAe
NUPOGOpPHbI, MO3TOMY Yalle BCEro NPMMEHSIOTCA HaHOYaCTULLbI
okcupa kenesa FesOp unm y-Fe,0s obnapatowime CXoKMMM
MarHUTHbIMM CBOWCTBaMU. B CBA3M C HEBBICOKOM CTabUNBHOCTLIO
KONNOWAHbBIX ~ PacTBOPOB  HaHOYaCTWL,  OKCMAA  Kenesa
6ONBbLWIMHCTBO METOA0B CUHTE3a npeanonaraeT mMoAudUKaLMio
MX MOBEPXHOCTU BeLLeCcTBaMK, MPEnATCTBYIOWMMWU arperauuu.
Mpy 3TOM NOKPBLITUAAONKHBI 0613aTh BbICOKOM CTabUIBHOCTbIO
B 6uonormueckmx cpepax, HU3KOM TOKCMYHOCTbIO WU ObiTb
buocoBmectTmbiMK.  Llenbto  gaHHOM  paboTbl  ABAANOCH
noslyyeHne KoAJ0MAHbIX BOAHbIX PaCTBOPOB HAHOYACTMUL, OKCMAA
Xenesa, CTabUAM3MPOBAHHBIX PA3ANYHBIMM MOKPLITUAMKU Ha
OCHOBe OMOCOBMECTUMbIX MOAMMEPOB, a TaK¥Ke uX ¢u3smnko-
XMMUYECKaAa XapaKTepucTMKa. CUHTEe3 HaHo4acTUL, NpoBOAMAM
pasfioKeHWemM TEPMUYECKM HECTabUIbHbIX MEeTaIopraHUYecKnx
COelVHEHWIA Kene3a B OpraHuWYeckux pactsoputensx. Pasmep
NOJIYYEHHbIX HAHOKPWUCTANNOB MO AaHHbIM MpPOCBeYUBatoOLLE
3N1EKTPOHHON MWKPOCKONMM cocTaBun 12+3 Hm. B Kauyectse
6uoaerpagupyembix NOKPbITUIA MCNOo/Ib30BaINCh 6/10K-
COMONMMEPBI  MO/INACNAPArMHOBOM U MOJIUIIIOTaMUHOBOW
KUCNOTbl C MOJIMITUNEHTIMKONIEM, @ TaKKe 6enKku, B 4acTHOCTU
Oblunii CbIBOPOTOYHbLIM anbbymMuH. Pasmep u a3eta-noteHuman
HaHOYaCTUL, B MOJIYYEHHbIX BOAHbIX CYCMEH3MAX 3aBuCean OT
TMNa NOKpbITUA 1 Bapbuposanu ot 30 ao 60 Hm 1 ot 25 go 45 mB
COOTBETCTBEHHO. Tokcuyeckoe nencTeme NONYYEHHbIX
HaHo4acTUL, No AaHHbIM MTT-TecTa He HabAAaNOCh BNAOTb A0
KoHueHTpaumn 100  mKr/mn.  WM3mepeHus  pesiakCMBHOCTU
NOKasasin BbICOKME 3HavyeHua BnaoTb ao 7000 Mn/(Mr/c‘l).
Yactuubl, NoKpbITble BCA, 6bIM KOHBIOTMPOBaHbI C AaHTUTENAMU K

onyxonb-cneunduyHomy 6enky KoHekcuHy 43. Takke 6bl10
obHapy:KeHO creunduyeckoe B3aUMOAENCTBME  BEKTOPHbIX
HaHOYaCTUL, C KneTkamu ranomsbl C6 (PucyHok 1) Takum o6pasom,
6blAM  MOAy4Y4eHbl  HU3KO  TOKCWMYHble, BUOCOBMECTUMbIE
HaHoYacTULbI oKkeuaa xenesa, cneunduyHo

B3aMMOZLENCTBYIOLLME C OMYXONEBbIMM KAETKAMMN NMPUrOAHbIE A7
MCNo/b30BaHMA B KauectBe MPT KOHTPACTHOrO areHTa.

PucyHok 1. UMMyHOONOOPECLLEHTHbIM aHa/n3 HaHoYacTuL,
oKCMAa Kenesa, KOHDBIOTMPOBAHHBIX C  MOHOKJ/IOHA/IbHbIMMU
aHTMTenamm K Cx43  (A) UM ¢ Hecneuuduyecknmu
MMMYHOT106yiMHamu mbiwmn (B) Ha duKcMpoBaHHOM KynbType
KneTok rnnomsl C6. Ysenmuenme x1000, macnaHaa ummepcua.

P2 NONTYHYEHUE HAHOYACTUL, KATANIA3bI

a4 MOMEANUNHCKOIO NPUMEHEHNA
AneKcalKuH A.gl.l, banabywesuny H.F.Z, Knsiuko H.J.2
MTY umenn M.B. JlomoHocoBa, PpakynbTeT HayK O
matepuanax, alhimik239@yandex.ru

2MTY umenn M.B. JIOMOHOCOBa, XMMUYECKNIN haKyNbTET

3aboneBaHuna LeHTpasbHOM HepBHOM cuctembl (LHC)
COMPOBOXKAAIOTCA AKTUBALMEN KNETOK MUKPOT/INM, YTO NPUBOANUT
K BbI6BpOCY aKTUBHbIX dpopm Kucnopoga (ADK), nospexaatoLymx
HelpoHbl [1]. BBeAeHME AHTUMOKCUAAHTHbIX GEPMEHTOB MOXKET
cnocobcTBOBaTb YMEHbLIEHUIO TOKCUYHOro Bo3gelctaus AGK.
KaTtanasa BXOOMT B aHTUOKCUAAHTHYIO CUCTEMY 3aLUUTbl KNETOK
oT APK, KaTanmsnpysa NpoLecc OKUCAeHNA NepoKkcuaa Bogopoaa
[0 BOAbl M MONEKYNAPHOro Kucaopoga. [lpu  Tepanuu
3abonesaHuii LUHC aHTMOKCUAAHTHbIE GEPMEHTBI AOMKHbI ObITh

YCTOWYMBbI K npoTeonnsy " npeofonesatb
rematoaHuedanmueckmii  bapbep.  BoamoxkHoe  pelueHue
npobnembl  coctouT B  MoauMbdMKaumMM  KaTanasbl  AnA

nocneayowein BHYTPUBEHHOM WHbeKUMKU [2]. U3 mHOXKecTBa
cnocoboB KoHblorauum depmeHToB 6bin BbiIbpaH Haubonee
NPOCTON U AelieBbld NyTEM KOBANEHTHOWM CLUMBKWU HECKOIbKUX
MONIEKYN KaTanasbl raytaposbiMm anbgerngaom (FA) [3]. Lenbio
HacToAwel paboTbl O6blIO NO/MYyYEeHWE aKTMBHbIX arperaTos
KaTasasbl C NOMOLLbI0 Moaudukauum FA.

ONTMMMU3MPOBAHbI  YCNOBUA MOAMOUKALMM  KaTanasbl B
33aBUCMMOCTM OT pPH, MONbHOFO COOTHOLWIEHWA peareHToB WU
BpeMeHM  WMHKybaumu. [o  pesynbTaTam  UcCNefoBaHWA
COXpaHeHUs aKTUBHOCTM ¢epMeHTa W pasmMepoB arperaTos
MeTOAOM  AMHAMMYECKOro  CBeTopacceAHuA  OMTUMasIbHaA
moamnduKauma KaTanasbl npoucxoauna 3a 3 cyTok npu pH 6 u
MONAPHOM COOTHOWEHUN depmeHT: TA 1:1000. [MMonyyeHbl
ClIMTble HaHoyacTuubl depmeHTa pasmepom oT 30 go 40 Hm
(oTmeTMM, 4TO pasmep HATMBHOW KaTasasbl coOCTaBAAET
npumepHo 9 Hm). CoxpaHeHMe aKTUBHOCTW KaTasasbl COCTaBUIO
50%. Mo AaHHbIM renb-xpomatorpadum Ha Cedagekce G-200
arperatbl pasmepom 40 Hm coxpaHaam 50% umcxomHoM
aKTMBHOCTK, @ arperaTbl 6ANbWMX Pa3MEPOB MOJIHOCTbIO TEPAIN
aKTUBHOCTb. MccnenoBaHO coxpaHeHMe aKTMBHOCTW KaTanasbl B
10-6M pacTtBope TpuncmHa. MoguduumpoBaHHas KaTanasa bbina
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B8 1,5 pa3a 6onee ycToiuMBa K NpoTeonusy B TeyeHue 3 4 no
CPaBHEHUIO C HATUBHbIM GepMEHTOM.

Takum 06pa3om, MONyYeHbl AKTMBHblE W CTabunbHble K
npoTeoAunsy arperatbl MOAMPULMPOBAHHOMN KaTanasbl pasmepom
30-40 HM, nepcrneKkTUBHbIE ona npeogonexHuns
remaTosHuedanmueckoro bapbepa u gocrtaBku depmenTa B LIHC.
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P3 CUHTE3 HAHOMOPUCTbIX MATEPUAJIOB
KPEMHE3EMA U UX AOCOPBLIMOHHbIE
CBOVCTBA MO OTHOLLUEHUIO K

MONCNOOMUHY

H.A. AnéwuHa, E.B. NMapdeHtok

YypexgeHne Poccuinckon akagemmn Hayk UHCTUTYT
Xrmumn pactsopos PAH,

r. UBaHOBO, sazuin@mail.ru

MoncuaomuH- npenapar rpynnol CUAHOHVMUHOB,
obnajaloWwmin  BasoaAUNATUPYIOWMM U aHTUTPOMBOTUYECKUMMU
3bdeKTamm, UCNONb3YeTCA KAMHUYECKU AN NIeYeHUs cepaeyHo-
COCYAMNCTBIX 3aboneBaHuii. OpHako onTUManbHoe
MCnonb3oBaHWE 3TOro MpenapaTta 3aTpyAHEHO BCAeACTBME pAAa
npobnem (HeyaoBneTBopuTENbHasA GapMOKUMHETUKA, Npobaembl
[,03MpOBaHuA, HEeyCToNYMBOCTb K AencTauio cseTa).
MmMmobunmsaums OUOAKTUBHBIX MoaeKyn (B Tom uuche,
NIEKApPCTBEHHbIX NPenapaToB) B HEOPraHWYecKyl MmaTpuuy
ABNAETCA OAHUM U3 cnocoboB YBENUYEHMUA WX CTaBUNBHOCTU U
yAyyLweHus ux GyHKLMOHaNbHbIX CBOMCTB [1-4]. B KayecTse Takol
MaTpuLbl LWIMPOKO npegnaratorca HaHoMopwucTble
(me3onopucTble) YacTmubl KpemHesema [1,2,4-5]. 1o cBA3aHO ¢
pPALOM UX CBOWCTB, HEOBXOAUMBIX AN PELeHUs yKa3aHHOW
334a4n (6MONOrMYecKonm WM TOKCMKONOTMYECKONW WHEePTHOCTbIO,

CTPYKTYPHOM U TEPMMUYECKOM  CTabWabHOCTbIO,  BbICOKOM
afcopbUMOHHOW  CcNOCOBHOCTbIO, BO3MOXKHOCTbIO nerkoro
MoaMdUUMPOBaHMA NOBEPXHOCTU U PETY/IMPOBAHUA pasmepa U
nopuctocTM  yvactuy). Moatomy  ans MMMobunnsaumm

MOJICUAOMUHA 6bl1 BbIOPAH MEe30MOPUCTLIN KpeMHE3EM.
MpeacTaBneHHoe UcCaefoBaHWE ABAAETCA NepBbiM 3Tanom
pa3paboTKM TPAHCMOPTHOM HAHOCUCTEMbI AAA MOJACUAOMMHA.
Ha a3Tom 3Tane pa3paboTKM TaKoW CUCTEMbI HEOBXOAUMO
BbIACHUTb, KaKkue maTepuanbl KpemHesema b6yayT Haubonee
3bdEKTUBHO CBA3bIBATbL YKA3aHHbIM NeKapcTBeHHbIW npenapaT. C

3TOM  Uenblo  30/b-refb  MeToAoM  6bll  CMHTE3UPOBaH
HemoanbULMPOBAHHbIN Me30MopPUCTbIN KpemHesem.
MoncugomuH (N-aTokcuKapboHun)-3-(4-

MOPGONNHOCUAHOHUMMUH),
(

N Rl
\ @
INT=\ &
N (
2 \IO C
/4
0
coaepixa L|J,V|l>’| naockoe retepounknnyeckoe KO/bLO,
OTHOCUTCA K Me30UOHHbIM coeguHeHnAaAm n 06/1a,anT
apomaTuyeckumum CBOMCTBAMMU. I'IOSTOMV 6bin TaKXe
CUHTE3NPOBaH Me30|'|0pV|CTb|l\;| maTtepuan KpemHesema,
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MOANDULMPOBAHHDIN deHUNbHbIMKU rpynnamu. CuHTes
beHnAmoandPmUMpPoBaHHOrO KpeMHe3ema NPoBOANIICA METOAOM
COKOHZAEeHcaumm TeTpasToKCMCHUNaHa " 3-
beHUnTUpUMETOKCUCUIAHA B OTCYTCTBUM U MPUCYTCTBUM
Temniata (rnoKosbl). BBeaeHue yKasaHHbIX (GYHKLMOHANbHbIX
rpynn Ha NOBEPXHOCTb KpemMHe3ema AOKasaHa metogamu UK-
CMEeKTPOCKOMUMN U METOLOM 3/IeMEeHTHOro aHanusa. Pusmyeckune
napameTpbl  MOBEPXHOCTU  CUMHTE3UMPOBAHHbLIX  MaTepuasnos
Nnosy4YeHbl Ha OCHOBE WX UCCNeAoBaHUA  MeTOA0M
HM3KOTemnepaTypHoit agcopbumnn/aecopbumm asora.
Mmmobunusaums MONCUAOMMHA Ha NOBEPXHOCTb
HemoaMdULMpPOBAHHOTO 7 deHnnmoamdmLmMpoBaHHOroO
Me30MNopPUCTbIX KpemHeszemoB npoBoAuaach MeTo40M
aacopbumm n3 pactBopos (pH=7.4). Konunuectso
afcopbvpoBaHHOro npenapata  ONpPeAensnocb Kak pasHuua
MeXAy ero cogeprkaHnem B pacTBope A0 W mocne agcopbumm,
mcnonbdya metog YP-cnektpockonuu. CpaBHeHME NOAyYeHHbIX
nM3oTepm  aacopbumm  no3BOAMAO  cAenatb  BbiBOg 06
afcOpOUMOHHOW CNOCOBHOCTU CUHTE3WPOBAHHbLIX MaTepuanos

No OTHOWeHW K MoncugomuHy. Obcy:paeTca npupoaa
B3aMMOLENCTBUM, OTBETCTBEHHbIX 3a ascopbuuio
MOJICMAOMUHa, a TaKxXe nepcnekTMBHOCTb npumeHeHuAa

CUHTE3NPOBAHHbIX MaTepManoB B KayecTse HocuTenen pana
NNEKapPCTBEHHOIO NpenapaTta MONCUO0MUH.

1. T.Ldpez, P. Quintana, J.M.Martinez, D. Esquivel. J.
Non-Crystal. Solids, 2007,353,987-989

2. Y.Zhu, J. Shi. Micropor. Mesopor. Mater. 2007,
103, 243-249

3. M.M.M. Elnashar. J.
2010, 1, 61-76

4. M. Kilpeldinen, J. Ménkare, J. Riikonen, M. Vlasova
et el. J. Control. Release, 2010, 148, e21-e56

5. B. G. Trewyn, S. Giri, I. I. Slowing and V. S.-Y. Lin.
Chem. Commun., 2007, 3236-3245

Biomater. Nanobiotech.,

M3YYEHUE DYHKUNOHANTBHOCTUN HOBOIO
XUMEPHOIO BENTKA UHTEP®EPOH-T—
CYPOAKTAHT C B IMMOCOMAJIbHOMN
dOPME

AHTtnnosa H.B., KysHeuosa H.P., bongbipes N.A.,
LWaxnapoHos M.W., 3aBanosa J1.J1.

MHCTUTYT BUOOPraHNYecKomn XMmumn Um. akaa. M.M.
LemaknHa n KO.A. OBYUMHHMKOBA, Poccuiickas
aKagemus Hayk, r. Mocksa,yn. Muknyxo-Maknas,
16/10, 117997, nadine.antipova@gmail.com

P4

NHTepdepoH-y (IFNy) ABnaeTca nepcneKkTUBHbIM
MMMYHOMOZYIATOPOM LIMPOKOTo crnekTpa aenctaus,
obnagarowym B TOM  YMCNE  NPOTMBOOMNYXONEBBIM U

NPOTUBOMHGOEKLMOHHbIM  AeiicTBuem. CerogHa opobpeHa K
MCNONb30BaHUIO B K/WHUKE /IULLb MHBEKLMOHHaa ¢opma IFNy
ONA  NIeYeHUA XPOHUYECKOro rpaHysnematosa. dddeKTuBHOe
ucnonb3osaHue IFNy B TepaneBTUUECKUX LENAX OrpaHUYMBaEeTCs
€ro BbICOKOTMAPOOUAbHBIMU CBOWCTBAMM U KaK CcleAcTBUE
HU3KOWN BMOAOCTYNHOCTbIO.

Ha ocHoBe KOHCTPYKLMK, BKAOYatoLei B cebsa YacTu reHos,
Kogmpytowmx 6enok IFNy n 6enok cypdakraHta C, SpC, Hamu
npeanoxeHa rmbpmuaHaa monekyna IFNy—cypoaktaHt C, IFN-
SpC*, Ana MHranAUMOHHOW NekapcTBeHHOU dopmbl Npenaparta.
®parmeHT SpC npeacTtasnseT cobokt rmapodobHyo a-cnupanb,
cogepauyto 10 octatkoB BasvHa. C Le/nblo NOATBEPXKAEHUA
OYHKUMOHANBbHOCTN KaXAolM M3 ABYX YacTer XMMepHblt 6enoK
BBOAWAM B cocTaB aunocom (puc. 1). f’mapodobusauua 6enka m
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BK/IlOYEHME rMBPUAA B COCTaB HAHOPA3MEPHOTO HOCUTENA TaKKe
cnocobcTByeT npeogoneHunto  bapbepa CAM3UCTON  060/104KM
AbIXaTesIbHbIX NyTew.

Puc. 1. CxematnyHoe n3obpaskeHne IMNOCOMbI C XMMEPHbIM
6enkom B bucnoe: rmapodobHbiii dparmeHT SpC NpoHU3bIBaEeT
MembpaHy, ruapodunbHblii dparmeHT IFNy 3KcnoHupoBaH B
BOAHYIO dasy.

3bOdEeKTUBHOCTL  BKAKOYEHUs  rMbpuaHoro 6enka B
mapodobHy0 MaTpuULy UCCeAoBaHAN C NOMOLLBIO MOAEbHbIX
dnyopecueHTHOMeYeHbIX  iMnocom (L) coctaBa  AWYHBINA
dochatnamnxonmu (PC)—BODIPY-PC, 9.99 : 0.01, 1 mr/mn PBS,
cpeaHero pasmepa ~100 HM. J/IMNOCOMbI TOTOBUAM CTAaHOAPTHLIM
MeToA0M 3KcTpy3auu. M3 cmecn pactsopos docdonunuaos B
Xnopodpopme ynapMBaHMEM Ha POTOPHOM UCMapuUTeNe Noay4anu
NUNUAHYIO MJIEHKY, KOTOPYK 3aTem ruapatupoBanv bydepom.

CycneHsuio  noggepraan 6  UMKNIAM  3aMOpa*KMBaHUA—
otramsaHma (N, kua/+409C), 3atem npogaBAvBanu uyepes
membpaHbl € KanubpoBaHHbIM pa3mepom nop 100 HMm ¢

NomoLLbio MUHU-3KCTpyaepa (Avanti Polar Lipids Inc, CLUA). IFN-
SpC (2 Hmonb) pobasnanu (a) Ha CTaguu rMApPaTMPOBaHUA
MNUAHOMW  nneHku mbo  (6) K CBEXEenpurotosBseHHbIM
nvnocomam (MHKRy6aumsa npu 372C B TeyeHue 2 4). MonyyeHHble
cycneHsmn IFN-SpC-L  aHanu3mMpoBanuM C MOMOLWbBIO refb-
xpomaTorpadum Ha cedapekce G-75. 3a antoumeirr amnocom
cnepgunv no ¢nyopecueHummn BODIPY-PC. Koaunyectso IFN-SpC Bo
dpakumax onpesensanu napannensHo no eayopecueHumn Trp u
no metogy Jloypu. [lokasaHo, u4To rubpuaHbIN 6enok
KO/IMYECTBEHHO BCTPauBaeTcA B AUNUAHBIA 6ucnoil nunocom

He3aBMCUMO oT cnocoba npUroTos/IeHnA (pnc.2).
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Puc. 2. Tenb-punbtpauma moaenbHbix nMnocom. KpacHas anHua
— IFN-SpC B nvnocomax, aeTekumsa 6enka no Jloypu, 3eneHas
nvHua — BODIPY-PC, petekums no ¢nyopecueHummn (Aex 480 Hm,
Aem 505 HM), YepHas NYHKTUPHasA MHUA — CBOBOAHbIN 6enok,
aetekuma no Jloypu.

HatueHOCTb CTPYKTYpbl IFNY B MOneKkyne xumepHoro 6eska B
COCTaBe  JINMOCOM  MOATBEPXAAM  UMMYHODEPMEHTHbIM
aHanuzom (M®PA) c ncnonb30BaHMEM MOUKIOHANBHBIX aHTUTEN K

nonHopasmepHomy IFNy no cTaHZapTHOM MeToaMKe Ha
nnaHwertax Pierce HisGrab (Thermo Scientific). Mo pe3ynbtatam
NOA o6pasupl IFN-SpC 1 IFN-SpC-L B3aumopgeiictBoBann ¢
aHTMTeNaMu K nosiHopasmepHomy IFNy, To ecTb dpparmeHT IFNy B
coctaBe |FN-SpC 3KCNOHMPOBAH Ha MNOBEPXHOCTU JIMMOCOM W
cnocobeH NpoABAATb 6UONOrMYECKYHO aKTUBHOCTb.

Takum  o0bpa3om,  XMMepHbIM  6enokK
IMNOCOMaNbHOWM dopme ABnaeTca
TepaneBTUYECKUM areHTOM.

IFN-SpC B
nepcneKkTUBHbIM

*TMOPUAHbIV 6enok cypdaKTaHT-uHTepdepoH ans
MeAMUNHCKOro npumeHeHusa, nateHT Ne2391403.

**BODIPY-PC, 1-nanbmutonn-2-[w-(4,4-gudtop-1,3,5,7-
TeTpameTun-4-6opa-3a,4a-anasa-s-uHaaueH-8-un)-rentaHounn]-
sn-ranuepo-3-pochoxonuH

BEMOCOBMECTMMbI KOMNO3ULMOHHbI
MATEPWAT HA OCHOBE
CBEPXBbICOKOMOJEKY/TAPHOI O
NONN3TUNEHA ANA ALETABYIAPHOIO

KOMMOHEHTA SHOOMPOTE3A

bapaHos A.Al*, CeHaTtoB ®.C., YepabiHues B.B,
Kanowkun C.A4., AaHnnos B.,EI,.2

! depepanbHoe rocysapcteeHHoe obpasosaTesibHOe
yypexaeHne BbicLero npopeccMoHanbHOro
06pasoBaHMA “HaumMoHaNbHbIN MCCNef0BaTENbCKUIA
TeXHoNorn4eckuii yHusepcutet « MUCnC»”, Mocksa,
MockBa, JIeHUHCKuiA np., 4.4

2 MHCTUTYT mawmHoBeaeHna nm. A.A. bharoHpasoBa
PAH, r. MockBa

*alexsoftl7@mail.ru

P5

JHAOoNpoTe3MpoBaHMe CycTaBoB fABAAETCA 3PPEeKTUBHbIM U
YacTo eAMHCTBEHHbIM CMOCOHOM BOCCTAHOBNEHWUA YTPAYEHHOM
dYHKUMN  KOHeYHOCTU. PasBuTMe TexHuueckoro nporpecca
npvBeso K MOAB/JEHUIO MaTepuasnos, CMNOCOOHbIX 3aMeHWUTb
M3HOLLEHHbIW CYCTaB UCKYCCTBEHHbIM. TaK e Kak U HOpMasibHbI
Ta3o06eApeHHbI CyCTaB, WCKYCCTBEHHbIA COCTOUT U3 HOXKM,
KPYr/OM rONOBKM W BOTHYTOM BMaguHbl — aueTabynapHoro
KOMMOHEHTa MnpoTe3a, B KOTOPOM [ONOBKa W BpallaeTcs,
NO3BO/IAA OCYLLECTBUTb HOPMAJIbHbIN 06 EM ABUNKEHWUIA.

B pabote wuccneposanca  npouecc  TBepaodasHoro
aebopmaLmoHHOro dopmupoBaHua KOMMNO3ULMOHHOTO
maTepuana Ha ocHoBe CBEPXBbICOKOMOJIEKYIAPHOTO
noAnsTUNEHA (CBMIM?3) C BK/IlOYEHMEM pasIMYHbIX
KOHLLEHTpaLMi TBEpAbIX 4acTUL, HaHOOKcuAa antomuHus Al,Os
ONA fanbHeNWwero MUCNonb3oBaHWA B KayecTBe maTepuana Aans
aueTabynsApHOro KOMMOHEHTa 3HAonpoTe3a. B KauecTse
MaTpULbl ANA MOJYYEeHUA KOMMO3ULMOHHOTO MaTtepuana 6bin
MCMnoab30BaH nopolwoKk CBMI3, Tak KaKk AaHHbIM noavmep nmeet
BbICOKYIO YAApPHY0 MPOYHOCTb, CTOMKOCTb K abpasuBHOMy
BO34EMCTBUIO, KOPPO3UOHHYIO CTOMKOCTb, HU3KUI KO3bDDULMEHT
TpeHus, 6narogaps passutomy MEXMOJIEKYNIAPHOMY
B3aMMOZENCTBUIO,  CBA3AHHOMY C  YBE/IMYEHWEM  [JINHbI
MaKpOMOEeKyN (MoneKkyaapHaa macca > 10° r/monb) [1], u,
rnaBHoe, ABNAeTCA 6UocoBMeCTUMbIM. [AA AOCTUMNEHUA NYULLNX
CBOWCTB, Hanpumep A8 YBENUYEHUA MPOYHOCTU, MPUMEHAIOT
APMMUPOBAHME HEOPraHWYEeCKMMM YacTMLAMK, B TOM 4uC/ie U
oKkcMpgamu metannos [2-3]. B nocnegHue rogpl AnA CO34aHUA
KOMMO3ULUMOHHbBIX ~ MaTepuasoB Ha OCHOBE MOAUMMEPHOW
MaTpULLbl UCMO/Ib3YIOT HAHOMOPOLLKM B KaYecTBe HanonHUTenewn,
4YTO MO3BOMAET 3HAYMTENIbHO  YBEWYUTb  MPOYHOCTb U
M3HOCOCTOMKOCTb [4-5]. B KayecTBe ynpouHstowein ¢asbl 6bin
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aANtoOMUHNA TaKXe  ABaA IOUJ,MVICH

BblbpaH
6MOMHEPTHBIM MaTEPUASIOM.
Ha paspabaTbiBaemom

oKcua, Al,03,
KOMMO3MLMOHHOM  MaTepuane
yAanocb  A06UTbCA  yBE/NIMYEHUA  MeXaHUYeCKMX  CBOMCTB
Komnosuta. OTHOWeHWe ynpyroro MOAy/NA KOMMo3uTa K
yNpyromy Moyt KOCTHOM TKaHu coctasnseT 1:8. Haunnyuwwue
Tpubonorvyeckne  nokasatenn  6blIM OOCTUTHYTBI  Npu
HanonHeHun matpuubl CBMM3 3 % macc. Al,0s. OpraHo-
coMaTMyecKMe MoKasaTenn BHYTPEHHUX OPraHoOB MMUBOTHbIX
NnoJBepraBlUMXCA  BO3AEWCTBUIO  UCCAeAYyeMblX  MOPOLLIKOB
NOAMMEPHON MATPMLbl, LUTOTOKCMYHOCTb WM TEeMOAUTUYECKAA
AKTMBHOCTb MMEIOT A0NYCTUMbIE 3HAYEeHUA.

Takum obpasom, OblIM  NOMYyYeHbl  KOMMO3ULMOHHbIE
maTtepuanbl Ha ocHoBe CBMI3, HanonHeHHOro TBepAbIMU
KePaMMYECKMMM  YacTMLAMK, C  Yy/AydWeHHbIMKM  U3MKO-
MEXaHUYEeCKMMU U TPUDBONOTUYECKMMU  XapaKTEPUCTUKaMMU,
NpUMeHeHWe KOTOPbIX BO3MOXHO B KayecTBe aLeTabynsapHOro
KOMMOHEHTa 3HZ0MNpoTe3a.

CrMCOK MCMONb30BAHHOM IMTEPaTYpbI

1. AHngpeeBa W.H., Becenosckaa E.B.,, Hanusaitko E.N.,
MNeyenkmnu A.[., byxrantep B.WU., MNonakos A.B.n pgp.
CBepPXBbICOKOMONEKYNAPHbIN noaAnaTUAEH BbICOKOW

NAOTHOCTU. - J1.: Xumua, 1982. - 80 c.

2. Nanun C.B., MaHun B.E., OseuknH Bb.b., MatpeHuH C.B.,
CrenaHosa W.B., KoHgpaTtiok A.A., Kosanb E.O. Bauanue
HaHOCTPYKTYPHbIX HaMOJHWUTENEeN Ha CTPYKTYpy W CBOMCTBA
rasonjaMeHHbIX NOKpPbITUM Ha ocHoBe
CBEPXBbICOKOMOJIEKY/IAPHOrO  NoAuaTUNEHa. Pusmyeckas
me3omexaHuKa. 2006. -T. 9. CneunanbHbli Bbinyck. C. 141-
144

3.  KanowkuHn C.A. YepabiHues B.B., Cygapumkos B.A,
Lopodees A.A., Janunos B.[., MoykmHa U.B., KOpbesa H.B.
CBoOICTBAa MEXaHOAKTMBMPOBAHHOTO KOMMO3MUTAa Ha OCHOBE
CBEPXBbICOKOMOJIEKYNIAPHOTO MONN3TUAEHA, HANOJHEHHOro
6poH3oBoi nyapoi / MatepuanosegeHue. 2008. Ne 11. C.
20-26.

4.  MaKkcumkuH A. B., KanowkuH C. [., YepabiHues B. B., EpruH
K. C. BauAHME MexaHOaKTMBALMOHHOW 06paboTkM Ha
dazosbil cocTas " MeXaHuyeckune cBoOMCTBa
CBEPXBbICOKOMOJIEKYIAPHOrO nonunatuneHa // Oedopmaums
1 paspylueHue matepumanos. 2010. Ne 12. C. 10-14.

5. ®.C. Cenartos, C.O. KanowkuH, B.B. YepgbiHues, A.B.
KysHeuoB “UccneposBaHne ¢GU3MKO-MEXaHUYECKUX CBOWCTB
KOMMNO3ULMOHHOTO MmaTepuana Ha ocHoBe
CBEPXBbICOKOMOJIEKY/IAPHOFO MOAWU3TUNAEHA, HAMOJHEHHOro
Kepamuyeckumu  yactuamu 7 /[ [Oedopmauma u
paspyweHue matepuanos. 2011. Ne3. C.33-39
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MONYYEHUE KATICYTUPOBAHHDbIX
HAHOMATEPUANOB METOAOM MUPOJTN3A
A3PO30/IEN

benocnyaues A.M., /lbicos A.B. , OanH A.T.
HauuoHanbHbIM nccieoBaTeIbCKUIt TEXHONOTMYECKUi
yHuBepcuteT «MUCKC», 119049, MockBa, JIeHUHCKNIA
np., A.4; E-mail:student2512@rambler.ru

Lna MeAnLMHCKOro NPUMEHEHMA BasKHON 3adadeit aBaseTca
CMHTE3 YacTUL, C 3a4aHHbIMKM pasmepamn M Heobxogumon
bopmoit, NOCKOMbKY 3TW NapameTpbl BO MHOMOM OMNpeaenstoT
CBOMCTBA MaTepurana. HecmoTps Ha WMPOKKI apceHan eKapcTs,
NPUMEHAEMbIX B MEAMLMHE, O4HON M3 BaXkHeMWux npobnem
OCTaeTcA MX ajpecHas [AOCTaBKa C  Lenblo  MOoBbleHUs
apdekTmBHOCTM  nleueHua. bBnarogapa meTody  nuponusa
a3po30/1eil MOXKHO MONYYUTb AUCNEPCHbIE YacTULpbl Pa3IUYHOM
mMmopdonoruu: coepuyeckme, TopouaHble, NMOPUCTbIE, Nosble U
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MHKanNcyMpoBaHHbIE, KOTOPble CMOry MOCAYXWTb HOCUTENSMMU
npenapatoB. BHeapeHWem HOBbIX NOAXOA4O0B B BOMpPOCax
aflpeCHOM [O0CTaBKM MO3BO/UT Y/y4yllaTb KayecTBO KU3HU
nauMeHToB U NOBbICUTL 3P PEKTUBHOCTD.

OCHOBHbIMUM NPenMyLLeCTBaMU Npeasiaraemoi TeXHONormMmn —
MeToZa MUpoaM3a Y/bTPas3BYKOBbIX as3po30iell  pacTBOPOB
OPraHUYecKUX coneil - ABAAKTCA BO3MOMHOCTb MONYYEHUA
HearperMpoBaHHbIX HAHOMOPOLIKOB, OAHOCTAAUNHOCTb, BbICOKAn
NPOV3BOAUTENLHOCTL M  BbICOKOE KauyectBo MPOM3BOAMMbIX
HaHomaTepuanoB. B pamKkax pgaHHOW pabotbl Bbina co3paHa
3KCMEPUMEHTA/IbHAA YCTAHOBKA, Ha KOTOPOM, 6bLIM MOMyYeHbI
HaHOMOPOLIKM  OKCUMAOB HWKENs U  OKCUAOB  aJOMUHUA.
MccnefoBaHUA MOMyYEHHbIX maTepuanoB 6biav NpoBefeHbl C

MCMONb30BaHMEM  METOA0B  PEHTreHOBCKOW  Audpakumm,
3/71EKTPOHHOM MMKPOCKONUY, TepMmorpasumeTpum "
HWU3KOTemnepaTypHoit aacopbumm asorTa. MokasaHa

BO3MOMHOCTb Pery/sMpoBaHMa CBOWCTB HAaHOMOPOLLKOB OKCMAOB
B XOZE MOJIy4eHMA, a TaKKe BO3MOMHOCTb MOSYYEHUA CNOMKHbIX
MHOTOKOMMOHEHTHbIX OKCUAHbLIX cUCTEM. M3meHas napameTpbl
3KCMEePUMEHTA MOMKHO PerysMpoBaTb Pasmep M TOAWMHY CTEHOK
nosyyaembix Kancyn. Monble Yactuubl, Hanpumep, MoryTt 6biTb
MCNONb30BaHbl A/A [OCTaBKM Nekapcts. B To Bpemsa Kak
chepuyeckme NAOTHbIE YaCcTULLbI, KOTOPbIE MOMKHO MOMYYUTL TEM
e MeToAoM, W3MeHAs PAL NapameTpoB, MOC/AYMKAT OTAUYHbBIM
Hano/IHUTEIeM, YTPOYHAIOWMM MaTepuasbl 419 UMMIAHTOB.

PucyHok 1. M306paxkeHus nosnoit yactnukm NiO N3M (a), COM (6)

WCCNELOBAHME B3AMMOZENCTBMA
®YINIEPEHA W ETO MPOU3BOAHOIO C
BMOMEMBPAHAMMU METOZOM

MOJIEKY/IIPHOW ANHAMWKA

bosparaHaH M.E., LWaitTtaH A.K., LLaiTaH K.B.
MocKoBcKui1 FocyAapCTBEHHBIN YHUBEPCUTET UM.
M.B. JlTomoHOCOBa,

Buonoruyeckunin pakynoTert,

119991, Mocksa, JleHuHcKue ropbl, 1, ctpoeHue 73,
marine@bozdaganyan.com
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HaHobuobe3onacHOCTb —  HOBOE  HanpaBieHuWe B
HaHoTexHoNorMn. M3yyeHne B3aMMOAENCTBMA C OpraHM3Mamu,
BbiABNeHNe 6e30macHbiX 403 W NpeAcKasaHue  CBOWCTB
HaHo4yacTWy, BXOAMT B  33agaunm  HaHobmobesonacHOCTH.

®ynnepeHbl, aKTMBHO WCMOJ/b3YIOLWMECA B HACTOALLEe Bpema B
NPOAYKLMN He TO/NbKO HOBbIX MaTepuasnoB, HO W JIeKapcTs,
OBHApYKMBAKOT CUNbHbLIN  LUTOTOKCUYecuit 3ddekT. OpHako
MEexXaHM3Mbl, MpU MOMOLM KOTOPbIX JAaHHble HAHOYACTULbI
NPOHUKAIOT BHYTPb K/IETKM, 0 CUX MOP Maso U3y4eHbl.

Pabota nocBflleHa NPUMEHEHWUIO METOAOB K/IAaCCUYECKOro
KOMMbIOTEPHOTO MOAEeNNPOBaHUA ans uccnefoBaHun
B3aumopencTeua  ¢ynnepeHa U TpumanoHatdyanepeHa ¢
6uonornyeckumm membpaHamm Npo- 1 syKapuoT.


mailto:marine@bozdaganyan.com

PucyHok 2. pOHWKHOBEHWEe KnacTepa w3 ¢ynnepeHoB B
membpaHy

M3yyeHa paBHOBecHasd [AMHAMUKA TMPOHUKHOBEHUA U
HaKkonieHus ¢ynnepeHoB B buAMNUAHbIX cnosx. PynnepeH
MmeeT 6oNbLUYI0 CKNOHHOCTb HaKaNANBaTbLCA B 9YKapuOTUYECKOM
membpaHe, Hexenn B membpaHe MpPoOKapuoT. BbifBieHO, 4TO
nocne NPOHUKHOBEHUA dynnepeHa B memMbpaHy «MWKponopa»,
06pasoBaHHas pPa3fBUHYTBIMKW TO/IOBKAaMKU AUNUAOB, UMeET
BpemAa Xu3HuM nopaaka 20 nc. [locne nNpPOHWKHOBEHWA B
3yKapuoTUYeckylo MembpaHy, ¢ynnepeH OKasbiBaeTcAd Ha
paccTosiHMM nopsagka 1 HM OT LeHTpa membpaHbl. B BogHOM
OKPY)XeHWU Yy TpuManoHaToynnepeHa obpasyeTcs ycToiusas
rmapaTtHas obonoyka u3 npumepHo 40 MONEKYN BOAbl, YTO
npenATcTByeT ero NPOHUKHOBEHUIO B MeMOpPaHy.

KOBAJIEHTHAA ®YHKUMOHATN3ALNA
MOBEPXHOCTW XENE3O-YINEPOAHbIX

HAHOYACTUL,

bbi3oB I/I.B.l, Epmakos A.E.l, YUMUH M.A.l, Mbicuk
A.A.l,l'lorMGa LI,.A.Z, MuHWH A.C.S, dunmoHos B.LI,.4,
MoctHukos M.C.% Tpycosa M.E.*

1V|HCTMTyT du3nkn metannos YpO PAH, r.
EkaTepuHbypr, 620 990

yn. C.KoBanesckow, 18, byzov@imp.uran.ru

2 YpanbCkuit beaepanbHbIi YHUBEPCUTET UMEHN
nepsoro MNpesngeHta Poccun B.H.EnbumHa, r.
EkaTepuHbypr

? Ypanbckas rocyapcTeeHHas MeanLMHCKan
akagemus, r. EkaTepuHbypr

* HaumMoHaNbHbBIN UCCNEA0BaATENBCKMIA
NONUTEXHUYECKUIN YyHUBEPCUTET, I. TOMCK
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DU3NKO-XMMMYECKME CBOWMCTBA AMCMEPCHBIX CUCTEM CUABHO
33BMCAT OT TOrO, Kakue OYHKLMOHa/IbHble rpynmbl HAaxoAATCA Ha
NOBEPXHOCTM, MO3TOMY NpU pa3paboTke NpenapaToB Ha OCHOBe
HaHouYacTUL, Heobxoanmbl addeKTnBHbIE meToabl
dYHKUMOHANM3aUMK  NOBEpXHOCTW.  Haubonbumii  nHTepec
npeacTaBaAeT KoBaNeHTHan QyHKUMOHANM3auma, obecneynsatoLan
Hanbosiee NPOYHYHO CBA3b PYHKLIMOHABHBIX FPYMNM C MOBEPXHOCTbLIO.
Kak npaBuno, AnA Kaxaoro OTAe/bHOro Cayvas aAanTUpyeTcs Uam
paspabatbiBaercs otaenbHas MEeTOAMKa, YYMTbIBaOLLAA
0co6eHHOCTM CBOMCTB AaHHOro HaHoMaTepuana.

B Hawei paboTe 6blM MCMONBL30BaHLI YKeNe30-yrnepoaHble
HaHo4acTuubl (Fe@C), nonyyeHHble rasodpasHbim metogom [1].
Hambonee  pacnpocTpaHeHHbIM M AOCTYMHbIM  METOAO0M
dYHKUMOHANM3aLUMN MOBEPXHOCTU YrepOAHbIX HaHOMaTepuanos

ABNAETCA OKUC/NUTENbHOE TpaB/ieHWe B a30THOM KWUC/IOTe UK ee
CMECAX C CEpPHOW, B pe3y/ibTaTe Yero Ha NoBepxHOCTM obpasytoTca
Kapbokcu-rpynnbl [2]. B xofze paboTbl BbIACHWAOCH, YTO TaKas
npoLeaypa B Halem cayyae ABAAETCA HenpueMIemon 13-3a Maioro
BbIXOAA KOHEYHOro npoaykta. Take He MOryT ObiTb MpPUMEHEHbI
MeToAbl CBA3AHHble C OKWC/IeHWeM B ra3oBoW ¢ase wu3-3a
HEKOHTPOIMPYEMbIX MPOLLECCOB, MPUBOAALLIMX K CAMOBO3rOPaHMIO.

Ha Haw B3rsg Hanbonee NepcneKkTMBHLIM ANA Aa/IbHelLero
pPasBUTUA MOXKET BblTb METOZA, OCHOBAHHbIN Ha GyHKLMOHaNU3aumm
NOBEPXHOCTU NPU PA3IOKEHWUN apUIAUA3OHMEBBIX COeAMHEHWUM [3].

Ona byHKUMOHANM3aUMKM MOBEPXHOCTM aMMHO- U KapboKcu-
rpynnamu MCrMonb30oBaiuCh M-HUTPOAHWAMH W M-aMUHOBEH30MHasA
KMC/IOTa COOTBETCTBEHHO. B ciiydae N-HUTPOAHW/IMHA, MOMYYEHHbIN
HaHOKOMMO3UT B Aa/ibHellleM noaBeprasv BOCCTAHOBJEHUIO C
Le/blo KOHBEPTMPOBAHWMA HUTPO-FPynn B amwuHo-rpynnbl. Mepepg,
JTanom byHKUMOHaNM3aLum noBepxHOCTU npoussogHoe
aApPOMATUYECKOrO amuHa KO/IMYECTBEHHO roagepranocb
[Ma30TMPOBAHMIO NPU MOHUXKEHHOW Temnepatype (He Bbiwe 52C).
Mocne 3Ttoro, BBOAMAUCL  HaHoyacTMubl Fe@C, cuctema
noJBepranacb HarpeBaHWIO U yNbTPa3ByKOBOW 06paboTke He MeHee
15 muHyT. [anee cnepoBanv CTaAuUM OUUCTKM U BblAeNEHUA
dYHKLMOHANM3MPOBAHHOMO HaHOKOMMNO3UTa. Pesynbtathl
nccnenoBaHuA NnoBepXHOCTN meTog0om MK-cnekTpockonuu
COI/IAaCyHOTCA C IMTEPATYPHBIMU AAHHBIMMU.

Takum 06pasom, NpeanoxeHHasn cxema bonee apdeKkTUBHA, Tak
KaK WCK/OYAeT CTaguu BblAeNeHus apuaavas’oHUEBbIX coselt 1
Nno3BO/SIAET KOHTPOAMPOBATb MOJIHOTY MNpPOTEKaHWA MNpPOLEeCcCoB
[Ma30TUPOBaHMA.

Bblpaxkaem raybokyto npusHatenbHoctb ¢oHay POOU 3a
duHaHcoByto nogaepKy (MpaHT Ne 10-02-00323a).
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Properties of Carbon-Containing Nanocomposites Based on Nickel,
Palladium, and Iron. Russian Journal of Physical Chemistry A, 2009,
Vol. 83, No. 7, pp. 1187-1193.

Arthur Taylor, et al.,, Functionalization of carbon encapsulated
iron nanoparticles. J Nanopart Res (2010) 12:513-519.

Robert N. Grass, Evagelos K. Athanassiou, and Wendelin J. Stark,
Covalently Functionalized Cobalt Nanoparticles as a Platform for
Magnetic Separations in Organic Synthesis. Angew. Chem. Int. Ed.
2007, 46, 4909 —4912.

VHOYLMPOBAHHASA
MME/IONEPOKCWOA30M BUOAETPALALA
OLHOC/IOMHBIX YT/IEPOAHbIX
HAHOTPYBOK: FMMOX/I0PUT — OCHOBHOM
OKWUCUTE/b, CNOCOBHbI

OETPAAMPOBATbL HAHOTPYBKW IN VIVO
Bnacosa W.W., Baxpywesa T.B., l'yces A.A.,
Cokonos A.B., Koctesnu B.A., Tyces C.A.

Ory HUM dpusmko-xmummyeckor meanumHol PMBA,
Mocksa, yn. M. Muporosckas 1a,
irina.vlasova@yahoo.com

PO

OpHOC/NOMHbIE  yrnepoAaHble  HaHOTPYBkM  (OYHT) -
NnepcrneKkTUBHbIE HAHOYACTULLbI ANIA UCMOb30BAHMA B MeauLMHe
C Lie/Iblo apecHON [0CTaBKM JIEKApCTB M FEHOB B K/IETKM, a TaKKe
ana TepmoTepanuu onyxosnen. MNoatomy n3yyeHue
b6uocosmectumoct OYHT, mexaHM3MOB MX Buoperpagaumm u
BbIBEIEHWA U3 OpraHn3mMa MMeeT 60o/bLLOoe 3HAYEHWE U JOIKHO
npeaLlecTBoBaTb WX LUMPOKOMY MNPUMEHEHUIO B MeAMuMHe.
PaHee 6bIn0 NOKasaHoO, 4YTO Muesonepokcuzasa (MMO) —
OCHOBHOI GepmeHT Hecneunmdpuyeckon MMMYHHOW 3aLuThI,
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KOTOpPbI CeKpeTUpyeTcs aKTUBMPOBAHHbIMU HelTpodbunamu, —
cnocobHa 3dpodekTMBHO aerpaguposatb OYHT He To/ibKo B
MOAENbHOW CUCTEME, HO U B CycreH3uu HelTpodunos [Kagan et
al. Nat Nanotechnol 2010]. B Hawel paboTe Mbl CpaBHUAK
CMOCOBHOCTb Pa3/INYHBIX OKUCAUTenel, npoayumpyembix MIMO,
OerpafvpoBaTh YrnepogHble HAHOTPYOKWM, a TaKKe W3yunnu
BAnaHMe OYHT Ha aKTMBHOCTb HEUTPOPMNOB. 3aKOHOMEPHOCTHN

buoaerpagaumm  HaHOTPyBOK nepokcuaasamm u  apdeKTbl
BAMAHMUA  HAHOTPYOOK Ha HeWTpoduabl coBnaganu pns
KapbOKCUAMPOBAHHbIX OYHT " ona HaHOTPY6OK,

YHKLMOHANN3NPOBAHHDBIX MONUITUNEHTZIMKONEM.

[na Toro 4tobbl NPOaHaNN3MPOBaTb CMOCOBHOCTb PA3/IUYHbIX
okucnutenei gerpagmposatb OYHT, Mbl cpaBHUAM AerpagaLuuio
OYHT nepokcunaaszamm B pasHbIX SKCNEPUMEHTAIbHbIX YC/I0BUSAX.
Mbi MCcnonb3oBanun nepokcmaasy XpeHa, MMno "
NlaKTOMepoKcuaasy, € y4yeTom TOro, YTO ABa MNOCAELHUX
dbepmeHTa MOryT CMHTE3UPOBATb [UMOrajfoOreHUTbl, a TaKXKe
remornobvH — remcogep:Kalmi 6enoK, KOoTopbli  MOKeT
NPoABNATb NEpPOKCMAasHble CBOWCTBA, HO B pe3y/bTate
B3aMMOAENCTBUA c nepoKkcMaom BOA0POAaA, nerko
aBTOOKUC/AETCA M TepAeT rem. Halwm uccnefoBaHUA nokasan,
4YTO MepoKcuaasbl ManoadpdeKkTMBHbI Kak okucautenn OYHT:
yrnepogHble HaHOTPYBKM He MOryT 6biTb OKUCNEHBI HU
aKTUBHBIMU WMHTEPMEAMATaMM NepoKCcUAasbl, HU cBOBOAHBIMU
pagvkanamu, obpasylwumuca B NEPOKCUAA3HOM  LMKAe.
TMnoranoreHnTsl —  OCHOBHbIE  OKUCAWUTENM,  CNOCOGHble
paspywaTb yrnepogHble HaHOTPY6KW. CWHTE3 runoxnoputa
MuenionepoKcMaason " CUHTE3 runobpomuTa
NlaKTOMNEepoKcuaasomn obecneunsaer 3TUM dbepmeHTam
MaKcumasbHyto apdekTMBHOCTL Npu Aerpagaumm OYHT in vitro.
JK30reHHO  A00aBNEHHbIM  TUAOXMOPUT  TOXe  cnocobeH
paspylwaTb yrnepoaHble HaHOTPY6KW. [erpagaumm OYHT B
MOAENBbHOW CUCTEME MOMKET BbiTb BbI3BaHa TaKXKe aKTUBHbIMU
dopmamu Kncnoposa, obpasyroLMMUCA € y4acTmem cBoboaHOro

rema WAM UWOHOB Kenesa, BO3HMKAWOWKUX B pe3yabTaTe
ABTOOKUCNIEHUA d)epmeHTos. OpHako, cyuiectsoBaHue
3¢!¢!6KTMBHbIX AHTUOKCUOAHTHbIX cnuctem Aenaet

Ma/loOBEPOATHbIM NOABAEHUE in Vivo cBOBOAHbIX pasMKanos B
KONMYecTBe [0CTAaTOYHOM AN1A TOro, YTObbl AerpaampoBaTh Takue
NpoYHble CTPYKTYpbl, Kak OYHT. TutposaHue cycneHsum OYHT B
npucytcteum 15% (v/v) nnasmbl BbICOKMMM KOHUEHTPaLMAMM
remornobuHa n nepokcuaa BoAopoaAa He NpuBeso K Aerpagaunv
HaHOTPY6OK.

Heltpodunbl — Knetkn KpoBu, obecneuvBatolime 3aluTy
OpraHM3Ma OT YyXXepPOAHbIX areHToB, ABAAIOTCA OCHOBHbIM
MctoyHMkom MIMO U1 runoxaoputa B oO4arax BOCMANEHUA.
N3mepeHua Ko/anyecTBa runoxaopura B cycneHsum
M30/IMPOBAHHbIX HEWTPODUIOB MOKaszanu, 4To camu no cebe
yrnepoaHble HaHOTPYBKM He CNOCcO6HbI aKTUBUPOBATb KNETKMU, HO
OHW He npenATCTBYIOT B3aMMOAEWCTBMIO KNETOK C ApYyrum
aKTMBATOPOM - OMCOHU3MPOBAHHbLIM 3UMO3aHOM, U Gosee Toro,
[,030-3aBUCMMO YCU/IMBAIOT ero Aewcteue. Monagas B KPoOBb,
OYHT B3aMMoAeNCTBYIOT CO MHOrMMMU 6enkamm n GopMeHHbIMMU
anemeHTaMu  KposBu. U3yyeHne  mopdo-dyHKUMOHaNbHOM
peakLMn KNeTOK KPOBM NOKasano, 4to fobasneHune K LenbHoM
KpoBu OYHT B KOHLeHTpaLMA BAM3KUX K TEM, YTO MCNOJb3YIOT B
3KCMepumeHTax in vivo, nNpuMBOAMAO K [030-3aBUCUMOM
aKTUBALMN HEUTPOPUIOB U, B MEHbLLEN CTENEHU, MOHOLMTOB, HO
He B/AWANO Ha COCTOAHWE 3PUTPOULUTOB. [lOCTOBEpPHbIE
n3meHeHus mopdonornm HelTpoduaoB HabnoZaNUCh Yepes Yac
nocne pobasneHuns K kposu OYHT, a yepes Tpu Yaca MHKybauum
25-40% HelTPOoOMNOB UMENU  CTPYKTYpPHble  M3MEHeHwus,
NnoATBeEPKAAloOWMe UX aKTMBauuio. AKTMBauuA Hentpodunos
NPUBOAMT K CO3AaHUIO B OYarax BOCMaNeHUA M B ¢arocomax
YyCNOBUI ONTUMANbHLIX A/A CUHTEe3a runoxnoputa. Cekpeuus
BbICOKMX KOHUeHTpauuit MMNO (0,5-2 mM), aktmuBauma NADPH-
oKcuAasbl M Kucable pH cpeabl obecneuyvBaloT  BbICOKME
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CTaUMOHAPHbIE KOHLEHTPALMMU TMNOXI0PUTA B 3TUX YYaCTKax, YTo
MOXET BbI3bIBaTb JAerpafiauuio YraepoaHblXx HaHOTPyboK. B
HalWX 3KCMepumeHTax AobasneHue K pasbasieHHOW Nnasme
KpoBM,  copepsaweir  OYHT,  BbICOKMX  KOHLEHTpauwui
TMNOXJA0pWUTa  MPUBOAUIO K 3HAYMMOMY  YMEHbLUEHWIO
KO/NMYeCTBa M pa3mMepoB HAHOTPYOOK B CyCneH3uu.

Takum 06pasom, Hawu UCCNefoBaHUA [OKasanu, uTo
TMMNOX/JI0PUT - OCHOBHOW OKCUAAHT, KOTOPbI MOXET NPUBOAUTD K
moguduKaLumMm 1 gerpasaumm yraepoaHbix HAaHOTPY6OK in vivo.

PaboTa noaaep:kaHa rpaHTom POOU Ne 09-04-01043a.

P 10 CUHTE3 HAHOKPUCTANNTUMHECKOIO
TMAOPOKCHUANATUTA C UCNOJIb3OBAHNEM
BMOTEHHOIO UCTOYHUKA KA/TbLMA.
CONOCTABJIEHUE C BUOTOTUHECKUMM
CTPYKTYPAMMU

lonowanos A1.J1., Kawkapos B.M., PymaHuesa H.A.,
CepeguH MN.B., JomawescKada 3.01.

BopoHeXcKkuit FocysapCTBEHHbIN YHUBEPCUTET,
BopoHex, YHusepcuteTckasa naowaap 1,
goloshchapovdl@gmail.com

HeobxoguMmocTb  co3gaHus  MaTepuanos, 6AM3KUX o
CTPYKTYPE U GUBUKO-XMMUYECKMM CBOMCTBAM K TBEPAbIM TKaHAM
3yba Bbl3BaHa BO MHOrom npobiemamu UHAMBUAYaAbHOMU

COBMECTMMOCTM  KOCTHOM  TKaHM OopraHn3ma 4Yenoseka WU
UCKYCCTBEHHbIX MaTepUanos. Haunbonee nepcnekTMBHbIM
maTtepuasiom OnAa  peweHuAa  opTtoneaAnyecKux  3agdav4  no

MHTErpaLuym WMMIAHTOB U LLEMEHTOB C eCTEeCTBEHHOM KOCTHOW
TKaHblO  ABNAETCA  HAHOKPUCTANIMYECKUIA  TMAPOKCUANATUT
(Caio(PO4)s(OH);). B paboTe cUHTE3 [AHHOTO COEAMHEHUSA
OCYLUEeCTBANCA METOAOM NpeuunuTaumMmM C UCNo/ib30BaHMEM
€CTeCTBEHHOrO  WCTOYHMKA  Ka/lbUuMA U NPOM3BOAWMIOCH
COMocCTaBNeHNEe MOoJlyYeHHbIX 06pasLoB ¢ 3yOHOM 3Manbio U
OEeHTUHOM uyenoBeka. CKop/iyna NTUL, COAEPXKUT OPraHUYEcKyro
COCTaB/ALLYIO: CETb MepeneTalomnxca 6eNKoBbIX BONOKOH U
KapboHaT Kanbuma CaCOs. [Ana cuHTesa ruapokcuanatuta (FAM)
ANYHYIO CKOPAYMY NPOMbIBaNM W oTkuraan npu 9500C ana
obpasoBaHua okcuga Kanbuusa CaO, a TakKe AnA yAaneHus
opraHumyeckon coctasnsawowenn. O6pasupl  TAMN  nonyyanu
MeTo40M XUMUYECKOro ocaxaeHus: TUTPOBaHWEM
optodocdopHoi kucnotoit 0.3 M HsPO4 CMHTE3MPOBAHHOIO M3
OKCMAa Ka/ibuma — pacTBopa ruapokcuga. MNocne ounbTpaumu,
CYWKU W OTKMUIa NpY Pas/vyHbIX TemnepaTypax MmaTepuasnbl
nccaef0Banncb MeToAaMu pPeHTreHoBcKol audpakumm (4POH-4
07, Co Kal,2; 1,7903 A), UK cnextpockonum (VERTEX V-70,
BRUKER) ¥ aneKkTpoHHOM MuKpockonum (JSM-6380LV, JEOL), a
TaKXe MWKpoaHanusa npoBogMmoro Ha npubope JSM-6380LV,
JEOL npu nomowum npuctaBku Inca-250.

PeHTreHoda30BbIVi aHanM3 NOKasan, YTO CUHTE3UPOBAHHbIE
maTepuanbl ABAATCA OAHO(A3HLIMM W MNpPeAcTaBAAloT coboi
rmapokcuanatut. CpasHeHue TAll, CUHTE3UMPOBAHHOrO C
MCNONb30BaHUEM ANYHOWN CKOPAYMbl, C MUKPOKPUCTANINYECKUM
obpasuom rugpokcmanatuta (Puc. 1 — 1,2), nonyyaemoro no
CTaHAAPTHOW MEeTOAMKE, BbIABWIO 3HAYUTENbHOE YLIMPEeHue
AMOPAKLMOHHBIX IMHWUIA NepBoro. PacueTbl Ha ocHoBe bopmybl
LLlepeppa NOKa3blBatoT, yTo rpaHybl nopoLLKa
cuHTe3nposaHHoOro MAl coCTOAT U3 HAHOKPUCTANIOB CO CPeAHUM
pazmepom ~30HM.


mailto:goloshchapovdl@gmail.com
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Puc 1 POPA u WK MUKpoKpucTanamyeckoro — 1 w
cuHTesnposaHHoro Al

BHewHAs W BHYTPEHHAA CTOPOHbI cpe3a 3y6HOU 3smanu
BKAOYatoT B cebsa TAM ¢ pasHOW CTPYKTYpHOU OpraHu3aumen.
Hanbosnbluee cxoACTBO C CMHTE3UPOBAHHLIM MaTepuasomM UMmeeT
BHYTPEHHAA CTOpOHa cpe3a 3yba (Puc 2), Bkaouaowas
HaHoKpucTanabl FAl cpegHero pasmepa ~15 Hm.

TMApoKcManaTMT BHEWHeN CTOPOHbI 3Mann NOABEPIKEH
CUNbHOM TEKCType, MpU KOTOPOWM CTPYKTYpHble eauHuubl FTAN —
rekcaroHasibHble NPU3Mbl — OPUEHTUPOBAHHbI NPEUMYLLLECTBEHHO
BAONb Kpuctannorpadumyeckoro HanpasaeHus [001].
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Puc 2 P®A u UK cpaBHeHWe BHeLIHeW, BHYTPEHHEeW 4acTu
3y6a -1,3 U CMHTe3UPOBAHHOTO - 2

B WK cnektpax cpesa smanu 3yba Kpome OCHOBHbIX MOJ,
konebanuit FAMN, npucytcteytoT CO — ammaHon rpynnbl, CH2 1 OH
— B ob6nactax 2840, 2910 u 2370 cm-1 COOTBETCTBEHHO
OTBEYalolMe OpPraHMYEeCKOW COCTaBAAKOLWLEN KOCTHOM - 6esKa
KonnareHa (Puc 2).

CpaBHeHWe XapaKTepUCTUK CUHTE3UPOBAHHOMO U BUOreHHoro
FAM  cBMAETENbCTBYIOT O MNEPCNeKTUBHOCTM  OAHOrO U3
BO3MOMHbIX MPUMEHEHUIN cuHTe3npoBaHHoro MAMN B meauuuHe,
Hanpumep ONA YAyYlWEeHUA  aAre3svoHHbIX — CBOWCTB
CTOMATO/IOMMYECKMUX LLEMEHTHBbIX NacT.

P 1 1 BIMAHWE YTNEPOAHbBIX HAHOTPYBOK HA
PEMPOAYKTUBHbIE ®YHKL NN CAMOK
JIABOPATOPHOM MbILLIN U
NMOCTHATA/IbHbIN MEPUOL PA3BUTUA EE

NMNOTOMCTBA

lopweHéra E.B.l, l'yces A.A.l, Tkaues A.I.?

! TamBoBCKMit rocy4apcTBEHHBIN YHUBEPCUTET UMEHM
I.P. AepxaBuHa, 392000, Poccus, r. Tambos, y.
MHTepHaLMoHanbHan, 4. 33, e-mail:
nanosecurity@mail.ru

2 TamBOBCKUI1 rOCY/1apCTBEHHbIN TEXHUUYECKMIA
yHuBepcuTeT, 392000, Poccus, r. Tambos, ya.
CoBeTcKas, 4. 106

MwuKkpomammanuu ABNAOTCA KNacCcU4eckumu
6uonornyeckumun  TectT-obbekTamu, B TOM  uUucie  Npwu
buoTtecTMpoBaHumM HaHomatepuasnos [1,2]. Hamu nposegeHa
OLEHKa penpoayKTUBHBIX YHKUMI, YPOBHA CMEpPTHOCTU U
OAMHAMUKM  Pa3BUTUS MOTOMCTBA HENWHEWHbIX Mblwel (Mus
musculus L.) nog BAMAHWEM YINepodHOrO HaHomaTepuana
«TayHUT» (MHorocTeHHble yrnepoaHoie HaHOTPYOKM,
npoussoacteo — 000 «HaHoTexLleHTp», r.Tambos). BeeaneHue
TECTUPYEMOrO BeLLecTBa B OPraHWM3M OCYLLECTBASAOCH NyTeM
3aMeHbl BOAbl AN NOeHUs BepeMeHHbIX CaMOK, a MO3XKe U WX
NOTOMCTBa, KONINOUAHBIM pacTBopom yrnepoaHoro
HaHomaTepuana «TayHuT». [o3uposka coctasnana 30 mr/kr.

Ycnosua cofepsaHus  Mblweid  6blaM  CTaHAAPTHbIMKM - ANs
noaobHbIX nccneaosaHuii [3].
OueHKa nokasaTenein penpoaykTMBHOW  cucTembl  [4]

BbIABMAA, YTO MpPW BO3AENCTBMM Ha opraHusm YHM «TayHuT»
NPOUCXOAMT MOBbIWEHWE NNOAOBUTOCTM CaMOK  (Konuyectso
ocobeil B Mpunaoae y OAHOW CaMKM), CHUXEHME CMepTHOCTU
MOJIOAHAKA, @ TaKKe YMeHblleHWe [0AN He PoaMBLIMX Oocobeit
(puc.1).

33
40 7
30
T
0 I T T T'. KoH..
MnoposutocTb % He poAMBLLUNX

CaMOK, WT. CaMOK

Puc. 1. ConocTasieHue CpeaHerpynnoBbIX XapaKTePUCTUK
CaMOK M MOJIOAHAKA MbIlM B IKCNEPUMEHTANbHON U
KOHTPO/IbHOM rpynnax.

[anee, y 30 mbiwei onpeaenany gMHaMUKY Maccbl Tena Ha
5-23 aeHb Noc/sie PoXAeHUA C UHTepBanoM B 2 AHA. M3 pucyHKa 2
BMAHO, YTO PasBUTME MbIWN HA PaHHWUX 3Tanax OHTOreHesa
HaxoAMUTCA MNOJ, BAMAHMEM HaHOMaTepuasna MW NPOAYKTOB ero
meTabonuszauum (B TOM uuMCie, BO3MOMHO, COAEPNKALLMXCA B
MaTepuMHCKOM MOJIOKe). B uacTHocTn, Habntogaetca peskoe
yBennyeHne maccbl Tena, HaunHaa c¢ 11 AHA MoCTHaTa/NbHOro
pPasBUTUA. ITO MOXKET ObITb CBA3AHO C TEM, YTO NpUMMepHO Ha 11
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OeHb  pasBMTMA  MblWATa  HAuyMHAOT  CaMOCTOATE/IbHO
nepeasuraTtbCs M NUTb BOAY, COAEP)Kallytd HaHomaTepwuan. B
KOHTPONbHOW rpynne Ha BCEM MPOTANXKEHUU WU3MEpPeHUit
CpeaHerpynnoBsble MoKasaTenu maccbl 6bliM HUXKE, a TaKke
OTCYTCTBOBaNa TeHAeHUMA bosiee MHTEHCMBHOrO Habopa macchbl
Tena nocne 11 aHA XusHu (puc.2).

14

12

10

3.18 3,61 3,56 3,73 3,8
;3183

S5aeHb 9peHb 13 meHb 17 peHb 21 aeHb

Puc. 2. AnHamuka maccbl Tena (B rp.) B aKCnepuMMeHTabHOM
W KOHTPOJIbHOW rpynnax y moTOMCTBA MbILUIWN.

3aktoueHve. Takum obpasom, nposegeHo
6uoTecTMpoBaHune yrnepoaHoro HaHomaTepuana Ha
MaeKonuTalowmx. [lokasaHo, 4TO nepopanbHoe BBeAEeHWe

KOJ/LIOMAHOTO BOAHOrO pacTBopa HaHomaTtepuana NpuMBOAMUT K
YAYUYLWEHUIO PENPOAYKTUBHbLIX GYHKLMIA CAMOK MbIWMW LOMOBOW,
a TaKKe CTUMY/JIMPOBAHWMIO MPOLECCOB POCTa M PasBuUTUA Y
MOTOMCTBA, CHUMKEHUIO UX CMEPTHOCTHU.
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P12 NMPOCTOM WM 3PPEKTUBHbBIN CNOCOB
NONYYEHNA HAHOYACTULL
KOHZAEHCMPOBAHHOW AHK N PHK
Ldanunesny B.H.l, BacuneHko E.A.l, MeyHukosa E.B.2
! MHCTUTYT BUoopraHnyeckon xummumn PAH, Mocksa,
117997, yn. Muknyxo-Maknas, 16/10.

E-mail: dan@ibch.ru
2 WHCTUTYT Kpuctannorpadumm um. A.B. LLly6HMKOBA
PAH, Mocksa

KonpeHcauus OHK in vitro asnsaetca moaenbHol cuctemon
ONA U3YYEeHUA MEeXaHM3Ma KOHAEHCALMM B XMBbIX CUCTEMAX.
Xopowo wu3yyeHa KoHpeHcauma OHK in vitro npu KomHaTHOWM
TemnepaTtype, WHAYUMPOBAHHAA Pas3/IMYHbIMM NUraHA4aMu, B
YacTHOCTH, noAvammHammn (cnepmuH, CcnepmuamuH) nnm
KaTMOHaMM TPEeXBaJIeHTHbIX METa/IoB (Hanpumep, rekcaMmHoOM
KobanbTa - (Co(NHs)s™™)) [1-3]. OTHOCUTE/IbHO HeAaBHO
HaMM  ONWUCAHO ABNEHWE 00pPa3oBaHUA KOHAEHCUPOBAHHbIX
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dopm OHK (MMKpo- M HaHoyacTML) B npouecce NosMmepasHon
uenHoi peakummn (MNUP) [4-7]. dopmupoBaHME TaKMX YacTul,
NpPOUCXoaMnT Ha no3aHux ctaguax MUP, B ycnoBmAx HakonneHus
3HauuTeNbHbIX Koauuects AHK amnaukoHa. Obpasylowmecs B
NMUP mwukpoyactnubl [AHK, umelOT YyHUKaNbHYO CTPYKTYpy
(ynbTpacTpykTypy). B OCHOBHOM — 3TO KpynHble 06pa3oBaHuaA (oT
0.5 go 10 MKMm), ux pasmep M MOPdONOrMA 3aBUCUT KaK OT
MUCNoNb3yemoi B nup maTpuLbl (reHomHasn AOHK
MWKPOOPraHM3mos  uau naasmuaHble [OHK), Tak 1 oT Tuna
TepmocTabunbHolit  AHK-nonumepasbl  (Tag- wnnm  KlenTag-
noanmepasa). Momumo mukpoyactuy, B MUP cmecax Hamu
6binn  0BHapyXKeHbl pas/IMyHble HAHOYaCTMLbl, Takue Kak
bunameHTbl, chepmnyeckne HaHoYaCTULbl PA3NMYHOTO Pasmepa,
YNbTPAaTOHKME AMUCKMU (0Bafbl) MUKPOHHOMO AMameTpa U apyrue
[6-7]. MpumeHeHne 3TuX HaHoyacTUu, B BUoTEXHONOTUU U
MeAMLMHEe BecbMa MNepcneKkTMBHO. B uacTtHoctw, 6onblioi
MHTEpeC A/1a reHHOW Tepanuu MoryT NpeacTaBasTb chepuyeckme
(KomnakTHble) HaHovacTMubl M3 [JHK, MOCKO/MbKY OHM MOryT
obecneuntb 3G HEKTUBHYIO JOCTABKY FEHETUYECKOTO MaTepuana B
KNeTKu yenoseka. OfHaKo yaenbHas [0NA HaHoYacTUL, B obLuel
macce KoHaeHcupoBaHHolit [JHK, obpasytoweitica 8 TLP,
HeBennMKa — meHee 1 %.

Llenbto HacToAwei paboTbl ABMNack pa3paboTka NpocToro u
apPekTUBHOIO cnocoba nonayyeHus HaHoYacTUL,
KoHAeHcuposaHHoW AHK u PHK, npuroaHbix 418 npumeHeHus B
6MOTEXHONOMUAX U B MeAauuMHe. Mbl nokasanu, 4To npocToe
TEPMOLMKAMPOBAHME (MHOFOKpaTHble LMK/Abl AeHaTypauuu u
peHaTypauuun) BogHbIx pacteopos AHK uan PHK B npucytcteum
HEKOTOPbIX NUraHAoB cnocobcTBYeT nepexoay HK B
KOHA,EHCUPOBaHHYIO popmy.

MepBOHaYaNbHO Mbl U3yYM/IM CBOMCTBA  CYNepPCKPyYeHHbIX
nnasmmaHbix  OHK npyv  TepmoumKAMpoBaHWWM B MPUCYTCTBUM
JINTAHA0B. Kak okaszanocb, nocne 10 uan 20 TepmanbHbIX
LUMKIOB B MPUCYTCTBUM  YacTU AuraHaos naasmugHble OHK
nepexoanaT B HepacTBopumyio Gopmy, T.e. B KOHAEHcaT. C
NMOMOLLBIO  3N1EKTPOHHOM MWKPOCKOMUU Mbl  BbIACHWAW, YTO
KOHAeHcaTbl, 06pa3oBaHHble B MNPUCYTCTBMM HONbLIMHCTBA
JIMTaHZ0B, COCTOAT U3 arperMpoBaHHoi AHK. B To e Bpems, B
KOHAEHcaTax, NOJly4eHHbIX C MOMOLLbIO HEKOTOPbIX JINFraHO0B,
6blIM  0BHApPYKEHDI KOMNaKTHble 3/1eKTPOHHO-MNOTHbIE
HaHo4YacTUupbl cdepuyeckom (v annuncomnaHoit) dopmbl
pasmepom okoso 200-400 HMm.

Mbl  u3yunnn  panee BO3MOXHOCTb  0bpasoBaHue
HaHoYacTuL, cymmapHbiMmn npenapatamu TPHK 1 TotanbHoi PHK.
TepmoumKkanpoBaHuio nogsepranaun pacteop TPHK (Serva, CLUA).
C nomoubto 3NEKTPOHHOM MWKPOCKONUM B OCafgKax
(cycneHsusx), nosy4YeHHbIX B NPUCYTCTBUM OAHOTO U3 IUTaHA0B,
Hamu 6bliv  OobHapyKeHbl chepuyeckMe HaHouyacTuupl. B
nosyYyeHHbIX 06pasLax NPMUCYTCTBOBANO ABa TUMAa HaHOYaCTUL:
Menkne chepuyeckume auMameTpom okoso 70 HM  (ux
60nbWMHCTBO) M Hebonblloe KonuuyectBo 6onee KpymHbIX
anameTtpom okono 110 HM. HecTpyKTypMpOBaHHble arperatbl U3
TPHK B 06pasLie NpakTUYECKN OTCYTCTBOBAIM.

Hamu 6blIM  nNpoBefieHbl  TaKXe  3KCNEPUMEHTbI  NO
TEPMOLMKANPOBAHMUIO ToTanbHOW PHK M3 KuweyHol nanoyku. B
KOHAEHcaTe, NoJy4eHHOM B MPUCYTCTBUM OLHOrO U3 NIMFAaHAOB,
C MOMOLLbI 3/1EKTPOHHON MUKPOCKOMWUU OblIN 0BHaPYKEHbI
chepuyeckne HaHO- MU MUKPOYACTULbI, UX Pa3mep BapbMpoBan
oT50 HM A0 1 MKm.

Takum obpasom, Hamu paspaboTaH NpocToi, BbiCcTpbI K
OOCTYMHbIA  cnocob MNO/MyYEHUA HAHOYACTULL, COCTOALMX W3
unctont JHK nam PHK. Ecnm B xoge MUP nponcxoaut HapaboTKa
M KOHAEeHcauusa nuHelHbIX ¢parmeHToB AHK, To ¢ nmomoubto
pa3paboTaHHOM Hamu NpoLeAypbl TEPMOLIMKAUPOBAHUA MOXKHO
nosy4aTb KOHAEHCUMPOBAHHbIE GOPMbI MIA3MUAHBIX KObLEBbIX
OHK. B 3Tom 6o0nblioe nNpeMmyLLecTBO HOBOTO  MeToAa,
NOCKONIbKY nnasmugHble OHK, B oTanume oT AuHenHbix OHK,



cnocobHbl 6onee ANUTENbHOE BPEMSA NOALEPHKMBATLCA B KIETKAX

MmieKkonuTalowmx. B HacToAwee BpemAa  Mbl  M3ydaem
BO3MOMHOCTb MCMOMb30BaHWA HAHOYACTUL, nms OHK ana
TpaHchEKUMM PasANYHBIX IMHUIA KNETOK 3YKapmoT.
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P13 MPUMEHEHME METOAA UK-
CNEKTPOCKOMWUK ®YPLE ANA U3YHEHNA
CTPYKTYPbl KOMIMJIEKCOB /INMOCOM C

NMOMMKATUOHAMMNM

[OetireH MN.M*, Cbibaumn A.B.2, fipocnasos AAZ
KyapAawosa E.B.

IMTY um.M.B./ToMOHOCOBa, XMMUUECKHMit dakynbTerT,
Kad. Xumunueckoi sHsnumonorum, Mocksa,
i.m.deygen@gmail.com.

2 MY um.M.B.JToMOHOCOBa, XUMUYECKMIA dakynbTerT,
Kad. BbicokomoneKkynapHbIx coeamHeHui, MockBa

JIunocombl Ha CEroAHAWHWI AeHb NPeACTaBAAlOT 60/bLIOW
MHTepec [ANA COBPEMEHHOW 6uoTexHonorMM B  Kavectse
6MOCOBMECTUMbIX HOCUTENel AOnA HanpaB/ieHHOM [0CTaBKU
JIeKapCTBEHHbIX CpeAcTB. 1A aHannsa CTPYKTYpbl JIMMNOCOM U UX
KOMIM/IEKCOB C Pa3/IMYHOro poja AvraHaamu B NpeacTaBneHHON
pabote npumeHeH meton MK cnekTtpockonuu. [aHHbI meTon,
ABNAETCA BbICOKOMHOOPMATUBHBLIM M NO3BOAET aHA/M3UPOBATL
reTeporeHHble Henpo3payHble CYCNeH3UW, KaKOBbIMU ABAAIOTCA
JIMNOCOMBI.

B3aMmogaeicTBME NMNOCOM C NIUraHAOM B AaHHOU pabote
M3y4yasiocb HA MPMMeEpPe CMELLAHHbIX aHWOHHbLIX JIMMOCOM Ha
ocHose aunanbmutonndpochaTUaNNXONNHA (An®X) "
KapauonunuHa (K/) ¢ MoaenbHbIM  MOSMKAaTUOHOM -
ANKMNNPOBaAHHBIM NOAW-N-3TUN-4-BUHUNANUPUANHUIA BPOMUAOM
(N3BN). B 3aBMCMMOCTM OT COCTaBa, JIMMOCOMbI  MOTYT
HaxXoAMUTLCA B XKUAKOKpUCTanandeckoi (MK) unu B renesoii dpase.
[na AByX OaHHbIX arperaTHbIX COCTOSHUI caeayeT OXuAaTb ABa
pasHbIX TUMNA B3aUMOAENCTBUI ¢ NonuKaTnoHom (MK).

B paHHOM pabote metogom WK-cnekTpockonuu 6bia0
M3yYeHO  M3MEHEeHWe  COCTOSIHMA U MUKPOOKPYKEHWA
GYHKUMOHaNbHBIX rPynn vnuaos npu ¢$asoBom nepexoge
6ucnos u3 reneobpasHoro B HK-coctoaHue. bbiio HaiaeHo, 4To
npu  nnaeBneHuuM  aunocom  HabnwogaetcA  NOBblleHMe
NOABUNKHOCTU B rMAPOPO6HONM YacTu BKUCI0A, Ha YTO yKasblBalOT
BbICOKOYACTOTHbIE CABUIM MOJIOC MOM/IOWEHNA aLUUIbHBIX Lienew.
A HM3KOYACTOTHbIM CABWUI MOMOCHI MOFNOWEHUA KapboHUAbHOM
rpynnbl  AMAMAOB, YKa3blBaeT Ha NOBbllIEHME  CTeneHu
rmapaTauum AaHHOW rpynnbl NPV NJABAEHWUM, YTO ObBACHAETCA
o0bpasoBaHMEM MeHee KOMMAKTHOW ynaKoBku bucnos.

M3 aHanM3a 4acToT BaseHTHbIX KonebaHuii B MK cnektpax
cnepyeT, 4To Npu 06pa3oBaHUM KOMMIEKCOB aHUOHHBIX IMMOCOM
¢ M3BM, ¢ NOANKATUOHOM B NepBYO o4Yepesb B3aMMOAENCTBYIOT

pacnosioXeHHble Ha MoBepxHocTU bucnoa docdaTtHble rpynmnbl
KapAWONUMUHA, KaK HOCUTENN OTPULATENIbHOMO 3apAaja, a TaKxe
KapboHWNbHbIE TPYNMbl, 4YTO CAedyeT U3  BbICOKOYACTOTHbIX
CABWMOB  BajieHTHbIX  KonebaHui  vas(PO2-) wu  v(C=0),
Habnogaembix B MK-cnekTpax vnocom.

O6HapyXeHo, 4TO xapaKktep B3aumogelictaua [K ¢
rmapodobHoi 0bnactblo AMnuUaHoro 6ucnon pasnuvyeH ana KK
iMNocom U avnocom B renesoi ¢ase. lMpu B3aumopencTeum
M3BMN ¢ AMnocomamun B COCTOAHUM renn, NOMKATUOH OKasblBaeT
B/IMAHWE HA COCTOAHWE YrNeBOAOPOAHbIX Lenel B bucnoe, yto
MOXeT bbITb cBA3aHO ¢ obpasoBaHMeM AedekToB B HBucioe npu
B3aumogenictemm c M3.

Mpu B3aMmogencTeum nonuvkatmoHa c KK nunocomamm,
M3BM He BAMAET HaA MUKPOOKPYXKEHMEe U NOABUNKHOCTb
auMbHBIX Lenei B 6ucnoe, 4to 06BACHAETCA PaBHOMEPHOM
afcopbuveit MoneKybl NOANMEPA Ha NMOBEPXHOCTU bucnos. 3To
CTAHOBMTCA BO3MOKHbIM BC/eACTBME NaTepasibHON cerperaumm u
dnun-dnon adpdekTa MoNeKyN KapaAMOAUNMHA: B pe3yabTaTe Yyero
B KOMM/JEeKcoobpa3oBaHWM y4yacTBYIOT BCe OTPULATENbHO
3apAXKEeHHbIe rpynnbl AMNUA0B.

P14

PA3PAEOTKA METOAA MNONYYEHUA
KOPMOBOM OOBABKW 1A KYP HA OCHOBE
HAHOPA3SMEPHbIX YACTWULL XKEJTE3A
[Opayenosckuii O.B.l, donmaHuc PO.F..Z, HukoHoOB
l/I.H.3, donmaHuc r,a.z, Nantes I’.PO.3, Eropos l/I.A.l,
ducuHmH B.U.Y,

! Bcepoccuitckuin HayuHO-MCCnef0BaTENbCKUI 1
TEXHO/IOTMYECKUIA MHCTUTYT NTUueBoacTea PACXH,
141300, r.Ceprues Nocaa MockoBcKol 061.,
yn.Ntmuerpagckan, 4.10, ilnikonov@yandex.ru
2l/IHcmTyT METANNYPrum U MaTepuanoBeLeEHUA UM.
A.A.Baikosa PAH, r. MockBa

*Komnanua 000 «EUOTPO®Y, . CaHkT-NMeTepbypr

CoBpemeHHOe MTULEBOACTBO OCHOBAHO Ha MCMONb30BaHUM
BbICOKOMPOAYKTUBHbIX KPOCCOB NTWULpI, KOTOopble TpebyioT
0CObbIX YC0BUIM coaepyKaHna U KopmaeHus. Kntouesoi dakTop,
onpegenstowmin 3¢beKTMBHOCTL paboTbl NTUMLEedabpuK - 3aTpaThbl
Ha Kopma M Ha 6anaHCMpPOBKY PaLMOHOB MO MUTATENILHOCTU U
KOpMOBbIM f06aBKam.

B HacToslLLee Bpemsa OTpacau NTULEBOACTBA M MPOM3BOACTBA
KOPMOB A/1A NTULLbI AEMOHCTPUPYIOT YCTOMYMBBIN pocT. No3aTomy
peweHunsn, HanpaBneHHble Ha YyAeleBNeHWe pPaLUMOHOB AnA
BbICOKOMPOAYKTUBHbIX GOPM CENbCKOXO3ANCTBEHHbIX MBOTHbIX
6e3 noTepu Kayectsa ABAAIOTCA aKTyasbHbIMU. OfHWM M3 TaKMX
peLueHm7| CNYXKUT NPUMEHEHNE MUKPO3/IEMEHTOB B NpPeMMUKCax.
Moatomy paspaboTka HOBbIX GOPM MWKPO3/IEMEHTOB Ans
NPEMMUKCOB ABNAETCA aKTyasIbHOM.

dnemeHTbl (MeTanNbl M HemeTannbl) B HAaHOPa3MEPHOM
BMAE WMEIOT 3HAUMTE/IbHO MEHbLUYID TOKCMYHOCTb W He
HaKan/aMBaloTCA B OpraHWM3mMe, Tak KaK yCBaMBAlOTCA B KayecTse
MMKPO3/IeMEHTOB B npouecce metabonnama. Takum obpasom,
aKTUBHbIE KOMMOHEHTbI BONpPenapaTos B BUAE HAHOPA3MEPHbIX
METaNN0B MPeACTaBAAT COBOM KOMMAEKC MUKPO3/NEMEHTOB,
KOTOPbI B CWAY BbICOKOM MOBEPXHOCTHOW  aKTUBHOCTM,
NPOHUKaloWen CNoCOBHOCTM B KNETKY MOMET  aKTMBHO
BO3/eMCTBOBATb HA BHYTPMKAETOUHbIN MeTaboan3m, CTUMyANpyA
NpOTEKaHWe PasNNYHbIX MPOLLECCOB.

Bbin  paspabotaH cnocob nonyyeHns HaHOPa3MepHOro
Kenesa. d1emeHTapHOe Keneso MNojyyannm  HepaBHOBECHbLIM
CaMOOpPraHU3yoLMMCA cnocobom, OCHOBAHHOM Ha
HW3KOTEMMEepaTypHOM BOZAOPOAHOM BOCCTAHOB/IEHUM
HaHOPA3MepPHOTO  MCKYCCTBEHHO  MPWUIOTOBNEHHOMO  CbIPbA.
M3yyanu  du3MKo-xMmMueckne  npoueccbl  GOPMUPOBAHUA
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HaHOCTPYKTYp M HaHoyactTuy. B pesynbrate 6blAM MmonyyeHbl
AucnepcHble HaHOpasMepHble YacTULpl O-XKese3a Co CpefHUM
pasmepom okono 15-18 Hm. YaenbHaa  NOBEPXHOCTb
CBEXENPUroTOBJEHHbIX MUPOPOPHbLIX HAHOYACTUL, ¥Keseza bbiia
He HuKe 50 m2/r.

B xope onbiToB 6bina pelleHa cywecTBeHHas npobiema,
CBA3aHHaA C CO3[aHMEM TEXHONOrMYHbIX GOpM NpenapaToB Ha
ocHOBe HaHomaTepuasios. lpobnema 3akiovanacb B notepe
aKTUMBHOCTM HAaHOMATEPManoB NPW MUX BBOAE B TEXHO/IOrMYECKME
NpoLEecchl  NPUrOTOBNEHWUA  KOMOMKOPMOB, MNPEMWKCOB U
KopMOBbIX  f06aBOK. [poMCXOAWUT  HapyLieHWEe  CTPYKTYpbl
KOMM/IEKCOB HAHOYacTUL, WX arperauusa. Mpu atom TepstoTcs
rnonesHble  CBOMCTBA  HAHOPA3MepPHbIX  MWKPO3/JIEMEHTOB,
KOTOpble MPOABAAIOTCA TO/MbKO TOrAa, KoOrga  MOJEKybl
MMKPO3/1IEMEHTOB cobpaHbl B HAHOKOMIIEKChI. bbln paspaboTaH
OPWUIMHANbHBIN HOCWUTENb AN  HAHOMETA/NNOB Ha OCHOBe
pacTUTe/IbHbIX MaTepuasnos, NOArOTOB/EHHbIX 0CObbIM 06pasom,
KOTOpbIA  MO3BO/IAET  COXPaHATb CTPYKTYpy WM CBOMCTBA
HaHoYacTuL,.

McnbiTaHna KopmoBbIXx 006aBOK Ha OCHOBe HaHOXenesa
nposeaeHbl B ycnosuax susapua MYl «3aropckoe 3MX BHUTUM»
Poccenbxo3akagemun Ha ubinasaTax-bpoinepax Kpocca «Kob66
AswuaH 48». [ins npoBeAeHUA ONbiTa B CYyTOYHOM BO3pacTe Hbinn
chopmupoBaHbl 5 rpynn upinaaT (Metogom aHanoros) no 35
ros0B B KaXKAoW. BoipawmeaHue upinnaT-6poiinepos nposoamav
C CYyTOYHOro A0 35-AHEeBHOro BO3pacTa B K/eTOUHbIX baTapesnx Big
Dutchman. TexHonoruMueckme  napameTpbl  BblpalMBaHUA
6poinepoB COOTBETCTBOBa/NM peKoMeHZauuam no pabote c
Kpoccom «Kob66 ABuaH 48».KopmneHue LpINAAT OCYLLECTBAANM
CYXMMW PaccbiMHbIMU KOMBMKOpMamu BBosto. Cxema onbiTa — 1
rpynna —KOHTPO/b, PaLMOH MTULbI BKAKOYAN Keneso B ¢dopme
HeopraHuyeckon conu u3 pacdeta 40 r/T Kombukopma. B
onbITHbIX rpynnax (2,3,4,5) HeopraHWYecKkyl cOMb Kesnesa
MONHOCTbIO 3aMEHANN HaHOPA3MEPHbIM YKe/le30M B J03MPOBKax
3,0; 1,5; 0,75 1 0,3 r/T KOM6MKOPMa COOTBETCTBEHHO.

OTX04, NTHLbI 32 Nepurog, onbiTa (Mo 1 ronose B 1 1 2 rpynnax)
He 6bI/1 CBA3aH C KOPMOBbLIMUK pakTopamu. Bce onbITHbIE rpynnbl
UbINAAT NPEBOCXOAMAN MO KMBOM Macce 1-10 KOHTPOJNbHYIO, HO
poctosepHo Bbiwe (P < 0,05) oHa 6b11a y ubinaaT 3 u 4 rpynn (P<
0,05). B atux rpynnax 3aTpaTbl KOpMa Ha 1 Kr npupocTa »KMBOM
maccbl 6binnM HuKe Ha 1,2 - 0,6 u 2,4% COOTBETCTBEHHO, B
CpaBHeHUM c 1-oi KOHTPOJIbHOM. AHanus KpOBM
CBUAETEeIbCTBOBAJI O TOM,4TO BCe MOKasaTenn bbian B npegenax
dusmonormyeckort Hopmbl. oKasaTenM XMMMUYECKOro cocTasa
TPYAHBIX U HOMHbIX MbILWL, U NeYeHn 35-aHeBHbIX 6polinepos u
cofep:KaHMe aMUHOKUCAOT B FPYAHbIX W HOXHbIX MbILILAX
NMOKa3blBa/Iv HE UMEJIM PA3INUNI MEXAY ONbITHLIMU Fpynnamu u
KOHTPOZIeM W  HaxoAuaucb B npegenax ¢euanMonornyeckom
HOPMBbI.

[ocToBepHO yCTaHOBNEHO, YTO HAHOPa3MepHble BELLEeCTBa B
10-50 pa3 MeHee TOKCUYHbI, HEXean HblHe MpUMeHAemble B
Ce/IbCKOX03ANCTBEHHOM npoussoacTee XMMUYecKkue
coefuHeHuns. Takum o06pa3om, NpoBefeHHble WCCNef0BaHUA
[AlOT BCe OCHOBaHWA nonaratb, YTO NPUMEHEHWEe KOPMOBbIX
[06aBOK Ha OCHOBE HaHOPa3MepPHbIX MUKPO3/IEMEHTOB ABNAETCA

aKTyanbHbIM  ANA  KOMOMKOPMOBOW  MPOMBILLIEHHOCTU U
NTULEBOACTBA.

Pabota noapeprkaHa rpaHtom POOU No 09-08-12039-
obu_m.
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P 15 OLIEHKA BO3ZENCTBMA HAHOYACTUL, HA
MOP®ONOMMNIO KNETOK METOA0OM

ATOMHO-CUNOBON MUKPOCKONUN

Opospa E.C.", Tneb E.1O.", HopHuk E.B.2, Ynskuk C.A.*

! MHCTUTYT Tenno- n maccoobmeHa um. A. B. JTbikoBa
HAH Benapycun, 220072, MuHck, yn. IN. bposku 15, E-
mail:drozd.elizaveta@gmail.com

2 IHCTUTYT BUOGU3MKM 1 KIETOUHOM UHKeHepun HAH
benapycu, MuHck, benapycb

HaHomaTepuanbl, 6narogapsa cBOMM yHUKa/bHbIM CBOMCTBAM
MMEIOT LUMPOKWE MEPCNEKTUBbI MPUMEHEHUA B 6Buosnormu u
meguumHe. Mpu 3TOM Ba)KHO UMETb YeTKOe MpeacTaB/leHne o
npouecce B3aUMOALEWUCTBUA WCMONb3yEeMbIX MaTepuanos C
KNeTKamu. KOHTaKT  HaHoyacTMy, ¢ 6uonormyeckumu
MembpaHaMM HepeaKo 3aKaHYMBAETCA 3aXBaTbiBAHMEM MEPBbLIX
BHYTPb K/IETKM C MOMOLLbIO PAAA MEeXaHW3MOB — peLenTop-
OMoCpefoBaHHbIX WAM He CBA3aHHbIX C peuentopamu [1]. B
cNyyae ecaM  Ha MOBEPXHOCTb  HaHovacTuupl (HY)  6yayr
HaHeceHHble MOJNIEKYNAPHbIE CTPYKTYpbI, crnocobHble
CBA3bIBATLCA CO CMEeUUPUUHBIMU aHTUFEHAMM UK peLenTopamu
Knetku [2], 6ypeT L[elcTBOBaTb peLenTop-onocpesoBaHHbIN
MeXaHU3M B3auMogencTeuA. MHave Yactvua byaer npoHMKaTb
BHYTPb K/JIETKM NOCpeAcTBOM 3HAoUMTO3a. Llenbio paHHOM
paboTbl ABNANOCH M3yyeHUEe npolecca B3aumogeincTsua HY
(301070, Cepebpo) ¢ KneTkamu. B KauecTBe meToga KOHTPOIA 3a
JaHHbIM  npoueccom  bblia  BblbpaHa  aTOMHO-cWMNOBas
MuKpockonua (ACM), NOCKO/MbKY [aHHbI MeTog, MOo3BONAET
BM3ya/M3MPOBaTb  KNETOYHYID  MOBEPXHOCTb C  BbICOKUM
NPOCTPAHCTBEHHbIM pa3peLleHnem.

Matepuanbl M meToapl. B KauyectBe obbekta Aann
MccnefoBaHNA  B3aMMOAEWCTBMA  HaHo4acTuy, 30/10Ta  bbina
BblbpaHa KynbTypa KAeTOK MHUKN K 562 (XpoHMYecKan neinkemus
YesioBEKaA), MOCKOJIbKY OMYXOJ/ieBble KNETKM YacTO MCMO/b3YIOTCA
B KauecTBe muweHel gna HY. Ans uccnefoBaHuA BO3LENCTBUA
HaHouvacTuL, cepebpa Ha IMMPOLMUTLI UCNOABb30BAU CYCNEH3UIO
KNEeTOK, BblAeNeHHbIX M3 nepudepuyeckolt KpoBu yenoseKka. B
KayectBe HY wucnonb3oBanucb chepuyeckne HaHoUaCTULbI
30/10Ta pasmepom 30 HM M HaHovacTuubl cepebpa. C uenbio
M3y4YeHMA Pas3fIMYHbIX MpoueccoB ceA3biBaHMA HY ¢ kneTkamu

(cneunduyeckoro " Hecneyudurueckoro) nocnegHue
MHKybupoBanncb B TeyeHne 30 muH. ¢ HY 30n0Ta npu
Temnepatype 37°C  (moaenupoBaHue  GU3MONOTMYECKOTO

cBA3bIBAHWA), @ TakKe ¢ HY ¢ MOK/IOHaIbHBIMUK aHTUTEIaMM NPU
Temnepatype 4°C (ana npenoTBpaleHns  GU3MONOrUYECKUX
npoteccos). NMocne NpoBefeHUs NPOLEAYPbl «MEYEHbA» KNETKU
OTMbIBA/INCh ABaxabl ona yaaneHus He
NpoB3aMMOAENCTBOBABLUMX YacTul, M duKcuposanuce 10 %
pacTBopom napadopmanbaervaa.

WccnepoBaHue MOPONOrUYECKUX ocobeHHocTel
61oNOrMYecKmnxX KNEeToK nposoauan npu MOMOLLM
CNeuuanvsvpoBaHHOrO  3KCMNEePUMEHTANbHOTO KOMMeKca,

cosmelatowiero GyHKUMKM CKaHupytoweit 3oHaoBon (ACM NT-
206, 040 «MwuKpoTecTmawmHbl», Benapycb) M onTUYecKoMn
MWKPOCKOMUN B KOHTAaKTHOM pEXUMEe KPeMHUEBbIM 30HAOM
CSC38 («MikroMasch» Co., 3cToHus) ¢ KoadpduumeHToM
YKEeCTKOCTM KoHconn — 0,03 H/m.

PesynbTathl " obcyxaeHue. B pesynbTaTte
nccaefoBaHUA MOBEPXHOCTM MeMbpaHbl OMyX0/eBblX KAETOK
K562 no n nocne B3aumogeicteuna ¢ HY yctaHoBNEeHO, YTO Npu
nmcnonb3oBaHMM HY ¢ MOHOKNOHA/NIbHLIMW - aHTUTENaMM  Ha

NOBEpPXHOCTH MembpaHbl npUCyTCTBYIOT ob6pasoBaHuA
conoctaBuMmble ¢ pasmepamun HY (puc.l. a, 6). 9To BO3MOXHO B
cy4ae  MMMYHONOTMYECKOro  cBA3biBaHMA, npuyem ACM

NO3BO/IAET HE TOJIbKO YCTAaHOBUTb d)aKT B3aVIMO,CI,el7ICTBVIF|, HO K
onpegenntb KONMYeCTBO YacTtuy npuxogauimeca Ha eguHuuy
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nAoWaaM KAETKW, a Takke Hanuume arperatos HY. Mpwu
ncnonb3osBaHun HY 6e3 aHTMTEN HabaogaeTcAa HEOAHOPOAHOCTb
noBepxHOCcTM membpaHbl. MOKHO NPELNONOKUTb, YTO AaHHOE
M3MEHEHME BbI3BAHO MPOLLECCOM B3aUMOAENCTBUA YacTUUbl C
KNETKOW, B pe3y/ibTaTe KOTOPOro MPOWUCXOAMUT MPOHWUKHOBEHME
30/10Ta BHYTPb KneTku (puc.l. c).

PucyHok 1.- ACM-u3obparkeHne NOBEPXHOCTM MembpaHbl
OMNyX0NEBbIX KNETOK AnHMM K 562: a — KOHTponb;, 6 — nocne
MHKy6auum npu 4°C c 3on0Tbimn HY gruametpom 30 HM; € - nocne
MHKRy6aumm npu 37°C c 3on10TbiMn HY anametpom 30 Hm

Takum obpa3om, aTOMHO-CMI0Bas MUKPOCKOMUA NO3BONAET
BM3ya/M3MpOBaTb XapaKTep B3aMMOAEUCTBMSA HaHOYacTuL, C
KNeTKamu, a TaKKe Npociegutb 3a M3MEHEHUAMM CTPYKTYpbl
KNETOYHOW MembpaHbl BbI3BaHHOW 3TUM B3aUMOAENCTBUEM.
Kpome TOro, paHHbIi MeToh [AeT BO3MOXHOCTb MOJy4YaTb
MHbOOPMaLMIO O pacnpefeneHnM HaHOYacTUL, Ha MOBEPXHOCTU
KNeTKMu U cTeneHu wx arperaumm. OpHako B cayyae
NPOHUKHOBEHUA YacTULLbl BHYTPb KNETKU CieyeT Ucnosib3oBaTb
Apyrue MeTobl KOHTPONA.

CNMCOK UCMO/Ib30BaHHbIX UCTOYHWUKOB

1. Auffan M. Towards a definition of inorganic nanoparticles
from an environmental, health and safety perspective / M.
Auffan, J. Rose, J.-Y. Bottero, G.V. Lowry, J.-P. Jolivet, M.R.
Wiesner // Nature Nanotechnology. — 2009. — Vol.4. — P. 634—
641.

2. Klausner R. D. Receptor-mediated endocytosis of
transferrin in K562 cells / R.D. Klausner, J. Van Renswoude, G.
Ashwell //J. Biol. Chem. — 1983. — Vol.258, Ne8. —P. 4715-4724.
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2l/IHcmTyT 6uonoruun reHa PAH, r.Mocksa
3l/IchlTyT 6uoopraHmyeckoi xummm um.M.M.
LemaknHa mn KO.A. OBunHHMKOBA PAH, r.MockBa

OAHMM M3 MepCcneKkTUBHbIX MOAXOA40B B FEHHOW Tepanuu
paka ABNAETCA A0CTaBKa TepaneBTUYECKUX eHOB C MOMOLLbIO
HEBMPYCHbIX BEKTOPOB, B TOM YMC/Ie Ha OCHOBE NoaMMepoB. [na
MCMONb30BAHMA  MOJIMKAaTUOHHBIX MOAMMEPOB B  KayecTse
KOMMNAKTU3YIOWMX areHToB ana goctaskn AHK B KNeTKU-muULeHn
HeobxoamMmo, uToBbl  KOMMNeKcbl nonankatvoH/OHK  (nan
NOJIUMNIEKCHI), UMEIOLLME PasMepPbl OT HECKO/IbKUX AEeCATKOB A0
HECKOJ/IbKMX COTeH HaHomMeTpoB, obnaganu cneunduUUHOCTbIO B
OTHOWEHUN [AHHOFO TWMNA KAETOK, a TaKXe BbICOKOM

TpaHchULMpytoLLelt cnoCOBHOCTbIO. BO3MOXKHbBIM NOAX040M ANs
YCOBEpPLIEHCTBOBAHMUA aJAPECHON [OCTaBKM TaKUX BEKTOPOB
ABNAETCA NPUCOEANHEHWE K HWUM JNIMraHAa, cneumduyHoro K
peLenTopam Ha NOBEPXHOCTU KETOK-MULLEHEN.

B pfaHHOM paboTe npoBOAMAM UCCNeLOBaHWE BAUAHUSA
npuUCcoegMHEHUs  AUraHga K MO/IMM/IeKCaM Ha  OcHoBe
COMONIMMEPOB MOAUSTUNIEHUMUHA U NOAUSTUAEHTAuKons (MIN-
M3r) Ha 3pdHeKTUBHOCTb TPAHCHEKLMN KNETOK-MULLEHEN in vitro
n in vivo, a TakXe Ha eé cneumduyHocTb. B KayecTBe nuraHga
6bln1 BblIOpaH cUHTeTMYecknin nentng, MKIC, cneumduuyHbIn K
MeNaHOKOPTMHOBLIM  peuenTopam nepsoro Ttuna (MP1R),
rMNEepPaKCNPecCMpOBaHHbIM Ha MNOBEPXHOCTU KJETOK MeNaHoM, B
TOM YMUCAe U Yy KAEeTOK MenaHombl KnayamaHa S91 (kKnoH M3),
MCNO/Ib30BaHHbIX B AaHHOM paboTe.

CpaBHeHve TpaHchUUMPpYIOLLEd CNOCOBHOCTU MOIUMNNEKCOB,
coaepyKalmx B CBOEM COCTaBe iMraHgHbIi nentug, MK1C (M2K-
MN3r-MK1C/aHK, B LanbHenwem Has3blBaeMblIX
«IMFraHAMPOBAHHBIMUY), U HEAUrAHAMPOBAHHbIX aHanoros (M3U-
M3r/OHK) nokasano, yTo nNpu OnNpeaesieHHbIX COOTHOLIEHUAX
nonumep/OHK B coctaBe noauniekcoB  3hPeKTUBHOCTb
TpaHcheKummn KNeToK MenaHOMbl B KynbType
JNINFAaHAMPOBAHHBIMU MoAUNAeKcammn bbina fo 2 pas Bbiwe Mo
CPaBHEHUIO C HeIMraHAMPOBaHHbIMMU.

B aKkcnepumeHTax in vivo Ha MbIWMWHbIX MOAENAX MeNaHOMbI
¢ nomoupto metoga MNUP B peanbHOM BpemeHM 6b110 MOKa3aHo,
YTo cnycTa 6 4acoB MoOC/ie BHYTPMOMYXOJEBOrO BBEAEHUA
NNraHAMpPOBaHHbIX NnoAnNAEKcoB 3Kcnpeccua MPHK
penopTepHoro reHa nouudepasbl B pakoBbIX KNeTKax bbina Ha 2
nopsAfKa Bbllle, Yem MPU UCMOb30BAHUN HEUFAaHAUPOBAHHbIX.
Mpn 3TOM B OKpY>KatoLmMX TKaHAX 3Kkcnpeccma MPHK Haxogunack
Ha ypoBHe ¢OHa. ITO rOBOPUT O BbLICOKOM CENEeKTUBHOCTU
NOIMNIEKCOB, COAEPMKALLMX B CBOEM COCTaBE /IMTaHAHbIM NenTug,
MK1C, no cpaBHeHMtO € HecneuudUYHbIMM KOMMNEKCAMU.

C n“cnosnb3oBaHMEM XIOPNPOMAsuHa, UHIMOUTOPa KNaTpuH-
3aBMCMMOrO Crnocoba 3HAOUMTO3a, a TaKKe HUCTaTUHa U
éununmHa  Ill,  uHrMbutopos  padT-3aBucumoro  crnocoba
3HAOUUTO3a, bblM OLEHEHbI BKNAAb! 3TUX NYTEN B MOI/IOLWEHNE
JINTAHAMPOBAHHBIX WM HENUraHAMPOBAHHbIX MOJIMMIEKCOB U B
3bPEKTUBHOCTL TPaHCOEKLMU KNeTOK mesnaHoMbl. OKasanoch,
4YTO XJIONPOMA3MH CyLLECTBEHHO MNOAABAAET KaK MornolieHune
JNIUTaHAMPOBaHHbIX NoAnNAEKcoB KneTkamu, TaK "
abdeKTUBHOCTL  TpaHcheKkumu, 4YTo  roBoput 06  umx
npPenmyLLLeCTBEHHOM MOT/IOWEeHNN 33 CYET KIaTPUH-3aBUCMMOro
3HAOUMTO3A. Ona He/IMraHANPOBaAHHbIX Habntogaertca
nNpuBAN3UTENBHO OAMHAKOBDIM BKNaA 060MX NyTei sHAOLMTO3a B
nornouwieHme. OQHAKO HUCTATUH U GuaMnuH |ll HAMHOro cunbHee
nogasnanv  3GpPEeKTUBHOCTb  TPAHCPEKLUMU  KNETOK, Yem
X0PNPOMa3suH, YTO rOBOPUT O ropasao bosbliem BKAage padt-
3aBuMcMMoOro  crnocoba 3HAouMUTO3a B 3dpdeKkTMBHOCTb
TpaHchEKUMM KNEeTOK HeNUraHAMPOBaHHbIMU MOJMMAEKKCAMM.
CoBMeCTHoe felcTBUEe WHIMBUTOpPOB 06OMX nNyTel BO BCEX
CNy4anx MpUBOAWIO K MNPAKTUYECKM MOJHOMY OTCYTCTBUIO
TpaHcoekumm. C nomollbio meTofa KoHOKasbHOM nasepHol
CKaHMpYtOWein MUKPOCKONUU C  NPUMEHEHMEM TEXHOI0rUU
pe3oHaHCcHoOro nepeHoca aHeprum no Pépcrepy (FRET) [1] 6bin
nposeaéH CPaBHUTENbHbIN aHanus3 BHYTPUK/IETOYHOTO
TpaHcnopTa " pacnakoBKu JIMTaHAMPOBAHHBIX "
HeNUraHAMPOBAHHbIX NMOAUMNEKCOB Ha BpemeHax Ao 8-10 yacos
nocne TpaHcoeKumu. BbiACHWMAOCL, YTO /IUFAHAMPOBAHHbIE
NONMMNNIEKCbl  CPa3y HAYMHAIOT HaKanAMBaTbCA B KNETKax
MeNaHOMbl, NPW 3TOM CKOPOCTb HAKOMIEHUA 3anakoBaHHbIX
KOMIM/IEKCOB 3HAYMUTE/NIbHO MNPEeBbIWAET CKOPOCTb HAKOMIEeHUA
pacnakoBaHHbIX. Moannnekcobl 6€3 AnraHaa NOCTyNatoT B KNETKM
C BPEMEHHOM 3afepKKOW, 4To, BMAMMO, MNPUBOAUT K UX
pacnakoBKe Ha K/IETOYHOW MOBEPXHOCTU U obycnasivsaeT
nNpenmyLLecTBEHHOe HaKomM/leHne B PacnakoBaHHOM COCTOSHUM,
4YTO, BO3MOXHO, HEraTMBHO CKa3sblBaeTcA Ha 3bPEeKTUBHOCTU
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TpaHcheKkumn m3-3a bonblieit BepoaTHOCTU aerpagaumm OHK B
pacnakoBaHHOM cOCTOsiHUMW. Kpome TOro, /MraHAMpPOBaHHblE
NOMUMNNEKChl BbICTPEE HaKanAMBalOTCA B KAETOYHOM fApe, YTO
cylLecTBeHHo ana obecneyeHmsa adpdeKkTMBHOM TpaHcheKLmK.

CnucoK nutepatypbl

1. AV.Ulasov et al. Properties of PEl-based polyplex
nanoparticles that correlate with their transfection efficacy. //
Mol. Ther., 19: 103-112.

AHTUOKCUOAHTHbLIE HAHO3UMbI:
MONYYEHMUE, CBOMCTBA U MPUMEHEHME
VrnaHosa C.B.}, 3aiiuesa E.A. Y, JlonyxoBs A.B.
Ka6aHos A.B.>?, Knsiuko H./.*

MY umenm M.B./lomoHocoBa, XMMUYECKWNI
dakynbTeT, Kadeapa XMMUYECKON SH3UMOIOTUN,
119991, I'CN-1, NeHnHckue ropsl, gom 1, cp.11,
Mocksa, Poccus,

“MeouumMHCKMIt LeHTp yHUBepcuTeTa HeBpacku,
Hebpacka, Omaxa, CLUA

P17

PaspabotaH meTon WHKaNCy/AMpOBaHWUA aHTUOKCUAAHTHbIX
depmeHTOB € ONOK-MOHOMEPAMWM  O/A AAPECHON [O0CTaBKU
NIEKaPCTBEHHbIX CPEACTB B LEHTPA/IbHYIO HEPBHYHO CUCTEMY NpU
NleYeHUn  UHcynbToB, 6onesHn  Anbureiimepa, 6onesHu
MapKMHCOHA, COCYAUCTON AeMEHLMKN, HEBPO30B, BOCNANEHUN U
op. MNoKkasaHa NepcnekTUBHOCTb UCMO/b30BaHUA BUPepMEHTHBIX
CUCTEM,  KaTaNM3MPYIOWMX  NOCNeAoBaTeNbHble  peakuuu
3/IMMMHUPOBaAHNA aKTUBHbIX GOpM KMcaopoaa.

MonyyeH LWMPOKUIA CcneKkTp 06pa3uoB  GepMEeHTHbIX WU
6upepmeHTHbIX KOMMNO3MLUIA cynepoKkcMaamncmyTassl "
KaTanasbl, OTAMYAIOLWMXCA MO CBOEMYy COCTaBy, COCTaBy

nonavmepHoi 060M04KK, 3apsady, Hanpumep, BA0K-conoMmepbl
NOMIM3NEKTPONIUTOB C Pa3/IMYHON AJIMHOW 3apPANKEHHOW Lenu u
pasBeTBAeHHOCTbI0 noaumepa (M110-N3r, MA50-M3r, N3U-N3rT,
roe M1 — noaunusuu, M3 — nonustuneHrnnkono, MIUN -
NONVMITUNEHUMUH), KOMMIEKCbl  KOTOpbIX C  depmeHTamm
NoNyYMInU HasBaHWe “HaHO3uMMbI”. O6pa3oBaHME MONAMMEPHOM
060/104KM OCHOBAHO HAa 3/1EKTPOCTATUYECKOM B3aMMOAENCTBUM
APOTUBONONIOXKHO 3apAXKEeHHbIX rpynn 6em<os n
6nokcononumepa. [na  HaNOXKEHMs KOBANEHTHbIX CLUMBOK
MCNONb3YIOTCA LWUMPOKO PAcnpPOCTPAHEHHbIE CLUMBAKOLLME areHTbl.
PaspabotaHHas W ONTUMW3MPOBAHHas MeTOAMKa MNO3BOAAET
nosly4aTb HaHOYaCTMLbl C pasmepamu B auanasoHe 21,8+0,1 —
38.610,1 HM, coxpaHsiolWMe CTabuUIbHOCTb BO BPEMEHU W
aKTUBHOCTb  BK/IIOYEHHbIX (GEepMeHTOB. YCTaHOB/IEHO, 4TO
BK/IIOYEHME B HAHO3UMbI C 6710K-CONONUMEPAMU 3HAUYUTENBHO
yBe/IM4YMBaET CTabuibHOCTb GEPMEHTOB K BO3AEMCTBUIO NpoTeas.

Mcnonb3osaHue 6,10K-cONOANMEPOB, coepKaLmnx
3apAXKEHHble  MNOAMMEpHble  610KM  Hapagy ¢ M3 wu
npeanonaratoLmx AanbHenwyo bYHKLUMOHANbHYO

MoZAMOUKALMIO MOBEPXHOCTU HAHOKOMIM/IEKCOB C pepmeHTamu,
OTKPbIBAaeT HOBble BO3MOXHOCTU [AOCTaBKM JIeKapCTBEHHBIX
npenapaTtos Yyepes 5.
Paboma ebinonHeHa npu noddepyicke MuHobpHayku P®
(dozosop N211.G34.31.0004, ['oc. kKoHmpakm Ne02.740.11.5231).
Jlutepatypa
1. Brynskikh A., Zhao Y., Mosley R., Li S., Boska M. , Klyachko
N., Kabanov A., Gendelman H., Batrakova E. Macrophage
delivery of therapeutic nanozymes in a murine model of
Parkinson’s disease.// Nanomedicine (Lond). 2010. 5(3). P.
379-396.
2. Uglanova S.V., Popov M.V., Kurova V.S., Batrakova E.V.,
Manickam D., Kabanov A.V., Klyachko N.L. Stabilization of
Enzymes—Antioxidants by Complex and Conjugate
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P 18 MCCNEAOBAHUE NPUPOAHDBIX
HAHOPA3MEPHbIX CUCTEM METOAOM
OVHAMMWYECKOM MEX®A3HOWN
TEH3NOMETPUN
3apyaHas E.H., fosxeHko H.A., 3aliues C.10.,
Makcumos B.N.
®roy BMO «MocKoBcKasa rocygapcTBeHHas akagemma
BETEPUHAPHOM MeAULMHbI U BUOTEXHONOTUU UMEHU
K.N. CkpabuHa», Mocksa

Buonorvyeckne KWAKOCTU KMBOTHbIX (CbIBOPOTKA KPOBW,
MOJIOKO, MOYa UM Jpyrue) BKAOYAOT B ceba pas/ivuHble
NMOBEepXHOCTHO-aKTUBHble BellecTBa (MAB), KoTopble CMOCO6HbI
afcopbupoBaTbcs Ha MOBEPXHOCTM MKUAKOCTU U WM3MEHATb ee
OVHaMmu4yeckoe NOBEPXHOCTHOE HaTAXeHue (anH).
AAcopbuMOHHbIe npoueccsl, BOB/EKalOLLMe
HU3KomonekynapHole MAB, 6enkn u docdonmnuabl, wurpatoT
CYLWLECTBEHHYID pPOJib B KM3HEHHbIX OYHKUMAX OpraHusama
YKUBOTHbIX.

UccnepgoBanua [AMNH 6MON0rMYECKUX KUOKOCTEN YenoBeKa
6binn npoBegeHbl B [OHELKOM MeAULMHCKOM YyHUBepcUTeTe
(YkpanHa) u B MaKc-NnaHK-UHCTUTYTE KOANOMAHON XMMUK
(FepmaHun). B HacToAwee Bpemsa Mbl u3yyaem AMNH pasanuHbix
BMONOIMYECKMX  MUAKOCTEM  XKMBOTHbIX B IMOCKOBCKOW
rocyfapCTBEHHOM aKafleMuUu BEeTEepUHAPHOM MeaMUMHBI U
6uotexHonornm umenm K.U. Ckpsabura.

N3meperna AMNH nposoaunn npu nomowm TeH3MOMeTpa
BPA-1P, paboTatoLLero no NpMHUMNY MakCMManbHOrO AaB/eHus,
onpegenaemoro B Kanuansape BO BpemAa pocTa ras’oBOro
ny3blpbKa, PacTyLLero Ha KOHYMKEe Kanuaaapa, NOrpyKeHHoro B
YKMAKOCTb, KOTOpas M3yyaeTcA. bblan onpegeneHbl napameTpbl
OMNH (o) B 3aBMcMMOCTM OT BpemeHu (t) «cyliecTBOBaHUA»
NoBEPXHOCTH. 3HayeHus NoBEpPXHOCTHOIrO HaTAKEHUA
cootseTcTBYtOT: -0 (00), t=0,02 ¢ (01), t=1 c (02) u t >o(03).

[Ona Hawux uccnegoBaHU Mbl UCMONB30BaNU CbIBOPOTKY
KPOBW, B3ATYD Y KPYMHOTO pOraToro CKOTa YepHO-NecTpow
nopoapbl Pas/iMyHbIX BO3PACTHbIX rpynn. [as 3Tux e obpasuos
CbIBOPOTKU KPOBM Mbl NPOBOAWUAN BUOXMMUYECKUI aHanu3. Bce
6MoXMMMYECKMe NOKa3aTeNIM COOTBETCTBYIOT HOPME A1 AaHHOro
BMAA KMBOTHOrO. Mbl TaKXKe NPOBEeNN KOPPENALNOHHbIM aHanu3
Mexay OMOXMMUYECKMMM MoKasaTensimMmm W AaHHbimu  AMNH.
Pe3ynbTaThl KOpPPENALMOHHOTO aHa/nu3a BbIABUAKN Creayioliee:
3HayeHnA o0 cBA3aHbI CUAbHON MOJIOKUTENBHON Koppenaumen ¢
YPOBHEM MOYEBMHbI U HAaTPUA B CbIBOPOTKE KPOBU. 3HaueHusa ol
MMEIOT CUNIbHYIO MOJIOMKUTE/IbHYIO KOPPENALMIO C YPOBHEM

HaTpua, Kanbuma W  docdopa. [Ana 3HadeHun o2 wu o3
HabniofgaetcA  cuabHaA  OTpUUATeNbHaA  Koppenauus  C
copeprkaHnem obuero 6enka, aNbbyMMHOB,

TPUALMATANLEPONOB M MOYEBUHOM. Y 3HayeHuit ol u o3
OoTMeYaeTCcA CWUNbHAA OTpULATE/IbHaA KoppenAauusa C ypoBHem
XO/1eCTePUHA U X1OPUA-NOHOB..

Mbl TaK}Ke Hayanm nposoauTb uccneaosaHma OMH monoka n
ero CbiBOPOTKU. Hamu 6blno nokasaHo, yto [AMNH uenbHoro
MOJIOKa HuKe, 4vem [IMMH CbIBOPOTKM MOJIOKa B CBA3U C
OTCYTCTBMEM B CbIBOPOTKE MOJIOKA Ka3enHa, XKMPHbIX KUCAOT M
Apyrux MAB LenbHOro MosioKa.



3TM W gpyrMe HallM  MHOTOYUCNAEHHbIE WUCCAeA0BaHUA,
pe3ynbTaTbl KOTOPbIX 34eCb He MNpuBeAeHbl, AAT OCHOBaHMWE
npegnoXunTb Mcnonb3oBaThb meToz, n3mepeHua AOMNH
BUMONOIMUYECKUX KUAKOCTEN KaK HOBbIA MHTErpanbHbIM TecT ana
OLEHKM COCTOAHMA OPraHM3Ma KUBOTHbIX.
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MeKTMHOBbIE nosavcaxapuapl 6narogaps
noAndyHKLMOHaNbHOCTY  06134al0T  aHTUKAHLEPOreHHbIM U
aHTUMETACTaTUYECKUM [AEeNCTBUEM, CBA3bIBas Ha MOBEPXHOCTU
PaKOBbIX KNETOK 6e/IKK, OTBETCTBEHHbIE 32 aAre3ut0 OMyX0EBbIX
KN1eTOK 340pOBbIMU TKaHAMM. Llenbio HacToALLero uccneposaHms
ABNAETCA MOJIyYeHUE MUKPO- WU HAHOPA3MepHbIX paKumit
NeKTUHOB AN CO3/1aHMA KOMMNO3ULIMOHHbIX BUOHaHOMaTep1anos
(BBEAEHME MPUPOAHbIX (BMONOTMYECKMX) MaTepuanoB B COCTaB
HaHOKOMMO3UTOB)) Ha OCHOBE MNPUPOAHbIX buononumepos —
NEKTMHOBbLIX BELLECTB B KayecTBe CybCTaHUMA BMONOrMYEcKUX m
dapmaueBTMYECKMX MpenapaToB, a Takke cTabuinsatopos
MarHUTHbIX }KUAKOCTEMN.

B OCHOBY pa3paboTku TEXHO/IOTWM nonyvyeHus
HaHOKOMMO3ULMOHHBIX MaTepuasoB Ha OCHOBE MEKTUHOBbIX
BELLECTB NlernvM pesynbTaTbl paboT no metogam CcuHTe3a U
TECTUPOBAHUA  METa//IONOANMEPHBIX  HAHOKOMMO3WUTOB  Ha
OCHOBE TYMWHOBbIX BELLECTB U COEAUHEHUN Kenesa [1], a Takke
pesy/nbTaTbl paboT NO CUHTE3y METaNJIOKOMM/IEKCOB Ha OCHOBE
NeKTUHOBbIX BelecTs [2]. YcTaHOB/IEHO, YTO METaNIOKOMMIEKCbI
NEeKTUHOBbIX BELLECTB CNOCOBHbI YCUAMBATHL NPOTUBOOMNYXONEBbIV
3pdEKT M3BECTHbIX LLUTOCTATUKOB (5-pTOpypaunn, umcnnaTuH) no
OTHOWeHUo K capkome 45, Pliss numdocapkome u Ehrlich
OMyXonK, NpU 3TOM CHUKaA nobouHble aeicTuA. OxupaeTcs,
4YTO  HaHopasmepHble  GpakuMM  ycunaT  BUONOTUYECKYHO
aKTMBHOCTb NPenapaToB Ha OCHOBE MEKTUHOBbIX BELLECTB.

McxofHbI NpenapaT CBeKNOBUYHOTO NEKTUHA, BblAeNeHHbIN

M3 CBEKJIOBUYHOTO KOMA, XapaKTepusyeTtcA chaeaylolwmmm
rnoKasaTenamu: YPOHUAHaA cocTasaaowan - 80,0%;
aTepudurUMpoBaHHble  KapboKcuabHble rpynnbl — 5,6 %;
cBoboAHble KapbokcunbHble rpynnbl — 7,7 %; cTeneHb

aTepuduKkaumm — 27,5 %; copeprkaHme obuweit 3onbl — 10,0 %;
BNAXKHOCTb — 14 %; HepacTBOpMMble B BoAe BeuiecTBa - 9,4 %.
MeToAoM MEeXaHOXMMMUYECKOrOo AUCMEePrupoBaHMA  MNOJYYeEHbI
pa3nunyHble PPaKLMM OYMLLEHHOTO U HEOUYMULLEHHOTO NEKTUHA.
DU3NKO-XMMMYECKAA XapaKTePUCTUKA NEKTUHA NpeacTaB/iieHa B
Tabnuue 1.

Tabauua 1. PU3MKO-XMMMUECKaA XapaKTEPUCTUKA NEKTUHOB

DNeMeHTHbIN cocTas, % DYHKUMOHANbHbIN Boixog, r/%
Ob6paseL, cocrtas, %
C H 3onbHoct | COOH OCH,3
b
HeouuLieHHbIN 40.27 6.31 2.04 11.39 3.96 -
NeKTUH
MNekToBan 38.32 5.51 0.9 17.74 0.21 11.50/80
KucnoTa
MekTaT HaTpuA 32.32 4.87 10.11 0.17 0.42 51.83/83

CornacHo pJaHHbIM  yNbTPA3BYKOBOrO aHanuMsa pasmepa
4acTuu, cpeaHue pasmepbl YacTUL, CHUMKAKOTCA B 3aBUCMMOCTU OT
BPEMEHU AMUCNEPrMPOBaHMA B MNJIAHETAapHON MenbHUue oT 3
MWKPOH A0 600 HM a1 HeoumwweHHoro (Puc. 1) u go 200 Hm ann
OYULLEHHOrO NEeKTUHA.
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Puc. 1. 3aBuMcMmOCTb pasmepa YacTuL, HEOYULLEHHOro
NEeKTUHA OT BpemeHM 06paboTKu

MposeaeHsbl MK-cnekTpockonuyeckune "
3N1EeKTPOHHOMMKPOCKOMMYEecKne nccneoBaHmna dpakumnin
neKkTuHa.

Paboma sbinonHAemcsa npu gpuHaHcosoli noddeprke MHTL|
(npoekm KP-1880).
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P20

MpupoaHbIi nonucaxapua, XWUTO3aH ABNAeTCA
nepcneKkTUBHbIM MaTepuanom AaAa CO3LaHUA CUCTEM [0CTaBKMW
PasNUYHbIX OMONOrMYECKM aKTUBHbLIX BELLEeCTB, MOCKOJIbKY
6buoperpagupyem, 6GMOCOBMECTUM, He TOKCMYEH, a TaK e
COAEPKUT PEAKLMOHOCNOCOBHbIE FPyMMbl, NMO3BONAOLWME NETKO
moambuumnposaTb UCXOAHbIN nonvmep. BeepeHue
rMapodobHbIX, MMBO OTPULIATENIBHO 3aPAKEHHbIX FPYNMNUPOBOK B
XUTO3aHOBYHO LieNb MOYKET U3MEHUTb COPOLMOHHYIO CNOCOBHOCTD
HaHoYacTUL, M NO/NYYUTb Ha WMX OCHOBE CUCTEMbl AOCTAaBKU C
pasHbIM 3apaaoM U rnapodobHOCTLIO.

B xope paboTbl ucnonb3oBann N-rekcaHoMnxuTosaH Cco
cTeneHblo 3amelleHna 10%, a TakKe CYKUMHOWIXMTO3aH Co
cTeneHbto 3amelteHma 80%. CTPyKTypbl MPOU3BOAHBIX U CTENEHb
N-3ameLLeHua onpegenanu ¢ nomoubto 1H-AMP.

M3 nosnyyeHHbIX MNPOM3BOAHBLIX 6blAn  chopMUPOBaHbI
YacTuubl HaHOMeTpoBoro pasmepa (HY), B KoTopble BBOAUAM
pokcopybuumH (LOKC) nyTem MHKY6aLMM YacTUL, C KOMIMIEKCOM
6bluMii  CbIBOPOTOYHbIA  anbbyMWH-L,0KCOPYOULIMH. HY
rekcaHounxutosaHa (M’XHY) nony4anu meToLoM WMOHOTPOMHOrO
reneobpasosaHusa. HY cykumHunxmutosaHa (CXHY) — metogom
CONEBOro OCaXAEHUA C X1I0pna0oM Kanbuma. NXHY nmenn pasmep
250-300 HM, MONOXKUTENbHbIM A3eTa-noTeHuman (25-40 mB) u
6bInn cTabunbHbl B TeueHne mecaua. CXHY 6biaun oTpuuatensHo
3apskeHbl (-20-25 mB) u npeacrtasnanm coboit cTabusbHyto
CYCNeH3unto ¢ pazmepom Yactuu, okono 150-200 Hm. BrntoyeHne
[OOKC B cOCTaB 4acTuL, 3HAYUTENIbHO HE BAMANO HA UX GU3MNKO-
XMMUYEcKue xapaktepuctukun. Copbums npenapata MXHY 6bina
HWU3KOM, BO3MOXKHO, M3-3a MOJIOXKUTENIbHOTO 3apsaaa Kak JOKC,
TakK M YacTuu, [anee ¢ TaKMMM YacTMLAMK He paboTanu. Copbuun
npenapata CXHY 6bina BLICOKOW W NO3BOAMAA MOAYYUTb
[OCTAaTOYHYIO  KoHueHTpauuto  JOKC ana  nposeaeHus
3KCNEepPUMEHTOB in vivo. [nAa aHanusa BHYTPUKNETOYHOTO
TpaduKa XUTO3aHa MCMNoNb30BaNU doToaKTMBMpPYEMbIN
KpacuTenb Ha OcCHoBe pogamuHa OPK-813. [Mokasanu, 4To
KOHblOraT XxuMTo3aHa c KpacuTenem 3a 15-30 muH nonagaet B
IU30COMbI, TAe XWUTO3aH TUAPOAM3YeTCa U ero ¢parmeHTbl
BbIXOAAT B UWTOMAA3My, 4YTo Oblno onpeseseHo MeTo4om
KOHpOKaNbHOM MUKpockonuu. UHKybauma CXHY, HarpysKeHHbIX
LOOKC, ¢ knetkamun HaCaT nokasana, uTto yxe 4yepes 30-60 muH
OOKC nossnaetcA B Agpe Knetok. [pu 3Tom B AApe Takxke
PerncTpupyeTca XuWTo3aH, YTO oOnpedenann C MOMOLLbIO
meyeHoro OUTL, xutosaHa. [MpepBapuTenbHble UCNbITAHUA in
vivo nokasanu, yto CXHY pgocrasnator JOKC B aKTMBHOW popme.
Takum obpasom, 6bl10 MOKasaHo, yYTo AnA poctaBkn [JOKC
npeAnoYTUTENIbHO UCMO/b30BaTb OTPULIATE/IbHO 3apAXKeHHble
CXHY. Cuctema sasnaetca adpdeKkTnsHon, buoaerpaanpyemon u
No3BONAET COXPAaHUTb MPOTMBOOMNYX0NEBYO aKTMBHOCTb JOKC.
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NOKPbLITUA ANA OEHTANIbHbBIX
MMMNNTAHTATOB
MBaHoBa A. A., CypmeHes P. A.
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Tomckui

Ucnonb3oBaHme ruapokcmanatnta (FA, Caio(PO4)s(OH),) B
KauectBe OuomaTepuana U OUOKEPaMMKM B [OEHTANbHOW U
KOCTHON XMPYPrMM OCHOBAHO Ha €ro XMMMWYECKOM CXOACTBE C
HeopraHW4ecKkol cocTasnstowel Koctelt n 3y6os [1]. MokpbiTue
M3 TA Ha MeTa//IMYeCKUX WMNNAHTaTax y/ayywaer Wux
61MOCOBMECTUMOCTb M OCTEOMHAYKTUBHOCTb. OfHako npobnema
OTTOPXKEHWUA MMMNNIAHTATOB KOCTHOM TKaHblO He TepAaeT CBO
aKTyanbHOCTb [2].

BakTepuanbHble nHdekunm, BO3HMKaloLWme npu
MMMNAaHTauuM, — Haubosiee pacnpocTpaHeHHas NpUYMHA He
ycnexa onepauuu. PeweHvem 3Toii npobnembl  ABAsAETCA
co3gaHue 610COBMECTUMBIX NOKPbITUN, obnapatowmx
AHTUMMKPOBHbBIMM CBOMCTBaMM [3].

B KayectBe aHTUbaKTepManbHOroO areHta, Xxopolwue
pe3ynbTaTbl MNOKasbiBaeT cepebpo. OHO o06nafaeT WMPOKUM
CMEKTPOM  aHTUDBaKTEpWanbHOro  AEeWCTBUA,  A0CTaTOYHOW
CTabWUNbHOCTBIO M K TOMY Ke TNPEnATCTBYEeT KOJIOHU3aLuu
6aKTepuii Ha NoOBEPXHOCTM MMNIaHTaTa [4].

Hanbonee 3ddekTMBHbLIN  meToa  MoaMdUUMPOBAHMA
MeTa/lZInYecKol NOBEPXHOCTU MMMNAHTATOB ABAAETCA meTog BY-
MarHeTpoHHOro  pacnbiieHna. OH  no3BonseT, ynpasasAs
PEeXMMOM HaMbINEHUs, CO34aBaTb MOKPbITUA C 3afaHHbIMU
cBOMCTBaMM.

McxXopHbI MeXaHOXMMMWYECKN CUHTE3NPOBAHHbIA MOPOLLIOK
ONA W3rOTOBNEHUA MUWLIEHW ANA pachblieHusa npeacTaBaser
coboli opHOdasHbIM KPUCTANNNYECKUA cepebpocoaepiKalimin
rMApOKCHanaTuT c XMMUYeCKoM dopmynoii: Cao-
AEx(PO4)6(OH)(2x), X=0,3 (Ag—TA,Ca/P=1,616). MuweHn ana BY-
MarHeTpOHHOrO  pacnblieHns  OblAM  MPUrOTOB/EHbI MO
KEPaMMYEeCKOW TEXHONIOTUM: NpeccoBaHWe MNOPOoLUKa Npwu
fasneHun 70 MMMa, 3aTem OTXWUI NONYYEHHOW npeccoBaHWem
3aroToBkM npu TemnepaType 1100°C Ha Bo3ayxe B TeueHue 6
Yacos.

[OnA HanblNeHWA NOKPbITU B MNAa3me BbICOKOYACTOTHOrO
(5,28 MTlu) MmarHeTpoHHOro  paspaga  MCNosb3oBanachb
MoaudUUMpPOBaHHAA NMPOMBbIWIEHHan ycTaHoBka «08MX0-100T-
005» ¢ MarHeTPOHHbIM MCTOMHUMKOM. HanbineHne nposBoauau B
aTMocdhepe aproHa B TedeHue 3 yacos, Npu molHocTn 290 BT,
PaCCTOSHUN MEXAY MULIEHbIO U MOAMOMKOM cocTasnano 40mm.
B KauecTBe NOANOXKEK AN UCCNeA0BaHUA CBOWCTB MOKPbITUIA
ncnonb3oBanu Kpuctannol KBr un Ttutan BT1-0. [MoKpbiTna
nccnefoBanncb  METoJamMM  PEHTFeHOCTPYKTYPHOro  aHanusa
(P®A), pacTpoBOro 3/1E€KTPOHHOTO MMKPOCKOMNA, CO BCTPOEHHbIM
EDX-aHanusaTopom, MK-cnekTpockonuu.

PesynbTathl MccnepoBaHMA MOKasasW, 4YTO NOBEPXHOCTb
NMOKPbITUIA, CHOPMUPOBaAHHLIX MeToaoM BY-marHeTpoHHOro
pacnblNeHns Ha NOAJ/IOMKaX M3 TUTaHa, ABAAETCA OAHOPOLHOMN,
NNIOTHOW, HE COAEPXUT BUANMbIX AedeKToB, TPELMH U CKOoB
(puc. 1). OobaBka cepebpa K A He BAMAET Ha mopdonoru
NoKpbITUiA. EDX aHanu3 nokasan Hannyme B COCTaBe MOKPbLITUA
Ca, P, O, Ag. OTHoweHue Ca/P coctasuno 2,25+0,25, (Ca+Ag)/P —
2,1240,22. MMoKpbiTve, cdopmUpoBaHHOE U3 naasmbl  BY-
paspaga, peHTreHoamopdHo. [pu MeaseHHOW CcbemKe B
MHTepBane yrnos 20—37°Ha6mo,u,a|oTc;1 MUKW, COOTBETCTBYIOLLMNE
A (puc.2a) c pebnekcamu npu 25,6°, 31,2°, 31,8°. B nony4eHHbIX
MK-cnekTpax paspeluatoTca noaockl noraoweHma npu 1032, 600
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u 564 cm?, XapaKTepHble ANA Ba/NIeHTHbIX U AedpOopMaLMOHHbIX
Konebanuit P-O — rpynn B cTpykType FA. Xapaktep UK-cnekTpos
yKasbiBaeT Ha amopdHyl  U/MAM  NOAMKPUCTANNNYECKYIO
CTPYKTYpY NoKpbiTua (puc. 26).

Puc.1. P3M-u3obpaxceHue MoKpbimus C@HOPMUPOBAHHO20 HA
100/10}#CKe U3 MUMQAHGQ.

Puc.2. Andpaktorpamma (a) u UK-cnekmp (6) nokpeimus.
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buoakmueHble Mamepuansbi U MOKpeIMus 8 0eHmasnbHol
umnaaHmonoeuu. Capamos: Capam. 20C. mMexH. yH_m.
2004.C.94.

[3] Lingzhou Zhao, Paul K. Chu, Yumei Zhang, Zhifen Wu Appl.
Biomater., 91B, 470-480 (2009)
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W3YYEHWE CBOWMCTB OY/INEPEHOA
Ceo(OH),5 HA MPEAMET BMONOMMYECKOW
AKTUBHOCTH

Kenpos A.B.", Typosetikuii B.5.’
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HauuHas ¢ 1985 roga, korga 6bin oTKpbIT dynnepeH Ceo M €ro
nNpou3BoAHble, MHTEpPeC K HUM BCE BO3pacTaeT. MccnepgosaHue
610N0rNYECKUX CBOMCTB GYNNEPEHOB OCNONKHAETCA TEM, YTO OHU
NPaKTUYECKM HepacTBOPMMbl B MOAAPHbIX, MPUEMIEMbIX O/A
6ronornyeckmx nccnenosaHuii pactsopuTensx. Tem He meHee, B
Boge dynnepeHbl CcnocobHbl 06pa3oBbIBaTb  MONEKYNAPHO-
KONNOWAHbIE PacTBOPbI, B KOTOPbIX MOAEKynbl dynnepeHa
06beauHAITCA B AOCTAaTOMHO  bosblwuve,  OTpULATENbHO
3apAXKeHHble MAPATUPOBAHHbIE arperatbl, pa3mep KOTOpbIX

3aBUCUT OT crnocoba nosyyeHus. TakKe aKTUBHO M3yyaloTca
dynnepeHbl, MOAUOULMPOBAHHbIE PA3IMYHBIMW 3aMECTUTENAMMU,
Hanpumep rMAPOKCUNBHBIMU AN KapOOKCUABbHBIMK Tpynnamu B
pasHom KonumyectBe [1]. [aHHble HaHo4acTUubl o0bnagatoT
Habopom cneunduyecknx BGUONOrMYECKUX CBOMCTB, TaKUX KakK
HelponpoTekuma [2], aHTUBMPYCHAs aKTMBHOCTb NpoTus BUY [3],
aHTManonToTuyeckas aKTUBHOCTb [4], aHTUMUKPOBHasA
aKTMBHOCTb [8]. Kpome Toro, B HeKoTopbix pabotax [9]
YNOMMHAETC, 4YTO Takue npousBoAHble dynnepeHa, Kak
Ceo(C(COOH);); 1 Ceo(OH)z2 MOryT NpoABAATL aHTUMOKCMAAHTHbIE
CBOWCTBa, 3awwmwan knetky oT  H,0,-MHAYyuMpOBaHHOrO
OKMC/IUTENIbHOTO CTpecca.

Hactoswan paboTta nocsslleHa U3yyeHUo BUON0rMyYeckoro
[eNCTBUA rMAPOKCUAMPOBAHHOrO nNpoussoaHoro dynnepera Ceo,
a umeHHO dynnepeHony Ceo(OH)2s, oueHKM ero cobcTBeHHOM
LMTOTOKCUYHOCTHU, €ro B/IMSHUA Ha pPas3BUTUE MNOBPEXAEHUA
membpaH  Knetok B ycnosBuax  H,O,-MHAyUMpOBaHHOMO
OKMC/IUTENBHOTO CTpecca, a TaKXKe Ha noTeHuuan membpaH
MWUTOXOHAPUN. O6bekToMm nccnefoBaHun CAYRUAN
nepuTOHeanbHble Makpodarn 6HecnopoAHbiXx 6enbix Mblweii-
camuoB. Hanbonee BaKHble XapaKTEPUCTUKK GyNNepeHoos,
OTHOCAWMECA K MEXaHM3Mam MX BMONOTrMYECKON aKTUBHOCTY,
cumnTatoTcs hoToceHcebunnsauma n aKTMBHOE B3aMMoaencTaune ¢
paguKanamu, B TOM 4MCie aKTUBHbIMM dopmamu Kucaopoga
[5,6,7]. Mpu 0bayyeHnn BuaMMbim n YO-ceeTtom dynnepeHosnbl
moryT 06paszoBbIBaTL CUHTIETHBIN KUcnopos, "
CYNnepoKCMAAHUOH-pagMKan, TEM CaMblM BbICTynasa B KayecTse
areHTa,  cnocobCTByIOWEro  NepoKcuaaumMnm  mMembpaHHbIX
avnuaos [7]. B Hawei pabote 6bina oueHeHa BpemeHHaa W
KOHLeHTpaLMOoHHanA 33aBUCUMOCTb pa3suTUA adoekTa
nospexaeHuns KNEeTOYHbIX  MembpaH B MPUCYTCTBUM
dynnepeHona Ceg(OH)s B TEMHOBbIX YC/NOBUAX @ TaKXe ero
B/WAHWE  Ha  LUENOCTHOCTb  MAa3MaTUYeckux  membpaH
MaKkpodaroB M aHTUOKCMAAHTHble cBOWCTBA B ycnoBuAx Hy0,-
WHOYUMPOBAHHOTO  OKUCAUTENbHOTO  cTpecca. [onyyeHHble
pe3ynbTaTbl YKa3blBalOT Ha TO, YTO B KOHLLEHTPALWUW BMIOTb A0
0,5 mr/mn dynnepeHon He NPOABAAET aHTUOKCUAAHTHBLIX CBOWCTB
B npucytcteum 10 mM nepekucn. Cnepyer OTMETUTb, 4YTO
MHKybauua  makpodaroB ¢ GynnepeHom  MPUBOAMT K
HAKOM/IEHWIO ero B BE3UKY/NAPHbIX CTPYKTypax, Habaopaercs
aKTMBaLMA Makpodaros, KoTopble B cpefe C ¢yanepeHoNom
bbicTpee cafATcA Ha MOKPOBHblE CTEKNA M CU/IbHEE Ha HUX
pacnnactbiBalOTcA M, NO-BUAMMOMY, QAKTMBHO  MOI/IOWAOT
dynnepeHon nytém nuHoumtosa. O6o6LLan pesynbTaTbl AaHHOMN
paboTbl, MOXHO cAenaTb NpeaBapuTeNbHOE 3aKaouyeHue 06
OTCYTCTBMM BblpaXKEHHOW TOKCUMUYHOCTU dynnepeHona Ceo(OH)s B
3TUX YC/NOBUAX, MO KpaviHeik Mmepe, AAA MAa3maTUYECKOM
mMembpaHbl, W AHTUOKCUAAHTHbIX CBOMCTB B NPUCYTCTBUU
nepekucn. Takke obHapykeHo, uTo dynnepeHon npwu
KoHueHTpaumm 0,05 mr/mn cam no cebe He Bbi3biBaeT
Aenonapusauun membpaH MUTOXOHAPUIA M He 3aLUMLLAET UX OT
H>0,-MHAYLUMPOBaHHOM Aenonapusaumm.

1. Dordevi¢ A. and Bogdanovi¢ G. Fullerenol — a new
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P23 CPABHUTE/IbHOE N3YYEHWME
OAPMAKOKUHETUYECKUX MAPAMETPOB
CYNEPOKCUAOANCMYTA3bI U EE
MOANSULMPOBAHHOM GOPMbI -

HAHO3MMA
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119992, MockBa, KponoTKMHCKKi nep.,23.

B 3KcnepMmeHTe in Vivo npoBeAeHO CpaBHUTENbHOE
nsyyeHue bapmaKOKUHETUKM npenaparos
cynepoKcuaamcmyTasbl (con) B Buae pacTsopoB

pekombuHaHTHoro 6enka u depmeHTa, MOAMOULMPOBAHHOTO
6710KCONONMMEPOM  MOAN-L-TU3UHA-NONMITUNEHTIMKOAA AR
Noay4eHUA HaHO3UMa C pasmepom Yactul, 30 Hm (1).

M3yyeHa ¢apmaKOKMHETMKA OLHOKPATHOTO BHYTPUBEHHOrO
BBEZ,eHWA NpenapaToB y 340poBbIX Kpbic. [lo U nocne BBegeHmA
npenapaToB Yy KpbiC OTOMpanucb 06pasubl NAa3mbl KPOBW, B
KOTOPbIX 3aTEM KOJIMYECTBEHHO onpeaensnun aktmsHocto COL no
MHIMBUPOBAHMIO peaKL MmN ayTOOKMCIeHNA KBepLeTuHa (2).

AKTUBHOCTb 3HAOreHHoi COL n ee u3meHeHue B nnasme
KPOBW aHanm3mnposanu 4yepes 5 muH., 30 MUH., 1 4., 6 4., 24 4. 1
72 4. nocne  BHYTPMBEHHOrO  BBEAEHMA  MpenapaTos
pekombuHaHTHOW COJ, (pek-COA) v HaHo3Mma (HaHo-CO[) B
pose 10000 Ef/kr. B KadyectBe KOHTPONSA WCMO/Ib30Basiv
BHYTPMBEHHOE BBEAEHME 3KBMBANEHTHOro obbema ¢docdaTHOro
bydepa. MNposeaeH CpPaBHUTENbHbIN aHanus
bapMaKoKMHETUYECKMX MapameTpoB npenapatos pek-COL u
HaHo-CO/Jl. OnpepeneHbl YCNOBWMA KOAMYECTBEHHOro aHanusa
CO/J], B nna3me KpoBM KpbiC. Tak Kak aktmsHoctb CO/J] B nnasme
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KPOBM KpbIC BbIXOAMT Ha 6a30Bblii ypOBEHb B TeYeHWe CyTOK
nocne NpUMeHeHus, AN NeYEHUA HEBPONOTMYECKOro aeduLmTa
Yy KpbiC HeobXo4MMO MCMONb30BaTb MHOFOKPaTHOE BBEAEHME.
Mpenapat HaHO-COJ, MoeT ObITb  npeacTaBneH  Ans
JanbHeNWmx AOKAMHUYECKUX UCCNEL0BAHUIA C LeNblo U3yyeHus
ero 6uonornyeckoro AencTema u sbPeKTMBHOCTH UCTMONb30BaHUA
ONA BOCCTAHOB/IEHUA  HeBPOJOTMYecKoro  geduumta vy
3KCMEPUMEHTANIbHbIX KUBOTHbIX C KOHTY3MOHHOW TpPaBMOM

CMWUHHOTO Mo3ra.

1. N. L. Klyachko, D.S. Manickam, A.M. Brynskikh et al. Cross-
Linked Antioxidant Nanozymes for Improved Delivery to
CNS. Nanomedicine: Nanotechnology, Biology and
Medicine (Article in press)

2.  Koctiok B.A., Notanosuy A.N., Kosanesa X.B. Mpoctoi n
YYBCTBMTE/IbHbIA ~ METOZ,  ONMpefeNeHus  aKTMBHOCTU
CYNEepPOKCUAANCMYTasbl,  OCHOBaHHbIA  Ha  peakuuu
OKMCNEeHMA KBepLueTuHa. Borp. Mea. Xumum, 1990, 36(2):
88 -91.

P24 HU3KOTEMMEPATYPHAA KOHCONMNOALUMNA
HAHOMOPOLUKOB
KAPBEOHAT3AMELLEHHOIO
TMOPOKCUAMATUTA

KnumawwuHa E.C., dunmnnnos A.10., Mytases B.U.
MocKoBcKuit [ocyAapCTBEHHbIN YHUBEPCUTET UMEHU
M.B. JlomoHocoBa, MockBa, 119991, /leHUHCKune
ropebl, 4.1 kopn.3, klimashina@inorg.chem.msu.ru

Tmapokcnanatut Kanbuma Caio(POs)s(OH), (FA) asnaetca
K/1aCCUYECKMM  MaTepuasioM, MUCMOb3yeMbiIM B  KIMHUYECKOW
NPaKTUKe, OH O4YeHb 6/IM30K NO XMMMYECKOMY COCTaBy K
HeopraHWYecKol COCTaBAAOLWLIEe KOCTHOM TKaHW. B pamkax
pereHepaTMBHOrO nogxoAa B MeAWUMHE, WCMO/b30BaHUE
YACTOTO  TMAPOKCMAMNATUTA MNOTepsAsio  CBOK  aKTyasbHOCTb
BCNeACTBME €ro HU3KOM CKopocTu buopesopbumm u cnaboro
CTUMY/INPYIOLLETO BO3AENCTBUA HAa POCT HOBOM KOCTHOW TKaHu.1
B 3Tom cmbiciie 6osiee NepcnekTUBHbIMK ABAAKOTCA MaTepUanbl
Ha OCHOBe KapboHaT3amelleHHOro rugpokcmanatuta Cago-
XNax(PO4)s-x(CO3)x(OH),  (KFA), KoTopbit 6osnee  TOYHO
BOCMPOM3BOAMUT COCTaB KOCTHOM TKaHM M 061afaeT NoBbILWEHHOW
6uopesopbumeinn BCAEACTBME WCKAXKEHWMI  KPUCTaNNMYECKOM
CTPYKTYpbl, BO3HWKAOLWMX MPU BXOXKAEHUWU KapboHaT-uoHa B
pelleTKy anaTtuTta.2

Mcnonb3oBaHue KFA  pna M3roTOBNEHMUA KOCTHbIX
MMMNNAHTaToOB npeanonaraer pa3paboTky npuemos
KOHCONMAALMN COOTBETCTBYIOLLLETO MOPOLUKOBOrO MpeKypcopa.2
MeToa 0bbl4HOro TBEpAO0dA3HOro CrMeKaHWsa He MPUMEHUM No
OTHOWEHUI0 K  KapboHATIMAPOKCMANaTUTy, TaK KaK OH
pa3naraetca c BblgeneHnem CO, Npu BbICOKOM Temnepatype.
PeweHvem npobnembl CO34aHUA KOMMAKTHOrO MaTtepuana Ha
OCHOBe KapboHAT3aMelLeHHOro rMApPOKCManaTUTa ABAAETCA
BBeseHne B KA nerkonnaskol b6uopesopbupyemoli fobasku,
KoTopas byAeT BbICTyNaTh B KaYecTBe CBA3YIOLLErO areHTa.

Llenbto HacTosLern paboTbl ABNAETCA CO34aHUA KOMMAKTHbIX
pe3opbupyembix 6uomartepranos HOBOrO noKoneHus,
npefHasHa4YeHHbIX A1 3aMeHbl KOCTHOM TKaHU YenoBeka.

[na pocTvkeHWA yKasaHHoOW uenu B pabote pelwanach
3aja4a nonyyeHus bropesopbUpyembix MaTepUasosB Ha OCHOBe
nopolwkoB KFA 1 Noarotoska nx K GMONOTMYECKMM UCMbITAHUAM.
Takum 06pasom, BO3HMKaeT HeobXoaMMOCTb paspaboTku
KOMMO3MLMOHHbIX MaTepnanos Ha ocHose KIA.

B HacToswel paboTe B KayecTBe NErkoniaBKoOM MaTpuubl
npeanoxeHo ncnonb3osatb Na-Ca docdatHoe cTekno, KOTopoe ¢
TOYKM 3peHus bamkanwmnx ¢a3 cuctembl Na,0-CaO-P,0s moxkeT
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bbITb ONMCaHO, Kak cocTosawee u3 54 mac. % NasCaPgOs n 46
mac. % Na,CaP,0; n 6uocoBmecTUMbIN, Guoaerpaanpyembiit
noavmep nosu-3-okcmbyTmpar.

MokasaHa npakTuyeckas BO3MOKHOCTb nonyyeHus
komnosuta KFA/cTekno (c oTHocuTenbHoM NaoTHOCTbIO0 A0 90 %)
METOA0M «ropsAYero» NnpeccoBaHUs ¢ NPOYHOCTLIO Ha CKaTue A0
25 MMa npu TemnepaTypax He Bbiwe 500 °C (puc. 1), B KOTOpom
coxpaHsaeTca ypoBeHb coaepKaHua KapboHaT-MoHOB,
COOTBETCTBYIOWMIA UCXOoAHOMY nopolwKy KFA. B KauecTtBe
anbTepHatuBbl  pocPaTHOMY  CTeKly  MONKET  BbICTynaTb
TEPMOMNIACTUYHBIA  MOAMMEpP, Hanpumep, 6GUOCOBMECTUMbIN
nonumep, nonun-3-okcnbytmpat. [MonydeHHble B paboTe KrA
ABNAOTCA OMOCOBMECTUMBIMU U MOFYT NPUMEHATLCA B paboTax
No TKaHEBOW UHKEHepUU.
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Puc.1. MpoyHOCTb Ha CcxKaTMe KOMMNO3ULMOHHOIO MaTepuana
KFA/cTekno, MOAYY4EHHOTrO C MOMOLLbLID MNPEcCcoBaHWA Mpu
Temnepatype 450 °C.

Nutepatypa

1. LeGeros R.Z. Clinical Orthopaedics and Related Research,
2002, 395, 81-98.

2. Kovaleva E.S., Shabanov M.P., Putlayev V.I., Filippov Ya.Yu.,
Tretyakov Yu.D., Ivanov V.K. Mat. wiss. u. Werkstofftech, 2008,
39, 1-8.

PaboTa BbinosHeHa npu ¢uHaHCOBOW nopaepkke POOU,
npoekt 09-03-01078-a; ®LUIM MuHobpHayKu PO - rockoHTpaKT M-
403.

MATHUTHbIE ATIbIFTMHATHBIE YACTULLbI,
HAMOJIHEHHbIE KANE/IbKAMU MACNA,

LA JOCTABKW IEKAPCTB

KomapoBa I'.A.l'z, Crapoaybues C.F.l, Xoxnos A.P.>2
'dusnyeckuin dakynbteT MIY um. M.B. SlomoHocosa,
MockBa, JlIeHWHCcKue ropbl, 4.1, cTp.2,
komarova@polly.phys.msu.ru
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B pabote paspabotaH MeToA MOAYYEHWUA MArHWUTHbIX
ANbrMHATHLIX YacTWL, HAMOMIHEHHbIX Kane/lbKamu macna u
mapodobHbIMM  BellecTBamu, [ANA HanpasBieHHOW [0CTaBKu
BOA0HEPACTBOPUMBIX NEKAPCTBEHHbIX CpeacTs. Takue yactuupbl,
nomelleHHble B HEOAHOPOAHOE MarHWTHoe noJe, BblAeNAlT
Mac/fio M pacTBOPeHHble B Hem BewectBa. MarHuTHble
anbrMHaTHblE  YacTMUbl  paspylialoTca  nog — AeicTBUMEM
MarHMTHOTO MOMA W KanenbKW Macna BbIXOAAT BO BHELIHWI
BOZHbII pacTBOp, Hecs ¢ coboi ruapodobHoe BelecTBo. Pasmep
aNbrMHaTHbIX Yactuy, 6bi1 ~1.5 Mmm, B KayecTBe MarHUTHbIX
Yyactuy, 6biaM BblbpaHbl YacTuubl FesO, pasmepom ~1.4 Blm, B

KayecTBe Macna — BasenanH, a ruapodobHoro BeuectBa —
BOZ,0HEPaCcTBOPUMBbIN Kpacutenb CypaH 3. MarHuTHble
aNbrMHaTHbIE YacTMLUbl HAYMHAIOT Pa3pyllaTbCaA MPU BeANYUHE
nonsa 0.2 Tecna v 3pdeKTUBHOCTb pPaspyLleHUn CyLLeCTBEHHO
33aBUCUT OT MarHUTHoro nonsa. Takxke 6bln0 nNpoBeaeHo
KO/NIMYecTBEHHOe  uccnepoBaHne  Bbixoga  CygaHa3 B
33aBUCUMMOCTM OT KOHLEHTPAL MM KOMMOHEHT, BXOAALMNX B COCTaB
aNbrMHaTHbIX YacTUL,. Bbl1o NOKasaHo, 4To BbIXoA rMapPodobHoro
Kpacutena CygaHa 3 mokeT gocturatb 86%. Takum obpasom,
MarHWTHble  anbMMHaTHble  YacTuubl  MoryT  3bdeKTUBHO
NPUMEHATLCA He TONIbKO ANA AOCTaBKN rMAPOPUIbHbLIX IEKapCTB,
HO U rTMAPOdOBHBIX.

P26 HOBbIE MYTAHTHbIE OKCMA3bI D-
AMWUHOKHNCNOT C YIYHLWEHHBIMW

CBOVMCTBAMM
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1l/IHCTMTyT Buoxmmmn nm. A.H. baxa PAH, 119071
MockBsa

2Xumunueckuit pakynsteT MY um.M.B.JlomoHocoBa,
119992 MockBa

3000 «MHHOBALMK U BbICOKME TexHONOTMN MTY»,
109559, MockBa E-mail: nat.v.kom@gmail.com

Okcnaasza D-amuHokucnot (DAAO, K& 1.4.3.3) oTHocuTca K

knaccy FAD-cogepalmx OKCcuAopeayKTas W KaTaamsmpyet
OoKMUCUTelbHoe [e3aMUHMpOoBaHue D-amuHoKkucnot B
COOTBETCTBYIOLLME 0-KETOKMUCNOTbI. PepmeHT urpaet

UCK/IIOUMTENBHO BAXKHYIO PONb B PEryNALMU KUBOW KNETKU U
LUMPOKO MPUMEHAETCA Ha NPaKTUKe. OfHAKO NPUPOAHbIE OKCMAA3bI
D-aMUHOKWCNIOT U3 BCEX U3YHYEHHbIX WCTOYHUKOB 061343t0T PALOM

HeA0CTaTKOB, Hanpumep, HeBbICOKOW TemnepaTypHoi
cTabunbHOCTbIO " LIMPOKUM CMeKTpom cybcTpaTHoM
cneumMeuyHOCTY, 4YTO 3aTpyAHAeT npumeHeHWe ¢epmeHTa Ha

npaktuke. Ona nonyyeHua TvDAAO c 3agaHHbIMM CBOWMCTBAMM
NPUMEHAETCA MeToA HanpPaB/IeHHOro MyTareHesa.

PaHee B Hawleli nabopatopun Bbia KNOHUPOBAH FeH OKCMAA3bI
D-amMHOKMCNOT M3 apoxkel Trigonopsis variabilis, n co3gaHa
cuctema akcnpeccun depmenTa B Knetkax E.coli. PEKOMOUHAHTHbIN
depmeHT nonyyeH B pacTBOPMMOM U akTMBHOW dopme. Takke B
Hallei nabopaTopuu Bnepsble B MUpe bblna onpeaeneHa CTpyKTypa

TvDAAO, 4TO nO3BO/MAET NPOBOAWUTL  IKCMEPUMMEHTbI MO
HanpaBAeHHOW MHXKEeHepUK CBOMCTB GpepmeHTa.
Hamu  6bl10  BLINOMHEHO  BbIPAaBHMBAHWE  MEPBUYHBIX

nocneaoBaTesIbHOCTEN OKcMAas D-aMMHOKCMAOT M3 pas/IUyHbIX
WCTOYHMKOB. Takke Hamu 6bln npoBegeH NoapobHbINM aHanus
TpexmepHol cTpykTypbl TVDAAO. B pesynbrate 6biiv BbiABNEHDI
NepCneKTUBHbIE MONOXKEHUA ANA NPOBEAEHUA HanpaB/eHHOro
MyTareHesa. B xozie ganbHeliwei paboTbl 66111 NonyYeHbl Nepsble
MyTaHTHble GOpMbl  OKcMA@3bl D-aMMHOKCMNIOT U3 OpoXKKel
T.variabilis. MyTtaHTHble depmeHTbl 6blIM  3KCMpeccupoBaHbl B
Knetkax E.coli. WM3yyeHue CBOMCTB MOMYYEHHbIX MpenapaTos
dbepmeHTOB MOKa3ano, YTO BBEAEHHbIE aMUHOKWUCIOTHbIE 3aMeHbl
NPUBENN K M3MEHeHWo npoduna cybcTpaTHOM cneumdUyHOCTH
TvDAAO, npuyem c psgom D-amMHOKMCAOT — Habntogaetcs
YNYYllEeHWE  KMHETUYECKMX MapameTpoB. M3yyeH mexaHu3m
TEMMNepaTypHOW MHAKTMBALMKM MOJIyYEHHbIX MYTaHTHbIX Gopm.
MokasaHo, 4TO, Kak W B c/aydyae ¢epmeHTa [AMKOro Tuna,
TemnepaTypHaa MHAKTUBALMA MYTaHTHbIX pepMeHTOB NpoTeKaeT no
[ABYXCTaAUMHOMY AMCCOLMATUBHOMY MEXaHM3MY.

Paboma evbinonHeHa npu nodoepycke POOU (zpaHm Ne 11-04-
00959-a) u muHucmepcmea Hayku u obpaszosaHus Pocculickoli
®edepayuu (2ockoHmpakm 16.512.11.2253).
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P27 XAPAKTEPU3ALUMNA BUONOTMHECKUX
OBBEKTOB C MCMNOJIb3OBAHUEM
CKAHWPYIOLLLEN 30HA0BOM

MWKPOCKOMNMMAU N HAHOMHAEHTUPOBAHWA
Kpasuyk K.C.l'z, HaymeHKko }O.H.g,

YcenHos A.C.l,ycel/IHOB c.ct

1 TeXHONOrMYECKMIT MHCTUTYT CBEPXTBEPAbIX U HOBbIX
yrnepogHbix matepuanos, 142190, MockoBcKas
obnactb, r. Tpouuk, yn. LleHTpanbHas, 7a, e-mail:
kskrav@gmail.com

HauMoHabHbIN UCCAeA0BaATENbCKMI
TEeXHONOrn4ecknin ynmsepcutet "MUCKC", r. Mockea
*MOCKOBCKMIT GUIUKO-TEXHUYECKUIM MHCTUTYT, T.
JonronpyaHblit

B paboTte nposeaeH 0630p MeTOAOB M3ydeHUAa GU3MKO-
MEXaHUYeCKMX  CBOWCTB  MaTepuanoB, WCMO/b3yembiX B
MeauuuHe W 6uonorun, B HAHOMETPOBOM MmacwTabe. [ns
MHOTMX BWJOB COBPEMEHHbIX (YHKLMOHANbHbBIX MaTepuanos
MeAMUMHCKOrO Ha3HavyeHus napameTpbl penbeda NoBepXHOCTU U
TPMBO-MEXaHUYECKME XAapPaKTEPUCTUKKU ABAAIOTCA OAHWMU W3
OCHOBHbIX MOKasaTenei KauyectBa. 3ajaya NpPOBOAUMOrO
uccnesoBaHWA  3ak/OYaeTcA B PACNpOCTPaHEHWU  LUMPOKO
MCMO/Ib3yeMbIX B MaTepuaNoBEAEHUM U  MALIMHOCTPOEHUU
MeTOZ0B KOHTPONA Tonorpaduyeckux U MexaHU4YecKux CBOWMCTB
u3genunii Ha 061acTb MeANLMHCKUX U BUONOrMYECKUX OOBEKTOB.
Mepexod K HaHOMETPOBOMY MaclwTaby o6nactn uamepeHus
0bycnoBieH Kak MWHWATIOpU3aLMein MefULMHCKUX YCTPOMCTB,

TaK M HeobXxoAMMOCTbIO  MUHMMM3ALMKM  paspyLulaloLLero
BO34,ENCTBUA Ha UCCefyeMblii OBbeKT.
N3mepeHus NpoBOAMINCH Ha CKaHMpytoLLem

HaHoTBepgomepe «HaHoCKaH-3D». YyBCTBUTE/IbHBIM 3/1EMEHTOM
npubopa ABAAETCA Nbe30PEe30HAHCHbIM  AATYMK-KAHTUEBep
KaMePTOHHOW KOHCTPYKUWMU C BbICOKOW M3rMBHOMN KECTKOCTbIO
KoHconn (nopsgka 20 KH/m). OcobeHHOCTb  KOHCTPYyKUMU
AaTynKa no3sBonseT peanu3oBaTb B OAHOM npubope cpasy
HECKO/IbKO MeTOAMK: u3MepeHue pesbeda MNOBEPXHOCTU B
NONYKOHTAaKTHOM pexume CKaHMPOBaHuA, n3mepeHue
MexXaHUYeCKMX CBOMCTB (TBEPAOCTU, moayna ynpyroctv tOHra v
OpYrMX) MeTofamu HaHOWHAEHTUPOBAHWA, CKAEPOMETPUM U
CMOBOM CMEKTPOCKOMMUMU.

ToHKMe NAEHKM

MccepoBannchb LWepoxoBaToCTb M MeXaHUYeckue CBOMCTBA
TOHKOC/IOMHbIX NAeHOK nonumepa N-usonponunakpuiamuaa
TONWMHbI OT 100 HM A0 5 MKM, HaHeCeHHbIX Ha cTekno (Puc. 1).
YNbTpaTOHKME MIEHKU FOTOBUAN METOAOM LIeHTPUYrMpoBaHus.
[OnA  HaHeceHWA MNOKPbITUA TONWMHOM B HECKONbKO MKM
MCNONb30BaNCA METOA,  BbiCylWMBaHUA. [aHHbIM  nonumep
obnajaer cBoicTBOM cBepxabcopbeHTa M wcnosb3yeTcs B
dbapmaLeBTMKe B CUCTEMAX BblAe/IEHUA NEKAPCTBEHHbIX CPEACTB.

3ybHasa amanb

MccnepoBaHbl  MexaHWYeckue cBoWcTBa 3y6HOU  3manwu
MHTaKTHbIX (rpynna |) n nopaxeHHbIx Kapuecom 3y6os (rpynna Il)
NP MaKCUMasbHbIX r1y6UHax MHAeHTUpoBaHuA Ao 1100 Hm wm
800 HM, COOTBETCTBEHHO. M3yyanucb 340pOBble M Kapuo3Hble
3y6bl GPOHTaNbHOW rpynnbl. [lonyyeHbl NAOCKME U TpeEXMepHble
n3obpaxkeHuna penbeda M pacnpeneseHna ynpyrux CBOWCTB No
NMOBEPXHOCTU 3yOHOM 3Manu, OTpakalolme BECbMa C/IOXKHYH
APXUTEKTOHMKY 3Maan U e€ HapyweHua npu naTonoruu.
MokasaHo, yTo 3aboneBaHMe KapMeCOM CHUMKaeT TBEpAOCTb U
MoZyNb YNpyrocty 3ybHol amanum B 3-5 pas.

B1onokpbITMA MmeTannnyecknx MMNAaHToB

B KauecTBe GMOMNOKPLITUA METaNIMYECKUX UMMIAHTATOB A1
CTOMATONOrMM W opToneaun TPaAWMUMOHHO  UCMO/b3yeTcA
Kanbuuii-pocdaTHble  MOKPbLITUA  rugpokcuanatuta (FA)  —
Caio(PO4)s(OH),, KOTOpBIN ABNAETCA OCHOBHLIM MWHEPasbHbIM
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KOMMOHEHTOM KOCTHOM TKaHW. B HacToswee Bpemsa Haubonee
NepcrneKkTUBHLIMA MeTO4AaMN HAHECeHUA MOKPLbITUIA ABAAIOTCA
BaKyyMHble MOHHO-NNa3MeHHble meToapbl. OcHOBHble
HanpasieHMa MWCCNeaoBaHuii B 061acTM MOHHO-M/Ia3MEHHOro
HaHeCEeHMA MOKPbLITUIA CBA3aHbl C MOWCKOM  OMTUMAJIbHbIX
PEXMMOB OCaKAEHWA NAEHOK W NyTel yaydweHua ux Gusmko-
MEeXaHWYeckux U BUOMEAMLMHCKUX CBOWMCTB. MccnegoBaHa
TBEPAOCTb, MOAY/Ib YMNPYrocT M MOPQOOrMA MNOBEPXHOCTU
TOHKMX MOKPbLITUI, MOJYYEHHbIX MWOHHO - MAa3MEHHbIMM
MEeTOAaMu B BaKyyme.

5 um

/
Puc.l. W3o06paskeHne penbeda MNOBEPXHOCTU MNAEHKK
N-u3onponunakpunammaa TONLLMHOWN 5 MKM nocne
MHAEHTMPOBAHMA.

P 28 SNNEKTPOHHbBIE CNEKTPbI
HAHOCTPYKTYPHbIX KOMIJIEKCOB
KOBAJIbTA (lll) C ANTNOJIOM
KynaibepreHosa P., lapmeHbaesa A., MaTeesa C.,
Cyrypbekosa I'.

Tapl'y um. M.X.lynatu, KasaxcraH,
gulnar-sugur@yandex.ru

M3yyeHbl 3NIEKTPOHHbIE  CMEKTPbl  BOAHBIX PAcTBOPOB
HaHOCTPYKTYPHbIX KOMMEKCOB Co(Il) c 2,3-
AVMepKanTonponaHcyibpoHaTom HaTpua (yHutHon).

MNpepncTaBnAOT MHTEpeC ABe WHTEHCMBHbIE MO/OCHI B BUAMMOWM
YacTu CNeKTpa, UHTepnpeTaLuMsa KOTOPbIX MpoBeAeHa B pamKax
OKTasgpuyeckon cummeTtpun. COrnacHoO KBAHTOBO-XMMWYECKUM
pacyeTam Be/MYMHbI  BaneHTHbIX yrioB mexay Co(lll) w
nvraHgammn 6am3km K 900. MHTepnpeTauma 3N1eKTPOHHOro
cnekTpa Komnaekca [Co(en)3]3+, umetowero cummetpuio A3
paccmaTtpmBaeTcs ¢ no3uunii cummetpum Oh.

MoH Kobanbta (lll) MmeeT 3/71eKTPOHHYIO KOHOUrypaumto
[Ar]3d6. Komnnekcbl npeactaBasaioT coboil HWU3KOCMUHOBbIE U
AMaMarHuTHble ¢ OCHOBHbIM Tepmom 1Ag. B Buammoit obnactu
HabntopatoTcs ABa nepexoga B coctoaHus 1T1g n 1T2g, yacTo co
€nabbiMn HU3KONENKALMMM Nepexofamu Ha Tpunaetol 3T1g u
3T2g . Pa3HOCTb 3HEPrUit AByX MepBbIX COCTOSHUI MPAKTUYECKU
He 3aBWUCUT OT CUAbl MONA NNraHAO0B U cocTasnaeT 12B. dHeprua
nepexoaa 1Alg—> 1T1lg pasHa 10Dg-C. Ecan npwuHATb, 4TO
06bl4HO B=4C, TO 3Hepruv 3TUX ABYX NEpPexofoB MO3BONAT
onpeaenunTb 3Ha4Ye€HUA IHEPrum Kpuctanamyeckoro nonsa 10Dq m
napameTpa 3N1eKTPOHHOro OoTTaskMBaHuAa B. [Ona csobogHoro
uowa Co(lll) 3HaueHune BO= 1050 cm™.

B 9/1eKTPOHHbIX  CMeKTpax BCeX  CUMHTE3MPOBAHHbIX
coefVMHeHW HabnoaaTCA [Be MHTEHCUBHbIE NONOCHI B 061acTu
370-440 Hm 1 490-550 Hm, KOTOpble OTHECeHbl K nepexoaam,
npuseaeHHbIM B Tabaunuax 1,2.
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Tabauua 1. CreKTpbl NOrNOWEHNA U MapaMeTPbl XMMUYECKOA
cBA3K (cM-1) KomnaeKkcos coegnHeHun kobanbta (I11).

CoeavHeHune [Co(NH3)el*" [Co(en)s]™ [Co(HUR)s)*

MapameTpsbl

TAg>"Tog 21280 (470) | 21890  (457) | 18180  (550)
"Ag> Tog 29140 (340) | 29510  (338) | 22730 (440)
B 678 635 380
10Dg 23990 24430 19700
B =B/By 0,65 0,60 0,36

B °=B,-B/B,*100% 35% 39% 63%

Tabnunua 2. CnekTpbl NOFNOLWEHNA U MapaMeTpbl XMMUYECKOM
CBA3M KOMM/IEKCHbIX coeanHeHnit Kobanbta (I11).

Coepurenme |[Co(NHs);HUN] [[Co(NHs),HUN),]| [Co(en),(HUN)] |[Co(en)(HUN),]
MapameTpbl + - + -
1A1g->1T1g | 20408 (490) | 19230 (500) | 20726 (482) | 19680 (508)
1A1g->1T2g | 27027 (370) | 25000 (400) | 27038 (370) | 25020 (400)
B 551 480 526 445
10Dg 22610 21150 22830 21460
B =B/BO 0,53 0,46 0,50 0,42
B 0=BO- 47% 54% 50% 58%
B/B0*100
%

Mo NONOXEHUAM 3TUX MEPEXOA0B PACCYUTAHbI HEKOTOpble
napameTpbl KpucTanauuyeckoro nons. BenuuuHa B (nam BO)
OoTpakaeT yMeHbLUeHWe B3aMMHOro OTTa/IKMBaHUA d-3/1€KTPOHOB
B KOMM/IEKCE, UX AENOKA/NM3aLMI0 U B KAaKOW-TO Mepe CTeneHb
KOBaZIeHTHOCTM cBA3M M-L. B cnyyae cmelwaHHONMUFAHOHbIX
KOMM/IeKCOB nosiy4YeHHble napameTpbl XapaKTepusyrT
ycpegHeHHoe none auraHaos. [poBefeHbl  aHanoruyHble
pacyeTbl ANA UCXOAHbIX KomnieKcHbix coneit  [Co(NHs)g]Cls u
([Co(en)s]Cls) (Tabanua 1).

Mo mepe 3ameleHUa ammuaka U STUNEHAMAMMHA
MOJIEKYIaMW YHUTUONA B 3/IEKTPOHHbBIX CMeKTpax Habatogaercs
MOHOTOHHOE CMeLLeHNe MAKCMMYMOB MOOC MOr/OWEHNA B
OJIMHHOBOMHOBYIO 06nacTb. YHMUTMON co3paeT 6Honee cnaboe
none NUraHAoB, YeM aMuHbl. BenununHa 10Dg yHUTMONATHOrO
KOMMNJIEKCA  MEeHblUe, YeM Y  MUCXOAHbIX  KOMMAEKCHbIX
coeguHeHUn. B To ke Bpema Habaogaerca 3HauuTenbHoe
YMeHbLUEeHWe napameTpa B, cBMAETENbCTBYIOWEE O MOBbILEHUN
CTeneHn KoBaJIeHTHOCTM ¢BA3M M-S no cpasHeHuto ¢ M-N.
CmelaHHONUIaHAHble COeAMHEHMA MO BCeM MNapameTpam
3aHMMatoT NPOMEKYTOYHOE nosoXKeHne mexay
MOHO/IUFAHAHbIMM.

MonyyeHHble  pe3ynbTaTbl  HAXOAATCA B XOpOLUEM
COOTBETCTBUM C BblWENPUBEAEHHBIMW  AAHHbIMU  KBAaHTOBO-
XMMUYECKMX PaCyeToB, COrNacHO KOTOPbIM MpWU  3ameLLeHun
MO/IEKY1 aMMMaKa U 3TUNEHANAMMHA YHUTUONIOM MPOUCXOAUT
CYLLECTBEHHOE YMEHbLUEHME 3apAfa Ha LLeHTPaNbHOM aTome U
NOBbIWAETCA CTENEHb KOBAZIEHTHOCTN KOOPAMHALMOHHOM CBA3M.

Takum obpasom, NpoBeAeH aHa/U3 3/IEKTPOHHbIX CMEeKTPOoB
NOr/IOWEHUA  CUHTE3MPOBAHHbLIX KOMIMIEKCHbIX COeAUHEeHWUI
KobanbTa (), paccumTaHbl NapameTpbl KPUCTANNNMYECKOTO NOAA
M YCTAaHOB/IIEHO, YTO YHWUTMON co3aaeT bonee cnaboe none no
CPaBHEHUIO C aMUHAMM.

P29 MWKPOKAMNCY/TMPOBAHHbIE
MYJIbTUKNETOYHbIE ONYXONEBbLIE
COEPOMAbI B U3YHEHUN
MPOTUBOOMYXOJIEBbLIX IMMOCOM C
JIMNO®U/IbHBIM MPOJIEKAPCTBOM

METOTPEKCATA

Hatanba KysHeuosa*, AHHa lMpusanosa*,

EneHa BopoBo3oBa, EneHa MapksuyeBa

MHCTUTYT BMOOPraHMYEeCcKon XMMUKN M. aKag.

M.M. WemsaknHa n KO.A. OBYUMHHMKOBA, Poccuinckan
akagemus Hayk, yn. Muknyxo-Maknas, 16/10,
117997, Mocksa, natalia@lipids.ibch.ru

*- O6a aBTOpa BHEC/NM PaBHbI BKNAA B paboTy.

MynbTUKNeTOUYHblE onyxonesble cdepougbl (MOC) wmrpoko
MCMO/b3YIOTCA B KauecTBe TpexmepHbix (3D) KAeTOUYHbIX Moaenei
in vitro, a TakXe ABNAIOTCA NePCNEKTUBHbIM UHCTPYMEHTOM A/1A
MUCCNen0BaHNA HOBbIX JIEKAPCTBEHHbIX NpenapaTtos U MeTon08s
Tepanun. TexHONOrMA  MMUKPOKAMNCY/IMPOBAHUA  KNETOYHbIX
CTPYKTYp MO3BO/AET MOAy4aTb XMMWYECKM U NPOCTPAHCTBEHHO
ynopAagoYeHHble CeTU KOMMOHEHTOB MUKPOOKPYKEHNA KNETOK U
B3aMMOZEWCTBUIA K/IETOK KaK Mexay coboi, Tak u C
KOMMOHEHTaMW BHEKNeTOYHOro MaTpuKca. B ycnosuaAx in vivo
MMEHHO Takue ceTu onpegensaloT npoueccsl anddepeHumalmu,
nponndepaumn n GyHKUMOHMPOBAHMA KAeTOK. bonee TouyHoe
BocnpousBseseHne ycnosuii in vivo 8 MOC no cpaBHeHuto ¢
ynpouweHHoW  2D-mogenbio  N03BO/AET  COKPATUTb  YUCAIO
UCMbITAHUIA Ha KUBOTHbIX NpU pa3paboTke M TecTMpoBaHWUU
HOBbIX 1€KAPCTBEHHbIX NpenapaTos.

PaHee aBTopbl coobuwanu o mogenu Ha ocHose MOC ans
n3ydyeHua in vitro apdekTMBHOCTM GOTOAMHAMUYECKONM Tepanum
[Zaytseva-Zotova et al, J Biomed Mater Res B Appl Biomater,
2011]. MOC ¢opmupyloTca NyTeM BbIpaLLMBAHUA OMyXONEBbIX
KNeToK B 61ocoBMecTUMbIX ANbIrMHAT-XMTO3aHOBbIX
MUKpOKancynax. TeEXHONOrMA MMKPOKaNCyMpoOBaHUA No3sonseT
peryavpoBaTb pa3mep cheponaos, NPOCTa B UCMOJHEHUM, NIETKO
macwTabupyeTtca; BO3MOMXHO COBMECTHOE Ky/IbTUBMPOBaHWE
pa3HbIX TUMOB KNETOK BHYTPWU Kancyn. TpexmepHble Moaenun Ha
ocHoBe MOC npeacTaBAAlOT HEMOCPEACTBEHHbIN MHTepec Ans
MUCCNef0BaHUA JIeKApCTBEHHbIX MPenapaToB, AOCTaBAAEMbIX B
KNETKM C NOMOLLbIO HaHOPa3MEepPHBbIX cUcTeM. B aaHHol pabote
MOC wucnonb3oBaHbl B KadvectBe 3D-mogenn ana  OUEHKM
LMTOTOKCUYHOCTU  JINMOCOM,  HarpyX<eHHbIX  NMMOPUIbHBIM
Npo13BOAHLIM NPOTMBOOMNYXONEBOrO Mpenapata MeToTpeKcaTa
(MTX).

Jlunocombl Ha ocHoBe MpupoaHbIx ¢ochonMnuaos coctasa
docdatnannxonmH—docoatmamnnHosnt—1,2-
OMONEOUNTINLEPUAHBIN KOHblOraT meToTpekcaTta (MTX-DOG), 8 :
1 : 1, pasmepa ~100 HM MCNONb30BaZN B IKCNEPUMEHTAX MO
onpegeneHnto  UUTOTOKCUYHOCTU. KneTkn apeHOoKapuuHOMBI
MOJIOYHON Kenesbl YenoBeka AuMHUM MCF-7 B MoHOCnoe unun
MOC uHKybupoBanu B cpese RPMI-1640 ¢ 10% cbiBOPOTKM B
npucytcteum aumnocom ¢ MTX-DOG, *KM3HecnocobHOCTb KAETOK
onpeaensnn No oKpaLNBaHUIO TPMNAHOBbIM CMHUM. C NOMOLLbIO
dnyopecLeHTHOMeYeHbIX inocom guametpa 50, 100, 200, 400 n
800 Hm u3 (DPPC)—BODIPY-PC*, 9.99 : 0.01 (1 mr/mn no
NUNUAAM)  WUCCNefoBanu  NPOHUKHOBEHWE /IMMOCOM  yepes
NONNINEKTPONUTHYIO 060104KY cheponaoB v Braybb KAETOUYHbIX
arperatoB. [0 OKOHYaHMM MWHKybauum c aunocomamm MOC
npombiBanu bGydepom U rOMOreHMsMpoBasM, KOJNMYECTBO
BODIPY-PC B XxNopodopM-MeTaHONbHbIX 3KCTpaKTax
romoreHusaTos onpegenann no énayopecueHumm (Aex 480 Hm,
Aem max 505 HMm). lpoOHWKHOBEHWe aunocom B chepounabl
Habnoganm c NMOMOLLLbIO nasepHon CKaHupytoLLen
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KOHGOKaNbHOW MMKPOCKONMUM (PUCYHOK) Ha MyAbTUMOLA/IbHOM

MHBEPTMPOBAHHOM  MMKpockone Nikon TE2000 (finoHus).
O6pasupl /IMNOCOM BO BCEX C/y4asx [rOTOBUAW METOA0M
3KCTPY3MM  CYCMeH3Wi AWNMA0B  Yepe3 NoaMKapboHaTHble

MembpaHHble GUNLTPbLI C KaNMBPOBaHHbIM pPa3sMepom MNop Kak
onucaHo paHee [Kuznetsova et al, J Drug Del Sci Tech, 2009].

A b
JNlazepHas ckaHupylowas KoHdokanbHas Mmukpockonus MOC
nocne uHKRybaumm ¢ BODIPY-meyeHbIMKU nMnocomamu (3eneHblii
ugeT) B TeyeHune (A) 15 muH u (B) 2 u. Agpa KNETOK OKpalleHbl
DAPI (cuHuidi ueT). MacwrabHaa AuHeiKa cooTseTcTeyeT 50
MKM.

Mo cpaBHEHWO C K/JETOYHOW KynbTypoOM B MOHOC/OE
BbIXXMBaeMoCTb KneTok B8 MOC B npucyTcteumn annocom (1000 HM
no MTX) 6bia B 1.4 pasa Bbiwe, 170 ectb MOC meHee
YYBCTBUTE/IbHBI K UCCNeAyeMbIM IMNOCOMA/IbHBIM npenapartam.
MprmeyaTenbHo, 4yTo obosoyka MOC oOKasanacb OAMHAKOBO
npoHuuaema gna «xectkmx» DPPC aMnocom pasHbIX pa3smepos:
B JKCTPAKTax rOMOreHM3aToB KJeToK 0bHapy»KuBanocb 8—14% ot
nobasseHHoro B coctaBe siMnocom ¢GayopecLeHTHOro 30H4a B
HE3aBUCMMOCTM OT UX pa3mepoB. [lonyyeHHble [AaHHble
Nno3BO/IAIOT MpeAnonaraTb HaAMuMe MexaHW3Ma aKTUBHOTO
TPaHCNOpTa AUMNUAHbIX MOIEKY/ BHYTPb chHeponaos, Hanpumep,
B KOMMEKce ¢ 6e/1KOBbIMM KOMMOHEHTaMM KNETOUYHOM cpeabl.

Takum obpasom, MUKpoKancynnposaHHble MOC asnstoTcA

nepcneKkTMBHOM in  vitro Mogenbilo  ANA  McCAefoBaHuA
UMTOTOKCMYHOCTM M MEXaHW3MOB  TPaHCMOpTa  HOBbIX
HaHOpa3MepHbIX ~ CUCTEM  AO0CTaBKM  MPOTUBOOMYXO/EBbIX

npenaparos.

* - BODIPY-PC, 1-nanbmutounn-2-[w-(4,4-andtop-1,3,5,7-
TeTpameTun-4-6opa-3a,4a-gnasa-s-uHaaLeH-8-un)-rentaHonn)-
sn-ravuepo-3-pochoxonuH [bonabipes n MonoTkoBckuiA, Buoopr
Xum, 2006]

M3YYEHWE AKTUBHOCTM CYP450: HOBbIE
BO3MOHOCTWN 3PPEKTUBHOWN,
BE3OMACHOM M SKOHOMMWYECKM
3HAYMMOW MEAMKAMEHTO3HOM
TEPAMUMN.

Kykec n.B..

1I'IepB|>u71 MI'MY um U.M. CeueHoBa, r. MockBa,
119991, yn. TpybeuKas 4.8, cTp. 2,
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BBEAEHME. CerogHAa 'y Bpaya, npu  HasHayeHWUn
MeAMKAMEHTO3HOTO  NIeYeHUs, CyLLecTBYIT 3  cepbesHble
npob6iembl: 3pPEeKTUBHOCTb iedeHUs (3GDEKTUBHOCTb eHeHUs B
cpegHem He b6onee 60%"), 6esonacHocTb neuvenus (106000
naumeHtos B CLUA ymepnun oT nobouHbix apdektos J/IC B 1998
rogly’) ¥ SKOHOMMUYECKaA COCTABAAIOWLAA NEYEHNA (M34EPKKM HaA
noboyHble apdeKkTbl oT nekapcts B CLUA okono 12 mapa. S 8
rogn’®). BaKHeMWy0 posib B PELEeHUU 3TUX NpoGaem MOMeT
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CbirpaTh M3y4eHMEe aKTUBHOCTM uuToxpoma P 450 (CYP450),
yyactsytoulero B metabonmsme 6onee 50% Bcex SIEKapCTBEHHbIX
cpepcts (/1C).

MATEPUANIbI MU METOAbI. B HacToswee Bpemsa cambiMun
nepcneKkTUBHbIMU MeTo4aMMn  OUEeHKM aKkTuBHocTn CYP450
ABNAIOTCA 3/IEKTPOXMMUYECKME NOAXOAbl, A/NA UCCAe[0BaHUA
bepmMeHT-cybCTpaTHbIX B3aMMOZLENCTBUI BCNeACTBME BbICOKOM
YYBCTBUTENIbHOCTU. DNIEKTPOXMMUYECKME CUCTEeMbl Ha OCHOBe
uutoxpomos P450 He TpebyloT A0pOrocToAwmx KOoPpaKTopos -
LOHOPOB  9N1€KTPOHOB, Takmx Kak NADH wam  NADPH.
JneKkTpoaHanu3 TaKke He TpebyeT npucyTctBua 6enkos -
naptHepos: uutoxpom P450 pepyKkTasbl, uuToxpoma BS.
OCOBEHHOCTbIO  3NEKTPOXMMUYECKMX CEHCOPOB Ha OCHOBe
umutoxpomos P450 sBnsetca MCNonb3oBaHME HAHO3/1IEKTPOAOB
(HAHOCTPYKTYpUPOBaHHbIX  3/MEKTPOAOB)  ANA  MOBbILEHUA
YyBCTBUTENIBHOCTU aHaN3a.

INEeKTPOXMMMYECKMIT BuoceHcop Ha ocHoe CYP2B4 6bin
npeasioXxeH Ana onpegeneHnsa deHobapbuTtana (4OCTUrHYTbIN
Mp0=0.289 uM) - nepsoro nokoseHua
NPOTUBOKOHBY/NIbCMOHHOTO  JIC  npu  anunencuu, KoTopbIn
ABaseTca cybctpatom uutoxpoma P450. [Ona  pa3pabotku
anropuTMa Momcka NoTeHUMasbHbIX CybCTPaToB M MHIM6UTOPOB
uutoxpomoB P450 Hamu 6blIM  MUcCneaoBaHbl  PasAUYHbIE
3/1eKTPOXUMMNYECKUNE MeToAbl. HaHocTpyKkTypnpoBaHHble
30/10TbIMW HAaHOYACTULLAMM 31EKTPOAbI C UMMOBUIN30BAHHbBIMU
uutoxpomamu P450 2B4, 1A2, 3A4, 11A1 (P450scc), P450 51bl
(CYP51) 6blaM uccnenoBaHbl B MpUCYTCTBUKM cybCcTpaToB U (Maun)
MHrMbUTOPOB 3TUX dopm. Ona nccnepoBaHmna
3/1eKTPOAHANIUTUYECKNX XapaKTepPUCTUK MCnosab30Banu
BOJIbTAMMNEPHbIE  OTK/AWKWU 3/1EKTPOAOB, pPerucTpupyembie C
MOMOLLBIO LMKNOBOIbTAMNEPOMETPUN U BOJIbTAMETPUYECKOTO
aHanu3a (KBagpPaTHO-BONHOBOM 7 ouobodepeHUmanbHoM
MMMNY/bCHOWM BO/IbTAMMNEPOMETPUM). CybcTparsl
cooTBeTcTBYOWMX  dopm  umToxpomoB  P450  BbI3biBaOT
CYyWEeCTBEHHOE  MOBbIWEHWe  KaTa/IMTMYECKOro TOKa  npwu
KOHTPO/IMPYEMOM HaNpPAXeHUU, a WMHTUOBUTOPbI HEe W3MEeHST
WUAN CHUXKAIOT MaKCMMasibHble aMNanTyAbl Tokos”. PE3Y/IbTATbI.
Mcnonb3oBaHWe 31EKTPOXMMUYECKUX METOLO0B B COYETaHUU C
HaHOTEXHOIOTUAMM MO3BONAET MUHUATIOPU3UPOBATbL 31EKTPOAbI
M U3MepuTenbHble  YCTPOWMCTBAa  ANA  MOTEHLUMANbHOMO
NPUMEHEHUA B KauyecTBe «nabopaTtopum Ha uune» (laboratory-
on-a-chip type devices), muKpoappaeB M NPodUNAKTUYECKUX
6uoceHcopos (point-of-care biosensors).

BbIBOAbI. [anbHeilwee passuTune MeToA0B
BbICOKOMPOU3BOAMUTENBHOIO MOWMCKA NOTEHLMabHbIX cybcTpaToB
N UHIMBUTOPOB UMTOXPOMOB P450 cBA3aHO C MUHMaTIOpM3aLMeN
M aBTOMaTM3auMel  MNpPOLLeCcCOB, YMEHbLUEHUIO  pacxopa
peareHTOB, BPEeMEHM aHanu3a, CTajui aHanusa, 4yTo B CBOMO
oyepelb, BeAET K CHUXEHWIO CTOMMOCTM WUCCAefoBaHUA.
MpoBeaeHMe  3/1EKTPOXMMMUYECKOTO  aHanM3a  KAUMHUYECKUX
06pasuoB niasmbl KPOBM MALMEHTOB C MOMOLLBIO LIMTOXPOM
P450-aneKkTpofoB B KayecTBe WM3MepPUTE/IbHbIX WMHCTPYMEHTOB
No3BO/IUT NOAYYUTb MHOOPMaLMIo 06 ypOBHE NEKapCTBEHHbIX
npenapatos nNpu  neyeHun, noabope  npenapatos U
uccnefoBaHny B 061actv NnepcoHnGULMPOBAHHOW MeAMULMHDI.
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MaTepuanbl Ha ocHoBe ¢ochaToB KanbUuMA 3aHUMAOT
Bedyliee MeCTo cpeau MaTepuasoB AAA  MeAULMHCKOro
NpoTe3MpOBaHUA, pereHepaumMyM KOCTHOM TKaHW, a TaKXKe Kak
KOMMOHEHTbI CTOMATO/IOrMYeCcKMX npenapaToB. B HacToAwee
BpEMA aKUEHT AeNaeTc Ha MOBbIWEHUN OUOAKTUBHOCTU 3TUX
MaTepuanos, UTO BO3MOXHO B pesy/bTaTe KOMIMJ/IEKCHOM
peanusaumm Tpex B3aMMOCBA3aHHbIX NOAXOA0B:

1. YBenunyeHue ux ynenbHON NOBEPXHOCTM U MPOHMKaIOLLEN
CNOCcO6HOCTU NPU YMEHbBLIEHWUU PAa3MEPOB KPUCTAIUTOB;

2. V3meHeHMe KpUCTanNOXMMMUYECKOW CTPYKTypbl ¢docdaTtos
KanbLua B pesynbTarte moanduumpoBaHus
610COBMECTUMbBIMU MOHAMU;

3. Co3paHve KOMMO3UTHbIX
COOTHOLLEHMEM
dasa.

Peanusaumn Ha npaKkTMKe yKas3aHHbIX MNPeAnocCbIIoK
NoBbIlWEHUA 6BUoNOrMYeckolt akTMBHOCTM GocdaToB Kanbuums
MOET MPUBECTU K COKPALLEHWIO CPOKOB peabunutauumu
nauyeHToB B  MOCTOMEPauUMOHHbIM  nepuog. B Hawwmx
MccAef0BaHUAX OTPaXKeHbl BCE TPM PAacCMOTPEHHbIX NoAxoAa.

Ha ocHoBe pa3paboTaHHOro paHee cnocoba [1] nonyyeHus
HaHOPa3MepHOro ruapoKcuanaTUTa 6ol paspaboTaHa OMbITHO-
NPOMbIW/IeHHana TexHosorua [2] M yCTaHOBKA CUHTe3a ANA
NOJIyYEeHUs1 MPOAYKTAa C BbICOKOM CTEMNEeHbl AUCNEPCHOCTU.
Cnocob no3BonseT nonyvyatb NPOAYKT CMHTE3a B BUAE BOLHOW
MWW CNUPTOBOW CYCMEH3WW, KOAJOUAHbIX PacTBOPOB, MacThl,
NOPOLLKa, rpaHyn, roe arnomeparsbl KpWCTannos
r'MOPOKCHMANaTMTa COXPaHAT HaHopasmepbl (no gavHe 70-150
HM, no wupuHe 5-30 HM). YaenbHasa NOBEPXHOCTb MOPOLIKA
r'MApPOKCManaTnuTa, MONYYEHHOTO B COOTBETCTBUM C [AHHOW
TEXHO/OTMeEN, COCTaBAAET He MeHee 120 m*/r.

Ona  nonyyeHusa moaMoUUMPOBAHHOIO MpoAayKTa 6bina
pa3paboTaHa MeToAMKa CWMHTE3a HaHOPa3MepHOro KPemHUi-
3ameleHHoro rugapokcuanatnta Caio(PO4)sx(SiOa)x(OH)2x  (Six-
rAN), rpe x=0.1-1.5, pasmepbl KPUCTa//IMTOB B BOAHOM
cycneH3umn Takxke He npesocxogAt 100 HM B AnvHY U 20 HM B
WMPHHY. YaenbHasa NOBEPXHOCTb TaKOTO MaTtepuasbl AocTUraeT
210 m’/r.

CozaaHue 61dasHbIX KOMMNO3UTHLIX MaTepuanos FAMN+B-TKO
pasiMyHOro GpPaKLUMOHHOIO COCTaBa MOTYT MCMO/Ib30BATLCA A/1A
NecKoCTpyMHOW 06paboTKM MMMNIAHTATOB; NPOGUNAKTUYECKOW
06paboTKM NoBepxHOCTM 3manu 3yba no metoguke Air Flow.

BaxHbIM  NpMMeHeHMeM  CyCcneH3Wi  HaHOPa3MepHOro
rMAPOKCMANaTTa ABMAETCA UCMONb30BaHNE UX KaK KOMMOHEHTa
3N1eKTPONIMTOB  ANA  GOPMUPOBAHWUA  MOPUCTBIX  KasbLmid-
docdaTtHbIX MOKPbLITUIA Ha TUTAHE W ero chnaaBax MeToAOoM
MUWKPOAYroBOro okcuampoBaHua [3, 4, 5]. Takue KOMNO3uUTbI
obecneunBaloT Kak HeOBXOAMMBIN YpPOBEHb MEXaHUYeCKUX
CBOWCTB MMMNJIGHTaTa, TaK U NOBbILIEHHYO 6MOAKTUBHOCTb 3a cyeT
XMMUYECKOro cocTaBa NoKpbITUaA (bocdaTbl KanbLms, CMeLaHHble
OKCMAbl KanbUusA, TWTaHa M Ap.) M NopucTocTv (Aunametpbl
OTKpbITbIX MOp OT 2 A0 50 MKM B 3aBMCMMOCTM OT COCTaBa
3NeKTpoNuTa).

Takum 0bpasom, B HalWMX UCCNEA0BAHUAX PeaNN3YIOTCA BCe
TPW PACCMOTPEHHbIX NoAXoAa ANA NOBblWEHUA OUMOAKTUBHbIX

MaTepManoB C Pas/iMyHbIM
6uopesopbupyemas/6uopesncTmeHan

CBOWCTB MaTepuanoB Ha ocHoBe d¢ochatoB Kanbuma ana
MeAMLMHCKOTO UCMOb30BaHUA.

1 MameHm 2342319 RU Cnocob ¢opmuposaHus
HaHopasmepHo2o 2audpokcuaanamuma / BonKosHAK H.H.,
WeaHoe M.b., Konobos (0.P., by3os A.A., Yyes B.fl.- dama
npuopumema 14.08.2007; ony6. 30.07.2008

2 HOY-XAY Pezucmpayus Ne3 om 18.12.2009 OnbimHo-
MPOMbIWAEHHAsA ycmaHosKka ona cuHmesa
HAHOKpUCMAnau4yecKko2o sudpokcuaanamuma

3 Konoboe (0.P., py4uHuHa O.A., MeaHoe M.b., Cupoma
B.B., JlazebHas M.A.,.u Op. ®opmuposaHue ropucmeoix
KOMOUHUPOBAHHbLIX BUOAKMUBHbIX MOKpbIMuUli HA MUMAHOBbLIX
cnaaeax BT6 u BT16 memooom MUKPOOy208020 OKCUOUPOBAHUS
// HaHo- u mukpocucmemHas mexHuka. - 2009.- Ne2. - C. 48-53

4 Xpamos [.B., /lazebHas M.A., Konoboe [O.P. u Op.
CmpyKkmypHo-gazossie cocmosHusa MUKPOOY208biX
buoakmueHblx  MoKpsimuli ~ HA ~ HAGHOCMPYKMYpPUPOBAHOM
mumaHe», «Hay4yHole sedomocmu benly. Cepus Mamemamuka.
@usuka», npuHAMo k neyuamu Nel7 (112), evin.24, 2011 2.

5 UeaHoe M.b., /lazebHaa M.A., Konoboe FO.P., Xpamos I.B.,
BonkosHAK H.H., Konoboea E.I. WccnedosaHue Koppo3uoHHoU
cmolikocmu MUKpoOyeosbix Kanbyuli- pocdhamHbix mokpeimuli
Ha mumaHe em 1-0 e 6uonoauveckux cpedax/ «HaHo u
MUKpocucmemMHaa mexHuka». - 2011. - Ne4

P32 NCCNEAOBAHUE ®OPMUPOBAHUA
OBOJIOYKN BOKPYT 30/10TbIX
HAHOYACTUL, NPU NUX UHKYBALIUN C
NAA3SMOM 1 BAUAHWUA TAKUX YACTUL, HA
®OYHKLUMNW KNETOK KPOBU

Aceiues A.B.Z, BekmaH 3.M.2, CKOTHMKOBA O.VI.Z,
A3nsoBsa O.A.z, TBoporoBsa C.A.l, NesuH A.[ L

'oryn  «BHUMO®WU», r. Mocksa, 119361, yA.
O3épHasn, 46, ad_levin@mail.ru

2 Ory «HUM ®XM» GPMBA Poccuu, r. Mockea

B HacToAwee Bpema 3010Tble  HaHo4acTuupl  (HY)
paccmMaTpmuBaloTCA Kak NepCrnekTUBHbIE HOCUTENU ANA afpecHOn
[0CTaBKM NEKApPCTB, a TaKKe B KayecTBe OCHOBbI MpenapaTos
ana  dotoguMHamuyeckon  Tepanuu. [osToMy  aKTyanbHOM
ABNAETCA 3aZaya M3ydeHUa pas/iMuHbiX 3$HEKTOB, CBA3AHHbLIX C
BO34EeMCTBMEM 3TUX YacTUL, HA opraHu3m. CneayeT OTMETUTD, UTO
6uonornyeckas akTMBHOCTb HY MO OTHOLWIEHUIO K KneTKam u
TKaHSAM OpraHM3mMa BO MHOrOM onpezenserca ux 060/104Kon, 1, B
YacTHOCTH, 060/104KON M3 6enKoB M UNUAO0B  MAA3Mbl,
dopmupytoLLeiica BOKpYr HUX Npu nonagaHum HY B KpoBsb.

B pamkax AaHHOW paboTbl usyyanuch: 1) AvHamuKa
n3meHeHus pasmepa HY npu ux MHKybauum B pasbasneHHom (3
6%-HOW) Nnasme U onpezesieHne BpeMeHW, Heobxoanmoro ans
ero crabuausaumu. 2) savAaHve Ha ALP-UHAYLMPOBAHHYIO
arperaumio (ALP-AT) TpombouuTos (TL,) HY ¢ npeanHKybaumel B
nnasme KpoBu u 6e3 Heé. 3) BauAHMe HY 30n10Ta Ha remonus m
arperauuto apuTpoumTos (3L). 3) 6Guonoruyeckoe aencrene HY
30/10Ta Ha yHKLMK 3L, in vitro.

Matepuanbl M metoabl uccnegoBaHuAa. B pabote
ucnonb3osBanu 3osno0tble HY (British Biocell International,
Benunkobputanusa) ¢ guametrpom 30 1 60 HM, UUTPATHYIO KPOBb
3[,0pOBbIX AOHOPOB, PUALTPLI ANA naasmbl 0,2 mkm (Millipore,
CLUA), peaktusbl pupmbl Sigma (CLUA). M3mepeHune pasmepa HY
NpoBOAMAN METOAOM AUHAMUYECKOro paccesHuAa cBeTa C
nomouwblo  aHanmsaTopa Zetasizer Nano ZS (Malvern,
BenukobputaHua), npu yrne paccesHus 173. W3mepeHue
arperaumm TU v 3L, npoBoAnAKN Ha ABYXKaHA/JIbHOM arperomeTpe
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Buona /1A-230 (Buona, Poccus). UccnemosaHue arperaumm TL,
nposoguau yepes 5 n 30 muHyT nocne pobasnenua HY K TLL.
MN3mepeHue NpoBoAnaM Npu KoHLeHTpauumn ALD 2 n 5 mkM.

Pe3ynbTaTbl U Ux 0bcyxaeHue. 1) 3aBUCMMOCTb OT BPEMEHU
rMapoaMHaMmuyeckoro auvameTtpa Dy 30/10TbIX HaHoYacTul, C
HOMWHaNbHbIM AnameTpom 30 HM B 3% nnasme npveegeHa Ha
puc.l. BugHo, uyto B TeyeHue nepsbix 15-20 muHYT nocne
rnomelLeHuUa HaHovacTuy, B niasmy Dy Bo3pacTaeT npMmepHo B
1,5 pa3a, ¢ 40 go 60 Hm. Hanbonee BepOATHON NPUUYNHON TaKOro
BO3pacTaHua ABnAeTcA obpasosaHne 060NOUYKM BOKPYr 30/10TOM
HY.

2) Ona uccnegoBaHun  arperaumm  TU, u 3L, 6blan
MCnosb30oBaHbl Kak HY, npeaBaputenbHo MHKYOMpoBaHHbIe B 3%-
HOM nnasme B TedeHune 20 MMH, Tak U wucxogHble HY (6e3s
npeaBapuTenbHoW WHKybauuu). Ons npeguHrybuposaHHbix HY
pvametpamn 30 M 60 HMm, ycTaHOBNEH addeKT cHUKeHna AL P-
AT, 3aBUCAWMI OT 403bl YacTUL, M BpemMeHU MHKybaumm HY ¢ TL,
3ddekT cHMKeHus ALD-AT 6onee BblpaxKkeH NPU KOHLEHTpauum
2 MKM A[1®. MokKasaHo, Yto aobasneHne HY amamerpom 60 HM
K TL, B KoHUeHTpauuu 5 MKM u 40 MKM (no 3onoty) "
MHKybaumsa c TL, B TeyeHne 30 MUH BbI3bIBalOT CHUXKeHWe ALD-
AT, cooTBeTcTBEHHO, Ha 10% u B 2,5 pasa no cpaBHeHUIO C
KOHTpOAbHOM Npoboli, B KoTopyto HY He aobasnanuce.
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[nAa cpaBHeHWA: Npu MHKy6auumn HY ¢ TL, B TedyeHne 5 MUHYT
aHanornMyHoe CcHuKeHue coctasnsetr 3% wn 30%. Ona HY
ovametpom 30 HM TaKKe MOKA3aHO CHWXKeHWe arperauumn
TPOMBOLMTOB, HO B MEHbLLEW CTeneHn. B Toxe Bpems ulyyeHue
AO®-AT npu pobasneHun ucxogHbix HY guametpom 30 HMm
0b6HapyXuno A030-3aBUCUMYtO0 akTuBaumio TLL. MpumeyaTensbHo,
4YTo Haubonee BblpaKeHHbIN 3bdeKkT akTMBaumm ALP-Ar
Habnoganca npu 5 MKM AP u pgocturan mMakcumyma npu
MHKY6aumm HY c TLL B TeyeHune 30 MUHYT.

3) WccneposaHue arperaumm  dl,  MHAYUMPOBAHHbIX
MOJIOYHOM KucnoTol, B npucytcteum HY nokasano, yto HY
AnameTpom 60 HM He OKasblBalOT BIMAHMA HA 3TOT npotiecc, a
HY auametpom 30 HM OBHapPYKMBAKOT TEHAEHLMIO K CHUNKEHUIO
arperaumm 3.

4) UN3yyeHune sauaHuAa HY Ha remonus 3L, nokasano, 4to
cTerneHb OCMOTMYECKOTO U CBOBOAHO-pafMKaNbHOrO remosvsa
He 3aBUCKUT OT NpucyTcTuA HY B MHKybaLmMoHHOM cpese.

BbiBoabl: 1). Mpn nHKy6aumm 3010Tbix HY 30 HM ¢ 3%-Hol 1
6%-HOW NNasmol MNPOUCXOAMT  33aBUCMMOE OT  BPEMEHM
yBenunyeHne pasmepa HY, 4TO, no-BMAMMOMY, CBA3AHO C
dopmupoBaHmem Bokpyr HY 0607104KM M3  KOMMOHEHTOB
nnasmbl. ONTUMaAbHbIM AAA  3KCMEPUMEHTOB C KaeTKamu
ABAAETCA BPpeMA MHKy6aumm - 20 MuH. 2). MpeanHKybMpoBaHHble
c nnasmoit HY He BAMAIOT Ha remonu3 U He YCWIMBAOT
arperaumto  dU. 3). [JobasneHne npeanHKybupoBaHHbIX HY
3o0n0T1a 30 n 60 Hm K TL, B oTAanume oT ncxogHbix HY npnuBogAaT K
CHUXKeHuto ALD-AT.

Takum o06pasom, HawK HabnAEHUA YKas3biBalOT Ha
OoTHOCUTeNbHYlD 6urobesonacHocTb npumeHeHus HY 3onoTa,
npeaBaputesibHO 06paboTaHHbIX NAa3MoN, B KayecTBe CpencTs
ONA  [OCTaBKM NEKapCTB M CPeacTB AMArHOCTMKM, a TaKxkKe
npenapaTtoB Ana GoToAMHaAMUYECKOM Tepanuu.
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P3 3 CUHTE3 MPUBUTOIO COMOJIMMEPA
XUTO3AHA C NOJIMBUHUIOBBIM CIMUPTOM,
MOJIYYEHHOIO TBEPAO®A3HLIM
METOA0M N HAHOBO/IOKHUCTBIN
MATEPWAT HA ETO OCHOBE
JlecHakosa J1.B. 1, CoHuHa A.H. 1, YepHbiweHko A.O. z,
Aronosa T.A. %, Buxopesa I"A. *,3eneHeuknii AH.2
! Mockosckuit rocyapCTBEHHbIN TEKCTUNbHbIN
yHuBepcuTeT um. A.H.KocbirmHa, Poccuna, Mocksa,
117091, yn. Manasa Kanyckas, 4.1,
kolaevalv@gmail.com
2 WHCTUTYT CUHTETUYECKMX MOMMEPHbBIX MaTePUaNoB
mm. H.C.EHMKononoa PAH, Poccua, Mocksa, 117393,
yn. NpodcotosHas, a4.70

PassutTMe MWMPOBOIN 3KOHOMMUKM BO MHOFOM CBA3bIBAIOT C
OOCTUMKEHNAMM " nepcnexkTMBamm HaHOTEXHONOTUI,
obecneunBalowmx Cco3gaHWe MaTepuanoB M CUCTEM C
PEeKOPAHbBIMU KOIMYECTBEHHBIMU UAN NMPUHLMNUANBHO HOBbIMMU
KauyeCcTBEHHbIMU  XapaKTEPUCTUKAMU. OaHOMW U3 TaKuX
TEXHO/MOTUIA  ABAAETCA npouecc  aneKkTpobopmoBaHus
NONMMEPHbIX BOJIOKHUCTbIX MaTepuasnos, OT/IMYAIOLWMKIACA OT
apyrux cnocobos $HOpPMOBaHUA, BO3MOMKHOCTbIO MOMyYEHUA
CYNnepTOHKMX (HaHOpa3mepHblX) BOMOKOH. B HacToswee Bpems
onucaHbl MPOLECChl 31eKTPoPOPMOBAHUA HAHOBOJIOKOH U3
NOAUBUHUAXN0PUAA, NOAUBUHWNOBOTO cnupTa,
NOAN3TUNEHOKCUAQA, NOINKANPOIaKTOHa U ap. HecmoTpa Ha To,
YTO Ha NPOTAMKEHWUWU MOC/NEeAHUX HECKONbKUX /IeT YUCIO CTaTel,
MOCBALLEHHbIX 3/1eKTPOPOPMOBAHUIO, YABAaNBAETCA Kaxabli rog,
npouecc ele He Halen [OCTaTOYHOro TeopeTUYecKoro u
3KCNEPUMEHTaNbHOrO 060CHOBaHUA. [NA ero NpoMbILNEHHOTO
0CBOEHMA HeObXOAMMO NPOBOAUTbL MHTEHCUBHbIE UCCIe0BaHUSA,
MUCNONb3yA, B TOM YMUC/IE, XWUTO3aHCOAep:Kalue maTepuans,
nepcneKkTuBHble ans buomenLMHCKOrO NPUMeEHEeHUs.
MHHOBaUMOHHO npvBAEKaTENbHbIMU ABnATCA TaKxe
6e3pacTBOPHble  TEXHONOTMM, B TOM UMUCNE TEXHO/NOTUU
NONMMEPHbIX CMecelt M HaHOKOMMO3UTOB, NpPeuMMyLLecTBaMmu
KOTOPbIX ABNAKOTCA YNyYLEeHHble 3KoNornyeckune "
9KOHOMMYECKMe MOKasaTenn W BblcOKaa 3PpdEeKTUBHOCTb Mpu
MOAMOUUMPOBAHUM  MPUPOAHBIX MOJMMEPOB  LEAN0N03bl U
XUTUHA, He pacTBOPAIOWMXCA B AOCTYMHbIX PacTBOPUTENAX.
MpoTekaHWe peakuuit B TBEpPAbIX CMecAx, B TOM uucie
moauduuMpoBaHMe MNOAMMEPOB B  YCNOBUAX COBMECTHOrO
BO3AENCTBUA [aBNEHWA U cABura, 0OYC/NOBNEHO CHATUEM
OMOPY3MOHHBIX  OTPaHMYEHUI  MOABUMNKHOCTU  LUenern K
pearvpylowmnx rpynn B pe3yabTaTe M1acTUHECKOro TeyeHua
peakuuoHHoM cmecn [1]. TokasaHHas paHee BO3MOXHOCTb
TBepaodasHoro L,e3aueTUIMpPoBaHNA XWUTUHA "
NoAuBUHWMNALETATa M MOAYYEHUA, COOTBETCTBEHHO, XMTO3aHa U
nonusuHunosoro cnupta (MBC) [1,2] w ycTaHOBAEHHblE
32aKOHOMEPHOCTH npoTeKkaHuA yKasaHHbIX npoL,eccos,
No3BOIMAN NPEANO/IONKUTb, YTO ANA TBEPA0Pa3HOro NonyvyeHus
NPUBUTBIX CONOAUMEPOB XUTO3aHa M MBC uenecoobpasHo Ha
nepBoOi CTagMu NPOBOAUTDL Ae3aLeTUIMPOBaHMe XMTHHa npu 180
oC Bo3geicTBMem 4-5 Mmosib e4KOro HaTpa Ha MOHO-MOJIb XUTUHA,
a 33aTeM K MNO/YYEeHHOM peakUMOHHOW Mmacce [06aBAATb
NOAUBUHUANALLETAT M MOBTOPHO 3KCTPYANPOBaTb cmech npu 60 2C.
O4YMCTKY NPOAYKTa NPOBOAMAM SKCTPAKLMEN CMeCblo STUnaLeTaT
— CNWPT - BOAA U 3/1IEKTPOANANNZOM A0 NOSHOr0 06eccoNnBaHus.
[okasatenbctBom  obpa3oBaHuA cononvmepa  ABAAeTcA
nosegeHve NOSIMMEPHON CUCTeMbl B pacTBope, Npu 3TOM B
usyyaemon cucteme ¢pakumu, O0DOralleHHble XUTO3aHOM,
pacTBOPAIOTCA B KUCAbIX BOAHbIX cpegax ¢ pH < 4 (98 mac %
XWUTO3aHa) uaun xonoaHol soge (50 mac % xuTo3aHa), a dpakumm
c 6onbwum cogepaHuem MBC (85 mac %) pactBopsioTcA B



ropayeit Boge. Kpome TOro, GakT NpuMBMBKM MNOATBEPKAEH
[aHHbIMM CMEKTPOCKOMUYECKMX uccnepoBanuit dpakumii (UK-,
AMP-cneKTpocKonus), B TOM Yncae Nocae UX AONOAHUTENBHOMO
pasgeneHna Ha KaTMOHWTe. PacTBOPMMOCTb  MOJYYEHHbIX
COMO/IMMEpPOB B BOAE MNPU HEWTPasbHbIX 3HayeHusx pH B
OTCYTCTBME MNPOTOHMPOBAHWA €ro amMMUHOrpynn pacwmpseT
BO3MOHOCTW UCMO/1b30BAHMA AaHHbIX NPON3BOAHbIX XMTO3aHA B
6MoMeaANLMHCKMX  06/1acTAX, a BO3MOMHOCTb  MOJyYEHUA
[OCTaTOYHO KOHLEHTpUpoBaHHbIX (10-15 %-HbIX) pacTBopoB
nossosseT nepepabotatb WX B HAHOBOJIOKHUCTbIA MaTepuan
MeTo4,0M 3N1eKTpodopmoBaHua [3].

dopmoBaHue npoBoAuAn Ha ycTaHoBke Nanospider ¢pupmbl
ELMARCO npu BnaxkHoctu Bo3gyxa 40 %, temnepatype 20°C u
Hanpsa)KeHUn 3snekTpudyeckoro nona 35 - 45 KB. BbibpaHHble
yCN0OBMA  MO3BOMIMAW  BbIWTM  HA  CTabW/bHBIN  pexum
CTpyeobpas3oBaHus U 31eKTPOGOPMOBAHUA HAHOBOJIOKOH (CMm.
pUcyHoK) ¢ anameTtpom 50-100 Hm Ana 06emx BoAOpPacTBOPUMbIX
dpakumit cononnmepos xmTosaHa u MNBC.

[~ pr_ S
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P34 OEPMEHTATUBHOE PA3AENEHUNE
MHOITOKOMMNOHEHTHbIX MUKPOYACTUL, C
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noanMneENTU40B
MapuyeHko W.B. 1'2, AweHok A.M. 3'4, bopoanHa T.H.l,
bykpeesa T.B.l’z, MnotHukos I'.C. 5, CkupTtay A.T. 4
! YypexgeHne Poccuinckon akagemnm Hayk UHCTUTYT
Kpuctannorpadum um. A.B. LLly6HMKoBa, MoCKBa,
119333, JleHuHcKui np. 59, iramarchenko85@mail.ru
HaupoHabHbIM UCCNeA0BaTENbCKIM LEeHTp
KypuyaToBCcKMIA MHCTUTYT, MOCKBa
* CapaToBCKMIt rocyAapCTBEHHbINM YHUBEPCUTET,
baKyNbTeT HAHO- U BUOMEANLMHCKUX TEXHONIOTUIA,
Capartos
4 MHcTuTyT Makca MnaHka Konnomaos u
uccnenoBaHuA noBepxHocTel, Fonbm, Fepmanus
> MOCKOBCKMIA rOCY4apCTBEHHbIN YHUBEPCUTET UM.
M.B. JTomoHocoBa, MocKBa

MoNN3INEKTPONUTHbIE Kancynbl, dopmupyemble
nooyepeaHo agcopbumeinnt MPOTMBOMOMIONKHO  3aPAMEHHbIX
MO/IM3NIEKTPOIMTOB HA KOMIOUAHbIE YACTMUbI, MEPCMEKTUBHbI
ans npumeHeHus B KayecTBe MMKPOPEaKTOPOB,

MMUKPOKOHTEHepoB W ceHcopoB [1]. MHOroKoMmnoHeHTHble
Kancynbl, T.e. HECKONbKO Kamncys, COeAUHEHHbIX Mexay coboi,
MOTYT MPUMEHATLCA AN OA4HOBPEMEHHOMN A0CTaBKM HECKONbKMX

BELEeCTB, a TaKKe B KayecTBe CEHCOpOB, Korga B OAHOM
HocuTene ObGbeAMHEHbl Kamncy/lbl C CEHCOpaMM Ha pasHble
BewectBa [2]. [ONA NpUMEHEHWUI TaKUX Kancyn B KavecTse
BHYTPUK/IETOUYHbIX CEHCOPOB BAXXHO OTAENATb APYyr OT Apyra
4YacTM MHOrOKOMMOHEHTHOM Kancynbl. B pgaHHOW paboTe ana
Takoro oTaeneHus 6b110 npeasioXKeHo pacwennatb
610pa3NoKMMY0 060104KY U3 MOAMNENTUAOB MOA AeWCTBUEM
depmeHTa.

Bbln nosyyeHbl MHOTOKOMTMOHEHTHbIe YyacTuubl,
cbopMMpPOBAHHbIE U3 MWMKPOYACTUL, AMOKCUAA KpPemHua ¢
pnametpamn 4.8 n 0.58 MKM, MOKPbITbIX MOAUSNEKTPOSUTHOMN

obonoukoin, nosly4yeHHoOn Yyepegytoulerica aacopbumeit
NPOTMBOMOJIONKHO 3aPSAXEHHbIX MOANMOHOB [3]. BHyTpeHHAn
yactb 060/104KM  Bblla  06pasoBaHa W3 CUMHTETUYECKUX

NO/IMSNEKTPONIUTOB, @ Hapy:xHaa — U3  BMOPas3NONKUMBIX
nonvnentTuaos (puc. 1a). BHewHne yacTuubl agcopbuposany Ha
BHYTPEHHME 3a CYeT 3/1eKTPOCTAaTMYECKOro B3aMMOAENCTBUA
NPOTUBOMNO/OXKHO 3aPAMKEHHbIX HAPYMKHbIX MOSMINEKTPONUTHBIX
cnoes.

[ns pasgeneHvs YacTuu, UX NoABepranv BO3AEUCTBUIO
npoHasbl. [oNHoe oTAeNeHMe BHELWHMX YacTUL, OT BHYTPEHHUX
Habnoganock Yepes 30 MUHYT MHKyBauum B pacTeope pepmeHTa
(puc. 16).

Puc. 1. M306parkeHnsa MHOFOKOMMOHEHTHbIX Kancya 4o (a) u
nocne (6) BosaencTena pepmeHTa (KOHPOKaNbHasA CKaHUpyoLwan
bnyopecueHTHaA MUKPOCKONKA).

[NnA v3yyeHUs CKOPOCTU paspylleHusi 060/104KN Bblin
nosyYyeHbl MOJble Kancynbl, COCTOAWME W3 NOAMNENTUAOB,
KOTOpble 3aTeM WHKyBMpOBanu B pacTBOpe MpoHasbl. bbino
NOKa3aHo, 4YTO Bpems paspyweHusa 060104KN depmeHToOM
MOHO KOHTPOJIMPOBaTb YUC/IOM MOJIUI/IEKTPO/IUTHLIX C/IOEB U
KOHLEeHTpaumen pepmeHTa.

Jlutepartypa.
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P3 5 AJPECHAA JOCTABKA HAHOJIEKAPCTB U
MPOB/IEMbI EE BHEAPEHUA

MartyeHko E.A.
locyapCTBEHHbIM YHUBEPCUTET yNpaBAeHUs, .
MockBa, PasaHckuii np., 4. 99,

elens2001@mail.ru

HaHomeauumMHa ecTb He 4YTO MWHOE, KaK MNpUMeHeHue
HaHOpPa3paboToK B MEAMUMHCOKI cdepe BO3JENCTBUA Ha
yenoseka. ApgpecHas [0CTaBKa /IeKApCTB K  MOParKEHHbIM
yyacTkam Tena nauueHTa, ABAAETCA MNOKa elle He A0 KOHUa
M3y4eHHOW, HO Becbma MNepPCrneKkTUBHOM paspaboTkoi ana ee
OanbHeNLWero passuTUA U BHEAPEHUS B 34paBOOXPaHEHME.

CTOWT 3aMeTUTb, YTO MMEHHO NMPUMEHEHUE HAHOTEXHOOTUM
B MEAMLMHCKOM CEKTOpe Bbi3blIBAaeT Maccy COMPOTUB/EHMI CO
CTOPOHbI, KaK Hay4HbIX KPyr, TaK WU rocyAapCTBEHHbIX OPraHos.
MpuunHbI TOMYy Ccrefylowme: UccnefoBaTeny CTaBAaT BO [/1aBY
yrna 6e3onacHocTb YesoBEKa MNPU HEMMEHUM [0CTaTOYHOro
KO/IMYECTBa  CPeacT8  A/fA  NPOBeAEeHMs  MOJIHOLEHHbIX
K/IMHUYECKMX UCMbITaHWIA, KOTOpble B CBOKO ovepenb He crnellaT
dUHaHCUPOBaTb HU FOCYAAPCTBEHHbIN annapaT M3-3a onaceHus
NOHWXKEHWUA YPOBHA rOCYAapCTBEHHOIO BIOAMKETA U HAXOXKAEHUA
NPOBEPEHHbIX, XOTA W YCTapeBLWMUX MECT NPUIOKEHUA KanuTana,
HW YacTHble npeanpuHUMAaTeNu, onacarolmecs HefonosyYuTb
npubbiNb [OTUPOBaTL CTO/Ib PUCKOBOE NPeanpuUaTHE.

Mpobnema Heno0bUHaHCUPOBaHUA MCNbITaHWM Ha
HaHOYpOBHe He eAuHCTBeHHas. OTMeTUM ele U HeXenaHue
BBOAMTb MWHHOBaUMW U3-3a o0bOpeyeHusi, Takum obpasom,
npeablaywmx — paspaboTok, OT  KOTOpbIX nosy4atorca
KonoccanbHble NpubbILIN.

Cnegylowum cTonopom nporpecca B MeAuuuHe ABAAETCA
No3nUMA MHOTMX PasBUTbIX CTPaH C TOYKM 3pEHUs CcTpaTeruu
OUHAMUYECKOro HaBepCTbiBaHUA. TO ecTb CTpaHbl He MAyT Ha
OCO3HAHHbIA PUCK C LENb0 MEePeHUMaHUs TOJbKO NULb
MOJIO¥KUTENBHOTO OMNbITA Y CTPaH-NEPBONPOXOALEB.

KacaTenbHo Poccwiickoi depepaunm MOHO c
YBEPEHHOCTbIO KOHCTaTUMPOBATb, YTO MUCXOA4A M3  Hay4HbIX
334,€/10B, UMEILWUXCA B CTpaHe, 6b110 6bl BO3MOXKHO M3bpaTb
CTpaTervo Hay4YHO-TEXHUYECKOTO IMAEPCTBA B IAHHOM CETMEHTE
NPV YCI0BUU UHTETPALMKN YCUANI PA3IUYHbIX 3aUHTEPECOBaHHbIX
WMHCTUTYTOB, TaKMX KaK [OCyAapcTBO, BeEHYypHble QOHAbI,
Npou3BOACTBO, HayKka, obpasoBaHue B OAHY WMHHOBALMOHHYIO
cuctemy. Ha AaHHbIA Nepuog, BpeMEHU, K COXKaNeHUio, NpoLecc
pa3BUTUA HAHOTEXHO/OTMIN B POCCUU MPOUCXOAUT Med/IEHHbIMU
TEMMNamMm.

KOHKYPEHTHbIE NMPEMMYLLECTBA U HEOOCTATKU
OPTAHU3AUNA HAHOWHAYCTPUM PO
. T ¥ ) | C ¥ .
Iy O 17% -l =a
5 -|--—~--:-;:-\.: 1k | .
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P 3 6 ATPEFATUBHASA YCTONYMBOCTb

HAHOKOMMNO3UTOB FE@C

MuHWH A.C.l, Bbizos U.B.? , Epmakos A.E.z, YUMUH
M.A.%, Mblicuk A.A2

1 TOYBMNO YIMA Poc3apasa Poccuu, r.EkaTepuHbypr,
620028, yn. PenuHa 3,

2 NHCTUTYT dn3mKkn meTannos YpO PAH,
r.EkaTepuHbypr,

E-mail: calamatica@gmail.com

HaHokomnosut Fe@C nonyyeH rasopasHbiMm meTogom [1] u
aBnaeTca nepcneKkTUBHbIM HaHOMaTepuanom ona
brMomeanUMHCKOro npUMeHeHuns [2]. HaHouacTuubl
npeacTaBastooT coboit CTPYKTYpY—
aapo(xkeneso)/obonouka(yrnepop,). JT10T HaHomaTepuan
aBnaeTca $eppomMarHnTHbIM " obnapaer 6onblei
KOPPO3MOHHOW YCTOMUYMBOCTBIO, YEM UMCTOe »Keneso WU ero
OoKCUAabI.

OAHO M3 nN/aHWMpyeMmblX MNPUMEHEHWH  gna  3Toro
HaHOKOMMO3WUTa — MCMO/Jb30BaHWE ero B KayecTBe TapreTHoro
AMAarHOCTUYECKOro  MY/IbTUMOLANbHOFO  areHTa,  KoTopbli
npeanonareTcs BBOAMTb B KMBOW OpraHuMam cuctemHo. [lo
AaHHBIM  9/1EKTPOHHOW  MWKPOCKONUW  AMAMETP MOAYyYEHHbIX
yactuy, Haxoautca B npegenax 10-20 Hm, 3TOT pasmep
[OCTaToueH A/a TOro, 4YTobbl YacTUUbl LMPKY/IMpOBaAn B
KPOBOTOKE, 04HAKO MPW NOMELLLEHUWN YacTuUL, B BOAHbIE pacTBOPbI
BbIAACHW/IOCb, YTO YacTWULbl arperaTMBHO HEeyCTOMuYMBbI WU
06pasyloT  KpynHble arperatbl, BUAMMbIE HEBOOPYXKEHHBIM
rNasom, YTo HeJONyCTUMO cornacHo TpeboBaHUAM MuH3apaBa
P® [3]. Takum obpasom, npu paboTte ¢ HaHOKOMNo3nTom Fe@C
6o/iblIOEe BHMMaHWe crepyeT yAeNATb ero arperaTMBHOM
YCTOMYMBOCTU.

Hanbonee pacnpocTpaHeHHbIMM MeTodamu CTabunusauuu
HaHoYacTUL, ABAAETCA MPUMEHEHME MOBEPXHOCTHO aAKTUBHBIX
Bewects (MAB), uan e co3gaHMe Ha MOBEPXHOCTU YacTuL,
CUNBbHOTO  (NONOXKWUTENBHOIO WAW  OTPULATENBHOTO) [A3eTa-
noteHumana. B Hawei paboTe 6bIM paccmoTpeHbl 0ba BapuaHTa
cTabunusauuu.

B KkayectBe ctabunusupytowero MAB 6bin Bbi6paH DSPE-
PEG2000 (Lipoid GmbH, Germany), KoTopbli sBnseTcA
6MOCOBMECTMMbIM U ObBecneymBaeT  BbICOKYK CTabuabHOCTb
ancnepcHbix cuctem  [4]. MNpu  mucnonbsosaHum 3toro [AB
cpegHUn pasmep arperatoB GUKCMPOBABLUMXCA B AMUCMEepCUn
HaxoauTtca B pavioHe 100-150 Hm (M3mepeHWe NpPOBOAWMNOCH
metogom DLS Ha npubope Zetasaizer Nano-ZS). [Mpu
LEHTPUPYrMPOBAHUN U ANUTENbHON YAbTPa3BYyKOBOM 06paboTke
yZanocb fobuTbeca cpesHero pasmepa okoso 50 Hm.

Ona  npuaaHua nNoBEpPXHOCTM oOnpefenéHHoro 3apaga
nprMMeHAnachb dyHKUMOHaNM3auma NOBEPXHOCTH c
MCNO/Nb30BAaHNEM apPU-AUA30HUEBBIX COEAEHEHWNA.

B  pesynbtate  6blIM  MONy4eHbl  HAHOKOMMNO3MWTHI,
cofepKalime Ha NOBEPXHOCTM KapbOKCU-rpynny WAM amuHoO-
rpynny. [13eta noTeHUManbl COOTBETCTBHHO cocTasuau -40 mB un
+35 mB. CpepgHuii pasmep 4actTuy, CTabuamM3MpoBaHHbIX
NoCpesCTBOM KOBANEHTHOM moaMoMKaumMu He npesbiwaer 150
HM.

Takum obpasom, B xoae paboTbl OblM  paspaboTaHbl
pasnuyHble MeToAbl MOBbLIWEHWUA arperaTMBHOM YCTOMYMBOCTU
HaHoyacTuy, Fe@C, KOTOopble MOMHO WCMONb30BaTb ANA
NPUroTOBNIEHUA  AWUCMEPCUM, NPUTrOAHbIX ANA  CUCTEMHOrO
BBE/ZIEHMSA B }KMUBOW OPraHu3m.

Bolpaxcaem 2ayboKyro npusHamenbHocme (poHoy POOU 3a
puHaHcosyro noddepxcky (MpaHm Ne 10-02-00323a).
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B LleHTpe «Buotect-HaHo» (aTTecTaT akkpegutaumm POCC
RU.0001.22HHO07 ot 16.02.2010) UccnenoBaHa YyBCTBUTENbHOCTb
33 BMA0B TECT-OPraHNM3MOB Pas/IMYHbIX CUCTEMATUYECKMX FPyNM B
coctaBe 740 TecT-cMcTeM K pasHbIM BMAAM  TeXHOTEHHbIX
HaHouyacTuy, (nNnaTvHa, HUKeNb, OKCUAbl METanNNoB, Kapbug u
HUTPUA,  KPEMHWUA, HAHOTPYOKWM, MONMKOMMOHEHTHblE U
HaHOCTPYKTYPUPOBaHHblE ~ HaHOMaTepuanbl) B LUMPOKOM
AvanasoHe KOHUEHTpauui 1 pasmepoB. AHanuM3nposanu
6103 deKTbI BOAHBIX AUCMEPCHbIX cUcTeM HaHovacTuy, (AC HY).
Hanbonee BbipaxeHHble ToKcuueckme 3ddektol AC  HY
NPOABAAANCL B AMana3oHe KOHLUEHTpaLui, 61M3KOM K TaKOBbIM
B npupogHoi cpege (1,0 — 0,00001 mr/n). OgHUM U3 KpUTepues
oTbopa TEeCT-OpraHM3MoB ABAANIOCL WX  Ha/JWuMe B COCTaBe
NUWEBbIX Lenel arpo- M akKBaTeXHONOrMM MPOU3BOACTBA
NULLEBLIX MPOAYKTOB. BBeaeHMe HaHovacTUL, B COCTaB
KY/IbTUBALMOHHBIX cpej, B BONbWIMHCTBE C/yYaeB He NPUBOAUIO
K rmbenn TecT-OpraHM3moB, HO BbI3bIBAO  CeEpbe3Hble
HapyweHua wux @uU3MOoNOrnYecknx OGyHKUMIA U noBeaeHuA:
pa3HOHanpas/eHHOe M3MEHEeHWe CKOPOCTU pOoCTa KOMOHUU WU
meTabonn3ma HECKONbKUX BUAO0B MOYBEHHbIX BakTepuit  (poa
Pseudomonas u poa Bacillus), u3meHeHWe KUHETUYECKMX
napameTpoB pocTa M NOAABAEHUE CMOPOHOLIEHUA MOYBEHHbIX
rpubos (pos Trichoderma, Heckonbko BWAOB), W3MeHeHUWe
CKOpOCTM npupocTa Mmaccbl xnopennsl Chlorella vulgaris B.,
HapyweHue buocuHTesa xnopodunnos a, b un KapotmHonzos y
pa3HbIX BUAOB BbICLIMX pacTeHwit (packu Lemna minor, daconu
Phaseolus vulgaris # nweHunupl Triticum aestivum), nosbiweHne
coflepKaHWA amapaHTMHa B TKaHAX amapaHTa Amaranthus
cruentus, M3MEHeHWe  3Hepruv npopacraHus cemsH
Ce/bCKOXO03AUCTBEHHbIX pacTeHuid (oBca Avena sativa, nweHuupl
Triticum aestivum, TomaTa Lycopersicon esculentum, sumeHs
Hordeum vulgare, daconu Phaseolus vulgaris n pegbku Raphanus
sativus), HeraTMBHbI XemoTaKcUC MWHPy30puii  Paramecium
caudatum, nageHvie TPOGUYECKOWN aKTUBHOCTU W MIOL0BUTOCTU
BUCNOYCbIX paykoB AadHuit Daphnia magna u uepuoaadHuii
Ceriodaphnia affinis, nameHeHue ckopocTn passutna pbi6 Danio
Rerio u Cyprinus carpio.

AHanus pe3ynbTaToB  BbIABUA  pAfd  ocobeHHocTel
npoasneHuna 6uoapopexros HY.
1) OTcyTcTBME MOHOTOHHOM 33aBUCMMOCTM NPOABAEHUA

TOKCMYECKMX CBOMCTB HaHOMaTeEPManoB OT UX KOHLUEHTpauun B

cpene obuTaHun TeCcT-opraHM3mos (makcumansHasn
BbIPA*XEHHOCTb 61M03bPeKTOB B AManasoHax KOHUeHTpauwmi 1,0-
10,0 mr/n u 0,001-0,00001 mr/n). [aHHas 3aKOHOMEPHOCTb
MOXKeT ObITb CBfi3aHa C Pa3/NUYHBLIMKU PACCTOAHUAMMU MEXKAY
HaHOYaCTULLAMM B CO3/aBaeMbIX AMUCMEPCHbIX CUCTEMAX U C UX
pasHol 6MOAOCTYMHOCTBIO B CBA3M C MPOLLEccammn arperaumu u
ceMMEHTaLMOHHOM 3NUMUHALMUN.

2) HenuHelHyo CBA3b BblpaXKeHHOCTM 6uoaddekToB co
CTEeneHblo AMCMNEPCHOCTM, YTO MOXKeT 6biTb 0bycioBneHo
aKTUBaLMel pasHbIX MeXaHWU3MOB MPOHUKHOBEHUA HAHOYACTUL, B
61006BEKT.

3) OTHOCUTE/IbHOE COXpPaHEeHWEe XMMUYECKON crneundnyHocTH
OeNcTBMA  BelLecTB B HAHOCOCTOSIHUM, CBA3aHHOE C
NoBbILLEHHbIM 06pa30BaHMEM MOHHbIX GOPM B HaHOAUCNEPCUAX.

4) 3aBMCMMOCTb TeCT-pekumii oT crnocoba dopmupoBaHus
TecT-cucTem.

5) Bugo- "
61oadpdekTos HY.

OTcyTcTBME
HEOAHO3HAYHOCTH
buoTecTMpoBaHus
HaHOMaTepuanos:

1. Pasnunuuma B TexHonormm npobonoarotToBKu
a) KoHueHTpauum AC HY B Tect-cuctemax 6e3
BO3MOHOCTM CYLLLEeCTBOBAHUA B MPUPOLHBIX YCNOBUAX

6) MHTEHCUBHOCTb M ANMTENIBHOCTL AUCTIEPrUPOBaHUA

B) Crabuamsauma [AC HY wu  oueHKka 3bdeKkTUBHOMN
KOHLIeHTpaLun 3a Bpems aHanu3a

2. Pa3nunuua B npoBeseHUM bMOTeCTUPOBAHUA

a) CoctaB aHcambn1a TeCT-opraHN3MoB

6) Ucnonb3yemble TeCT-peakLmm

B) Npoueaypbl 6UOTECTUPOBAHMA

3. Pasnnuma B oueHKe pe3ynbTaTos
a) PasnnumMa  TOKCMKONIOTMYECKOM U  3KOTOKCMKONOMMYECKOoM
3HAYMMOCTU PErUCTPUPYEMbIX TECT-PEaKLUM
6) PasHble cucTembl W LWKanbl OUEHKN 6nobesonacHoOCTM
(CaHanugHag3zop, MuHnpupoapl, OECD 1 ap.)

YcTaHOBANEHO, yto  gnA OLEHKMN 3KO/I0rMYEeCKOoM
6€30MacHOCTY HAHOMPOAYKLUMN HEMPUMEHUM MPUHLMN OLLEHKM
6€30MacHOCTM MO KPaTHOCTM pa3BefeHUs AMCNEepPCHbIX CUCTEM
HaHouacTuy, Ao 6e3onacHoro ypoBHA. Kpome Toro, nokasaHa
HeobXxoAMMOCTb NPUMEHEHUA CXeM aHanu3a, basupyroLwmxcs Ha
OfHOBPEMEHHOM W3yYeHUM TecT-peaKkLmii COBOKYMHOCTU TecT-
OpPraHM3MoB M3 Pa3HbIX CUCTEMATUYECKUX TPYMN B 3aBUCMMOCTMU
OoT cdepbl BO3MOXHOMO pasmelleHund, WCNONb30BaHUA U
YTUAM3aUUM HAHOMPOAYKLUNN.

opraHocneumpmuHocTb nposBieHus

eMHOW  MEeTOAO0NOrMN  MNPUBOAUT K
WHTepnpeTaumnm pesynbTaTos
3KoNorMyeckon  onacHoctu/6esonacHoctu

yyeta
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CMNEKTPOCKOMUYECKOE MCCNELOBAHUE
CMEWAHHOJIMTAHOHBLIX KOMMNJEKCOB
KOBAJIbTA

1I\/I)gca6aeBa A, 2Cyryp6er<0|3 E., "Mateesa C.,
'KynaibepreHosa P., 'Cyryp6ekosa I.

1Tapry um. M.X.Jynatu, r.Tapas, gulnar-
sugur@mail.ru

?Ka3axcTaHCKO-BPUTaHCKNIN TEXHUYECKMIA
yHUBEpPCUTET, AIMaTbI

MK-cnekTpockonuyeckoe nccnenoBaHme nossonset
NMOAYYUTb BaKHble CBEAEHMA O CTPOEHUM UCCedyeMbIX
CoeUHEHWUN, KOOPAMHALUN INFAHAOB U UX B3AUMHOM BAIUSHUM.

MpeacraBnsetr  uHTepec  paccmotpeHne  UMK-cnektpos
CMELWaHHONNTAHAHbBIX KOMMAEKCHbIX COeAMHEHUN, COAepKaLLmX
BO BHyTpeHHeW cdepe 2,3-gumepKantonponaHcynbPoHaT HaTpuA
(yHUTHON) M amMMaK UK TUNeHAMAMUH. UK-cneKTpbl TBepAbIX
06pa3yoB pernctpuposann Ha cnektpodoTomeTtpe «Spekord
M80» B gmanosoHe 200-4000 cmt B Buae Tabnetok ¢ KBr u
CycneH3uin B Ba3e/IMHOBOM macne. [lonyyeHHaa crnekTpasbHasa
KapTMHa HOCWUT [OOBO/MILHO C/IOXHbIAN XapaKTep, YTO CBA3AHO C
HaNOXeHMEeM U NepeKpbiBaHWEM NOJIOC NOT/IOLWEHUA OTAENbHbIX
nvraHaos. Mpu 3ameLLeHnn MoieKy bl YHUTUONMA BO BHYTPEHHEW
chepe KomNnekcoB ¢ 06pasoBaHMEM CMeLlaHHONUIaHAHbIX
COeflMHEHWUI nonoca BaNeHTHOro KosnebaHua ceaselt Co-N
cmellaeTca B 6onee HM3KOYACTOTHYIO 06/1acTb MO CpaBHEHWUIO C
MOHOIUraHAHbLIMW aMUHOKoMmNAeKkcamu. Hanpotus, ceasb Co-S
no JAaHHbim WK-cnektposB (Tabnuua 1) B coeguHeHUAX C
aMMMAKOM WU 3TUNEHAMAMUHOM, HECKOJIbKO MpoYHee, Yem B
MOHO/IUraAHOM YHUTMONATHOM KOMMNJIEKce.

Takum obpasom, pesynbtathl MK- cnekTpockonuyeckoro
nccnefoBaHUA MNOATBEPNKAAIOT MPeanosoXKeHne o TOM, YTO B
nccaegyembix CMeLlaHHOMIaHAHbIX coeanHeHuax ceasb Co(lll) ¢
YHUTUMONIOM MpoOYHee, a C aMMMAKOM W 3STUIEHOUAMUHOM
cnabee, 4em B COOTBETCTBYHOLLMX MOHOJIMITAHAHbIX KOMMIEKCax.
OfHOM U3 XapaKTEPUCTUYHBIX NOIOC STUAEHAMAMWUHA ABAAETCA
noaoca BafieHTHbIX KonebaHuit ceasu C-N, koTtopas B [Co(en);]Cls
HaxoguTca Ha 1045 cm™. B KoMMieKcax c YHUTUOIOM 3TO
KosiebaHWe nepeKpbiBaeT O4eHb WMHTEHCMBHAA nosoca Us(SOs),
nosaTomy onpegeseHue 4YacToTbl Ucn 3aTpyAaHeHo. MOXKHO
OTMETUTb Hebosbloe cmelieHne (5-10 ch) NONOC BaJIeHTHbIX
KonebaHuit cBasm C-S B HM3KOYACTOTHyw obnactb. ITO
06bACHAETCA TeM, YTO YHUTMON B JaHHOM cnyyae 6onee NpovyHo
CBA3aH C LEHTPa/ibHbIM aTOMOM,4YTO XOpPOLIO coraacyerca C
pe3ynbTaTaMM  KBaHTOBO-XMMMWYECKMX PacYeToB  A/IMHbI WU
nopsaaka csasun C-S B paccmaTpuBaemblx COeAUHEHUSAX.
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Tabnuuya 1 — HekoTtopble KonebaTtesibHble YacToTbl (cm-1) B

MK-CI’IGKTan UCXOAHbIX W CUHTE3NPOBAHHbBIX KOMMNJEKCOB
Kobanbta (II1)
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P39 ONMPEAENEHNE KOHCTAHT CBA3bIBAHWA B
CUCTEME AHTUTEH-AHTUTE/IO U
PA3PABOTKA NONAPU3ALMOHHOIO
®JTIYOPOUMMYHOAHAJIN3A

OTOPXMHONTOHA O®/TIOKCALMHA

Heuaesa H.J1."2, EpemuH C.A?

'MocKoBckuit FocyapcTBeHHbIN YHUBEPCUTET UM.
M.B.JlomoHocoBa, 119991 MockBa, JleHnHcKkue Fopbl
1, Nechaeva.N.L@yandex.ru

ZMHCTMTyT 6uoxumum um. A.H. baxa PAH, 119071
MockBa, JleHnHckuid MpocnekT, 33-2

®TopxuHONOHbI (PX) — KAacc aHTMBMOTUKOB, KOTOpble
AKTMBHO NPAKTUKYHOTCA B BETEPUHAPUM A8 NIEYEHUA U 3alUUTbI
OT  pas/uMYHbIX UHOEKUMOHHbIX 6onesHeil. B yacTHocTH
MCNONb30BaHHbIV B faHHOMU paboTe ohNOKCaLMH NPUMEHSAIOT KaK
B MegMUMHe, TaK U B BeTepuHapun. Hakaniveasach B opraHusme
MBOTHbIX, @ 3aTem Mnonagas B MPOAYKTbl MNUTaHWUA, 3TU
npenapatbl MOTYT BbI3BaTb Pa3/IMyHble HeraTWBHbIE PeaKLu,
TaKuMe Kak CbiMb, 3y, NWLLEBas anneprus U mHorve apyrve. C
APYrol  CTOPOHbI  KOHTaMWMHAUMA  MPOAYKTOB  MUTaHUA
GTOPXMHOMOHAMM  MOKET BbI3blBaTb MOAB/IEHME LWITAMMOB
601€3HETBOPHBIX MWKPOOPraHW3MOB, YCTOMUYMBBLIX K JOaHHbIM
aHTMBMOTUKAM, YTO AenaeT UX HeabdEKTUBHbIMU NPU NeYEHUN
nopein. Takum obpasom, npobsema KOHTPOAsA CoAeprKaHus
aHTMBWMOTUKOB rpynnbl GTOPXMHONOHOB B PA3/INYHbIX 06bEKTax B
HacToslee Bpemsa CTOMT oO4YeHb OcCTpo. Heobxogumo
pa3pabatbiBaTb YyBCTBUTENbHbIE, CNeLUdUUYHbIE U SKCMPECCHbIE
MeToAbl KOHTPONA cogepiaHua OX B NpoayKTax NuTaHusA. B
cTpaHax EC MAY pna copepxaHma X B mAce yCTaHOB/EH Ha
yposHe 100-300 mKr/kr, a 8 monoke — 100 mKkr/n.

OZHMM M3 NEPCNneKTUBHbBIX METOLOB WX ONpefeneHus
ABNAETCA MNONAPU3ALUOHHBIN GAYyOpecULeHTHbIN UMMYHOaHau3
(MPUNA). Kak n noboli MMMYHHbIW aHanM3, OH OCHOBaH Ha
peakuum cneunduUeckoro B3aMMOAENCTBUA aHTUrEeH-aHTUTENO.
N B xope pa3paboTkM ¥ ONTMMMU3ALMM aHaAM3a OAHUM U3
BaXKHEWLLMNX 3Tanos ABnfeTca XapaKTepUcTUKa
UMMYHOXUMUYECKON CUCTEMBI C  GU3UKO-XMMUYECKON TOYKM
3peHus, M B YaCTHOCTM oOnpejesieHWe KOHCTaHT CBA3bIBaHWUA
aHTUTeH-aHTUTeNo. 3HaHue QU3UKO-XMMMUYECKUX MapameTpoB
CUCTEMbI NO3BONIAET HauAyylwmm obpasom npoussecTv oTHOp
MMMYHOpeareHToB. OCHOBHbIMW MapaMeTpamu, NO3BONAOLWUMMU
nofobpaTb ONTUMANbHYKO Napy Tpeilcep-aHTUTeNa, ABAAOTCA
TepMoaMHamuyeckme KOHCTaHTbI CBA3bIBaHUA
(komnnekcoobpasoBaHua). Llenbto aaHHOM paboTbl sBAAACA
pacyeT KOHCTaHT CBA3bIBAHUA B CUCTEME @aHTUTEH — aHTUTENO Ha
npumepe odnokcaumHa meTtogom CKaTyappa Ha OCHOBaHWUM
[AaHHbIX, NonyYeHHbIX MeTo0M NonAPU3aLMOHHOrO
bnyopecLeHTHOro UMMyHOaHanM3a.

Ucnonb3ys meton Ckatyapfa, Mbl MPUHAAKM MOCTOAHHOW
KOHLUEHTpauuio  Tpeiicepa M ONpeaenunu  KOHCTaHTy
KOMMaeKkcoobpasoBaHUA B cuUCTeMe Tpelcep-aHTUTesNo. 3aTem
MCNONb3ys MNONYYEHHOE 3HAYeHWe ONpefenuan  KOHCTaHTY
KOMMNAEeKcoobpa3oBaHUA B CUCTEME aHTUTeH-aHTUTeno. bbino
NMOKa3aHo, 4YTO KOHCTaHTa CBA3bIBAaHWA C HEMEYEHbIM aHTUTEHOM
(1,640,4)-10° M™ Ha oguMH NOPAZOK HMKE, YEM KOHCTaHTa
CcBA3bIBaHMA C Tpeiicepom (1,2+0,2)-10° M™. OnTUMM3MpoBaHHbIit
meTtoa NMOUA nossonan onpegenats 100 Hr/mn odaokcaumHa B
50 MK/ 06pasLa B TeUEHNE HECKONIbKUX MUHYT.

Paboma evinonHeHa npu noddepxke DLUIM «HayyHbie u
Hay4YHo-nedazoauyeckue Kaopbl UHHOBAUUOHHOU Poccuu» Ha
2009-2013 ee. (2ocydapcmeeHHbili KOHMpaKkm Ne
16.740.11.0158 om 2 ceHmsabpa 2010 2.) u epaHma POOU 11-04-
91189 MPEH_a «M3yyeHue MexaHU3Ma 3SHAGHMUO-CeAEKMUBHO20
PACMO3HABAHUA XUPASbHLIX 2aMMeEHO8 MOAEKYAaMU aHmumesn ¢
ucnonb308aHUEeM ohsIOKCAYUHA 8 Kayecmee mooenuy.

P4O CO34AHUE AHTUTEHHbBIX KOMMNMAEKCOB HA
OCHOBE HYACTWL, CTPYKTYPHO
MOANDPULNPOBAHHBIX BUPYCOB
PACTEHUNA.

HukuntmH H.A., TondoHosa E.A., Kapnosa O.B.,
ATtabekos W.T.

MocKoBCKMiI1 FocyAapCTBEHHbIN YHUBEPCUTET MMEHU
M.B./lTomoHocoBa, Bronoruueckunit dakynbrer,
119991, r. Mocksa, /leHnHcKue ropel, 4.1, ctp. 12,
nik.nikitin@gmail.com

[aHHaa paboTa nocBAlleHa CO3[AHWUID  AHTUTEHHBIX
KOMM/IEKCOB HOBOIO TUMA Ha OCHOBE WCKYCCTBEHHbIX BUPYCHbIX
chepuueckmx yactmy, (CY). CY moryT 6biTb MNosyYeHbl npu
TEPMUYECKOW  AeHaTypauum W CTPYKTYPHON  nepecTpoiike
monekyn 6enka obonoykn (6O) Bupyca TabayHOW MO3aUKM
(BTM). BTM npeacTaBnser coboit ManouKoBUAHbLIM BUPYC CO
CNMPaNbHOM CTPYKTYpOM ¢ anametpom 18 Hm u ganHon 300 HMm.
BTM sBnsieTcAa AOCTYNHbIM, AeleBbIM U yAOOHbIM 06beKTOM AN
paspaboTKM HOBbIX NOAXOAOB B HaHoTexHonoruax. [Mpwu
HarpeBaHuM BTM npoucxoaut BbicBobOXKAeHMe PHK u
obpasoBaHue cdep 13 6O BTM, npu 3TOM MOryT 6bITb NOYYEHbI
CY4 3agmaHHoro pasmepa. [logobHble CY  cTabunbHbl,
6uonormyeckn 6e3onacHbl, BbICOKO MMMYHOreHHbl U obnagatot
CYMMAapHbIM OTpULATEIbHbIM NMOBEPXHOCTHBIM 3apAaoMm (puc. 1).

PucyHok 1.

MwukpodoTorpadpum CH,
Tepmuyeckol geHatypauumn BTM. (a) BTM, npocseuvBatowas

NONYyYeHHbIX nNpu

3N1EKTPOHHAA MWKPOCKOMMUA, KOHTApCTUpOBaHWe 2% ypaHn
auetatom, 6ap 100 Hm, (6) CY, ckaHMpylOLWan 3NeKTPOHHanA
MMKPOCKOMNWS.

B paboTe CKOHCTPYMPOBaHbI U UCCEf0BaHbl KOMMJIEKCbI Ha
ocHoBe Ccy c TaKUmmn aHTUreHamn KaK a)
pernapodonatpeayKkrasa, coaeprkallasn Ha N-KoHUue 23
AMMHOKMC/IOTHBIX OCTaTKa 3nuTona M2e membpaHHoro 6enka
M2 Bupyca rpunna A, 6) 3 HelTpanumsyowmx anuTona (65-122 ak)
remarriloTMHUHa BUpYyca rpvnna A 1 B) TETPAsNUTON aHTUrEHHOW
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OeTepMUHaHTbl A ravkonpoTemHa E1  Bupyca  KpacHyxwu.
Komnnekcbl ¢ CY 06pa30BbIBaIUCh 3@ CHET 3/1EKTPOCTAaTUYECKOTO
B3aMMOLENCTBMA MeXKay aHTureHamu u CY (puc. 2).

PUCYHOK 2. MoseKyabl aHTUreHa MOKPbLIBAOT NOBEPXHOCTb
chepmyecknx  vactuu. a) cxemaTuueckoe  M3obparkeHue
Komnnekca  CY-aHTureH  (cepbim  uBeTom  0603HayeHa
oTpuuaTenbHO  3apseHHaa CY, 3eneHbim  uBeTOM  —
NONOXKUTENbHO 3aPAMKEHHbIN aHTUreH), 6)  dayopecueHTHas
MUKpOCKonua. Paamep meTkn 5 mkm.

[Ona BM3yanusaumm co3gaBaemblX KOMMAEKCOB C MOMOLLbIO
dnyopecueHuMM, BbIIM UCNONB30BaHbI NEPBUYHbIE aHTUTENA K
aHTUreHam u BTOPUYHbIe, Hecneunduyeckme, KOHbIOTMPOBAHHbIE
¢ o¢nyopodopamu. CeasbiBaHMe CY ¢ aHTUreHamwu
duKeupoBanocb ¢ nomouwbio GAyopecLeHTHOro U NasepHoro
CKaHupytoLero KoH$OKaAbHOrO MUKPOCKONA.

MeTtopom MMMyHObyopecLeHTHON MWKPOCKONUN
NPOAEMOHCTPUPOBAHO, YTO CBA3aHHble € noBepxHocTbio CY
UyXKEpPOAHble aHTUTeHbl cneundUYHO pearupoBasan C aHTUTe1aMu
K COOTBETCTBYyHOWMM 6esKam, CBUAETENbCTBYA O TOM, YTO
cneundumyHoCcTb €BA3aHHbIX ¢ CY aHTUreHoB coxpaHAeTcA B
cocTaBe HaHOKOMM/IEKcoB. Takum o6pa3om, [oOKasaHoO, 4TO
Nnojsly4yeHHble KOMMAeKcbl, cocTtoawme m3 CY u yyxepoaHbIX
QHTUreHOB, CBA3AHHbIX C NOBEPXHOCTbIO CYH, aHTUFeHHO aKTUBHbI.

OnucaHHble aHTUIeHHO aKTUBHbIE KOMMIEKCbl MOTyT 6bITb
MCNo/b30BaHbl B KayecTBe abCcoONOTHO HOBOro nogxoda ANA
NPOV3BOACTBA AELEBbIX AMArHOCTUYECKMX aHTUTEN U B KayecTBe
ANArHOCTUYECKNX npenapatos A/1A BblABAEHUA VIHCI)eKLI,VIOHHbIX
3360/1eBaHNI YeNI0BEKA U KUBOTHbIX.

C nomowbld  MMMYHOPNYOPECLLEHTHOW  MMKPOCKONWUU
MOKasaHa BO3MOMHOCTb OJHOBPEMEHHOW MOCaAKu  ABYX
aHTUreHoOB Ha nosepxHocTb CY c coxpaHeHMemM aHTUreHHOW
aKTUBHOCTM 6e/KOB.

PaspabaTbiBaembii nogxon, ABnAaeTca NONIHOCTbIO
OPUTUHA/IbHBIM ANA NONYYeHUA BaKUMHHbIX NpenapaTtoB HOBOro
NMOKOJMIeHUs, B TOM 4WC/le MNOJIMBANIEHTHbIX, KOTopble 6yayT
6uonornyeckn H6e3onacHbl, TaK KaK PaCTeHUA U XKUBOTHblE He
MMetoT 06LLMX NaTOreHoB.
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P4 1 MCNOJ1Ib3OBAHUE KAI'IbLI,l/Iﬂ-CDOCd)ATHbIX
HAHOYACTULU, ANA OOCTABKU
NEKAPCTBEHHbIX MPEMNAPATOB B I/1A3
HuKonbcKas VI.I/I,l, LLInmaHoBCKana E.B.l, Be3Hoc O.B.z,
[MaBneHKoO T.A.z, KabaHoB A.B.3, YecHoKoBa H.B.z,
Knsuko H.}'I.l, Koct 0.AY
! Xumunueckuit paryabteT MOCKOBCKOro
rocyZapCTBEHHOr0 YHUBEPCUTETA UMEHMU
M.B.JlTomoHocoBa, Mockea 119991,
ace@enzyme.chem.msu.ru
2 drY Mockosckuit HUM rnasHbix 6onesHelt um.
Fenbmronbua PocmeaTexHonoruii, Mocksa
3 Center for Drug Delivery and Nanomedicine,
University of Nebraska Medical Center, Nebraska

[ocTaBKka NeKapCTBEHHbIX BeLWecTB BO  BHYTPEHHUWe
CTPYKTYpbl [/1a3a COMpsAXeHa CO MHOMMMUK TpyaHocTamu. Mpwu
WMHCTUANAUMAX  NIeKapCTBEHHbIX MNpenapaTtoB BHYTPb  [/1a3a
nonagaer He 6onee 5-10% pelicTBylowero  Bel,ecTsa.
YBennyeHne KOHLEeHTpauun npenapaTta co3gaeT yrpo3y MecTHbIX
M CUCTEMHBIX NMO6OYHbIX 3dpdeKToB. MoBbICUTL 3PPEKTUBHOCTDL
NPOHWKHOBEHMA  /IeKAPCTBEHHbIX  BELWeCTB  BHYTPb  [1asa
BO3MOXHO MyTeM WX BHEAPEHWA B HaAHOCTPYKTYpbl-HOCUTENW.
HepgaBHo ana  npumeHeHua B odTanbmonoruv  6binv
npeasioxeHol  Kanbuuii-pocdatHble  HaHouacTuupl  (CaPh-
HaHoYacTUUbI) - HETOKCUYHbIE, 6rnocoBmecTUMbIE, 7
6uoaerpagupyemble (1, 2].

Lenbo gaHHOM paboTtbl sABnasetca nonydeHume CaPh-
HaHOYACTUL, UX XapaKTepPUCTUKa, BHeAPEHME B HUX NpenapaTtos,
CHWKAIOLLMX BHYTpUIrAasHoe aasnexue (BrA) — aHTUrnayKomHoro
npenapata  TMMoO/s0Na " MHIMBWUTOPOB  AHTMOTEH3WUH-
npespawatowero depmeHta (MAM®P), a Takke nposBeaeHue
CPaBHUTENbHBIX 3KCMEPUMEHTOB Ha 340POBbIX KPOJMKax no
oueHKe BnnAHWA Ha BI[] pacTBopoB npenapaTtos v npenapartos,
BHEAPEHHbIX B YacTULbI.

Mertopapbl. Ona nony4veHua CaPh-HaHouyactTMy,  mbl
MoaudUUMPOBaNU METOAMUKY, NPeaoKeHHy0 B [1, 2]. Pa3mepbl
4YacTuL, onpeaenany MeTogom AMHAMUYECKOro CBETOPacCeaHMA
[0 ¥ nocne GuUAbTPOBaHUA Yepe3 GUALTPLI C AUAMETPOM Mop
0,22 n 0,45 mkm. UccneposaHue penbeda nosepxHoctn CaPh-
HaHo4yacTUL, NPOBOAMAM C  MOMOLLBbIO  AaTOMHO-CWMI0BOWA
MWKpOCKONUU. OueHKy 3GPEKTUBHOCTM WMHKANCy/MPOBaHUA U
YOEPHKUBAHUA npenapartos npoBoOAMAN
cnekTpodpoTOoMeTpUYecku. B akcnepmmeHTax in vivo onpegenanu
BE/IMYMHY CHUXKeHUA Bl y 340p0oBbIX KPONMKOB NOA AencTBUEM
NIeKapCTBEHHOro npenaparta B pacTBope U BKAoYeHHoro B CaPh-
HaHo4vacTUupl. Kaxkayto ceputo aKCnepuMeHToB NpoBoAMAKN Ha 10
Kponukax (20 rnas). OnbITHaA rpynna nosyyana OAHOKpaTHble
MHCTUANALUMK pacTtBopa NleKapCcTBEHHOro BeLLecTsa,
BKAtoYeHHoro B CaPh-HaHouacTuupl, KOHTPONbHAA  —
OAHOKpPaTHbIE MHCTUANALMM PAaCcTBOpPa BelLecTsa.

Pesynbratbl. OKasaHO, 4YTO Kak TMmoson, Tak u WAMND
MocTynarT  BHYTPb  YaCTUL, W YAEPNKMBAOTCA  UMW.
MpoaemoHcTpupoBaHo, 4YTo BHeapeHHble B CaPh-HaHouacTuubl
TMmonon u  UWAN® npossnaoT 6bosnee 3pdPekTMBHOE U
NPOJIOHTMPOBAHHOE [EeWCTBUE MO CPaBHEHUIO C WX BOAHbIM
pactBopom. MaKcumanbHoe cHuxKeHue BIL v B ONbITHbIX, U B
KOHTPO/IbHBIX FPynnax oOTMeyasnocb u4epe3 2-3 4 nocne
OAHOKPATHOM WHCTUANALMKM NpenapaToB, OAHAKO B rpynnax,
MOJly4aBLUMX JIeKapCTBEHHble BelectBa B coctaBe CaPh-
HaHoYacTWL, Be/sWYMHbI CHWXKeHua Bl  BABoe npeBblwanu
TaKoBble B KOHTPO/bHbIX rpynnax. bonee Toro, ecau B
KOHTPO/bHbIX rpynnax B[ yepes 4 4 Bo3BpaLLanocb K HOpme, TO
B OMbITHbIX Fpynnax (Kak ¢ TMMON0/10M, TaK U ¢ MAT®P) oHo Bce



elle 0ocTaBasocb LOCTOBEPHO CHUMKEHHbIM M 4epes 4-6 4Yacos
nocae UHCTUANALUM.

Takum 06pasom, Kanbumit-docdaTHble HaHOYACTMLLLI MOTYT
MCMONb30BaTbCA B KauyecTBe HOCUTENs A8 MpenapaTos,
CHUKAIOLWMX BHYTPUINa3HOe [aBieHue, Npuyem BHeLpeHWe B

HaHOYacTULbl  AOCTOBEPHO  yBEAMUMBAEeT U NpoasiesaeT
rMnoTeH3nBHbIN 3dpdekT npenapaTtos.

Jlumepamypa:

1. Bell S, He Q. Chu T. et al. Intraocular Delivery

Related
prior.

Compositions and Methods Cross-Reference to
Application // US Patent NeWO 2004050065 (A1),
17.06.2004.

2. Bell S., He Q., Morco T. Therapeutic Calcium Phosphate
Particles and Methods of Manufacture and Use // US Patent Ne
6.355.271 B1, prior .12.03.2002.

P42 TOKCUKO/TOrMA HAHOMATEPUANOB:
OUEHKA TOKCMYHOCTU HAHOYACTUL,
OKMCNOB MEAN N AKENNE3A HA KY/IbTYPE
RNETOK

CyetnHa N. A.l, NoayvepHaesa P. Fl.l, JlonatuHa O. A.l,
Octpoymos C. A2

L ®rey HUM Bupyconorumn um. .M. MBaHoBCKOro
MwuH3apascoupassutma PO, Mocksa;

2 MIY um. M.B.JlomoHocoBa, Buonoruueckuii
dakrynbTeT, Mocksa; ar55[at]yandex.ru;

Llenb paHHOU paboTbl — OLEHUTb BO3MOMKHYH TOKCMYHOCTM
HaHOYaCTUL, OKWUC/IOB MeTaNNoB (Ha Nnpumepe HaHouyactuy, CuO
M ABYX BUIOB OKCUAOB Kesesa) A/A KIEeTOK yesoBeka Hela,
KOTOpble 4acTO MCMONb3YIOTCA ANA  OUEHKU TOKCUMYHOCTMU
XUMUYECKUX BELLLeCTB.

Metogbl. [AnA M3y4yeHUA TOKCMYHOCTM HaAHOYaCTUL, U WX
BO34eNCTBMA Ha nponandepaTMBHyIO aKTUBHOCTb KneTok Hela
NPUMEHANN MeTon, MTT. [na crepuansaumm npenapaTos
HaHouYacTUL, NpPOBOAWAWM  aBTOKNABMPOBaHWE NPO6GMPOK ¢
npenapatamu npn 1 atm. 1202C B TeyeHune 30 muH. Tocne
ABTOK/IaBUPOBAHMA HEMNOCPeACTBEHHO MNepes PacTUTPOBKOWM Ha
KNEeTKax nooyepesHo  KaxkAbli M3 NepBOM rpynnbl NpenapaTos
6bin  pasBegeH B 50 M CTEpUSIbHOM TPUNKAbI
AUCTUNNMPOBAHHOW BOAbl, U3 BTOPOW rpynnbl B 50 mn cpeapl
199 npoussoactBa MOCKOBCKOrO MHCTUTYTa MNOJMOMMINUTA WU
BMPYCHbIX 3HUedannToB. PacTUTPOBKY NpenapaTtoB MNpPOBOAMAN
Ha 96 - NYHOYHbIX NnaHweTax (naHensx) éupmbl Wink ¢ 24 -
YacoBblM MOHOCN0emM KneTok Hela. Knetku Hela paccesanu Ha
96- IYHOUHYIO NaHesb B KOHLEeHTPaumm 200000 Ki/MAn B Kaxayto
NIYHKY B 06béme 100mKAn cpeabl 199 ¢ 10% 3mbpuMoHanbHOM
Tenaybei cbiBopoTkoi (3TC) M MHKYO6UpoBanu B TeyeHue 24
yacos B TepmocTate ¢ CO2 npu 37°C. MNepen BHeceHWem
npenapaToB MHKybaUMOHHYIO cpeay MeHAnu, pobasnss no 100
MKA cpeabl 199 ¢ 1 % I3TC B NyHKY.

M3yyaemble npenapatbl TUTPOBaAU B passeseHuu: 1/2, 1/4,
1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512, 1/1024 c nomolubio
BHeceHuA nx no 100 MKA B IYHKY M C 2-MA NOBTOPAMM Ha TOYKY.
MHKybauma KneTok c npenapatamu nposogunacb 24 4yaca B
cpege 199 ¢ ITC. ins KOHTpoONA TWUTpoBaHMe wucxoaHoh H,0
Ha KJIeTKax NPOBOAMNOCH MapainenbHo C Npenapatamu.

Mocne vHKybaLUMM KNeTOK C mpenapatamu B TedeHue 24
Yacos B Tepmoctate ¢ CO, npu 37°C cpegy 199 c 1% 3TC
oTCacbiBaAM M3 IYHOK M fobasnsam no 100 mkna cpeabl 199 ¢ 20
MKn MTT (dupma Sigma, B UCXOLHOM KOHUEHTpauumn 5 mr/ ma) u
NpPOBOAMAN UHKY6aLMIO KNeTok ¢ MTT B TedeHue 4 yacos. 3aTem
cpeay ¢ MTT vyganaam u  pobasnaam no 100 mkn
aouMmeTuncynbporeunaa (aAMCO) ona pacTBopeHus

BOCCTaHOB/IEHHOTO KaeTkamu Hela ¢popmasaHa. OcafoK KaeTok
pecycneHaMpoBaan B TeyeHMe 5 MUH  NUNeTUpPOBaHWEM W
MU3MEPAAN ONTMYECKyto NAoTHOCTL (ON) npu anvHe BoAHbI 492
HM € ucnosib3oBaHuem potomeTpa «Stat Fax 3200».

Ons oueHKM nponudepaTMBHOW aKTUBHOCTM KieToK Hela
ncnosb3osanca KoadouumeHt nponmobepauun K. KoadduumeHt
K paccuntbiBanu no popmyne (1):

K= 0MN492 um (onbiT) / ON492 HM (KOHTPOAB) (1)

WccnepoBann 3 BMAA HaAHOYACTML, OKWMCAOB METas/IoB:
npenapatbl HaHo4actuy, Ne 1, 2, 3. MNMpenapat N2 1 - CuO; Sigma-
Aldrich Co. (St.Louis, MO, USA), <50 nm; Mpenapat N2 3 - Fe,03
(alpha); Nanostructured & Amorphous Materials Inc. (Los
Alamos, NM, USA), 20-50 1m, 50 m* r'’; Mpenapat Ne 5 - Fe,0s;
Nanostructured & Amorphous Materials Inc. (Los Alamos, NM,
USA), 20-50 Hm, 30 m? 1.

Pe3synbtathl M 06cyKaeHuMe. Ha OCHOBaHMM pe3ynbTaToB
TeCTMpoBaHMAa ¢ nomouwbio MTT-TecTa 6blIM  paccyMTaHbl
KoapoduumeHTbl nponndepaumm, npeactasneHHble B Tabanuax 1
n2.

[Ona KOHTponAa  TUTpOBaHWe wucxoaHoW H,O Ha KneTkax
Hela npoBoamnock napannenbHo ¢ Npenapatamu.

Bce Tpu npenapata Bbi3BaNM CHWXKeHWe KoadpduumeHTa
nponndepaumn npu passegeHusx % u %. Mpenapatol 1 n 3
CHWXanu KoaboduULMEHT nponvdepaumm Takxke v npu 6Gonbwmx
pasBefeHMAX — BMJIOTb 40 passedeHua 1/256. [Mpwm Bcex aTux
pasBefeHuax npenapat 1 cuabHee CHWXan KoapduumeHT
nponndepaumm, Yyem npenapat 3, T.e. npenapat 1 npossun
60nee BbICOKYIO TOKCUYHOCTb.

[OnAa cpaBHeHUA nNpoBeAeHO TeCTMPOBAHWMA NpenapaTos
HaHouYacTUL, KOTOpble Moc/ie  aBTOKAaBUPOBaHWA  bbian
pasBegeHbl Ha cpefe 199. Bce Tpu npenaparta 1 B 3TUX YCAOBUAX
MHIMBMPOBaNM NPoUdepPaLUOHHYIO aKTUBHOCTb. 3a HEMHOTUMU
WCK/IIOYEHUAMM, BENNYUHBI KOadPuumeHTa nponnmdepaummn npm
BO34ENCTBMM BCEX TPex MNpenapatoB B LEJOM Bbille, 4em B
Tabsvue 1. 310 o03HauvaeT, uTto cpepa 199 cHuKana
MHIMbMpyoLLee BO3AeNCTBME HAHOUACTHLL.

TecTupoBaHue Ha KneTkax Hela BbIfABWMAO, YTO Haubonee
CUNbHBIM MHTUBUPYIOWWM BO3AEUCTBMEM Ha NponndepaLmio
KneTok obnagan npenapat Ne 1 (HaHo4acTWLbl OKcuaa meam).
HavmeHbLuel TOKCUYHOCTBIO U3 3TUX Tpex npenapaTos obnagan
npenapat Ne 5. Mpenapatr N2 3 3aHMMan npomerKyTouyHoe
NoNOXKeHue.

P43 OUEHKA TOKCMYHOCTU HAHOYACTUL,
OKMNCNOB MEAN N AKENE3A HA KY/IbTYPE
KNETOK: AHANTN3 TUCTOTPAMM,
NONYYAEMbIX ABTOMATUYECKMM
CHETHYMKOM KNIETOK SCEPTER

NoayepHaesa P. ﬂ.l, CyeTtuHa WU. A.l, JlonaTtuHa O. A.l,
Octpoymos C. AZ

'orey HUK Bupyconorun um. [O.U. KMBaHoBCKOro
MwuH3apascoupassutma PO, Mocksa;

Mry nMm. M.B./TomoHoCOBa, Buonormnyeckui
¢dakynbTeT, MockBsa; ar55[at]yandex.ru

Mposogunan OLLEHKY noTeHLMaNbHOM TOKCUYHOCTH
HaHovacTuy, (HY) okncnos meTtannos. Ha kneTkax Yyenoseka Hela
TectupoBanu npenapatol HY Ne 1, 2, 3. Mpenapat N2 1 - CuO;
Sigma-Aldrich Co. (St. Louis, MO, USA), < 50 nm; npenapaT N2 3 -
Fe,0; (alpha); Nanostructured & Amorphous Materials Inc. (Los
Alamos, NM, USA), 20-50 Hm, 50 m? r'l; npenapat Ne 5 - Fe,0s3,
Nanostructured & Amorphous Materials Inc. (Los Alamos, NM,
USA), 20-50 Hm, 30 m? L HY crepuansosanun
aBTOKNaBuposaHuem. B nyHku navenun (Wink) BHOCMAM KneTkuy,
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HY u cpeny 199, a TakKe cbiBopoTKy ITC. KoHueHTpauma I3TC B
NyHKe 6bina 5%. 3aTem MHKYbMpoBanu B TepmocTate (48 u, 37 °C,
CO,). Mocne WHKyBaUMM NPUKPENUBLUMECA KIETKM CHUMANU
WwnaTenem W3 MNAacTMKa, 3aTeM MNOACYUTbIBAIN  KNETKU C
MCNO/Ib30BaHMEM aBTOMATMUYECKOTO CYeTYyMKa KNeTok Scepter
(Millipore). Mpu TecTMpoBaHWM pPas3BegeHUs %  MONy4YeHbl
cnepytowme aaHHble (cm. Tabauuy 1).

Tabn. 1. BavaHue npenapatos HaHovactuy (HY) Ha cpeae
199 Ha knetkm Hela nocne 2-x gHEBHOro naccMpoBaHWA B
passegeHun Y. [o pasBeAeHUA UCXOAHble KOHLLeHTpauuu
npenapatos coctasnanu: Nel n Ne5 - 2 mr/ma, Ne3 - 1 mr/mn.

XapakTtepuctunka | KoHtponb Mpenapat 1 Mpenapart 3 MpenapaT 5

COCTOAHMA

KNETOK nocne

Bo3geiicTema HY

Yucno knetok B | 7.86 x10° 2.03 x10° 1.04 x10° 7.36 x10*

1mn

CpepgHuii o6bem | 0.86 0.38 0.97 0.53

KNeTok, pL

CpeaHnii 11.79 8.96 12.29 10.03

AvameTp

KNEeTOK, MKM

KommeHTapuit o | EcTb Makcumym Ectb Ectb

ructorpamme MaKcumym okonol3 MaKcumym MaKcumym

YUCNIEHHOCTHU YUCNIEHHOCTU | MKM okonol3 0K0M1013 MKM

KNETOK pasHoro | KNeTok NOSHOCTbIO MKM

pasmepa 0K0N013 MKMm | oTCyTCTBYET

BbiBoa o HopmanbHoe | 3ameTHoe 3ameTHoM HebonbLoe

COCTOAHUM cocTofAHue npofB/JeHNe | TOKCUYHOCTU | CHUNKEHUE

KNeToK KNEeToK TOKCUYHOCTU HeT YUCNNEHHOCTN
1 cpeaHero
pasmepa
KNeToK

Cnegylowmii  onbIT MO TeCTUPOBAHMIO  MpoOBeU €

“cnonb3oBaHMem passeaeHus 1/8.

TecTMpoBaHuWe noOKasano, 4To M npu passeseHmn 1/8

npenapat 1 coxpaHAn TOKCMYHOe pJeicTtBue. B nyHKax c
npenapatamm 1 v 5 4YMCNEHHOCTb M pasmepbl KNETOK Oblin
6onblue, YemM B NYHKax C 3TMMK MNpenapaTtamu npu passeaeHnu
%.
NTaK, onbITbl MOKa3anu, 4YTO NpW MUCNO/Mb30BaHMM MeToAda C
aBTOMATMYECKMUM CYETYMKOM KaeToK npenapat 1 (HY CuO)
NPOABUA APKO BbIPaXK€HHYI0 TOKCUYHOCTb ANA KneTok Hela npu
060MX UCMBbITaHHbIX pa3BefeHUAX. ITOT pe3y/bTaT Coracyerca ¢
MTOramMM OLEHKM LIUTOTOKCUYHOCTM HY gpyrum metogom (MTT).

Tabn. 2. BavaHue npenapatoB HaHovactuy (HY) Ha cpeae
199 Ha knetkn Hela nocne 2-x AHEBHOro MaccMpoBaHWA B
passeseHun 1/8. UcxoaHble KOHLEHTPALMKM BCEX NpenapaTos - 2

Mr/ma.

XapakTtepuctnka | KoHTponb Mpenapat 1 | Mpenapat 3 Mpenapat 5

COCTOAHMA

KNeToK nocne

Bo3gencTema HY

Yncno knetok 8 | 7.86 x10° 4.5x10* 8.24 x10* 9.65 x10"

1mn

CpepgHuii o6bem | 0.86 0.47 0.98 0.72

KNeTok, pL

CpegHuit 11.79 9.68 12.33 11.12

Avametp

KNETOK, MKM

KommeHTapuii o | EcTb Makcumym Ectb Ectb

ructorpamme MaKcumym okonol3 MaKcumym MaKCUMyMm

YUCNIEHHOCTU UYMCNIEHHOCTU | MKM okonol3 okonol3

KNeToK KNEeToK NOMHOCTBIO | MKM MKM
0K0M1013 MKM | oTcyTCcTBYeT

BbiBOog 0 HopmanbHoe | 3ameTHoe TokcnyHoctn | TOKCUYHOCTH

COCTOAHUM cocTosAHue NpoABAEHUE | HE OTMEYEHO | HE OTMeYeHO

KNeToK TOKCMYHOCTU
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P44 BbICOKOYYBCTBUTE/IbHOE OMPEAENEHUE
MPUOHOBOIO BEJTKA C UCMOJ/1Ib3OBAHUNEM

CMNEKTPOCKOMUU TKP

NecTosckuii 10.C.", Byaawos N.A.°

! Xummueckuit dakynbteT MIY um. M. B.
JlomoHocoBa, Mocksa, 119991, I'ClN-1, /leHWHCKune
ropbl, MIY, a. 1, ctp. 3, e-mail: organics@mail.ru

2 IHCTUTYT BUOXUMUUECKOMN GUBUKU M.

H.M. 9maHyana PAH, MockBa

CNeKTPOCKONUA TUraHTCKOro KOMBWMHALMOHHOIO pacceaHus
(TKP, SERS) obnagaer pagom YHWKa/lbHbIX BO3MOMHOCTEMN,
KOTOpble AeNaloT ee NepcrneKkTUBHbIM METOA0M MCCnefoBaHuA
LIMPOKOTO Knacca 6uomonekyn. Mpexape Bcero, 3To CBA3AHO C
BbICOKOW 4yBCTBUTENbHOCTbIO MeToga. Cnektpockonua TKP Bce
bonee WWMPOKO NPUMEHNETCA B KayecTBe MeToaa AeTekuuu B
UMMyHOaHanu3e. Hambonee  BbiCOKasA  4YyBCTBMTE/IbHOCTb
OOCTUraeTca Npu WUCNOAb30BaHWM 30/10TbIX WAM cepebpsHbIxX
HaHOYaCTUL, C UMMOBUAN30BaHHbIM Kpacutenem.

,ﬂ,aHHbIl‘/‘i nogxon npeacrtaBnAeTca NepcnekTuBHbIM, B
4YaCTHOCTM, nNpun onpegeneHnn npuoHos — MNpPUHUUNKANIBHO
HOBOro Knacca 6enkoBsbix naToreHoBs, Bbi3blBAOWMUX pAaL

Heusneuynmblx B HacToswee Bpems 3aboneBaHWi LeHTPaNbHOM
HEepPBHOM CUCTeMbl 4YesioBEKa W KMBOTHbIX. [laToreHHas
nsodopma npuoHosoro benka, boratas PB-nuctamu, obnagaet
CNOCOBHOCTbIO K CaMOMpPOM3BOJ/IbHOW  NoAvMepusaumMn B
BbICOKOYNOpAAOYeHHble  GUBPUAIbLI,  KOTOpble  MOBpesKAaloT

HelpoHbl. B HacToswee Bpems HeOb6XOAMMO [LOCTUMKEHWe
npeaenos o6HApyKEHUA MNPUOHOBLIX 6E€1KOB Ha ypoBHe
[LECATKOB-COTeH MoAeKy/MA.

Hamn  paspabotaH cnoco6  ummobuamsaumm  5,5'-

ANTNO6MUC(2-HUTPOBEeH30MHOM KnucaoTbl) (ATHB) Ha noBepxHOCTM
30/10TbIX HAaHOYaCTUL, CO CpeaHUM guameTpom 45 Hm. JaHHbIl
KpacuTe/ib CBA3bIBAETCA C NMOBEPXHOCTHIO 30/10Ta KOBAaNEHTHO. OH
MMEEeT UHTEHCUBHbII XapaKTePUCTUYECKUIA Makecumym npu 1325
— 1340 cm ', cooTBETCTBYWOWMIA HUTpOrpynne. MW3sectHa
MeToAMKa €ero MMMObMAM3aLMM Ha MNOBEPXHOCTU 30/10TbIX
HaHo4acTuL, NPOBOAMMOM B 3TUAIOBOM cnupTe [1], 4TO, cornacHo
HallMM JaHHbIM, MOKET MPUBECTM K OCAKAEHWUIO HaHOYaCTUL,.
Hamu 6611 NpeanoxkeH cnocob NpoBeAeHNsA peakLmm B BOAE, KaK
B MPUCYTCTBUM, TaK U B OTCyTCTBME BydepHbIX pacTBOpPOB, YTO
3HAYMTE/IbHO paclMpPAEeT rPaHuLLbl ee NpumeHeHus. MoBbieHne
KoHueHTpauun ATHB npueBoaMT K BO3pacTaHWUIO MHTEHCUMBHOCTU
XapaKTePUCTUYECKOrO MaKCMMyMa MOoyYaeMmblX HaHo4acTuL,
OHaKO Npu 3TOM B psAfe CAy4aeB Habntogaerca HeKkoTopoe
NOBbILEHWE NOTPELLIHOCTM ero onpeaeneHus.

[na paspaboTku cnocoba NosyyeHUa 3010TbIX HAHOYACTUL, C
MMMOOUIN30BAHHBIM KpacuTeNeM C LE/blo UX NPUMEHEHUA B
MMMYHOAHanu3e C WCNoAb30BaHWeM cnekTpockonun [KP B
KauecTBe meToda AeTekuuu TpebyeTca Hanuume cnocoba wux
KOHTPO/IA MO MHTEHCUMBHOCTU XapaKTEPUCTUYECKOrO MaKCUMyMa.
BbicylinMBaHMe Kamniu pacTBopa HaHOYaCTUL, He MOXKeT ObiTb
MCNONb30BAaHO ANA [AaHHOM UenW, TaK KaK MHTEHCUMBHOCTb
Nony4yaemoro CUrHana CUAbHO BapbupyeT Mpu nepexoge OT
OAHON TOYKM Ha obpasue K Apyroi. M3BecTHo TaKXke, 4TO
30/10TaAs  MOBEPXHOCTb 06/1aAaeT cnocobHOCTbIO — ycuneHus
curHana TKP KpacuTens, MMMO6UN30BaHHOMO Ha
HaHOCTPYKTypax [2]. OgHako cnoi 30/10Ta, HaMbIEHHbIK Ha
NMOBEPXHOCTU CTEK/A, HE MOXKET BbiTb MCMO/b30BaH B KayecTse
MOAJ/I0KM MO NPUYMHE BbICOKOTO $OHa.

Heobxoanmbim TpeboBaHMAM - [,0CTaTO4YHOM
WHTEHCMBHOCTM  CUFHaNa WM HWU3KOM  MOrpelHocTM  ero
onpeaeneHns — yA,0BNETBOPAET 3/1eKTpoCcTaTUYeckas agcopbuns
HaHOYacTWUL, Ha MOBEPXHOCTU aNnlOMUHUA, 0bBpaboTaHHOW
pacTBopom, cofepKaum XN0opUA,
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noangumetunaumanannammonusa (NAAA) v KI. Opyrum cnocobom
KOHTPONA  HAHO4YacCTUL,  ABAAETCA WX  HaHeceHWe  Ha
HUTpouennonosy.  [lpeMmyliecTtsammM  gaHHoro  crnocoba
ABNAOTCA OTCYTCTBME CTagui npeaBapuTenbHol 06paboTku u
NPOMbIBKM NOBEPXHOCTK, ObICTPOTa MOAFOTOBKM 06pasua w
60/1ee BbICOKan MHTEHCUBHOCTb CUTHANa.

Nocne ummobunusaumm ATHE Ha nNOBepPXHOCTb 30/0TbIX
HaHOYacTUL, HEKOBAaJNEHTHO WMMOOUIM30BAaAM aHTUTENa K
npuoHoBomy 6esiky WM NOAMITUNEHTMKOAL. Kaxkpaa cragua
MMMOBUAN3ALMM  CONPOBOXKAANACL CMELLEHMEM MaKCUMyMa
NOrNOWEHNA HaHOYacTUL, B 061acTb 60NbLWIKX AJIUH BOMH Ha 2 —
3 HMm.

[na npoBeAeHUA MMMyHOaHaM3a Ha MembpaHe, cocTosLLen
13 NOAUBUMHUANAEHAMbTOPMAA, NpeaBapuTenbHo obpaboTaHHOM
MeTaHoNoM, aAcopbupoBanv PEKOMOUHAHTHBIN MPUOHOBBIN
6enok KPC B KoHueHTpauun 70 Hr/mn v 3atem BCA, nocne yero
membpaHy WHKYBMpOBasM C MNONYYEHHBIMW KOHbIOraTaMMu.
PaccmaTpuBaemblit XapaKTEPUCTUUYECKUIA MaKCUMyM B CMeKTpe
TKP membpaHbl B AaHHOM cayd4ae B 5 pa3 MpeBocxoaun no
WHTEHCMBHOCTM  MAKCMMYM, MOJIYYEHHbIW B  KOHTPO/JbHOM
aKcnepumeHTe 6e3 HaHeceHWsA NpuoHoBoro 6enka. MonyyeHHble
pesynbTaTtbhl  AEMOHCTPUPYIOT  BO3MOMKHOCTb  OonpegenieHuns
HU3KWUX KOHLEHTpaLMi MpuoHOBOro 6enka ¢ Ucnosb3oBaHUMEM
cnekTpockonuu I'KP.
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P45

MCKyCCTBEHHbIE CUCTEMBI LOCTaBKMU FEHOB B KNETKY OBbIYHO
NpeacTaBAAOT cobOM KOMMIEKC TeHeTUYecKoro maTepuana c
NONIOXKMUTENIbHO  3aPAMKEHHbIMW  MOJIEKYIaMK,  UMEILLUMU
Hebonblwure pasmepbl. B OTAMUME OT CUHTETUYUECKUX CUCTEM,
BMPYCbl afanTMpOBaHbl K K/JETKe XO03AMHAa W UMeloT
nNprobpeTéHHble B NPOLIECCe 3BOOLUN MEXaHU3MbI BbIXKMBAHUSA
BHE KJIETKU U MOTYT CAYKUTb MHOroobellatolleit oCHOBOW AnA
pa3paboTKM TaKMX CUCTEM.

X-Bupyc Kaptodens (XBK) u pag Apyrmx BUMpYcOB pacTeHui
CNocobHbl K PEKOHCTPYKUMW in vitro W3 BUPYCHbIX bGenka
obosnoykn (6O) wm  PHK ¢ obpasoBaHMEM  BMPYCHbIX
puboHykneonpotenzos (BPHM).

MokasaHo, 4to BO XBK moxeT obpasosbiBate BPHI in vitro
He Tonbko ¢ PHK XBK, HO u c reteponornyHbimn PHK: PHK
notekcaupycos (BMH - Bupyc mo3anku Hapumcca, BAMK - Bupyc
aykyba Mo3amku Kaptodens, BMAAbT - BUPYC MO3auKu
anbTepHaHTepbl), TobamoBupyca TabauyHoi Mo3auku (BTM),
6pomoBupyca mo3saukmn Koctpa (BMK) n nukopHasupyca MeHro
(BUpPYC KUBOTHBIX).

CTpYKTypa WCKYCCTBEHHbIX BMPYCHbIX Yactuy (BPHM) 6bina
NPOaHaNM3MpPOBaHa C MOMOLLbI 3/IEKTPOHHOM W  AaTOMHO-
cunoBoit  mukpockonum  (ACM).  Bbio  nokasaHo,  4To

MCKYCCTBEHHbIE BUPYCHbIE YaCTULbl, COAEPKALLNE YYyKepPOaHbIN
reHeTUYECKUn maTepuasn, He OTAMYalTca no mopdosoruu ot
BPHIM, nony4yeHHbIX Npu UHKY6aunmn romonornyHoi PHK XBK ¢ BO
XBK v oT HaTuBHOro XBK (Puc. 1).

Puc. 1. WckycctBeHHble BPHIM, cobpaHHble in vitro npu
MHKy6auum 60 XBK 1 PHK

A) XBK Ha cntoge, B) PHK BTM Ha cntoge, B) PHK BMAAbT Ha
rpadpute, ) PHK Bupyca MeHro Ha caoge. ATOMHO-CcMI0Ban

MUKpocKonuA. Pasamep meTkn 1 Mkm.

PHK B coctaBe WCKYCCTBEHHOM BWPYCHOM 4YacTuupl npu
TPaHCNOPTe M3 KNETKM B KNETKY [JO/MKHA MWCKAYaTbCcA U3
NPOLECccoB TPAHCAALMM U PeNIMKaLMK.

MoKasaHo, YTo TpaHcasuua YyxepogHoi PHK nopasnsetca
BO XBK B cocTaBe MCKYCCTBEHHbIX BUPYCHBbIX YacTuy, (BPHM).

MHKybauma nonyverHbix BPHM u TpaHcnopTtHoro 6enka 1
(TB1) XBK npuBOAMT K pa3bopKe 4yacTuy, C BbiCBOHOXKAEHMEM
cBoboaHoi PHK v cybbeanHuy, 6enka n MHULMaLMK TpaHCAALMK,
NPUYEM peLlaloLLylo posib B 3TOM Mpouecce UrpatoT 6esok-
6enkosble B3anmoaenctema 50 XBK n Tb1.

MoHO  yTBepKAaTb, 4TO  obpasoBaHue in  vitro
reteponoruyHbix BPHM c yyactvem BO XBK He 3aBucut oT
cneunduyeckon HyKIeoTUAHOW NocnefoBaTeslbHOCTM 5'-KoHua
PHK, u, Tak Kak BO XBK He cnocobeH cdopmupoBaTtb
BUpyconofobHble arperatbl B otcyTcTBMe PHK, MOXHO caenatb
BbIBOA, YTO npoucxoauT 3ddeKTUBHaA ynakoBKa 6enkom
060/104KkM  XBK  4yXepoAHOro reHeTMYecKoro Mmartepuana
pasnuyHOro pasmepa M CoCTaBa B BUPYcOnopobHble
MCKYCCTBEHHbIE YacTULbl.

bblna npoBepeHa BO3MOXHOCTb 06pasoBaHua BPHM npwu
MHKyBauum in vitro O XBK M HeKanupoBaHHbIX TPAHKCKPMNTOB,
NOJIyYEHHbIX C NonHoreHomHol KOHK reHoma XBK, pasnuuHoi
OAMHBI U cocTaBa. Metogom ACM 6bI10 MOKas3aHO, 4TO
obpasoBaHue BPHI He npoucxoant. OAHAKO NpWU K3NMpoBaHUK
3TUX TPAHCKPUNTOB M Nocneayowen ux nHkybaumm ¢ 60 XBK in
vitro  obpasyloTcA  YacTuupl,  umewowme  mopdonoruio,
MAEHTUYHYIO romonornyHbiMm BPHIT 1 MCKYCCTBEHHBIM BUPYCHBIM
YacTuLam, ONMUCaHHbIM BbiLLe.

MOXHO NpeanoNoXWUTb, UYTO K3NUPOBaHWE NPUBOAUT K
M3MEHEHMWIO MPOCTPAHCTBEHHOW CTPYKTypbl 5'-KoHua PHK, uto
cnocobeTByeT eé B3aumogencteuio ¢ 6O XBK v uHuummnpyet
cbOpKy.

Co3fiaHNe «CMeLlaHHbIX» WCKYCCTBEHHbIX BMPYCHbIX YacTul,
[AET  BO3MOXHOCTb Mcnonib3osBaTb  UX B KayecTse
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HaHOKOHTEMHEPOB AN [0CTaBKM UYYXKEePOAHbIX HYK/IEUHOBbIX
KMCIIOT B K/AETKU-MUWEHM. YA0O6CTBOM MNPUMEHEHWUA BUPYCOB
pacTteHunit ans GopMMpPOBaHMA UCKYCCTBEHHbIX BPHI ABnseTca nx
BbICOKasA CTabuIbHOCTb, NonHas 6uonoruyeckas 6e30MacHOCTb
(pacTeHus 1 KMBOTHbIE HEe MMEeT OBLIMX NaTOreHoB) U HU3Kas
cebecToMmocTb.

P46 MOAY/b YINPYTOCTU NOKPbLITUA U3
JNATEKCHbIX YACTUL, HA UHTPAOKYNAPHON

JINH3E U KPEMHUWEBOWM NOAJIOXKE
MNoroukas M.B.1'3, Ky3HeuoBa T.A.z'g, Yukmk C.A2
1I5e;1opyccm/u7| rocyAapCcTBEHHbIV YHUBEPCUTET,
MwuHck, benapycob, np.HesasncumocTy, 4,
irochka23@gmail.com

Zl/IHcmTyT nopowkosoit metannyprin HAH Benapycm,
MwuHck, benapycb

3l/IHcTMTyT Tenno— 1 maccoobmeHa um. A. B. JlbikoBa
HAH Benapycu, MuHck, benapycb

HaHocTpyKTypMpoBaHHble noanmMepHble NOKpbITUA
MCMONb3YIOTCA B KayecTBe BMOMMMNAHTAHTHLIX MaTepuanos, a
camun matepuanbl 061a4at0T KaYeCTBEHHO HOBbIMW CBOMCTBaMMU,
KOTOpble HEAOCTUMNKMMbI AN TPAAULMOHHBbIX MaTepuasos.
AKTyanbHO ABnAetcA  paspaboTka  aAeKBaTHbIX  CPeacTs
nccnesoBaHUA NIEHOYHbIX MOKPLITUI, onpeaeneHna nx Gusmko-
MEXaHUYeCKMX CBOMCTB Ha  HaHoOypoBHe. B  mupoBoit
McCNesoBaTeNbCKOW NPAKTUKE ANA  3TOW  Lenu NpUMEHSAIOT
MeToAbl aTOMHO-CUI0BOM MUKpockonumn (ACM) [1, 2].

O61beKTomM uccnenoBaHus B paboTe ABASAUCH MOAMMEpPHbIE

MOKPbLITUA M3  NIATEKCHbIX YacTUL  ToAWwMHON 20 — 25 Hm,
chopmmpoBaHHble MeTogom Jlermiopa-bnogxetr (/16) Ha
MOBEPXHOCTAX  MHTPaoKynApHOM  nnH3bl  (“IOL+latex”) w

noaMpoBaHHOro Kpemuus (“Si+latex”) npu cune noBepxHoOCcTHOro
HaTaeHua 45 mH/m [3].

UccneposaHme nosepxHocTel JIB-nneHok u npoBeaeHue
CTaTUYECKOM CU/I0BOIM CMEKTPOCKOMNWUW, NO3BOAAIOLWEN NONYYUTD
KpVBble 3aBMCMMOCTM HarpyskuM OT PacCToAHMA 30HZA-obpasel,
(pnc.1), BLINOMHAAM C WCMONAb30BaHWEM aTOMHO-CU/I0BOTO
MuKpockona «HT-206» (040 «MuKpoTecTMawmnHbI», Benapych)
M CTaHAapTHoOro KpemHuesoro 3oHga NSC 11 (Micromash Co,
3CTOHWA) € pasnycom 3akpyrieHuna 50 HM. HecTKOCTb KOHCou
cocragnana 50 H/m. Mogaynb ynpyroctv KpemHus cocTaBas
179 na, IOL -3 na.

TpagnuMOHHO WHTepnpeTauua AaHHbIX cunosom
CMEKTPOCKOMUU  A/1A  OnpefeNeHna  MOAYNA  Ynpyroctu
nNpoBOAMTCA C MCNo/ib3oBaHMeM Teopun lepua 06 ynpyrom
aedopmupoBaHum chepuueckux Ten [1, 2]. OgHaKko u3yyeHue
YyNpyrux CBOMCTB MOKPbITUI Masol TOAWMHbI TpebyeT ydyeTta
BAVAHUA NMOA/ONKM, obnajatolieii oTanyatowmmea oT obpasua
MoAynem ynpyroctu. TakoW NoAxoh peasnnsyeTca € MOMOLLbIO
TEOPUMN KOHTAKTHOrO AedOpPMUPOBAHUA CNOUCTBIX cucTem [4-7].
Ona obpasuos “Si+latex” u “IlOL+latex” mogynb ynpyroctu
MOKPbITUA onpeaensanca B AuanasoHe raybuH BHeaperua 10 —
25 Hm (puc. 2). KoadpduumeHTbl lMyaccoHa cnoes nonaraamncb
paBHbiMmK 0,3.

MpounniocTpypoBaHO  COBMageHUEe  ynpyrux  CBOWCTB
MOKPbITUA M3 NAaTEKCHbIX 4acTWL, HAaHECEHHOrO Ha MOBEPXHOCTU
KpemHus u IOL (puc. 2). Teopusa Tlepua oOKasbiBaeTcs
HecoCToATEIbHOM npu XapaKTepusaumm
HaHOCTPYKTYPUPOBAHHbIX MOKPbLITUI, NPOUCXOAMUT 3aBbllleHue
3HAYeHWI YNPYIUX XapaKTePUCTUK B 2 — 4 pasa.
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Puc. 1. 3aBMCMMOCTb OTKNOHEHWMA KoHcoin ACM-3oHOa oT
paccTosHua 30Ha-0bpaseL,
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Puc. 2. JloKkanbHbI MmoAyNb YNPYrocTM NOKPbITUA NATEKCHbIX
Yyactuy, Ha nosepxHocTAx IOL u KpeMHUsA, 3B€3404KON OTMEYEHbI
3HaAYeHMA MOAYANA YNPYroCTH, onpeenieHHble C UCNOoNb30BaHNEM
Teopuu lepua

CoyeTaHne 3KcnepumeHTasnbHoro metoga ACM  npwm
KOPPEKTHO BblbpaHHOM  paguyce OCTPUA  UHAEHTOpa U
TEOPETUYECKOM  MOAEeNM  KOHTaKTHoro  aebopmupoBaHus

CNIOUCTBIX CUCTEM, YUUTLIBAIOLLLEN TOLMHY NOKPbITUA U BAUAHWUE
NoAN0XKKN, 3GOEKTUBHO NpU OnNpeaeseHun Yynpyrux CBOWCTB
HaHOCTPYKTYPUPOBAHHbIX MaTepuanoB. Takum obpasom, yuyeT
B/IMAHUA KaK JKECTKOW, TaK M paedopmupyemolt Moa/I0MKKU
Nno3BOJIMA  paccyuTaTb MOALYNb  YMNPYrocTM MOKPbITUA U3
NAaTEKCHbIX YacTuu, KOTopbli coctasun 59,7+2,59 Mra.
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P47 WMCCNEAOBAHME TOKCUYECKUX CBOWCTB
YINEPOAHBLIX HAHOTPYBOK HA
PENMPOAYKTUBHYIO CUCTEMY
MNEKOMUTAKOLLMX
Monsakosa U. A. 1, lyces A. A. 1, EmenbaHos A. B. 1,
Tkaues A.T. ?

TamBosckuit rocyAapCTBEHHbIV YHUBEPCUTET UMEHU
I. P. LepkaBuHa,r.Tamb6os
2«HaHoTexLleHTp» r. Tam6os

3a nocnegHue 20 neT pes3Ko BO3POC PUCK BO3aencTBuA
TEXHOreHHbIX HAHOYaCTML, Ha HaceneHne. [lo  AaHHbIM
depepanbHoii cnyxkbbl Mo Haa3opy B cdepe 3alWmMTbl Npas
notpebutenein 1 6GnarononyyrMa  4YenoBEKA  KONMYECTBO
HaHOMaTepuanos, 3aperucTpmpoBaHHbIx B mupe ¢ 2008-ro no
oKTABpb 2010-ro roga Bbipocao ¢ 1180 go 2610. OTmevaeTcsa, 4TO
30% BCex  3aperucTtpuMpoBaHHbIX  HaHOMaTepuanos —
yrnepogHble HaHOTPy6kM (YHT) u  dynnepenbl. Mpu 3Tom
HaHOTPYOKM C/MOXHO McCnefoBaTb Ha TOKCMYHOCTb: BpeaHoe
BO3JEMCTBME HA KMBOW OPraHM3M MOMKET CU/IbHO OTANYaTbCs OT
pa3mepoB U CTPYKTYpbl TPYOKK.

K Hactoslemy BpemeHM MpoBedeHO 6onbwoe uucio
TOKCMKO/IOTUYECKUX UCCNeA0BaHUM YriepoaHbIX HaHOTPYOOK Ha
MJIEKOMUTAIOLLLMX " pe3ynbTaTbl OKasanucb Becbma
nNpoTMBOpeYMBbIMU. YuéHble HauMoHanNbHOro WHCTUTYTA MO
obecneyeHnto 6e30MacHOCTM M OXpaHe 340poBbA B 06/1acTu
npodeccnoHanbHoW  peatenbHoctn  (National Institute for
Occupational Safety and Health, NIOSH, CLUA), a Takke psaga
OpYyrvx opraHusauuii nokasanu, yto YHT npu nonagaHuv B
NerkMe Yy Mblliei  BbI3bIBAOT  Pa3BUTME BOCMAIUTENBHOTO
npouecca. Uccneposatenu us University of Dayton (CLLUA) L.Zhu,
D.Chang, L.Dai u Y.Hong BbiacHuAn, 4to YHT cnocobHsl
HaKanaMBaTbCA BHYTPU 3SMOPUOHANbHBLIX CTBOJIOBBIX KJ/IETOK
MbILWK, BbI3biBaA nospexkaeHunsa AHK.

B 1O Xe Bpemsa, ydyeHble CTaHGOPACKOro yHMBepCUTETa,
pabotatowme noa pykosoacTBom npodeccopa Hongjie Dai
NPUWAX K BbIBOZAM, UYTO aKKyMy/aupylolmMeca B OpraHuMame
MbllIEeN yrnepoaHble HaHOTPYOKM He 06/1afaloT TOKCUYECKUM
LEeNCTBUEM.

B poctynHoi nutepaType 6bl710 OBHApyKeHO KpaiHe mano

nccnefoBaHui BO3MOMHOIO  HeraTUBHOrO BO3AencTBusA
YrNepogHbIX  HaHOTPYBOK Ha  penpoayKTUBHYIO — CUCTEMY
MIEKONUTAOLWMX.

MposeaeHo wuccnepoBaHMe  TOKCUYHOCTU  YI1ePOAHOTO
HaHOCTPYKTypHOro matepuana (YHM) «TayHUT» (MHOrocteHHble
yrnepogHole HaHOTPY6KK, npovssoguTesb - 000

«HaHoTexLleHTp, r. TamboB») Ha pPenpPoAYKTUBHYIO YHKLMIO
camuoB N1abopaTOPHOW  MbIWK. IKCNEpPUMEHTaNbHanA YacTb

BbINO/IHEHA COrNacHO MeToAMYEeCKMM peKomMeHaaumam no
BblABNEHUIO HaHOMaTepwuanos, npeacrasaaowmx
NoTeHUMaNbHYIO OMacHOCTb ANA 340pOBbA 4yenoseKka. bbinun

chopmmpoBaHbl ABE OA4HOBO3PACTHbIE TPYMMbl  MKMBOTHbIX
(aKCnepumeHTasibHan M KOHTPOIbHAA rpynnbl), cocToswue us 10
No/SI0BO3PEbIX HEJMHEMHbIX CamLoB 1abopaTOpHOM MbIuK
Kaskgan. [ns BBefeHnA B opraHn3m 6bin BbIGpaH anMMeHTapHbIi
MyTb, TaK Kak 4aHHbIA cnocob MoCTyn/ieHus HaHOMaTepmasnos B
opraHusm npegcrasnserca Hanbonee BepoATHbIM. B TeyeHune 30
AHEeN 3KcnepumeHTanbHoW rpynne BBoguaca YHM «TayHut»
nyTeM 3ameHbl MUTbEBOM BOAbI HA KOANOUAHbIA BOAHbIN
pacteop. CpeaHecyTodHas 4033 WMCCAeLyemMoro matepuana Ha
KaKOoro camua B 3KCMepUMeHTasbHOM rpynne coctasaana 30
mr/kr. OueHnBanoch obLee COCTOAHME KUBOTHbIX. KOHTPOIbHYIO
rpynny cocTaBnaAnm MbILUN, KOTOpbIM BBOAMIM
AVUCTUANIMPOBAHHYIO BOAY B aHaNOMMYHbIX KosiudecTsax. [1o
MCTEYEHMM CPOKA IKCMO3ULMM K KaXKLOMY CaMLy NOACaKMBaNOCh

no 3 BUPIUHHbBIX HEIKCMOHUPOBAHHbIX CamMKu. OTmevanocb
Hannymne NonoBoro noseaeHua. MoacagKka caMoK K NOAOMNbITHbIM
CcaMuaM MpPOM3BOAMIACE EeXKeHeAeNbHO Ha NPOTAMEHWU Tpex
Hepenb. OTcaXKeHHbIX CaMOK BCKpblBanu 4yepe3 15-17 pgHen.
OueHnBanocb KOANYecTBo HepeMeHHbIX CaMOK, CAMOK C KUBbIMU
naoAamu, ¢ MepPTBbIMU NA0LAMMU; KOJIMYECTBO KUBbIX U MEPTBbIX
naoA08 Ha Nomer.

B pesynbrate, B 0beux rpynnax 6bL10 3aperncTtpuposaHo
HaAnyMe HOPMaNbHOrO MOJIOBOrO  MoBeAeHuA.  BHewHux
NaToONIOrMYECKUX WM3MEHEHUI B IKCMEPUMEHTasIbHOW rpynne
oTMe4yeHO He 6bino. OgHako, mocnepytollee HabnwgeHve 3a
caMKamu no3Bo/InI0 YCTaHOBUTb, yTo yrnepoaHbIi
HaHOmaTepuasn, BBOAWMbIA NEpopasbHO B  UCCAeayemoWn
[03MPOBKE,  BbI3blBa€T  MOJIHYIO  CTEPWUIbHOCTb  CaMLLOB
nabopaTopHOW MbIWK. MccnefoBaHUE TUCTONOTMYECKUX CPEe30B
CEMEHHWKOB  9KCMEPUMEHTa/IbHbIX  KMBOTHbIX  MOKa3ano
3HauuTeNIbHble CTPYKTYPHble HapylWweHUa Mo CPaBHEHUID C
KOHTPONbHOW  rpynnoW. [laHHble UCCAefoBaHUA — AOMXKHbI
nonyynTb npodomkeHue pana obecneveHus 6HesonacHoro
BHeapeHna YHT B KauyecTBe KOHCTPYKLMOHHOTO MaTepuana
HOBOFO MOKOJ/IEHUA.

P48 AHTUOKCUMOAHTHAA TEPAMUNA AQBIOBAHT-

MHAOYUNPOBAHHOIO APTPUTA

Cabuposa A.A., 3anantotgmHosa J1.H., HacblbynnunHa
[.A., NMeTtposa A.A.

KasaHCcKul rocyaapcTBeHHbIN MeaULUMHCKUI
yHuBepcuTeT, KasaHb, yn. bytneposa, 49,
sabirovy@yahoo.com

BBepgeHue. AHTMPEBMATOMAHOM aKTUBHOCTbIO 0bnagatoT
MHOTMe aHTUOKCUAAHTLI: BUTaMUHbI A U E, ceneH, ¢ynnepetsi.
Anbda-nunoesana  kucnota (/IK) sABnseTcA  YHUKaANbHbIM
AHTUOKCMAAHTOM, PacTBOPMMbIM Kak B BOAHOM, Tak M B
navnuaHol cpege. AMOUPUABHOCTL U HAaHO-pa3Mep MOJEKYbl
06YyCNnaBNMBAOT ee CMOCOBHOCTb MPOHUKATb Yepes KAeTouHble
membpaHbl.  Llenblo  uccnepoBaHMA  ABMAOCH  U3yYeHWe
NPOTMBOBOCMA/NIUTENbHbIX CBOWCTB pPasnunyHbix A03 JIK npwu
nepopasbHOM W MeCTHOM MPUMEHEHUU B CPaBHEHUU C
avknopeHakom Hatpua (D) Ha moaenn aAbloBaHTHOrO apTpuTa
Kpbic (AA).

Martepuanbl 1 metogbl. B skcnepumeHTe ncnonb3osanu 65
6enbix HeAMHenHbIX Kpbic oboero nona maccoin 220+20r. AA
MOAEeNnpoBann cybnnaHTapHbIM BBEJEHVWEM B MNpaBylo Jsany
KOHTPONbHbIX M ONbITHbIX Kpbic 0,1Mn MNOAHOro aabloBaHTa
DdpenHaa. Nccneayemble  npenapatel  (JIK B po3ax,
cootBeTcTByoWwmx 1/10, 1/100 n 1/200 DL50, n 4D B cpeaHei
30 deKTUBHOW [03€) BBOAMAWU BHYTPUNKENYAOYHO C MOMOLLBIO
30HAA@ U HAHOCUAIM MECTHO Ha obe nanbl B Konmuectee 0,1mn ¢
12-ro gHA B TeyeHue 14 paHeW. B KauyectBe Kputepwues
3¢ deKTBHOCTU 6binn BbIGpaHbl AaHHble OHKOMETPUYECKOTO
nccnenoBaHuA, MHoOpakpacHoi Tepmorpadun M pasBepHyTOro
aHanuM3a KpoBu. PesynbTaTbl uccnenosBaHuii obpabaTbiBanu
CTaTUCTUYECKM C Ucnosib3oBaHueMm t-kpuTepua CTbrogeHTa.

PesynbTaTthl. MepsuyHan BOCNanuUTesIbHan peakums
dopmupoBanacb Ha TpeTuin AeHb (cpeaHMit NMpupocT obbema
npaBoi fNanbl cocTaBun 66+5%). K 25 aHO cpeaHuit npupocT
obbema npaBolii nanbl B KOHTPONbLHOM Trpynne W rpynne,
nosyvatoLLei ocHoBy, cocTasua 76x5%. MpumeHenue JIK B gose,
cootBeTcTBytowein 1/10 n 1/200 DL50, npakTUYECKM ycTpaHANo
NepBUYHYIO BOCMANUTE/IbHYIO PeaKLMio, BbI3BaHHYO BBeJeHUEM
agvloaHTa. MNpMmeHeHune A03bl, cootBeTcTaytoweit 1/100 DL5O,
6b110 mMeHee 3bPEKTMBHO, HO TemM He MeHee [O0CTOBEPHO
npesocxoamno spdektmsHoctb AD B cpeaHeit 3bdeKTMBHOM
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fose. MecTHoe MNpUMEHEHWE /INMOEBOM  KUCNOTbI  TaKKe
npeBocxoamno 3GpeKTUBHOCTb AnKaodeHaKa HaTpus
BtopuyHas MMMYHOAOTMYecKas peakuma Hayana

dopmmupoBaTbca Ha 6 AeHb (cpeaHuit npupoct obbema nesoi
nansl coctasun 17+2%). K 25 gHo cpeaHuit npupocT obbema
neBoi nanbl AOCTUT 42%5% y KOHTPO/ILHOM TPynnbl U rpynmnbl
KpbIC, MonyyaBwux ocHoBy. [lpumeHeHve JIK B pgo3e,
cootseTtcTytowen 1/10 1 1/200 DL50, npakTnyecku ycTpaHano
BTOPUYHYIDO  MMMYHOJIOTUYECKYID  peaKkuuio, BbI3BaHHYIO
BBeAEHMEM afbloBaHTa. [lpumeHeHMe [03bl, COOTBETCTBYIOLEN
1/100 DL50 6bin0 meHee 3GdEKTUMBHO, HO, TEM He MeHee,
poctoBepHo npesocxoamno 3ddekTnBHocTb Ad B cpeaHen
adpdekTMBHON po3e. MecTHoe npumMeHeHWe AuKaodeHaKa
HaTpUA  YMEPEeHHO  CHWXKANo  aKTUBHOCTb  UMMYHHOTO
BocnaneHna. IPPeKTUBHOCTb NPUMEHEHUA JIMNOEBON KUCNOTbI
6bl1a 4OCTOBEPHO BbILLE.

MpumeHeHne JIK npusBeno K HoOpmaamsauum Tepmorpammbl
KaK B NpaBoOW flane, Tak U B 1IEBOW Nane, YTO rOBOPUT HE CTO/IbKO
0 NOKa/bHOM 3GPEKTUBHOCTU, CKOIbKO O CHUMKEHWUU aKTUBHOCTU
ayTOUMMYHHOTO BOCMIAMTENbHOTO npouecca®. B oTeeT Ha
BBEeJEHWE aabloBaHTa B KPOBM OblM BbIABAEHbl WU3MEHEHUSA:
NenKkouMTo3, MOHOUMTO3, ycKkopeHMe CO3. Ha  doHe
nepopanbHow Tepanuu JIK pAaHHble napameTpbl MNpUWAM B
HopMmy. MNepopanbHoe NpumeHeHne anknodpeHaka HaTpUA meHee
3bGEKTUBHO CHUXKANO BbIPAXKEHHOCTb NEMKOLUTO3a, YMEPEeHHO
cHMKano COD, HO He BAMANO Ha MOHOUMTO3. MecTHoe
npMMeHeHWe npenapaTosB He OKa3blBao JOCTOBEPHOrO BAUAHUA
Ha KapTWUHY KPOBMU.

BbiBoa. Takum obpasom, Hamu 6bIO BMepBble MOKasaHo,
4yTo nepopanbHoe npumeHeHne JIK Ha mogenn AA npwm
nepopanbHOM U MECTHOM NpUMeHeHUN 3GPEKTUBHO yMeHbLUaeT
BbIPAaXKEHHOCTb KaK NEepBUMYHOW BOCMA/NUTE/NIbHOM, Tak W
BTOPUYHOW MMMYHO/IOrMYECKON peakuumn u no adpdekTMBHoOCTU
NpeBoCXoAMT NpenapaTt CpaBHEHUS.
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FTOMOTEHHAA HYK/TIEALMA U3
NEPECHILEHHOIO MAPA KAK HOBbI
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Pa3BuTHE COBPEMEHHOM HayKn O HaHOMaTepuanax CTUMyAMpyeT
MOMCK WX MPUMEHEHUIA B Pa3/IMYHbIX OTPACAAX Ye/N0BEeYECKOM
[EATENbHOCTU M, B YaCTHOCTH, MeAuuMHe. 34ecb HaHoMaTtepuanbl
HaXOAAT CBOE MPUMEHEHWE B KauecTBe a/ibTepHATMBHbIX CNocoboB
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[LOCTaBKU IEKaPCTBEHHbIX NPENapaToB B OpraHW3m yenoseka. Cpeam
3TWX cnocoboB Haubonee NepcrnekTUBHbIM ABNAETCA AOCTaBKa NyTem
WHranaumMm asposoneir B nerkne [1]. Bbno nokasaHo [2], uTo
HaHoYacTUUbl B JAuanas3oHe pasmepoB 5-100 HM Haubonee
3G eKTUBHO OCaKAAoTCA B anbBEOAX U, CIe0BaATE/bHO, Hanbosee
6bICTPO MPOHMKAIOT B KPoBb. OAHAKO, COBPEMEHHbIE METOAMKN He
MO3BO/IAIOT MOJMy4aTb A3P0O30/IM, COCTOALUME MCKIOUUTENBHO W3
HaHouactuy, [3, 4]. B pabote [5] npeanoxkeH cnocob reHepauuu
HaHOYacTUL, WHAOMETALMHA MNyTeM TOMOreHHOM HyKaeauuu u3
NepecbILLEHHOTO MNapa B MPOTOYHOW Anbdy3MOHHOM Kamepe.
[OMOreHHas HyKneaumus MO3BOMAET TaKKE He UCMONb30BaTb
pacTBoOpbl MM CypdaKTaHTbl, YTO CHUMKAET MNoboyHble 3ddeKTbI,
Bbi3blBaemMble  MMW.  Mcnonb3oBaHMe  MPOTOYHOW  CUCTEeMbI
NpesoCTaBAAET Nyyllne BO3MOXKHOCTU A/ KOHTPOAS pasmepos U
KOHLEHTPALMIA HaHOYacTUL, a TaKkKe YMpOLLaeT WX aHanus wu
NO3BOJIAET NO/TyYaTb CTabWU/bHBIV NOTOK a3pP0301A AN K/IMHUYECKMX
UCMbITaHWUA.

B aTOM paboTe Mbl NPUMEHWAN AaHHYIO CUCTEMY ANA
reHepaumMu HaHouyacTuy, ubynpodeHa. WMb6ynpodeH (R,S-2-(4-
n306yTUNDEHMN)-NPONaHOBas KUC/IOTa) B KaYecTBe HECTEPOUAHOIO
NPOTMBOBOCMA/IMTENIbHOTO ~ Mpenapata OuveHb  MOMy/sApeH B
HacTosilee Bpems. OH ABAAETCA NOTEHLMaNbHbIM KaHAMAATOM Ha
NpYMEHeEHWe B BUAE a3p030/eil HaHOYacTWL, B CUIY MOBOYHbIX
3dbeKTOB, BbI3bIBAEMbIX NPU NPUEME B BUAE TabNeToK.

O6LWwmii NpUHLUMN PaboTbl NPOTOYHOM ANPDY3UOHHOW Kamepbl
3aK/1I04A/ICA B OX/IAXAEHUM NApOra3oBoit CMecu No Mepe ABUMKEHUA
Nno OXNaJaeMoli 30He Kamepbl. [lap BeLLecTBa, OXNaXKAasCh,
[OCTUran HacbILLEHWA, 3aTeM NEPECHILEHUA U 3aTEM Npoucxoamna
rOMOreHHas HyKneaums. Mcnonb3ys OBe pasnnyHble KOHCTPYKLMK
Kamepbl, Mbl CMOI/IM NoA,06paTh YC0BUA A1 FreHepaLLm aspo30s ¢
AmanasoHom pasmepos ot 10 a0 800 HM 1 KOHLEHTpaUMAMK OT 10*
no 10" em®,

Pasmep ¥ CYETHyIO KOHLEHTPALMIO a3p030/bHbIX YacTuL,
M3MEPAM C TMoMoLblo paspaboTtaHHoro B WXKI CO PAH
anddysmMoHHoro cnekTpomeTpa aspososier [6]. OH coctouT U3
andoysnoHHoM baTapen, KoTopas NPOM3BOAUT COPTUPOBKY YacTULy
nyTem CcenexktTvBHOW Anddy3nM, YKpPYNHUTENS U ONTUYECKOrO
cyeTumKa. [laHHbli npubop nNo3BONAET M3MEPATb pasmepbl U
KOHLIEHTPaLMIO 23p030/1bHbIX YacTuL, B AnanasoHax 3-200 Hm u 10-
10’ cm™® cooTBeTCTBEHHO.
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Ha 6ase TMnoBoro nabopaTopHoro obopyaoBaHusa ¢GUpmbI-
npovssogurens PHYWE (Fepmanumn) co3gaHa
3KCNepMMeHTaNIbHaA YCTaHOBKa A/19 U3MEepPEeHUA CKOPOCTM 3BYKa

B JKMAKMX  pacTBopax MpuM  KOMHATHOM  Temneparype.
OT/MYUTENbHOI 0Cco6eHHOCTbIO YCTaHOBKM ABAseTcA
KOMMaKTHOCTb, MO3BONAIOWLANA WCMONb30BAaTb €€ B  MWHU
nabopaTtopmsax.

leHepunpoBaHUE YCTOMUYMBOM CTOAYEN aKyCTUYECKOW BOJIHbI B
NPO3PayHbIX  KMUAKOCTAX, MPOCBEYMBAEMbIX  MOMEpPeyHbIM
pacxoAAWmMMCA ONTUYECKUM MY4YKOM, MO3BO/AET ONpeaevTb
ONMHY CTOAYel  BO/IHbI C MOMOLLBID MeToda ONTUYECKOM
NPOEKUMM C TOYEYHbIM LLEeHTPOM cummeTpuu. Ha ocHoBaHuM
NoJly4eHHOro pe3ynbTaTa BbIYMCAAETCA CKOPOCTb 3BYKA B KaXKA0M
U3 UCCNeayemMbiX KUAKOCTEN.

B OKpPeCTHOCTH Y3108, rge 3Ha4yuTenbHO N3ImMeHaeTca
dn
P
NOoKa3aTe/lb npenomneHunAa Z CBETOBOI‘/'I NOTOK,

pPacnpoCTpaHAOWMINCA B KMAKOCTM B  MOMEpPeYHom  no
OTHOWEHUIO K HanpasneHuio pguddepeHumaumm (ocb «OZ»)
CTOAYe BOJHbI, CYLWECTBEHHO OTK/IOHAETCA OT WCXOAHOro
HanpasneHua (npenomnsnetcsa) [2]. B To e Bpems, B OKPECTHOCTH
Ny4YHOCTEN CBETOBOW NOTOK HE M3MEHSET CBOEro Hanpas/ieHus B

cvmy I'IpaKTVIHECKOFO I'IpOCTpaHCTBEHHOFO MOCTOAHCTBA
dn
Fr

noKa3saTtensa I'Ipe}'IOMIleHVIﬂ z Cnep,osaTeano,

OCLMNNNPYIOLLME OKPECTHOCTM Y3/10B MPOSABAAETCA Ha 3KpaHe
KaK TeMHble MO0/IOCbl, @ OKPECTHOCTU My4YHOCTEWN KaK CBET/ble
NosIoChl MpY NOMNepeyHOM ONTUYECKOM NPOCBEYMBAHUM CTOAYEN
aKycTMyeckol BONHbI. Ecn e B KayecTBe CBETOBOTO MOTOKA
MCNONb30BaTb UCXOAALLMI U3 OAHOMN TOUKM (LEeHTpa CUMMETpPUM)
CBETOBOW My4YoK, TO, Habnopas pesynbTaT Ha yAaNEHHOM
3KpaHe, MNOJIyYUM YyBe/MYEHHbI 06pa3, yaobHbIi ans
MU3MepUTENbHbIX Liesient (cm. puc.1).

Cxema 3KcneprmeHTa HaNnOMUWHAET K/IAaCCUYECKYHO YCTaHOBKY
MaHgenbwrama — BbpunntosHa. MpuHUMNMANBHOE OTAWYME OT
nocnepHen: apdekT aMdpaKkUUN ONTUYECKON BONHbLI HA CTOAYEN
Y/IbTPa3BYKOBOM BO/MHE 3ameHeH 3ddeKkTom pedpakuun B
OKPECTHOCTM y3/10BbIX ToueK. [locnefHuit 3pdeKT MOXKHO
OTHECTM K TeoMeTpuyeckoi onTuke. OnNTUYeckas cxema
YCTaHOBKM NoOKa3aHa Ha puc.1.

Ha puc.2. npveeseHo n3obpaxeHue OaHHOWM
JKCNepUMEHTa/IbHOW ycTaHOBKKW. CTeKnsaHHasA KioBeTa Ha 2/3
obbema Hano/HEHA WCCAeAyeMOM  KUAKOCTbI.  3BYKOBas
rO/I0BKa MOrPy)KeHa Ha rybuHY HECKONbKO MW/IMMETPOB B
AMUAKOCTb. [110CKOCTb TONOBKM [O/MKHA ObiTb MNapannenbHa
NIOCKOCTMN fiHa KIOBETHI .

MapannenbHbii Ny4YOK, NPOU3BEAEHHbIA TreUN-HEOHOBbIM

Nnasepom,  Mociae  MPoOXOXAeHua  cobuparowen  NH3bI
dokycupyetca B TOYKy (LEHTp cummeTpuu). LieHTp nyuka,
pacxoasuierocs u3 dokyca NINH3bI, pacnonaraetcs

npu6ansutenbHo B 0 — 20 CM OT KIOBETbI, MPOEKLMOHHbIN 3KpaH
Haxoautca npubansutenbHo B 50 cM OT KioBeTbl MO Apyryto
CTOPOHY. J1asep M JiMH3a yCTaHAB/IMBAKOTCA TakKMM 06pasom, uTo
CBETOBOW NOTOK MPOCBEUYMBAET KUAKOCTb B MPOMEKYTKE MEXKAY
3BYKOBOM r0/10BKOI M AHOM KIOBETbI.

Puc. 2 Bug skcnepumeHTanbHoM
YCTaHOBKM

Puc.3.1306pakeHmne Ha
IKpaHe

PaccToaHme mexay nofocamu Ha 3KpaHe B NPOEKLMU PaBHO

d (cm. puc.l.). Ucnonb3ys 3snemeHTapHble reomeTpuyeckue
coobpakeHus, Ha OCHOBe NoA06MA HaxoaUM

A_yg_S
2 +
S, +5, "
PaccrosHue donpe,u,enMM, nM3mepmvs D, pasmep
NPOEKTUPYEMOro Ha 3KpaH u3obpaxeHua (cm. puc.3.) w
N

noacynTas YMCNO NOIOC HA ITOM U306paXKeHUN.
HakoHel, CKOpOCTb 3ByKa MO/Y4MM, Cnegys W3BECTHOMY
COOTHOLLEHUIO

A
v=—=A-T1,
T (2)
roe - yacToTa reHepupyembix KonebaHuii, npu KOTOPOW

BO3HMKAET yCTOMYMBaAnA CTOAYAA BOAHA ANMHOMN BOHbI A .

MpousBoas He3aBUCMMbIE W3MEPEHMUA CKOPOCTU (AAWHbI
BO/IHbI) ayAMOBONIHbI B PAcTBOPE, MMEEeM BO3MOMKHOCTb MO
3KCNEepPUMEHTaNbHO MONYYEeHHOW 3aBMCMMOCTU  OMpesAeNuUTb
KOHLleHTpaumMio pactBopa. O4YeBMAHO CKOPOCTb ayAMOBOJHbI
KOppenuvpyeT 1 C APYrMMM XapaKTepUCTMKamu pactBopa, 4To
MO3BONAET  PaAcnpPOCTPaHUTL  METOAMKY A4S M3MepPeHus
NPaKTUYECKM BAaXKHbIX XapaKTEPUCTMK PacTBOPOB.

1. N1.4. NaHgay, E.M. Nludwuu,. IneKkTpoanHaMmMKa CINOLHbIX
cpea. M.: dusmatnumt. 1982. —624 c.

2. M. bopH, 3. Bonbd. OcHoBblI onTukK. M.: dusmataur.
1973.-721c.

3. Tabnuubl ¢u3nyecknx BennuuH. CnpaBOYHUK MOA pea.
aKkag. UK. Kukonna. M.: ATommsgat. 1976. — 1008 c.

4. dusnyeckne BenuunHbl: CnpasouHuk/A.M. babuues, H.A.
babywknHa, A.M. BpaTkosckuit u ap.; Moa. pea. WU.C
lpuropbesa, E.3. Meilinnxosa. - M., dHeproatommsgar, 1991. —
1232 c.
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P51

KonnongHble KBaHTOBble TOYKM (KKT, nonynpoBogHMKOBbIE
HaHOKPUCTaN/bl) WMMEIT 3HauWTesbHble MNPEeMMyLLecTBa MO
CpaBHEHUIO C O06beMHbIMM MOAYyNpPoBoAHUKAaMM [1]. OHwu
06/1a4al0T  YHUKANbHBIMU ~ ONTUYECKUMU U I/IEKTPOHHBLIMM
CBOMCTBaMM BCNEACTBUE KBAHTOBOPA3MepPHbIX 3pdeKToB [2], 1 B
HacTosAllee BPemMs aKTMBHO WCCNEAYIOTCA C LeNblo pa3paboTku

PasNUYHbBIX MPWIONKEHUIN, B 4YacTHOCTM, 6OMOCeHcopoB W
6romapkepos. Ona Toro, 4TO6bI perncTpmpoBaTb
NIOMUHecueHUMo  mapkupylownx KKT B TKaAHAX  KMBOro

opraHusma, uenecoobpasHo ucnonbzosaTb KKT ¢ xapakTepHbiMu
SHEPrUAMM  JIIOMUHECLEHUMK,  OT/IMYHBIMU ~ OT  3HEeprui
NIOMMHECLLEHLIMM XKMBbIX TKaHel. HaHOCTpyKTypbl Tvna aapo-
060/104Ka U CTPYKTYpbl, IETMPOBaHHbIE MeAbto, 0OHApPYXKMUBAOT
WHTEHCUBHYIO NtOMUHecueHuno B MK-amnanasoHe, B TO Bpemsa
KaK Y XMBbIX TKaHeN NIOMUHECLLeHLMN B 3TOM AMana3oHe HeT.

AsTopamun  6binn  cuHTesmpoBaHbl  KKT  xanbkoreHnpos
Kagmua (cynbduaa, ceneHmaa v Tennypuaa), a takke KKT tmna
Aapo-o0bonoyKa coctaBa CdSe @CdS CQDs Ha OCHOBe 0/1eaTHOro
metoga [3]. Ona cobcTBeHHbIX HaHOoKpucTannos CdS aBa Buaa
aedektos BOCMPOW3BOAMMO 6bin 3aperncTpmpoBaHbl:
NpeAnoNOXKUTENbHO, MENIKME aKLLeNToPbl U MeNKne AOHOpbI.

B aToli paboTe 6bLIM U3yYeHbl ABE METOAWMKU MNONAYYEHUA
KKT, nernpoBaHHbiXx meabto. Mepsas (TpaBneHue) npeacrasaseT
coboil ABYXCTaAMMHBIN MeToA, B XOAe KOTOpPOro MOHbI meawu
BBOAATCA B  NPUroToBAEHHble  3apaHee  KKT. Brtopas-
OOHOCTaANWHBIA METOZ, B XO4e KOTOPOro NMPeKypcopbl KaaAMUA 1
megmn Cd cmelunBaloTca BMeCTe U COBMECTHO MCNO/b3YOTCA ANA
npurotosneHna nermpoBaHHbix KKT. Ob6e meToauku 6blin
M3yYeHbl AN PA3/IMYHBIX CTENEHEW IeTMPOBaHMA.

CornacHo iMTepaTypHbIM OAHHbIM, 3Heprua
nomuHncueHumn  KKT, nernMpoBaHHbIX MeAbto, 3aBUCUT  OT
pajuyca YacTuubl BCeaCcTBUE TOrO, YTO JIIOMUHECLLEHLMA NOHOB
meam npoucxogut no MexaHu3my pekombuHauum
[,€/10Ka/IM30BaHHbIX 3/1EKTPOHOB (B 30HE MPOBOAUMOCTU WU
MeNKOW NOBYLLKKM) ¢ MoHOM meaym [4]. B paHHoM paboTte aBTopbl
M3y4yannm 3aBUCMMOCTb SHEPTUU NMPUMECHOM IOMUHECLLEHUMUN OT
pasmepa YactuL, ANA nernpoBaHHbIX meapto KKT.

MonyyeHHble 06pasupbl 6bin BblZe/1eHbl "
OXapaKTepu3oBaHbI meToAamu NMOMMHECL,eHTHOM
CMNEKTPOCKOMMWM U CMEKTPOCKOMWUM  MOTNOLEHNS, a TaKkKe

MeTOA,0M MPOCBEYMBAIOLLEN 3NIeKTPOHHON MUKPOCKOMUM.
Jlumepamypa
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Institute, Physics and Chemistry of Condensed Matter, Utrecht
University, P.O. Box 80.000, 3508 TA Utrecht, The Netherlands.

98

HAHOYACTWUbI CEPEBPA AN1A
NCCNEJOBAHUA BUOTOTNYECKUX
MOJIERY/T METOAOM TKP-CNEKTPOCKOMUA

A.A. CemeroBa'*, E.A. T'yaunun™?, B.B. Xabatosa®,
H.A. Bpaxe®, [.B. Makcumos?, 10.1. TpeTbakos™?

P52

'Pakynbter Hayk O matepuanax, MOCKOBCKMIi
rocy,apCTBEHHbIN yHUBepcuTeT UMEHU
M.B./lomoHocoBa, 119991, MockBa, JleHUHCKKe
ropsl, 1.

ZXUMUYECKMi dakynbTeT, MoOCKOBCKMI
rocyapCTBEHHbIN yHUBepcuTeT UMEHU
M.B.JlomoHocoBa, 119991, MockBa, JleHUHCKKe
ropsl, 1.

*Buonoruyeckuii dakynbTeT, MoCKOBCKUI
rocyapCTBEHHbIN yHUBepcuTeT UMEHU

M.B./lomoHocoBa, 119991, Mocksa, JIeHUHCKKe ropbl,
1, kopn. 12.
*a.semenova@fmlab.ru

[na mccnepoBaHWA CTPYKTYpbl GUMONOMMYECKUX MONEKYN B
COCTaBe J>KMBbIX CUCTEM METO[, CMEeKTPOCKONUU [UraHTCKOro
KOMbWHauMoHHoro paccesHus (FTKP) B nocnegHee Bpems
npuobpetaet Bcé 60/1bLIYIO NONYAAPHOCTL BBMAY BO3MOMHOCTU
HeWHBa3MBHOrO aHa/nM3a O6MONOTMYECKUX OOBEKTOB, T.e. He
conpoBoXgatouleroca ux paspyweHnem. Cpeam npeumyluects
MeToa TaKMKe BbIAENAT €ro BbICOKYH YyBCTBUTE/IbHOCTb,
npoctoTy  NPoboMoAroToBKM U BO3MOMHOCTb  WM3y4eHWA
KOHPOpMaLMM  eAMHUYHBIX  MONeKya. YcuneHuwe  curHana
KOMOMHaLUMOHHOrO pacceaHWs aHanuTa B cnekTpockonun [KP
[0CTUraeTca 3a cYeT N1a3MOHHOro pe30HaHca, XapaKTepHoro ana
HaHouacTuy, 6naropoAHblX  MeTannoB  (NpenmyLLecTBeHHO
cepebpa ¥ 3010Ta), M 3aBUCUT OT MNPEALICTOPUN MONYyHYEHUA
HaHouyactuy, wux Mmopdosornm, pasmepa M MOBEPXHOCTHbIX
OYHKUMOHaNbHBIX  rpynn. B cBA3M Cc  3TMM  nonyyeHue
«HacTpaMBaembix» HaHoyacTuy, 6naropofHbIX MeTannos AnA
nccnepgosaHuna 6uomonekyn metogom MKP asnsetca akTyasnbHoOM

3apa4ent.

B HacTosAwel paboTe NpoAEMOHCTPUPOBAHO NPUMEHeHue
HaHovacTuy, cepebpa, NOAYyYEeHHbIX XUMUYECKMM
BOCCTaHOBJ/IEHVEM HUTpaTa cepebpa TMAPOXI0PUAOM

TMAPOKCMNAMMHA B LWLEeNoYHOU cpepe (meTop Jfleononbaa -
NleHpna), pna vccnepoBaHUA KNETOK KPOBU U M30IMPOBAHHOMO
remornobuHa, BblAENEHHOro u3 3pUTPOLMTOB, c
ncnonb3oBaHmem KP-cnektpockonun. C Lenbto BapbMpoBaHMA
pacnpefenieHna  HaHoyacTUL, MO  pasmepam  U3MEHAU
TemnepaTypy cuHTe3a B AnanasoHe 25 — 60 °C 1 Bpems cTapeHus
NoONyYeHHbIX ruaposonen (oo 2 mecsaues). 4na pasanyHbIX cepuit
06pasLoB HaHOYACTWL, NNA3MOHHBIA pe3oHaHC Habntoaaerca B
ananasoHe 400 — 450 Hm. Mo paHHBIM  MPOCBEYMBAIOLLEN
37IeKTPOHHOM  MMKpockonuu  (MDM) M AMHaMMyecKoro
cseTopaccesHun ([CP), pacnpeaeneHvne HaHovacTul, cepebpa no
pasmepam  uMmeeT 6uMmoZanbHbIA  BMA, NO3TOMY  AJA
XapaKkTepusaumMmM HaHoyacTuy, 6bl10  BrnepBble NPeaNoXKeHOo
MCNONb30BaTb  LEHTPaNbHble  CTAaTUCTUYECKME  MOMEHTbI:
avcnepcvio,  accumeTpuio M 3Kkcuecc.  OBHapyKeHHble
KOppenAauMnm Mexay napameTpamMu KpUBbIX pacrnpefeneHus,
CMeKTpaMu NOFNOWEHUA U KO3IOPULMEHTOM YCUAEHUA CUrHana
KP no3BonstoT onTMMM3NPOBaATh NPOLECC CUHTE3a HaHOoYacTuL,
cepebpa pna 6osnee 3OPEKTUBHOrO WM3yyeHUss BUOMONEKYN
meTtogom KP.

Paboma ebinosHeHa npu ¢uHaHcosol noddepicke POOU
(npoekm 11-03-00761-a).
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HapyweHus nepudepuyeckoli WHHEpPBALUUW, BbI3BaHHbIE
TpaBmamu, nwemuen " HelpoaereHepaTUBHbIMU
3a60/1eBaHMAMM ABNAIOTCA BaXKHENLLEN NPUYMHON BPEMEHHOM U
CTOMKOW MHBAAWAHOCTM HaceneHusa Poccum TpypocnocobHoro

Bospacta [1]. [na  ycnewHol CTUMyAsUMM  pocta M
BOCCTAHOB/IEHUSA HepBa TpebyeTca noaaepikaHue
BbI’KMBAEMOCTM W pereHepauuuM  HempoHoB,  perynaums
HanpaB/IeHHOTO POCTa aKCOHOB, MO3TOMY A/ YCKOpPeHus

npouecca BOCCTAHOBNEHWA B MeCTe MOBPEeXAeHWA Hepsa
HeobxoaMmo  obecneuntb  CTabuibHYlO WM AAUTENbHYIO
aKcnpeccuio HelipoTpoduHos. C 3TON TOUKM 3peHus Haubonee
6onee MepcnekTUBHbIM NPEACTaBAAETCA CMocob CTUMYAALMK
BOCCTAaHOB/IEHWUA WHHEPBaLMW, B OCHOBE KOTOPOrO JEXUT

npUMeHeHMe  NAa3MUAHbIX  KOHCTPYKUMNA, KOAMPYHOLLMX
KNloYeBble peryiatopbl PocTa W BOCCTAHOB/IEHUA HEPBHbIX
OKOHYaHWi, a wumeHHO BDNF, KoTopbii obecneumsaeT

BbIXKMBaHME W PEreHepauuio HEMPOHOB U POCT OTPOCTKOB. /s
BBEAEHUA NAa3MUIHbIX KOHCTPYKUMI MCMONb3YIOT
MHOXECTBEHHbIE  /IOKA/IbHble  UHBLEKUMM B MbIWLbl, YTO
NO3BONAET AOCTUYb BbICOKOTO YPOBHA TPAHCHEKLMM MbILLIEYHbIX

BOJIOKOH " cTabunbHom aKcnpeccum TpaHcreHa.
MNocneposatenbHocTb  BDNF  yenoBeka coaepXuT peakue
TPUNNETbl HYKNEOTUAOB, UYTO MOXKET HEraTMBHO BAMATb Ha

3bPeKTUBHOCTL ero aKcnpeccun B Mbllile, ofHako, 6narogapa
BbIPOX/AEHHOCTM FreHeTUYeCKoro Koga, pegKue Tpunaetbl MmoryT
6bITb 3aMeHEHbl Ha Te, KOTOPble BCTPEYAOTCA B FeHax YesioBeKa
Haubonee  uyacro, 6e3 N3MeHeHuA AMUHOKMCIOTHOM
nocneA0B8aTeIbHOCTU COOTBETCTBYIOLLNX BeKoB.

B Hawelt nabopatopumn kAHK BDNF uyenoseka nosyyanu c
NMOMOLLBIO  MPAMOFO  XMMWYECKOro CHUHTe3a ¢parmeHToB, B
COOTBETCTBMU C NOCNEA0BATENBHOCTBIO, ONYBAMKOBaHHOM B H6a3se
baHHbIX  NCBI.  [Ona  onTMmusaumm  nociefoBaTeslbHOCTH
HyKNeoTnaoB, Koaupytowelii BDNF, BbiABAAAM  TPUNAETHI,
Hanbosiee pefiKo BCTPEYalOLMECA B reHax 4YesnoBeka, KoTopble
3aMeHANN Ha TPUNIETbI, KOAMPYIOLLME Te e aMUHOKMCIOTbI, HO
npv 3TOM BCTpeYvatowmeca B reHax 4yesnoBeka Hambosee yacto. B

pesynbTaTe  BbIPOXAEHHOCTM  FeHETMYecKoro Koga  Bce
aMUHOKUCNOTbI npupoaHoi kOHK BDNF  ocrasanucb
Hen3MeHeHHbIMMU. NpaeHTUYHOCTD NOJTy4YeHHbIX

nocnegosatenbHocteit BDNF 1 BDNF™ onpegensnm ¢ nomoLsto

CEKBEHUPOBaHWA. B KauecTBe KOHTPO/A MCMNO/b30BasN MycTOM
nnasmuaHbli Bektop (CONT).

Mpoaykumio cekpeTMpyemoro ¢dakTopa BDNF B
KyNbTypanbHOW cpeae onpeaenann metogom ELISA. CornacHo
3TUM u3mepeHunam, npoaykuma BDNF B KynbTypanbHyo cpeay
KNeToK, TpaHcouumposaHHbix CONT, coctaBuna 13 nr 6eska Ha
10° KNEeTOK; KNeToK, npu TpaHcdekumm BDNF — 243 nr/1O6
KNeToK; npu TpaHchekumn BDNF' — 325 nr/10° knetok. Ona
n3yyeHun BOCCTaHOBNEHUA HepBsa B nepesHo0
60/bWwebepuUoBY0 MbilLy BBOAUAM MO 60 MKF naasmuaHoro
BekTopa CONT 1 BDNF™,

MNoBpekaeHne obwero MmasnobepLosoro HepBa
OCYLLECTBNANM  COFMAacHO  OMyb6/JIMKOBAaHHOMY HamMu  paHee
npotokoy [2]. BoccTaHOBNEHWE HEPBHbIX BOJIOKOH OLEHUBAAM C
NOMOLLBI0 UMMYHOGbYOPECLLEHTHOIO OKPaLIMBaHWUA KPUOCpe3os
HepBa crneundUYHbIMU aHTUTElAMM K 3penbiM aKCOHamM Ha 4-e
CYyTKM MOCNe TOBPEeXAEeHWA, a TaKXKe MO BbI3BaHHbIM
noTeHUManam AeicTBUA, PErUCTPUPYEMbBIM C AUCTAaNbHOM YacTu
HepBa Ha 7-e CyTKM nocne noBpexaeHua. B pesynbTtate
NpoBeAEHHbIX WUCCNefOoBaHWIA BrepBble OblI0 MOKas3aHoO, 4TO
MHBEKLMA ONTUMU3MPOBAHHOW NOCNeA0BaTE/IbHOCTU NAa3MUAbI
BDNF°™  cnocobcTByeT BOCCTaHOBMEHWMIO  NepudepUyecKoro
HepBa MbllM NO cpasBHeHuo ¢ BeegeHnem CONT nnasmuabl.
PesynbTaTtom ABAAETCA AOCTOBEPHOE YBE/MYEHNE YMCNA aKCOHOB
B NoBpexaEHHOM HepBe (B 1,7 pa3a no AaHHbIM CTaTUCTUYECKOTO
06cuéTa OKpaLLEHHbIX KPMOCPE30B aHTUTENAMUN K MapKEpy

3pesibiX aKCOHOB); [JOCTOBEPHOE YMEHbLUEHUE NATEHTHOrO
nepvoga (B 1,4 pasa) u goctoBepHoe Bo3pacTaHue amnauTyAbl
CYMMapHoOro noteHuuana Aaeincreua Hepsa (B 1,5 pasa) npwu
BBeeHMM naasmuabl ¢ BDNF™ no CpaBHEHUIO C BBeAeHWeMm
nnasmumabl CONT.

Takum 06pasom, nonydYeHHble B Xofde [JaHHOW paboTbl
pesynbTaTtbl MOryT 6biTb B [Ja/ibHeWWemM MUCMo/b30BaHbl B
pereHepaTUBHOW MeaMLMHE, TPaBMATOI0MMKU, TPAHCMIAHTOI0TUN
M Helpobuonorum ana CTUMyAALUMM POCTa W pereHepauuu
HEPBOB W BOCCTaHOBAeHMA nepudepuyeckor WHHepBaLUM
TKaHeW, a TakkKe [ANA  UM3yYeHUA MEexaHU3MOB  y4yacTus
HelpoTpodunyecknx GakTopoB B pereHepaumn nepupepuyeckux
HepBoB.  [pegnaraembiii  cnocob  MNO3BOAWUT  YCKOPWUTb
BOCCTaHOB/IEHME CTPYKTYpPbl M NMPOBOAMMOCTU Nepudepuyecknx
HepBOB noc/ie TPaBM 3a CYET JIOKANbHOMO YyBeAUYEeHWUA
NPoAyKUMN HelpoTpoduyeckoro daktopa pocTa B pesysbrate
TpaHchEKUMM MblLLL, UHHEPBUPYEMbIX NOBPEKAEHHBIM HEPBOM,
NNasMUAHON KOHCTPYKLMEN ana skcnpeccun BDNFO,

1. OguHak M.M., Mwusonynos C.A. 3aboneBaHus w
TpasMbl nepudepuyeckoin HepsHOM cuctembl. CaHKT-
MNetepbypr, Cnew/lnT., 2009.

2. LopatinaT. et al., Adipose-Derived Stem Cells Stimulate
Repair and Growth of Peripheral Nerves, Plos One,
2011, V6(3): 1-10.
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leHeTU4yeckMe mnapasuTbl — BUpPYCbl — HecyT B cebe
KPWUTUYECKYIO YrPO3Y He TOIbKO 34,0PO0BbLIO - KU3HW YE0BEKa, HO
M BbIXXKMBAHUWIO YE/I0BEYECKON UMBWUAM3ZALMM B LLEJIOM, NPUYEM,
HepauMoHaNbHan aHTPONOreHHan AeATeNbHOCTb YCUAWMBAET 3Tu
pucku [1]. B cuny MHOrokpaTHOro MpeBOCXOACTBA BMPYCOB B
TeMnax  pPenpoayKTMBHOM U MYTaUMOHHOM  aKTUBHOCTMH,
UMMYHWUTET YesioBEKa BecbMa OrpaHWYeH B EeCTEeCTBEHHOM
pecypce 3pdEKTUBHOrO NPOTUBOCTOAHWUSA 3BOIOLLMM BUPYCHBIX
napasutos. B 3Toli cBA3KM KAOYeBOe 3HaveHMe npuobpeTtaeT
pa3paboTka  MCKYCCTBEHHO-MOJIEKYNAPHBIX  KUHCTPYMEHTOBY
13bupaTeNbHOro y3HaBaHUA U HeMTpanm3aumm sBupycos [2].

B oTAnMuMe OT KNETOYHbIX OpPraHU3MoB (MUKPOOHBLEKTOB)
BMPYCHble  4acTuupl  (BUPUOHLI) UK BUpyc-cneuuduyeckme
KOMMOHEHTbl WX YW3HEHHOro LMKNa, OCOBEHHO Ha CTaguAx
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NPOHUKHOBEHUA B KAETKU U CamMOCBOpPKM BUPYCHOrO NOTOMCTBA
MMEIOT HaHO-pasMepHble MacwTabbl, a MONEKYNAPHYIO OCHOBY
3TUX OBBEKTOB COCTaBAAT 6MO-NoAMepHble GopMbl BelLecTsa
(npeMmyuiectBeHHO 6e1KOBOM M HyKnenmHosowW npupoabl) [3]. B
TO Xe BPeMs Ha PblHKE MPOTMBOBMPYCHbIX MpenapaToB Moka

OOMUHMPYIOT — COEAMHEHMA  «Manbix  Monekyn». OTBeuyas
KPaTKOCPOYHbIM KOMMepYEeCcKUm nHTEpecam dupm-
npoussoauTesnield, OHM He B  COCTOoAHMM  obecneynTb

MOMHOLEHHYIO CTPaTernio MPOTMBOBMPYCHOM 3aliuTbl, Npexae
BCEro, M3-3a HECOPa3sMEPHOCTU «MasibiX MOIEKyN» macluTabam
61ONONNMEPOB, NIEXALLMX B OCHOBE BMPYCHbIX HAHO-MULLEHEN.
YKaszaHHaA HecopasMepHOCTb ABAAETCA O6BEKTUBHOW MPUUUHOMN
6bICTPOrO BbIXOAA MX U3-MOJ IEKAPCTBEHHOTO KOHTPOIA BUPYCOB,

ocobeHHOo NoBbIWEHHOM MYTaLMOHHOW M3MEHUYMBOCTH,
Hanpvmep, BUPYCOB rpunna, u Tem 6onee, BUY (Bo3byauTens
cnng) [31.

B paHHOM cooblieHMM npeacTaBieHbl pe3ynbTaTbhl LKA
nuccnenoBaHuii B 061acTM  pa3paboTKM HOBOrO MOKONAEHMA
NPOTUBOBUPYCHbIX  NPEenapaTos [4], LesieHanpaBieHHO
KOHCTPYMPYEMBIX ~ HamMW  Ha  MNPUHUMNEX  MOJIEKYNAPHOM
COpPa3MepHOCTU «Mpenapat — HaHO-MULIEHb», MUMUKPUU U
KomniemeHTapHocty  [3,5]. [poeKkTMpoBaHWe U CUHTe3
COOTBETCTBYIOLMX  MOJIEKY/l  OCYLLECTBAAETCA Ha  YpPOBHe
NONIMMEPHBIX COEAMHEHUI, COpPa3MepHbIX BrononMmepHbIM
npotoTMnam, ¢GoOpMUPYIOLWMM BUPYCHble HaHO-0ObeKTbl. B
KayectBe  9KCMEpPMMEHTANbHOrO  MpUmepa  PaccmoTpeHa
reHepaLma UCKYCCTBEHHbIX NOINMMEPHbIX COEAUHEHUI Ha OCHOBE
YepeayoLMXCca CONoIMMEPOB MaflEMHOBOM KUCIOTbI U UX rpadT-
peryavpyembix NPOU3BOAHbIX. MMWTaLuua npuHUMNa AUHEWHO-
LenoyeyHoro yepeaoBaHMA ¢ypaH-NpPomUsBOAHbIX U KUCNOTHO-
aQHMOHHDbIX CTPYKTYp oOCTOBa (HO He TreHeTMYecKoro Kopa)
HYK/EMHOBbIX KWUCIOT, NpUBENa K reHeTU4yeckn 6e3onacHbim
UMUTATOPaM  MMMYHOCTUMY/IMPYIOLMX — CBOWCTB  BUPYCHbIX
[HK/PHK. TMonyyeHHble NoAvmMepHble COeAWMHEeHWA NpPOoABWUAU
BbICOKYIO  WHTEPPEpPOH  MHAYLUMPYIOLY  aKTUBHOCTb U
CNocoBbHOCTb NPOGUNAKTUYECKON 3aLUMTbI SKCNEPUMEHTANbHBIX
YKMBOTHbIX (in Vvivo) OT neTanbHbIX 403 HeWposupycos [2,3].
OpHako 3HauuTenbHoro 3¢dektTa NPAMOro YysHaBaHMA W
HeMTpann3aLmMmM BUPYCOB Ha KNETOYHbIX KyabTypax (in vitro)
3aperncTpMpoBaHo He bbino.

Ha cneaylowem 3Tane MmakpomonekynspHas naatdopma
UMMYHOCTUMYIVPYIOWMX — NOAMMEPHBIX  COeAWMHEHWUI  bbina
noZBeprHyTa KOMOMHUPOBAHHOU MoguduKauum no 60KOoBbIM
rpynnam - nogobHo 6esKkam ¢ eaMHbIM MOSMMEPHBIM OCTOBOM,
HO perynupyemolt KombuHauvei GOKOBbIX paguKanos (OCTaTKoB
aMUHOKMCNOT). B oT/MuMe OT npupoAHbIX MNPOTOTUMOB, Mbl

ncnonb3osBanu CUHTETUYECKUIA (HO 6uocoBMeCTUMbIN)
NOMMEpHbIN  OCTOB, a KombuHauum  6OKOBbIX  rpynn
dbopMMpoBann He Ha MNpUHLMNE NPUPOLHO-FEHETUYECKOrO

KOAMPOBAHUA, @ Ha NPUHUMNE NMOUCKA UCKYCCTBEHHOTO «KOAa»,
OPVEHTMPOBAHHOIO Ha BMPYCHble HAaHO-MULWEHW. B 3Tux Lenax
3KCNEepUMEHTaNbHO  anpobupoBaHbl  MOTEHUMANbHO  BUPYC-
BOCNPUUMUMBBIE NUraHabl 5 TunoB: 1) 3neKkTpocTaTUyecku
n36UpaTeNbHbIX K NpPenMyLLLECTBEHHO NONOXKNUTENBHO
3apAKEHHOM TMOBEPXHOCTU BMPUOHOB W  MeAMaToOpoB  UX
NPOHWUKHOBEHUA B KNETKy, 2) aAUUMKIMYECKUX CEHCOPOB K

mapodobHbiM  caliTam  BMPYCHbIX  HaHO-muleHeWn,  3)
XONIECTEHOBbLIX  AKOpeW K  «padT»-MUKPO/HaHO-AOMEHam
KNETOYHOW  MembpaHbl  (3NULEHTPaM  pUCKA  BUPYCHOrO

BTOP)KEHWA), 4) nonunentTuaHbiXx ¢GpParmeHTOB XeMOKWHOBbBIX
pPeuenTopoB KNEeTOK, pacrnosHatowmx BUY, n 5) noamnentnaHbix
dparmeHTOB BUPYCOB, Hecywmx ¢GyHKLMM pacnosHaBaHua cebe
noaobHbIX [6].

Ha 6a3e HECKONbKMX COTEH MOAMMEPHbLIX COeAMHEHUN C
PasNNYHBIMM  KOMBMHALMAMK CTPYKTYpbl OCTOBa, COCTaBa W
COOTHOLWIEHUA MEPEYUC/IEHHbIX TUMNOB OOKOBbIX rpynn w
CBA3YOLWMNX «MOCTUKOBY» NoNyYeHbI BbICOKOAKTUBHbIE
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MHIMBUTOPbLI BUPYCHOW PenpoayKLMU BUPYCOB rpunna, repnec-
BUpPYcoB 1 BUY, ¢ akcnepMmeHTanbHO NOATBEPKAEHHbIM in vitro
apdeKkToM npaAmMoW HN0Kadbl CambIXx PaHHUX 3TaNoB BMPYCHOTO
NPOHUKHOBEHUA B KNeTKy [6,7]. KomnbloTepHoe moaennposaHue
B3aMMOAEWNCTBUI CUHTETUYECKUX NMOJIMMEPOB C BUPYCHBIMU HaHO
MULWEHAMM MeTOoAaMM [OKMHFA UM MOJEKYIAPHON ANHAMUKM
NMO3BO/IMAO MNPOACHUTb MEXaHW3Mbl Yy3HaBaHuA — 610Kaabl
MULIEHE M KOHKPEeTHble  MapameTpbl  «XMMUYECKOro
NPOrpaMMMpPOBaHUA» MAKPOMOJIEKY/ Ha HeWlTpanusaumio psaaa
BMPYCHbIX HAaHO-06BEKTOB. B YacTHOCTYW, BrNepBblie UCCAeA0BaHbI
napameTpbl MCKYCCTBEHHOTO (HereHeTuueckoro)
NpPOrpaMMmMpPOBaHUA YepeayroLMXCA CONOMMEPOB MasieMHOBOW
KMCNIOTbl HA HeWTpanM3aumio TpUucnupanbHoro meauaropa (2 x 7
HM) camaHua BUY ¢ kneTkamu yenoseka [8].

Nutepatypa: [1] Serbin A.V. Ecol Congress Int J - 1997,
1(2):31-4. [2] Diss D.Sc. 2005. [3] Macromol Symp - 2010, 296
(1):466-477. [4] US Pat 5880154A, Nat P® 2281297. [5] Antivir
Res — 2006, 70(1):85-86; 2011, 90(2):46. [6] Antivir Res — 1999,
41(3):135-144; 2002, 53(3):50; 2004, 62(2):35; 2006, 70(1):42,
45; 2007, 74(3):49, 51; 2009, 82(2):50-51,59; Biotechnol in Russia
— 2002, (4):11-23; 2003 (5):25-35; Bomp Bupycon — 2003,
48(5):19-26; 2009, 54(2):27-31. [7] AHTMBMOT xMmmoTep — 2003,
48(2):29-41; (5):7-15; 2007, 52(11):8-13; 2008, 53(7):8-4; (11):3-
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NIAT®OPM HA OCHOBE CTPYKTYP A4PO-
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B HacToAllee BpemA aKTUBHO WCCNeAyOTCA YrnepofHble
CTPYKTYPbl M NpeanoxeHbl pas/inyHble BapuaHTbl NMPUMEHEHUA
YrNepoaHbIX CTPYKTYp, B TOM uncie U B meauumHe[l,2]. OgHum
M3  MEepCneKTUBHbIX U  BbICOKOYYBCTBUTE/IbHbIX  METOAO0B
onpefeneHna CTPYKTyp Ha OCHOBE yrnepoga ABNAETCA MeTon
KOMbBUWHauunoHHoro paccesHus ceeta (KPC) [3]. MeTog KPC Bce
Yawe wucnonb3yetca B 6MOPUIMYECKUX U MEAULMHCKUX
MCcCNefoBaHUAX, TaK Kak C ero MNOMOLLbIO MOMKHO W3BAeYb
3HaYMTeNIbHOE KOIMYECTBO MHPOPMALMKN O XMMUYECKOM COCTaBe
MWKPOOOBEKTOB, HAXOAALLMXCA B CIOXKHBIX A1 U3YYEHUs cpesax
(bronormyeckas MKUAKOCTb M TKaHb, OTAE/bHblE K/IETKW), C
BO3MOXHOCTbIO  MpPOBEAEHUA  UCCNeafoBaHMi in vivo. B
nocnegHee Bpema Bce bOosibllee BHUMaHWe yaensetcs
TMFAaHTCKOMY KOMBMHaUMOHHOMY paccesHuio cBeta (FKPC),
NOCKOJIbKY B cnyvae TKPC MHTEHCMBHOCTb CUrHana Bo3pacTtaeT Ha
CTO/IbKO, YTO MOMKeT ObiTb AOCTUFHYT ypOBEHb OBHapyKeHuA
oaHol monekynbl [4]. Mporpecc B obnactn npumeHerHns NKPC B
MeauLMHE W BUoNorMM  CBA3AH C Pa3BUTMEM CUHTE3a W
ONTUYECKOW XapaKTepPU3aLMU HOBbIX HAHOCTPYKTYPMPOBAHHbIX
maTepuanos B Kadectse nnatoopm ana NKPC. Takmum obpasom,
uenbto paboTbl ABAAETCA co3gaHue naathopm ANA TMFAHTCKOro
KOMOWHALUMOHHOTO pacceAHUA Ha OCHOBE CTPYKTyp fAA4po-



060/104Ka,
(AHKY) [5].

MUcnonb3osaHne AHKY 06ycnoBneHO WX YHUKaAbHbIMU
cBOMCTBaMU: BUMOCOBMECTUMOCTbIO, HAAWMYMEM WHTEHCUBHOIO
nuka B cnektpe KPC, LWMPOKMM AManasoH OMTUYECKOro
NOrNOLWEHUA, BKAIOYAsA AMANA30H NPO3payHOCTM Buonornyeckom
TKaHW, BbICOKaA TenJonpoBOAHOCTb, KoTopas obecneuynBaert
BO3MOMHOCTb  MX  3PPEKTMBHOTO  MPUMEHEHMA, Kak B
rmnepTepmuun, Tak U ANA CO34aHUA KOMMO3WUTOB, Ha OCHOBE
TEPMOUYBCTBUTE/IbHBIX NoAMMepoB. [Mpu 3tom mopdonorus
NnoJsly4aembIX KOMMO3UTOB XapaKTepu3yeTCA HaANndMemM OCTPbIX
rpaHei, KOTOpble MepCcrneKkTUBHbI A4 co3paHuA naathopm ana
HabntoaeHus TKPC.

Metogom nonumMoHHoW cbopku [6] 6blAM  MoAy4YeHbl
060/104KK, cocToAWME W3 MOAMANIMNAAMWUH TUApoOXAopUaa W
AHRY, a3eta-noteHuman KoTopbix coctasma -22,5 mB. B kKayecTtse
anep ncnonbsoBanuck Mukpocheponmtol CaCO; anameTpom 2,5-
3 MKM M aseta-noteHumanom 20 mB, nonyyYeHHble npwu
CMELUMBAHUM PACTBOPOB XJIOPUCTOTO KanbuMs M KapboHaTa
HaTpua no peakummn [7]: CaCl+Na,CO3 = CaCO; + 2NaCl. Ha
NOBEPXHOCTU Afep, METO4OM TMOJMUOHHOW CcHopKM, bblin
coopMmMpoBaHbl  HAHOPa3MepHble  MOKPbLITUA  CledyHoLwero
coctaBa: PAH/ AHKY; (PAH/AHKY),; (PAH/AHKY)s.

MpUMeHeHWe  MNONYYeHHbIX  CTPYKTYp  A4p0-060/104Ka
nepcneKkTMBHO B 6uomeauuMHE, B OCOBEHHOCTW, B KavecTse
OCHOBbI A1 CO34aHMUA CEHCOPOB, XapaKTepU3YHLWMX FpaHuLy
pasgena MMMNaHTaHT-TKaHb. AHanus CI3M  wmsobparkeHuid,
NOJMYYEHHbIX CTPYKTYp AAp0-060/104Ka, NO3BONAET cAenaTb
cnepyowmii BbiBo: dopmuposaHue cnos ¢ AHKY cyuiectBeHHO
M3MeHseT MOpPQONOrMi0 NOBEPXHOCTU KaNbLMI KapOOHATHbIX
Afep. XapakTepHo Haauume 60/bLWIOrO KO/MYecTBa rpaHen,
obycnosneHHoe agcopbumneit AHKY. Ona HabaogeHua adpdekta
FKPC Heobxogumo 6bl10 chopmMpoBaTb Ha MOBEPXHOCTU
CTPYKTYp cepebpaHoe nokpbiTe. Cnektpbl KPC nonyyann npu
nomoww ycraHoBkM MWHTerpa Cnektpa (HT-MAT, P®) npwm
MUCMONb30BAHUM  Jflazepa € AJMHOM  BOAHbI 473 HMm.
MHTeHcnBHOCTb cnekTpa KPC npu mowHocTh nasepa 35 mBT ana
cTpyKTypbl (PAH/AHKY)3 ¢ BoccTaHOBAEHHBIM Ag MO CpaBHEHMIO
co cnektpom KPC cTpyKTypbl 6e3 Ag yBennuunacb bonee yem B
10 pa3. BbiAM MNonyyYeHbl YETKME MUKU AAHHOW CTPYKTYpbl C
BOCCTaHOBAEHHbIM Ag (G moga — 1588 cm?, D moga — 1367 CM’l)
npu mowHoctn nasepa 0,35 mBT. HeobxoaMMO OTMETUTb, YTO
nasepHoe U3nyvyeHMe MOLWHOCTbIO MeHee 1 mBT moxer
NPUMeHATLCA B KayecTBe  TeCTUPYIOLLEro  U3/yyYeHuA
61M006BEKTOB N ViVOo Ha rpaHMLAax TKaHb-MMMNAAHTaHT. Pabota
BbINO/IHEHA NpU PUHAHCOBOWN nopaepikke rpaHTa POOU 09-03-
0245-a.
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Pa3spaboTka " cosgaHue HOBbIX MeToA0B
MOAMOULMPOBAHNA, YCTaHOBNEHWE CTPOEHUA U CTPYKTYpbI
aKTUBHbIX LEHTPOB KaTa/aM3aTopOB, PeryinpoBaHue nopucTon u
KPUCTaNIMYECKOMN CTPYKTYPbI HOCUTENEH ABAAIOTCA BAXKHENLWMMMU

3NemMeHTaMW  yNpaBfieHUA CKOPOCTbIO U CENEeKTUBHOCTbIO
XUMUYECKUX NpPeBPaLLEeHUid  yrneBodopoAoB UM NO3BOAAOT
co34atb  GU3MYECKYIO MOAENb CTPOEHWA  KaTa/M3aTopOB.

KaTtanusatopbl Ha OCHOBE XeNaTHbIX KOMM/IEKCOB MepexofHbix
MeTanNIoB  ABAATCA Haubonee APKUMU NPEACTaBUTENAMM
HOBOrO MOKO/IEHWA KaTaNM3aTopoB MoiMMepusaumm onedpuHos.
KaTtanuTuyeckne cBOWMCTBA KOMMAEKCOB /IErKO MoandULmMpytoTCs
M «HACTPaMBAKOTCA» Ha MOJyYeHWe KOHKPEeTHOro nosnvoneduHa
BbIGOPOM OPraHMYecKoro AWraHaa, MNepexogHoro MeTanna,
onpeaeneHHoro aktMgatopa W T.4. [na 3TMX KaTanvM3aTopos

MMEeIT  MecTo  fIBIEHMA  BHeWHe- U BHyTpuchepHom
KOOPAMHALMK, KOTOpblE MOTYT MPUBECTU K 3HAUYUTENbHOMY
M3MEHEHUI0O WX CTabWNbHOCTM W  KaTa/JIMTUYECKMX CBOMCTB.
MpuumHOM  nNoAobHbLIX  ABNEHUK  ABnseTca  obpaTumas
BHewHechepHaa KOOPAMHAUMA NO  KUC/IOPOAHOMY aTomMmy
NvraHga v peakuun obmeHa MraHA4oB  KOMMJEKCOB  Ha
pasnuyHble  Tpynnbl B npoueccax wu3omepusaumm  [1].

KaTasM3atopbl Ha OCHOBE MOSIMMEPMETANIUMYECKMX KOMMIEKCOB
ABNAOTCA O4HOWN U3 Hanbonee BOCTPEOOBAHHbLIX KAaTaIUTUYECKMX
CUCTEM, LWIMPOKO WCMOAb3yloWMXca B HedTenepepaboTke,
HedTeXMMMM, a TaKXe npoleccax 0b6e3BpeXxunBaHuUA rasoBbiX
BbIOPOCOB.

BonbLuoi nHTepec BbI3blBaET npuroTossieHmne
KaTa/IMTUYECKMX CUCTEM Ha OCHOBE KOMM/EKCOB METasNoB C
6UAEHTaTHBIMM  IMTaHAaMM M CBA3aHHOE C  3TUM
MOAMPUUMPOBAHME CBOWCTB KaTa/NM3aTOPOB,  MOJIOMUTENbHO
NPOABAAIOLWMXCA B peakunax rMapupoBaHMA, apomaTusauum u
OKMC/IeHWs yrneBogopogos. Hannuve B obbeme maTepuana
pa3BuTbiX MeXdasHbIX rpaHuL, MNPUBOAUT K  U3MEHEHUIO
ONTUYECKMX U MarHUTHbIX CBOMCTB M K 3HaYUTENbHOMY YCUIEHMIO
KaTaﬂVITVNECKOVI AKTUBHOCTMW.

KaTuoHbl nepexogHbix 3 d — metannos (Fe, Co, Ni) moryt
dbopMmMpoBaTh HaHOYACTMLpBI B NOSIMMEPHOIN MaTpULLE, KOTOpble
3aTem arpervpytoT B 6osiee KpynHble KaacTepbl. PaHee 6bi10
NnoKasaHo obpasoBaHve muuennapHbix cuctem  CoCl2 ¢
aoutmonamu [2-3], KoTopble obpasytoT accoumatsl, 6narogaps
MEKMOJIEKYNIAPHBLIM  CM1aM  B3aMMOAENCTBUA U CNoCoBHOCTM
6UOeHTaTHbIX J/INraHOOB K 00pa3soBaHUIO  MOCTMKOBBLIX U
BOAOPOAHbIX cBA3eil. [omobHble Komnnekcsl obnagatoT
BbICOKMM 3HauyeHMEeM YAEeNbHOM MAoWaamM MOBEPXHOCTM, YTO
NO3BO/IAET M3rOTaB/NBaATb U3 HUX IPDEKTUBHbIE, CENIEKTUBHbIE U
cTabunbHble KaTasM3aTopbl. XMmuueckoe MoauduumpoBaHue
NOBEPXHOCTM HAHOYACTULL, OCHOBAHO Ha KOMMAeKcoobpa3oBaHUm
MeXAy MOHOM MeTaiia U MOAMGULMPYIOWMM XenaTUpyoLwmm
NUraHgom.  YctaHoB/eHue cTpoeHus  u  mopdonoruu
NOBEPXHOCTU HUMKENEBOro KOMMJIEKCa C NOAUSTUIEHITINKONEM,
onpeaeneHne BAMAHUA  MPUPOAbI  XMMMYECKON CBA3M B
MEeTaNIIOKOMMNEKCax Ha COCTOSHUE MeTasifla B COCTaBe aKTUBHOM
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NOBEPXHOCTU B LeNeHanpaBieHHOM (GOPMUPOBAHUN CBOWCTB
ABNAETCA  NPeAMETOM  HacToAwero  uccnefosaHua.  Ona
XapakTepusauum MMUKPoMopdosornv NoBepxXHOCTU HUKENEBOro
KaTanusartopa 6blN1  UCMONb30BaH  MeToA,  PacTpoBOM
3/IeKTPOHHON  MUKpockonuu  (POM) c  BO3MOMKHOCTbIO
PEHTFEHOBCKOTO MMWKpOaHanusa. MMUKPOCKONWUYECKUA aHanus
HWKENEeBOrO KOMMJEKCA C TMOJMUSTUIEHIIMKONEM CAEeNaH ¢
NMOMOLLbIO  PacTPOBOr0  3/IEKTPOHHOIO  MUKpockona P3OM
ANoHcKol dupmbl JEOL 7500F (pucyHok 1).

PucyHok 1 — MukpodoTtorpadum komnnekca HuKens c N3 npu
pasnMyYHOM pacwmpeHum: a—1000; 6- 40000; B-—80000

AHanuz mukpodotorpadpum (pucyHok la) nokasan, uyTO
CTPYKTypa HMKENeBOro KOMMAeKca — MpeawecTBeHHUKA
KaTa/iM3aTopa npeactaBnseT coboil  ceTyaTyro  CTPYKTypy,
MMEIoTCA pa3BeTBAEHUA.

Cnu1coK MCnonb3oBaHHOM AMTepaTypbl:

1. Makio H., Kashiwa N., Fujita T.//Adv. Synth. Catal. 2002. -
V.344.-P.477.

2. CyrypbekoBa [.K. MwuuennoobpasoBaHve B BOAHbIX
pacTBopax YHUTMONATHbIX KOMM/IEKCOB MeTannos
//MpombiwneHHocTb KasaxcraHa. - 2007. -No4. - C.91-93.

3. CyrypbekoBa [l.K. AAcOpOLMOHHbIE XapaKTePUCTUKU U
NMOBEPXHOCTHAA  aKTMBHOCTb  YHUTMONATHBLIX  KOMIMJIEKCOB
KobanbTa //MpombiwneHHocTb KaszaxctaHa.-2007.- Ne 6.-C.83-85.
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P57 MOJTYHEHUE KOHBbIOTATOB KBAHTOBbIE
TOYKU-AHTUTENTA U UX UCMOJSIb3OBAHUE B
NMMYHOXPOMATOIPAGUHECKOM

AHANN3E

bepaunna A.H., TapaHosa H.A., *epges A.B.,
[3aHTnes b.b.

MHcTUTYT BMoXxummm mum. A.H. baxa PAH, 119071
MocKBa, JIeHUHCKMI NpocnekT, 4. 33. Ten./®akc +7
(495) 954-28-04, e-mail: taranovana@gmail.com

B nocnesnHue aBa AecATUNETUA Pe3KO BO3POC/IO KOIMYECTBO
uccnefoBaHuii B 061acTv NONYNPOBOAHUKOBBIX HAaHOCTPYKTYP,
TaKUX, KaK KBaHToBble To4kM (KT). CyliecTBylOT OrpoMHble
BO3MOXHOCTU A/1IA UX MPUMEHEeHUA B pas3/inyHbIXx obnacTax,
HauMHasA OT MUKPOIEKTPOHMKM U 3aKaHUMBasA UCNO/b30BaHUEM
WX B KayecTBe MeTOK B aHanuse. [oTeHUManbHOEe NMPUMEHEHUE
OaHHbIX  HAaHOKPWUCTaNNOB  Kak  MapkepoB  6uomonekyn
06yCcn10BNEHO X ONTUYECKUMM CBOWCTBAMM, KOTOPbIE BapbupytoT
C usmeHeHnem pasmepa (1-10 HM), NOBEPXHOCTU U XMMMUUYECKOTro
coctaBa. BopopactBopumble KT aKTUBHO MCMONb3ylOTCA B
KayectBe METOK B K/MHWYECKOW [WMArHOCTUKE, MOHWUTOPUHIE
OKpYKalollen cpeabl, aHanu3e MNPOAYKTOB MWUTaHUA W T.4.
KoHbloraumsa aHTUTEN C  KBaHTOBbIMM TOYKaMM MO3BOSAET
nony4uThb cneunduryeckme peareHTsbl, codeTatolme aGbeKTUBHYIO
CBA3bIBAIOLLYIO CMOCOBHOCTb M CTabUNbHYIO PpNyopecLeHLMIO.

Hamu 6binv oxapaktepusosaHbl KT B KauecTBe MeTOK ans
MMMYHOXPOMaTOrpadUyeckoro aHaausa, KOTOPbIA  LUMPOKO
npumeHseTca  Ana  ObICTPOro U HEeTpyAOeMKOro aHanaumsa
pas/MYHbIX CcOoeAuHeHWiA. B Hawem uccnegoBaHuu  Hbina
paspabortaHa MMMyHOXpomaTorpaduyeckas TecT-cuctema oA
aHanu3a npob Ha coaeprkaHue xnopamdermkona (XAP). JaHHbii
QHTUOMOTUK LUMPOKO WCMONb3YeTC B YKMBOTHOBOACTBE W
NTULEBOACTBE AONA NevyeHus 6aKkTepuanbHbIXx WHOEKLMNR, 4To
NPUMBOAMT K €ro HaKoMJeHWl B Msce, fAWLAX W  MOJIOKe.
CopgepxaHune XA® B npoayKTax NMUTaHUA pernameHTUpyeTca BO
MHOTMX cTpaHax. B cBA3M c aTum, moHUTOpUHT XAD asnaetca
aKTya/ibHOM 3a43a4elt.

Ona  nonyyeHusa  NpoOABAAIOWEro  KOHWblorata  Ans
MMMYHOXpOMaTOrpadnyeckoro aHanmsa OblIM MCMO/Ib30BaHbI
BOL,0PACTBOPUMbIE KBaHTOBble TOUKM (PupMbl «Invitrogen», nuk
aMuccun 625 HM) M MOHOKJ/IOHA/IbHbIE MbIWKWHbIE AHTUTENA
npotvs  xnopamdeHunKona. KoBaneHTHylo  KOHbOraLuio
NpPoOBOAMAM C UCMONb30BAaHWEM B KauyecTBe aKTMBaTopoB N-(3-
oumetunamuHonponun)-N’-atun-kapbogunmuaa ruapoxnopuaa
1 N-ruapokcuncynbPocykunHMMmnaa Hatpmeson conn. MonspHoe
COOTHOLIEHNE  KBaHTOBblE  TOYKWM:AHTUTENA MNpPU  CUHTe3e
coctasnano 1:2. Kak BMAHO Ha puc. 1, cnekTpbl 3muccumn
KBAHTOBbIX TOYEK [0 W MNOC/Ae KOHbIOrauum npakTUYecKn
coBMagatoT.

Ha pabouylo NoBepXHOCTb HUTPOLIE/N/IHONO3HON MeMbBpaHbI
Millipore ans dopmupoBaHUA TecToBOW 30HbI Obln HaHeceH
KoHbtoraT XAD-6biumnii CbIBOPOTOUHBIN anbbymuu (1 mr/mn) u
oBeybu aHTMTEna npotue IgG mbiwm (0,5 mr/mn) — B Kadectse
KOHTPO/NIbHOM  30Hbl. KoHbtoraT KT-IgG  mbllM  HaHoOCUAU
KanesbHO Ha KPYNHOMOPWCTYIO CTEKOBONIOKOHHYIO MeMbpaHy.
Mop AedcTBMEM KAaNWANAPHBIX CUA aHTUTENa, MeYeHHble
KBAHTOBbIMM TO4YKaMu, AUbOyHAMPOBaAM Mo membpaHe W
CBA3bIBA/IUCb C MMMOOMWAN30BAHHLIM aHTUreHoM (XA®D-6biuunii
CbIBOPOTOYHbIN anbbyMUH) B TECTOBOW 30He B 33aBUCMMOCTU OT
KOHUeHTpaumMm XA® B npobe. Hanuume KT B TectoBon u
KOHTPO/IbHOW 30Hax onpeaensnu, ocsewas membpaHy Yo-
CBETOM, NPV 3TOM 6bIAN BUAHbLI OAHA UK ABe AuHUK. Ha puc. 2
npuBegeHa KanuMbpoBOuHas KpuBas [ANA  KOHKYPEHTHOro
MMMYHOXpOMaTorpaduyeckoro onpeaeneHuns XAd® B cucteme Ha
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ocHoBe KT. MNpeaen obHapy*KeHUs OaHHOW CUCTEMbI COCTaBAAET
5 Hr/mn.
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Fig.1 Cnektpbl amuccun KT
& MeKTPb! oM Fig. 2 KannbposoyHas
[0 W Nocne  KOHbBIrauuw.
Aex=460 nm Kpusas (n=20) onsa

MMyHOXpoMmaTorpadpuyeckor
0 onpegeneHus

MonyyeHHble pe3ynbTaTbl NOATBEPKAAIOT 3bPeKTUBHOCTL KT
B KayecTBe METOK A/11 UMMYHOAHa/IMTUYECKUX CUCTEM.

AaHHaa paboma ebinonHeHa npu noddepxke DL
«UccnedosaHus U paspabomku [0 APUOPUMEMHbLIM
HanpagneHuam pazsumusa Hay4HO-MexHO/102U4eCK020
Komnaekca Poccuu Ha 2007-2013 200bi» (TK Ne 16.512.11.2125),
®UM  «UccnedosaHus U HayvyHO-nedazozuvyeckue  Kaopel
UHHOBAYUOHHOU  Poccuu Ha 2009-2013 200bi» (TK Ne
16.740.11.0158) u lpozpammei Npe3uduyma PAH Ne 27 «OcHosbl
pyHOameHmManbHbIX  UccnedosaHuli ~ HaHomexHosozul U
HaHomamepuanoe» (npoekm Ne 3.5.4.).

P58 MOANOHKAUMS
HAHOCTYKTYPUPOBAHHbIX YACTUL,
KAPBOHATA KANbUWMA ANA CO3A0AHUNA
CUCTEM OOCTABKWU JIEKAPCTB
TpywwHa [1.6., Habatos b.B., bykpeesa T.B.
MHcTUTyT KpucTannorpadum um. A.B. LLlybHMKoBa
PAH, r. MockBa, JIeHWHCKKI Np-T, 4. 69,
trushina.d@mail.ru

Yactuubl KapboHaTa Kanbuma (KK) ABNAIOTCA
61MOCOBMECTMMbIM MaTepuasaom, YTO MO3BOJAET WCMOJ/b30BaTh
MX AONA GONbLIOTO Kpyra MeAWMUMHCKMX 33a4ad, TaKMX Kak
co3faHMe WMMNNAHTaToB, Masei, nacT, CUCTEM aApPecHOM
[0CTaBkM nekapcts [1-3]. MeTog, afpecHOn 40CTaBKM NeKapcTs
No/sb3yeTca  MOMNyAAPHOCTbIO B CBA3M C  MHOXECTBOM
NPenMyLLECTB: NEKapCTBO BO3AENCTBYET TO/NbKO Ha 60AbHOWM
opraH, YTo NO3BOAET CHU3UTb NOB6OYHbIE 3bPEKTbI, a Kancybl C

NeKkapctBom  nossonsloT  6onee  addekTMBHO  paboTatb
dYHKLMOHaNbHOMY BeLLecTBy " OCyLLEeCTBAAIOT
NPOJIOHrMPOBaHHOe JeicTBMe. BaxkHOM 3apjadveit saBnaetca

[OCTaBKa neKkapcTB B mo3r. OfHAaKO B OpraHM3Me CyLLecTByeT
3aWMUTHBIN dusmnonornyeckuin MEXaHU3M -
rematoaHuedanmyeckmii bapbep mexay KPOBEHOCHOM CUCTEMOW
M UEHTpasbHOW HepBHOM cucTemol. CywiectByeT KJjacc
npenapaToB, KOTOpble He CNOCO6HbI MPOHMKATb Yepes Hero, ux
HeobxoAMMO BBOAWTb B OpraHW3m c Hocutenem. Haubonee
NPOCTbIM peLleHnem 3Toi Npobaembl ABNAETCA UHTPaHa3aNbHbIV
cnocob BeegeHuA npenapatoB [4]. OgHUM M3 BeLlEeCcTB, He
CcNocobHbIX NPOHWMKaTb Yyepe3 remaTosHuedannyeckuii bapbep,
ABNAETCA LLeHTPasIbHbIA aHeCTeTUK fonepamua, NPYMeHsembli B

nponssoacrtee Me,D,I/ILI,VIHCKIAﬁ npenapaTtos. [nA wu3y4vyeHusA
BO3MOXXHOCTHU WHTPAHAa3aNbHOIo BBeAEeHUA nonepamunaa
nocpeacrtsom KOHTEVIHEDOB Ha ocHose KK HEO6XO,D,I/IMO

uccnenoBath ero agcopbumio Ha Yactuubl KK, yemy 1 nocssileHa
AaHHas paborTa.

MNpepgBapuTenbHoO CUHTE3UPOBAHHbIE YacTULbI KK
£06aBnAnM B pacTBoOp sionepamuia U BbILEPKMBAAM B HEM B
TeyeHMe 2 4YacoB, 4TOBbl MaKCMManbHOe  KO/IMYECTBO
fonepammaa MoOro  afacopbupoBaTbCs  YacTULamKU. 3aTem
NPOBOAUAN LEeHTPUPYrMpoBaHWe M UCCAeL0BaNN CyMepHATaHT.
[na onpepeneHnsa KOHUEHTPaUUWM nonepamunaa B CcyrnepHaTaHTe
6blna MoCTpoeHa KanuMbpoBOuHaa npAmas Ans  AaHHOro
BewecrtBa. KosnuyectBo  sionepamuia,  BK/KYEHHOTO B
KOHTEelHepbl,  onpeaenanuM  cnekTpopoTOMEeTpUYEeCcKn  no
W3MEHEHMWIO MHTEHCUBHOCTM NWKa MOI/IOWeHNA onepammaa Ha
OnvHe BO/HbI 259 HM fJo u nocne agcopbuuun. Takoh meTon
oueHKM  3bOGEKTUBHOCTM  3arpyskM  YacTul,  JieKapcTBom
ucnonb3yeTcs, Hanpumep, B pabote [1]. OnTuueckue cBoWiCTBa
obpasuoB B JaHHOW paboTe uMccnedoBaAM € MOMOLLBHO
OBYX/ly4eBOro CKaHupylowero cnektpodotomerpa Lambda-650
(Perkin Elmer) c ananasoHom asivH BoaH 190 — 900 HMm.

MonyyeHHasa KannbpoBOYHas npsAmas ANA OnpeAesneHus
KOHLeHTpauun nonepamuvaa npueegeHa Ha puc.l. Uamepanu
CNeKTpbl MOr/IOWeHNA pacTBopa Jionepamuvga fAO W nocne
nposegeHus ero agcopbunm yactmuamm KK (puc.2). BuaHo, uto
MHTEHCUBHOCTb MOI/IOWLEHUA pacTBOpa Jonepamuaa nagaet
nocne BblAepKMBaHUA B Hem Yactuy, KK, uto cengetenbcreyeT 0b
afcopbummn BewecTsa. M3 pacyeta no KanMbpoBOYHOW MpAMOW
cnepyet, yto 0.77+0.23% nonepamuga aacopbuposanocb Ha
YyacTuuax KapboHaTa Kanbums.
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Puc.2  Cnektpbl nornoweHuna
nonepamuga

-~ ()

Puc.1 KannbposouyHas npamasn
ANnA nonepammaa

Takum obpaszom, YacTuubl KapboHaTa KanbLma
MOHO 3peKTUBHO MCMoab30BaTb ans co3aHuA
MMKPOKOHTEHEepPOB AOCTaBKM nonepamuaa.

JNntepatypa

1. Bishnu Prasad Bastakoti, Sudhina Guragain, Yuuichi
Yokoyama, Shin-ichi Yusa, Kenichi Nakashima Synthesis of Hollow
CaCO3 Nanospheres Templated by Micelles of Poly(styrene-b-
acrylic acid-b-ethylene glycol) in Aqueous Solutions. Langmuir -
2011, Vol. 27, Ne 1, pp. 379-384.

2. Jun Wang, Ji-Si Chen, Jing-Yi Zong, Dong Zhao, Feng Li,
Ren-Xi Zhuo, Si-Xue Cheng Calcium Carbonate/Carboxymethyl
Chitosan Hybrid Microspheres and Nanospheres for Drug
Delivery. J. Phys. Chem. C - 2010, Vol. 114, Ne 44, pp. 18940—
18945.

3. Qinghe Zhao, Bingyun Li pH-controlled drug loading and
release from biodegradable microcapsules. Nanomedicine:
Nanotechnology, Biology, and Medicine — 2008, Ne 4, pp. 302—
310.

4. Talegaonkar S., Mishra P.R. Intranasal delivery: An
approach to bypass the blood brain barrier. Indian J Pharmacol. -
2004. Vol. 36, Ne 3, pp. 140-147.
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NCCNEOOBAHWE CTABU/TIBHOCTU
HAHOYACHTUL, KOMIMJIEKCOB
TNYTATUOHMEPOKCUAA3LI TUMA I C
NONNINEKTPONIMTAMM PA3INYHON

NPUPOLDbI

MaHuHa l/I.C.l, dunatosa J'I.I-O.l, OcunoBsa T.A.l,
Ka6aHos A.B.%, Knsuko H.1.!

Xummnueckuit dakynbTeT MocKoBcKoro
rocy4apCTBEHHOrO  yHMBepcuTeTa  MMeHM  M.B.
JlomoHocoBa, Mockea, 119991, Bopobbesbl ropsi, 1-
11, luboff.filatova@gmail.com

’Durham Research Center 1036, 985830 Nebraska
Medical Center, Omaha, NE 68198-5830, U.S.A.

FnyTaTmoHnepokcnaassbl KaTasMsupytoT BOCCTaHOB/IEHWE
nepekncei IMNUA0B B COOTBETCTBYHOLLME CNUPTLI U BOCCTAHOBNEHUE
nepokcMpa Bofopoda A0 BoAbl. [NyTaTMOHMepokcuaasa Tuna 1
(GPx1) —camas pacnpoctpaHeHHas ¢opma depmeHTa, OHa
obHapy:KeHa B UMTON/Ma3Me  MpPaKTUYEeCKM  BCEX  TKaHeW
Mnekonutarowmx, cybectpatom GPx1 sBAseTcA mMepoKcua Bogopoaa.
Mepekncb BoOgoOpOAa W aKTUBHble pajuKanbl obpasyloTca B
pesy/nbTaTe MEepPEeKUCHOr0 OKUCNEHWA NUMUAOB, UTO ABNAETCA
NPUYUHON AecTabuUan3aummn UK PaspyLLEHUA KNETOUHbIX MeMBPaH.
CnepoBaTenbHO, rayTaTMOHNepokcuaasa obecneyvBaeT  3almTy
MembpaH KNeToK OT paspywalowero AencTBUA NepPOKCUAHbBIX
paAvKanos.

Mcnonb3oBaHune aHTUMOKCUAAHTHOTO depmeHTa
rNyTaTUOHMNEePOKCcMAAsbl B Ne4eHnn MHorux 3abonesaHuit Becbma
adpdekTMBHO. HO Ha npakTMKe HEobXOAMMO WCMONb30BaTb He
HaTUBHBIA PpepMeHT, @ MOANDULMPOBAHHBIN, ANA YAYYLEHUA TaKMUX
CBOWCTB KaK CTabUNbHOCTb M YCTOMYMBOCTb K npoTeonusy. Lienbto
HacToAwel pabotbl 6bINO MOAYyYEHWE M UCCAef0BaHWE CBOWMCTB
KOMMN/1eKcoB rnyTaTMoHNepoKcnaasbl C NONNINEKTPONNUTAMMU,
KOTOpble 4acToO WCMONB3YIT ANA CTabuauM3aumm U yaydlleHus
KaTanUTUYECKUX CBOMCTB pepMeHTOB.

B Hactoaweli pabote nogobpaHbl ONTUMasbHblE YCAOBUA
N3MepEeHUA aKTUBHOCTU FNYTaTUOHNEPOKCUAA3sbl 1, yCTaHOBNEHO, 4TO
npu 37°C, pH 7-8, KoHueHTpauusax depmenta 0.18-1.8 mr/mn ero

WHaKTMBaUMA MPOTEKaeT Mo  AMCCOUMATUBHOMY  MEXaHM3my.
Mojasutb Amccoumaumio 6enKoBbIX 106y MOXKHO, «0bepHyB»
Moneryny depmeHTa NONMINEKTPOSUTOM. Wccneposanune

B3aumogeicTena GPx1 ¢ NoAnaNeKTpoMTamun pasiuyHON Npupoabl
(nonnakpunosbiMu Kucnotamu 5 n 240 ka, noanansmHom 9.6 kla,
6,10K-cononMmepamn NOAUAUZNHA U MOAUITUNEHTAMKONA 6.6 K[a
NOAUSTUNIEHUMMHA U NONNITUNEHTAMKONA 12.6 K[la), NpoBOAUAN NPU
pH 8.0 u 37°C. O6HapyKeHbl CTabunM3aLMoHHble 3bdeKTbI
NoAVaKpuNoBoi KNUCNOTbI 5 kda " 610K-cononmmepa
NOAM3ITUNAEHUMMUHA U NOANITUAEHTAMKOoNA 12 K[a, 3ddEeKTUBHOCTDL
KOTOPbIX 3aBUCUT OT MOHHOW CWUAbI PacTBOpA.

P6O YYEBHbIM LEHTP HAHOBMOBE3OMACHOCTH
NYLLry HA BA3E M'HL, I'IPVIK]'IA,EI,HOM
MWKPOBENONITOTUN U BUOTEXHONOTNN
XonogeHko B.M., Motanos B.A., Pupcrosa B.B.,
YyryHos B.A., Ko63es E.H., MeTyxos B.H., AsTtnos N.A.
®BYH MHL npuknagHoli mMKkpobuonornm n
6uotexHonoruu, 142279, n. O6oneHck,

MockoscKas 06., Poccua

HaHOTeXHONI0rMn OTKPbLIBAIOT OFPOMHbIE NEPCNEKTUBbI HE TONbKO
AnAa pas3BuUTMA MeaumuuHbl, HO W ApYyrux HanpasneHMﬁ HaykKn u
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TEXHWUKW. OAHAKO [0 HACTOALEro BPEMEHM elé He MOMHOCTbo
onpeaeneHbl MOTEHLUMA/bHbIE PUCKM WHMKEHEPHBbIX HaHoYacTuL, U
HaHOMaTepUanoB A/1A 340POBbA U XKU3HW Ntofel U ANA cpedbl UX
obuTaHua. Ana peleHna aTux npobnem HeobXxoaMMbl COBPEMEHHbIe
meToabl M 060pyA0BaHUE ANA OLEHKMU NOTEHLMANbHbIX, PEaNbHbIX U
OT/NIOKEHHBIX PUCKOB ANA 340pOBbA Ntogei. Kpome 3TOro, A0MKHbI
6bITb MOArOTOBNEHbI BbICOKOKBANMPULMPOBAHHbIE CNELUanuUCTbl B
3Tol obnactu. B cBA3n ¢ 3tum B 2006 r. Ha 6ase THL, MMB 6bin
OTKpPbIT dakynbTeT (YuebHbli LeHTp) MyLMUHCKOro rocysapcTBEHHOro
yHMBepcuTeTa no Guonormyeckon M aKkonormyeckon 6esonacHocTu,
KoTopbli  6bin  nosaHee npeobpa3oBaH B  YuyebHbI  LEHTP
HaHO6e30MacHOCTM ANA NOATOTOBKM CNELUanucToB B 3To coepe.
®rYH THU NMMB obnafsaeT yHMKaNbHOM Hay4yHO-TEXHUYECKOW
6asoil M KBAAMOUULMPOBAHHBIM MEPCOHANOM, UTO MO3BONAET
NPOBOAUTb  KOMMNEKCHbIE  UCCNEAOBaHWA  He  TONbKO MO
6uonornyeckoin 6esonacHocTu, Ho M 6e30MaCHOCTU HAHOTEXHOIOTUA.
LleHTp o06nagaeT Heob6XOAUMbBIMM YCNOBUAMMU AN NPOBEAEHUA
SKCMEPUMEHTOB MO B/UAHUIO HAHOYACTUL, MU HAHOMATEPWANOB Ha
pas/ivyHble XuBble opraHM3mbl. OH pacnonaraeT akKpeaUTOBaHHbIM
ucnbiTaTeIbHbIM -~ 1a6OPATOPHBIM ~ LEHTPOM,  COOTBETCTBYIOLLUM
TpebosaHuam FOCT NCO/M3K 17025-2000. B 3Tom LeHTpe nmetoTcs
BMBaApWK, aTTeCTOBaHHble MO MeXAYyHapoAHbIM TpeboBaHUAM,
NoOAroTOBNEHHbIe cneuuanmncTbl no N3yyeHuto BANAHUA
NOTEHLUMANbHO BPEAHbIX COEAUHEHUI Ha XKMUBble OpraHu3msbl. Bece 3To

no3Bo/iAeT MNPOBOAMUTL  LUMPOKME UCCAE[0BaHUA  TOKCUYECKOro
OEWCTBMA  Pas/IMYHbIX BELEeCTB Ha OpraHM3mbl NabopaTopHbIX
JKMBOTHbIX, MEPBUYHbIE W MNeEpeBUBaEMble KyAbTypbl TKaHel B

ycnoBuaAx in vitro, oueHMBaTb WX MyTareHHoe, KaHLeporeHHoe u
TepaToreHHoe Aencrsue, n3yyaTb rmcronornyeckme "
TMCTOXMMMUYECKME MOKasaTenu, a TaKke Apyre nokasaTenu
KU3HEOEeATENbHOCTU HUBOTHBIX.

Pa3spaboTaHHbIi y4yebHbI NAaH MarucTepckon NoAroToBKU
npegycmaTtpusaet nonyyeHune dyHAAMEHTaNbHbIX 3HaHWUN,
HeobXoaUMbIX — ANA  NOATOTOBKM  BbICOKOKBANNPULMPOBAHHBIX
cneumanuctos B obnactn HaHobrMobesonacHoCTH.

B yuebHbIVi nnaH marucrepckoii obpasoBaTenbHOW MPOrpammbl
BK/IOYEHbl  AMCLUMNAMHBI MO  BGUONOrMYECKON, 3KONOTMYECKON U
HaHO6e30MacHOCTM, OCHOBHLIMW U3 KOTOPbIX ABAAIOTCA CreaytoLime
AVCUMNANHBI: «Be3onacHOCTb HaHoTexHonorui», «buonoruyeckas
6€e30MacHOCTb B COBPEMEHHOM  MUpE»,  «IKOMOrMYecKas
TOKCUKONIOTWUA HaHoMaTepuanos», «OCHOBbI 06LLE TOKCUKONOrUK
HaHomaTepuanos»,  «MMMYHOTOKCUYHOCTb  HAaHOMAaTepuanos»,
«OcHOBbI HaHobMopucKonornm», «JlabopaTopHble XWBOTHble B
nccnepoBaHuAx HaHobuobesonacHocTn», «HaHobuobesonacHoOCTb
asposonei», «[€HOTOKCUYHOCTb HAHOMATEPUAIOBY.

HaunHasa c 2008 roga, BbIMOAHAOTCA PaboTbl MO M3y4YeHUIo
TOKCMYHOCTM HaHoYacTuL,. B YyebHOM LeHTpe HaHobuobesonacHocTH
B 2010 roay y»Ke 3almLLeHO 3 MarucTepckme anccepTauun:

1. bytbipkmHa A.C. «MccnepoBaHWe KNETOUHbIX KyAbTyp in vitro
ANA onpeaeneHns TOKCUYHOCTU HAHOMATEPUANOBY.

2. Monexaesa 0.B. «BnusHue yrnepodHbIXx HaHoyacTuL, Ha
bYHKUMOHANbHYIO aKTUBHOCTb HEMTPODUIOB MbiLLIER».

3. TumowwuHoBa E.B. «OueHKa WHTErpasbHON TOKCUYHOCTU
KCEHOOMOTUKOB M HAHOMATEPUaNoB POCTOBBIMW  MUKPOBHbIMM
TeCTaMU».

B 2011 rogy nnaHupyeTca 3aLumTa ewé 2-x Aucceprauuii:

4. Boponaes A.A. «Pa3paboTka MeTOAMYECKMX MOAXOA0B K
oLeHKe reHOTOKCMYHOCTU " MyTareHHoCTH HEKOTOPbIX
HaHOMaTepuanos».

5. Pakutckuii KO.H. «MccnepoBaHue MHTErpaabHOM TOKCUYHOCTM
Pa3NIMYHbIX  KCEHOOMOTMKOB UM HaHOMAaTepuanoB  MeTodamu
6uoTecTMpoBaHUA».
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GENERAL INFORMATION ABOUT THE 2nd INTERNATIONAL SCHOOL
«NANOMATERIALS AND NANOTECHNOLOGIES IN LIVING SYSTEMS.
SAFETY AND NANOMEDICINE»

Organizers
FUND FOR INFRASTRUCTURE AND EDUCATIONAL PROGRAMS

LOMONOSOV MOSCOW STATE UNIVERSITY

By a participation and support of:
RUSNANO METROLOGY CENTER
MOSCOW CENTER OF TECHNOLOGY TRANSFER

INNOVATIONS AND HIGH TECHNOLOGIES OF MSU

Objective of the school

e interdisciplinary training of specialists, involved in research and development of nanotechnologies for
medical applications, and research of impact of nanotechnology on health, safety and environment;

e direction of work of research organizations to satisfy the needs of nanotechnology companies in terms of
safety;

e development of optimal approaches to assessment and management of risks associated with production of
nanomaterials and nanomaterials containing products.

School Topics

1. Fabrication and characterization of nanomaterials for biomedical applications and safety issues.
e Synthesis and functionalization of nanomaterials.
e Methods for characterization of nanomaterials.
e Reference materials: applications, development and certification.
2. Safety of nanomaterials and nanotechnologies.
e Toxicology of nanomaterials: exposure routes, methods for detection, toxicity evaluation.
e Detection of nanomaterials in environment, food and industry products.
e Assessment and management of risks for nanomaterials production and usage.
3. Nanomedicine: challenges and perspectives
e Targeted delivery of drugs and other therapeutic agents based on nanomaterials.
e Diagnostics with the use of nano-objects.

e Regenerative medicine.
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ORGANIZING COMMITTEE

Svinarenko A.G.

Khokhlov A.R.

Skryabin K.G.

Bushmanov A.Yu.

Dyatlov I.A.
Ivanov V.V.
Kabanov A.V.
Kalyuzhnyi S.V.
Kachak V.V.
Klyachko N.L.

Lakhov V.M.

Markvicheva E.A.

Plutenko A.D.

Popov V.O.

Tkachuk Yu.G.

Tutelian V.A.

Shpichko O.Yu.

Symon A.V.

Osipova T.A.

Sukharev V.S.
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Burnasyan Federal Medical Biophysical Centre of the Federal Medical Biological Agency
of Russia

State Research Center for Applied Microbiology and Biotechnology
RUSNANO Metrology Center

UNMC (Omaha, NE, USA)
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The Ministry of Education and Science of RF

MSU (Moscow, Russia)

Federal Agency on Technical Regulation and Metrology

The Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of
Sciences

Fund for Infrastructure and Educational Programs

INBI (Moscow, Russia)

Fund for Infrastructure and Educational Programs

Research Institute of nutrition of Russian Academy of Medical Science
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RUSNANO Metrology Center

secretary of Organizing committee
MSU (Moscow, Russia)
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RUSNANO Metrology Center



FUND FOR INFRASTRUCTURE AND EDUCATIONAL PROGRAMS

Fund for Infrastructure and Educational Programs, a non-commercial fund established in March 2011 through
reorganization of the state corporation Russian Corporation of Nanotechnologies (RUSNANO), works to establish
nanotechnology infrastructure and training for nanotechnology specialists.

The main directions of the Fund activities

e development and implementation of infrastructure projects for nanoindustry;

e standardization, certification, metrological support, promotion of safety nanoindustry products;

e scientific forecasting and the development of road maps;

e promotion of nanotechnologies;

e development of the institutional and legislative framework of the innovation economy in Russia;

e creation and development of knowledge transfer, cooperation, technology transfer in the industry.

e development of educational programs of professional training and retraining of personnel;

e development of professional standards and development of public and professional accreditation
systems for educational programs.

LOMONOSOV MOSCOW STATE UNIVERSITY

Moscow State University was established in 1755. Moscow State University is a major traditional educational
institution in Russia, it offers training in almost all branches of modern science and humanities. Its undergrad-uates
may choose one of 57 qualifications, while doctoral students may specialize in 168 different areas. The total
number of MSU students exceeds 40,000; besides, about 10,000 high school students attend various clubs and
courses at MSU.

MSU is a centre of research science famous for its major scientific schools. There have been 11 Nobel Prize
winners among its professors and alumni, out of 18 Russians who have received the prestigious prize so far. Many
more MSU scientists have been awarded various Soviet and Russian prizes for their achievements, among them 60
Lenin Prizes and 120 State Prizes, over 40 MSU scientists having received the State Prizes over the last decade, 6 of
them this year.

Among those who teach at MSU there are 2,500 higher doctoral degree holders and almost 6,000 holders of
doctoral degrees, almost 1,000 full professors and 2,000 associate professors. The total number of full mem-bers
and correspondent members of The Russian Academy of Sciences is about 300. About 5,000 scientists and scholars
are currently involved in 310 research projects in various fields.

Moscow State University comprises 29 faculties and over 350 departments, 15 research institutes, 4 museums,
the Science Park, the Botanical Gardens, The Library, the University Publishing House and printing shop, a
recreational centre and a boarding school for talented children. 9 faculties have been recently established, along
with 47 new departments and 22 research laboratories.

Scientific Educational Center for Nanotechnologies of M.V.Lomonosov Moscow State University was
established in 2008. A diversity of chairs and departments (Physics, Chemistry, Biology, Material science,
Bioengineering & Biocomputing, Fundamental Medicine) is drawn into this work.The main purpose of the center is
educational programs in nanotechnology.
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PROGRAM OF THE 2nd INTERNATIONAL SCHOOL

11.40-12.20 L3. SINGLE-WALL CARBON NANOTUBES AS A
NEW PROSPECTIVE MATERIAL FOR BIOPHYSICS
“NANOMATERIALS AND NANOTECHNOLOGIES IN
Elena Obraztsova
LIVING SYSTEMS. SAFETY AND NANOMEDICINE” (PhD, Head of Nanomaterials Spectroscopy
Laboratory, A.M. Prokhorov General Physics
Institute of Russian Academy of Sciences,
Moscow, Russia)
12.20-13.00
m L4.% GEOMETRICALLY DEFINED
Sunday Septe ber, 18
NANOCONSTRUCTS: IMPLICATIONS IN
15.00-15.30  School participants meeting (Moscow, Metro BIOLOGICAL FATE AND DRUG DELIVERY
Station Tsaritsyno) Hamid Ghandehari
(Ph.D., Professor, University of Utah, USA)
15.30 Buses departure to the hotel “Zarya”
. ] ] 13.00-13.20 Company presentation:
17.00-18.30 Registration and accommodation TOKYO BOEKI
19.00-20.00 Dinner
' 13.30-14.30 Lunch
Session 2 Chairpersons:
prof. A.V.Kabanov, prof. Yu.l. Golovin
14.30-15.10 L5. MBICS: MAGNETIC BLOCK IONOMER
Monday Se ptel I lber, 19 COMPLEXES FOR DUAL IMAGING AND
THERAPEUTICS
8.30-9.30 Breakfast Judy S. Riffle
(PhD, Professor, Macromolecules and Interfaces
9.30-10.00  Opening ceremony Institute and the VA-MD School of Veterinary
SECTION: FABRICATION AND Medicine, Virginia Tech, Blacksburg, VA, USA)
CHARACTERIZATION OF NANOMATERIALS FOR
BIOMEDICAL APPLICATIONS AND SAFETY ISSUES. 15.10-15.50 L6. RADIO FREQUENCY MAGNETIC FIELD
HYPERTHERMIA: FUNDAMENTALS AND
Session 1 Chairpersons: APPLICATIONS
prof. V. lvanov, prof. N.Klyachko Yuri I. Golovin
(Professor, Director of Scientific and Educational
10.00-10.40 L1.%NANOMEDICINE: CROSSING BIOLOGICAL Center “Nanotechnology and Nanomaterials” of
BARRIERS FOR DRUG DELIVERY Tambov State University, Tambov, Russia)
Alexander V. Kabanov
(Ph.D., Dr. Sci. in Chemistry, Parke-Davis 15.50-16.10 O7. METAL SURFACE MODIFICATION: FROM
Prof £ ph tical Sci Coll £ NOVEL MATERIAL SYNTHESIS TO APPLICATION IN
rofessor o : armaceutical Sciences, ? ege o NANOBIOTECHNOLOGY
Pharmacyf I_)lrecto.r, Cer.\ter for Drug DehverY and Alexander G. Majouga
Nanomedicine, University Of Nebraska Medical (PhD, Chemistry department of M.V. Lomonosov
Center, Omaha, NE, USA) Moscow state university, Moscow, Russia)
10.40-11.20 L2. NANOMATERIALS FOR BIOMEDICAL 16.10-16.30 08. USAGE OF POLYELECTROLYTE
APPLICATIONS NANOMATRICES IN ORDER TO RECEIVE
Yuri D. Tretyakov ANTIBACTERIAL PREPARATIONS
s\ﬁcadgnlwicsia.n, Prof;\e/lssor, Desan of Fa<.:ulty.of Lubov Yu. Filatova
aterials C|et1ce, oscow State University, (PhD, Chemistry department of M.V. Lomonosov
Moscow, Russia) . i
Moscow state university, Moscow)
11.20-11.40 Coffee-break, exhibition
16.30-17.00 Coffee-break, exhibition

% SECTION: NANOMEDICINE: CHALLENGES AND PERSPECTIVES
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17.00 - 19.00

ROUND TABLE «EDUCATION FOR HIGH
TECHNOLOGIES »

Moderators:

Konstantin G. Skryabin

(Academician, Director of Center
«Bioengineering», head of biotechnology
department, M.V. Lomonosov Moscow state
university, Moscow, Russia)

Boris S. Berenfeld

(PhD, President and CEO, International
Laboratory of Advanced Education Technologies
(ILAET), London, UK)

Speakers:

Mikhail P. Kirpichnikov

(Academician, Dean of Biology department, M.V.

Lomonosov Moscow state university,hea of
Bioengineering department, Chairman of Higher
Attestation Commission of the Ministry of
Education and Science of Russian Federation)
Natalya L. Yablonskene

(Head of the educational projects division of
RUSNANO)

Alexander V. Leontovich

(PhD, deputy director of Moscow City Palace for
Youth Creative Activity, Chairman of Russian
movement of creative teachers “Researcher”,
Chairman of Vernadsky Junior Readings)

Sergei A. Lovyagin

(PhD, physics teacher, distinguished teacher of
Russia, Director of Center of Vocational
orientation and education «Polygon-pro»,
Moscow)

Alexei L. Semenov

(RAS Corr. member, academician of Russian
Educational Academy, Rector of Moscow
Institute of Open Education)

Alexander Yu. Uvarov

(Chief researcher, Federal Institute of Education
Development, consultant of Microsoft (Russia)
on the school education issues)

19.00 - 20.00

Dinner

Tuesday

September, 20

9.00-9.50

Breakfast

Session 3

Chairpersons:
prof. M.I. Shtilman, prof. V.I. Tishkov

9.50-10.30

L9.TARGET DIAGNOSTIC AND THERAPEUTIC
MULTIMODAL AGENTS ON A CARRIER WITH
"MAGNETIC CORE-CARBON SHELL” STRUCTURE
Anatoly Ye. Yermakov

(Professor, Institute of Metal Physics of Ural
Branch of RAS, Ekaterinburg, Russia)

10.30 -10.50

010. AGGREGATES OF AMPHIPHILIC POLYMERS
—THE IMPORTANT GROUP OF NANOSIZED
SYSTEMS

Mikhail I. Shtilman

(Professor, Head of Education and Research
Center «Biomaterials», D.Mendeleyev University
of Chemical Technology of Russia, Moscow,
Russia)

10.50-11.10

O11. PROTEIN ENGINEERING OF ENZYMES FOR
MEDICINE DIAGNOSTICS AND PHARMACEUTICS
Vladimir I. Tishkov

(Professor, Department of Chemical Enzymology,
Faculty of Chemistry, M.V.Lomonosov Moscow
State University, Moscow, Russia)

11.10-11.20

Company presentation: TSE-Systems

11.20-11.40

Coffee-break, exhibition

11.40-12.20

L12. A SURFACE MODIFICATION OF
NANOPARTICLES FOR MEDICINAL APPLICATIONS
Pavel S.Postnikov

(Professor, Headof Biotechnology and Organic
Chemistry department, National Research Tomsk
Polytechnic University, Tomsk, Russia)

12.20-12.40

013. DEVELOPMENT OF STANDARD REFERENCE
MATERIALS OF NANOPARTICLES FOR
BIOMEDICAL APPLICATIONS

Alexander D. Levin

(Doctor of Technical Science, All-Russian
Scientific and Research Institute for Optical and
Physical Measurements, Moscow, Russia)

12.40-13.00

014. COMPARATIVE ANALYSIS OF
NANODIAMONDS PRODUCED BY DETONATION
SYNTHESIS FROM VARIOUS SOURCES

Svetlana N. Ivashevskaya

(PhD, Institute of Geology, Karelian Research
Centre, Russian Academy of Science,
Petrozavodsk, Russia)

13.00-13.20

015. APPLICATION OF ATOMIC FORCE
MICROSCOPY FOR CHARACTERIZATION OF
CHITOSAN BASED NANOPARTICLES

Denis V. Kurek

(PhD, Centre “Bioengineering” RAS, Moscow,
Russia)
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13.20-13.40

016. PRACTICAL EXAMPLES OF NANOPARTICLE
TRACKING ANALYSIS (NTA) APPLICATIONS FOR
NANOBIOMATERIALS EXAMINATION, PROTEIN
AGGREGATION STUDIES AND GENERAL
NANOPARTICLE CHARACTERIZATION

Evgeniy Evtushenko

(Moscow State University, Faculty of Chemistry,
Moscow, Russia)

13.40-14.30

Lunch

Session 4

Chairpersons:
prof. G.G.Levin, prof. V.Yu. Usov

14.30-15.10

L17.% DIAGNOSTIC USE OF NANOPARTICLES
BASED ON ORGANIC COMPLEXES OF MN(ll) IN
EXPERIMENTAL AND CLINICAL MAGNETIC
RESONANCE IMAGING

Vladimir Yu. Usov

(Doctor of Medical Science, Head of Tomography
Laboratory, Tomsk Institute of Cardiology,
Tomsk, Russia)

15.10-15.30

018. NANOCOMPOSITE COATINGS, CORE-SHELL
STRUCTURES, MICROCAPSULES: PREPARATION,
PHYSICAL PROPERTIES CONTROL, PERSPECTIEVES
OF BIOMEDICAL APPLICATIONS

Dmitry A. Gorin
(Doctor of chemical science, Department of

nano- and biomedical technologies, Saratov
State University, Saratov, Russia)

15.30-15.50

019. WATER SYSTEM WITH CARBON
NANOTUBES: THERMODYNAMIC PROPERTIES
AND METHODS OF CHARACTERIZATION
Vladimir F. Korolovych

(Department of Physics, Kyiv Taras Shevchenko
University, Kyiv, Ukraine)

15.50-19.00

POSTER SESSION

19.00 - 20.00

Dinner

*SECTION: NANOMEDICINE: CHALLENGES AND PERSPECTIVES
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Wednesday

September, 21

8.30-9.30

Breakfast

9.10-9.50

NIKON SUPER RESOLUTION MICROSCOPE
RESEARCH SYSTEMS

Peter Drent

(Ph.D., General Manager, Nikon Instruments
Europe BV)

SECTION: SAFETY OF NANOMATERIALS AND
NANOTECHNOLOGIES

Session 5

Chairpersons:
prof. G.Th. Guria, prof. A.Ye. Yermakov

10.00-10.40

L20. MEASURING NANOPARTICLES IN COMPLEX
MATRICES

Hans J.P. Marvin

(Dr, RIKILT — Institute of Food Safety,
Netherlands )

10.40-11.20

L21. REDOX ADVENTURES OF CARBON
NANOTUBES: FROM OXIDATIVE LIPIDOMICS TO
BIODEGRADATION

Valerian E. Kagan

(PhD, DSc., Professor, Vice-Chairman, Director,
University of Pittsburgh, Graduate School of
Public Health, Department of Environmental
Health, Center for Free Radical and Antioxidant
Health, USA)

11.20-11.40

Coffee-break, exhibition

11.40-12.00

022. COMPLEX ESTIMATES OF CONTACTS OF
NANOPARTICLES WITH LIVING OBJECTS BY THE
EXAMPLE OF THE DOMESTIC MICE.

Vasiliy M. Popik

(PhD, Institute of nuclear physics, Siberian
branch of RAS, Novosibirsk, Russia)

12.00-12.20

023. EFFECTS OF INTRAVENOUSLY
ADMINISTERED NANOPARTICLES ON ARTERIAL
BLOOD PRESSURE AND HEART RATE IN RATS
Anatoly S. Lobach

(PhD, Institute of Problems of Chemical Physics
Russian Academy of Science, Chernogolovka,
Russia)

12.20-12.40

024. INFLUENCE OF GOLD NANOPARTICLES ON
MOUSE SPERM

Svetlana M. Pavluchenkova

(Biological faculty of Lomonosov Moscow State
University, Moscow, Russia)




12.40-13.00

025. BACTERICIDAL PROPERTIES OF NANOFILM
Svetlana N. Pleskova

17.00-17.40

(Professor, Department of Biotechnologies,
Physical and Analytical Chemistry, Alekseev
Nizhni Novgorod State Technical University,
Nizhni Novgorod, Russia)

13.00-13.20

026. EXPRESS ANALYSIS OF HAZARD
IDENTIFICATION AND TOXICITY OF
NANOMATERIALS

Evgenia A. Sopova

(Russian Medical Academy of Postgraduate
Education, Moscow)

131.%3% TARGETED NANOCARRIERS FOR
DELIVERY OF DRUGS INTO THE VASCULAR
ENDOTHELIUM

Vladimir R. Muzykantov

(MD, PhD., Professor of Pharmacology and
Medicine, Vice-Chair of Department of
Pharmacology, Director of Center for
Translational Targeted Therapeutics and
Nanomedicine, University of Pennsylvania
Perelman School of Medicine, Institute for
Translational Medicine and Therapeutics,
Philadelphia, USA)

13.30-14.30

17.40-18.20
Lunch

Session 6

Chairpersons:
Dr. Christian Grandfils, prof. V.R.Muzykantov

14.30-15.10

L27.%% CELL RESPONSE TO
NANOTOPOGRAPHICAL CUES: RELEVANCE TO

132. %3 SUPERRESOLUTION IN OPTICAL
MICROSCOPY OF LIVING OBJECTS

Gennady G. Levin

(Professor, All-Russian Research Institute for
Optical and Physical Measurements, Moscow,
Russia)

REGENERATIVE MEDICINE AND NONVIRAL GENE
TRANSFER

Kam W. Leong

(Ph.D., Professor, Duke University, USA)

18.20-18.40

15.10-15.50

128.% POLYMER NANOCOMPOSITES FOR

033. GOLD NANOPARTICLES INTERNALIZATION
BY EUCARYOTIC CELLS IN VITRO AND IN VIVO
Elena I. Ryabchikova

(Professor, Institute of Chemical Biology and
Fundamental Medicine, SB RAS, Novosibirsk,
Russia)

BIOMEDICAL APPLICATION
Rainer Frank Jordan 18.40-19.00
(Dr., Professor, Chair of Macromolecular

Chemistry, TU Dresden, Germany)

15.50-16.10

029. PHYTOTOXICITY AND PENETRATION INTO
TISSUES OF PLANTS OF MULTIWALLED CARBON
NANOTUBES

Alexander Gusev

035. INTERACTIONS OF NANOPARTICLES OF CU
OXIDES AND OTHER METAL OXIDES WITH
BIOLOGICAL OBJECTS

Sergey A. Ostroumov

(Doctor of Biological Science, M.V. Lomonosov
Moscow State University, Biological Faculty,
Moscow, Moscow, Russia)

(PhD, head of Center for medical ecology and 19.00 - 20.00

Dinner

nanotoxicology, Tambov State University,
Tambov, Russia)

16.10-16.30

030. INTERACTION OF DIAMOND
NANOPARTICLES WITH BLOOD COMPONENTS IN
VITRO AND THEIR EFFECT ON RBC
MICRORHEOLOGIC PROPERTIES

Alexander V. Priezzhev

(PhD, Physics Department, M.V. Lomonosov
Moscow State University, Moscow, Russia)

16.30-17.00

Coffee-break, exhibition

* SECTION: FABRICATION AND CHARACTERIZATION OF

NANOMATERIALS FOR BIOMEDICAL APPLICATIONS AND SAFETY

ISSUES

%3 SECTION: NANOMEDICINE: CHALLENGES AND PERSPECTIVES
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Thursday

September, 22

9.00-10.00

Breakfast

Session 7

Chairpersons:
prof. V.V. Ivanov, prof. I.V. Gmoshinski

10.00-10.40

L36. GUIDELINES AND METHODICAL SUPPORT
OF NANOTECHNOLOGIES AND NANOMATERIALS
SAFETY SYSTEM

lvan V. Gmoshinski

(Doctor of Biological Science, Research Institute
of nutrition of Russian Academy of Medical
Science, Moscow, Russia)

12.40-13.20

L42. BIOLOGICAL MATRIX NANOSTRUCTURUL
ORGANIZATION

Nikolay P. Omelyanenko

(Professor, the Chief of the Laboratory of

connective tissue of the Central Research
Institute of Traumatology and Orthopedics of
N.N. Priorov, the Department of Public Health
and Social Development of the RF, Moscow,
Russia)

10.40-11.00

L37. THE SIZE OF NANOPARTICLES IN THE AIR
AND WATER ENVIRONMENTS, METHODS OF
MEASUREMENT

Oleg V. Karpov

(PhD, National Research Institute for
Physicotechnical and Radio Engineering
Measurements, Mendeleevo, Russia)

13.20-13.40

L43.BUILDING BLOCKS FOR CONTROLLED SELF-
ASSEMBLY: FROM AMPHIPHILES TO
SUPERAMPHIPHILES

Xi Zhang

(PhD, Professor, Member of Chinese Academy of
Sciences, Department of Chemistry, Tsinghua

University, Beijing, China)

13.30-14.30

Lunch

SECTION: NANOMEDICINE: CHALLENGES AND
PERSPECTIVES

11.00-11.20

038. THE METHODS FOR MEASUREMENT OF
NANOPARTICLES IN ATMOSPHERIC AIR
Evgeniy V. Lesnikov

(PhD, National Research Institute for
Physicotechnical and Radio Engineering
Measurements, Mendeleevo, Russia)

Session 8

Chairpersons:
Dr. T.K.Bronich, prof. E.A. Markvicheva

11.20-11.40

Coffee-break, exhibition

11.40-12.00

039. MONITORING OF NANOPARTICLES IN THE
GAS PHASE BY USING DIFFUSION DYNAMIC
PROCEDURE

Valery A. Zagaynov

(PhD, Head of Air disperse systems laboratory,
Karpov Institute of Physical Chemistry, Moscow,
Russia)

12.00-12.20

040. THE PROCEDURE AND RESULTS OF
RESEARCH OF NANOPARTICLES IN NATURAL
MINERAL WATERS

Dmitry A. Dankin

(National Research Institute for Physicotechnical
and Radio Engineering Measurements,
Mendeleevo, Russia)

12.20-12.40

041. MEASUREMENT OF ELECTRICAL CHARGED
NANOPARTICLES IN THE AIR

Alexey V. Zhuravlev

(National Research Institute for Physicotechnical
and Radio Engineering Measurements,
Mendeleevo, Russia)
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14.30-15.10

L44. SELF-ASSEMBLING REDOX POLYMER DRUG
FOR ANTI-OXIDATIVE STRESS INJURY

Yukio Nagasaki

(Ph.D., Professor, Department of Materials
Science, Graduate School of Pure and Applied
Sciences, Master’s School of Medical Sciences,
Graduate School of Comprehensive Human
Sciences and International Center for Materials
Nanoarchitechtonics, National Institute for
Materials Science, University of Tsukuba, Japan)

15.10-15.50

L45. IONIC NANOGELS AS A VERSATILE
PLATFORM FOR DRUG DELIVERY IN TUMOR:
OPPORTUNITIES AND CHALLENGES

Tatiana K. Bronich

(Ph.D., Associate Professor, University of
Nebraska Medical Center, Omaha, NE, USA)

15.50-16.10

046. FOLATE-CONJUGATED NANOGELS FOR
TARGETED DELIVERY OF ANTICANCER DRUGS IN
VIVO

Natalia V. Nukolova

(PhD, Moscow Serbsky Institute for Social and
Forensic Psychiatry, Moscow, Russia)

16.10-16.30

047. DEVELOPMENT OF PLGA NANOPARTICLES
CONJUGATION METHOD TO RECOMBINANT C-
TERMINAL DOMAIN OF ALPHA- FETOPROTEIN
Artem V. Godovannyi

(Institute of Gene Biology RAS, Moscow, Russia)

16.30-17.00

Coffee-break, exhibition




17.00-17.40

L48. INSPIRED BIO- AND NANOBIOMATERIALS
FOR TISSUE ENGINEERING.
Christian Grandfils

(Dr., Associate Professor, Director of CEIB,
Interfacultary Research Centre of Biomaterials
(CEIB), University of Liege, Belgium)

17.40-18.00

049. CHARACTERISTICS OF ANTITUMOR
LIPOSOMES LOADED WITH LIPOPHILIC
PRODRUGS OF METHOTREXATE AND
MELPHALAN IN RELATION TO THEIR
HEMOCOMPATIBILITY

Natalya R. Kuznetsova
(Shemyakin-Ovchinnikov Institute of Bioorganic
Chemistry, Russian Academy of Sciences,
Moscow, Russia)

18.00-18.20

050. OBTAINING NANOPARTICLE FORMS OF
DRUGS BASED ON BIODEGRADABLE MATERIALS
FOR TREATMENT OF PULMONARY
TUBERCULOSIS

Alexandra A. Naidenova

(Moscow Research Institute of Medical Ecology,
Moscow, Russia)

18.20-18.40

051. SYMMETRIC AND ANISOTROPIC
MULTICOMPARTMENT MICRO- AND
NANOPARTICLES AND CAPSULES
Alexey M. Yashchenok

(PhD, Department of Nano- and Biomedical
Technologies, Saratov State University, Saratov,
Russia)

18.40-19.00

052. CONSTRUCTION OF VIRUS-LIKE
NANOPARTICLES BASED ON THE CORE
PROTEIN OF HEPATITIS B VIRUS AND M2

PROTEIN OF INFLUENZA VIRUS
Elena A. Blokhina
(Centre “Bioengineering” RAS, Moscow, Russia)

19.00 - 20.00

Dinner

20.00-22.00

ROUND TABLE «COMMERCIALIZATION OF
NANOTECHNOLOGIES IN MEDICINE »
Moderators:

Levan V. Tatunashvili

(Vice-president, Sygma.Innovations)

Speakers:

Georgy Th. Guria

(Professor, Head of laboratory of cryobiophysics
of blood cells, National Research Center for
Hematology, Moscow, Russia)

Grigory G. Borisenko

(PhD, associate, Department for Investments on
Medical Programs, RUSNANO)

Friday

September, 23

9.00-09.50

Breakfast

Session 9

Chairpersons:
prof. N.L. Klyachko, prof. B.B. Dzantiev

09.50-10.30

L53. NANOTECHNOLOGIES IN REGENERATIVE
MEDICINE

Vsevolod A. Tkachuk

(Academician, Professor, Dean of Faculty of Basic
Medicine, Lomonosov Moscow State University,
Moscow, Russia)

10.30-11.10

L54. APPLICATION OF NANOPARTICLES IN
MEDICAL DIAGNOSTICS FOR THE DETECTION OF
BIOLOGICALLY ACTIVE COMPOUNDS

Boris B. Dzantiev

(Professor, Bakh Institute of Biochemistry
Russian Acad. Sci., Moscow, Russia)

11.10-11.30

Coffee-break, exhibition

11.30-12.10

L55. ANTICANCER DRUG INFLUENCE ON
TUBULIN NANOTUBE DYNAMICS

Georgy Th. Guria

(Professor, Head of laboratory of cryobiophysics

of blood cells, National Research Center for
Hematology, Moscow, Russia)

12.10-12.50

L56. DELIVERY OF THERAPEUTIC PROTEINS TO
THE BRAIN IN MACROPHAGES

Elena V. Batrakova

(Ph.D. in Chemistry of Polymers, Assistant
Professor, Center for Drug Delivery and
Nanomedicine, Department of Pharmaceutical
Sciences, College of Pharmacy, University of
Nebraska Medical Center, Omaha, NE, USA)

12.50-13.10

O57. THERMO PHYSICAL ASPECTS OF LASER
HEATING OF BIOFUNCTIONAL NANOPARTICLES
IN BIOTISSUES

Alexander |. Omelchenko

(PhD, Department of perspective laser
technologies, Biophotonics department, Institute
on Laser and Information technologies RAS,
Troitsk, Russia)

13.30-14.30

Lunch

Session 10

Chairpersons:
prof. I.N. Kurochkin, Dr. E.V.Batrakova

14.30-14.50

058. NANOCOMPOSITE MICROCAPSULES
FUNCTIONALIZED BY ZINC OXIDE
NANOPARTICLES: FABRICATION, PHYSICAL
PROPERTIES, BIOCOMPATIBILITY, TOXICITY

Tatiana A. Kolesnikova
(PhD, Saratov State University, Saratov, Russia)

115



N Ly

14.50-15.10

059. INDUCED PLURIPOTENT STEM CELLS
GENERATION FOR PARKINSON DISEASE
TREATMENT

Saturday

September, 24

llya V. Chestkov 9.00-10.00

Breakfast

(NRC “Kurchatov Institute”, Moscow, Russia)
10.00-11.30

15.10-15.50

Closing ceremony

K60. BIOSENSING SYSTEMS BASED ON METAL

OXIDES AND PLASMONIC NANOSTRUCTURES 11.30-12.00

Checking out

FOR MEDICAL AND ENVIRONMENTAL

MONITORING OF NEUROTOXICANTS, ENZYMES 12.00-1215

Buses boarding

AND BIOLOGICAL AGENTS
llya N. Kurochkin
(Professor,Head of ecobiocatalysis laboratory,

12.15

Buses departure to Moscow metro station
“Tsaritsyno”

Faculty of Chemistry, Lomonosov Moscow State
University, Moscow, Russia)

15.50-16.20

Coffee-break, exhibition

16.20-17.00

L61. STRUCTURE AND PROPERTIES OF MEDICAL
IMPLANTS BASED COMPOSITES
"NANOSTRUCTURED TITANIUM - BIOCOATING"
Yuri R. Kolobov

(Professor, director of Research-Education and
Innovative Center “Nanostructured Materials
and Nanotechnologies”, Belgorod State
University, Belgorod, Russia)

17.00-17.20

062. MATRIX FOR CELL TECHNOLOGIES FROM
RESORBABLE AND NOT RESORBABLE POLYMERS
Pavel V. Popryadukhin

(Institute of macromolecular compounds,Saint-
Petersburg, Russia)

17.20-17.40

063. APPLICATION OF ATOMIC FORCE
MICROSCOPY FOR THE STUDY OF XENOPUS
LAEVIS EMBRYOS

Yuri M. Efremov

(M.V. Lomonosov Moscow State University,
Moscow, Russia)

17.40-18.20

L64. THE HEALTH EFFECTS OF COMBUSTION-
DERIVED TO ENGINEERED NANOPARTICLES
Rodger Duffin

(BSc (Hons), PhD, FIBiol, Senior Fellow in
Respiratory Medicine, University of Edinburgh,
Scotland)

18.20-19.00

L65. METROLOGY AND STANDARDIZATION OF
NANOSCIENCE AND TECHNOLOGY IN CHINA
Xing Zhu

(Ph.D. Professor, Assistant President, Peking
University, School of Physics, Peking University,
National Center for Nanoscience and
Technology, Beijing, China)

19.30-23.00

Conference dinner
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PROGRAM OF THE POSTER SESSION OF

THE 2ND INTERNATIONAL SCHOOL
“NANOMATERIALS AND NANOTECHNOLOGIES IN
LIVING SYSTEMS. SAFETY AND NANOMEDICINE

Tuesday, SEPTEMBER 20, 16.00

P7 MOLECULAR DYNAMICS STUDY OF THE INTERACTION OF
FULLERENE AND ITS DERIVATIVE WITH BIOLOGICAL
MEMBRANES
Bozdaganyan M.Ye., Shaitan A.K., Shaitan K.V.
Lomonosov Moscow State University,

Faculty of Biology

P1 MAGNETIC BIOCOMPATIBLE IRON OXIDE NANOPARTICLES
FOR MRI-DIAGNOSTICS
Abakumov M.A.l, Sandalova T.O.l, Yusubalieva G.M.Z,
Grinenko N.F.Z, Baklaushev V.P.l’z, Vishvasrao H.3, Sokolsky-
Papkov M.3, Kabanov A.V.>*, Chekhonin V.p.*?
'Russian State Medical University, Chair of medical
nanobiotechnology, Moscow, Russia.
2Center for Social and Forensic Psichiatry, Department of
fundamential and applied neirobiology, Moscow, Russia
3Center for Drug Delivery and Nanomedicine, Medical Center
of University of Nebraska, Nebraska, Omaha
“Moscow State University, Department of Chemistry, Chair of
Chemical enzimology, Moscow, Russia.

P2 CATALASE NANOPARTICLES
FOR BIOMEDICAL APPLICATIONS
Aleksashkin A.D.", Balabushevich N.G.?%, Klyachko N.L.2
L omonosov MSU, Faculty of Materials Science,
Lomonosov MSU, Department of Chemistry

P3 SYNTHESIS OF NANOPOROUS SILICA MATERIALS AND THEIR
ADSORPTION PROPERTIES IN RELATION TO MOLSODOMINE
N.A. Alyoshinsa, E.V.Parfenyuk
Institution of Russian Academy of Sciences Institute of
Solution Chemistry of the RAS, lvanovo

P4 FUNCTIONALITY OF A NOVEL FUSE PROTEIN
SURFACTANT C—INTERFERON-y IN LIPOSOMES
Antipova N.V., Kuznetsova N.R., Boldyrev I.A., Shakhparonov
M.I., and Zavalova L.L.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,
Russian Academy of Sciences, Moscow

PS5 BIOCOMPATIBLE POLYMER COMPOSITES BASED ON
ULTRAHIGH MOLECULAR WEIGHT POLYETHHYLENE.
A.A Baranov'*, F.S. Senatov, S.D. Kaloshkin, V.V.
Tcherdyntsev, D.V. Kuznetsov,
D.S. Manyakina, V.D. Danilov 2
!National University of Science and Technology «MISIS»,
119049, Moscow, B-49, Leninsky prospect, 4.
2 A.A. Blagonravov Mechanical Engineering Institute RAS,
Moscow

P6 PRODUCTION OF INCAPSULATED NANOMATERIALS BY
SPRAY-PYROLYSIS
Belosludtsev A.P. Lysov D.V., Yudin A.G.

National University of Science and Technology “MISIS”

P8 COVALENT FUNCTIONALIZATION OF THE SURFACE IRON-
CARBON NANOPARTICLES
Byzov L.V.}, Yermakov A.Ye.}, Uimin M.AY, Mysik AAL
Pogiba D.A.%, Minin A.S.%, Filimonov V.D.*, Postnikov P.S.%,
Trusova M.E.*
! Institute of Metal Physics of Ural Branch of RAS
% Ural Federal University named after the first President of
Russia B.N. Yeltsin, Ekaterinburg
® Ural State Medical Academy, Ekaterinburg
* National Polytechnical University, Tomsk

P9 PEROXIDASE-INDUCED BIODEGRADATION OF SINGLE-
WALLED CARBON NANOTUBES: HYPOCHLORITE IS A MAJOR
OXIDANT CAPABLE OF in vivo DEGRADATION OF NANOTUBES
Vlasova l.1., Vakhrusheva T.V., Gusev A.A,,

Sokolov A.V., Kostevich V.A., Gusev S.A.
Research Institute for Physico-Chemical Medicine, FMBA,
Moscow

P10 SYNTHESIS OF NANOCRYSTALLINE HYDROXYAPATITE USING
BIOGENETIC SOURCE OF CALCIUM. COMPARISON WITH
BIOLOGICAL STRUCTURES.

Goloshchapov D.L., Kashkarov V.M., Rumyantseva N.A.,
Seredin P.V.,Domashevskaya E.P.
Voronezh State University, Voronezh

P11

P12 THE SIMPLE AND EFFECTIVE METHOD FOR OBTAINING OF
NANOPARTICLES OF CONDENSED DNA AND RNA
Danilevich V.N.}, Vasilenko E.A.>, Pechnikova E.V.2
! Shemyakin and Ovchinnikov Institute of Bioorganic
Chemistry, RAS
Shubnikov Institute of Crystallography, RAS, Moscow, Russia

P13 APPLICATION OF FTIR SPECTROSCOPY TO STUDY COMPLEXES
LIPOSOMES-POLYCATHION
Deygen .M.Y Sybachin A.V.2, Yaroslavov A.A.2, Koudriachova
EV.!
! Moscow State University, Faculty of Chemistry, Department
of Chemical Enzymology, Moscow
2 Moscow State University, Faculty of Chemistry, Department
of Macromolecular Compounds, Moscow

P14 DEVELOPMENT OF THE METHOD OF PRODUCTION OF THE
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NANOMEDICINE: CROSSING BIOLOGICAL
BARRIERS FOR DRUG DELIVERY
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L1

Polypeptides can positively affect outcomes of central
nervous system (CNS) related diseases, but their entry into the
brain is commonly restricted. One example is leptin, a candidate
for treatment of epidemic obesity that has failed. A major cause
of its failure is unfavorable pharmacokinetics and peripheral
resistance - loss of leptin ability to cross the blood-brain barrier
(BBB), and so reach its receptors in the arcuate nucleus of the
hypothalamus. We produced a conjugate of leptin with Pluronic
P85 (P85-LepA) that has a long half-life, is enzymatically resistant
in blood and brain, and retains biological activity. The P85-LepA
crosses the BBB by a mechanism independent of the leptin
transporter and was shown to be effective in the ob/ob mouse
and mice with diet-induced obesity. Therefore, P85-LepA may be
effective when normal transport of leptin across BBB is impaired.
Another example is RedOx enzymes, such as Cu/Zn superoxide
dismutase (SOD1), which has potential to mitigate oxidative
stress in CNS. We incorporated SOD1 into polyion complexes
with cationic block copolymers. Such complexes (“nanozymes”)
were shown to increase stability, circulation half-life and brain
delivery of active SOD1 after peripheral administration. The
intracarotid injection of SOD1 nanozyme greatly attenuates Angll
pressor response in conscious rabbits after chronic heart failure.
Therefore, SOD1 nanozymes have potential for the treatment of
cardiovascular diseases associated with the dysregulation of
brain angiotensinergic signaling, particularly hypertension and
chronic heart failure.
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Progressive development of medicine and the search for new
ways of wellness and life quality seem to be the most excited
streamline of practical implementations of nanotechnologies. It is
expected that the nearest perspectives are related to
biocompatible nanomaterials like HAP bone implants and species
for improving calcium health of the nation or various applications
of therapeutic and diagnostic nanoparticles. Modern approaches
of nanomaterial preparation for biomedical applications using
soft chemistry methods, routes for the control of morphology
and capping of magnetic nanoparticles for MRI and hyperthermia
of oncological diseases, nanoparticles of noble metals with
plasmonic resonance in SERS diagnostics, quantum dots as
markers, techniques of superhydrophobic surfaces design and
ceramic nanostructured membranes production, photocatalytic

systems for ecological use are discussed in the lecture.
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SINGLE-WALL CARBON NANOTUBES AS A
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L3

Single-wall carbon nanotubes — nanoscale monolayer
in 90th [1],

demonstrated the unique properties, allowed to develop new

graphene cylinders, discovered have already
technologies in nanoelectronics, optoelectronics, laser physics,

vacuum electronics, production of new constructional materials
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and microsurgery. Due to unique optical properties, determined
by the nanotube geometry (e.g. its diameter and chirality) [2],
the nanotubes are considered now as a prospective light-
emitting material with the
photoluminescence spectra in the near infrared spectral range.

tunable absorption and
This property has provided a possibility to create a new class of
nanotube-based ultrafast nonlinear optical modulators for
formation of femtosecond output pulses in the solid state lasers
working in a spectral range 1-2 mkm [3,4]. The same property has
determined a possibility to use the aqueous suspensions of
carbon nanotubes as the photoluminescent markers introduced
into the biological objects [5]. These works have been started
quite recently. It is necessary to solve a lot of problems for their
successful completion. First of all, it is necessary to select the
nanotubes with a quite narrow (less than 0.1 nm) distribution
over diameter. This can be realized both in the process of the
nanotube growth (via choosing the appropriate synthesis
technique or catalyst) [6], and in a post-growth treatment (using
the technique of a gradient ultracentrifugation) [7]. It is
necessary to find the most efficient surfactants providing a high
degree of dispersion of nanotubes into suspension, which can
increase the quantum efficiency of their photoluminescence [8].
It is necessary to match the working spectral range of the
nanotube suspensions obtained with the “transparency window”
of the live organism tissues. However, the first samples of
biological
already exist and demonstrate good results on a selective

markers based on single-wall carbon nanotubes

accumulation in different tissues. They possess a substantially
lower toxicity than organic dyes [9]. The first successful
experiments on photodynamic therapy of cancer diseases
already have been performed with these samples. These results
confirm a practicability of optimization and development of
biomarkers based on single-wall carbon nanotubes.
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Advances in nanotechnology have provided the opportunity
with specified shapes and
geometries. Variations in geometry, surface characteristics, and

to fabricate nanoconstructs

core composition can influence the biological fate of
nanomaterials and hence their utility in biomedical applications
including drug delivery. Recent efforts in our lab focus on
evaluating the influence of the geometry and surface
characteristics of gold and silica nanoparticles on cellular uptake,
biocompatibility and biodistribution™. We have shown that the
cellular uptake of silica nanoparticles is cell-type dependent and
that surface charge and pore size play predominant roles in
toxicity3. Hemolytic activity was shown to be porosity- and
geometry- dependent for bare rod shaped and spherical silica
nanoparticles, but surface charge- dependent for amine-modified
particles®. Analysis of cell morphology and colocalization with
intracellular markers suggest the involvement of autophagic like
response to intracellular silica nanoparticle
of the

biodistribution of rod-shaped and spherical gold nanoparticles in

activity in
accumulation?.  Comparison cellular uptake and
models of ovarian tumor demonstrate differential biodistribution
and uptake based on both geometry and surface properties’.
Gold nanorods exposed to laser light enhanced the permeability
and retention of albumin intratumorally in a murine model of
prostate cancer’. Ongoing studies point to the distinct
contribution of silica nanoparticle size, geometry, porosity and
surface properties on in vivo toxicity, as well as the ability of gold
nanorod mediated photothermal therapy to enhance the delivery
of water-soluble polymer-drug conjugates to prostate tumors.
Acknowledgement: Financial support was provided by the
National Institutes of Health (RO1EB7171 & R01-DE19050) and

the Utah Science Technology and Research (USTAR) Initiative.
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MBICS: MAGNETIC BLOCK IONOMER
COMPLEXES FOR DUAL IMAGING AND
THERAPEUTICS

Nipon Pothayee, Nikorn Pothayee, N. Jain, L. M.
Johnson, S. Balasubramaniam, R. M. Davis, N.
Sriranganathan and J. S. Riffle

Macromolecules and Interfaces Institute and the VA-

MD School of Veterinary Medicine, Virginia Tech,
Blacksburg, VA

Multifunctional nanocarriers comprising a combination of
therapeutic and contrast-enhancing imaging agents are of great
interest for delivering drugs and tracking their biodistribution in
vivo. One approach is to have phagocytic cells take in the
complexes so that areas of the body that are concentrated with
macrophage-like cells will have sufficient contrast for good
imaging. With an aim to develop nanocarriers with high drug
loadings that integrate magnetic resonance imaging agents into
one system, we have designed magnetite block ionomer
nanoscale complexes containing cationic antibiotics (fig 1).
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Polyethylene ;chd diacrylate (PEGDA)
Figure 1. MBICs containing antibiotics

The magnetite cores are synthesized via reduction of an Fe(lll)
organometallic precursor, which allows formation of discrete
particles. We have established a platform of doubly-hydrophilic
block copolymers having nonionic polyether components and a
range of carboxylate and phosphonate-functional polyanions in a
separate block that are synthesized through controlled free-
radical and ring-opening polymerizations. The polymers are
bound to the magnetic nanoparticle surfaces via ligand
adsorption of the anionic blocks, thereby creating a double
corona structure with a nonionic PEO shell and an ionic layer
comprised of polymeric carboxylates or phosphonates. We have
shown previously that phosphonates are stronger anchor groups
for magnetite in physiological media containing phosphate ions
relative to carboxylates,1, 2 but the polymeric nature of all of
these copolymers enhances binding through cooperative
adsorption. To further increase the stability of the complexes in
physiological conditions and also to increase their sizes, some of
these are designed as crosslinked gels with intensity average
diameters of 100-200 nm in diameter. The portion of anions that
are not attached to the magnetite provide binding sites for
loading cationic drugs via ionic complexation in the cores.
Poly(ethylene oxide) was chosen as a block copolymer segment
to improve biocompatibility and aid in dispersion in water
through interparticle steric repulsion. The multi-cationic drugs,
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gentamicin and streptomycin, have been employed as models for
encapsulation.

Magnetite nanoparticles are powerful contrast-enhancement
agents for T2-weighted magnetic resonance imaging because of
their high magnetization, low toxicities and particulate nature.
The contrast is generated through transverse relaxation of water
protons near these complexes and higher rates of relaxation lead
to improved images. Recent results from both our laboratories
and those of others strongly suggest that the nanoscale size of
such complexes is of paramount importance for increasing
relaxivities.3 Figure 2 shows examples of discrete particles versus
small clusters of particles, delineating the rather dramatic
relationships among cluster size and transverse relaxation rates.

Saturation mageetzation of the aleic aad-coated magnetite st MK K was 65 e ¢

- D=152 nm -~ P 3
: * =31 3 =332
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Figure 2. (Left) MBICs with diameters of 34 nm have a
relaxivity of 82 (s mMFe)-1 while MBIC clusters with
diameters of 152 nm have relaxivities of 317. (Right) Discrete
MBICs loaded with gentamicin have diameters of 62 nm and
relaxivities of 160 (s mMFe)-1 while clusters with diameters
of 109 nm have relaxivities of 332.
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Concept of local hyperthermia caused by magnetic particles
predeposited at the tumor being heated by means of radio
frequency magnetic field (RF MF) was suggested and appraised
more than 50 years ago. Its development advanced greatly at the
end of 20th century due to  synthesis and technique
development of magnetic nanoparticles (MNP) with diameter
near the superparamagnetic-ferromagnetic transition range that
is about 10 nm for the most part of commonly used materials at
the room temperature. Such particles have much higher specific
absorption rate (SAR) of RF MF energy than multydomain
particles with diameter above 100 nm.

Physical background of magnetic hyperthermia, Neel and
dissipation mechanisms, theoretic and

Brown energy

experimental approaches to SAR evaluation of
superparamagnetic iron oxide nanoparticles (SPIONs) in RF MF,
relations between SAR and MNP magnetic properties, influence
of RF MF frequency and intensity on the SAR are discussed in this
lecture. Besides, analytic and experimental approaches to
estimation of MNP local overheating and temperature field
distribution in MNP suspension are presented. It is shown that
zone overheated to AT ~ 10 K necessary to anticancer therapy
can not be localized to a region less than several millimeters for
any plausible conditions of SPION heating. Overheating on MNP
surface can not exceed AT ~ 10-2 K at MNP suspensions with any
concentration. Nevertheless, SPIONs can be used for drugs
delivery and controlled release from nanocapsules, biochemical
reaction rate control, disease diagnosis, biological structure
visualization etc. Possible fundamental mechanisms and SPIONs
applications to these fields are discussed.

Special attention is focused at mechanochemical aspects of
activation of biochemical reactions which macromolecules linked
to MNP participates at. Such mechanism based upon mechanical
MNPs at both ends

resulting from forces applied to MNPs in MF. Those strain and

deformation of molecules anchored to

torsion forces can lead to changes in distance between particular

atoms, groups, reaction active centers, macromolecule
conformation global change, break of weak bonds and so on.
Related single molecule mechanical spectroscopy data along with
estimations of force applied to molecules anchored to MNPs

subjected to RF MF are presented.
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NOVEL MATERIAL SYNTHESIS TO APPLICATION
IN NANOBIOTECHNOLOGY

Majouga A.G.

Lomonosov Moscow State University, Chemistry

Department, 119991, Leninskie Gory, 1/3, Moscow,

Russia

majouga@org.chem.msu.ru
During the last decade theoretical and experimental
information about adsorption of sulfur-containing compounds on
gold surface with formation of self-assembled monolayers were
Much interest in this field attracts such layers with functional and
reactive end-group. At present time the research of the gold
nanoparticles is one of the most important issues in chemistry,
industry and materials science, what’s illustrated by the number
of publications in this area.

Synthesis of metal nanoparticles is important both for the
fundamental science and industrial application. Gold has
attracted much attention due to its unusual physical and
chemical properties, which provide widespread application in
different fields of science and industry. It is known that gold is
very inert in the bulk phase. However, gold nanoclusters possess
high catalytic, biochemical activity and ability to change the
properties of inorganic matrices, therefore the application in
biochemical sensors, optical industry and catalysis attracted
much attention.

Different methods for the synthesis of metal nanoparticles,
their stabilization and modification with organic ligands and
biomolecules will be discussed.
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Group A and C streptococci and Staphylococcus aureus are
the causative agents of dangerous diseases of internal organs,
skin and throat. Annually in Russia, these diseases affect
hundreds of thousands (staphylococci) and millions (streptococci)
people, a large number of cases are fatal. Treatment with
antibiotics is losing its relevance, because 30% of strains of group
A streptococci and 90% of strains of Staphylococcus aureus
resistant to them.

An enzyme PlyC is capable to lyse cells of group A, C and E
streptococci,

and the enzyme LysK is effective against

Staphylococcus aureus cells, including strains resistant to
methicillin and vancomycin. These enzymes have promise for use
as an oral medicines (treatment of quinces, tonsillitis),
preparations for internal diseases treatment in the early and late
stages of infection, for the treatment of diseases of the skin
(erysipelas, boils, abscesses). The main problems limiting the use
of these enzymes for medical purposes are absence of their
description as biocatalysts and low stability in storage conditions.
Thus, the purpose of this study was to investigate the
physicochemical properties and develop approaches toward
stabilization of bacteriophage’s enzymes to treat diseases caused
by group A and C streptococci and Staphylococcus aureus.

native and SDS

electrophoresis showed that the dependence of LysK enzyme

Kinetic measurements, sedimentation,
residual activity on time is described by an equation of second
order in the temperature range 20 - 40 ° C, pH 6-9, the
concentration range of 0.05 - 0.5 mg /ml. LysK has low stability
for medicine, because at 372C (fast inactivation) enzyme loses
50% of the initial activity during 5 - 6 hours and at 222 C (storage
temperature) its half-inactivation time is equal to 6 - 7 days.

It is known that the aggregation of protein molecules can be
suppressed by the addition of polyelectrolytes. For this purpose,
polycations such as polybrene, polylysines, polyethylene imines
of various molecular weights, as well as their block copolymers
with polyethylene glycol were used. All polycations gave a
stabilization effect, which was most prominent when using
polybrene. To increase the number of electrostatic contacts
between the enzyme molecules and polybrene, negative charge
of LysK molecule was increased by modification of its amino
groups by succinic anhydride. By increasing of the degree of LysK
modification by succinic anhydride to 70% and varying of
polybrene content LysK second order inactivation constants were
reduced by 500 times and half-inactivation times were increased
by 1000 times in comparison with the enzyme without any
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additives. Chemical immobilization of LysK was made by sewing
its molecules to the surface of polymer carriers: polyaldehyde
and polylysine. Processes were controlled by the method of SDS
electrophoresis. Immobilized enzyme retained 40 - 60% of the
initial activity and was several times more stable than LysK
without carrier.

It was established that at 22 and 37°C PlyC enzyme is
inactivated by dissociative mechanism. The main way to stabilize
PlyC was its inclusion into micellar - polyelectrolyte compositions
comprising polyacrylic acid, glycerol, nonionic surfactants Brij 30
and Pluronic F127, dextrans, each compound individually have a
positive effect on the stability of the enzyme. In M16
composition PlyC enzyme retains 100% of its original activity
after 2 months of incubation at the temperatures indicated
above. Tests on living cells showed that the composition without
the enzyme and PlyC without composition are not effective. It
was shown that the after storage of the enzyme in M16
composition the number of colonies after reseeding is 0 for 2
months.

Thus, the stability and efficiency of the stabilized by
polyelectrolyte preparations of both enzymes correspond to the
requirements for medicines.

TARGET DIAGNOSTIC AND THERAPEUTIC
MULTIMODAL AGENTS ON A CARRIER WITH
"MAGNETIC CORE-CARBON SHELL”
STRUCTURE
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%Filimonov V.D., 3Usov V.Yu., ®Borodin 0.Yu., *Krasnov
V.P., “Demin A.M., 4Vigorov A.Yu.,’Yushkov B.G.,
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At developing of target multimodal diagnostic and
therapeutic agents in order to provide efficiency of a system to
treat a tumor it is desirable to have a carrier used as a platform
on which different components ( for example, polyethylene
glycol (PEGs), peptides, radioactive nuclides, magnetic markers,
etc.) can be simultaneously located by non-covalent or covalent
chemical grafting methods. The necessity in development of
multimodal systems of diagnostic and therapeutic purpose is due
to the following main reasons. The existing methods of
instrumental diagnostics: ultrasound scanning, MRT, optical
methods are often insufficient not only for early diagnostics, but
also at detection of even late forms of tumor. There are some
unsolved problems:
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- the absence of effective and selective to different kinds of
tumors, long-circulating diagnostic agents.

-inaccessibility, high prices and low efficiency of PET-diagnostics
for most tumors, for example, using 18F-glucose.

- undesirable side-effects due to the absence of selective
accumulation of preparations in  affected organs and the
deterioration of reticular system organs.

-the absence of reliable vectors of address delivery of therapeutic
agents to a pathological site and as a result, restricted efficiency
of the existing therapeutic treatment modes using local impact.
-the absence to directly control the accumulation of preparations
in a tumor and the estimate of therapeutic effect.

- poor development of the local impact methods on tumors using
the modern methods of physical action (for example, laser and
electromagnetic field with application of magnetic particles).

The data on creation of multifunctional systems, vector delivery
in combination with diagnostic and therapeutic agents in
particular, are scarce in literature. Nanoparticles, as a means of
delivery of preparations based mainly on magnetite for the
creation of diagnostic and medical products at introduction into
the blood flow have been widely spread. However, magnetite-
based nanoparticles are stability bounded in a biological medium.
Nanoparticles of pure metals (silver, gold, platinum), quantum
dots or carbon nanotubes are toxic. The achievement
simultaneously of chemical stability and functionalization of such
materials in a nanorange are very problematic subject due to
high reactivity and toxic effect. Thus, the development of
nontoxic, stable multimodal systems is very important.

A team of authors have synthesized 3d-metal-based
nanocomposites encapsulated in carbon that are stable,
biologically compatible and nontoxic materials representing a
“metal ferromagnetic core-carbon shell” structure or it is so-
called “Giant Fullerenes” (GF) with an average nanocomposite
size less than 10 nm and 1-2 nm thick carbon layer. Methods of
the carbon shell modification of iron-based nanocomposites for
obtaining chemically active centres (amino-, carboxy- and
hydroxyl-groups) on the carbon shell surface have been proposed
in the report. Methods of non-covalent and covalent grafting
subject to the activity of end groups, PEGs, RGD-peptides on a
modified carbon coating have been presented. Methods of
carbon surface modification of nanoparticles providing
suspension stability in different liquid media (water, physiological
solution, plasma, etc.) have been developed. NMR-control
methods of relaxation times of T1 and T2 nanocomposites for the
optimization of their contrasting ability at MRT visualization of
organs have been developed. The results of biological
distribution of nanocomposites in the organs of experimental
animals have been presented. Therapeutic treatment modes
using laser and magnetic ablation of the model tumours with

multimodal nanocomposites are being discussed.

We are acknowledged to RFBR for financial support (Grant # 10-
02-00323a).
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Nanosized systems of various types as nanospheres,
nanocapsules, dendrimeres, and liposomes have been used as
carriers of medicinal and generally biologically active substances.
Recently appreciable place among such systems was occupied by
the so called aggregates of amphiphilic polymers.

In this report we present the methods of synthesis of
amphiphilic derivatives of various water-soluble polymers — poly-
N-vinylpyrrolidone, polyacrylamide, polyacrylic acids etc. It is
shown that such amphiphilic polymers can form aggregates in
water systems with the size ranging from tens to hundreds
nanometers. The influence of the polymers structure on their
ability to aggregation was studied.

It was established that synthesized amphiphilic polymers can
be used for modification of the membranes of the liposome’s
resulting to the increase of the membrane stability from the
influences of various effects. Examples of the use of nano-
aggregates as carriers for immobilization of different drugs and
biologically active substances with anti-inflammatory, anti-
fungal, anti-cancer activity has been shown. They can also be
used for modification of protein and polypeptide drug products
raising the stability.

It is shown that in synthesized amphiphilic polymers various
functional groups can be introduced such as aldehyde, epoxide,
carboxylic, amino acid, etc. So, on the basis of the nano-
aggregates it was allowed to receive systems with biological
activity which can be used as anti-virus, immunoadjuvants, etc.

The promising toxicological characteristics of the systems
based on amphiphilic polymers of N-vinylpyrrolidone permits us
to consider the perspectives of their application in the near
future.
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Enzymes are unique biocatalysts which can provide highly
selective reactions in pre the presence of many similar
compounds. High specificity of enzymes at the same time is its
drawback because practical drugs are analogs of native
compounds. Moreover, substrate specificity profile of native
enzymes very often is not suitable for practical applications.
Native D-amino acid oxidase is a good example. All native DAAOs
show at least the same or higher activity with D-Ala and D-Pro
compared to D-Ser. That is why native DAAO can not be used for
selective detection of D-Ser in nervous tissues for early
diagnostics of schizophrenia.

We carry out systematic studies of structure, function and
practical applications of various medicine
diagnostics and pharmaceutics — formate dehydrogenase (FDH),

enzymes for

peroxidase (PO), D-amino acid oxidase (DAAO), penicillin acylase
(PA) and hydrolase of ethers of alpha amino acids (AEH) FDH is
universal stress-induced protein in pathogenic microorganisms
and plants. DAAO plays important role in regulation of different
processes in organism including nervous system. Search and
production of effectors of FDH and DAAO activity is very
promising way to create new highly efficient drugs. FDH, DAAO
as well as PA and AEH are also widely used in pharmaceutical
industry for production of chiral drugs and beta-lactam
Peroxidases and DAAO are used in biosensors for
diagnostics

antibiotics.

medicine and monitoring of pollution of

environment. Each case of the enzyme application requires
tuning of its properties for certain tasks. In this laboratory we
have developed universal general platform for directed change of
enzyme properties. The platform includes different approaches —
DNA

modeling and X-ray analysis of protein structures and rational

bioinformatics, recombinant technologies, computer
design of perspective mutations. Using this approach new
mutant enzymes (FDH, PO, DAAO, PA and AEH) with improved

properties have been prepared and tested.
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The use of various nanoparticles has important and
impressive applications in modern medicine and medical-biology
research. At that nanoparticles covered by organic layers are
most promising since combining properties of nano-core and
organic shell of these materials provides just necessary features.

Known methods for surface modification of nanoparticles
(metal, oxides, carbon nanotubes and etc.) by organic layers are
discussed in the lecture. These approaches can be divided on two
kinds. The first is based on non-covalent binding of organic
substrates with nano-cores surfaces, notably forming of
polymeric covers or various micellar shells and so on. The second
approach includes chemical reactions of organic molecules with
nanoparticles and provides a covalent grafting of organic layers
to the surfaces. The both approaches have different advantages,
limitations and fields of use.

The lecture summarizes currently available information
about known and perspective ways for usage of the organo-
modified nanoparticles in medicine, biochemistry, biocatalysis,
molecular biology are discussed. Among the many interesting
possibilities, most successes achieved in targeted delivery of
drugs to the pathological areas, making of biosensors, separation
and purification of biomolecules, in vivo imaging, and magneto-
thermal therapy.

As a result of the rapid developing field of nanotechnology
for a medicine and the ‘living systems” a new interdisciplinary
scientific areas such as “nanotoxicology” or “nanotherapy” are
emerging. Basic conceptions and the last results of these areas
are discussed in the lecture.
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Measurement of nanoparticles parameters (first of all sizes
and chemical composition) in biological liquids and tissues is on
significant interest in connection with intensive progress of
biomedical nanotechnologies. Similar measurements are also
necessary over investigation of nanomaterials toxicological
properties and monitoring of several kinds of products on
correspondence for safety requirements. Standard reference
materials (SRM), reproducing of nanoparticles properties in liquid
media are necessary for ensuring of such measurements
uniformity.

Besides of usual demands to reference materials (stability of
metrological characteristics), biocompatibility and chemical
resistance are also required. USA National Institute of Standards
and Technology (NIST) have developed at 2008 reference
materials based on gold colloids (RM 8011, RM 8012, RM 8013),
mainly oriented on biomedical applications.

SRM of gold nanosphers in liquid media GSO 9629-20100
were developed at 2009-2010 at VNIIOFI. These SRM can be used
over testing and verification of nanoparticles sizing
measurements instruments, development of measurements
procedures, quality control of measurements results, inter-
laboratory comparisons, certification of nanoindustry products.

Ensuring of measurements uniformity of nanoparticles
parameters in biological liquids and tissues are one on the basic
destination of these SRM.

Suspensions of spherical gold colloids nanoparticles (British
Biocell International) with nominal diameters 10, 30 and 60 nm
were used as SRM material. Good monodispersity (CV< 8%) and
stability of nanoparticles in suspension are provided. Stability and
homogeneity of gold colloids was confirmed by multiple
measurements of nanoparticles hydrodynamic diameter by
dynamic light scattering (DLS). Mass concentration of gold in
colloids is 48-50 mg/dm3. Reference materials production is
made by bottling of native colloids in ampoules in high sterility
conditions. Volume of liquid in each ampoule is 4 cm3. Sterility is
necessary for exclusion of bacteria turn up, which can cause
changing of particles size due to aggregation. Nanoparticles
diameter is SRM certified characteristic. Determination of
certified values is executed by DLS ( Malvern Zetasizer Nano ZS)
and scanning electron microscopy (NVision 40). Measurements
are made for each SRM shipment.

During development of biomedical nanotechnologies and
nanotoxicology research it is often required to determine
nanoparticles distribution in organs and tissues of the laboratory
Methods of elements concentration

animals. mass

measurements based on nuclear-physical techniques — neutron
activation analysis and gamma spectroscopy, are very effective.
For ensuing of the uniformity of such measurements Kurchatov
institute and VNIIOFI develops reference materials of mass
concentration and of nanoparticles, containing silver (material-
pure silver) and zinc (material — zinc oxide). Preparation of stable
and monodisperse suspensions of such nanoparticles is rather
complicated problem, different approaches are considered.
Atomic emission technique with inductive coupled plasma (ICP-
AE) is used for determination of silver and zinc mass
concentration  certified values. DLS and scanning electron
microscopy are used for size determination. Two sets of SRM
with several values of mass concentration of Ag and Zn are
supposed to be developed. Application of such SRM will give the
opportunity of uniformity ensuring for measurements over
complex characterization of nanoparticles, containing silver and
zing, in organs and tissues.

O 14 COMPARATIVE ANALYSIS OF
NANODIAMONDS PRODUCED BY
DETONATION SYNTHESIS FROM VARIOUS
SOURCES
Ivashevskaya S.N.

Institute of Geology, Karelian Research Centre,
Russian Academy of Science, Pushkinskaya 11, 185
910 Petrozavodsk, Russian Federation
ivashevskaja@yahoo.com

The possibility of incorporating carbon-based nanomaterials
into living systems has opened the way for the investigation of
their potential applications in the emerging field of
nanomedicine. A wide variety of different nanomaterials, based
on allotropic forms of carbon such as fullerenes, nanotubes,
nanodiamonds and carbon blacks, are currently being explored
for various biomedical applications [1]. Recent studies have
shown that nanodiamonds (NDs) are much more biocompatible
than most of other carbon nanomaterials [2].

The noncytotoxic nature of NDs, strong and stable
photoluminescence in the range of 550-800 nm, tiny size, a large
specific surface area and ease with which they can be
functionalized with biomolecules, makes NDs attractive for
various biomedical applications. Owing to their exceptional
biocompatibility and unique surface properties, NDs are shown
to be an increasingly promising nanomaterial for drug delivery,
for example, water-dispersion of previously insoluble
therapeutics could be complexed with NDs). Various forms of
incorporation of NDs within microfilms as a localized drug release
coating and implant are also discussed [3]. Owing to these
properties, NDs can be used in biomedicine for efficient cancer
chemotherapy [4], and their high adsorption capacity gives a high
pathogenic viruses, microbes and bacteria binding-activity [5].

NDs cannot be widely used now mainly because there are no
well-defined standards and the products, manufactured by
various companies, are qualitatively unstable (multi-sized and
different functional composition) [6]. Therefore, it is essential
and promising to study NDs, because a better understanding of
their structure and properties will expand their application range.
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N 5

The goal of the present project was to perform a
(uDD)

produced by detonation synthesis. Samples in the form of

comparative analysis of ultradispersed diamonds
powders and water dispersions were obtained from various
sources: UDD-1 (Altai FNPC); UDD-3 (Real-Dzerzhinsk 0JSC); UDD-
4 (Tekhnolog FSUP SKTB); UDD-5 (NanoCarbon Research Institute
Ltd.) and UDD-6 (Gansu Liru Lingyun NanoMaterial Co Ltd.).

It is generally accepted that only integrated diagnostic
techniques can provide reliable information on the properties of
Their composition was
determined by  mass-spectrometry  (ICP-MS
(ThermoFisher Scientific)) and X-ray spectral microanalysis (a
VEGA 1l LSH electron microscope (TESCAN 0JSC) with an
microprobe analysis). Different
structural element aggregation were analysed by scanning

carbon nanostructures. chemical

Xseries2

attachment for levels of

electron microscopy (VEGA Il LSH), atomic force microscopy
(N'Tegra Aura NT-MDT and CMM-220) and
confocal microscopy (3D colour laser microscope VK-9700/VK -

laser scanning

8700K). The structural parameters of crystallites were analysed
by X-ray structural analysis (Thermo Scientific ARL X’TRA Powder
X-ray Diffraction System).

The samples differ in structure, morphology and impurity
composition. Analysis of the data obtained by X-ray structural
analysis has shown that an untreated UDD-6 sample contains a
large quantity of amorphous carbon and that there are five
distinct reflections that correspond to diamond on the X-ray
diffraction patterns of other samples (Fd3m). The sizes of
coherent scattering ranges were estimated from the most
intense reflection (111): ~ 4 nm. Diamond nanoparticles
commonly aggregate and aggregates exhibit a fractal structure.
The sizes of the aggregates in the samples are (nm): UDD-1 (100-
200), UDD-3 (40-110), UDD-4 (6-10), UDD-5 (110 - 180), UDD-6
(1000-2000). The aggregates have regular near-cubic (UDD-1 and
UDD-5), rounded (UDD-3, UDD-4) and coarse elongated shapes
(UDD-6). Analysis of their chemical composition has shown the
presence of a significant amount of non-carbon atoms in the
samples (Cr, Cu, Ni, Zn, Sb, Zr, W, Y, Zn, Hf, Pb, Cr, Cd, Ti, Ag, Fe,
Al, Cl); their content depends on synthesis, purification and
further processing conditions.

The project was supported by ESD RAS-5.

References

1. Bianco A., Kostarelos K., Prato M. Expert Opin Drug Deliv. 2008
Mar; 5(3): 331-342

2. Xing Y., Dai L. Nanomedicine (Lond). 2009 Feb; 4(2): 207-218

3. Lam R., Ho D. Expert Opin Drug Deliv. 2009 Sep; 6(9): 883-895
4. Chow E.K., Zhang Xue-Qing, Chen M., Lam R., Robinson E.,
Huang H., Schaffer D., Osawa E., Goga A., Ho D. Sci Transl. Med 9
March 2011: Vol. 3, Issue 73, p. 73ra21

5. Dolmatov VY, Kostrova LN // Superhard materials. 2000; Ne 3:
82-85.

6. Teslenko V. Nanodiamonds’ perspectives.
polished.com/ru/analytics/31816.html

http://rough-

130

O 15 APPLICATION OF ATOMIC FORCE
MICROSCOPY FOR CHARACTERIZATION OF
CHITOSAN BASED NANOPARTICLES.

Kurek D.V.,, II'ina A.V., Zubareva A.A., Varlamov
V.P.

Centre “Bioengineering” RAS, Moscow, Russia
Svoboda_rus@mail.ru

Construction of chitosan-based nanocomposites has found a
large number of applications in fields of biotechnology, food
industry and drug delivery. One of mandatory steps in such
scientific works is characterization of obtained nanocomposites.
Lately atomic force microscopy became widely used for size
analysis and shape and surface characterization of chitosan
based structures.

Atomic force microscopy is suitable for characterization of
particles in range from 10 nm up to 2000 nm, this wide range
also makes possible to analyze and to visualize possibility of
nanoparticles aggregation, surface analysis of films and layered
structures. Latest technique development made possible to make
measurements not only in a dry state but also in a solution,
which for visualization and characterization of biological samples.
In current research work was shown application of atomic force
(NTEGRA NT-MDT,
characterization, visualization and characterisation of chitosan-

microscopy Prima, Russia)  for
galactomannan and succinylchitosan based nanoparticles [1].
Also stability and possibility to aggregate of obtained chitosan

based nanoparticles were investigated.
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0

Rapid development of nanosciences and nanotechnologies in

recent years attracts much attention for investigation and
utilization of various nanomaterials. Nano-objects extend the
possibilities of applied science due to their new and sometimes
unique properties. Following the growing scientific demand new
methods of nanomaterials characterization appears. One of such
methods is Nanoparticle Tracking Analysis (NTA). It allows to
accurately measure the nanoparticle size distribution and
concentration in solutions. In contrast to well-known dynamic
light scattering (DLS) technique, NTA is based on a particle-by-
particle analysis. This leads to higher resolution of NTA, much
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less dust and particle aggregates sensitivity [1,2]. It also allows
measuring the concentration of each nanoparticle fraction.

The possibilities of NTA were examined in Postgenomic
chemistry laboratory of Moscow State University in application to
various scientific objectives: the investigation of protein
nanotubes self-assembling, aggregation of prion-like proteins and
general characterization of manganese dioxide NPs [3], golden

NPs, carbon nanotubes and others.

References

1. H.Saveyn, B.De Baets, O.Thas, P.Hole, J.Smith, P.Van der
Meeren. J Colloid Interface Sci. 2010, 352(2), 593.

2. V.Filipe, A.Hawe, W.Jiskoot. Pharm Res. 2010, 27(5), 796.

3. E.A.Dontsova, I.A.Budashov, A.V.Eremenko, |.N.Kurochkin.
Nanotechnol Russia. 2008, 3(7-8), 133.
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Use of paramagnetic contrast medias has obtained now wide
evidence as most effective way to improvement of diagnostic
imaging with magnetic resonance tomographic methods (MRI). In
daily practice the agents based on Gd(lll) complexes are
employed, mainly because of properties of Gd as most prominent
in it’s influence on longitudinal relaxation rate of water protons
in biological medias. Newetheless the high toxicity of free
Gadolinium as bad as immanent risk of nephrogenic systemic
fibrosis (which is relatively rare but almost always lethal) in case
of escape of Gd from complexes with DTPA and it’s analogs all
stimulate attempts to use other paramagnetic agents, both
lanthanoids and various forms of iron (Il and Ill) and manganese
(.

The contrast enhancement abilities of various contrast
agents for MRI clinical routines depends mainly on their relaxivity
(rl, mmol-1* s-1) which is agent’s ability to shorten the
longitudinal relaxation time of water protons in biologic medias,
which is function of ionic-nuclear mechanisms of influence of
paramagnetic on the nearest water molecules, of paramagnetic’s
spin, electron relaxation time and lability of water exchange.
With five non-paired electrons, the Mn(ll) is one of the best
possible paramagnetic labels for MRI studies. Earlier before two
manganese — based water-souble paramagnetic complexes were
developed and employed in-vivo, namely Mangascan (Mn-EDTA)

and Pentamang (Mn-DTPA). The Pentamang demonstrated
diagnostic and biologic properies close to Gd complexes.

In further development of diagnostic paramagnetic agents
based on manganese (Il), the complex Mn-DCTA (Cyclomang),
oleate-covered manganese oxide (MnO) nanoparticles (MnQ), as
well as nanoparticles of Mn-oleate stabilized with phospholipid
coat were obtained.

Mn-DCTA (0.5 M solution of the Manganese(ll)-trans-1,2-
diaminocyclohexane-N,N,N’,N’tetraacetate ™Cyclomang), was
obtained using original nanodiperse technology in a solid phase
form from oxide or carbonate of Manganese Mn and H5LLTA,
with dissolwation in physiologic solution and obtaining finally
0,5M Mn-DCTA. Mn-DCTA demonstrated the rl relaxivity as high
as 4,12 +-0,12 mmol-1* s-1, equivalent to rl values of various Gd
complexes. Mn-DCTA
enhancement in static as well as dynamic and angiographic

provided high quality contrast

protocols of MRI studies. In toxicologic experiments the LD50
was over 17,5 ml/ kg of body weight, therefore making possible
the use of the agent in every necessary dose.

Nanoparticles of Manganese oxide (MnO), initially with some
addition of Mn-oleate Mn, were obtained with dimensions of
nanoparticles as little as 25-80 nm and then dissolved as
dispersion with with with
polyethyleneglicole for better solubility and biocompatibility.

ultrasound, covering
Demonstrating high longitudinal relaxivity, in particular r1>67
mmol-1* s-1, when injected to rats with transplanted tumors the
nanoparticles of MnO were taken in by the breast cancer tissue.
No toxic effects, in particular specific for release of free
manganese (Il) were observed in the animals.

Nanoparticles of Mn-oleate stabilized with phospholipid
surface cover demonstrated higher rl relaxivity in comparison
with MnO nanoparticles, far over 100 mmol-1* s-1, as calculated
per nanoparticle, and also high relaxivity r2, as high as 659 +- 4,5
mmol-1* s-1 for MnOl, also calculated per nanoparticle. In case
of damage of endothelium of aorta and large arteries in rats the
nanoparticles of MnOIl provided MRI
evidencing for future use of these nanoparticles for early

enhancement of it,

diagnosis of atherosclerotic and autoimmune damages of
vascular wall.

Hence fore the use of nanocomplexes of manganese - Mn(ll)
provided the obtaining of a group of diagnostic agents with
various biophysical properties, good imaging parameters and of
certain clinical perspectives of wide use in the future.
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NANOCOMPOSITE COATINGS, CORE-SHELL
STRUCTURES, MICROCAPSULES:
PREPARATION, PHYSICAL PROPERTIES
CONTROL, PERSPECTIEVES OF BIOMEDICAL

APPLICATIONS

Gorin D.A.

Saratov State University, 410012, Saratov,
Astrachanskyay, 83,

gorinda@mail.ru

The microworld research is priority direction of development
of modern science and industry. Mono- and multilayer coatings
play an important role in among of variety of nanodimensional
objects. Role of coatings in nanobiotechnology and in medicine
consist in surface modification, new nanostructured microobject
fabrication, changing of physical and chemical properties of
materials. Development of these areas of modern science and
industry will be connected with using of material and device
fabrication method based on «bottom-up» principle [1, 2].
Typical example of this method is layer by layer assembly
method. The variations of these methods are the first is
Langmuir-Blodgett approach, that can be formed the monolayer
of organic molecules at the gas/liquid interfaces and transfer of
their monolayer on the solid substrate [3], second is layer by
layer electrostatic assemblies based on the adsorption of
oppositely charged polyelectrolyte molecules or charged
nanoparticles [4, 5, 6]. Both methods allow of organized mono-
and multilayer fabrication and realize the effective control over
their physical and chemical properties during preparation.

Advance of modern technologies at creation functional
devises and materials with defined physical and chemical
properties, and as consequence their applications, for example
development of new modern system for diagnostics and medical
treatment including design drug and vaccine delivery systems,
technology development of new generation of electronic devises,
creation of clever clothes is connected with the following factors:
1) screening of approaches to fabrication of artificial materials
formed based on “bottom — up” principle; 2) control over
physical properties of solid surface by nanodimensional coating
modification; 3) finding a new materials including organic
substances with defined composition and space structure and
also composite based inorganic nanoparticles and organic
substances; 4) creation of a new type of artificial object of
microworld, for example nanostructured microcapsules [7] and
core-shell structures allowed multifunctional coating and media
formation. It is necessary remark that for nature, we copy the
mechanism of nature operation as usually, the size of functional
elements is placed in microscale size (for example blood cells),
however beyond doubt, the control over their vital functions by
nanoscale objects (ions, protein molecules etc) are defined.

The fabrication of the different nanodimensional coating
with defined properties and also obtaining of remote control
over parameters and characteristics of planar nanodimensional
layers and nanocomposie microcapsule using electromagnetic
radiation or ultrasound treatment are very important tasks now.
Thus, nanotechnology approach with new materials and remote
physical

properties control of nanostructured objects can

increase considerably the area of high-tech and molecular
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approach in science and industry and grow to new level of their
applications in medicine, biotechnology, chemical industry.
This research was supported by RFBR-project 09-03-00245-a.
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In our work we present the results of experimental
investigation of thermodynamic properties of water system with
single-wall carbon nanotubes (SWCNTs) functionalized with
carboxyl groups (-COOH). Thermodynamic properties of water
system with SWCNTs were calculated according to the
experimental thermobaric and concentration dependency of
density data. The influences of surface functionalization of
SWCNTs on the thermodynamic properties of water system were
found. It
thermodynamic properties of system with SWCNTs.

Characterization of water systems with SWCNTs was carried

is proposed to state equation that describes

out using Dynamic and Raman light scattering methods, analysis
optical and electron images.

Combination of molecular structure’s properties of water
and properties of carbon nanotubes in the water system with
carbon nanotubes explains the unique physical and chemical
properties of such systems, which have wide practical
application. There are three main direction of the applying of
water systems with carbon nanotubes nowadays: heat-transfer
materials, drug-transport and hyperthermia of the cancer,
absorption of the toxic heavy metals. Effective and safety
applying of the water systems with carbon nanotubes requires
knowledge about their thermodynamic properties. So, the target
of our work was experimental investigations of the isothermal
modulus of elasticity, isobaric expansion, isothermal deviation of
entropy and researching of the state equation, which describes
these thermodynamic properties in the wide range of pressure
and temperatures.
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We investigated water systems  with
functionalized (SWCNTs) of
concentration 3mg/ml. SWCNTs were synthesized by the arc-
discharge method in helium atmosphere. Geometric parameters
of SWCNT: diameter — (1+2) nm, length — (1+5) pum (Fig.1).
SWCNTs were functionalized with carboxyl groups (-COOH) by

single-wall

carbon nanotubes maximal

oxidation with nitric acid, which enabled creation of time-stable
water system with SWCNTs.
- « ’ 3

Fig.1. Electron micrograph of SWCNTs

Dynamic light scattering method (DLS) was applied for
characterization of geometry and stability of SWCNTs aggregates
(within hydrodynamic approximations) in water. Distribution of
the SWCNTSs aggregates in water with different temperature are
presented in Fig. 2. The combination of Dynamic and Raman light
scattering methods with electron micrograph can more detail
characterize of sample.
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Fig.2. Distribution of the optical inhomogeneties in the
water-SWCNT system. Concentration is 0.3 g/I

Thermodynamic properties were calculated according to
experimental thermic and baric density data on the basis of
pycnometric and P—V—T measurements.

PVT measurements were carried out by using the metallic
bellows method with differential inductive sensor of linear shifts
in the temperature range from 293 K to 354 K and pressure range
from 0.1 MPa to 103.2 MPa.
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Fig.3. Isothermal elastic modulus Ky of water system
with SWCNTSs at 8 and 100 MPa

We obtained modulus of
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Our results show the significance of consideration of
thermodynamic properties of water system with SWCNTs for
purposeful using in bionanotechnology.

MEASURING NANOPARTICLES IN COMPLEX
MATRICES
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6708 WB Wageningen, the Netherlands
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Because of their novel physicochemical characteristics
engineered nanoparticles (ENPs) are nowadays applied in many
new consumer products including food. It is inevitable that
human and environment will be exposed to these particles and
therefore information on their safety is necessary. To collect that
information, reliable methods of detection and quantification of
ENPs in complex matrices is required. This paper will show some
results obtained with three methods:

1. Single Particle - Inductively Coupled Plasma Mass

Spectrometry (SP-ICP-MS)

This method capable of detecting nanoparticles (metal and metal
oxides) in sample extracts at very low concentrations and has
been used by us to determine nanoparticles in food, consumer
products and samples from toxicological studies. This method
requires only limited sample preparation and is suitable for fast

screening.
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2. HydroDynamic Chromatography Inductively Coupled
Plasma Mass Spectrometry (HDC-ICP-MS)
This method is a combination of size separation followed by a
confirmation method to characterize nanoparticles (metal and
metal oxides) in food, consumer products and some food items.
It is use in cases where only ICP-MS does not offer enough
specificity.
3. (Transmission, Scanning) Electron Microscopy (TEM, SEM)
Microscopy is used to determine the size and shape of the ENPs
(isolated or present in the matrix). When used in combination
with EDX it is used to determine the chemical composition of the
identified ENPs (SEM-EDX).

REDOX ADVENTURES OF CARBON
NANOTUBES: FROM OXIDATIVE
LIPIDOMICS TO BIODEGRADATION

Valerian E. Kagan
University of Pittsburgh, Pittsburgh, Pennsylvania,

USA

L21

Engineered nanomaterials are becoming a pervasive
presence in different spheres of modern life — from diverse
technological applications to a plethora of consumer products —
and this raises concerns about their possible adverse effects on
human health and the environment. Among the different
nanomaterials available today, carbon nanotubes (CNT),
particularly single-walled carbon nanotubes (SWCNT), are most
advanced and abundant in their applications. The unique
physico-chemical characteristics combined with the vast surface
area make the biological effects ofcytotoxicity of these novel
nanomaterials cannot be readily deduced from previous
investigations of other particles or fibers. In fact, in vitro data
indicate that SWCNT may exert strong cytotoxicity with induction
of oxidative stress. More importantly, recent in vivo studies have
demonstrated robust and unusual pulmonary inflammatory
responses of SWCNT upon exposure of mice via aspiration or
inhalation. Inflammatory tissue responses were also observed
when certain multi-walled CNT with high aspect ratios were
administered to mice via intraperitoneal injection. There are
three issues relevant to interactions between SWCNT and
oxidative stress that will be discussed:

1. Biodegradation of CNT by different peroxidases (including

myeloperoxidase and eosinophil peroxidase);

2. Selective  Oxidative Lipidomics  response

mitochondrial cardiolipin in the lung invoked by inhalation of

towards

CNT and revealed by mass spectrometry of phospholipids;
3. Lipid Corona that
pharyngeal aspiration in mice that contains typical surfactant
phospholipids along with surfactant proteins A, B and D and

is formed around CNT after their

defines their recognition and uptake by macrophages.
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Nanoparticles are highly dispersed particles less than 100 nm
in at least one dimension whose physicochemical properties
significantly differ from these of the source materials. Biosafety
control of the production and use of nanomaterials, including
scientific studies, plays a significant role in the national
nanoscience program. This goal demands the use of well-
established as well as novel methods and technologies of control.
These studies are a necessary part of the general complex of
nanobiosafery estimates. They are based on the complex
approach that includes determination of size, dispersion and
elementary content of samples, development of experimental
methods of introduction of nanoobjects, investigation of their
distribution in experimental animals, detection of potential
"target organs", and studies of the dependence of pathogenic
processes caused by nanoparticles on their content and size.
Since studies of biological effects of nanoparticles are associated
with prediction of their possible influence on psychophysical
health of humans, we developed and tested a complex of
methods characterizing the parameters that adequately reflect
the health of mice. The proposed complex of methods is aimed
at studying specific biological effects and mechanisms of the
impact of nanoparticles on living organisms. This approach
“Methodical
estimating safety of nanomaterials”, introduced by the Order

doesn’t override the recommendations for
N280 of Rospotrebnadzor (Russian Agency for Health and
Consumer Rights) of 12.10.2007, which are aimed at studying
toxic impact of nanoparticles, but do not assume investigation of
specific mechanisms of pathogenicity, which are necessary to
develop efficient measures of safety and prevention of diseases

caused by nanocomponents.
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Injectable nanoparticles (NPs) have been proposed to
improve delivery of various drugs. The question of whether the
NPs themselves affect cardiovascular parameters, such as arterial
blood pressure and heart rate, is not known. In the present
study, the effects of drug-free NPs on the mean arterial pressure
(MAP) and heart rate (HR) in normotensive conscious rats after
intravenous bolus injection were examined. Various NPs were
studied: (i) inorganic mesoporous silicon nanoparticles (MSiNPs)
having different (thermally
hydrocarbonized THC, thermally carbonized TC and chemically

three surface  chemistries
oxidized COx), (i) acrylic polymeric NPs showing different
solubility properties (Eudragit® L100, Eudragit® RSPO and
Eudragit® E100) and (iii) single-walled carbon nanotubes (SWNT).
Interestingly, intravenous bolus injection (5 mg/rat) of THC
MSiNPs (volume diameter (VD) = 90 nm, zeta-potential =+4,2
mV), Eudragit® E100 NPs (VD = 163 nm, zeta-potential = +63,0
mV) and SWCNT bundles (VD = 118 nm, zeta-potential = - 53,8
mV) caused prolonged decrease (10-15 mm Hg) of MAP and
significant increase in HR from 4 to 9 hours. These effects were
dose-dependent within the range of 0.1 — 10 mg/rat. Intravenous
bolus injection (5 mg/rat) of TC MSiNPs decreased MAP modestly
but the corresponding injection of Cox MSiNPs, Eudragit® L100
and Eudragit® RSPO NPs did not affect MAP. The results
demonstrate that NPs themselves can affect MAP and HR. In the
present study, only hydrophobic NPs affected MAP and HR but
most probably the observed effects cannot be explained fully by
the hydrophobicity of the NPs.

The study was supported by the Finnish-Russian Research
Collaboration Project organized by the University of Eastern
Finland.
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Because of increasing perspectives of implementation of gold
nanoparticles in industry, medicine, and scientific research, a
question arises if these nanoparticles may produce toxicological
effects (Daniel, Astruc, 2004; Boisselier, Astuc, 2009). Due to
their sizes, nanoparticles can cross the barriers that are usually
not permeable for larger particles, usually circulating in the air.

The aim of this work is to study the effects of gold
nanoparticles on mouse sperm. The method of decondensation
of sperm nuclear chromatin in vitro has been used, which mimics
the process of formation of male pronucleus and signals about
potential damages in the structure of the deoxynucleoproteide
(DNP) complex and hidden genetic defects.

Adult males of hybrid mice CBAXC57B1/6 were used. Their
epididymises were removed and cauda epididymis were put into
physiological solution and grinded thoroughly to obtain sperm
suspension.

Microscopic observations have revealed different sensitivity
to thiol reagent DTT of nuclei of mouse sperm with plasma
membranes destroyed with SDS. The gametes were divided into
three main groups according to the decompactization degree of
nuclear chromatin: “intact” (without differences from the native
nuclei), partially decondensed and totally decondensed. We have
shown that after the treatment with gold nanoparticles in the
concentration of 1x10" particles/ml morphological process of
chromatin decompactization is very different from the process in
the control group (non-treated with nanoparticles). The
projection surfaces of partially and totally decondensed nuclei
after the treatment with gold nanoparticles were reduced in 2 - 3
times. In control samples a number of sperm cells with «intact»,
partially and totally decondensed nuclei was 2%, 18% and 80%,
respectively; and in samples preliminary incubated in the
medium containing gold nanoparticles (C=1x10" particles/ml) for
20 and 40 min their number was 16, 80 and 4% and 60, 30 and
10%, respectively.

In another series of experiments, the nuclear chromatin
decondensation was studied at 14 days after a single
intraperitoneal injection of gold nanoparticles (C=1x10"
particles/ml) in the mice. It was found that in the experimental
group all sperm were totally decondensed (100%); while in the
control group were presented cells with «intact» (13,5%),
partially (42%) and totally (44,5%) decondensed nuclei.
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The results of this study have shown that gold nanoparticles
of size 2.5 nm possess some spermatotoxic effect: at any
experimental conditions the nanoparticles set up the process of
decondensation of nuclei in mouse epididymal sperm. It may
have to do with interactions between gold nanoparticles and
double-helix molecule of DNA in chromatin (Evdokimov et al.,
2010). The exact mechanism of this unusual cytotoxic effect of
gold nanoparticles on male gametes is unclear.

References

1. Boisselier E., Astuc D. Gold nanoparticles in nanomedicine:
preparation, imaging, diagnostics, therapies and toxicity // Chem.
Soc.Rev., 2009, v. 38, p.1759-1782.

2. Daniel M.C, assembly,
supramolecular chemistry, quantum-size-related properties and

Astruc D. Gold nanoparticles:

applications towards biology, catalysis and nanotechnology //
Chem.Rev., 2004, v.104, p. 293-346.

3. Evdokimov Yu.M., Salyanov V.l., Skuridin S.G. 2010.
Nanostruktury i nanokonstruktsii na osnove DNK (DNA-based
Nanostructures and Nanoconstructions). Moscow: Science Press,
p. 256.

025

BACTERICIDAL PROPERTIES OF NANOFILM
Golubeva I.S.%, Pleskova S.N.*?, Chigov N.AY
Phrolova N.A.>, Micheeva E.R."?, Gorshkova E.N.?
'Department of Biotechnologies, Physical and

Analytical Chemistry, Alekseev Nizhni Novgorod
State Technical University, Nizhni Novgorod,
Minina sq., 24

golubmay@mail.ru.

?Lobachevski Nizhni Novgorod State University,
Nizhni Novgorod

The creation of the nanomaterials is one of the most
perspective directions both in a science, and in technological
fields now. Active development of a nanotechnology quickly
enlarges area of their practical application. Synthesized
materials: nanoparticles, nanofilms, nanotubes etc. find wide
application in many fields of activity. The nanocovering find more
and more wide application in optical systems, microelectronics, a
photolithography, the self-cleaning systems. The titanium dioxide
(TiO2-nanofilm) is one of the materials which have a
photocatalitic activity, including bactericidal property. This
property is caused by formation of reactive oxygen species (ROS:
0; ¢, OH ¢, HO, ¢, H,0,) on the films surface after irradiation by
ultra-violet light with energy exceeding the band gap (A <390
nanometers).

The goal of this work was the research of titanium dioxide
nanofilms  bactericidal properties against Gram-positive
(Staphylococcus epidermidis 1061, S.aureus 956, S.aureus 455,
Enterococcus faecalis 971, E faecium 2381) and Gram-negative
(Escherichia coli 321-5, Pseudomonas aeruginosa 9691, Proteus
vulgaris 1212, Klebsiella oxytoca 525, K. pneumoniae 527) strains
of bacteria. The research of viability was spent on a nanofilms
surface, put on a substrate by a zol-gel technology.

Strains of bacteria were grown up on a surface beef-extract
agar (BEA) within 24 hours at a temperature 37°C, washed off by
solution (0,9% NaCl) and in final

a saline suspended
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concentration 10 IU. The suspension was dissolved for obtain of
the isolated colonies in number of 200-300 colony forming units
(CFU) by Petri dish. Sterile Petri dishes with a TiO2-film were
experimental samples, and Petri dishes without films — control.
0,7 ml bacterial suspension has been brought in a Petri dishes
and irradiated under UV lamp BIO-2 on distance of 18,5 sm
within 15 minutes. For cutting off of a "rigid" ultraviolet the light
filter with a maximum 365 nanometers was used. Then, 0,05 ml
of bacterial suspension has been sowed on Petri dishes with BEA.
After incubation (24 hours, 37°C) the number of colony forming
units has been calculated. Research of each strain was spent to
series not less than 6 experiments.

Research of TiO2-films bactericidal effect has shown
depression of viability both Gram-positive, and Gram-negative
bacteria (Figure 1).

This effect can be explained by oxidation of cells walls and/or
cells membranes of bacteria by ROS, which has been formed on a
surface of TiO2-films.

The figure 1 shows that at an irradiation of samples on a
surface of a TiO2-film by UV-light within 15 minutes wasn't
observed full (100 %) quantity depressions of CFU, therefore
have been made experiments on studying of dynamics of
bactericidal effect of TiO2-films (figure 2).

Thus, in work suppression of viability a both Gram-positive
and Gram-negative bacterium after 15 min UV irradiation on a
TiO2-surface has been shown. UV irradiation during an hour on
the surface of TiO2-films has been led to practically total death of
bacterium (for S. aureus 956 viability depression on 96 %, for S.
epidermidis 1061 — on 94 %, for S.aureus 455 — on 83 %, for E.
faecalis 971 — on 67 %, E. faecium 2381 on 90 %, for E.coli 321-5
— 53 %, for Klebsiella oxytoca 525 — 63 %, for P. aeruginosa 9691
—on 84 %).
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Figure 1 — Number of CFU of bacteria after incubation under
UV irradiation (365 Hm) during 15 min on the surface of glass
(control) and TiO2-film (experiment).

Figure 2 — Depression of CFU strain S. aureus 956 after
incubation during 45 minutes: a — negative control (incubation
without UV and TiO2); b — positive control (incubation under UV
without TiO2-film); ¢ — experience (incubation under UV on a
surface TiO2-films).

This work was supported RFBR 11-04-97036-p_povolgie_a.
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The increase in industrial production of nanomaterials (NMs),
observed in recent years, and the associated increase in the
number of personnel that come into direct contact with the NMs,
entails the development of methods for rapid testing of their
action on biological objects in order to determine the degree of
negative impact on the human body. Current testing methods
differ significantly NMs duration. In this regard, we have
attempted to develop rapid methods of hygienic assessment of
express analysis, which would at the stage of the production of
semi-assess their potential hazard to human health.

The purpose of this study was to assess the cytotoxic effects
of different types of nanoparticles (NPs) in relation to the cells of
Vero in vitro and development on this basis, the express analysis
of toxicity NMs.

In the experiments, fibroblast cell culture Vero, derived from
renal epithelium African green monkeys. This culture is
traditionally used in virology for the determination of the
cytopathogenic effect of viruses, including measles, mumps,
herpes, etc., in our experiments has been adapted to determine
the cytotoxic effect of NPs. Vero cells treated in vitro NPs
tungsten and tungsten compounds with cobalt. In particular, NPs
W - 25 and 60 nm, multi-phase composition of {W- C } - 15 nm,
NPs WC = 50, NPs SiO2 (10-15 nm) and NPs Ag (60 nm). Used as
the control cells, untreated NPs. The results were evaluated at 24
and 48 h by ELISA - reader Titertek Multiskan MCC/340 at 450
nm.

It is established that the degree of cytotoxic effect of nano-
objects directly proportional to their
concentration in the culture. NPs SiO2 concentrations from 1.0

under study was
to 0.1 mg / ml had significant cytotoxic effect, which was
reflected in the rapid atrophy of individual cellular elements with
complete destruction of the cell monolayer in the future. At a
concentration of 0.01 mg / ml NPs SiO2 caused partial damage to
the monolayer, but at concentrations below 0.001 mg / ml did
not have a visible effect on the viability of the cell culture.

Ag nanoparticles at a concentration of 0.1 mg / ml caused
100% destruction of the monolayer. This phenomenon was
accompanied by swelling of the cells and their subsequent lysis,
probably due to the uncontrolled infiltration of interstitial fluid
through pores formed inside the cells.

Pronounced cytotoxic properties had the same NPs WC and
WC-Co. The action of NPs WC at 0.1 mg / ml destroyed up to 90%
of the cell monolayer. With decreasing concentration in the
culture of their NPs WC cytotoxic activity fell sharply.

Action nanoparticles WC-Co was shown in the following way:
under the influence of 0.1 mg / ml NPs WC-Co was up 30%, while
under the influence of 0.01 mg / ml - up to 65% of viable cells. It

can be assumed that the high cytotoxic activity of this compound
is related to the presence of cobalt.

The research formed the basis for developing a method of
determining risk of NM, which allows in vitro quickly and
economically test the toxicity of NM. With this rapid method may
pre-hygienic regulation of NM, allowing a brief (24-48 h) time to
draw conclusions about the potential dangers nanomaterials
investigated as part of their production. It is also possible to
determine their threshold concentrations in vitro, as well as the
need for special protection measures.
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Topography of extracellular microenvironment can influence
cellular responses from attachment and migration to
differentiation and production of new tissue. Cells in their natural
environment interact with extracellular matrix that contains
structures in the nanometer scale. Nanoscaled topography of
synthetic materials, through its resemblance to in vivo
surroundings, may provide potent cues to influence the behavior
of the seeded cells in regenerative medicine applications. It may
also influence the implant-tissue interface reaction.

This presentation will highlight our recent work on gaining
mechanistic insights of cell-nanotopography interactions. The
presentation will also explore the potential of applying
topography to enhance nonviral transfection. Optimization of
nonviral gene delivery typically focuses on the design of
particulate carriers that are endowed with desirable membrane
targeting, internalization, and endosomal escape properties.

Topographical control of cell transfectability, however, remains a

largely unexplored parameter. Emerging literature has
highlighted the influence of cell-topography interactions on
modulation of many cell phenotypes, including protein

expression and cytoskeletal behaviors implicated in endocytosis.
Using high-throughput screening of primary human dermal
fibroblasts cultured on a combinatorial library of microscale
topographies, we have demonstrated an improvement in
nonviral transfection efficiency for cells cultured on dense
micropit patterns compared to smooth substrates. This study
represents the first demonstration of a topographic influence on

nonviral gene transfer.

Kam W. Leong is the James B. Duke Professor of Biomedical
Engineering at Duke University. He received his PhD in Chemical
Engineering from the University of Pennsylvania and a postdoctoral
training in Applied Biological Sciences at MIT. After serving as a
faculty in the Department of Biomedical Engineering at The Johns
Hopkins School of Medicine for 20 years, he moved to Duke University
in 2006 to work on applying nanotechnology to drug, gene, immuno-,
and cell therapy. He holds a Distinguished Visiting Professorship at
the National University of Singapore. He serves on the editorial
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implant design and tissue engineering applications.
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Recently, numerous nano-scaled entities ranging from an
artificial virus to carbon nanotubes and graphene came into the
focus of research for biomedical applications. However, for most
medical applications a defined and tailored interface is needed to
integrate the material into a biological system or for direct
medical use. Besides self-assembled monolayers (SAMs), polymer
brushes are widely used to specifically tailor surface properties,
add chemical and physical functionality and, to integrate a solid
substrate into soft biological matter.

Polymer brushes are usually prepared by a multi-step
preparation method using initiator functionalized SAMs and
consecutive  surface-initiated  polymerization  techniques.
Although this multi-step approach has several advantages, a
more direct path to defined coatings is always desirable.

In this talk methods for the modification of a broad variety of
nanomaterials materials, from artifical virus to graphene with
functional polymer brushes will be presented. l.e. by means of
self-initiated photografting and photopolymerization (SIPGP) a
broad variety of defined and very stable polymer brushes can be
prepared. The high thermal and chemical stability of the polymer
grafting points also allows various polymer analog reactions
under quite drastic conditions and thus add numerous

possibilities in terms of surface functionalization.
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Multiwalled carbon nanotubes (MWCNT) are the class of
engineered nanopartocles with unique properties and wide
applications in nanotechnologies [1]. Both positive and negative
effects were reported for plants exposed to MWCNT. It seems
that MWCNT are not able to penetrate through the plant cell
wall, and the observed effects are caused by MWCNT adsorption
on plant roots [2-6]. The aim of this study is to assess the effect
of nanomaterial Taunit, containing MWCNT, on the growth of
Onobrychis arenaria seedlings and provide evidence that affected
plants accumulate MWCNT. We found that Taunit stimulated the
growth of roots and stems, and increased the peroxidase activity
in plant tissues. TEM showed that MWCNT accumulated within
the cells of roots and leaves of affected seedlings and confirmed
that MWCNT do penetrate through the cell wall. Thus the
stimulating effect of MWCNT on seedling of O. arenaria may be
not only due to adsorption on the roots, but also due to uptake,
accumulation and translocation of MWCNT to other plant tissues.
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The issues of biocompatibility of nanoparticles, nanotoxicity
and nanosafety are gaining more and more attention nowadays.
Nanodiamond (ND) particles are perspective fluorescent markers
that can potentially be used for biomedical diagnostics. Although
they seem to be not toxic and not to destroy vitally important
organs, tissues and cells as was shown in a number of biological
experiments both in vitro and in vivo, their implementation into
clinical practice still remains under debate. There are fears about
ND particles accumulation in the cells other than those tested.

The aim of this work was to explore the interactions of NDs
with blood components and to study the effect of NDs on blood
microrheology, in particular, on the ability of red blood cells
(RBCs) to deform in shear flow and to spontaneously aggregate.
This was motivated by the fact that the administration of both
NDs and the majority of other nanoparticles into a live organism
for therapeutic or diagnostic purposes is usually performed
intravenously, i.e. via blood flow. However the effect of
nanoparticles on blood and on its ability to normally flow though
the vessels of different radii is but rarely accounted for.

Here we present our findings about the in vitro interaction of
nanodiamonds (5 - 500 nm) with human RBCs and with blood
plasma proteins albumin and y-globulin that play a significant
role in intercellular interactions. Measurements were facilitated
using Raman and absorption spectroscopies, laser scanning
fluorescence spectroscopy, dynamic light scattering, static diffuse
scattering and laser diffractometry (also known as
ektacytometery).

In order to demonstrate the interactions of NDs with RBCs,
we obtained fluorescence and bright field optical images of NDs
and RBCs incubated with NDs. The ND fluorescence was excited
with 488 nm and collected in the 491-539 nm range. The

obtained images clearly indicate that NDs attach to the cell
membrane of RBC.

In order to study the effect of NDs on RBCs, we have
conducted in vitro measurements of the deformability index and
several parameters of aggregation kinetics. In our experiments,
we added the suspensions of NDs in bidistilled water and in PBS
solution in different concentrations to samples of freshly drawn
human blood. We also used particles with carboxylated (cND)
surfaces, the latter case resulting in improved biocompatibility of
the particles.

We have shown that there is a certain negative effect of NDs
and cNDs on both deformability and aggregation kinetics of RBCs
in the in vitro experiments. The effect is particle size and
concentration dependent. In particular, smaller NDs and cNDs
(around 5 nm size) in lower concentrations (around 33 pg/ml)
seem to decrease the time of formation of RBC aggregates and
enhance the amplitude of spontaneous RBC aggregation in whole
blood, which are overall negative physiologic effects. Larger NDs
and cNDs (around 100 and 200 nm size) as well as smaller ones in
higher concentrations (around 330 pg/ml) lead to smaller
negative effects, which can be speculated as a result of small
particles aggregation in
nonpenetration of relatively large ND particles and their
aggregates into the RBCs through their
Carboxylation of ND particle surface makes the negative effect of

concentrated suspensions and

membranes.

smaller cNDs less pronounced but does not totally abolish it.

The effect of ND particles on shear deformability of RBCs is
also negative: the RBC deformability index is reduced all through
the range of shear stresses (from 3 to 60 Pa). However the
reduction of the deformability index becomes evident at higher
concentrations.

We studied the effect of mixing the ND and cND water
suspensions with albumin and y-globulin aqueous solutions and
demonstrated the adsorption of the molecules on the ND and
cND surfaces, which resulted in an increase of the particle
The effect
dependent. Preliminary coating of ND particles with albumin

hydrodynamic radii. is concentration and pH
molecules reduces but not totally abolishes the effect.

These results are indicative of the importance of thorough
studies of the effect of nanoparticles on blood rheologic
properties, given the particles are to be delivered to the targets

via the blood flow.
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TARGETED NANOCARRIERS FOR DELIVERY
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Delivery and effects of most drugs remain suboptimal, since
they do not have natural affinity to intended therapeutic targets.
Further, biotherapeutics including enzymes require protection
against deactivation and specific sub-cellular addressing, not
attainable for these drugs naturally. Endothelial cells lining
vascular lumen represent an important therapeutic target in
vascular, pulmonary and other disease conditions. Studies by
other and our labs show that targeted delivery of therapeutics to
endothelial cells can be achieved using nanocarriers targeted to
specific molecules expressed on the surface of the endothelium.
In particular, cell adhesion molecules represent attractive targets
for endothelial drug delivery in the context of inflammation and
oxidative stress. This lecture provides examples of targeted
nanocarriers for endothelial delivery of antioxidant enzymes and
discusses key aspects of rational design including optimization of
carrier geometry and affinity to specific binding sites, which help
to control key parameters of drug delivery: pharmacokinetics,
circulation in blood, binding to selected endothelial cell
phenotypes,
therapeutic effects.

sub-cellular addressing and duration of the
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The increasing of the spatial resolution in optical microscopy
is now a very important problem. As it applies to the microscopy
of living cells it has a decision value. It is determined by that the
cell organelles have submicrometer sizes. For the watching on
transformation of living cell it is necessary to provide a resolution
at the level of 0.1-0.05 um at the wave-length of illuminated
radiation of 0.5 um.

The resolving ability of any optical instrument is determined
by his spread function. At a microscope an instrumental
resolution is determined by the value of object lens numerical
aperture and by wavelength of illuminated radiation. For high-
quality microscopes its value is approximately equal to the half
of wave-length.

However, researches in area of radiophysical and optical
measures showed that the theoretical Reileigh limit of resolution
(or Abbe diffraction limit) can be overcome during high-accuracy
registration of images. It was shown, that a resolution is
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determined by exactness of output signal measuring but not
vehicle properties of device.

It seemed twenty five years ago, that a diffraction limit is
unsurmountable and that it is necessary to give up light as such
at the study of objects which sizes in oftentimes less than wave-
light.
microscopes went a just the same way. However, after the long

length of The creators of electronic and x-rayed
years of the strained work it became possible to register
nanoobjects and changes of nanometer scale by means of

optical microscope. Certainly, a diffraction limit nobody
abolished, but it can be gone round, using ingenious optical
charts and receptions of calculable correction.

It is possible to divide optical systems in which an image is
built with superresolution into two large groups.

In the first group creating of image with superpermission is a
two-stage process. On the first stage registration of image comes
true with maximally high exactness, on the second stage the
reverse task of reduction decides to the ideal device. Preliminary
estimations show that at measuring of image with exactness 0.1-
0.2% and a 8-10 reading of recorder on the discrete element is
possible achievement of superresolution in a microscopy.
Theoretical and experimental researches showed possibility of
performance of resolving ability in the optical microscope of 0.1-
0.02pm.

In the second group, the optical systems are constructed so
that to form the impulsive response of device with a minimum
width. Herewith lighting system, object preparation, scanning
pattern of object, et cetera, are varied.

Independent acquisition of information about each different
part of nanoobject is a key moment in this case. There are three
basic groups of methods allowing to do it.

The first group of methods purposefully compels to radiate
one or another part of the investigated object. Nearfield scanning
optical microscopy is the best known example from these
methods.

The second group of methods is that in which objects which
shine different colors are identified. In this case it is possible to
determine position of each of objects by means of colour filters,
let passing light of one or another color, and then - to make a one
whole picture.

Last group of methods uses properties of luminous objects.
All luminescent methods belong here. There are such objects
that can be reversibly photoswitched between a fluorescent "on"
state and a dark "off" state by means of specially selected light.

In turn, microscopes also can be divided into two types one
of which works with luminescent objects, and other - with
unluminescent. Presently most progress in the microscope
imaging with superresolution is attained in area of luminescent
(fluorescence) microscopy.

The analysis of the basic optical systems, that make possible
to get the images of biological microobjects with resolution

exceeding a diffraction limit, is conducted in a lecture.
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Development of the tools to manipulate cell functions is one
of nanotechnology priorities. Gold nanoparticles (GNP) are
considered as a promising basis for these tools due to their
chemical inertness and absence of toxic properties. GNP are
widely used in development of new methods and means for
diagnostic and therapy of tumor diseases. Development aimed at
intervention in the function of cells, must be based on knowledge
of the details of GNP interaction with the cell and, in particular,
the mechanisms of their internalization. This knowledge is
insufficient at the present time, and we aimed to examine in
details the GNP internalization by Hela cells in vitro and by cells
of ascities hepatoma A1l in vivo using electron microscopy.

Monolayer of Hela cells was treated by GNP (16 + 1 nm)
prepared by citrate method (0,42 uM/1 min of cells) and cells of
ascities hepatoma Al were treated by intraperitoneal injection of
the same GNP (1,33 uM/mouse). The GNP were adsorbed on
Hela cells at 100C during 1 h, and then the cells were incubated
at 370C during 5, 10, 20 30 min, 1, 2,5, 9, 18, 24, 48 and 72 h,
and fixed by 4% paraformaldehyde. Ascities fluid was collected
from peritoneal cavity of A/He mice 30 min, 1.5 and 3 h after
GNP injection. The cells were fixed in 4% paraformakdehyde. All
samples were routinely processed for electron microscopy and
embedded in epon-araldite mixture. Ultrathin sections were
examined in JEM-1400 electron microscope (Jeol, Japan). Digital
images were collected by Veleta (SIS, Germany) camera.

Examination of Hela cells ultrathin sections after 5-10 min.
incubation found GNP in coated pits and caveolae and the
number of these structures was growing during 30 min. GNP
were observed in early endosomes and caveosomes after 10-20
min., and in late endosomes (multivesicular bodies, MVB) after
30 min. of incubation. MVB served as a main place of GNP
storage in Hela cells during first 5 h, and then MVB transformed
to lysosomes, the number of lysosomes increased during 72 h of
the experiment. The process of GNP endocytosis ceased as the
incubation and coated pits and caveolae containing GNP were
not found in Hela cells after 48 and 72 h. The obtained data
showed that GNP exploit clathrin- and caveolin-dependent
endocytosis to enter Hela cells, and then GNP are stored in MVB
which transform into lysosomes, whose structure did not
undergo visible changes during 72 h.

The cells of ascities hepatoma Al are characterized by
prominent macropinocytosis structures while structures related
to clathrin- and caveolin-dependent endocytosis are scarce. GNP
were found mostly in macropinosomes after 30 min. of
incubation and very rarely in early endosomes, MVB and
caveosomes. GNP after 1.5 and 3 h of incubation remained
mainly in macropinosomes, some particles were observed in
occasional MVB.

Comparison of GNP interaction with Hela and ascities
hepatoma Al cells showed that GNP in both experimental
systems maintain their dispersity. The GNPdid not cause visible
damage of cell ultrastructure, and this corresponds to results of
GNP toxicity studies. The internalization of GNP by Hela and
hepatoma Al cells is passive and takes place through
mechanisms prevalent in the cells in natural conditions: clathrin-
and caveolin-dependent endocytosis, and macropinocytosis,

correspondingly.

5
2l

Gold nanoparticles after 30 min. incubation in multivesicular
body of Hela cell (right) and in macropinosomes of ascities
hepatoma A1l cell.
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The use of nanosized materials of nonorganic origin is one of
the perspective directions of nanotechnologies application in
biology and medicine. Despite of many years experimental study
of nanosized particles, many important questions concerning
mechanisms of their interaction with organs, tissues and cells
have remained unanswered.

Magnet nanomaterials take a special place among non-
organic nanomaterials. Magnetite (Fe304) which is a mixture of
different ferric oxides has been used for biomedical purposes
most often.

Objective of the study: to study the effect of nanosized
magnetite at different times after single and multiple intravenous
infusion on morphofunctional condition of liver, lungs and
kidneys of rats and on general pro- and antioxidant activity of
blood plasma.

Nanosized magnetite used in this study has been obtained by
mechanochemical method at the Department of Structural
Macrokinetics of Tomsk Scientific Centre, Siberian Branch of
RAMS. The particles of a nanomaterial have spherical shape and
an average size of about 10nm.
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The study was performed on 80 outbred male rats with the
mass about 150+30g; they were assigned to 4 groups: group 1
(n=20) — intact animals; group 2 (n=20) — rats with multiple
intravenous infusion of a stabilizing solution; group 3 (n=20) —
rats with a single magnetite
(0,1g(Fe304)/kgbody mass); group 4 (n=20) - multiple infusion
of magnetite suspension into caudal vein of rats every two days
per 2 ml of magnetite suspension (0,1g(Fe304)/kgbody mass).

infusion of suspension

There were no cases of animals’ death notices during the
Withdrawal
experiment was performed in 1, 7, 14, 21 and 40 days after

follow up period. of the animals from the
infusion.

Liver, lungs and kidneys of the animals were taken for
morphological study. Animals’ blood was collected into vacuum
tubes containing EDTA for the study of organo-specific enzymes
activity, free radical processes as well as concentration of
metabolites in the animals.

Analysis of the results was performed with the use of
statistical software «SPSS 11.5».

Intravenous infusion of nanosized magnetite particles is
accompanied by the development of a set of morphological
changes in the studied organs; the intensity of these changes
decreases by the end of the experiment after single magnetite
infusion and has dosage dependent nature after multiple
nanomaterial infusions.

In phagocytes of rats’ liver, lung and kidneys accumulation of
magnetite particles is associated with lesion and further death of
a part of parenchymal cells as well as their general and
perivascular edema, plethora of microvasculature and veins of all
the studied organs.

After single infusion nanosized magnetite particles may be
identified in rats’ organs during 40 days which evidences low
nanomaterial clearance rate and its tendency to accumulation.

Nanosized magnetite particles possess prooxidant properties
due to iron in their content. The higher dosage the stronger is
manifestation of prooxidant magnetite properties. Higher activity
of antioxidant plasma systems accompanying intravenous
magnetite infusion is explained by compensatory activation in
response to enhancement of free-radical processes in plasma.

Thus, the most probable mechanism of cells lesion in the
studied organs during intravenous infusion of nanosized ferric
oxide is a perioxide type. It is confirmed by the increasing level of
free radicals in blood after nanomagnetite infusion and by the
activation of antioxidant blood system aimed at prevention of
further cells lesion.
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Copper is one of key heavy metals that pollute environment
and constitute a serious threat to human and ecosystems health.
Copper may enter the environment in both soluble and
nanoparticulate form. In a series of studies, it was found that
nanoparticles, including those of copper and several other metal
oxides, exercise various biological effects on biological species.
In this study, both analysis of existing scientific literature and
new experiments were made. New experiments generated
additional data on toxic effects of copper oxide nanoparticles on
biological objects that represent both plant species and
mammalian cells. In addition to experiments on how the
nanoparticles interact with living organisms and cells, we
performed some experiments on how the nanomaterials interact
with biogenic material that is non-alive. We discovered that
these interactions lead to an increase in concentration of the
metal in both living biomass and non-alive biogenic material. The
increase was quantified using inductively coupled plasma optical
emission spectrometer (ICP-OES). The results are discussed in
connection with the modern issues of toxicology, ecotoxicology,
and environmental sciences.

GUIDELINES AND METHODICAL SUPPORT
OF NANOTECHNOLOGIES AND
NANOMATERIALS SAFETY SYSTEM
Gmoshinski I.V.

Research Institute of nutrition of Russian Academy
of Medical Science, 109240, Moscow, Ust’inski
drive 2/14
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Social recognition of nanotechnology (NT) achievements is
restricted by probable presence of potentially adverse effects of
nanoparticles (NP) and nanomaterials (NM) for human health.
According to the decision of the Main State health officer of the
Russian Federation Ne 29 from October, 31, 2007 any NM and
NP, and in particular, directly influencing on an organism of the
person, should be considered as new objects being a subject of a
profound estimation of their safety. Within the framework of
realization of the Federal target program « Development of an
infrastructure of nanoindustry in the Russian Federation for the
period of 2008-2011» the problem was raised of development
and introduction in action of guidelines system providing
standardization and unification of researches, examinations,
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estimations in the field of safety of NT and NM. The given system
includes the following functional blocks.

1. Definition of priorities. The purpose of the given unit - an
establishment of priority kinds of NT and NM which estimation of
safety is required first of all in view of presence of the significant
aprioristic risks created by these objects. The block includes two
documents. First of them establishes a technique and the order
of an estimation of potential danger of individual NM with use of
the literature data concerning their action on biological systems.
Second document allows to classify concrete kinds of production
of nanoindustry and technologies of their manufacture according
to a level of their potential danger to consumers of production,
the personnel of the enterprises and the population on the basis
of NP potential hazard data and in view of the information
provided by of developers of innovative projects in area of
nanoindustry.

2. The quantitative analysis and normalization. The section
includes for the present moment two documents determining
methods of revealing, identification and quantitative definition of
NP and NM in objects of an environment (air, water objects,
ground, a vegetative cover, organisms of water and overland
animals) and in production, and also the hygienic norms
establishing reference safe levels of the most important NP/NM
contents (NP of silver, titanium dioxide, carbon nanotubes). In
the long term given section will extend and be improved by
development of new methods of the analysis of NP and
introduction of new hygienic norms.

3. Sampling. The section includes seven documents
establishing methods of sampling of the major objects of
subjected to with  NP/NM.
Requirements to their
representativeness together with measures on prevention of
uncontrollable changes of NM in composition of the selected
samples.

environment, contamination

methods of sampling include

4. Toxicologic-hygienic and medical-biologic estimation.
There are developed and authorized four documents establishing
methods of safety testing of NP and NM in biological systems
(cultures of microorganisms and cells, plants, hydrobionts, warm-
blooded animals in vivo).

5. Control and supervision. There are developed and
authorized 14 documents establishing the order and procedures
of expert evaluation of nanoindustry production , the control of
NM in the basic kinds of consumer production and industrial raw
material, in production facilities, in objects of an environment. In
the near future finishment of the given unit development is
supposed by the statement of nine more documents.

6. An estimation and management of NM and NT-born risks.
Two projects of documents are submitted to approvement. The
estimation of risk is carried out on the basis of the criteria
reflecting negative consequences for health of workers of
manufactures and the population, influenced with NM. The
parameters used for an estimation of risk of NP/NM (referent
safe dozes and concentration for conditions of acute, subacute
and chronic influences, hygienic norms and others), are deduced
from parameters of dependence « doze concentration - responce
»determined experimentally, with use of corresponding lowering
insure. These provide their reliability when applied to all
situations of NP/NM influence on the person.

The present work is executed under the state contract with
the Ministry of Education and sciences of the Russian Federation
within the framework of the Federal target program «
Development of an infrastructure HaHouHAycTpuK in the Russian

Federation for 2008-2011 ».
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The nanoparticle of aerosol and nanoparticles in aquatic
environments have a significant effect on biological objects [1, 2],
so the control of their parameters becomes actual extremely.
The nanoparticles are usually described as a particle with size less
than 100 nm.

The principal characteristics of nanoparticles include: size of
particles (in units of length), the number density of particles
(number of particles per unit volume), specific surface area of
particle (in units of area per unit of volume), shape and structure
of particles, chemical or biological composition. Then, we
consider only the size of the nanoparticles.

Currently, there are several standard methods for measuring
size of nanoparticles. Above all, this is a method that is based on
laser diffraction (range of measuring of the size of the
nanoparticles is from 100 um to 50 nm) [3], a method that is
based on the phenomenon of the dynamic light scattering (range
is from 5 um to 3 nm) [4], a method that is based on a differential
electrical mobility of the nanoparticles (range is from 1 um to 7
nm) [5] and others. The new methods are developed and
implemented as well. For example, the method of diffusion
spectroscopy [6]. Following the brief analysis of the most
common methods. The national regulations are developed and
are given in [7].

The method of measuring of the size of nanoparticles is
based on the phenomenon of scattering of electromagnetic
radiation [3] and is based on measuring the of indicatrix
scattering, i.e. dependence of intensity of the scattered radiation
from the angle of scattering of a plane monochromatic
electromagnetic wave by an ensemble of particles of an aerosol
or suspension [8]. The scattered radiation is measured with
multielement photodetectors in a wide range of angles. The
functions of particle sizes distribution, their average size and
concentration are found during solving the inverse scattering
problem within the framework of certain model representations.

The method of measurement of the sizes of nanoparticles is
based on dynamic light scattering [4]. This method allows to find
the diffusion coefficient of nanoparticles in the liquid by
analyzing of the characteristic time of fluctuations of the
intensity of scattered light. The radius of the nanoparticles is
calculated with diffusion coefficient.
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The method of measurement of nanoparticles is based on
the method of «differential electrical mobility for aerosol
particles» [5]. Disperse structure of the gas media is measured
using a differential mobility analyzer, in which the applied
electrostatic field changes the trajectory of charged particles, and
thus, their separation by size is realized.

The method of measurement of nanoparticles is based on
the diffusion spectroscopy. The matter of is based on the method
determining of the diffusion coefficient of particles with the
measured value of the coefficient of their breakthrough in the
diffusion battery. The size of the particles is estimated according
to the formula of Cunningham-Millekena from the value of the
diffusion coefficient [9].
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A huge amount of nanoparticles, which people come into
contact has appeared unknowingly in the normal technological
progress came recently. Because of their specific properties
There are special problems, because of their specific properties,
associated with the effects of nanoparticles on biological objects
[1]. However, the solution of these problems is associated with
the determination of the dispersion of nanoparticles primarily, in
particular their size and concentration in aerodisperse
environment.

The most important source of information about the toxicity
of nanoparticles is the dates of the effects of fine dust PM10 on
biological objects (PM10 is stands for particles with a diameter
less than 10 um). It was found during the aerosol research that
the sources of manmade dust particles < 10 pm is industrial
processes with 45 %, road traffic with 33 %, the rest is the
production of bulk materials [2].

At the present time two methods of measurement are used
for measuring the disperse parameters of nanoparticles in the
environment aerodisperse generally. The first is the method of
differential electrical mobility, that is certained standard I1SO /
AWI 15900 and the second is the method of diffusion aerosol
spectroscopy [3].

The interlaboratory comparisons were carried out to
determine the measurement capabilities of the scanning mobility
particle sizer (SMPS) TSI 3936 type. Four laboratories - «National
Research Institute for Physicotechnical and Radio Engineering
Measurements», «Karpov Research Institute of Physical
Chemistry», «D. I. Mendeleyev Scientific and Research Institute
for Metrology » (Russia) and Griffith University (Australia)
became a party to these comparisons. Comparisons were made
with the electrospark generator, which is designed to produce
aerosol particles of specified sizes and concentrations [4]. The
formation of particles in this generator take place in the area of
the electric spark between the electrodes. The procedure of
comparison was carried out by the transportation of the
generator around laboratories and measuring the size of silver
nanoparticles and the steel TSI analyzers in different modes of
operation of the generator. Interlaboratory comparisons showed
that the discrepancies in the results did not exceed the stated
uncertainty ~ + 10%.

The comparison of results of measurements of dispersion
parameters of nanoparticles by the SPMS and the diffusion
spectrometry was carried out two ways. In the first case we
measured the dispersion characteristics of parameters of
nanoparticles that are generated by the electrospark generator.

In the second case the measuring the mobility of the particles



(SMPS) TSI 3936 type was used in the generating mode. The
entire spectrum of particles goes to the input in TSI 3936. Aerosol
with a fixed value of particle size was output. The measurements
of these nanoparticles were carried out by diffusion aerosol
spectrometer (DAS).

Measurements that were made spectrometer DAS and TSI,
are comparable within 10% error. The researches of aerosols of
technological origin were made. In particular, we carried out
measurements of the nanoparticles at the output of the
household cleaner.
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Determination of nanoparticle concentration and size
distribution is crucial in the area of nanotechnology as it allows
characterizing and controlling nano-systems and adjusting their
properties. However, there are no methods currently available
for direct determination of these parameters for nano-size
ranges. As the result, nanoparticle size distribution is usually
determined by measuring various size related parameters
(diffusion mobility, mobility in electric field, etc.) with following
mathematical analysis of the results and reconstruction of an
original size distribution curve. Using particle mobility in the
electric field, despite some obvious attractiveness for following
relatively simple size distribution determination, has a significant
drawback — it requires all particles to be unity charged, which is
not an easy task. As the result, particles might either acquire
multiple charges on remain uncharged, which leads towards
significant inaccuracy of final results. We suggest a method for
dynamic diffusion determination of nanoparticle size distribution,
which does not require a complicated and not accurate particle
charging by a single charge. However, the suggested method is
integral and is based on solution of Volter’s integral equation,
which under some circumstances could be unstable. To override
this problem, some parameterisation of particle size distribution

has been suggested leading towards stabilisation of the

mathematical procedure. A corresponding hardware, called
Diffusion Aerosol Spectrometer (DAS) has been produced and
commissioned. A main module of the device is a diffusion
battery, which is used for size related particle settlement at one
of the stages along the trajectory. It consists of a cylindrical
casing with stainless steel meshes strategically located across the
casing to ensure particle to settle at one of them at a distance
from the entry depending on the particle size. To obtain the
information about a rate and location of settlement of particles
across the battery [1], the particle concentration is measured
after each stage of the battery and then, the corresponding
mathematically  as:

breakthrough rate is expressed

particle concentration after passing of the gas stream through n

, where n — number of meshes, and c(n) —

meshes. A simple expression could be used for P(n):

An_ _
P(n) =1+ )7

A W
Where y and A — parameters of gamma distribution.
Then:

A 1
o) =103 e
(7) )
2
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where T(y) — Euler’s gamma function, x=D , D — diffusion

coefficient. Finally, measuring particle breakthrough for different
number of meshes allows reconstructing size distribution. Fig.1

shows a photograph of the device.
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Fig 1. Diffusion aerosol spectrometer

The device is capable of measuring particles in a size range
from 3 to 200 nm for the maximum concentration of around 105
cm-3. One measurement is undertaken over one minute time
period. The device could operate continuously and record results
format. Besides in diffusion aerosol

in  excel operation

spectrometer mode, the instrument could operate as
condensation particle counter, submicron particle counter,

humidity, temperature and atmospheric pressure monitor.
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In [1-3] we shown that the nanoparticle size distribution is
individual for each type of natural mineral water, and this can be
used as an identification parameter for its certification.

Natural mineral waters are characterized according to such
parameters as total dissolved solids (TDS) and (or) anionic
(cationic) composition. However, a significant portion of trace
elements in these waters is within nanoparticles in the disperse
phase, and so we need to know the characteristics of particle
sizes for reliable identification and establishment of the brand or
the origin of mineral water samples [3].

Today analyzers based on dynamic light scattering are widely
used to measure such characteristics of nanoparticles in aqueous
media [4]. This type of analyzer makes it possible to determine
rather reliably the average nanoparticle size for a monodisperse
distribution. For a polydisperse nanoparticle size distribution,
which is typical of natural mineral waters [3], the results of
determination of the nanoparticle size distribution in the water
depend on a number of other factors, including the procedure
for making the measurements [5].

The procedure for measuring particle size in natural mineral
waters with using the analyzer in a polydisperse multimodal
distributions represents is analyze of the correlation function of
scattered light from particles using the mode “Multiple Narrow
Modes”, which is based on algorithms «Non-Negative Least
Squares» [5] and «CONTIN» [6]. In this mode, the analyzer allows
to determine the size of nanoparticles of different components
(but not more than three), provided that the average size of
these components differ from each other in a ratio of 3:1 or
more.

The results of the analysis of data of dynamic light scattering
confirming the availability the nanoparticles and the
characteristic spectrum of the disperse distribution for three
types of natural mineral waters are presented in Fig. 1.

1) 2) 3)
Fig. 1. The dimensional spectra of the numerical particle
distribution of the samples of mineral waters: 1 - Novoterskaya
healing, 2 — Narzan, 3 - Essentuki number 17.

The control of the disperse phase is very important for the

analysis of natural mineral water and it allows to draw

conclusions about the origin of water and its properties.
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As a result of activity of organisms and manufacturing
processes in the air are formed nanoparticles from 0.2 to 200
nm. Influence of these nanoparticles on living organisms up to
the end isn't studied yet. Normative documents regulating the
safety of people stay in an environment saturated with
their
concentration has not been developed. Research conducted in

nanoparticles of these dimensions and allowable
our country and abroad, mainly directed to the study effect on
human organism of electrically charged particles of 0.3 - 0.7 nm
(light air ions) [1]. In the Russian Federation in 2003 to put into
operation "Hygienic Requirements for air ion composition for
industrial and public buildings SanPiN 2.2.4.1294-03" in which set
maximum allowable concentrations of light air ions only in
industrial and public buildings, deviations from which may lead to
adverse consequences for human health. For electrically charged
nanoparticles of other sizes (medium and heavy air ions and
ultra-heavy air ions - aerosols) such normative documents not
been developed. At the same time established that the inhalation
of heavy air ions leads of animals and humans to serious
indispositions [2]. Noted an important gaps
documents necessary to eliminate by developing standards for

in  normative

the safety of human life in an environment saturated medium
and heavy air ions and aerosols.

A measurement of the above nanoparticles is important in
ensuring the safety of life and is widely used in various branches
both

of industries, in Russia and abroad. Measuring the
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concentration of electrically charged nanoparticles is carried out
with air ion counters and spectrometers, whose operation is
usually based on the method of aspiration condenser [3]. This
method is fundamental in this type of measurement and is used
in some countries, such as in the standard Japanese JIS B
9929:2006; «Standard for measuring methods of airborne ion
density». Aspiration condenser method is as follows: analyzed air
is blown along the capacitor plates, usually cylindrical, which is
plate of an external voltage is applied; the air ions which have
appeared in an air stream of air, will move with the flow, and
simultaneously move in an electric field, deposited on the
measuring plate of the capacitor. By measuring the current
produced by this plate of the capacitor, and knowing the volume
flow of air through the condenser, it is possible to determine the
concentration of air ions in the explore air.

For testing, graduation, calibration and verification of this
equipment is used a complex of measuring instruments — the
State Primary Standard of units volume density of an ionized air
electric charge and air ions countable concentration SPS 177-
2010. Reproduction of unit’s volume density of an ionized air
electric charge and air ions countable concentration is based on
creating an environment of comparison - ionized air according to
the predefined values of these parameters, and measuring the
parameters of this environment of comparison by reference
methods (method of aspiration condenser) and measuring
instruments. The environment of comparison is created by the
air ion generator which consists of ionizer and concentration of
ions regulatory system which based on the electrostatic
precipitators. Transfers of size of the unit’s volume density of an
ionized air electric charge and air ions countable concentration to
working standards are realized by direct comparison in
accordance with state verification schedule - GOST R 8.646-2008
[4].

In basis of State Primary Standard SPS 177-2010 it is planned:

- creation and implementation of working standards in the
Russian Federation in accordance with the state verification
schedule [4];

- testing at certification of ionizers equipment (air ionizer);

introduction of new technologies, using modern high-
precision measuring tools.
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Self-assembly spontaneously creates various well-defined
structures from disordered components. Among the various
components for self-assembly, amphiphiles are one of the most
powerful building blocks. An amphiphile is a molecule that
contains both hydrophilic and hydrophobic parts. When
amphiphiles are dispersed in water, the hydrophilic part of the
amphiphiles is preferentially immerged in the water while the
hydrophobic part tends to reside in the air or in the nonpolar
solvent. Therefore, the amphiphiles are aggregated to form
different molecular assemblies by the repelling and coordinating
action between the hydrophilic and hydrophobic parts to the
surrounding environment.

In contrast with ampbhiphiles, superamphiphiles refer to
amphiphiles that are formed by non-covalent interactions,
including host-guest interactions, hydrogen bonds, and charge
transfer interactions or combined interaction of different
intermolecular forces. (Figure 1) The superamphiphiles can be
low-molecule-weight molecules as well as polymers. The advance
of superamphiphiles can enrich the family of conventional
amphiphiles that are formed on the basis of covalent bond; in the
mean time it provides a new bridge between the colloidal and
supramolecular sciences, opening a new avenue for the assembly
of functional supramolecular materials.

e 2
vv'v—:

G Jqo——
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Figure 1. Superamphiphiles with different architectures
driven by various noncovalent bonds.
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This presentation is going to discuss how to employ
polymeric superamphiphiles for controlled self-assembly and
disassembly. For example, taking adenosine-triphosphate (ATP)
and double-hydrophilic block copolymer, methoxy-
poly(ethyleneglycol)114—block—poly(L-lysine  hydrochloride)200
(PEG—b—PLKC) building blocks, an enzyme-responsive polymeric
superamphiphile can be constructed by mixing these two
building blocks with different charge ratios in water. The
superamphiphile can self-assemble in water to form spherical
aggregates. Upon the treatment of CIAP, a type of phosphatase,
the spherical aggregates will disassemble. It's found that the
aggregates can be used to load guest molecules, and the loaded
guest molecules can be released upon the treatment of enzymes.
The release process can be finished within four hours, faster than
conventional enzyme-responsive systems from amphiphilic
polymers. The fast releasing speed could be attributed to the
high enzyme activity of the natural repsonsive sites on ATP
molecules and the dynamic nature of the electrostatic
interactions.

Besides enzyme responsive polymeric superamphiphiles,
superamphiphiles in response to physiological pH can also be
fabricated by using PEG-b-PLKC and 4-(decyloxy)benzaldehyde
(DBA) on the basis covalent bonds. The

superamphiphile can self-assemble in water to form spherical

of dynamic

polymer micelles under pH 7.4, around physiological conditions,
and the aggregates disassemble when pH is reduced to 6.5, thus
providing a new carrier for loading and releasing guest
molecules. It should be noted that the assembly and disassembly
processes are reversible and that disassembly occurs at pH 6.5,
near the extracellular pH of tumor cells. Moreover, the loaded
guest molecules can be rapidly released.
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Reactive oxygen species (ROS) are known to play versatile
roles on the occasion of many important events. However,
excessive production of ROS causes significant adverse effect to
Such
appropriately. For example, arterial re-canalizations achieved by

living  body. oxidative stress must be controlled
thrombolysis and intravascular intervention are main treatment
strategies to restore blood supply in ischemic stroke and heart
attack. However, reperfusion has a dilemma of ischemia-
reperfusion injury caused by ROS, which is produced after a long
ischemic period and can extend a damaged area. Therefore,
protection of organs affected by ROS has been perused not to
cause the larger damaged area than that associated with the
arterial occlusion. It is known that stable nitroxyl radical such as
2,2,6,6-tetramethylpiperidin-1-oxyls (TEMPO) reacts effectively
with ROS compounds. However, these compounds have not
been applied clinically because they were inactivated due to the
acute reduction by anti-oxidant systems such as catalase,
glutathione peroxidase in vivo. In order to overcome poor
bioavailability and biocompatibility, we developed a novel core-
shell type nanoparticle composed of amphiphilic block copolymer
possessing nitroxide radicals as a side chain of the hydrophobic
segment and named nitroxide radical-containing-nanoparticle
(RNP)Y. Nitroxide radical is known to have unique antioxidant
properties, which acts as a self-replenishing antioxidant with
catalytic reaction, changing the formation from nitroxde radical
to oxoanmonium cation and hydroxylamine in the process of
redox transformation.

Since the nitroxide radical moiety was conjugated with the
hydrophobic segment via an amine linkage, it converts to
hydrophilic by protonation under an acidic environment. RNP
formed a micelle possessing nitroxide raicals in the core under
the physiological conditions, and demonstrated high
performances of the prolonged blood circulation time by the
compartmentalization of nitroxide radicals into the micelle and
pH-sensitivity to help nitroxide radicals act as antioxidant due to
the collapse of nanoparticle in low pH condition such as ischemic-
tissue in vivo. The preparation, physicochemiccal® and biological
characterization and anti-oxidant properties against ischemia-
reperfusion injuries’, Alzheimer’s disease® will be summarized in
this paper.
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Strategies for effective systemic delivery of anticancer drugs
remain at the heart of successful implementation of novel cancer
therapies. The use of nanoparticles for tumor targeting and drug
delivery is one of the most exciting and clinically promising
aspects of nanotechnology. In particular, nanosized hydrogels
(nanogels) have been utilized in pharmaceutics for development
of novel therapeutic and diagnostic modalities. They can be
designed to facilitate the incorporation of a variety of
compounds or even particles through a combination of
electrostatic, hydrophobic, and hydrogen bonding interactions.
We developed a novel type of ionic nanogels with controlled
spatial distribution of polymer chains The fabrication procedure
involves a preparation of micellar templates by the self-assembly
of ionic blocks of double hydrophilic block copolymers (e.g.
poly(ethylene glycol)-b-polycarboxylic acid) with oppositely
charged condensing agent were used as templates. The resulting
nanogels possess swollen cores of crosslinked hydrophilic
polyions surrounded by nonionic hydrophilic shell. The ionic
character of the core provided for pH-dependent swelling
behavior of the nanogels and allowed for the encapsulation of
charged therapeutic molecules with very high efficiency. Hybrid
nanogels containing hydrophobic domains in the ionic cores were
designed to provide for combinatorial therapy resulting in
simultaneous delivery of several anticancer drugs with very
different physical properties and mechanisms of action. Chemical
functionalization of nanogels with targeting moieties was also
explored in order to enhance accumulation of highly toxic
ingridients specifically within cancer cells and prevent their
accumulation in healthy organs. This talk will discuss the
potential application of the ionic nanogels as carriers for delivery
of anticancer drugs, peculiarities of their interactions with cells,
tissue distribution, and toxicity.
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Targeted drug delivery for cancer treatment is one of the
important objectives in nanomedicine. Membrane bound folate
receptors (FR) have relatively low expression levels in normal
tissues but are over-expressed in many tumors, which makes
them a desirable tumor marker [1]. The purpose of this study was
to design drug-loaded nanogels coupled to folic acid (FA), a high
affinity substrate for the folate receptor. Novel FA-conjugated
nanogels can potentially enhance the delivery of anticancer drugs
to FR-overexpressed cancers [2].

Diblock copolymer poly(ethylene oxide)-b-poly(methacrylic
acid) was used to form nanogels, which were further conjugated
to FA and loaded with anticancer drug — cisplatin (CDDP). The
binding of FA-conjugated nanogels to the surface-bound FR was
studied by the surface plasmon resonance (SPR). Human ovarian
cancer A2780 cells (over-expressing FR) and carcinomic alveolar
epithelial A549 cells (non expressing FR) were used to evaluate
the cellular uptake at 37°C and 4°C of CDDP-loaded nanogels as
well as their cytotoxicity. Competitive inhibition of FA-conjugated
nanogels cellular uptake was studied in the presence of free FA
(0-50 mM). Antitumor effect of free CDDP or its nanogel formats
was evaluated by measurement of tumor volume in A2780
tumor-bearing nude mice after 4 i.v. injections at 4-day intervals
at 4 mg/kg CDDP equivalents.

The FA-conjugated nanogels represented stable negatively
charged particles about 150 nm in size. These nanogels can be
efficiently loaded with cisplatin (up to 40 % w/w) and exhibit pH-
dependent sustained drug release. SPR measurements indicated
the selective and strong interaction of FA-conjugated nanogels
with the surface immobilized FR. The cellular uptake and
competitive inhibition studies of FA-conjugated nanogels
indicated that internalization was mediated by active receptor
based endocytosis and was significantly higher than that of
untargeted nanogels. The extent of internalization of FA-
conjugated nanogels strongly correlated with the degree of
labeling by FA. This led to a considerable increase of cytotoxicity
of cisplatin-loaded FA-nanogels compared to the untargeted
nanogels. In vivo analysis in A2780 tumor-bearing nude mice
indicated significantly (p < 0.05) reduced tumor burden with FA-
nanogels/CDDP treatment compared to all other formulations
(Fig. 1B). Free FA suppressed the anti-tumor effect of FA-
nanogels/CDDP to the observed with

level untargeted
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nanogels/CDDP, probably, due to saturation of FRs. The worst
performance was observed for free CDDP, which resulted in
profound loss of body weight (toxicity) and less tumor inhibition
that either of the nanogel formulations (Fig. 1A,B).

B

o dextrose
&~ nanogel

-e-CDDP
- nanogel/CDDP

& FA-nanogel/CDDP.

0 FA + FA-nanogel/CDDP

9% Weight loss

Figure 1. Anti-tumor efficacy of CDDP formats in A2780
human ovarian cancer xenograft-bearing female nude mice. Body
weight loss (a) and tumor growth (b) after administration of 5%
dextrose, CDDP alone or drug formulations. Data are mean *
SEM, n =7-8, *p < 0.05, **p < 0.01, NS - not significant.

This study demonstrated the possibility of delivery of FR-
targeted nanogels and their therapeutic cargo to the cancer cells
in vivo. The folate-conjugated nanogels exhibited tumor-specific
delivery and superior antitumor effect in vivo of anticancer drug
cisplatin along with decreased renal toxicity. Altogether, this
study demonstrates fundamental possibility for targeted delivery
of the nanogel-based anti-cancer therapeutics and opens a new
prospect for clinical development of such nanoformulations.
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A serious problem of chemotherapy of tumors is a high
systemic toxicity of used drugs. Also, an effectiveness of drugs is
often decreased because of drug resistance of cancer cells. An
encapsulation of anticancer drugs into nanoparticles based on
biodegradable polymers is one of the approaches of solving this
problem and optimizing some pharmacokinetic parameters of
the drugs [1]. A conjugation of these particles to vector
molecules may lead to an increase in their anticancer activity [2].

A purpose of this research is a development of conjugation
technique of PLGA 50/50 NPs to recombinant C-terminal domain
of alpha-fetoprotein (r3dAFP) as a vector protein. r3dAFP was
earlier shown in our institute to effectively and specifically
interact with alpha-fetoprotein receptors selectively expressed
by cancer cells of different origin [3].

r3dAFP used in this research was purified as described
previously [4]. An effective endocytosis of the protein by cancer
cells and its absence by lymphocytes was demonstrated before
the conjugation.

Three different strategies of conjugation were tested in this
research.

By the first approach the formulation of complex was
achieved by non-covalent adsorption of the protein to particles’
surface. The particles were fluorescently marked by the
conjugation of terminal carboxyl group of PLGA to doxorubicin
with the use of dicyclohexylcarbodiimide before the formulation
of particles. To formulate the particles polymer-doxorubicin
conjugate solution in DMSO was added dropwise to a phosphate-
saline buffer solution pH 7,4 (PBS) containing r3dAFP with active
stirring. Then the solution was dialyzed against PBS pH 7,4 to
remove an excess of DMSO. NPs were purified by triple
ultrafiltration (Amicon Ultra-15, 30 kDa cut off). The size of NPs
was 77 nm (68%) and 254 nm (32%).

By the second approach doxorubicin-containing NPs were
formulated with the use of double emulsion technique with
polyvinyl alcohol as an emulsion stabilizer [5]. The conjugation of
r3dAFP amino-group to carboxyl end group of PLGA was carried
out with the use of water-soluble carbodiimide after particle
formulation. NPs were purified by centrifugation. Mean particle
size was 250 nm [6].

The method used in the third approach was similar to that
described in the first one but the solution of polymer-doxorubicin
conjugate in DMSO was added not to a protein solution but to
1% w/w aqueous solution of polyethylenglycol containing free
carboxyl group. The formulated particles were purified by
ultrafiltration. The conjugation of NPs to vector protein was
carried out by the reaction of activated carboxyl group of
surface-adsorbed polyethylene glycol with amino-group of



r3dAFP by water-soluble carbodiimide. NPs were purified by
centrifugation. Mean particle size was about 450 nm.

A success of each approach was assessed by the presence of
specific interaction between protein bound NPs and the surface
of alpha-fetoprotein receptor bearing mammary carcinoma cells
(line MCF-7) at 4°C. The specificity was estimated by a decrease
in interaction rate between fluorescently-labeled NPs and cell
surface after preliminary receptor blockage. Interaction rate was
measured by flow cytofluorometry. The blockage was achieved
by incubation of cancer cells with an excess of r3dAFP in the
culture media before incubation with NPs.

A 30 % decrease in an interaction rate of NPs with cell
surface after receptor blockage was observed only in the case of
NPs conjugated with r3dAFP by the method described in the
third approach.

Thus, the strategy of formulation of r3dAFP conjugated NPs
specifically interacting

alpha-fetoprotein  receptors was

developed.
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Tissue engineering encompasses implantable devices formed
from: donor replacement tissue (allograft), natural and synthetic
biopolymer  scaffolds, growth factors (autologous and
recombinant proteins) and living cells (alone or within viable
tissue) to be employed to regenerate specific diseases related to
muscular, skeleton or craniofacial eye cornea damages.

Over the last century allografts and autografts represented
the best solutions and now they remain the “gold standards”.
However, there are still many problems related to infections,
disease transmission and long-term availability of materials in a
market where demand for organ/tissue implants is ever growing.

The implantation of a scaffold at the defect site becomes
therefore mandatory in order to:

e bridge the gap created by the defect, while protecting

the inner tissues against all kinds of aggressions

(microbiological, chemical, physical types)

e counteract inflammation and promote wound healing

e conduct, organize and promote complex tissue
reconstruction

e promote a neovascularisation

Tremendous progress with encouraging results has already
been achieved in the field of tissue engineering with biomaterials
available in clinical use. However major advancements are still
needed in order to bring these technologies to their full potential
as for example in case of:

e Human reconstructed skin, composed of either human
neonatal dermal fibroblasts or of dermal and epidermal
components (e.g. treatment of foot ulcers

e Cartilage replacement products

e Materials designed for reconstruction of cornea, blood
vessel and bone.

Many challenges remain and much work is still needed in
order to achieve the ultimate goal of tissue engineering, not only
to replace structures and improve function of diseased tissue,
but also to reconstruct complex organs.

Accordingly, several “smart biomaterials” have already been
functionalized either by cells, growth factors or genes in order to
improve the complicated biological event of tissue repair. The
incorporation of some specific signal peptides for integrins such
as RGD (Arg-Gly-Asp) into the biomaterial has attempted to
mimic the extracellular matrix, modulate cell adhesion, induce
cell migration and elicit a neo-endothelisation process.

The numerous multifunctional polymers developed so far
and not yet used for tissue engineering will be adopted and
optimised for this application. In this context detailed knowledge
on novel polymer materials including architecture and surface
properties, in relation to cell reactivity in vitro, is needed.

Tissue-engineering scaffolds should be analogous to native
extracellular matrix (ECM) in terms of both chemical composition
and physical structure. Polymeric nanofiber matrix is similar, with
its nanoscale nonwoven fibrous ECM proteins, and thus is an
excellent candidate of ECM-mimetic material.

Over the last decade, nanomaterials have been highlighted
as promising candidates for improving traditional tissue
engineering materials. Importantly, research has shown that
nanomaterials exhibit superior cytocompatible, mechanical,
electrical, optical, catalytic and magnetic properties compared to
conventional (or micron structured) materials. These unique
properties of nanomaterials have helped to improve various
tissues growth over what is achievable today. However the
construction of such ex vivo analogues is quite challenging due to
the complexity of the living tissues.

In this context, we have optimized new biocompatible and
biodegradable copolymers, made only of polymer sequences
already used in clinic, which provide new mechanical and barrier
properties (oxygen, water), and which allow the manufacture of

textile/hydrogel composites.
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049 CHARACTERISTICS OF ANTITUMOR
LIPOSOMES LOADED WITH LIPOPHILIC
PRODRUGS OF METHOTREXATE AND
MELPHALAN IN RELATION TO THEIR
HEMOCOMPATIBILITY
N. Kuznetsoval, C. Sevrinz, D. Lespineuxz, C.
Grandfils?, E. Vodovozova®
Shemyakin-Ovchinnikov Institute of Bioorganic
Chemistry, Russian Academy of Sciences, ul.
Miklukho-Maklaya, 16/10, 117997, Moscow,
Russia, natalia@lipids.ibch.ru
?Research Center of Biomaterials, University of
Liege, Institute of Chemistry, Building B6C,
Sart-Tilman, 4000, Liege, Belgium

Evaluation of blood-contacting properties of nano-scale drug

delivery vehicles intended for systemic administration is
important for the development of safe nanotherapeutics and
contributes to the knowledge of basic principles underlying the
nanomaterial interactions with biological milieux. Here, we
report the results of blood compatibility testing of liposomes
with lipophilic prodrugs loaded

connection with the liposome physicochemical properties.

into the lipid bilayer in

Liposomes composed of natural phosphatidylcholine (PC)
and phosphatidylinositol (PI) and synthetic 1,2-dioleoylglyceride
esters of the widely used antitumor agents methotrexate (MTX-
DOG) or melphalan (Mlph-DOG) — PC/PI/MTX(MIlph)-DOG, 8 : 1 :
1 by mol — were prepared by standard extrusion technique as
described previously [Kuznetsova et al, J Drug Del Sci Tech, 2009].
Size and zeta potential of different samples were controlled by
scattering techniques using Zetasizer Nano ZS equipment
(Malvern Instruments Ltd, UK). The panel of hemocompatibility
tests performed according to I1SO 10993-4 requirements included
hemolysis rate, red blood cells and platelets integrity and size
distribution, complement activation, and coagulation cascade
assaying upon the material incubation with human whole blood.

Both formulations were found to be negatively charged with
the absolute zeta potential value being higher in the case of
MTX-DOG liposomes which is ascribed to the presence of the
free a-carboxyl group in the methotrexate moiety. In contrast to
MIph-DOG liposomes, those containing MTX-DOG were larger
and more prone to aggregation.

Accordingly, in hemocompatibility tests Mlph-DOG liposomes
did not elicit any undesirable effects while MTX-DOG liposomes
induced elevated C3a levels and abnormal coagulation times in
concentration-dependent manner. Reactivity of the liposome
surface was not affected by the presence of Sialyl Lewis X/A
targeting ligand (2% mol) or the anti-opsonizing PI. Decrease in
liposome loading with MTX-DOG from 10 to 2.5% resulted in
lower surface charge density, smaller liposome size and thus
considerably reduced impact on the complement activation and
coagulation cascades.

Therefore, modified liposome surface may result in some
undesirable yet manageable effects on the liposomes' reactivity
toward human blood.

Supported by the Russian Foundation for Basic Research
(project no. 06-04-49432) and FEBS Collaborative Experimental
Scholarships for Central & Eastern Europe.
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050 OBTAINING NANOPARTICLE FORMS OF
DRUGS BASED ON BIODEGRADABLE FOR
TREATMENT OF PULMONARY
TUBERCULOSIS.

Naidenova A.A.}, Ceverin S.E.}, Demikhova 0.V.?,
Ryabtseva M.S.*

"Moscow Research Institute of Medical Ecology,
Moscow, Sympheropolsky blvd, 8,
A.A.Naydenova@ya.ru

*Central Research Institute of Tuberculosis of
Russian Academy of Medical Sciences, Moscow

Currently, annual tuberculosis kills 1.6 million people. Russia
has been stable for many years among the countries with the
highest prevalence of this disease, so the fight against drug-
resistant Mycobacterium tuberculosis is one of the most pressing
medical problems. One of the most promising directions in
solving this problem is to create nanoparticle form of known
antituberculosis drugs or compositions based on biodegradable
polymers approved for use in medical practice.

We have obtained compositions
drugs:
kapriomicin, rifampicin, lomefloksacin, levofloxacin, linezolid, and

new drug known

antibacterial and  antituberculosis D-cycloserine,

several others, based on biodegradable polymers and
copolymers of lactic acid, lactic and glycolic acids. These funds
were received by used standard methods for single or double
emulsion, to yield nanoparticles of size ~ 250 + 400 nm. These
drugs had high antibacterial activity and a wide range of low
toxicity. In addition, the received drugs showed a significant
increase in tuberculosis and the effectiveness of the prolongation
of clinical experiments with strains of tuberculosis patients.

As an example, the table shows results of a study of
tuberculosis activity nanoparticle forms of rifampicin and d-

cycloserine.
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MULTICOMPARTMENT MICRO- AND
NANOPARTICLES AND CAPSULES
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Polyelectrolyte microcapsules have been found a number of
important applications in such fields as immunology, cancer
therapy, intercellular delivery, sensors, and as model system of
bio-molecule reaction [1-6]. Such polyelectrolyte capsules
produced using layer-by-layer technique (LbL) which is based on
sequential adsorption of oppositely charged polyelectrolytes
onto surfaces by electrostatic interaction. Due to versatility of
LbL assembly it is possible make multifunctional or stimuli
responsive capsule shell. Recently polymeric micro- and
nanocapsules were introduced in the field of multicompartment
capsules [5]. Symmetric and anisotropic architecture of such
multifunctional compartment particles and capsules are of
interest because of their multi- and advanced functionalities.

Controllable enzyme-catalyzed reactions triggered inside a
multicompartmentalized, porous calcium carbonate particles
were demonstrated, and compared the dynamics of the reaction
with that carried out in polyelectrolyte multilayer microcapsules
[6, 7]. Subcompartmentalization was achieved by decorating a
larger subcontainer with smaller subcompartments (liposomes).
It was found that porosity, ionic strength, and particle
concentration are critical factors controlling the adsorption of
nanocontainers and liposomes onto the larger inner core of
containers. Such system allows the simultaneously encapsulate
of small and large molecules in the same particle or capsule with
following a specific biochemical reaction in defined volume
corresponds to the inner container.

Anisotropic particles and capsules produced by embedding
and partially masking larger containers into soft, biocompatible
PLL/HA polymeric films were constructed [8]. This step is
followed by adsorption of smaller containers from the top onto
the unmasked surface of larger containers. Flipping the films
upside-down and adding a solution of NaOH at high pH allows

extraction of anisotropic constructs by loosening their interaction
with films; also, this approach minimizes potential aggregation.
This approach is versatile, applicable to a multitude of particles
and templates of various sizes and allows for diverse
functionalization. Various anisotropic structures can be obtained
by embedding capsules or particles into polymeric films and by
their further functionalization with particles and/or capsules.

We expect that such symmetric and anisotropic structures
will relevant opportunities for diverse biomedical applications as
they can be loaded with different bio-molecules and used as
reactors for enzyme-catalyzed reactions, mechano-biology,
biomedicine sensors and other applications. On the other hand,
functionalization of films with capsules and control over their
interaction is of interest for coatings as well as substrates for
cellular cultures.

Figure. 1. Concentric (left-hand) and anisotropic (right-hand)
multicompartment particles. The scale bars in the images
correspond to 4 um.
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CONSTRUCTION OF VIRUS-LIKE
NANOPARTICLES BASED ON THE CORE
PROTEIN OF HEPATITIS B VIRUS AND M2
PROTEIN OF INFLUENZA VIRUS

Blokhina E.A., Kuprianov V.V.

Centre “Bioengineering” of the Russian Academy
of Sciences 117312, Moscow, Prospect 60-letia
Oktyabrya, 7, building 1. +7(495) 135-73-19
Blohina-lena87@mail.ru

Virus - like particles formed by the nuclear antigen of
hepatitis B virus (HBc) are among the most striking examples of
natural nanoparticles. Their ability to increase immunogenicity
of peptide presented on the surface of the particles may be
explored for development of new vaccines, including ones
against influenza.

Most of the present day recombinant influenza vaccines are
based on highly immunogenic surface proteins, - hemagglutinin
and neuraminidase. However, the high variability of these targets
requires development of new vaccines against newly arising
influenza strains.

A promising alternative for development of "universal"
strain-independent vaccine is the use of conservative membrane
protein M2. We developed a new approach for construction of
virus-like particles presenting the extracellular domain of the M2
protein (M2e) based on non-covalent interactions of M2e and
the surface-exposed immunodominant loop of HBc.

For this purpose, we constructed recombinant gene encoding
hybrid protein consisting of three copies of M2e and HBc-binding
peptide. The hybrid protein and HBc were expressed in E. coli
cells. Methods for purification of virus-like particles presenting
influenza M2e peptides on the surface were developed. The
presence of nanoparticles with typical HBc-like structure was
confirmed by electron microscopy. Animal
performed at Research Institute of Influenza confirmed the high

experiments

immunogenicity of purified virus-like particles, and showed that
immunisation of mice with these particles provides protection
against the lethal influenza challenge. This work was supported
by FP7 project PLAPROVA.

NANOTECHNOLOGIES IN REGENERATIVE
MEDICINE

Tkachuk V.A.

Faculty of Basic Medicine, Lomonosov Moscow
State University, Lomonosov ave, 35/1, Moscow,
Russia, 119192

tkachuk@fbm.msu.ru

L53

In the last decade successfully developing a new branch of
medicine - regenerative medicine, which aims to repair and
regenerate damaged organs and tissues, as well as in restoring
lost body functions. The main tool for the regenerative medicine
is a gene and cell therapy. Traditional medicine in case of therapy
generally applies drugs which are inhibitors of enzymes, receptor
antagonists or ion channels blockers. Thereunder, modern
pharmacological agents affect only cells functions but not the
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tissue. In
affect  their
systematically, which are in many organs and tissues throughout

regeneration of addition,

targets

morphogenesis or
pharmacological agents commonly
the human body. Currently, there are known the structures of
human genes, and many of these genes are known for their
function. The locally injection of genes into the surrounding
group of cells makes possible to point to the direct site of
transfection, and through the proteins and peptides, produced
after genes transfection, maintain their expression for a long
time (weeks, months).

Morphogenesis and tissue regeneration depends on growth
factors, cytokines, chemokines, and therefore the local secretion
of these substances may stimulate (or inhibit in some cases) the
processes of regeneration in damaged tissues. The report will
review the mechanisms of target delivery of therapeutic genes
using viral vectors, dendrimers, plasmids, liposomes and other
containers. Another effective method for restoring functions of
organs and tissue regeneration is cell-based therapy using stem
or progenitor cells which should be injected into the damaged
area. The report will focus on methods of identification, isolation,
cultivating and expansion of these cells.

There are convenient model to assess the biological activity
of stem cells and tissue engineering products (matrix, gels,
materials with nano-and microcell, etc.). Recent experience has
shown that the biological effects of stem cells can be realized
through their endocrine function, i.e. through the secretion of
growth factors, cytokines, matrix metalloproteinases, etc. The
report will be considered promising areas of stem cell secretion
products to stimulate the endogenous regenerative processes in
the human body.

APPLICATION OF NANOPARTICLES IN
MEDICAL DIAGNOSTICS FOR THE
DETECTION OF BIOLOGICALLY ACTIVE

COMPOUNDS

Dzantiev B.B.

Bakh Institute of Biochemistry Russian Acad. Sci.,
Moscow, Leninsky prospect 33
dzantiev@inbi.ras.ru
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Main trends in the development of systems for detection of
biologically active compounds applied in medical diagnostics are
determined by the need to increase sensitivity and shorten the
analysis carried out both in stationary and in out-of-lab
In this regard,

automation of analytical systems, novel solutions for generation

conditions. along with miniaturization and
and recording the analytical signal as well as for simultaneous
different  compounds in  microsamples
(multiparametric assay) are searched intensively. The most

detection  of

actively used today in medical practice traditional bioanalytical
methods (enzyme-linked immunoassay etc.) have a number of
theoretical and methodological limitations to increase their
speed while maintaining high sensitivity. The report examines the
use of nanomaterials from different classes to extend possibilities
of bio- and immunochemical analytical systems.

The factors influencing limits of detection for different
analytical systems are considered in the report, as well as
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application of synthetic receptors for high affinity binding of
target compounds and possibilities of sorbents with high surface
area as concentrating tools. Different types of homogeneous-
heterogeneous assays are compared, which combine the
concentration of target compounds from large volumes with
subsequent generation of a signal on a limited surface. Research
and commercial developments of magnetic affine sorbents are
presented; their effectiveness in combination with different
systems of detection is estimated. Examples of cascades for
signal amplification with the use of nanoparticles are given and
supplemented by analysis of record-high sensitivities for different
bioanalytical systems.

The features of decisions in highly sensitive optical or
electrochemical detection of nanosized labels and its use for
analytical purposes are described. Properties of nanosized labels
from different chemical classes (colloidal particles of gold, silver,
iron, carbon nanoparticles, quantum dots, organic polymeric
dyes, etc) in immunoassays with optical detection are compared.
Possibilities of nanosized labels application
immunoassays on membrane carriers with increasing their

in bio- and
sensitivity, rapidity and productivity are described. Signal
enhancement examples in membrane assays via nanoparticles
are given. Main diagnostic problems solving nowadays with the
use of nanosized labels are considered as well as perspectives of
different types of test-systems.

Examples of single molecules or single cells detection in
biosamples are given that are based on nanoparticles use to
generate reliably detected signals. Analytical capabilities of
atomic force microscopy with the use of antibody-containing
sounds are characterized.

Promising ways of bioassay development on the basis of
nanoparticles application for further improvement of methods
for medical diagnostics are finally considered.

ANTICANCER DRUG INFLUENCE ON

TUBULIN NANOTUBE DYNAMICS
G.Th.Guria', E. A.Katrukha®

1National Research Center for Hematology, Russia,
Moscow, 125167, Novyi Zykovskii proezd 4
2Moscow Institute of Physics and Technology,
Dolgoprudny, Moscow region, 141700
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Recent progress in anticancer therapy dealt in part with an
improvement of the so called block therapy. Being rather
aggressive block therapy implies combinations up to 10 drugs in
one block. Among modern drugs used in block therapy there are
some dealing with tubulin nanotube dynamic reorganization.
Principles of drug-nanotube interaction are widely discussed. An
effective selection of “lucky” drug combinations are of great
importance. Basing on the previously established tubulin-state
diagram authors formulate rules for effective cytostatic drug

combinations selection.

MACROPHAGES AS TROJAN HORSES FOR
BRAIN DELIVERY OF REDOX ENZYMES

Elena V. Batrakova'?, Matthew Haney™, Yuling
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R. Lee Mosley“, N.L. Klyachkos'e, Alexander V.
Kabanov*?, Howard E. Gendelman®*

Icenter for Drug Delivery and Nanomedicine
Department of Pharmaceutical Sciences

3Center for Neurovirology and Neurodegenerative
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Experimental Neuroscience, University of Nebraska
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*Department of Chemical Enzymology, Faculty of
Chemistry, M.V.Lomonosov Moscow State
University, Moscow, Russia; and 6Deparment of
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Parkinson’s disease (PD), age-related and one of the most
common neurological disorders, is accompanied by inflammatory
process within substantia nigra pars compacta (SNpc). To reduce
neuroinflammation and prevent neuronal death, cell-mediated
delivery system of an antioxidant enzyme, catalase, loaded into
bone marrow derived monocytes (BMM) was developed. To
preclude enzyme degradation inside cell-carriers, catalase was
coupled with a synthetic polyelectrolyte of opposite charge
forming a polyion complex micelle, nanozyme. Transport of
nanozyme loaded into BMM to SNpc in an animal model of PD
was demonstrated by Image Visualization and Infrared
Spectroscopy (IVIS). Therapeutic effect of nanozyme loaded into
BMM in MPTP intoxicated mice was manifested in decreased
inflammation in SNpc, in particular, microglia activation (two-fold
reduction in CD11b levels). Furthermore, the neuroprotective
effect of nanozyme formulation was observed using
immunohistochemistry by staining TH-positive dopaminergic
neurons. Finally, protection of dopaminergic neurons in PD
mouse model upon administration by nanozyme-loaded BMM
was confirmed by MRSI in MPTP-intoxicated mice; no decrease of
levels of the brain neuronal metabolite N-acetyl aspartate (NAA)
in the SNpc and stratum were observed in MPTP-intoxicated
mice treated with nanozyme-loaded BMM. It suggests that
nanozyme-loaded monocytes can be used as alternative
therapeutic formulation for treatment of neuroinflammation-

associated pathologies, particularly in PD.
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057 THERMO PHYSICAL ASPECTS OF LASER
HEATING OF BIOFUNCTIONAL
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Pavlova_SS@mail.ru

In connection with the opened wide prospects of
biofunctional nanoparticles use in laser medical applications, it is
occurred a number of unsolved problems of interaction of laser
radiation, nanoparticles and biotissues. First of all, it is problem
of targeted drug delivery by nanoparicals and nano-sized carriers
in biotissues with low permeability (cartilage, bone, and cornea).
At the same delivery problems for nanoparticles in viscoelasic
tissues without blood vessels, it is occurred number of problems
connected with nanoparticles low conductivity in thin capillary
network and problem of nanoparticals remove from human body
accumulated it in kidney and liver.

Beside that, there is the problem of nanoparticles long-term
stability in human body at the physiological conditions of
(coagulation, and

aqueous solution

sedimentation).

agglomeration

Problem of thermo stability of photo absorbing nanoparticles
at laser heating (laser hyperthermia and thermotherapy) related
to unsolved problem, as well.

In cases of magnetic nanoparticles of iron oxides used in
laser engineering of cartilage, it is succeeded to solve the
problem of controllable transport of nanoparticles in the low-
permeable tissues by means of a local laser heating and non-
uniformed magnetic field application [1]. There are many
methods of enhanced stability of physical-chemical properties of
the nano-sized drag careers by using the known biofunctional
nanoparticles [2,3].

The thermo physical aspects of laser heating of nanoparticles
of iron oxides and Mo-oxides bronze impregnated in
cartilaginous tissue are considered in this paper. The problems of
synthesis of biofunctional nanoparticles and control of stability of
colloids based on these particles, as well as a photometry of its
optical properties influenced on laser heating of biotissues were
solved.

To evaluate photothermal efficacy of absorption of radiation
of an Er- fiber laser (A = 1.56 um) by the several nanoparticles
and its suspension with gel we prepared the suspensions with
the different concentrations of nanoparticles from 0.1 mg/ml to
10 mg/ml. Monochromatic absorption coefficients of the studied
nanoparticles suspended in gel were measured using a total
absorption photometry of the nanoparticles-gel suspensions
(Table 1).

To determine photothermal effect of nanoparticles+gel
suspension, it was applied on damaged cartilaginous surface, and
this place was irradiated by repetitive-pulse laser radiation.
Photothermal effects of laser heating of surface of articular

cartilage covered by nanoparticles+gel suspension have been
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studied with IR-thermometry (IRTIS200M thermal vision system).
Cartilage surface heating curves are shown at the Fig.1.

Table 1. Absorption coefficient of the studied suspensions at
the various power of laser radiation

[Set of power, Gel Gel +HxMo03=1:1 Gel + Fe304=1:1
w
Measured a, cm-1 Measured a, cm-1 Measured a, cm-1
power, W power, W power, W
0,5 0,518 10,84 0,195 18,83 0,408 14,20
0,9 0,779 10,05 0,417 15,39 0,713 13,10

Evidently, nanoparticles of Mo-oxide bronze with higher
absorption (Table 1) demonstrate a higher photothermal effect
of laser radiation. Photothermal effect of nanoparticles of iron
oxide is some lower, then a Ho20Mo0O3; —bronze. Note, that the
photo absorbing gels were prepared using nanoparticles of Mo-
oxide bronze at the considerably low concentration (0.9 mg/ml),
than iron oxide (10 mg/ml).
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Fig.1. Heating of cartilage: 1- with nanoparticles of a Hg20M003 —

bronze; 2-with nanoparticles of Fe304; 3-without nanoparticles.

This work was financially supported by Russian Foundation
for Basic Research grants: No.10-02-90751 mo6_cT. 1 No.11-08-
0574a.
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05 8 NANOCOMPOSITE MICROCAPSULES
FUNCTIONALIZED BY ZINC OXIDE
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Simple methods of encapsulation and functionalization of
polyelectrolyte microcapsule shells allow designing new systems
with unique properties, which can be used as containers for drug
delivery [1]. Ultrasonic treatment of microcapsules results in a
tunable release of encapsulated drugs from capsule interior
without destructive influence on the intact cells and tissues. The
sensitivity of microcapsules can be drastically increased by
incorporation into their shell inorganic nanoparticles working as
ultrasonic sensitizers. For example, the presence of zinc oxide
(ZnO) nanoparticles in the capsule shell composition provides
their rapid destruction during ultrasonication when intensity of
ultrasound is relatively low and comparable to the therapeutic
threshold [2]. Mechanical properties of microcapsules determine
their robustness, stability in time and reaction on the external
influence leading to the capsule shell deformation and/or
destruction. Thereby, it’s very important to know correlation
between mechanical properties of microcapsules and their
sensitivity to the ultrasound. For microcapsules modified by ZnO
nanoparticles this correlation is expressed in the increasing of
their ultrasonic sensitivity with volume fraction of ZnO in the
capsule shell composition. The increasing of the volume fraction
of ZnO in the shell results in the decreasing both elasticity and
stiffness of the capsule shell due to the change in the correlation
of volume fraction of polymer and inorganic phase [2].
Incubation of ZnO-composite microcapsules within the medium,
which properties are close to the physiological conditions (such
as phosphate buffered saline (PBS), blood plasma, etc.), reveals
minor loss in capsule ultrasonic sensitivity in comparison with
water [3].

Studying the mechanism of microcapsule interaction with
different biological objects (different cell lines, bacteria and
microorganisms) is one of the most important issues in the
microcapsule biocompatibility investigation. For example,
incubation of ZnO-composite microcapsules with human blood
cells doesn’t provoke haemolysis, i.e. blood cell damage; thereby,
these results can be the first step towards the evidence of ZnO-

composite microcapsules’” haemocompatibility [3]. Studying

mechanical properties of microcapsules allows preventing their
undesirable damage under the external impact or due to the
capsule mechanical degradation, both in vitro and in vivo. For
instance, mechanical properties of ZnO-composite microcapsules
determine the degree of their deformation under the activity of
phagocytes extracted from the human blood, where the
deformation degree increases with the volume fraction of ZnO
nanoparticles in the shell [3]. In addition to that, the uptake of
big capsules (with 10 um in diameter) by phagocytes is absent
due to the limited size of targeting object (maximum 5-7 um),
whereas phagocytosis can be used as an effective way to utilize
small fragments of microcapsule shells produced during
ultrasonication [3].

Nowadays, due to the wide-spreading develop in
nanomaterials, it is necessary to investigate their toxicity using
various types of biological systems. Most of the works on the
toxicity of nanostructured materials are focused on the
investigation of cytotoxicity on various strains of mammal cells,
including cancer cells. However, during the industrial production
and application, a massive penetration of micro- and nanoobjects
(as well as their constituent components) to the environment is
certainly possible. At the same time, the toxicity of a relatively
chemical

small amount of well-known

nanomaterials has been tested in vitro and in vivo. Thereby, it is

compounds and

necessary to investigate the effect of microcapsules and their
shell components on living systems of various ranks (for example,
hydrobionts, i.e. aquatic organisms), since the aqueous medium
is the most probable place for the primary accumulation of
abiogenous micro- and nanoobjects. Studying the toxicity of ZnO-
composite microcapsules and their shell components on
hydrobionts reveals minimal toxic effect for microcapsules,
whereas the maximal toxic effect is observed for the polycation

polyelectrolyte [4].
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Induced pluripotent stemc cells (iPSCs) and their natural
analogues embryonic stem cells (ESCs) are capable for unlimited
proliferation and differentiation into any cell type. iPSCs can be
generated for each particular patient and can serve as a model
system for each particular disease. iPSCs generated from the
patients with neurodegenerative disorders are the most
convenient model for new drug screening and mechanisms of the
disease study due to the limited access to the pathological
neural tissues in human being. The aim of the project was to
establish and characterize iPSCs from skin biopsies of Parkinson
disease patients.

Skin biopsy of genetically characterized Parkinson patients
was used to establish primary fibroblasts cell culture. To induce
pluripotent state cells were infected with four commonly used
transcription factors: Oct3/4, Sox2, c-Myc, KIf4.According to the
originally developed protocol iPSC clones were generated and
characterized. It was demonstrated that establishe iPSC lines
express pluripotent stem cell markers, have normal karyoptype,
are able to differentiate into cell of three germinal layers, and
with  well

dopaminergic Established cell line

characterized genetic background could serve as a model for

neurons.

disease study and therapeutic procedures development.

BIOSENSING SYSTEMS BASED ON METAL
OXIDES AND PLASMONIC
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ENVIRONMENTAL MONITORING OF
NEUROTOXICANTS, ENZYMES AND

BIOLOGICAL AGENTS
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The efficiency of metal oxides nanoparticles and enzyme-
polyelectrolytes nanofilms, deposited on carbon screen-printed
electrodes (SPE), as a highly-sensitive transducer elements for
biosensing platform, fabricated with “layer-by-layer” technology
are described in the first part of the present report. The
sensitivity of biosensor systems can be significantly improved by
the inclusion in the structure of nanocomposites of different
nanoparticles, using of polymer with different spatial
organization and changing in cation-anion composition of the
medium, as well as changing the type of solvent. The revealed
analytical characteristics of the enzyme based biosensors are
perspective for highly-sensitive monitoring of blood esterases,
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their inhibitors and N-acetyl-B-D-glucosaminidase (biochemical
marker for kidney disease and monitoring subclinical mastitis) in
medical, biological and environmental samples.

The Raman spectroscopy as chemical analytical method has
some obvious merits. The method is non-destructive, the Raman
spectra are indicative of atomic oscillatory motion featuring the
test chemicals with a high specificity. In 1974 M. Fleishman et al.,
showed that the efficiency of the Raman spectrum can be
increased more than millions-fold upon adsorption of a test
compound onto the surface of nanoparticles of metals. This
phenomenon was termed Surface-enhanced Raman Scattering
(SERS). The sensitivity level makes possible to apply the SERS for
enzyme determination at one cell level. Recently, protocols for
ultra-sensitive detecting Bacillus spores, M. avium subsp.
Paratuberculosis and viruses by SERS were described. New
features of immuno-SERS method are based on the use of
complex plasmonic gold nanostructures. Capabilities of a new
immuno-SERS  approach for  preclinical
spongiform encephalopathies

diagnostics  of
transmissible / prions are

demonstrated in the final part of the report.

STRUCTURE AND PROPERTIES OF MEDICAL
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Kolobov Yu.R.
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The results of basic research of the structure formation
regularities and the nature of physical and chemical processes in
nanostructured metallic materials under real conditions of their
operation (as a material of medical implants) “in vivo” are
discussed in the report, that is in aggressive environment,
accompanied by the saturation of hydrogen. It is known that such
saturation leads to embrittlement of metallic materials on the
internal interfaces, where the main ones are grain boundaries
(GB).

One way to reduce the negative impact of hydrogen
saturation is to increase the specific surface area of GB at the
expense of grinding the grain size to the submicron level, for
example by the action of severe plastic deformation (SPD). This
leads to the of grain size up to
submicrocrystalline (SMC) state in the range of 0.1 - 1 micron and

action decrease
in nanostructured (NS) state - less than 0.1 microns [1,2].
However, it has been found recently, that the action of SPD
may lead to the formation of grain boundary porosity. The
appearance of ultra-fast diffusion from biological fluids on the
internal free surfaces (cracks and pores) as substitutional and
interstitial impurities is the consequence of it. The latter include
hydrogen, the accumulation of which in the pores and cracks
makes them hydrogen high-pressure vessels. The consequence of
it is hydrogen embrittlement at the grain boundaries. Possible
ways to suppress the pore and crack formation during SPD
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processing are discussed in the report. The author and colleagues
have developed and patented in the RF the technologies of SPD
nanostructuring using a combination of helical and longitudinal
rollings [3]. The information about the serial production of rods
and plates of industrial assortment of nanostructured titanium is
given. Medical implants for traumatology have been made of
such material and have appeared in Russian clinics since 2009.

In contrast to traumatologic implants operating in the body
generally not more than a year, dental implants are intended for
long-term operation (several decades) in a living organism under
conditions of cyclic loading with different amplitudes. In
connection with this one of the most important problems is the
stability of SMC and NS states in the material from which the
implant is made of. The issues of evaluation of SMC and NS states
stability according to experimental studies of the kinetics leading
to a weakening of the grain growth in annealing conditions
without loading and under the influence of cyclic loading using
the dynamo-mechanical analysis in a wide temperature range are
considered in the report. Due to the fact that the actual
experimental tests in the case under discussion should continue
10 years or more, the methods of computer simulation of the
stability of the investigated structural states are being developed.
The ways to improve the stability of nanostructures due to
nanophase titanium dispersion strengthening of NS titanium are
discussed.

Problems of improving the quality of the biomechanical
compatibility of titanium alloys with the principle of no use
harmful chemical elements for alloying for living organisms are
discussed. This ability has been realized recently by creating low-
modulus (with a modulus close to the corresponding for living
bone tissue) nickel-free titanium-based alloys.

Modern of bioactive and bioinert coatings
formation on metal implants are analyzed. The features of the

methods

method of micro-arc (in solutions of acids and alkalis with the
addition of nanocrystalline hydroxyapatite)
bioactive hydroxyapatite coatings on titanium and the effect of

formation of

such coatings on mechanical properties of implants of different
sizes are discussed. The features of the bone tissue growth at the
presence of bioactive coatings, their
osteoconductive properties are considered [4].

osteoinductive and
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One-two-and three-dimensional matrix for cell-based
technologies are prototypes of the nervous, vascular, connective,
integumentary, skeletal and other tissues. Material matrix should
have biocompatibility, lack of cytotoxicity, predictable resorption
in tissue. Meets these requirements chitosan - a product of the
partial deacetylation of chitin natural polysaccharide.

When you create tissueengineering preparations containing
cells, there is a need to not resorbable matrices, which must
provide the adhesion of cells on the surface, the intense
cell proliferation and

metabolic processes

differentiation. The material should have mechanical properties

occurring in

that allow to produce the necessary manipulations with the
matrix. To obtain not resorbable matrix was selected alcohol-
aliphatic copolyamide (SPA) - a copolymer of poly-g-caprolactam
and poligeksametilenadipinamid.

Obtained fibers, films and porous block material from
chitosan and composites based on it, and nanoparticles of
various shapes and sizes (montmorillonite, halloysite, chrysotile,
chitin). It is shown that fibers obtained by coagulation of chitosan
solution in acetic acid, characterized by a preferential orientation
along the fiber axis of the filler particles and crystallites of the
matrix, thereby increasing the elastic characteristics of composite
fibers compared to the isotropic film samples.

Investigation of chitosan fibers resorption in vivo in the
latissimus dorsal muscle of rats led to the conclusion of the

Fig. 1. Micrograph of a porous 3D matrix of chitosan

wt.% MMT

containing 5
y '\.‘

Fig. 2. Adhesion of stem cells in a matrix of nanofibers SPA
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stability structure of the fibers during the first 15 days of
exposure, intense and defragment the partial resorption of the
fibers at 20 - 25 days and complete resorption at 30 days.

Study cytotoxicity filling in the form of nanoparticles MMT
was carried out on film and block composite materials. Shown
that the
hydrosilicate matrix has no toxic effects on cells, does not

introduction of nanoparticles in the chitosan
prevent the proliferation of cells on the composite matrix.

The introduction of MMT particles in the chitosan matrix
allowed us to obtain the block matrix (sponge) with a stable
porous structure in aquatic environments (Fig. 1), which
promotes the cultivation of stem cells in the volume of the
matrix.

The method of electroforming obtained not resorbable
matrix based on nanofibers SPA. The dependencies of fiber
diameter SPA of the solution concentration, solvent type,
electroforming conditions. Shows the good adhesion of stem
cells to SPA matrices (Fig. 2).
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M.V. Lomonosov Moscow State University,
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Oocytes and embryos of the African clawed frog (Xenopus

laevis) are widely used object for studying of many

developmental mechanisms (Gurdon and Hopwood, 2000)
because of the large embryo size and simplicity of manipulation
with them. Also they are used for expression and studying of
various proteins. Intensive coordinated cell movements take
place during embryo development and they are not fully
investigated (Keller et. al., 2000). For a better understanding of
their nature it is important to establish the role of interactions
between cells, between cells and extracellular matrix, and also
roles of signaling pathways in cells. Various methods, including
microscopy, are using for such investigations. The basic method
of studying the embryo surface is scanning electron microscopy
(SEM) (Tarin, 1971; Monroy et. al., 1976), however, SEM doesn't
allow to work with living embryos. The aim of the given work was
to experimentally confirm the possibility of research of fixed and
living Xenopus laevis embryos with atomic force microscopy
(AFM). In the given work we used AFM to confirm and add the
data available in the literature about structure of the embryo
surface. The special immobilization technique was developed.
Embryos were placed and tightly held in the holes made in the
agarose layer. Living and fixed Xenopus laevis embryos were
investigated, the morphology of a cell surface at different stages
of embryo development was compared. AFM data were
compared with SEM data, both our own and taken from the
literature. Movements of cell boundaries, surface changes in real
time (figure 1) also were investigated on living samples. The
obtained results confirm possibility of use AFM for studying of
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embryos. AFM may be used as a tool to study the influence of
various drugs/bioactive compounds on the embryogenesis.
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Fig. 2 Two consecutive contact error images (~5min on each
scan) of living Xenopus laevis embryo surface (animal pole). The
microvilli and cytoskeleton rearrangements are visible. Arrows
indicate the area were microvilli disappeared at the second
image.

This work was supported by the federal target program
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A substantial literature demonstrates that the main ultrafine
particles found in ambient urban air (PM) are combustion-
derived nanoparticles (CDNP) which originate from a number of
For CDNP, three
properties appear important — surface area, organics and metals.

sources and pose a hazard to the lungs.

All of these can generate free radicals and so induce oxidative
stress and inflammation. Inflammation is a process involved in
the diseases exhibited by the individuals susceptible to the
effects of PM — development and exacerbations of airways
disease and cardiovascular disease. It is therefore possible to
implicate CDNP in the common adverse effects of increased PM.
The adverse effects of increases in PM on the cardiovascular
system are well-documented in the epidemiological literature
and, as argued above, these effects are likely to be driven by the
combustion-derived NP. The epidemiological findings can be
explained in a number of hypotheses regarding the action of NP:

1) Inflammation in the lungs caused by NP causes
atheromatous plaque development and destabilisation;

2) The inflammation in the lungs causes alteration in the
clotting status or fibrinolytic balance favouring thrombogenesis;

3) The inflammation causes stimulation of the autonomic
nervous system culminating in alterations in the heart rhythm,
leading to fatal dysrhythmia;

4) The NP themselves or metals/organics released by the
particles enter the circulation and have direct effects on the
endothelium, plaques, the clotting system or the autonomic
nervous system/heart rhythm. Environmental nanoparticles are
accidentally produced but they provide a toxicological model for
a new class of purposely ‘engineered’ NP arising from the
nanotechnology industry, whose effects are much less
understood. Bridging our toxicological knowledge between the
environmental

nanoparticles and the new engineered

nanoparticles is a considerable challenge.
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Nanotechnology has become the key research field in China.
“Outline of the National
Long- and Medium-Term Program for Scientific and Technological

In the government strategic planning

Development of China”, NANORESEARCH was listed as one of the
four priority key programs in this Outline, in the resent years,
about 50-100 million USS were invested in those programs every
year. China is one of the few pioneering countries in nanoscience
research. Chinese scientists have explored nanoscience and
technology in areas from nanomaterials, nanodevices, and
nanobiology to nano-characterization and -fabrication. China has
made a number of breakthroughs in the studies on
nanomaterials and related fundamental researches. Since 2007,
China published about 25% of total scientific paper in the world
and the number of nano-patents takes the third position in the
world.

In this paper, we will report the resent progress of metrology
and standardization of nanotechnology in China, taking an
example of the activities at National Center for Nanoscience and
China.

standardization of nanotechnology,

Technology, Due to the strong demand on the
the National
Committee for Nanotechnology, Standardization Administration
of China (SAC/TC 279) was established. This technical committee

consists of, among others, experts in metrology, material

Technical

scientists and standard administration officers. Under the strong
support of Ministry of Science and Technology, SAC/TC279 has
organized projects on nano-standard, reference nano-materials,
metrology methods and so on. Over 50 national standards of
nanotechnology have been published, and over 30 first grade and
second grade reference nano-materials were approved as
national reference materials.

This effort will strengthen the metrological capabilities of the
research facilities in public institutions as well as manufacturing
sectors in nanotechnologies. Protocols that may lead to reliable
measurement techniques are being seriously discussed in order
to speed up the standardization process. The issue of adapting

existing standards and regulations to newly evolved
nanotechnologies have been under review.
In addition to an increasing awareness in China of

nanotechnology’s potential technical application, concerns have
been raised about the potential hazard of nanomaterials to the
environment and human health. To address these concerns,
some national basic research projects on biological effects,
biomedical application and the development of new nano-drugs
of artificially produced nanostructures was initiated, along with a
number of major projects addressed for environmental and
workplace safety of nanomaterials.
The Chinese take
nanotechnology standardization activities in I1SO/TC229 and
ISO/TC201. One ISO nanotechnology standard will be published
officially by 1SO in Aug 2011, which was carried out by Chinese

scientists active parts in ISO

scientist. We will report the activities of the above mentioned
topics.
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Superparamagnetic iron oxide nanoparticles (SPION) have
many applications in molecular and cell biology, such as
detection and separation of biological objects. High values of
magnetic saturation allow using SPION as an MRI contrast for
visualization of pathological process which is highly important for
early tumor diagnostics. However colloidal solutions of pure iron
nanoparticles are unstable, oxidized by air oxygen, therefore iron
oxide Fes04 or y-Fe;0s, which have similar magnetic properties
are used. Due to low stability of colloidal iron oxide nanoparticles
solution in water they are usually stabilized with coating agents
for aggregation prevention. These coating agents should be
stable under physiological conditions, possess low toxicity and
biocompatibility. The aim of the study was to obtain stable water
colloidal solution of iron oxide nanoparticles, coated with
biocompatible polymers and investigate their physical and
chemical properties. Synthesis of nanoparticles was made from
thermally unstable metallorganic compounds of iron in organic
solvents. The size of obtained nanocrystallswas determined by
transmission electron microscopy and was 123 nm. As
biodegradable coating agents block-copolymers of polyaspartic
acid and polyglutamic acid with polyetheleneglycol and bovine
serum albuminwere used. Size and Z-potential of nanoparticles
were varied from 30 to 60 nm and from 25 to 45 mV respectivly,
depending on type of coating. MTT-assay showed no significant
cytotoxicity on cell cultures at concentrations of iron up to 100
ug/ml. T2 relaxivity of obtained colloidal solutions was 7000
ml/(mg/s?). BSA coated nanoparticles were conjugated with an
antibodies to brain tumor specific antigen connexin 43. Specific
interactions of vectorized nanoparticles with glioma C6 cell line
was shown (Picture 1). Taken together these data confirm that
biocompatible iron oxide nanoparticles, with low cytotoxicity,
and high affinity to brain tumor cells suitable as an MRI contrast
agent were obtained.

162

Picture 1. Immunoflourescent analysis of iron oxide nanoparticles
conjugated with monoclonal anti-Cx43 antibodies (A) and with
non-specific mouse immunoglobulin (B) on fixed glioma C6 cell
line. Magnification x1000, oil immersion.

CATALASE NANOPARTICLES

FOR BIOMEDICAL APPLICATIONS
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“Lomonosov MSU, Department of Chemistry
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Diseases of the central nervous system (CNS) accompanied
by the activation of microglial cells, which leads to the release of
reactive oxygen species (ROS) that damage the neurons [1]. The
introduction of the antioxidant enzymes may help reduce the
toxic effect of ROS. Catalase is part of the antioxidant defense
system of cells. It catalyzes the oxidation of hydrogen peroxide to
water and molecular oxygen. For the treatment of CNS diseases
antioxidant enzymes should be resistant to proteolysis and able
to overcome the blood-brain barrier. A possible solution is to
modify the catalase to the subsequent intravenous injection of
[2]. The most simple and cheap way of covalent cross-linking of
several molecules of catalase with glutaraldehyde (GA) has been
chosen [3]. The aim of this work was to obtain the active units of
catalase using GA.

Optimal conditions for modification of catalase as a function
of pH, the molar ratio of reagents and incubation time were
established. According to the study of enzyme activity and size
distribution of units optimal modification of catalase occurred for
3 days at pH 6 and the molar ratio of enzyme: GA 1:1000.
Obtained catalase nanoparticles were 30 to 40 nm in size (in
comparison, the size of the native catalase was about 9nm).
Important, even after 3 days of incubation at pH 6.0 the loss of
enzyme activity not exceeded 50%. According to gel-
chromatography on Sephadex G-200 aggregates of 40 nm
retained 50% of the initial activity, and aggregates of larger size
lost activity. Preservation of catalase activity in 10°M solution of
trypsin was investigated. Whereas initial catalase lost about 80%
of enzyme activity, modified catalase lost about 50 % of enzyme
activity after 3 h of incubation in the presence of trypsin.

Thus, active and stable to proteolysis catalase nanoparticles
of 30-40 nm in size were obtained, giving perspectives to
overcome the blood-brain barrier and deliver the enzyme in the
CNS.
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Molsidomine is sydnonimine drug possessing anticoagulating
and antiaggregative effects that is used clinically for therapy of
vascular diseases. However optimal using of the drug is difficult
due to some factors such as unsatisfactory pharmokinetics, dose
problem, instability to irradiation. Immobilization of bioactive
molecules (in particular drugs) in inorganic matrix is one of the
ways to increase their stability and improve the drug functional
properties [1-4]. Nanoporous (mesiporous) silica materials are
widely proposed as such matrix [1,2,4-5]. This is connected with
a series of silica properties which are necessary to solve the
mentioned above problems (biological and toxicological
inertness, structural and thermal stability, high adsorption ability,
possibility of easy surface modification and varying of particle
size). That is why mesoporous silica was chosen for
immobilization of molsidomine .

The present study is the first stage of development of
delivery nanosystem for molsidomine. At this stage it is necessary
to elucidate the silica materials which are able efficiently to bind
the drug. For this purpose unmodified mesoporous silica was
synthesized by sol gel method.

Molsidomine (N-ethoxycarbonyl)-3-(4-morpholinosidnonimine) )
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containing plane heterocycle is mesoionic compound with
aromatic properties. Therefore mesoporous silica material
modified phenyl groups was also synthesized by co-condensation
of tetraethoxysilane with 3-phenyltrimethoxysilane using glucose
as template and without the template. Introduction of the
functional groups on the silica surface was confirmed by FTIR
spectroscopy and element analysis method. Surface physical
parameters of the synthesized materials were determined on the
basis of N, adsorption/desorption method.

Immobilization of molsidomine onto surfaces of the
unmodified and the phenylmodified silica was carried out by
adsorption of the drug from solution (pH 7.4). Amount of
adsorbed drug was determined as difference between its content
in solution before and after adsorption using UV-spectroscopy.
Comparison of the obtained adsorption isotherms allows to make
conclusion about adsorption ability of the synthesized materials
in relation to molsidomine. Nature of interactions responsible for
the adsorption of molsidomine as well as perspective of
application of the synthesized materials as carriers for
molsidomine is discussed.
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Interferon-y (IFNy) is a pluripotential immunomodulator
exhibiting antitumor and antiinfection activity as well. Today, a
single formulation approved for clinical use is IFNy for injections
used in the treatment of chronic granulematosis. Efficient and
highly desirable therapeutic application of IFNy is limited by its
high hydrophilicity resulting in low bioavailability of the protein.

Earlier, we used a genetic construct consisting of parts
of the genes coding for IFNy and surfactant C protein (SpC) to
produce a recombinant IFN-SpC fuse protein. The notable a-helix
of the SpC part of the chimeric protein comprises 10 valine
residues. In order to confirm that IFNy preserves its activity
within the fuse protein while SpC moiety is enough to anchor the
protein molecule in the hydrophobic membrane, liposomes (L)
loaded with IFN-SpC were prepared (Fig. 1)

Fig. 1. Scheme of a liposome loaded with the fuse protein in
the lipid bilayer: hydrophobic SpC fragment spans the membrane
while hydrophilic IFNy is exposed toward the aqueous phase.

Protein hydrophobization together with encapsulation into a
nano-size carrier is to promote the protein penetration from the
airway surface through the surfactant layer down to the immune
cells residing in the epithelium.

The efficiency of the fuse protein incorporation into
liposomal membrane was studied using model fluorescently
labeled liposomes ~100 nm in diameter. Liposomes were
prepared from egg phosphatidylcholine (PC)—BODIPY-PC, 9.99 :
0.01 (1 mg/mL total lipid) by standard extrusion technique. In
brief, lipid film was obtained from chloroform solutions of the
lipids hydrated with PBS. The resulting suspension was subjected
to 6 freezing/thawing cycles (N, jii/+402C) and then extruded
through 100-nm pore membrane filters using an Avanti Mini
extruder (Avanti Polar Lipids Inc, the US). IFN-SpC (2 nmol) was
added (a) at the stage of lipid film hydration or (b) to the freshly
prepared liposomes (2-h co-incubation at 372C). The resulting
IFN-SpC-L suspensions were fractionated by gel chromatography
on a sephadex G-75 column. Liposome elution was monitored by
BODIPY-PC fluorescence while IFN-SpC content in fractions was
determined by Trp fluorescence as well as with Lowry procedure.
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The fuse protein was shown to incorporate completely into the
liposomalmembrane(Fig.2).
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Fig. 2. Gel chromatography of the model liposomes. Red line —
IFN-SpC-L sample, protein detection according to Lowry, green
line — BODIPY-PC, fluorescence detection (Aex 480 nm, Aem 505
nm), black dashed line — free IFN-SpC protein, Lowry detection

Native structure of IFNy fragment was confirmed in an ELISA
assay performed with polyclonal antibodies against full-size
human IFNy in Pierce HisGrab copper-covered plates (Thermo
Scientific). Both IFN-SpC and IFN-SpC-L samples bound the
antibodies evidencing that IFNy fragment of the fuse protein is
exposed on the surface of liposomes and capable to exert its
biological activity.

Therefore, liposomal IFN-SpC fuse protein is a feasible
pharmaceutical formulation.
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Modern biocompatible materials, used in acetabular cups for
hip-joint implants, must have high impact strength, wear-
resistance and corrosion resistance. Ultrahigh molecular weight
polyethylene (UHMWPE) is used in joint replacement prostheses
because of its excellent properties of bio-compatibility, chemical
stability, and and low friction coefficient. For better properties
UHMWPE can be filled with inorganic particles. According to this
fact ultrafine and nanopowders are of special interest.

UHMWPE powder (2 million g/mol) was used as a polymer
matrix. As a reinforcing phase was used nano-Al203 particles.
The first stage of the process of polymer composite obtaining
was mechanoactivation of UHMWPE powder and alumina in
different ratios. Optimal milling time was defined according to
required morphology of alumina particles. The next stage was
thermo-pressing of obtained mixed powder. Obtained
composites were investigated using scanning electron
microscopy, X-ray diffraction analysis and IR-spectroscopy
analysis. Influence of concentration and form of alumina on
physical-mechanical (impact and tensile strength) and tribological
(friction coefficient and wear) properties of compacted samples
were investigated.

Increasing of ultimate stress limit and modulus of elongation
was achieved by filing UHMWPE with alumina particles.
Reinforcing of the alumina-filled composite after mechanical
activation is due to bonding on UHMWPE-alumina particles
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interface. Destruction of UHMWPE and other amorphous-
crystalline polymers is realized by spreading microcracks.
Ceramic particles stop this spreading, that brings about
increasing extension strain. Due to this fact impact elasticity
increases.

Medical and toxicological research with test animals show,
that haemolysis intensity, organ-somatical coefficient and
cytotoxicity are normal.

As a result of the investigation it was shown that UHMWPE-
based composites filled by ceramic particles with better physical-
mechanical properties can be obtained by mechanical activation
and thermopressing, and can be used as a biocompatible
material for acetabular cups.

References

1. AHgpeeBa W.H., Becenosckaa E.B., Hanusaitko E.U.,
MNeueHknH A.A., byxrantep B.W., Monakos A.B.m ap.
CBepXBbICOKOMO/IEKYNAPHbIN NonnaTUAEH BbICOKOW
NAOTHOCTU. - J1.: Xumusa, 1982. - 80 c.

2. NanwuH C.B., MaHuH B.E., OBeykuH b.b., MatpenuH C.B.,
CrenaHoBsa W.B., KoHgpatiok A.A., Kosanb E.O. Bananue
HaHOCTPYKTYPHbIX HaNONHWUTENIEN Ha CTPYKTYpPY M CBOMCTBA
rasonjiaMeHHbIX NOKpPbITUM Ha ocHoBe
CBEPXBbICOKOMOJIEKYNIAPHOrO MoaunatuneHa. Pusmuyeckas
me3omexaHuKa. 2006. -T. 9. CneumanbHbIl Bbinyck. C. 141-
144

3.  KanowkuH C.A. YepapiHues B.B., Cyamapumkos B.A.,
[opodees A.A., JaHunos B.A., MoukmHa W.B., HOpbeBa
H.B. CBoicTBa MeXaHOAKTMBMPOBAHHOINO KOMMO3UTa Ha
ocHoBe CBEpPXBbICOKOMOJIEKYNIAPHOTO noanaTUNeHa,
HanosiHeHHoro 6poH30BoM nyapoi / MatepuanosesgeHue.
2008. Ne 11. C. 20-26.

4.  MakeumkuH A. B., Kanowkun C. ., YepabiHues B. B.,
Eprun K. C. BavaHMe mexaHOaKTMBALMOHHON 0b6paboTku
Ha ¢a30Bbli COCTaB W  MexaHW4yeckue CBOMICTBA
CBEPXBbICOKOMOJIEKYIAPHOTrO nonnaTuaeHa //
[edopmauma n paspyweHue matepuanos. 2010. Ne 12. C.
10-14.

5. ®.C. CeHatos, C.A. KanowkuH, B.B. YepabiHues, [A.B.
Ky3HeuoB “UccnepoBarme GU3NKO-MEXaHUYECKUX CBOWCTB

KOMMO3ULMOHHOIO maTepuana Ha ocHoBe
CBEpPXBbICOKOMO/IEKYNAPHOTO nosnaTuNEHa,
HaNOMHEHHOro Kepamnyeckmmm Yyactuuamu”
//Oedopmauua n paspyweHue matepuanos. 2011. Ne3.
C.33-39

PRODUCTION OF INCAPSULATED
NANOMATERIALS BY SPRAY-PYROLYSIS
Belosludtsev A.P. Lysov D.V., Yudin A.G.

National University of Science and Technology “MISIS”,
119049, Moscow, Leninskiy pr. 4; E-
mail:student2512@rambler.ru

P6

Important task for medical applications is to synthesize
particles with specified sizes and the required shape. These
parameters determine many properties of the material. Despite
the large arsenal of drugs used in medicine, one of the biggest
problems is their direct delivery to increase the effeciency of
treatment. By using a spray-pyrolysis particles of different
morphology  (spherical, toroidal, porous, hollow and
encapsulated) can be produced which can serve as carriers of
drugs. Introduction of new approaches of targeted delivery will
improve the quality of life for patients and increase efficiency.
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The main advantages of this technology (method of
ultrasonic aerosol pyrolysis of solutions of organic salts) are
possibility to produce non-aggregated nanopowders in one stage,
high effeciency and high quality of nanomaterials. In this work an
experimental setup and synthesized nanopowders of oxides of
nickel and aluminum oxides were created. These materials were
tested by means of X-ray diffraction, electron microscopy,
thermogravimetry, and low-temperature nitrogen adsorption. It
is possible to regulate properties of produced nano-oxides, and
to synthesize complex multicomponent oxide systems. By
changing the parameters of the experiment we can adjust the
size and thickness of the walls of received capsules. For example,
hollow particles can be used for drug delivery. While spherical
dense particles, which can be obtained by the same method by
changing the number of parameters, serve as an excellent filler,
reinforcing materials for implants.

o 2) I

Fig 1. Image of hollow particle NiO TEM (a), SEM (b)
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DERIVATIVE WITH BIOLOGICAL MEMBRANES
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Nanobiosafety is a new trend in nanotechnology. Studing of
the interaction with organisms, identification of safe doses and
the prediction of properties of nanoparticles are the problems of
nanobiosafety. Fullerenes are widely used now in the production
of new materials and drugs, and show high level of the
cytotoxicity. However, the mechanisms by which these
nanoparticles penetrate cells, are not clear yet.

In this work the classical methods of computer simulation
were used to study the interaction between the fullerene and it’s
derivative with biological membranes of pro- and eukaryotic
cells.

Figure 1.The penetration of the fullerene cluster in the

membrane

The equilibrium dynamics of penetration and accumulation
of the fullerenes in lipid bilayers were studied. Fullerene has a
greater tendency to accumulate in the eukaryotic membrane,
rather than in the membrane of prokaryotes. After the
penetration of the fullerene in the membrane "micropore",
formed by the heads of lipids, has a lifetime of about 20
ps. Inside of the eukaryotic membrane, the fullerene is located at
a distance of about 1 nm from the center of the membrane. In an
aqueous environment around the threemalonatefullerene
hydrate shell of about 40 water molecules is formed, it prevents
its penetration into the membrane.
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Physical and chemical properties of dispersed systems strongly
depend from the kind of functional groups are being on the surface,
that’s why the development of drugs based on nanoparticles takes
the effective methods of surface functionalization. The greatest
interest is the so-called covalent functionalization providing the
strongest bond with the surface functional groups. Typically, in each
case the separate methods are adapted or developed taking into
account the specific properties of the given nanomaterial.

In our work we have used the iron nanoparticles encapsulated in
carbon (Fe@C) obtained by gas-phase method [1]. The most
common and affordable method of surface functionalization of
nanomaterials is an oxidative etching in nitric acid or in its mixtures
with sulfuric acid as a result of this treatment the surface carboxyl
group are formed [2]. In the process of research it was shown that
such procedure in this case is inadmissible because of the low yield of
the final product. Besides one cannot be applied the techniques
related to the oxidation in the gas phase due to uncontrolled
processes that can lead to spontaneous combustion.

To our opinion the most promising way for further development
could be a method based on the functionalization of the surface
during the decomposition arildiazonium compounds [3-4].

For functionalization of the surface by the amino and carboxy-
groups the p-nitroaniline and p-aminobenzoic acid have been used
respectively. In the case of p-nitroaniline the obtained
nanocomposite was further subjected to recovering aimed to
convert nitro groups into amino groups. Before the functionalization
of surface stage, the aromatic amine derivative was subjected to
diazotization quantitatively at low temperature (not above 5 2 C).
After that, the Fe@C nanoparticles put in the system which was
subjected to heating and ultrasonic treatment for at least 15
minutes. Further the stage of purification and isolation of
functionalized nanocomposite are performed. The results of surface
studies by infrared spectroscopy are in good agreement with
published data.

Thus, the proposed scheme is much more effective since it
excludes, for instance, the stages of allocation arildiazonium salts and
allowing controlling the completeness of the diazotization processes.

We are acknowledged to RFBR for financial support (Grant Ne
10-02-00323a).

165


mailto:byzov@imp.uran.ru

N 5

References

1. E. Ermakov, M. A. Uimin, et al., The Synthesis, Structure,
and Properties of Carbon-Containing Nanocomposites Based on
Nickel, Palladium, and Iron. Russian Journal of Physical Chemistry A,
2009, Vol. 83, No. 7, pp. 1187-1193.

2. Arthur Taylor, et al, Functionalization of carbon
encapsulated iron nanoparticles. J Nanopart Res (2010) 12:513-519.

3. Robert N. Grass, Evagelos K. Athanassiou, and Wendelin J.
Stark, Covalently Functionalized Cobalt Nanoparticles as a Platform
for Magnetic Separations in Organic Synthesis. Angew. Chem. Int. Ed.
2007, 46,4909 —4912.

4, P. S. Postnikov, M. E. Trusova, T. A. Fedushchak, M. A.
Uimin, A. E. Ermakov, V. D. Filimonov. Aryldiazonium Tosylates as
New Efficient Agents for Covalent Grafting of Aromatic Groups on
Carbon Coatings of Metal Nanoparticles. Nanotechnologies in Russia,
2010, Vol. 5, Nos. 7-8, pp. 446—449.

PO
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Single-walled carbon nanotubes (SWNTs) are very promising
in medical applications such as targeted delivery of medicines
and cancer therapy. Hence, studies on biocompatibility of
SWNTs, mechanisms for their biodegradation and elimination
from the body are of great importance and must precede
medical uses. It was shown previously that myeloperoxidase
(MPO), an enzyme that is secreted by activated neutrophils and
plays an important role in the non-specific immune response, can
efficiently break down SWNTs in the model system containing
isolated MPO and in neutrophil suspension [Kagan et al. Nat.
Nanotechnol. 2010]. In the present work, we compared various
MPO-derived oxidants in respect of their ability to degrade
SWNTs as well as we studied the effect of SWNTs on neutrophils.
Two types of SWNTs — carboxylated SWNT and SWNT covalently
functionalized with polyethylene glycol — were used. The pattern
of their biodegradation and effects on neutrophils appeared to
be alike.

To elucidate the potential of each oxidant, we employed
different peroxidases, namely, horseradish peroxidase (HRP),
MPO, lactoperoxidase (LPO), and hemoglobin, under different
experimental conditions. MPO and LPO can, in addition to
peroxidase activity, synthesize hypohalites. Hemoglobin, a heme-
containing protein, can exhibit peroxidase activity, but it is easily
autooxidized and loses heme in the presence of hydrogen
peroxide. Our study showed that peroxidases caused no
significant degradation of SWNTs. Thus, neither active
intermediate forms of peroxidase nor free radicals formed in the
peroxidase cycle can act as efficient oxidizers of SWNTs. On the
contrary, hypohalites, whether enzymatically produced or added
as reagents, were high effective in oxidizing SWNTs. Thus, the
ability of MPO to synthesize hypochlorite and the ability of LPO
to synthesize hypobromite make for higher efficacy of these
enzymes in biodegrading SWNTs. Degradation of SWNTs was also
shown to proceed in the model system containing isolated
hemoglobin, apparently due to reactive oxygen species formed in
the reactions with the participation of free heme or free
ferrous/ferric ions, which are generated as a result of

166

hemoglobin autooxidation. However, the presence of antioxidant
systems will prevent the appearance of free heme and free iron
ions in vivo in the amount needed to degrade resistant structures
such as SWNTs. In line with this assumption, no degradation of
SWNTs was observed in the presence of diluted blood plasma (15
vol %), when hemoglobin and hydrogen peroxide were added
repeatedly even at high concentrations.

Neutrophils are blood cells that play a key role in the defense
against alien agents and are the major source for MPO and,
hence, for hypochlorite at sites of inflammation. SWNTs by
themselves caused no significant neutrophil activation as
evidenced by a low level of hypochlorite measured in the cell
suspension upon incubation with SWNTs. However, neutrophil
activation with opsonized zymosan, a phagocytic stimulus, was
enhanced in the presence of SWNTs, the effect being dose-
dependent. When SWNTs enter the blood, they may interact
with proteins and cells. We performed a morphological study of
cells in the whole-blood samples supplemented with SWNTs at
doses comparable to those used in in vivo experiments. The
results showed that SWNTs caused morpho-functional
modifications of neutrophils and, to a lesser extent, of
monocytes in a dose-dependent manner. Red blood cells were
not affected. Morphological changes typical of activated
neutrophils were already observed after 1 h of incubation of
blood with SWNTs. After 3 h, such changes were present in
25-40 % of neutrophils. Based on our results, we suggest that
MPO-mediated biodegradation of carbon nanotubes could occur
at sites of inflammation and inside phagosomes, i.e. in such
places where high levels of MPO (0.5-2 mM), active NADPH-
oxidase and acidic pH can give high and stable concentrations of
hypochlorite. In our experiments, hypochlorite added at high
concentrations to SWNTs was shown to cause a significant
decrease of nanotube amount and lengths even in the presence
of diluted blood plasma.

Thus, our studies demonstrate that hypochlorite is a main
oxidant that is capable to modify and degrade carbon nanotubes
in vivo.

The work was supported by the grant No. 09-04-01043a from
the Russian Foundation for Basic Research.
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Necessity of obtaining materials that could closely resemble
by structure and physicochemical properties to human hard
tissue are mainly determined by compatibility problems between
characteristics of individual bone tissue and synthetic material.
The most perspective material for orthopedic tasks solution of
implants and cements integration with natural bone tissue are
nanocrystalline hydroxyapatite (HAP) (Caio(PO4)s(OH)2). In this
work HAP was synthesized by precipitation technique with the
use of calcium natural source — hen’s eggshell. Comparing of
synthesized material with human enamel and dentin were
carried out as well. Eggshell consists of organic component:
several interlaced layers of protein fibers and calcite — CaCOs. For
HAP synthesis eggshell were washed and annealed at 950° C for
CaO formation and also to remove organic component. HAP
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samples were obtained by chemical deposition technique at
room temperature: calcium hydroxide Ca(OH), was titrated with
a solution of orthophosphoric acid H3PO,4 (0,6 M).

After filtration drying and anneal HAP samples were
investigated by X-ray diffraction (XRD) (DRON-4, Co Ka1,2; 1,7903
A), Fourier-transform infrared (FT-IR) spectroscopy (VERTEX V-
70, BRUKER) and SEM techniques (JSM-6380LV JEOL/Inca-250).

X-ray diffraction has shown that synthesized material have
the one phase of hydroxyapatite. Comparison between
microcrystalline HAP and the material that was synthesized in
this work (Figure 1, curvel, 2) shows significant broadening of
synthesized hydroxyapatite diffractions peaks of the latter
material. The crystallite size of the obtained HAP powder
granules was calculated using Scherer’s equation and gives
average sizes of about 30 nm.
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Fig. 1 XRD and IR of microcrystalline (1) and synthesized (2)
HAP

Outer and inner side of tooth enamel slice are correspond to
hydroxyapatite with different structural organization. Synthetic
material HAP has better similarity with inner side of tooth slice,
which consist of HAPs nanocrystals with average size ~ 15 nm.

The outer side of the tooth enamel slice has well expressed
texture where the structure element of HAP - hexagonal prisms
have parallel orientation through [001] crystallographic direction.

In the IR spectra of tooth enamel slice behind the basic
vibration mode of HAP there are modes of CO — amide group,
CH, and OH in the area 2840, 2910 u 2370 cm™ respectively of
organic component - collagen (Fig 2).

Comparison of synthetic and biogenetic HAP properties is the
confirmation for one of the most prospective application of
synthetic HAP in medicine, e.g. for adhesion properties
improvement of tooth cements.
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Fig. 2 XRD and IR companson of outer and inner tooth part —
1,3 and synthesized HAP -2

P 12 THE SIMPLE AND EFFECTIVE METHOD FOR
OBTAINING OF NANOPARTICLES OF
CONDENSED DNA AND RNA
Danilevich V.N.}, Vasilenko E.A.}, Pechnikova E.V.?
! shemyakin and Ovchinnikov Institute of Bioorganic
Chemistry, RAS, 117997,

Miklukho-Maklaya str., 16/10, Moscow, Russia
E-mail: dan@ibch.ru
2 Shubnikov Institute of Crystallography, RAS,
Moscow, Russia

DNA condensation in vitro is a good model for investigation
of the mechanisms of DNA  condensation in live systems.
Condensation of double-stranded DNA in vitro at room
temperature may be induced by various ligands, in particular,
polyamines (spermine, spermidine) [1] or cations of three_valent
metals, for example, by cobalt-hexamine [2, 3]. We have
previously described the phenomenon of condensed DNA (micro-
and nanoparticles) formation during polymerase chain reaction
(PCR) [4-7]. Micro- and nanoparticles are formed during the
latest stages of PCR using gene-specific or incompletely
complementary  oligonucleotide primers with different
templates. The microparticles of condensed DNA formed during
PCR possess a number of characteristic features, in particular,
unique morphology and ultrastructural organization. Their size
varies from 0,5 to 10 um and depends on the template (genomic
DNA or plasmid DNA), as well as on the type of thermostable
DNA polymerase (Tag- or KlenTag-polymerase) used in PCR.

Along with electron-dense microparticles in PCR mixtures,
several types of DNA nanoparticles such as filaments
(nanowires), compact nanoparticles of different size and ultra
thin disks (ellipsoids) several um in diameter were revealed by
electron microscopy. These nanoparticles potentially may be
used in medicine and in nanobiothechlogies. Especially compact
spherical nanoparticles up to 100 -200 nm in size are of grate
interest for genetic therapy, they can be used as carriers of
genetic material in human cells. Unfortunately, nanoscale
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particles occur, as a rule, much more seldom than microspheres
(usually their share is no greater than 1%).

The goal of the present work was to develop the simple,
effective and no expensive method for manufacturing of
nanoparticles of pure DNA and RNA which may be used in
biotechnologies and in medicine. We showed that simple thermo
cycling — numerous cycles of denaturation-renaturation of the
DNA/RNA solutions in the presence of some ligands, led to the
transition of nucleic acids in the condensed state.

At the first step we studied the properties of the supercoiled
plasmid DNA in the course of thermo cycling procedure in the
presence of some cations. It was found that after 10 or 20
thermal cycles the plasmid DNA in many cases converts to
undissolved condensates. Using electron microscopy it was
revealed that condensates obtained consist of aggregated DNA.
In the some time in condensates obtained in the presence of
special ligand we observed compact electron-dense
nanoparticles of spherical or ellipsoidal form, their size was in
range from 100 to 200 nm.

At the second stage the possibilities for obtaining of
nanoparticles using different fractions of RNA were studied. The
water solutions of tRNA (Serva, USA) and total RNA from E.coli
were used in these experiments. As a result we found conditions
for conversion of RNA samples to condensed state. Using
electron microscope thechnique the morphology and sizes of
RNA nanoparticles formed in thermo cycling experiments were
determined.

Thus, we developed the simple and rapid method for
conversion of circular DNA and linear RNA molecules in compact
nanoparticles of high density. At present time we plane to
investigate the molecular mechanism of DNA/RNA nanoparticles
formation.
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Liposomes are of great interest to biotechnology as
biocompatible carriers for targeted delivery of drugs. To analyze
the structure of liposomes and their complexes with various
ligands in the present study, the method of infrared spectroscopy
was applied. This method is highly informative and allows to
analyze heterogeneous opaque suspensions, which are
liposomes.

Interaction of liposomes with a ligand in this study was
investigated in the case of mixed anionic liposomes on the basis
of dipalmitoylphosphatidylcholine (DPPC) and cardiolipin (CL)
with a model polycation - alkylated poly-N-ethyl-4-vinylpyridine
bromide (HDPE). Depending on the composition, liposomes can
be in liquid crystal display (LCD) or a gel phase. Given two states
of aggregation should expect two different types of interactions
with the polycation (PC).

In this paper, by infrared spectroscopy was studied by
changing the status of the microenvironment and the functional
groups of lipid bilayers at the phase transition of gel in the LCD
condition. It was found that the melting of liposomes observed
increase in mobility in the hydrophobic part of bilayer, as
indicated by the high-frequency shifts of the absorption bands of
the acyl chains. A low-frequency shift of the absorption band of
the carbonyl group of lipids, indicating increased hydration of the
group during melting, is due to the formation of less compact
packing of the bilayer.

From the analysis of the frequencies of stretching vibrations
in IR spectra that the formation of complexes of anionic
liposomes with HDPE, a polycation primarily interacts at the
surface of the bilayer phosphate groups of cardiolipin, as carriers
of negative charge, as well as carbonyl groups, as follows from
the high-frequency shifts of stretching vibrations vas (PO,’) and v
(C=0), observed in the IR spectra of liposomes.

It was found that the interaction with the hydrophobic
domain of the PC lipid bilayer of liposomes is different for the
LCD and the liposomes in the gel phase. The interaction of HDPE
with liposomes in the gel state, polycation influences the state of
the hydrocarbon chains in the bilayer, which may be associated
with the formation of defects in the bilayer interaction with PE.

The interaction of the polycation with LCD liposomes, HDPE
does not affect the microenvironment and mobility of acyl chains
in the bilayer, due to the uniform adsorption of polymer
molecules on the surface of the bilayer. This is possible due to
lateral segregation and the flip-flop effect of cardiolipin
molecules: as a result of complex formation involving all groups
of negatively charged lipids.

Thus, in this study by infrared spectroscopy has been directly
demonstrated the formation of the complex electrostatic nature
of the polycation liposomes. Identified major binding sites of the
polymer molecules with phospholipid bilayers. Found structural
differences between complexes formed with liposomes HDPE in
LCD and gel phase.
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Modern poultry farming is based on use of highly productive
rases of a bird which demand special conditions of the
maintenance and feeding. The expenses for forages and for
balancing of diets on nutritiousness and fodder additives are the
key factors defining of production efficiency. Now branches of
poultry farming and manufacture of forages for a bird show
steady growth. The decisions promoting reduction in price of
diets for highly productive farming animals without loss of quality
are actual. Application of microelements in premixes is one of
decisions. Therefore development of new forms of
microelements for premixes is actual.

Elements (metals and nonmetals) in nano-form have
considerably smaller toxicity and don't collect in an organism.
They are acquired as microelements in the process of a
metabolism. Active components of biological preparations in a
kind nano-metals represent a complex of microelements which
owing to the high superficial activity, getting ability in a cage can
actively influence an endocellular metabolism, stimulating course
of various processes. Nano-objects show other biology. It leads to
so-called dimensional effects - to new behavior of substances
depending on the size of particles.

The way of reception of nano-materials has been developed.
Metals in nano-form produce nonequilibrium self-optimizing
method, based on low-temperature hydrogen restoration is
artificial the prepared raw materials. Physical and chemical
processes of formation of nanostructures and nano-particles are
studied. Are as a result received disperse nanoparticles of a-iron
with the average size about 15-18 nanometers. The specific
surface area of nanoparticles of iron was not more low 50 m2/g.

The vital issue connected with creation of technological
forms of preparations on the basis of nanomaterials, is solved by
team of BIOTROPH Ltd. The problem consists in loss of activity of
nanomaterials at their input in technological processes of
preparation of mixed fodders, premixes and fodder additives.
There is an infringement of structure of complexes of
nanoparticles, their aggregation. Useful properties of
microelements which are shown only are thus lost when
molecules of microelements are collected in nanocomplexes. The
team of BIOTROPH Ltd. has developed the original carrier for
metals on the basis of plant materials which allows to keep
structure and properties of nanoparticles.

Tests of a fodder additive basis for an nano-iron are spent in
the conditions of a vivarium GUP “Zagorskoe” on chickens-
broilers of race “Kobb Avian 48”. For carrying out of experience
in daily age 5 groups of chickens on 35 broilers in everyone have
been generated. Cultivation of chickens-broilers spent from a
daily allowance to 35-day age in cellular batteries Big Dutchman.
Technological parameters of cultivation of broilers corresponded
to recommendations about work with “Kobb Avian 48”. Feeding
of chickens carried out dry mixed fodders in plenty.

The withdrawal of a bird during experience hasn't been
connected with fodder factors. All experimental groups of
chickens surpassed the control in live weight But authentically

above ( P £0,05) it was at chickens of 3 and 4 groups (P< 0,05). In
comparison with control in these groups of an expense of a
forage on 1 kg of a gain of live weight were more lowon 1,2 - 0,6
and 2,4% accordingly. The blood analysis testifies that all
indicators were within physiological norm. Indicators of a
chemical compound of chest and foot muscles and a liver of
broilers and the maintenance of amino acids in chest and foot
muscles testify that they were in limits of physiological norm and
had no distinctions between skilled groups and control.

It is authentically established that nanomaterials at 10-50
time are less toxic, rather than chemical compounds nowadays
applied in agricultural production. The conducted researches give
all grounds to believe that application of fodder additives on the
basis of nanomicroelements is actual for the fodder industry and
poultry farming. As a result of the further researches of the
project it is planned to develop the optimized method of
reception of fodder additives of new generation on the basis of
nanomicroelements. As a part of a complex fodder additive
nano-iron, nano-selenium, etc. in various combinations and
quantities depending on requirements of the end user will enter.

This work was supported by RFBR (grant N 09-08-12039-ofi-m).
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Nanomaterials are perspective matter for application in
biology and medicine due to its unique properties. It is important
to understand about the process of their interaction with the
cells. The contact of nanoparticles with biological membranes
often leads to capture these particles into cells by means of a
number of mechanisms - receptor-mediated or non-receptor [1].
If the nanoparticles (NP) have the molecular structures on the
surface which can bind to specific antigens or receptors on cells
[2], then the receptor-mediated mechanism of interaction will
act. Otherwise, the particle penetrates into the cell by
endocytosis. The aim of this work was to study the interaction of
NP (gold, silver) with the cells. We used the atomic force
microscopy (AFM) as a method of this process monitoring as this
method allows to visualize the cell surface with high resolution.

Materials and methods. The interaction of gold
nanoparticles with cell culture line K562 (human chronic
leukemia) was investigated. These tumor cells are often used as
targets for NP. To study the effects of silver nanoparticles on
suspension of human lymphocytes released from peripheral
blood were used. Spherical gold nanoparticles were 30 nm in
diameter. In order to study the various processes of binding with
NP cells (specific and nonspecific) were incubated 30 minutes
with gold NP at 37°C (simulation of physiological binding) and
with NP with monoclonal antibodies at 4°C (to prevent the
physiological processes). After that cells were washed twice and
fixed with the paraformaldehyde solution (10%).

The study of morphology of biological cells was performed
using a specialized experimental complex, combining the
functions of scanning probe (AFM NT-206, «Microtestmachines»
Co, Belarus) and optical microscopy in contact mode with the tip
CSC38 («MikroMasch» Co., Estonia, 0.03 N/ m).
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Results and discussion. It was determine that when we used
NP with monoclonal antibodies the formations on the surface of
the membrane comparable with NP size were emerged (Fig. 1. a,
b). This is possible in the case of an immunological binding. AFM
can not only establish the fact of interaction, but also to
determine the number of particles fit to the cell area, and also
the presence of aggregates of NP. When NP without antibodies
were used the heterogeneity of the membrane surface took
place. It can be assumed that these changes are due to the
process of particle interaction with the cell (the penetration of
gold into the cell) (Fig. 1. c).

Thus, atomic force microscopy allows to visualize the
interaction of nanoparticles with cells, and also to monitor the
changes in the structure of cell membranes caused by this
interaction. In addition, this method makes it possible to obtain
the information about the distribution of nanoparticles on the
cell surface and about the degree of NP aggregation. However, in
the case of particles penetration into the cell we should use the
other research methods.

Figure 1 - AFM image of the surface of the tumor cell
membrane (line K 562):

a - control, b - after incubation at 4° C with gold NP; c - after
incubation at 37 ° C with gold NP
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Therapeutic gene delivery with non-viral vectors, including
polymer-based particles is one of the most perspective gene
therapy approaches. Specificity and high transfection efficacy of
nano-sized polycation/DNA complexes (or “polyplexes”) are very
important for DNA delivery into target cells. Modification of
polyplexes with specific ligand to receptors on the target cell
surface may be effective approach for gene delivery improvment.
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In this study we investigated influence of the ligand
attachment to polyplexes based on polyethylenimine (PEI) block-
copolymer with polyethylenglycol (PEG) on specificity and
transfection efficacy of target cells in vitro and in vivo conditions.
Synthetic peptide MK1C was chosen as a ligand to melanocortin-
1 receptors (MC1Rs) over-expressed on the melanoma cell
surface, including the Cloudman S91 clone M3 melanoma cells.

Comparison of transfection efficacy of the melanoma cells in
culture by MK1C-targeted polyplexes (PEI-PEG-MK1C/DNA, or
“liganded”) and untargeted polyplexes (PEI-PEG/DNA, or “non-
liganded”) showed that liganded polyplexes were more effective
in gene delivery than non-liganded ones under certain
polymer/DNA ratios.

In an experimental melanoma mouse model using RT PCR we
found that at 6 h after intratumoral injection of liganded
polyplexes carrying the luciferase gene mRNA expression in
tumor cells was significantly greater in comparison with non-
liganded ones. mRNA expression in surrounding tissues wasn’t
detected. These data shows high selectivity of MK1C-targeted
polyplexes to the melanoma cells in vivo.

We investigated the effects of inhibitors of clathrin-mediated
endocytosis (chlorpromazine) and of lipid raft-dependent uptake
(filipin 1l and nystatin) on internalization of liganded and non-
liganded polyplexes by melanoma cells and on the transfection
efficiencies of these complexes. We found that chlorpromazine
significantly inhibited both cell entry and overall transfection
efficacy by MK1C-targeted polyplexes. In this way, clathrin-
mediated endocytosis favors efficient transfection by involving in
cellular polyplex uptake. Cell entry of non-liganded polyplexes
was mediated by both clathrin-dependent and lipid raft-
dependent pathways, but nystatin and filipin Ill more efficiently
inhibited transfection efficacy than chlorpromazine. Therefore,
gene transfer by non-liganded polyplexes succeeded mainly via
the lipid raft-dependent route. Simultaneous presence of both
types of inhibitors led to almost total absence of transfection.
With the help of confocal laser scanning microscopy and Foerster
Resonance Energy Transfer (FRET) approach [1] we investigated
subcellular trafficking kinetics and unpacking of the polyplex
nanoparticles until 8-10 h after transfection. We found that
packed liganded polyplexes accumulated in the melanoma cells
faster than unpacked. For non-liganded polyplexes we observed
delay in uptake by the cells. This fact led to primary unpacking of
untargeted polyplexes on the cell surface and internalization in
unpacked state that probably had an adverse effect on
transfection efficacy. In addition liganded polyplexes entered into
the nuclei of the melanoma cells more rapidly than non-liganded
ones.
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Method of enzyme encapsulation with block ionomers was
developed for drug target delivery for post apoplectic period
therapy, Alzheimer's disease, Parkinson’s disease, neurosis,
vascular dementia, inflammation etc. Bienzyme systems
generation considered to be perspective. In one particle, there
are antioxidant enzymes (catalase, SOD, glutathione peroxidase)
catalyzing sequential reactions of reactive oxigen species ROS
elimination.

A wide range of enzyme or bienzyme containing systems
with block-ionomer was obtained: polymer shell composition,
charge varied. Bionanosystems based on complexes of an
enzyme (catalase, SOD, glutathione peroxidase) and a block
ionomer with different length and branching of the charged chain
termed “nanozymes”. [Brynskikh A., Zhao Y., Mosley R., Li S.,
Boska M. , Klyachko N., Kabanov A., Gendelman H., Batrakova E.
Macrophage delivery of therapeutic nanozymes in a murine
model of Parkinson’s disease.// Nanomedicine (Lond). 2010. 5(3).
P.379-396].

Polymer shell formation with protein core is based on the
electrostatic interactions of oppositely charged groups of the
components. For crosslinking, one can use well known
crosslinking agents, the developed technique preserve system
stability and enzyme activity after encapsulation. We
demonstrate that enzyme-ionomer nanoparticles display better
protease stability.

Use of block ionomer opens possibilities for surface
modification and supposed to be perspective for drug delivery
through the BBB.

Investigations were financially supported by Russian Ministry
of Science and Education (grant Ne02.740.11.5231, grant
No11.G34.31.0004).
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Biological liquids of animals (serum of blood, milk, urine and
other) comprise various surfactants, which are adsorbed at liquid
interfaces and lead to a variation in dynamic surface tension
(DST). The adsorption processes involving low molecular weight
surfactants, proteins and phospholipids play a significant role in
vital functions of the animal organism.

The studies of human biological liquids were first made in
Donetsk Medical University (Ukraine) and in Max Plank Institute
of Colloids and Interfaces (Germany). Now we study DST of
different biological liquids of animals in Moscow state academy
of veterinary medicine and biotechnology named K.I. Skryabin.

The parameters of DST were obtained, using BPA-1P
tensiometer. The principle of the device is based on the
measurement of the maximum capillary pressure which is
attained during the growth of a gas bubble at the tip of a
capillary immersed in the studied liquid. The parameters of DST
have been obtained from dependences of a surface tension (o)
vs. time (t). Surface tension values measured at t->0 (o), at
t=0,02 s (01), t=1's (0;) and t->° (03).

For our investigations we used the serum of blood taken
from black-and-white cattle of different ages. We also obtained
biochemical parameters of blood for studied groups of animals.
All biochemical parameters are normal. We also compare
biochemical parameters with values of DST. The results of
correlation analysis between the data of DST and biochemical
parameters show the following: the oo values have very strong
positive correlation with urea and sodium in the serum. The o;
values have positive correlation with sodium, calcium and
phosphorus content. The o, and o3 values have strong negative
correlation with total protein, albumins, triglycerides and urea
content. The o; and o3 values have strong negative correlation
with total cholesterol and chlorine.

We also have begun to investigate DST of milk and whey of
milk. We have shown that the DST of milk is lower than DST of
milk whey, because milk whey doesn’t have casein, fatty acids
and other surfactants of milk.

These studies along with our other investigations give us
promising results and let us suggest this methodology as a new
integrated test to assess the status of animals.
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Pectin polysaccharides due to polyfunctionality have the
anticarcinogenic and/or antimetastatic potential. It is assumed that
on the surface of cancer cells, pectin polysaccharides bind proteins
responsible for the adhesion of tumor cells by healthy tissues. This
research is aimed to the design of micro- and nanosized pectin-
containing for formulation compotional bionanomaterials and
nanobiomaterials that are to be used as substances for biological and
pharmaceutical preparations, and also as magnet liquids stabilizers.
Namely, incorporation of natural (biological) materials into
nanocomposites  (bionanomaterials) and the application of
nonbiological nanomaterials in medicine (nanobiomaterials).

The basis of the development pectin-based nanocompositional
materials is previous studies concerning methods of synthesis and
testing of the metal-polymer nano-composites [1] and the
metalocomplexes based on pectin substances [2, 3]. It has been
demonstrated that the pectin metalocomplexes were capable of
enhancing the antitumor effect of certain cytostatic agents in relation
to sarcoma 45, Pliss lymphosarcoma, and Ehrlich’s tumor while
decreasing their toxic and side effects. Our previous studies suggest
that for the production of biomaterials with enhanced effect the
most promising seems to be the production of nanoscale derivatives
of pectin biopolymers with multifunctional pharmaceutical
properties.

Results of analysis of sugar-beet pulp is following, %: uronid
content -80; COO-est — 5.6; COO-free — 7.7; esterification degree —
27.5; ash — 10.0; moisture — 14.0; mater-insoluble substances — 9.4.
Various micro- and nanosized fractions of native and modified pectin
were prepared. Results of physical and chemical characteristics of
pectin are given on the Table 1.

According to US spectroscopy analysis of particle size distribution
the mean sizes of particles are varied in dependence of dispersion
time and made in the range of 3 um - 600 nm for native (Fig. 1) and
200 nm for modified pectins. FTIR- spectroscopic and electron-
microscopic study have been performed for various fractions of
pectin.

Table 1. Physical and chemical characteristics of pectins

Elemental analysis, % Functional Yield,
Sample analysis, % g/%

C H Ash COOH OCH3
Native pectin 40.27 6.31 2.04 11.39 3.96 -
Pectic acid 38.32 5.51 0.9 17.74 0.21 11.50/80
Sodium pectate 32.32 4.87 10.11 0.17 0.42 51.83/83
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Fig. 1. Time-dependence of dispersion for mean size for native
pectins

This research is supported by International Science and
Technology Center (ISTC Project KR-1880).
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Chitosan is a natural biodegradable, biocompatible and
nontoxic polysaccharide which is widely used as a delivery
system for biologically active molecules. Chitosan is an easy
material for the modification due to the presence of reactive
groups. Synthesis of different chitosan derivatives allows the
formation of nanosystem with different charge and
hydrophobicity

Hexanoyl-chitosan  (substitution  degree  10%) and
succinoylchitosan (substitution degree 80%) were used to
produce nanoparticles (NP). Structures of derivatives and N-
degree of substitution were determined by ‘H-NMR
spectroscopy.

NPs from hexanoyl-chitosan (HCNPs)were formed by
ionotropic gelation and while coacervation method was used to
prepare NPs from succinoylchitosan (SCNPs). The diameter of
HCNPs was about 250-300 nm and zeta-potential was +25- +40
mV. They were stable during a month. SCNPs were negatively
charged (-20 to -25 mV) and had size approximately 150-200 nm.
Both HCNPs and SHNPs were loaded with doxorubicin (DOX).
Probably because DOX is positively charged high loading efficacy
was achieved only for SCNPs.
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To follow intracellular traffic we conjugated chitosan with
newly synthesized caged rhodamine derivative FFK-813.
Incubation of HaCaT cells for 15-30 min with chitosan-FFK-813,
but not with FFK-813 alone, demonstrated lysosomal
localilization of chitosan as was varified by LysoTrecker using
confocal microscopy. After 2 hrs of incubation cytoplasm was
also stained with FFK-813 showing intracellular chitosan release.

Knowing that chitosan is quickly hydrolyzed inside cells we
incubated HaCaT cells with DOX loaded SCNPs. After 60 min of
incubation DOX was found in the nuclei of cells showing that
SCNPs delivered the drug. Using FITC labeled chitosan for SCNPs
production we also found that DOX colocolized with chitosan in
nuclei, the fact which demonstrates that DOX is still conjugated
to chitosan. MTT cytotoxic test had demonstrated full activity of
DOX in SCNPs.

Pilot in vivo experiments showed that DOX in SCNPs
effectively inhibited Wnt-1 mouse breast tumor growth in
C57BL/6 mice, however the efficacy of DOX and SCNPs-DOX was

Thus, we have shown that negatively charged SCNPs is an
effective and biodegradable delivery system for DOX.
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Hydroxyapatite is widely used in dental and orthopedic
surgery due to a great chemical similarity with the biological
calcified tissues [1].

Calcium phosphate coated implants are adopted actively in
orthopedic and dental surgery because of their biocompatibility
and high osteoinductivity [2], but infection associated with these
implants is the main threat that lead to possible complications
such as prolonged hospitalization, complex revision procedures,
implant failure etc. In order to prevent such infections, one
approach is forming the antibacterial ability of the materials.
Inorganic antimicrobial agents such as Ag, Zn, Cu are very
attractive alternatives from the perspective of doping of
biomaterials [3].

Silver, known as a disinfectant for many years, has a broad
spectrum of antibacterial activity and satisfactory stability [4].

Radio frequency magnetron sputtering is the most effective
method of modifying a metal implant surface. It allows making
coatings with specified properties.

A synthetic stoichiometric hydroxyapatite powder, Cao-
AEx(PO4)s(OH) (2, X=0,3 (Ag-HA , Ca/P=1,616), was used as
precursor for the target preparation. The powder was pressed
and then sintered in air at 1100 °C for 6 h to form the target.

A modified commercially available installation 08PKHO-100T-
005 for plasma etching with an rf-magnetron source (5.28 MHz)
was used to deposit the calcium phosphate coatings.The
substrates to study the properties of coatings are used crystals
KBr and titanium.

The surface morphology was studied by scanning electron
microscopy (SEM) with an ESEM Quanta 400 FEG instrument
from FEI, equipped with energy-dispersive X-ray analysis (EDX;
EDS analysis system Genesis 4000, SUTW-Si(Li) detector). The
phase composition was evaluated by a Siemens D 500
diffractometer operating with Cu Ka radiation (A=1.5406 E) at 40
kV and 30 mA in Bragg-Brentano mode. The hydroxyapatite
pattern (#9- 0432) from the ICDD database was used as

reference. Infrared spectroscopy (IR) was carried out with a
Bruker Vertex 70 FTIR instrument.

The investigation results showed that coatings were
homogeneous, dense, without cracks (Fig.1). It was established
that the addition of silver to HA did not affect the morphology of
the coatings. EDX showed that the elemental composition of the
coatings corresponded to the target composition and did not
depend on the chosen deposition procedure. Thus, the analysis
of phase composition of the coatings by X-ray diffraction and IR
spectroscopy showed that a coating was X-ray amorphous and
had some peaks of HA (Fig.2).

Fig.1. SEM-patterns of hydroxyapatite coating morphology.
Substrate - titanium.

n P b

. .

Fig.2. XRD patterns of the hydroxyapatite coating (a) and IR-
spectrometry (b).
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P22

Since 1985 when fulleren Cg¢ and its derivates were
discovered, interest to them continuously increases. Studying of
fullerenes biological properties is complicated because they
practically are indissoluble in the polar solvents, which is used in
biological experiments. However, in the water fullerenes are able
to form molecular-colloidal solutions, in which molecules of
fullerenes unite in negatively-charged hydration units. Unit size
depends on the preparation way. Fullerenes modified with
different substitutes, for example hydroxyl or carboxyl groups,
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are also studied intensively [1]. These nanoparticles have special
biological properties such as neuroprotection [2], antiviruses
activity against HIV [3], antiapoptotic activity [4], antimicrobial
activity [8]. Besides, in some researches [9] were noticed that
such derivates of fullerenes like Ceo(C(COOH)3), and Ceo(OH),, can
show antioxidant characteristics protecting cells from H,0,-
inducible oxidative stress.

This work is dedicated to study the biological action the
fullerene Cgo hydroxyl derivate, especially Cso(OH)2s, estimations
of its own cytotoxicity, it’s influence on membrane damage in
H,0,-inducible oxidative stress conditions and Cso(OH)as influence
on mitochondrial membrane potential. Object of the study is
peritoneal macrophages of the outbred white mouses-male. The
most important features of the fullerenols, referring to their
biological activity mechanism, are fotosensibility and active
interaction with radical, including reactive oxygen species [5,6,7].
In conditions of visible and UV-light irradiation fullerenols can
form singlet oxygen and superoxideanion-radical, which
promotes plasmatic membrane peroxidation [7]. In our research
temporary and concentration dependency in development of
plasmatic membrane damage effect in presence of fullerenols
Ceo(OH),s in the darkness was evaluated. Also fullerenol influence
on the plasmatic membrane macrophages wholeness and
antioxidant characteristics in H,0-inducible oxidative stress
conditions was founded. Our results poins that in concentrations
up to 0,5 mg/ml fullerenol does not show antioxidant properties
in presence of 10 mM hydrogenium peroxide. Important to note
that incubation macrophages with fullerenol leads to fullerenol
accumulation in intracellular vesicular structures; activation the
macrophages was observed, which in ambience with fullerenol
sit on integumentary glasses quicker, flat better and absorb
fulerenol probably in way of pinocytosis. Generalising the results
of this work possible to do the preliminary conclusion about
absence of the fullerenol Ceo(OH)2s expressed toxicity in given
condition, at least for plasmatic membrane; antioxidant
characteristics in prescence of peroxide absence. Also was
discovered that fullerenol itself at concentrations 0,05 mg/ml
does not cause depolarisation of mitochondrial membrane, as
well as does not protect it from H,0,-inducible depolarization.
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associated effects of fullerene derivatives on microbial structural
integrity and central metabolism. Nano Lett 7:754-760.
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A comparative study of pharmacokinetic parameters of
recombinant superoxide dismutase (rec-SOD) and its nanozyme
formulation (nano-SOD) have been performed in vivo. The last is
prepared by complexation of enzyme molecule and block
copolymer poly(L-lysine)-poly(ethylene glycol) with diameter of
the produced nanoparticles of 30 nm [1].

Pharmacokinetics of a single intravenous administration was
studied in healthy rats. Serum samples were taken before and
after intravenous administration of SOD formulations to rats;
SOD activity was measured by inhibition of quercetin
autoxidation [2].

Activity of endogenous SOD in serum and its kinetics was
measured after 5 min, 30 min, 1 hour, 6 hours, 24 hours and 72
hours after intravenous administration of rec-SOD and nano-SOD
in the dose of 10 000 U/kg. An intravenous injection of equal
volume of phosphate buffer solution was used as a control. A
comparative analysis of the rec-SOD and nano-SOD
pharmacokinetic characteristics was carried out. Conditions for
SOD quantitative analysis in rat serum were clarified. The SOD
activity in experimental animals reduced to base level during 1
day. Data of pharmacokinetics study revealed the need for
multiple SOD administration in the case of neurological deficits in
experimental animals with contusion spinal cord injury. Nano-
SOD may be submitted for further preclinical studies to verify its
biological effects and investigate the effectiveness of this drug on
recovery of neurological deficits in experimental animals with
contusion spinal cord injury.

1. N. L. Klyachko, D.S. Manickam, A.M. Brynskikh et al. Cross-
Linked Antioxidant Nanozymes for Improved Delivery to
CNS. Nanomedicine: Nanotechnology, Biology and
Medicine (Article in press).

2.  Kostyuk, V. A., Potapovich, A. I., Kovaleva, Z. V.: A simple
sensitive assay for determination of superoxide dismutase
activity based on reaction of quercetin oxidation. (in
Russian) Vopr. Med. Khim., 1990, 2 , 88-91
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CARBONATE SUBSTITUTED HYDROXYAPATITE
NANOPOWDER
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Hydroxyapatite Caig(PO4)s(OH), (HA) is widely used as
clinically approved material for bone tissue replacement since its
chemical composition is quite close to inorganic part of a human
bone. HA implants are biocompatible, although the rate of their
remodeling in vivo is too low to induce a massive formation of a
new bone, and, thus, the HA implant serves as a substituent of
the lost part of a bone.! Materials based on carbonate-
substituted hydroxyapatite CajoxNax(POs)ex(COs)x(OH)2 (CHA) are
more prospective since their chemical composition approximates
that one of inorganic part of a bone tissue more accurately, and
its rate of bioresorption is high enough due to structural
distortions occurring under carbonate anion incorporation into
the crystal lattice.?

Choosing CHA as a material for bone implants immediately
requires special technique for its consolidation into bulk bodies.’
Conventional method of solid state sintering cannot be applied
for the case of CHA since it starts to decompose at temperatures
higher than 700 °C into pure (stoichiometric) HA and CaO with
CO, release. This problem can be overcome by selection of an
appropriate binder with low melting point.

The goal of this work is to create compact, resorbable
biomaterials of new generation, which designated to replace
human bone tissue.

To achieve this goal were solved the problems of obtaining
bioresorbable materials based on CHA powders and preparation
them for in vitro and in vivo tests.

Thereby, the process of consolidation can be described in
terms of liquid-state sintering running essentially in liquid-state
environment. Quasi-binary section NasCaPsO;5 — Na,CaP,0; of
CaO - Na,0 — P,0s ternary system looks very attractive as one
can find there eutectics (54 wt. % NasCaP¢Ois and 46 wt. %
Na,CaP,0;) melted at 473 °C.

R ]

Fig. 1. Compressive strength of CHA/glass composite (450
°C).

It was demonstrated that it is feasible to obtain CHA/glass
composite with a compressive strength of 25 MPa at above 500
°C temperatures (fig. 1), retaining starting carbonate ions level.
Thus there's possibility to consolidate CHA powder without
noticeable changing of its carbonate content using low-melting
Na-Ca phosphate glass with the above composition and as an
alternative biocompatible, biodegradable polymer poly-3-
oxybutyrate as a binder.
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A method of preparation of a magnetic alginate particles
filled with oil droplets and hydrophobic substances was
developed. The oil and dissolved substance in it release from
such particles placed in an inhomogeneous magnetic field.
Magnetic alginate particles are destroyed under the action of
magnetic field and the oil droplets release in an external water
solution. A size of alginate particles was ~1.5 mm, as magnetic
particles were taken Fes30g4-particles having mean dimension of
1.4BRm, as oil — Vaseline, and hydrophobic substance — water-
insoluble dye Sudan 3. The magnetic particles begin to destroy at
a field value of 0.2 Tesla and an efficiency of destruction strongly
depends on magnetic field. Quantitative investigations of the
release of Sudan3 were conducted in depending on the
concentration of components of the alginate particles. The
release of hydrophobic dye Sudan3 may reach to 86%.
Therefore, magnetic alginate particles may efficiently use not
only for delivering of hydrophobic medicines but also
hydrophobic.

PZO NEW MUTANT D-AMINO ACID OXIDASES
WITH IMPROVED PROPERTIES

Komarova N.V.*3, Golubev I.V. 3, Khoronenkova S.V.
3 and Tishkov V.I. %3

A.N. Bach Institute of Biochemistry, Russian Academy
of Sciences, 119071 Moscow, Russian Federation
Department of Chemical Enzymology, Faculty of
Chemistry, M.V.Lomonosov Moscow State University,
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D-amino acid oxidase (DAAO, EC 1.4.3.3) is FAD-containing
enzyme and catalyses oxidative deamination of D-amino acids to
corresponding a-ketoacids. The enzyme play important role in
regulation of many processes and it is widely used in practice. All
native DAAO have some critical drawbacks like insufficient
temperature stability, non-optimal profile of substrate specificity
etc. These factors limit practical application of DAAO. Different
mutagenesis approach are used to improve properties of
enzymes.

D-amino acid oxidase form yeast Trigonopsis variabilis
(TvDAAO ) is one of the most popular enzyme, used in some
practical processes including oxidation of cephalosporin C. Gene
of TVDAAO was cloned and expressed in E.coli cells in our
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laboratory. The enzyme aws expressed at high level in soluble
and active form. Solution of 3D structure of mutant TvDAAO
provided powerful background for rational design of the enzyme
properties.

To locate promising positions in protein globule for site
directed mutagenesis analysis of 3D structure was combined with
alignment of DAAO amino acid sequences from different sources.
Mutant forms of TvDAAO were prepared and expressed in E.coli
cells. The mutants were characterized for substrate specificity
and thermal stability. Mojarity of mutations resulted in change of
substrate specificity profile and improvement of the enzyme
catalytic efficiency was observed with certain substrates. Study of
the mutant TvDAAO thermal stability showed that thermal
inactivation of mutant enzyme proceeds through the same
mechanism as in the case wild-type inactivation.

This work was supported by Ministry of Education and
Science of Russian Federation, (contract 16.512.11.2253) and
Russian Foundation for Basic Research (grant 11-04-00959 u 11-
04-00962).
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The review of techniques for measuring physical and
mechanical properties at the nanometer length scale of materials
used in medicine and biology is presented.

Surface topography, tribological and mechanical properties
are among the main quality parameters for many types of
modern functional materials applied in medicine. The goal of the
presented research is to extend techniques for surface
topological and mechanical characterization which are widely
used in materials science and mechanical engineering towards
the medical and biological objects. The miniaturization of medical
devices and the need for reducing the damage after
measurements completion require the transition to the
nanometer length scale of the surface area involved in the
testing procedure.

All the presented measurements were carried out using the
scanning nano-hardness tester NanoScan-3D. The sensor of the
device consists of piezoresonant cantilever having extremely high
bending stiffness (about 20 kN/m) with mounted diamond
indentor at its free end. The original design of the sensor allows
implementing in one and the same device several techniques:
surface topography imaging in semicontact scanning probe
microscopy (SPM) mode, measuring mechanical properties
(hardness, elastic Young modulus, etc.) using instrumented
nanoindentation, scratch and force spectroscopy methods.

Thin films

The roughness and mechanical properties of thin film of poly-
n-isopropylacrylamide were measured (Fig. 1). Films were
deposited on glass substrate. Films thickness varied from 100 nm
to 5 microns. Spin coating technique has been used for the
nanoscaled film fabrication, while thicker micron scaled films
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were prepared using solvent casting technique. This polymer
exhibits the properties of superabsorbent and is used in
pharmaceutical industry during remedies extraction.

Teeth enamel

The mechanical properties of intact (group 1) and carious
affected (group 1l) anterior teeth were investigated at the
maximum indentation depth up to 1100 nm and 800 nm,
correspondingly. The 2D and 3D images of surface topography
and elastic modulus maps were obtained demonstrating the
complicated architectonics of the enamel and its damage during
the pathology. It has been shown that hardness and elastic
modulus of carious enamel is reduced by 3-5 times as compared
to the healthy teeth.

Bio-coating of metallic implants

Calcium phosphate coatings of hydroxyapatite (Caio (PO4)s
(OH),), which is the main mineral component of bone tissue, are
traditionally used as a bio-coatings of metallic dental and
orthopedics implants. Vacuum ion-plasma methods are currently
the most promising techniques for such coatings deposition. The
main directions in ion-plasma deposition research deal with
finding the optimal modes of films precipitation and improving
the mechanical and bio-medical properties of these coatings.
Hardness, elastic Young modulus and surface morphology of thin
coatings obtained by vacuum ion-plasma deposition were
investigated in present work.

Fig.1. Surface topography image after indentation testing of
poly-n-isopropylacrylamide film having thickness of 5 microns.

P 28 ELECTRONIC SPECTRA OF NANOSTRUCTURAL
COMPLEXES OF COBALT WITH UNITHIOLS
Kudaibergenova R., Darmenbaeva A., Mateeva S.,
Sugurbekova G.

Taraz state university named after M. Kh. Dulaty,
Kazakhstan, gulnar-sugur@yandex.ru

Spectrophotometric  investigation of Co(lll) - 2,3-
dimercaptopropanesulphonate sodium (unithiol) complexes has
shown, that different quantities of complex compounds with
different  spectral characteristics, differing from initial
components, are being formed in the solution in dependence
from concentration ratio of reagents and pH value of media.
However complexity of spectra observed does not allow
synonymous correlation of spectra bands.

All complexes synthesized were of deep brown color. Two
intensive bands in the visible spectral interval of electronic
spectra of their water solutions, interpreted in the terms of
octahedron symmetry are of main interest. It is caused by
impossibility to evaluate the disintegration of bands into isolated
components because of insufficient spectra solvability. The
results of quantum chemical calculations have shown that the
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sizes of valence angles between Co(lll) and ligands are close to
90°. It must be marked that interpretation of electronic spectra
of [Co(en)]* complex with D; symmetry is also carried out from
octahedron (Oh) symmetry position.

The ion of Co(lll) has [Ar]3d® electronic configuration. Except
fluorides, all six coordinated complexes are low spin and
diamagnetic with the main term 'A,. In the visible area one can
observe two transfers into 1T1g and 1ng states, often with weak
low laying transfers into triples 3T1g and 3T2g. The difference of
energies of first tow states does not depend on the force of
ligand field and is evaluated as 12V. The energy of 1A1g 91T1g
transfer is equal to 10Dg-C. Usually B=4C, then the total energy
of transfer makes it possible to determine the energy of crystal
field 10Dq and the parameter of electronic repulsion B. Bo=1050
sm™ for the free cobalt (IIl) ion.

Two intensive bands in the area of 370-440 nm and 490-550
nm, corresponding to the sited transfers, are being observed in
electronic spectra of all compounds synthesized (tablel,2).
According to the location of these transfers some parameters of
crystal field have been estimated. The B (or B°) value reflects the
decrease of repulsion of d-electrones in the complex, their
delocalization and to some extent the covalence degree of M-L
link. In the case of the complexes with different ligands the
parameters obtained characterize the average ligand field.

Table 1. Absorption spectra and parameters of chemical links
(cm™) of the uniform complex compounds of cobalt (11)

Compound [Co(NH3)e]** [Co(en)s]** [Co(HUn)3]*
Parameters

Arg>'T1g 21280 (470) | 21890 (457) | 18180 (550)
1A1g9szg 29140 (340) 29510 (338) 22730 (440)
B 678 635 380

10Dg 23990 24430 19700
B=B/Bo 0,65 0,60 0,36

B°=B,- 35% 39% 63%
B/Bo*100%

The same calculations for initial complex salts [Co(NH3)s]Cl3
and [Co(en)s]Cls, that are well correlating with literature data
[1,2], have been also carried out.

Table 2. Absorption spectra and parameters of chemical links
of complex compounds of cobalt with different ligands

Compound | [Co(NH3)4HUN] | [Co(NHs) | [Co(en),(HUN)] | [Co(en)(HUn),]

Parameter |° 2 (HUn)J [ * ’

S

'Ag>'Ty | 20408 (490) [19230 [20726 (482) |19680 (508)
(500)

1Algészg 27027 (370) 25000 27038 (370) |[25020 (400)
(400)

B 551 480 526 445

10Dg 22610 21150 22830 21460

B=B/Bo 0,53 0,46 0,50 0,42

B%=B,- 47% 54% 50% 58%

B/Bo*100%

It is seen that as ammonium and ethylene diamine are
substituted by unithiol molecules monotonous shift  of
maximum of absorption bands to the long wave area is observed.
Unithiol initiates weaker ligand field. The 10Dq value of unithiol
complex is lesser than of initial components. At the same time
significant decrease of B parameter is observed that testifies the
growth of M-S link covalence compared with M-N link.
Multiligand compounds hold the intermediate position between
monoligand complexes. The results obtained are in good
correlation with the data of quantum-chemical calculations given
earlier, according to which the substitution of ammonia and

ethylene diamine initiates the decrease of charge on central
atom and the growth of covalence of coordination link.

So, the analysis of electronic absorption spectra of complex
compounds of Co(lll) synthesized has been carried out, and
parameters of crystal field have been calculated as well. It had
been stated that unithiol initiates weaker field than amines do.
Spectral data confirm , that unithiol-cobalt (Ill) link is
characterized by greater covalence degree than Co-N link.

P 2 9 MICROENCAPSULATED MULTICELLULAR
TUMOR SPHEROIDS AS A PROMISING TOOL
TO TEST NOVEL ANTICANCER LIPOSOMES
LOADED WITH A LIPOPHILIC PRODRUG OF
METHOTREXATE
Natalia Kuznetsova*, Anna Privalova*, Elena
Vodovozova, and Elena Markvicheva
Shemyakin-Ovchinnikov Institute of Bioorganic
Chemistry, Russian Academy of Sciences,
ul. Miklukho-Maklaya, 16/10, 117997, Moscow,
Russia, natalia@lipids.ibch.ru
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Today, multicellular tumor spheroids (MTS) are an
established three-dimensional (3D) in vitro cell culture system
and a promising tool for evaluation of candidate drugs and
therapeutic  approaches.  The main  advantages  of
microencapsulation as a 3D cell growth technique are chemically
and spatially defined 3D networks of extracellular matrix
components and cell-to-cell, and cell-to-matrix interactions
which govern differentiation, proliferation, and cell function in
vivo. These, in fact, are lost under the simplified 2-dimensional
(2D) conditions. Notably, the approach allows to reduce the
number of experiments with animals (mice, rats etc) used
extensively in drug development.

Recently, the authors reported an MTS-based in vitro model
to study the effects of photodynamic therapy [Zaytseva-Zotova et
al, J Biomed Mater Res B Appl Biomater, 2011]. MTS were
generated by cultivation of tumor cells within alginate-chitosan
microcapsules. The technique is rather simple to perform, easy to
scale up, and allows for precise spheroid size control as well as
different cell type co-culture. We suggest that 3D in vitro models
based on microencapsulated MTS are of immediate interest for
exploration of drug delivery properties of nanotherapeutics. In
the current study, MTS were used as 3D in vitro model for
preclinical cytotoxicity study of liposomes loaded with a lipophilic
conjugate of methotrexate (MTX), an antifolate drug widely used
as an anticancer therapeutic agent.

Liposomes on the basis of natural phospholipids, i.e.
phosphatidylcholine  (PC)—phosphatidyl inositol (PI)—1,2-
dioleoylglyceride ester of methotrexate (MTX-DOG), 8 : 1 : 1,
~100 nm in diameter, were used in cytotoxicity studies. Human
breast adenocarcinoma MCF-7 cells in the form of monolayer
culture or MTS were incubated in RPMI-1640 culture medium
supplemented with 10% FBS in the presence of MTX-DOG
liposomes and cell viability was determined by Trypan Blue
exclusion. Fluorescently labeled liposomes 50, 100, 200, 400, and
800 nm in diameter prepared from
dipalmitoylphosphatidylcholine (DPPC)—BODIPY-PC**, 9.99
0.01 (1 mg/mL total lipid), were used to study liposome
penetration through the microcapsule polyelectrolyte envelope
and into the depth of cellular aggregate. Upon incubation with
liposomes, MTS were washed with buffer, homogenized, and
BODIPY-PC fluorescence was monitored in chloroform—methanol
extracts (mirror cuvette, Aex 480 NM, Aem max 505 nm). Liposome
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consumption by MTS was also visualized by confocal laser
scanning microscopy (CLSM; see figure) on a Nikon TE2000 multi-
mode imaging inverted microscope (Japan). All liposomal
samples were prepared by standard extrusion technique as
described previously [Kuznetsova et al, J Drug Del Sci Tech, 2009].

A B

CLSM images of MTS incubated with BODIPY-labeled placebo
liposomes (green) after (A) 15 min and (B) 2 h . Cell nuclei are
stained with DAPI (blue). Scale bar is 50 um.

As expected, MTS were found to be more resistant to the
liposomal formulation than the monolayer culture. At 1000 nM
MTX in the liposomal form, cell viability in MTS was 1.4-fold
higher. Interestingly, permeability of the MTS envelope for the
rigid DPPC liposomes did not depend on their size: as much as 8—
14% of the initially added fluorescent probe was recovered in
MTS extracts. The data suggest that a mechanism of active
transport of the lipidic molecules inside the spheroid should
exist, e.g. in a complex with some protein component of the
medium.

Therefore, the proposed 3D in vitro model based on
multicellular tumor spheroids is a promising tool to study the
effects of novel anticancer drug delivery nanosystems which
contributes to the more accurate toxicity assessment and better
insight into the delivery process.

**BODIPY-PC, 1-palmitoyl-2-[w-(4,4-difluoro-1,3,5,7-
tetramethyl-4-bora-3a,4a-diaza-s-indacene-8-yl)-heptanoyl]-sn-
glycero-3-phosphocholine [Boldyrev and Molotkovsky, Rus J
Bioorg Chem, 2006]

RESEARCH OF THE CYP450 ACTIVITY: NEW
OPPORTUNITIES FOR EFFICIENT, SAFE AND
ECONOMICALLY SIGNIFICANT DRUG
THERAPY.

Kukes 1.V,

The Sechenov First Moscow State Medical University,
Moscow, 119991, Trubetskaya str. 8/2,
ilyakukes@gmail.com
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INTRODUCTION. When  doctor  appointment  medical
treatment, he has three serious problems today: efficacy of a
treatment (efficacy of a treatment at average 60% 1), safety of a
treatment (106 000 patients in the U.S. have died from side
effects from drugs in 1998%) and a economical component of a
treatment (costs of side effects from drugs in the U.S. are about
12$ billion in a year®). An a critical roles in solving these problems
belongs to research of the cytochrome P450 (CYP450) activity,
that involved in a metabolism of more than 50% of all medicines.
MATERIALS AND METHODS. Currently, the most promising
methods for assessing the activity of CYP450 are electrochemical
approaches for researching enzyme-substrate interactions due to
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high  sensitivity. Electrochemical systems based on the
cytochrome P450 doesn’t require expensive cofactors - electron
donors such as NADH or NADPH. Electroanalysis does not require
the presence of proteins - partners: cytochrome P450 reductase,
cytochrome B5. The peculiarity of electrochemical sensors based
on cytochromes P450, is using nanoelectrodes (nanostructured
electrodes) to increase the sensitivity analysis.

Electrochemical biosensor based on CYP2B4 had been
proposed for the determination of phenobarbital (made the data
domain = 0.289 uM) - first-generation of anti-epilepsy drugs,
which is a substrate of cytochrome P450.To develop an
algorithm of researching cytochrome P450 substrates and
inhibitors  potential, we had investigated various of
electrochemical methods. Nanostructured with gold,
nanoparticle electrodes with immobilized cytochrome P450 2B4,
1A2, 3A4, 11A1 (P450scc), P450 51b1 (CYP51) were examined in
the presence of substrates and (or) inhibitors of these forms. To
study the electroanalytical characteristics of current-voltage
response of these electrodes, we used registration method,
based on cyclovoltamperometry and voltammetry analysis
(square-wave voltammetry and differential pulse). Substrates of
the cytochrome P450 forms, caused a significant increase in
catalytic current at a controlled tension, and inhibitors do not
alter or reduce the maximum amplitude amperage®.

RESULTS. Using of electrochemical methods in combination
with nanotechnologies, can miniaturize electrodes and
measuring devices for potential use as a “lab on a chip”
(laboratory-on-a-chip type devices), and preventive biosensors
(point-of-care biosensors).

CONCLUSIONS. Further development of these methods for
high level potential substrates and inhibitors of cytochrome
P450, due to the miniaturization and automation of processes,
reduce reagent consumption, analysis time, stages of analysis,
which in turn - reduces the cost of the study. Carrying out the
electrochemical analysis of clinical samples of patient’s blood
plasma with cytochrome P450-electrodes as a measuring
instruments, will provide information about the level of drugs
during treatment, the selection of products and researches in
personalized medicine way.
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Materials based on calcium phosphates occupy a leading
place among the materials for medical prosthesis, bone
regeneration, as well as components of dental products.
Currently, the focus is on increasing the bioactivity of these
materials, which is possible in the result of complex
implementation of three interrelated approaches:

1. Increase of their surface area and penetration with a
decrease in the crystallite size;

2. Change of the crystal structure of calcium phosphates as a
result of modification of biocompatible ions;

3. Creation of composite materials with different ratios of
bioresorbable / bioresistive phase.

Putting into practice these prerequisites increase of the
biological activity of calcium phosphates can lead to a reduction
in time of rehabilitation of patients in the postoperative period.
All three considered approaches are reflected in our research.

A pilot plant technology and synthesis installation for
obtaining a product with a high degree of dispersion based on a
previously developed method of obtaining nanosized
hydroxyapatite were developed. This method allows to obtain
the product of the synthesis in an aqueous or alcoholic
suspensions, colloids, pastes, powders, granules, agglomerates of
hydroxyapatite crystals which retain the nanoscale (70-150 nm in
length, width 5-30 nm). Specific surface area of hydroxyapatite
powder prepared in accordance with this technology is at least
120m2/g.

The method of synthesis of nanosized silicon substituted
hydroxyapatite, Caio (POa) 6x (SiOs) x (OH) 24 (Six-HAP) was
developed to obtain the modified product, where x = 0.1-1.5, the
size of the crystallites in aqueous suspension is also not exceed
100 nm in length and 20 nm in width. Specific surface area of
such materials is 210 m*/ g.

The creation of biphasic composite HAP + B-TCP of various
fractional composition can be used for sandblasting implants,
prophylactic treatment of the surface of the tooth enamel by the
method of Air Flow.

An important application of suspensions of nanosized
hydroxyapatite is their use as electrolyte components for the
formation of porous calcium-phosphate coatings on titanium and
its alloys by micro-arc oxidation Such composites provide a
necessary level of mechanical properties of the implant, and
increased bioactivity due to the chemical composition of the
coating (calcium phosphates, mixed oxides of calcium, titanium,
etc.) and porosity (the diameters of the open pores from 2 to 50
microns depending on the composition of the electrolyte).

Thus, all three approaches for improving the bioactive
properties of materials based on calcium phosphates for medical
application are realized in our studies.

P32 INVESTIGATION OF SHELL FORMATION
AROUND PLASMA INCUBATED GOLD
NANOPARTICLES AND INFLUENCE ON THE

FUNCTION OF BLOOD CELLS
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Gold nanopatricles are considered as prospective carriers for
drug delivery and agents ov photodynamic therapy. That's why
study of different effects, connected with influence of these
particles on organism is an actual problem. Biological activity of
nanoparticles (NP) in connection on cells and tissues strongly
depends by their shell, particularly from plasma proteins and
ligands. formed in blood around NP.

The following problems were studied in this work: 1)
Dynamic of particle size changing on their incubation in diluted (3
and 6 %) plasma and determination of stabilization time.
2)Influence on platelet ADF-induced aggregation with and
without pre-incubation in blood plasma.. 3) Influence of gold NP
on erythrocytes hemolysis and aggregation.. 3) biological of gold
NP on erythrocytes function in vitro.

Methods and materials. Gold colloids (British Biocell
International) with 30 and 60 nm NP diameters, citrated blood
of healthful donors, membrane filters 0,2 pm (Millipore) for
plasma and Sigma Aldrich reagents were used. NP sizing was
made by dynamic light scattering technique using Zetasizer Nano
ZS analyzer (Malvern) over 173° scattering angle. Platelet and
erythrocytes  aggregation was measured using dual-cannel
agregometer Biola LA-230 (Biola, Russia)/ Aggregation was
measured 5 and 10 minutes later after NP adding to platelet,
under 2 and 5 pM ADF concentration.

Results and discussion. 1) Dependence of 30 nm gold
nanoparticles hydrodynamic diameter Dy from incubation time in
3% plasma presented at fig.1. It’s obviously 1,5 increasing of Dy
(from 40 to 60 nm) during first 15-20 minutes after NP adding to
plasma. Shell formation around gold NP is the most probable
reason of such increasing.

2) Pre-incubated in 3% plasma during 20 minutes NP, as well
as native (without preliminary incubation) NP were used for
investigation of platelet aggregation. The effect of decrease of
ADF-induced aggregation, dependent on NP dose and incubation
time of NP with platelet was detected for 30 and 60 nm MP NP
ore-incubated in plasma. This effect is more expressed at 2 uM
ADF concentration. It is shown that adding of 60 nm NP to
platelet giving gold 5uM and 40uM concentration and 30
minutes incubation cause correspondingly 10% and 2,5%
decrease of ADF-induced aggregation, compared with control
sample.
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For comparison: similar decrease is 3% and 30% for NP —
platelet 5 minutes incubation time. For 30 nm NP decrease of
platelet aggregation also was shown, but in a less degree. At the
same time investigation ADF-induced aggregation over adding of
native 30 nm NP detected dose-dependent platelet activation.

It is noteworthy, that most expressed effect of ADF-induced
aggregation was detected at 5 uM ADF concentration and 30
minutes NP-platelet incubation time.

3) Investigation of lactic acid induced erythrocytes
aggregation in presence of NP shown, that 30 nm NP does not
effect this process, and 30 nm NP exhibit tendency to decrease
the aggregation.

4) Study of NP influence on erythrocytes hemolysis shown ,
that degree of osmotic and free-radical hemolysis does not
depend from NP presence in incubation media.

Conclusion: 1). Time dependent size increase of 30 nm gold
NP takes place over incubation with 3% plasma, probably due to
shell formation from plasma components around NP. Optimal
incubation time for experiments with shells is 20 minutes. 2). NP
pre-incubated with plasma does not effect on hemolysis and
does not increase erythrocytes aggregation. 3) Adding to platelet
of pre-incubated in plasma gold NP, in contrast to native,
decrease ADF-induced aggregation.

Thus, our observation shows relative bio-safety of
application of pre-processed with plasma gold NP as carriers of
drugs, diagnostic and photodynamic therapy agents.

P 3 3 CHITOSAN-G-POLY(VINYL ALCOHOL)
COPOLYMERS PREPARED BY SOLID-STATE
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Innovative way of development of world economy in many
respects correlates with achievements and prospects of the
nanotechnologies providing design of materials and systems with
record quantitative or essentially new qualitative characteristics.
One of such technologies is process of electrospinning (ES) that
occupies a special place among all technological processes of
fiber manufacturing employed in industry due to possibility to
obtain  superfine (nano) fibers. Now nanofibers of
polyvinylchloride, poly(vinyl alcohol) (PVA), polyethylene oxide,
polycaprolactone, etc. are described [1-3]. In spite of the fact
that throughout last several years the number of articles devoted
to electroforming doubles every year, process yet hasn't found a
sufficient theoretical and experimental justification for
commercial development. It is necessary to conduct intense
investigations, including chitosan-based materials promising for
biomedical application.

Attempts to obtain by ES pure chitosan fibers using acetic
acid polymer solutions have shown that only concentrated (80-
90%) acid solutions possess the required values of electrical
conductivity and surface tension to provide a success of molding.
Of great interest to study the possibility of processing nanofibers
of water-soluble chitosan derivatives having surface activity, in
particular, its graft copolymers with poly(vinyl alcohol) (PVA),
described in [4]. These products are obtained through innovation
promising solid-state technology, which advantages are
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improved environmental and economic performance and high
efficiency, especially for modification of natural polymers
cellulose and chitin which is not soluble in common solvents. PVA
is a hydrolysis product of poly-(vinyl acetate) (PVAc) and is a
biocompatible water-soluble synthetic polymer. Besides, it is
recognized as one of the few synthetic polymers particularly
biodegradable under both aerobic and anaerobic conditions [5,
6].

The purpose of this work is to obtain water-soluble graft
copolymers of chitosan and PVA using solid-state technique and
to study their fiber forming ability by ES process.

Fraction of the obtained products enriched with chitosan is
dissolved in acidic aqueous media whereas a high content of
grafted PVA-chains leads to solubility of the copolymers in water
at neutral pH values (at 80-90 °C or 20-25 °C depending on length
of grafted PVA fragments). Both water-soluble fractions were
collected after dissolving (about 30% of entire blend) and used to
prepare nanofibers. IR-spectroscopy was employed as the main
method to analyze the copolymer structure. FTIR spectra of the
samples after copolymer purification and precipitation from
aqueous solutions contained characteristic absorption PVA and
chitosan bands. The data showed that deacetylation degree of
both polymers was almost complete (up to 95 — 98%).

Glucosamine contents for chitosan and copolymers were also
calculated from the results of elemental analysis using C/N ratio
(5.29 in the case of initial chitosan). Elemental analysis data for
both chitosan-g-PVA samples are (found/calculated, %): C,
52.96/53.05; N, 1.40/1.32; O, 36.91/36.87; H, 8.73/8.74. So,
degree of PVA grafting onto chitosan was found about 450%.

The values of Mw of the copolymers determined by GPC
method were 190 kDa for soluble at room temperature sample
and 230 kDa for soluble at elevated temperature sample.

Conditions for successful electroforming nanofibers from the
samples obtained graft copolymer are: concentration of polymer
9,5-14%, applied voltage25-35 Kv. It should be noted that if
solution concentration was less then 9.5% the ES process has
either defects or is not implemented.

Figure 1 show SEM image of chitosan-g-PVA fibers of
chitosan-g-PVA sample soluble in water at RT. It can be seen that
an average diameter of fibers is ~ 50-100 nm.

Figure 1 — Micrographs of nanofibers of chitosan-g-PVA
sample
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Polyelectrolyte microcapsules formed by stepwise
adsorption of oppositely charged polyelectrolytes onto the
surface of colloidal particles can be used as microcontainers,
microreactors and sensors [1]. Multicompartment capsules which
are several capsules attached to each other, are promising
objects for simultaneous delivery of several compounds and as
intracellular sensors, when capsules with sensors to different
substances are combined in one carrier [2]. To use such capsules
as intracellular sensors it is important to study detaching of parts
of multicompartment capsule. To perform such detaching we
proposed to decompose the biodegradable shell by enzyme
action.

Multicompartment microparticles were formed on the base
of silica particles with diameters 4.8 and 0.58 um covered by
polyelectrolyte shell. The shell was obtained by layer-by-layer
method [3]. Inner part of the shell was formed of synthetic
polyelectrolytes and the outer part comprised biodegradable
polypeptides (Fig. 1a). The outer particles were terminated to the
surface of the inner ones due to electrostatic interaction of their
outer layers.

To perform detaching of the particles they were subjected to
action of Pronase. Complete detaching of the outer particles
from the surface of the inner ones was observed after 30
minutes of incubation in enzyme solution (Fig. 1b).

Fig. 1. Images of multicompartment capsules before (a) and
after (b) enzyme action (confocal scanning fluorescent
microscopy).

For investigation of enzyme degradation of biodegradable
polyelectrolyte shell capsules consisting of polypeptides were
formed. They were incubated in Pronase solution. It was shown
that the rate of degradation of the capsules shell can be adjusted

by the number of polyelectrolyte layers and enzyme
concentration.
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Nanomedicine is not that other, as application nanodesign in
medical sphere to influence on the person. Address delivery of
medicines to the affect sites of the body of the patient is not till
the end studied, but rather perspective working out for its
further development and introduction in public health.

It is necessary to notice, that just application of
nanotechnologies in medical sector is the reason of much
resistance comes from outside both from the scientific area, and
state structures. The reasons for that are: researchers regard
safety of the person as a the key condition in the situation of
absence enough money for carrying out of valid clinical tests
which in their turn do not hasten to financed of state structures
through the fear of reduce of level of the state budget and a
finding checked up although outdated places of the capital
investment, also businessmen, are afraid subsidize their capital in
so hazardous enterprise.

Problem of underfunding of clinical tests on nanolevel isn’t
unique. We should also note unwillingness to enter innovation
because of doom the previous designs which are giving you
enormous profits.

Following stopper of the progress in medicine is the position
of many developed countries from the point of view of strategy
of dynamic making up. That is the countries don’t go on the
realized risk on purpose to adopt only positive experience at the
countries-pioneers.

Concerning the Russian Federation it is possible to state a
fact that on the assumption of scientific reserves which are
available in the country, would be possible to select strategy of
scientific and technical leadership in this segment on conditions
that integration efforts of various interested institutes, such as
the State, venture funds, manufacture, science, education in one
innovative system. In this period of time, unfortunately, the
process of development of nanotechnologies in Russia occurs
slow rates.
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Nanocomposites Fe@C obtained by gas-phase method [1] is a
perspective  nanomaterial for biomedical applications [2].
Nanoparticles represent a core (iron) / shell (carbon) structure. This
nanomaterial is ferromagnetic and it has simultaneously enhanced
corrosion resistance as compared with pure iron and their oxides.
Among the numerous applications for this nanocomposite the
development of drug as a targeted diagnostic multi-modal agent,
which is supposed to be entered into a living organism systematically
seems to us the most attractive. According to electron microscopy
data, the diameter of the particles found to be in the range of 10-20
nm, this size is sufficient for the particles to circulate in the
bloodstream, but it was revealed that aqueous solutions of the
particles are unstable forming the large visible by-eye aggregates,
that are unacceptable according to Ministry of Health [3]. Thus, while
dealing with Fe@C nanocomposites much attention should be paid
to investigate the aggregate stability during the time. The most
common methods of stabilization of nanoparticles are the use of
surface-active agents (surfactants), or the creation on its surface of
strong (positive or negative) zeta potential. In our research both
variants of stabilization have been considered.

As a stabilizing surfactant DSPE-PEG2000 (Lipoid GmbH,
Germany) was chosen, as being biocompatible and providing a high
stability of disperse systems [4]. After surfactant treatment the
average size of aggregates recorded in the dispersion was in the
range of 100-150 nm (measured by DLS using the Zetasaizer Nano-ZS
device). The aggregates average size of order ~ 50 nm was achieved
after further centrifugation and prolonged ultrasonic processing.

In order to provide the specific charge state of surface the
functionalization was applied using aryl diazonium chemistry. As a
result we obtained the nanocomposites containing surface carboxyl
groups or amino groups having the zeta potentials equal to - 40 mV
and +35 mV respectively. The average size of aggregates stabilized by
covalent modification was less than 150 nm.

Thus, during the work a various methods to improve the
aggregate stability of nanoparticles Fe@C, which could be used to
prepare dispersions suitable for systemic administration in a living
organism, were developed.

We are acknowledged to RFBR for financial support (Grant # 10-
02-00323a).
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The center "Nano-Biotest" (Accreditation ROSS
RU.0001.22HHO07 of 16/02/2010) investigated the sensitivity of
the 33 species of test organisms from different taxonomic groups
in 740 test systems for various kinds of man-made nanoparticles
(platinum, nickel, metal oxides, carbide and silicon nitride,
nanotubes, nanostructured and polycomponent nanomaterials)
in a wide range of concentrations and sizes. It was analyzed the
biological effects of water dispersed systems of nanoparticles (DS
NP). The most pronounced toxic effects were manifested in DS
NP range of concentrations similar to those in the natural
environment (1.0 - 0.00001 mg / l). One of the criteria for the
selection of test organisms was their presence in food chains of
agro-food production and akvatechnology.

The introduction of nanoparticles into the cultivating
medium in most cases did not lead to the death of test
organisms, but caused a serious breach of their physiological
functions and behavior: opposite changes the rate of growth and
metabolism of soil bacteria (the genus Pseudomonas and the
genus Bacillus), the change of the kinetic parameters of growth
and suppression of sporulation of soil fungi (the genus
Trichoderma, several species), change in the rate of mass
increase Chlorella vulgaris B., violation of the biosynthesis of
chlorophyll a, b and carotenoids in various species of higher
plants (Lemna minor, Phaseolus vulgaris and Triticum aestivum),
increase content of Amaranthine in the tissues Amaranthus
cruentus, changes in seed vigor of crops (Avena sativa, Triticum
aestivum, Lycopersicon esculentum, Hordeum vulgare, Phaseolus
vulgaris and Raphanus sativus), negative chemotaxis Paramecium
caudatum, drop the food activity and fecundity of Daphnia
magna and Ceriodaphnia affinis, changes in Danio Rerio and
Cyprinus carpio development.

The analysis of results revealed several features of the
biological effects of nanoparticles.

1) Lack of manifestations of the monotonic dependence of
the toxic properties of nanomaterials and their concentration in
the environment surrounding the test organisms (maximum
severity of biological effects in the concentration range 1.0-10.0
mg /I and 0,001-0,00001 mg /l). This pattern may be associated
with different distances between the nanoparticles in DS NP and
their different bioavailability in connection with the processes of
aggregation and elimination due to sedimentation.

2) The nonlinear relationship of expression of the biological
effects of the degree of dispersion, which causes the activation of
different mechanisms of nanoparticles penetration in biological
object.

3) The relative preservation of the chemical specificity of the
substances in the nanostate associated with increased formation
of ionic forms in dispersions.

4) The dependence of test responses from the method of
forming the test systems.

5) Species- and organ- specificity of the biological effects of
DS NP.

The absence of a unified methodology leads to ambiguous
results bioassay environmental hazard / safety of nanomaterials:

1. Differences in sample preparation technology

a) The concentration of NP in the test systems without taking
into account the possible existence in nature;
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b) The intensity and length of dispersion;

c) Stabilization of the DS NP and evaluation of effective
concentration for the analysis.

2. Differences in the bioassay technique

a) Members of the ensemble of test organisms;

b) Used test reactions;

c) Procedures for bioassay.

3. Differences in the evaluation of the results

a) Differences of toxicological and
significance of the recorded test reactions

b) Different systems and biosafety evaluation scale (Disease
surveillance, Ministry of Environment, OECD, etc.)

It is established that to assess the environmental safety of
nano does not apply the principle of safety assessment by the
multiplicity of dilution of disperse systems of nanoparticles to a
safe level. In addition, shows the need for a scheme of analysis
based on the simultaneous study of the test reactions set of test
organisms from different taxonomic groups, depending on the
scope of possible deployment, use and disposal of nano.

ecotoxicological
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IR spectral investigation make it possible to obtain important
information about structure of compounds, ligand coordination
and their mutual influence. It is interesting to consider the
infrared spectra of multiligand complex compounds in the inner
sphere of sodium 2,3-dimerkaptopropansulfonat (unithiol) and
ammonia or ethylenediamine. In order to investigate oscillation
spectra of multiligand complex compounds of cobalt IR-spectral
methods have been applied. IR-spectra of solid specimen have
been registered by “Specord M80” in the diapason of 200-4000
sm™ in the tablets with KBr or in the suspension in vaseline oil.

The initial salts of cobalt (Ill) used for synthesis represent
complex compounds as well. The spectral picture obtained for
the sited compounds has rather complex character, that is due to
the overlapping of absorption bands of different ligands. One can
see that when unithiol molecule penetrates into the inner sphere
of the complex with the formation of multi ligand compounds,
the valence fluctuation band of Co-N link displaces to the lower
frequency area compared to the mono ligand ammin complexes.
On the contrary, according to IR spectra (table 1) the Co-S link in
the amine or ethylenediamine compounds is slightly stronger
than in monoligand complex. The valence fluctuation band of C-
N link of [Co(en)s]Cl; complex located near 1045 cm™ is one of
the characteristic bands of ethylenediamine. In the unithiol
complexes this fluctuation is overlapped by very intensive band
uS0s;, therefore the ucn frequency cannot be evaluated. The
frequency of absorption bands of multi ligand complexes related
to unithiol do not differ from the frequency of mono ligand
complexes. We can mark only slight displacement (5-10cm™) of
valence fluctuation bands of C-S links to the low frequency area.
This may be explained by very strong relation of unithiol with
central atom, so the C-S link strength is slightly decreased. This
conclusion also coordinates with the results of quantum-
chemical calculations of C-S link length in the compounds
studied. Thus, the results of IR spectroscopic investigation
confirm that the interaction of unithiol with complex salts of
Co(lll) results in the formation of complex compounds,
containing different ligands in the inner sphere. Multi ligand
complexes are characterized by high stability of Co(lll)-unithiol

link, as the interaction Co(lll)-NHs(en) is weakened compared to
the mono ligand compounds.

Table 1 - Some vibrational frequencies (cm™) in the IR spectra
of original and synthesized complex compounds of cobalt (lIl)
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P39 DETERMINATION OF AFFINITY CONSTANT
FOR ANTIGEN-ANTIBODY SYSTEM AND
DEVELOPMENT OF FLUORESCENCE
POLARIZATION IMMUNOASSAY OF

FLUOROQUINOLONE OFLOXACIN

Nechaeva N.L.*?, Eremin S.A.

'M.V. Lomonosov Moscow State University, Leninskie
Goru 1, 119991 Moscow, Nechaeva.N.L@yandex.ru
?A.N.Bakh Institute of Biochemistry of Russian
Academy of Science, Leninskii pr. 33-2, 119071
Moscow

Fluoroquinolones (FQs) are the class of antibiotics, which are
widely distributed in veterinary medicine to treatment and
protection from different infectious diseases. In particular
ofloxacin, used in this work, can be applied in medicine and in
veterinary medicine. These compounds can accumulate in the
human organism and become reason of very harmful
consequences like rash, itch, dietary allergy et cetera. On the
other hand the contamination of food products by
fluoroquinolones may cause occurrence of strains of pathogenic
microorganisms which are resistant to these antibiotics. And that
makes them ineffective in treating people. That's why it is
necessary to develop sensitive, specific and express methods of
control the content of FQs. In the European Union maximum
permissible level (MPL) for FQs content in meat is 100-300
mkg/kg, and in milk it's 100 mkg/I.

One of the most perspective methods of FQs determination
is fluorescence polarization immunoassay (FPIA). As any
immunoassay, FPIA is based on the reaction of a specific antigen-
antibody interaction. And in the design and optimization analysis
one of the most important steps is characteristic of
immunochemical systems from physical and chemical points of
view, and in particular the determination of binding constants of
antigen-antibody complex. Knowledge of physical and chemical
parameters of the system allows us to make the best selection of
immunoreagents. The main parameters that allow to choose the
best pair of tracer-antibody binding constants are
thermodynamic. The aim of this study was to calculate binding
constants in the antigen - antibody system for ofloxacin by
Scatchard method based on data obtained by the polarization
fluorescent immunoassay.

Using the Scatchard method, we adopted a concentration of
tracer as constant and determined the complexation constant in
the tracer-antibody complex. Then using this value we
determined the constant of complex formation in antigen-
antibody system. It was shown that the binding constant of
unlabeled antigen (1,620,4)-10° M™ is lower than the binding
constant of tracer (1,2+0,2)-10’ M™ one level degree. Optimized
method FPIA allows to determine 100 ng/ml ofloxacin in 50 ul of
the sample for several minutes.

Research sponsored by the Federal Target Program
“Scientific and scientific-pedagogical personnel of innovative
Russia in 2009-2013” (State Contract Ne 16.740.11.0158,
September 2, 2010) and Russian Foundation for Basic Research
grant 11-04-91189_NSFC_a «Mechanism of the enantio-selective
molecular recognition between chiral hapten and antibody:
ofloxacin as model».
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In this work is represented the new type of antigenic
compositions based on artificial spherical virus particles (SPs). SPs
are generated by thermal denaturation and structural
remodelling of coat protein (CP) of tobacco mosaic virus (TMV).
TMV virion is rod-shaped with a diameter of 18 nm and a modal
length of 300 nm. TMV is readily available, cheap and useful
object for the developing of novel approaches in
nanotechnology. It has been found that upon thermal
denaturation of TMV viral RNA is released and viral CP assembles
into spherical particles. It is possible to obtain SPs of the certain
size. It was provided the evidence that SPs are stable, highly
immunogenic and have negative total charge on the surface (fig.

Figure 1.Transmission electron microscopy of tobacco mosaic
virus, bar is 100 nm (a); scanning electron microscopy of
spherical nanoparticles (b).

The aim of the present work was the in vitro assembly of
compositions consisting of SPs and several foreign antigens
potentially attractive for vaccines development. The following
recombinant proteins were used for binding to the SPs surface: a)
the N-terminal M2e epitope of influenza virus A protein M2, b)
the recombinant antigen consisting of three neutralizing epitopes
of influenza virus A hemagglutinin, c) tetraepitope of antigenic
determinant A of rubella virus glycoprotein E1. Apparently, the
assembly of the complexes between SPs and antigens occurred
due to electrostatic or/and hydrophobic interactions(fig. 2).

The formation of antigenic compositions was revealed by
method of indirect immunofluorescence staining. The results of
immunostaining were analysed using fluorescent microscopy.

Figure 2. Antigen compositions consisting of SPs and molecules
of antigen. a) schematic image of SP-antigen complex (grey
sphere is SP, green spheres are molecules of antigen), b)
fluorescent microscopy. Bar, 5 um.
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It has been found that different foreign proteins linked to the
surface of SPs retained their antigenic activity and possessed
ability to react with corresponding primary antibodies. This fact
indicates that the specificity of linked antigens was not changed
after their binding to the SPs surface.

Such antigenic compositions could be regarded as a
promising tool for the development of absolutely new
approaches for the production of cheap diagnostic antibodies
permitting the revealing of human, animal and plant pathogens.

The data of fluorescent microscopy indicated the possibility
of concurrent binding to the SPs surface more than one antigen.
It was found that the specificity of all antigens was not changed
after binding to the SPs surface.

The developed approach is original and could permit the
obtaining of new generation of vaccine, including polyvalent
vaccines. Such vaccines will be safe for humans, because plants
and animals have no common pathogens.

P41 THE USE OF CALCIUM PHOSPHATE
NANOPARTICLES FOR THE DELIVERY OF
DRUGS INTO THE EYE
Nikolskaya LLY Shimanovskaya E.V.}, Beznos 0.V.},
Pavlenko T.A.%, Kabanov A.V.%, Chesnokova N.B.?,
Klyachko N.L.*, Kost 0.A.

! Chemistry Faculty, Moscow State University,
Moscow 119991, ace@enzyme.chem.msu.ru

2 Helmholtz Institute for Eye Disease, Moscow

? Center for Drug Delivery and Nanomedicine
University of Nebraska Medical Center, Nebraska

The delivery of drugs into the inner structures of the eye is
considered as a rather complicated task. Usually, only around 5-
10% of the active compound can penetrate into the eye, while
the increase of drug concentration leads to the risk of side-
effects, both local and general. The effectiveness of ocular drugs
can be enhanced by the use of nanostructures as drug carriers.
Recently, calcium phosphate nanoparticles (CaPh-nanoparticles)
— non-toxic, biocompatible and biodegradable — were suggested
for ophtalmology [1, 2].

The aim of this work was to obtain and characterize CaPh-
nanoparticles, containing drugs, capable to decrease intraocular
pressure (IOP) — anti-glaucoma agent timolol and the inhibitors of
angiotensin-converting enzyme (iACE), as well as comparative
experiments in vivo by the influence of these drugs in water
solutions and encapsulated in nanoparticles on IOP of healthy
rabbits.

Methods. CaPh-nanoparticles were obtained by modified by
us method [1, 2]. Distribution of CaPh-nanoparticles by size was
determined by the method of dynamic light scattering before
and after filtration through filters with 0.22 and 0.44 pm pores.
The surface of nanoparticles was characterized by atomic force
microscopy. The effectiveness of encapsulation and retention of
the drugs within nanoparticles was estimated
spectrophotometrically. In each series of the experiment in vivo,
10 healthy rabbits (20 eyes) were divided to two groups:
experimental group got single instillations of the drugs
encapsulated in CaPh-nanoparticles, whereas control group got
single instillations of the drugs in water solution.

Results. It was shown that both timolol and iACE were
capable to be held by CaPh-nanoparticles. It was demonstrated
that timolol and iACE encapsulated in nanoparticles exhibited
more pronounced and prolonged effect on IOP compared with
the effect of these drugs in solution. Maximum decrease in IOP
values was observed at 2-3 hours after instillations both in

control and experimental groups, however, the values of IOP
decrease were almost twice higher in experimental groups.
Moreover, whereas IOP in control groups returned to initial
values after 4 hours after instillations, the values of IOP in
experimental groups (both with timolol and iACE) remained
decreased even after 4-6 hours after instillations.

Thus, calcium phosphate nanoparticles can be used as
carriers for the drugs decreasing intraocular pressure. It is worth
noting that the encapsulation of the drugs in nanoparticles both
enhanced and prolonged the effect of these drugs.

Literature:

1. Bell S,
Compositions
Application // US Patent
17.06.2004.

2. Bell S., He Q., Morco T. Therapeutic Calcium Phosphate
Particles and Methods of Manufacture and Use // US Patent Ne
6.355.271 B1, prior .12.03.2002.
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Introduction. The aim of this work is to evaluate the possible
toxicity of nanoparticles (NP) of metal oxides (nanoparticles of
CuO and two types of iron oxides) to the human cells HeLa. These
cells are often used to assess the toxicity of chemicals.

Methods. To study the toxicity of nanoparticles and their
effects on the proliferative activity of Hela cells, we used the
MTT method (Methylthiazol Tetrazolium Assay). For the
sterilization of samples of nanoparticles, autoclaving of the tubes
with samples was performed at a pressure of 1 atmosphere is
120 @ C for 30 min. After autoclaving, the samples were diluted in
50 ml of the appropriate aqueous medium. Dilutions were made
in 50 ml of sterile triple distilled water and 50 ml of 199 medium
made in the Moscow Institute of Poliomyelitis and Viral
Encephalitis. Then the samples were put into the 96-well cell
culture plates from Wink. 24 - hour monolayers of the cells Hela
were in the wells. The Hela cells were in the 96 - well plates at a
concentration of 200,000 cells / ml. Into each well, 100 ml| of
medium 199 with 10% fetal calf serum (FCS) was added. Then,
the incubation was carried out for 24 hours in an incubator with
CO; at 37 2 C. Before addition of the samples to the wells, the
incubation medium was changed by adding 100 ml of 199
medium with 1% FBS to the wells.

The study samples of NP were titrated in a dilutionof 1 /2, 1
/4,1/8,1/16,1/32,1/64,1/128,1/256,1/512,1/1024.
The samples (100 ml) were added into the wells, in duplicates.
Incubation of cells with samples was carried out for 24 hours in
medium 199 with FBS. As a control, water was added to the wells
with the cells, and the incubation was carried out simultaneously
with the samples.

Cells were incubated with the samples of NP for 24 hours in
an incubator with CO; at 37 2 Cin 199 medium with 1% FBS. After
that, the medium was removed from the wells. Then added to
100 ml of medium 199 with 20 ml of MTT (from Sigma, at the
initial concentration of 5 mg / ml) was added. After that the cells
were incubated with MTT for 4 hours. Then the medium with
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MTT was removed. Then 100 ml of dimethyl sulfoxide (DMSO)
was added to dissolve the formazan which was reduced by the
Hela cells. The cell pellet was resuspended 5 minutes using a
pipette. The optical density (OD) at a wavelength of 492 nm was
measured using the photometer “Stat Fax 3200”.

To assess the proliferative activity of Hela cells, a special
coefficient of proliferation rate K was used. The K coefficient was
calculated by the formula (1):

K = 0D492 nm (experiment) / OD492 nm (control) (1)

We studied 3 types of metal oxide nanoparticles: the samples
of nanoparticles No. 1, 3, and 5. The sample No. 1 — CuO, Sigma-
Aldrich Co. (St.Louis, MO, USA), size <50 nm. Sample No. 3 -
Fe,0; (alpha), Nanostructured & Amorphous Materials Inc. (Los
Alamos, NM, USA), size 20-50 nm, 50 m? g'l. Sample No. 5 -
Fe,03, Nanostructured & Amorphous Materials Inc. (Los Alamos,
NM, USA), size 20-50 nm, 30 m* g™

Results and discussion. Based on the results of testing using
the MTT test, rates of proliferation were calculated.

To control the initial titration of H,O on the Hela cells was
carried out in parallel with the preparations.

All three samples caused a decrease in proliferation rate at
dilutions of % and %. Samples 1 and 3 reduced the rate of
proliferation also at high dilutions, including the dilution 1 / 256.
With all these sample dilutions, sample 1 reduced rate of
proliferation more than the sample 3. Thus, sample 1 (CuO)
showed the highest toxicity.

For comparison, we tested also the samples of nanoparticles
which after autoclaving were diluted in medium 199. Under
these conditions, all three samples inhibited the proliferative
activity. Medium 199 reduced the inhibitory effects of
nanoparticles on the proliferative activity.

Conclusions. The tests on the Hela cells revealed the
following. Among the three sample of nanoparticles which were
tested, sample No. 1 (copper oxide nanoparticles) demonstrated
the most potent inhibitory effect on the cell proliferation.
Sample No. 5. - Fe,0s, - was found to be the least toxic of the
three samples. Sample 3 - Fe,0; (alpha), - occupied an
intermediate position.

ASSESSING THE TOXICITY OF NANOPARTICLES OF
COPPER OXIDE AND IRON OXIDE ON CELL CULTURES:
ANALYSIS OF HISTOGRAMS GENERATED BY THE
AUTOMATED CELL COUNTER SCEPTER
Podchernyaeva R. Ya.}, Suetina I. A%, Lopatina O. Al
Ostroumov S.A.>

1 D.1. Ivanovsky Institute of Virology of
Minsotzdravrazvitia of the Russian Federation,
Moscow;

2 M.V. Lomonosov Moscow State University, Biological
Faculty, Moscow; ar55 [at] yandex.ru
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The global distribution and various applications of
nanotechnologies make it important to assess the potential
toxicity of nanoparticles, especially to human cells. In the studies
of cytotoxicity of chemicals to human and mammalian cells, the
Hela cells are often used in bioassays. The assessing of toxicity
of nanoparticles is more difficult than working with solutions of
water-soluble chemicals. Therefore the development of proper
methods for bioassaying nanoparticles is a serious challenge.

The goal of this study was to discover the potential toxicity of
the nanoparticles (NP) of metal oxides to the Hela cells, using
analysis of histograms generated by the automated cell counter
SCEPTER (Millipore).  We studied the following samples of
nanoparticles: Sample No. 1 — CuO, Sigma-Aldrich Co. (St. Louis,
MO, USA), size <50 nm; sample No. 3 - Fe;O3 (alpha);
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Nanostructured & Amorphous Materials Inc. (Los Alamos, NM,
USA), size 20-50 nm, 50 m? g'l; sample No. 5 - Fey0;,
Nanostructured & Amorphous Materials Inc. (Los Alamos, NM,
USA), size 20-50 nm, 30 m? g*. The nanoparticles were sterilized
by autoclaving. The cells, the nanoparticles and the medium 199,
as well as the fetal calf serum (FCS) were put into the wells of the
cell culture plates (Wink). The concentration of FCS in the well
was 5%. Then the plates were incubated in an incubator (48 h, 37
° C, CO,). After incubation, the adherent cells were removed from
the walls and suspended with a spatula made of plastic. Then the
cells were counted using an automated cell counter Scepter
(Millipore). When testing the dilutions %, the following data
were obtained (see Table 1).

Table 1. Influence of nanoparticles in 199 medium on Hela
cells after 2-day incubation at a dilution of %. Prior to dilution the
concentration of the original samples of drugs were: No.1 and
No.5-2mg/ml, No.3-1mg/ml.

Characteristics of{Control Sample 1
state of the cells
after exposure to|
nanoparticles

Sample 3 Sample 5

The number of{7.86 x10° 2.03 x10* 1.04 x10° 7.36 x10°

cellsin 1 ml

[The average cell0.86 0.47 0.98 0.72

volume

[The average|11.79
diameter of cells,
um
(micrometers)

8.96 12.29 10.03

Comment on thefthe maximum|The maximum(There is a[There is
histogram of thelnumber of cellsjat 13

a

pm[maximum at 13jmaximum at 13|

the state of the
cells

cells is normal

cells

toxicity to theftoxicity

number of cells offis at about 13|(micrometers) [um Lm

different size um is completely|(micrometers) |(micrometers)
(micrometers) |absent

[The conclusion onfthe state of thelnoticeable no  noticeablelA slight]

decrease in the
number and
laverage size of|

cells

The next experiment on testing of the nanoparticles was
conducted using a dilution of 1 / 8. The results of bioassay are
given below in the Table 2 (see below).

Table 2. Influence of samples of NP in 199 medium on the
Hela cells after a 2-day incubation at a dilution of 1/ 8. The initial
concentrations of all samples of NP were 2 mg / ml.

Characteristics
of state of the
cells after|
lexposure to|
nanoparticles

Control Sample 1 Sample 3 Sample 5

The number of{7.86 x10* 4.5 x10* 8.24 x10* 9.65 x10"

cellsin 1 ml

[The average cell|0.86 0.47 0.98 0.72

lvolume

[The average|11.79
diameter off
cells, microns
(um,
micrometers)

9.68 12.33 11.12

Comment  on[The maximum[The maximum(There is a[There is a
ithe histogramnumber of cellslat about 13 pmlmaximum  atjmaximum  at]
the number ofoccurred at(micrometers) [about 13 umjabout 13 pm
icells about 13 pmijis completely(micrometers) |(micrometers)
(micrometers) |absent

[The conclusionjnormal state  |noticeable
On the state of] toxicity

IToxicity is not[Toxicity is not
observed observed

the cells

Testing has shown that when diluted at a dilution 1/8 the
sample 1 (CuO NP) retained a toxic effect. In wells samples 1 and
5 the number of the cells was larger than in the wells with these
samples at a dilution of %.



Conclusions. Using the auto-counter, it was showed that
among the nanoparticles tested, nanoparticles of CuO
demonstrated the most pronounced toxicity to human cells as
represented by the Hela cells, at both tested dilutions. This result
is consistent with the evaluation of cytotoxicity of the
nanoparticles by another method (Methylthiazol Tetrazolium
Assay, MTT). These results demonstrated the potential
usefulness of the both methods for assessing toxicity of
nanoparticles to human cells.

P44 HIGHLY SENSITIVE PRION DETECTION BY

MEANS OF SERS
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Surface-enhanced Raman (combinational) spectroscopy
offers a number of unique possibilities making it a promising
method of investigation of a wide range of biomolecules. The
main advantage of SERS is the high sensitivity. At present SERS is
widely used as an immunoassay detection method. The highest
sensitivity can be reached when gold or silver nanoparticles with
immobilized dye are being used.

This approach seems to be promising particularly for
detection of prions that present an absolutely new type of
pathogenic proteins causing a number of incurable human and
animal central nervous system diseases. Pathogenic isoform of
prion is rich in B-sheets and can spontaneously polymerize
forming highly ordered fibrils that damage neurons. At present
an analytical method with detection limit of dozens to hundreds
of prion molecules per ml is needed.

We have developed a method of immobilization 5,5'-
dithiobis(2-nitrobenzoic acid) (DTNB) onto gold nanoparticles
with average diameter of 45 nm. This dye forms covalent bonds
with gold surface. It exhibits a strong Raman scattering signal
assigned as the symmetric stretch of the nitro group. The
technique of its immobilization onto nanoparticles dissolved in
ethanol is already known [1]. According to our data ethanol
causes precipitation of nanoparticles because of aggregation. We
have proposed the method to conduct this reaction in buffer
solutions or in water. Such a possibility enlarges the field of
application of this reaction. The signal intensity grows with DTNB
concentration increase; however, its error sometimes increases
too.

To develop a method of dye immobilization onto
nanoparticles one must have a method for control the resulting
SERS signal intensity. Drying of colloidal gold sol drop is not
applicable because in that case signal intensities measured at
different places on sample surface do not agree with each other.
It is also known that the gold surface can further enhance signal
intensity of dye adsorbed onto nanostructures [2]. However, gold
layer sputtered onto glass surface cannot be used as a support
because of its high background.

Electrostatic adsorption of modified nanoparticles onto
aluminum surface treated with poly(dimethyldiallylammonium
chloride) and Kl satisfies the necessary requirements consisting
of high signal intensity and its low error. Absorption of
nanoparticles to nitrocellulose can be used as another technique
of control of nanoparticles. In that case preliminary surface
treatment and washing are not needed, the sample preparation
requires less time and the signal intensity is higher.

After DTNB immobilization antibodies against prion and then
polyethyleneglycol were noncovalently adsorbed onto

nanoparticles. Each immobilization stage was accompanied by
adsorption maximum shift to longer wavelengths by 2 — 3 nm.
The stages of prion determination were as follows.
Recombinant bovine prion and BSA were successively adsorbed
onto polyvinylidene difluoride membrane treated with methanol.
The prion concentration was 70 ng/ml. After that the membrane
was incubated with the conjugates. The intensity of the main
peak in SERS spectrum of the sample containing prion was 5
times higher than that of control one. The results obtained
demonstrate the possibility to detect prion at low concentrations
by means of SERS.
LITERATURE:
1. Temur E., Boyaci I.H., Tamer U., Unsal H., Aydogan N. //
Anal. Bioanal. Chem. 2010. V. 397. P. 1595.
2. LeeM,, LeeS,, Lee ., Lim H., Seong G.H., Lee E.K., Chang S.-
I., Oh C.H., Choo J. // Biosensors and Bioelectronics. 2011.
V. 26. P. 2135.
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Advanced Technologies Center, Moscow, Russian
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The common artificial systems for targeted delivery of genes
into cells are small complexes of genetic material and positive
charged molecules. Unlike such synthetic systems, viruses are
adapted to the host cell and have mechanisms allowing them to
survive without cell acquired during evolution. These features are
the very promising basis for the development of delivery
systems.

Potato virus X (PVX) and some other phytoviruses can be
assembled in vitro from viral coat protein (CP) and RNA
producing viral ribonucleoprotein complexes (VRNP).

PVX CP is able of forming vRNP in vitro not only with
homologous (PVX) RNA but also with foreign RNAs: potexviruses
(NMV - Narcissus mosaic virus, PAMV - Potato aucuba mosaic
virus, AltMV - Alternanthera mosaic virus), tobamovirus (TMV -
Tobacco mosaic virus), bromovirus (BMV - Brome mosaic virus)
and picornavirus Mengo (animal virus).

Artificial viral particles (vVRNP) structure was examined by
electron and atomic force microscopy. It was shown that artificial
viral particles containing the foreign RNA have identical
morphology to the homological vVRNP (PVX RNA — PVX CP) and
native PVX (Fig. 1).

Figure 1. Artificial vRNP assembled in vitro during incubation
of CP PVX and RNA.

A) PVX RNA on mica, B) TMV RNA on mica, C) AltMV RNA on
graphite; D) Mengo virus RNA on mica. Atomic force microscopy.
Bars, 1 um.
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Viral RNA in the form of transport moving from cell to cell
over the infected plant should be excluded from translation and
replication.

It was shown that foreign RNA in vVRNP was nontranslatable
in vitro. Incubation of formed VRNP and PVX-coded movement
protein (termed TGBpl MP) leads to its destabilization,
disassembly of particles into protein subunits and RNA and
initiation of translation. It being known that protein-protein
interaction of PVX CP and TGBpl MP acts the main role in this
process.

It seems that formation of heterologous VRNP with PVX CP in
vitro doesn’t require a specific 5’ erd RNA nucleotide sequence.
Since PVX CP couldn’t form virus-like aggregates
in the absence of RNA we conclud
We examined the possibility of formation ed that PVX CP can be
assembled with foreign genetic material of various size and
sequence in virus-like particles. VRNP in vitro from PVX CP and
uncapped transcripts of different length and sequence obtained
from full genome cDNA of PVX RNA. By atomic force microscopy
was shown that vVRNP formation with uncapped transcripts didn’t
occur. However after capping of these transcripts and incubation
with PVX CP in vitro we detected particles morphologically
identical to the homological VRNP and artificial viral particles,
described earlier.

We suggest that capping leads to change in 5 end RNA
secondary structure and initiate assembly with PVX CP.

Creation of “mixed” artificial virus-like particles gives an
opportunity to use them as nanocontainers for targeted delivery
of foreign nucleic acids into damaged cells. Usage of plant viruses
for of artificial VRNP has several advantages such as high
formation stability, absolutely biologically safety (plants and
animals have no common pathogens) and low cost price.
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Nanostructured  polymer  coatings are used as
bioimplantantnyh materials, and materials themselves have a
qualitatively new properties that are unattainable for
conventional materials. The development of adequate means of
investigation of film coatings to determine their physical and
mechanical properties at the nanoscale is important. In the world
research practice atomic force microscopy (AFM) is used for this
purpose (AFM) [1, 2].

The object of the study were polimeric coatings of latex
particles with thickness of 20-25nm, formed by Langmuir-
Blodgett technology (LB) on the surfaces of intraocular lenses
("I0OL + latex") and polished silicon ("Si + latex") under the surface
tension force 45 mN/m [3].

Investigation of the surfaces of LB films and carrying static
force spectroscopy, allowing a load curves of the tip-sample
distance (Fig. 1) was performed using an atomic force
microscope, "NT-206" (ODO "Microtestmashines", Belarus) and
standard silicon NSC-11 probe (Micromash Co, Estonia) with a
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radius of curvature of 50 nm. Stiffness of the console was
50 N/m. The elastic modulus of silicon is 179 GPa, IOL — 3 GPa.

Traditionally, the interpretation of force spectroscopy to
determine the elastic modulus is performed using the Hertz
theory of elastic deformation of spherical bodies [1, 2]. However,
the study of elastic properties of thin coatings requires taking
into account the influence of the substrate having a pattern
different from the modulus of elasticity. This approach is
implemented using the theory of deformation of the contact of
layered systems [4-7]. For samples of "Si + latex" and "IOL +
latex" elastic modulus was defined in the depth range of 10 - 25
nm (Fig. 2). Poisson's ratios of the layers were set equal to 0.3.

The coincidence of the elastic properties of the coating of
latex particles deposited on the silicon surface and the I0OL is
illustrated (Fig. 2). Hertz theory is inconsistent with the
characterization of nanostructured coatings, is overstating the
values of the elastic characteristics in 2 — 4 times.

Deflection of probe, nm

( 10 M) W i

Datance grobe-sample nm

Fig. 1. The dependence of the deflection of the AFM probe
console from tip-sample distance
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Fig. 2. Local elastic modulus of covering of the latex particles
on the surfaces of 10L and silicon, with an asterisk the values of
the modulus of elasticity, determined using the Hertz theory, are
marked

The combination of the experimental method under
correctly selected AFM tip radius of the indenter and the
theoretical model of contact deformation of layered systems,
taking into account the thickness of the coating and the substrate
effect, is effective in determining the elastic properties of
nanostructured materials. Thus, consideration of the effect of
both rigid and deformable substrate makes possible to calculate
the elastic modulus covering of latex particles, which amounted
to 59,7 £ 2,59 MPa.
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Over the past 20 years has sharply increased risk of exposure
to man-made nanoparticles on the population. According to the
Federal Service for Supervision of Consumer Rights Protection
and Human Welfare of nanomaterials that are registered in the
world from 2008 to October of 2010 increased from 1180 to
2610. It is noted that 30% of all registered nanomaterials -
Carbon nanotubes (CNTs) and fullerenes. At the same nanotube
is difficult to investigate the toxicity: harmful effects on living
organisms may differ on the size and structure of the tube. .

To date, a large number of toxicological studies of carbon
nanotubes on the mammals and the results were very
inconsistent. Scientists National Institute for Occupational Safety
and Health in the field of professional activities (National
Institute for Occupational Safety and Health, NIOSH, USA), as well
as several other organizations have shown that carbon
nanotubes in contact with the lungs of mice causes the
development of the inflammatory process.

Researchers from the University of Dayton (USA) L. Zhu, D.
Chang, L. Dai, and Y. Hong found that CNTs are able to
accumulate within the mouse embryonic stem cells, causing DNA
damage.

At the same time, scientists at Stanford University working
under Professor Hongjie Dai came to the conclusion that
accumulates in the mice, carbon nanotubes have no toxic effect.

In the available literature found very few studies of the
possible negative impact of carbon nanotubes on the
reproductive system of mammals.

The investigation of the toxicity of carbon nanostructured
materials (CNM) "Town" (multiwall carbon nanotubes,
manufacturer - company "NanoTehTsentr, Tambov") on the
reproductive function of male laboratory mice. The experimental
part is made in accordance with guidelines of the nanomaterials
to detect, posing a potential danger to human health.
Distinguishing two coeval group of animals (experimental and
control groups) consisting of 10 adult male non-linear laboratory
mice each. For an introduction to the body was selected
nutritional path, as this method proceeds of nanomaterials in the
body is most likely. Within 30 days of the experimental group
was injected CNM "Town" by replacing the drinking water in

colloidal agueous solution. The average daily dose of the material
for each male in the experimental group was 30 mg / kg. To
assess the overall condition of the animals. The control group
consisted of mice injected with distilled water in similar
quantities. Upon expiration of the exposure to each male would
sit down to 3 Virginy unexposed females. Noted the presence of
sexual behavior. Replanting of females to males produced guinea
weekly for three weeks. Otsazhennyh females dissected after 15-
17 days. Estimated number of pregnant females, females with
living fruits from the dead fetus, the number of live and dead
fetuses per litter.

As a result, both groups recorded the presence of normal
sexual behavior. External lesions in the experimental group were
observed. However, follow-up of females revealed that the
carbon nanomaterial administered orally at a dose of the study,
causes complete sterility of male laboratory mice. Study of
histological sections of testes of experimental animals showed
significant structural changes compared with the control group.
These studies should be continued to ensure the safe
implementation of carbon nanotubes as a structural material of
new generation.
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Introduction. Antirheumatoid activity is characteristic of a
number of antioxidants, such as vitamins A, C, selenium and
fullerenes. Alpha-lipoic acid (LA) is a unique antioxidant which is
soluble in both aqueous and lipid media. This amphiphility and
nano-size of the molecule lets her circulate in blood as well as get
into the cells. LA is a popular research target for researchers all
around the world®>. We designated this study to reveal anti-
inflammatory activity of LA at oral administration in comparison
with sodium diclofenac (DF) on a model of rheumatoid arthritis
(RA) - adjuvant arthritis (AA) in rats.

This type of experimental arthritis was chosen, because
subplantar injection of complete Freund’s adjuvant produces
contralateral arthritis, repeating basic human RA peculiarities:
synovitis and formation of pannus, synovial hyperplasia,
infiltration of inflammatory cells into the synovial tissue, synovial
hyperalgesia and erosion of the articular cartilage and bone.
Moreover, adjuvant arthritis modeling represents major
cytokines and biological factors in the synovium and cartilage at
human RA.

Materials and methods. AA was modeled in 65 white non-
linear rats of 220+20g of both sexes by subplantar injection of
0,1ml of complete Freund’s adjuvant into the rats’ right posterior
paw. Animals were treated with vehicle, mean therapeutic dose
of DF and LA dosed 1/10, 1/100 and 1/200 of DL50 respectively,
and locally with compositions of LA and DF. The treatment
started on the 12" day after adjuvant injection and lasted for 14
days. The efficacy of treatment was evaluated by the following
parameters: paw edema oncometrically, paw temperature by
means of IR termography and general AA activity level by blood
count. Student’s t-test was used for statistical evaluation. P<0,05
was considered statistically significant.

Results. Primary inflammatory reaction was formed on the
third day (mean increase in right paw volume was 66+5%). By the
end of the experiment (at day 25) it reached 76+5% in negative
control and vehicle group. LA dosed 1/10 and 1/200 of DL50
almost deleted adjuvant-induced primary inflammation. LA

189


mailto:sabirovy@yahoo.com

N 5

dosed 1/100 of DL50 was not that efficacious, but still
significantly exceeded efficacy of mean therapeutic dose of DF.
Local treatment with LA also exceeded efficacy of DF application.

Secondary immunologic reaction started to form on the sixth
day (mean left paw volume increase was 17+2%). On the 25 day
it reached 42+5% in control and vehicle group. Treatment with LA
dosed 1/10 and 1/200 DL50 almost deleted adjuvant-induced
secondary immunologic reaction. LA dosed 1/100 DL50 was not
that effective, but exceeded DF efficacy again. DF at local
administration caused moderate anti-inflammatory effect. LA
was significantly more effective

LA administration down-regulated the increased paw
temperature at both left and right sides, which was registered by
IR-thermography. It indicates local temperature normalization
and moreover it significantly shows decrease in activity of
autoimmune inflammation.

Injection of adjuvant caused the following shifts in blood:
leukocytosis, monocytosis and increase in erythrocyte
sedimentation speed. Oral administration of lipoic acid showed
normalization of white blood cells, erythrocyte sedimentation
speed and increased monocytes were brought to norm as well.
Oral administration of DF almost eradicated the leukocytosis, but
decreased erythrocyte sedimentation speed moderately and did
not affect the leucoformula. Local treatment did not cause any
significant alterations in blood test.

Conclusion. Thus, we showed for the first time, that oral
administration of LA dramatically diminishes primary
inflammatory and secondary immune reaction and exceeds
efficacy of DF on the model of adjuvant-induced arthritis.
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The development of the modern science of nanomaterials
stimulates the research of their applications in various fields of
human activity and, in particular, medicine. Here, nanomaterials are
used in an alternative way of drug deliver into the human body.
Among these methods the delivery by inhalation of aerosols and
lungs into is the most promising [1]. It has been shown [2] that the

190

nanoparticles from the size range of 5-100 nm is most efficiently
deposited in the alveoli and, therefore, the more rapidly penetrate
into the blood. However, current techniques can not provide
aerosols, consisting solely of nanoparticles [3, 4]. In [5] a method for
generating nanoparticles of indomethacin by homogeneous
nucleation of supersaturated vapor in a diffusion flow chamber has
been proposed. Homogeneous nucleation allows also not to use
solvents or surfactants so it can reduce side effects caused by them.
Using the flow system provides the best opportunity to control the
size and concentration of nanoparticles, and also simplifies the
analysis and produces a steady stream of aerosol for clinical trials.

In this work we applied this system to generate ibuprofen
nanoparticles. lbuprofen (R, S-2-(4-isobutylphenyl)-propanoic acid) as
a non-steroidal anti-inflammatory drug is very popular nowadays. It is
a potential candidate for application in the form of aerosol
nanoparticles because of the side effects caused by taking a pill.

The general principle of the diffusion flow chamber consisted of
cooling gas mixture as it moves to a cooled zone of the chamber.
Substance vapor, as it cools, reaches saturation, then the
supersaturation and homogeneous nucleation takes place then.
Using two different designs of the chambers, we have been able to
find conditions to generate an aerosol with a size range from 10 to
800 nm and number concentrations from 10* to 10" cm.

The size and number concentration of aerosol particles was
measured using a diffusion aerosol spectrometer developed in ICKC
RAS [6]. It consists of diffusion battery, which produces sorting of
particles by means of selective diffusion, and optical counter. This
instrument can measure the size and concentration of aerosol
particles in the range of 3-200 nm and 10-10’ cm’, respectively.
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On the basis of a standard laboratory equipment of the
manufacturer PHYWE (Germany), an experimental setup to
measure the speed of sound in liquid solutions at room
temperature. A distinctive feature of the installation is compact,
allowing it to use in the mini labs.

Generation of stable standing acoustic wave in transparent
liquids, transparent cross-divergent optical beam to determine
the length of the standing wave using the optical projection with
a point center of symmetry. Based on the result calculated the
speed of sound in each of the studied liquids.

In the vicinity of sites that significantly changes the index of
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refraction [dz j, flux propagating in the fluid in the
transverse to the direction of differentiation (axis "0Z") standing
wave, significantly deviates from the original direction (refracted)
[2]. At the same time, in the vicinity of the antinodes of the light
flux does not change direction because of the practical constancy

an_y

of the spatial refractive index( dz j Consequently, the
oscillating neighborhood node appears on the screen as dark
stripes, and the neighborhood of the antinodes as bright bands in
the optical cross-raying a standing acoustic wave. If a light beam
use of the coming from a single point (the center of symmetry),
the light beam, then watching the result on a remote screen, we
enlarged the image, suitable for measurement purposes (see
Figurel).

Scheme of the experiment reminds the classic setup
Mandelstam - Brillouin scattering. The principal difference from
the latter: the effect of diffraction of optical wave by a standing
ultrasonic wave is replaced by the effect of refraction in the
vicinity of the nodal points. The latter effect can be attributed to
geometrical optics. Optical scheme of arrangement is shown in
Figure 1.

cuvette screen

lens

I

Figure 1. Traces of light rays in the installation

Figure 2. shows the image of the experimental setup. Glass
filled cuvette on the volume of test liquid. Sound head is
submerged to a depth of several millimeters into the liquid. The
plane of the head should be parallel to the plane of the bottom
of the cuvette.

The parallel beam produced by a helium-neon laser, after
passing through a converging lens is focused to a point (center of
symmetry). Center of the beam, diverging from the focus of the
lens is approximately 0 - 20 cm from the cell, the projection
screen is approximately 50 cm from the cuvette on the other

side. Laser and a lens set so that the light shines through the
liquid flow in the gap between the sound head and the bottom of

the cuvette.

| \

View of the
experimental setup screen

Figure. 2 Figure.3 The image on the

screen

The distance between the stripes on the screen in the

projection is d (see Figure 1).Using elementary geometric
considerations, on the basis of similarity found:
A s

2 S +S, )

Distance by measuring the size designed image on the screen
(see Figure 3). And counting the number of bands in this picture.

Finally we get the speed of sound, following the well-known
relation:

T (2)

where = - the frequency of oscillation, in which there is a

stable standing wave wavelength A .

Performing independent measurements of the speed
(wavelength) in the audio wave in solution, we have the
opportunity to experimentally obtained dependence to
determine the concentration of the solution. Obviously speed in
the audio wave correlates with other characteristics of the
solution, which allows us to extend the method to measure the
important practical characteristics of solutions.
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Colloidal quantum dots (CQDs, semiconductor nanoparticles)
present considerable advantages over bulk single-crystal
semiconductors [1]. They have unique optical and electronic
properties as a result of quantum confinement [2], and are
currently under intensive studies for potential use in many fields,
especially in biosensing and biolabeling. In order to registrate
luminescence of biomarker QDs, incorporated in living tissues it
is reasonable to use QDs having characteristic emission energies
different from those of living tissues. Core-shell and copper-
doped structures show intensive luminescence in IR-diapason
when living tissues don’t.

Authors synthesised cadmium chalcogenide CQDs (sulfide,
selenide and telluride) and core-shell CQDs CdSe@CdS using
oleate method [3]. For intrinsic CdS nanocrystals two types of
defects were reproducibly registered: supposedly shallow
acceptors and shallow donors.

In this work two approaches of copper-doped CQDs
(cadmium  chalcogenides, including core-shell structures)
preparation were studied. The first (etching) is a two-stage
method when Cuions are incorporated in ready-made CQDs. The
second is a one-stage method when Cd and Cu precursors are
mixed and used together for CQDs preparation. Both methods
have been studied for a number of degrees of doping.

According to published data the emission energy of
incorporated Cu ion depends on particle size, because the
emission from Cu ions is assigned to recombination of a
delocalized electron (in the conduction band or a shallow trap)
with Cu ion [4]. In this work authors studied the dependence of
dopant emission energy on particle size for the Cu doped CQDs
CdS. A CdS shell has been grown on Cu doped CdS core, the
molar ratio of Cd in the core and in the shell has been varied.

Prepared samples were characterized using methods of
photoluminiscent spectroscopy, spertroscopy of absorption and
transmission electron microscopy.
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SERS becomes extraordinary useful for monitoring structural
features of biological molecules in living systems owing to its
noninvasive origin. Among the advantages of this method, it
should be noted that SRES is highly sensitive and is able to detect
even a single molecule while a preparation route of analyzing
samples is quite simple. SERS amplification of the scattering
signal originates of plasmonic resonance, typical of silver and
gold nanoparticles and thus is dependent on their preparation
history predetermining size, morphology and capping groups. In
turn, “tuning” silver nanoparticles for SERS is considered as an
important task.

In the present work, silver nanoparticles prepared by
chemical reduction of silver nitrate with hydroxylamine
hydrochloride (Leopold — Lendl method) were applied for SERS
diagnostics of intact red blood cells or isolated hemoglobin. In
order to tune the silver nanoparticle size distribution function,
either preparation temperature was varied in the range of 25 —
60 °C or as-prepared sol ageing time was prolonged up to 2
months. As a result, different series of samples demonstrated a
shift of the peak of plasmon resonance within 400 — 450 nm. TEM
and DLS data revealed that the size distribution function is
typically bimodal thus making impossible its standard
characterization simply by a mean size. It was then suggested for
the first time to consider central statistical moments of all the
curves including variance, skewness and kurtosis. The correlation
observed between parameters of silver nanoparticle distribution
functions, absorption spectra and SERS amplification allows to
optimize preparation routes of the nanoparticles and earn more
advantages from SERS biomedical diagnostics.

This work is supported by RFBR (project 11-03-00761-a).
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Violations of the peripheral innervations caused by trauma,
ischemia and neurodegenerative diseases are the major cause of
temporary or permanent patient’s disability. Restoration of nerve
axons requires prolonged and stable expression of
neurotrophins, which ensures the survival and regeneration of
neurons. From this perspective, the most promising way is the
stimulation of nerve regeneration by using plasmid constructs
that encode key regulators of nerves repair and growth, such as
brain-derived neurotrophic factor (BDNF), which ensures the
survival and regeneration of neurons and growth processes.

For the high-level plasmid transfection and stable gene
expression we used local electroporation of BDNF encoding
plasmids into the muscles. CDNA of human BDNF was obtained
by direct chemical synthesis of fragments, according to the
published sequence in NCBI database (NCBI ACC#DQ893966),
and cloned into pVaxl (Invitrogen) vector. To increase BDNF
expression efficiency, rare triplets were replaced by ones that
encode the same amino acid, but found in human genes most
frequently (BDNF°™). As a result of the degeneracy of the genetic
code, all natural amino acids of BDNF remained intact. The
identity of the obtained sequences of BDNF and BDNF™
determined by commercial sequencing technique. As a control,
empty plasmid pVax1 vector (CONT) were used. In vitro secretion
of BDNF in the culture medium of transfected HEK293 cells were
determined by ELISA. According to these measurements, the
production of BDNF in the culture medium of HEK293 cells,
transfected with CONT, was 13 pg/10° cells, cells transfected with
BDNF - 243 pg/10° cells, with transfection BDNF®™" - 325 pg/10°
cells. For evaluation the nerve recovery potency, anterior tibial
muscle was electroporated at 60 ug CONT and BDNF° plasmid
vectors immediately after damaging of common peroneal nerve
in C57/Black mice.

Recovery of nerve fibers was evaluated by
immunofluorescence staining of cryosections with antibodies
specific to mature nerve axons on the 4™ day after injury as well
as using electrophysiological parameters on the superficial
branch of common peroneal nerve on 7 day after injury.

There was shown that the injection of an optimized
sequence of plasmid BDNF® promotes most efficient
regeneration of peripheral nerve mice compared to the CONT
plasmid resulting in a 1) significant increasing the number of
damaged nerve axons (up to 1.7 fold, p<0.05 according to the
immunostaining technique), 2) statistically decreasing the length
of latency period (1.4 fold, p<0.05) and 3) significant increasing
the amplitude of total nerve action potential (1.5 fold, p<0.05) in
animals electroporated with BDNF®' compared to CONT group.

Thus, the results of this work can be further used in
regenerative medicine, traumatology, transplantation and
neuroscience to stimulate growth and regeneration of peripheral
nerves and restore the innervation of the tissues, as well as to
study the mechanisms for influence of neurotrophic factors in
the regeneration of peripheral nerves. The proposed method will
accelerate the restoration of the structure and conduction of
peripheral nerves after injury by increasing the local production
of BDNF® by transfection of the muscles which innervate
damaged nerve.
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The genetic parasites, viruses, imply a crucial threat both for
individual human health - life and for total survival of human
civilization. Moreover the modern irrational anthropogenic
activity amplifies these risks [1]. Under conditions of multifold
more intensive reproduction and mutation of viruses the human
immunity is quite limited by natural resources for effective
opposition against viral parasites evolution. In this connection a
development of artificial molecular “tools” for selective
recognition and neutralization of viruses becomes a key problem
[2].

In contrast with cells (micro-objects) the viral particles
(virions) and virus-specific components of viral life cycle,
especially within entry into cells or viral posterity self-assembly,
possessing the nano-scale organization, and these objects
molecular basis constructed on the bio-polymeric forms of
compounds (of protein and nucleic acids nature predominantly)
[3]. However the current market of antiviral preparations
involves the “small molecules” as a main molecular source. While
this molecular level is suitable for short-time commercial
interests of pharmaceutical firms, it is incapable to provide a full-
adequate strategy for antiviral protection, firstly, because of size
scale inadequacy of the “small molecules” to biopolymers
building the viral nano-targets. This inadequacy is objective
condition for a drift of viruses from under control of common
antiviral drug toward drug resistance. This most rapidly occurs in
case of viruses with high mutative variability, for example, of
influenza viruses, or essentially more of HIV (AIDS causative
agent) [3].

In this report we represent the consolidated results of
research works for development of new antiviral agent
generation [4], purposively constructed by us on principles of
molecular size-adequacy «agent — nano-target», mimicry, and
complementarity [3,5]. A design and synthesis of the applicable
molecules have been performed on the level of polymeric
compounds commensurable with bio-polymeric prototypes,
which forming the viral nano-objects. As an experimental
example, the generation of artificial polymers based on graft-
regulated alternating copolymers of maleic acid will be
considered here. An imitation of the principle of alteration of
furan-derived and acid-anionic units in linear chain of nucleic
acids backbone (but no genetic code) leads to genetically safe
mimickers of viral DNA/RNA immunopotentiating capacity. The
obtained polymeric compounds possessed high interferon
inducing potency and ability for preventive protection of
experimental animals (in vivo) against lethal doses of
neuroviruses [2,3]. However no any significant effect of direct
recognition - neutralization of the viruses in cellular cultures (in
vitro) has been recorded.

On the next step of the research development, the
considered platform of the obtained immune stimulating
macromolecular compounds was involved in combinatorial
modifications within side group positions (similarly proteins
having the uniform polymeric backbone, but variable side
radicals of amino acids residues). As opposed to the natural
prototypes we used the synthetic (but bio compatible) polymeric
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backbone. And combinations of side groups were formed no on
principle of a natural genetic coding, but on the principle of
searching an artificial “code” oriented toward viral nano-targets.
For this purposes the 5 types of potentially virus-responsible
ligands were evaluated experimentally: 1) vectors of electrostatic
selectivity to the predominantly positive charged surface of
virions and of its entry into cells mediators, 2) alicyclic sensors to
hydrophobic sites of viral nano-targets, 3) cholesten-related
anchors to “raft” micro/nano domains of cell membranes
(epicenters of the virus intervention risks), 4) polypeptide motifs
of cellular chemokine receptors sensitive to HIV, and 5) viral
polypeptide  components possessing a  self-recognition
functionality [6].

On base of hundreds of the polymeric compounds with
various combinations of the backbone structure, composition
and ratios of the noted types of side groups as well as linking
“bridges”, the high active inhibitors of reproduction of influenza-,
herpes- viruses, and HIV were created. Their efficiency for direct
blockage of earliest steps of viral entry into cells were confirmed
via experimental evaluation in vitro [6,7]. Recently performed
computational modeling of interactions of the synthetic
polymers with viral nano targets in frame of docking and
molecular dynamic technique allowed to clarify the observed in
vitro blockage mechanisms and parameters for the “chemical
programming” the macromolecules to viral nano-targets
recognition - neutralization. Particularly, the alternating
copolymers of maleic acids structure parameters, required for
artificial (non-genetic) programming for neutralization of tri-
helices mediators (2 x 7 nm) of the HIV with human cells were
investigated first [8].
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The carbon structures are actively investigated currently and
many varieties of carbon structure applications are suggested,
including those in medicine [1, 2]. One of the perspective and
highly sensitive methods of the carbon structure determination is
the Raman scattering (RS). The implementation of RS-based
techniques for life science applications is becoming very popular
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as they can extract a significant amount of information directly
(with no need for prior sample preparation) from complex
environments such as biological fluids, living tissues and cells.
Surface-enhanced Raman scattering (SERS) spectroscopy is
currently a well-established analytical technique. In this case the
Raman cross section and, in turn, the signal intensity are
extraordinarily increased so that levels of detection down to the
single molecule can be reached. [4] Progress in the application of
SERS to analytical problems in medicine and biology associated
with the preparation with optimized properties and optical
characterization of new materials for using as SERS substrates.
Thus, the purpose of our work is preparation of SERS substrates
on the basis of core-shell structures containing astralene
nanoparticles (ASN) [5].

The choice of ASN was caused by its unique properties:
biocompatibility, the presence of an intense peak in the Raman
spectrum, a wide range of optical radiation, including a range of
biological tissue transparency, which is absorbed by ASN, high
thermal conductivity ensures the effective implementation, as in
hyperthermia, and for creating composites on the basis of
temperature-sensitive polymers, composites based on ASN have
a specific morphology, the presence of sharp edges, which are
promising to preparation a SERS platform.

The shells composed of poly(allylamine hydrochloride) and
ASN, which have Zeta-potential -22.5 mV, were obtained by self-
assembly. CaCO3 cores were prepared by mixing calcium chloride
and sodium carbonate solutions by the reaction [7]: CaCl2 +
Na2C03 = CaCO3 + 2NaCl, was used as cores. It has diameter
equaled 2,5-3 um, and Zeta-potential — 20mW. Nanodimensional
coating with the following composition PAH/ASN; (PAH/ASN)2;
(PAH/ASN)3 on the core surface by Layer by Layer assembly
method were formed.

The medical application of these structures has a good
perspective, for example as a basis for creating sensors that
characterized the implant/tissue interface. The analysis of SEM
images of obtained core-shell structures allows to make up
following conclusion: the formation of a ASN layer significantly
modifies the morphology of calcium carbonate core. A large
number of sides, caused by adsorption of ASN, s
characteristically. For observing the SERS effect it was necessary
to form the silver coating on the surface of structures. Raman
spectra was obtained by microscope Ntegra Spectra (NT-MDT,
Russia), laser was used with wavelength at 473 nm. The intensity
of the Raman spectrum at 35 mW laser power for (PAH/ASN)3
with Ag in comparison with the Raman spectra of the structure
without Ag increased by more than 10 times. Clear peaks were
obtained of the structure with Ag (G-mode - 1588 cm-1, D-mode
- 1367 cm-1) at 0.35 mW laser power. It should be noted that the
laser radiation with power less than 1 mW can be applied for
investigation of the tissue/implant interface and biological
objects in vivo.

This work was supported by RFBR grant 09-03-0245-a.
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Design and creation of new methods of modification, the
establishment of the structure and the structure of the active
centers of catalysts, regulation of the porous and crystalline
structure of the carriers are essential elements control the speed
and selectivity of chemical transformations of hydrocarbons and
allow you to create a physical model of the catalysts.

Catalysts based on transition-metal chelates are the most
outstanding representatives of a new generation of olefin
polymerization catalysts. The catalytic properties of complexes
easily modified and "tuned" for a specific polyolefin choice of the
organic ligand, transition metal, a specific activator, etc. For
these catalysts, we have the phenomenon of inner-and outer-
coordination, which can lead to significant changes in their
stability and catalytic properties. The reason for these
phenomena is reversible outer-sphere coordination of the
oxygen atom of the ligand exchange reactions and ligand
complexes in the different groups in the processes of
isomerization [1]. Catalysts based on polimermetal complexes
are one of the most popular catalytic systems are extensively
used in petroleum refining, petrochemical, and process
neutralization of gas emissions.

Of great interest is the preparation of catalytic systems based
on metal complexes with bidentate ligands and the resulting
modification of the properties of the catalysts are modified in the
positive reactions of hydrogenation, aromatization and oxidation
of hydrocarbons. The presence in the volume of the material
developed interphase boundaries leads to a change in the optical
and magnetic properties and a significant increase in catalytic
activity.

Cations of the transition 3 d - metal (Fe, Co, Ni) can form
nanoparticles in the polymer matrix, which then aggregate into
larger clusters. It was previously shown the formation of micellar
systems with CoClI2 dithiol [2-3], which form associates through
intermolecular forces of interaction and the ability of bidentate
ligands in the formation of bridging and hydrogen bonding. Such
complexes have a high value of specific surface area that allows
to make of them effective, selective and stable catalysts.
Chemical modification of nanoparticles based on complexation
between metal ion and chelating ligand modifying. Establishing
the structure and surface morphology of the nickel complex with
polyethylene glycol, to determine the effect of nature of
chemical bonding in metal complex on the state of the metal in
the active surface of the targeted formation of the properties is
the subject of this study. To characterize the micromorphology of
the surface of nickel catalyst was used the method of scanning
electron microscopy (SEM) with the possibility of X-ray
microanalysis. Microscopic analysis of the nickel complex with
polyethylene glycol is made using a scanning electron microscope
SEM, the Japanese company JEOL 7500F (Figure 1).

Analysis of the micrographs (Fig. 1la) showed that the
structure of the nickel complex - the precursor catalyst is a
network structure, there are branches.

a) b) )

Figure 1 - Microphotographs of nickel complex with PEG at
various extensions: a - 1000 b-40000; c — 80000
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Research in the field of quantum dots (QDs) as
semiconductor nanostructures has increased dramatically in the
past two decades. These materials show great potential for
application in different areas, ranging from microelectronics to
fluorescent  biolabels. The potential applications  of
semiconductor QDs as biolabels is strongly related to the tuning
of their optical properties, which are achieved by variations in
size (1-10 nm), surface, and chemical composition. The water-
soluble QDs are used actively as labels for cellular imaging,
clinical diagnostics, environmental monitoring, food analysis, etc.
QDs coupling with antibodies allow to obtain specific reagent,
which combine efficient binding and strong fluorescence
properties.

We have  characterized QDs  as labels  for
immunochromatographic assay. This technique is used
intensively for rapid and effortless control of various compounds,
and possibilities of fluorescent labels for
immunochromatography are subjects of undoubtful interest. In
our study immunochromatograhic test-systems have been
developed to control chloramphenicol (CAP). This antibiotic is
intensively applied in livestock and poultry farming for therapy of
bacterial infections, causing CAP accumulation in meat, eggs and
milk. Maximal residue levels of CAP vary for different foodstuffs
and countries. By this, monitoring CAP content is very actual.

The water-soluble highly luminescent semiconductor QDs
(Invitrogen, emission peak at 625 nm) and monoclonal mouse 1gG
against CAP were taken to obtain specific reactant for
immunochromatography. Covalent conjugations have been
provided using N-(3-Dimethylaminopropyl)-N’-ethyl-carbodiimide
hydrochloride and N-Hydroxysulfosuccinimide sodium salt as
coupling agents. The QDs and protein ratio for syntheses was 1:2.
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The emission spectra (Fig. 1) demonstrate the same fluorescence
of QDs before and after conjugation.

To produce immunochromatographic strip, CAP-bovine
serum albumin conjugate (1 mg/mL) was immobilized as test line
onto Millipore nitrocellulose membrane, and goat-anti-mouse
antibody (0.5 mg/mL) - as control line. The QDs—mouse IgG
conjugate was added dropwise onto a macroporous pad. The
QDs-labeled antibodies migrate along the nitrocellulose
membrane by capillary forces and then are captured by the
immobilised antigen (CAP-bovine serum albumin) in test zone
owing to CAP content in probe. The captured QD labels in test
and control zones were determined under excitation by UV-light.
Thus, one or two red fluorescent lines could be seen under an
UV-light. Calibration curve for competitive QD-based
immunochromatographic assay for CAP is shown on fig. 2. Limit
of detection of this method is approximately 5 ng/mL, which is in
accordance with CAP MRL in different foodstuffs.

APy rg'l
Lo et
Fig.1 Emission spectra of QDs Fig. 2 Calibration curve
before and after conjugation. (n=20) for QD-based
Aex= 460 nm immunochromatographic
assay of CAP

The obtained results confirm efficiency of QDs as labels for
immunoanalytical applications.
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Over the last few decades global science has experienced
significant changes. The emergence of nanotechnology led to
revolution in many areas of technology and industry. Nowadays
nanotechnology is an indispensable part of contemporary science
and has three basic extensively overlapping areas:
nanoelectronics, nanomaterials and nanobiotechnology including
medical sector. This work focuses on the latter area, especially
the most promising aspect of pharmaceuticals and medicine —
drug delivery.

Targeted drug delivery provides a highly directional effect of
the drug, which reduces side effects, and microcontainers
provide a prolonged drug action. The task is to examine drug
transport mechanism, based on the usage of calcium carbonate
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particles as a drug delivery vehicle and to prove that particles can
be used as microcontainers for drug delivery. We have chosen
calcium carbonate particles due to its biological compatibility and
widespread use in medicine - for example for the creation of
implants, salves, pastes [1-3].

An important task is to deliver drugs to the brain. There is a
protective physiological barrier between the bloodstream and
central nervous system. Some drugs such as central anesthetic
loperamide that is in the spotlight of our research aren’t able to
penetrate through this barrier. The intranasal system of drug
delivery is the simplest solution to this problem [4]. Thereby
practical applicability of the research consists in analysis of the
functional medicinal compound adsorption on the particles in
order to subsequently design a new drug delivery system.

The methodology of our research is following: firstly, pre-
synthesized calcium carbonate particles were added to the
loperamide solution and kept there for 2 hours to maximize the
adsorption. The next step was to centrifuge our solution and
investigate the supernatant. The concentration of loperamide in
the supernatant was determined by means of calibration line.
The concentration of loperamide included to calcium carbonate
containers was determined by spectrophotometry from the
change of the intensity of the adsorption peak at a wavelength
259 nm before and after adsorption. This method of an
estimation of efficiency of drug loading is used, for example, in
work [1].

In order to investigate optical properties of the samples in
our work we employed spectrophotometer Lambda-650 (Perkin
Elmer) with a wavelength ranging from 190 to 900 nm.

Received calibration line for loperamide concentration is
shown in figure 1. In figure 2 we can see the adsorption spectrum
of solution before and after adsorption. According to this figure,
the intensity of the adsorption solution of the loperamide
decreases after addition of calcium carbonate particles, which
indicates the adsorption of the substance. Using the calibration
line we found that about 0.77+0.23% of the drug was adsorbed
on the particles.

D=1 080250 0007

Optical density, D

C, concentration (mg/ml)

Fig.1 The calibration line for the
loperamide

Optical density, D

= z - = @

Wavelength, nm

Fig.2 The absorption spectrum of
loperamide solution



The results revealed that calcium carbonate particles can be
successfully applied in the creation of loperamide delivery
system, so our principal objective is achieved.
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Glutathione peroxidases catalyze reduction of lipid peroxides
to corresponding alcohols and recovery of hydrogen peroxide to
water. Glutathione peroxidase type 1 (GPx1) is the most
abundant form of the enzyme, it was detected in the cytoplasm
of all mammalian tissues, hydrogen peroxide is the substrate of
GPx1. Hydrogen peroxide and the active radicals are formed as a
result of lipid peroxidation, which cause destabilization or
destruction of cell membranes. Therefore, glutathione
peroxidase protects cell membranes from the destructive action
of peroxide radicals.

Usage of antioxidant enzyme glutathione peroxidase in the
treatment of many diseases is very perspective. It is necessary to
use modified form of the enzyme to improve its stability and
resistance to proteolysis. The purpose of this study was to obtain
and study the properties of complexes of glutathione peroxidase
and polyelectrolytes, which are often used to stabilize and
improve the catalytic properties of enzymes.

Optimal conditions for measuring glutathione peroxidase 1
activity were found. It was established that at 37° C, pH 7-8,
enzyme concentrations 0.18-1.8 mg/ml GPx1 is inactivated by
dissociative mechanism. Enzyme molecules can be "wrapped" by
polyelectrolyte molecules. Study of interaction of GPx1 and
polyelectrolytes of different nature (polyacrylic acids 5 and 240
kDa, polylysine 9.6 kDa, polylysine and polyethylene glycol block
copolymer 6.6 kDa, polyethyleneimine and polyethylene glycol
block copolymer 12.6 kDa), was performed at pH 8.0 and 37° C.
Stabilizing effects of polyacrylic acid 5 kDa and polyethyleneimine
and polyethylene glycol block copolymer 12.6 kDa were found,
effectiveness of polyelectrolyte’s action depends on the ionic
strength.
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A nanotechnology is currently recognized a high priority
trend in the advancement of science and technology of the 21
century. This is a reason why great attention now focuses on the
exploration of this advanced technology that enters steadily
different spheres of modern society (medicine, economy,
ecology, engineering, etc). Like any novel technology, the
nanotechnology is not only indubitably advantageous, but is also
potentially hazardous for ecosystems and human health. Data
reported on impact of nanomaterials on laboratory animals
highlight their potential risk to people handling nanomaterials.
Nanomaterials may provoke fibrosis and some other lung
diseases in people after short-time exposure to carbon nano-
sized tubes, stimulate translocation of nanoparticles to brain via
the olfactory system and to blood, and activate thrombocytes
accountable for blood vessel thrombosis, etc.

It is obvious that for tackling problems of people health and
environmental protection because of production and wide
spread of nanomaterials interdisciplinary investigations are
needed to study molecular and nanoparticle-induced processes
taking place in humans and animals, and in the environment. It is
necessary to elucidate mechanisms of interaction of organic and
inorganic structures during specific small-scale processes.
Knowledge of the dynamics of processes specific for
nanostructures would not only illuminate mechanisms underlying
their action on people and ecosystems, and routes of their
transfer and transformation by biotic or abiotic factors, but
would also identify beneficial applications of nanotechnologies in
the sake of human health and to improve biological and
ecological safety standards.

Owing to unique physicochemical and biological properties,
engineered nano - particles and — materials are used in nano-
medicine to diagnose and to prevent many diseases. Main areas
of their application are:

— medical nano-equipment-based diagnostics;
— medical nanorobots;

- biocompatible nanomaterials;

- nano-therapeutics.

Nanotechnologies open fascinating prospects not only for
medicine, but also for other areas of science and technology.
However, potential risks of engineered nanomaterials and
nanoparticles for people and animals, and for the environment
have been evaluated in part only. Sophisticated methods and
equipment are needed to evaluate all potential, actual and
delayed risks of nanomaterials for people health. Experienced
and trained specialists are also required.

In this context on the basis of the State Research Center for
Applied Microbiology and Biotechnology (SRCAM&B) a faculty
(Educational Center for Biological & Environmental Safety)
structured into the Pushchino State University was set up in
2006. The Center was then changed for the Educational
Nanosafety Center, whose objective was to train relevant
specialists.

The State Research Center for Applied Microbiology &
Biotechnology has a unique science and technology base and
highly qualified specialists to carry out complex research both on
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biosafety and nanotechnology safety. There are conditions for
experimentation to assess impact of nano-particles and -
materials on various living organisms. There is a certified test
center that meets all requirements in compliance with GOST
ISO/IEC 17025-2000. In the center there are internationally
certified animal facilities. There is a staff of experienced scientists
who are capable to determine influence of potentially hazardous
compounds on living organisms. All this allows extensive testing
of toxicity of various agents for laboratory animals and primary
and resuscitated tissue cultures in vitro, evaluation of their
potential mutagenic, carcinogenic and teratogenic effects, and
the study of histological and histochemical and some other
characteristics of the vital activity of animals.

A curriculum available for training master degree holders
assures the basic knowledge to have highly proficient specialists
in the field of nanosafety, as well as obligatory disciplines on
biological and ecological nanosafety. It covers the following key
topics: «Nanotechnology Safety», «Biosecurity in the Modern
World», «Environmental Toxicology of Nanomaterials»,
«Principles of Nanomaterial Toxicology», «Nanomaterial
Immunotoxicity», «Principles of Nanobioriskology», «Laboratory
Animals & Nanobiosafety Research», «Nanobiosafety of
Aerosols», «Nanomaterial Genotoxicity».

Since 2008 works to assess toxicity of different
nanomaterials have been fulfilled. Three theses for obtaining a
master degree were defended in the Center in 2010. They were:

1. Boutyrkina A.S. «In vitro assessment of nanomaterial
toxicity for cell cultures».

2. Polezhaev 0.V. «Influence of carbon nanoparticles on the
function of murine neutrophils».

3. Timoshinova E.V. «Assessment of integral toxicity of
xenobiotics and nanomaterials by growth assays».

Two theses are planned to be reviewed in 2011.

1. Voropaev A.A. «Development of methodical approaches to
the assessment of genotoxicity and mutagenicity of some
nanomaterials».

2. Rakitsky Yu.N. «Assessing integral toxicity of xenobiotics
and nanomaterials in biotests.
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NPOM3BOAHTEAEH FINOHMM M ADYTHX CTPaH.

- NPOCBEYHBAIOLHE IACKTPOHHbBIE MHKPOCKONbI
- CKAHUPYIOLME IAEKTPOHHbIE MHKPOCKONbI

- ONTHYECKHE MHKPOCKONbI

- A@3epHble MHKPOCKONbI

- KOHOOKaAbHbIE MHKPOCKONbI

- MHKPOCKONbI CBEPXBbLICOKOr0 pa3pelleHun

- TOMOTpadbl BLICOKOr0 paspelieHua

- AabopaTopHoe 060pyAOBaHHE W MHOTOE Apyroe

SINC ERD

JEOL . vikon ULVAC @ Rigaicu “_mm
Toxuo Bo3Ku - HapeXHbIH NapTHep B 06AaCTH HHHOBALHOHHbBIX TEXHOAOTHH
Tea/daxc: *7 (4 : )223-4000, 223-4001

[
£
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Sophisticated Life Science Research Instrumentotion

Inhalation Systems

« Aerosol, Cigarette Smoke
& Vapor Applications

» GLP Complianed Features

« New: Nanoparticle Gen-
erators & Analyzers for
Aerosol Exposure Research

TSE - Complete Customer Solutions
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000 «EBpoTek [xeHepan»

-~
DKCKNO3UBHbIN NpeACcTaBUTE/Ib KOMMAHUU

G E N E R A L Physik Instrumente (Pl) GmbH & Co. KG

EUROTEK

Apgpec: 115114, r.Mocksa, MaBeneukas Hab., 4.8 cTp.6, opuc
401

Ten./daxkc: +7(495)600-40-84

Email: info@eurotek-g.com Caitt: www.eurotek-
general.com

KomnaHua Physik Instrumente (Pl) npeacTtaBaseT WNMPOKMUIA aCCOPTUMEHT NPOAYKLMM ANS MeAULUHbI U
buoTexHonoruii. NpeactaBneHbl yCTPOMCTBA KaK Ha OCHOBE K/1acCUYECKUX 3iekTpoasurateneii u LB,
TaK U Nbe30YCTPOMCTBA C paspeLleHnemM 0T MUKPOMETPOBOIO A0 CybHaHOMETPOBOro AManasoHa. Bee
Nbe30CcUCTeEMbI He TPEBYIOT CMasKK, UMEIOT HU3Koe 3HepronoTpebieHne, MoryT 6bITb
MoanduuMpoBaHbl Ans paboTbl B BaKyymMe U B MarHUTHbIX NOAAX.

OCHOBHbIE npumMmeHeHuna npoaykuymm Pl B meauumHe n 6uorexHonoruax:

PRy

e : —t” \\ mT

e  MWUKpPOAO3MpOBaHME U MUKpOpacnpeaeneHne

e [lbe3onomnbl W KnanaHbl 418 LOCTaBKM IEKAPCTBEHHbIX
npenapaTos

e [leTeKTOpbl BO34YLWHbIX Ny3bipbKoB (Bubble Detectors)

e  YNbTpa3BYKOBbIE CEHCOPbI

o PaCI'IbeIVITeI'IVI, nMNeTopbl

e P060Tbl AN1A OPTOAOHTUM

e Xupypruyeckue pobotbl

e MuKpockonus

e /I3mepuTenibHble CUCTEMbI U aHAIUTUYECKME KOMMIEKCbI

bonbwoe KoNYecTBO KOHCTPYKLMOHHbIX pa3pa60TOK n

-
N YPOBHEM WHTErpaumm no3BOSAET HAWTM ONTUMasbHOE
./" ﬁ//\\ pelleHne MpaKTUYeCKM Aaa bbiX 33a4a4, CBA3AHHbIX C
- K
i«u ‘ S BbICOKOTOUYHbIM MepemMelLleHneM U NO3ULNOHUPOBAHMEM.
RN -

L HageKHOCTb M TOYHOCTb 06ecneYymBatoTCA MCMOb30BaHNEM
OPUIMHAMbHBIX  KOHTPO/NEPOB W  OAOKOB  ynpaBieHWs.
l == MHorve Mmogenn co3galnTca ANA PelleHUA  YHUKaAbHbIX
3aZay no crneumanbHbiM T3 C yyeToM BCeX HEOBXOAUMbIX

TpeboBaHMI 3aKa34MKOB.

202


mailto:info@eurotek-g.com
http://www.eurotek-general.com/
http://www.eurotek-general.com/

HAHOU3MEPEHWA

- Agilent Technologies
Komnanwa HTHK ABNIAGTCA aBTOPWU30OBAHHBLIM

——Authorized Distributor anctpubeoroTopom dupmel  Agilent Technologies

Nomnamks W Npepnaraetr  usMepurtensHoe  obopyaosBaHue  Ans
HaHOTEXHONOTUK:
H7HK * aTOMHO-CU/IOBbIE W CKaHUPYIOLWMe 30HA0BLIE MUKPOCKONbI;
* HAHOUHAEHTOPbI;
r. Mocksa, Oropoxusifl npoea, 1. $ ¢ KOMNAKTHbIE PACTPOBLIE INEKTPOHHLIE MUKPOCKONbI C
Ten/haxe (495) 619 78 18, 619 50 90 noneson aMmmccmen.

ATOMHO-CMNOBbLIE MUKPOCKONb! WM CKAHMPYKOWMWE 30HAOBLIE
Mukpockonsl Agilent — 3T0 BbICOKOTOYHbBIE M3MEPUTENbHbIE
cucTemebl, obecneyMBaiouwMe aToOMapHOEe pa3speweHve W
obnapaowmMe WKHPOKUM  AMANA30HOM CKaHWPOBAHWA.
MozsonsioT nccneposaTte MHOXECTBO 06pasyos Ha Bo3ayxe, B
KUAKOCTHU, KOHTPONMpyeMon aTtmochepe, npv BO3AENCTBUU
MNOHWKEHHOW W NOBLIWEHHOW TeMnepaTypel. NpUMEeHaTCA ANK
NpoBeAeHUs M3MEpPeHWn B HaHoTexHonoruu, buonoruu, npu
UCCNEAOBAHMM  MNONMMEPOB, MaTepuanoBefeHun, npwu
uccneaoBaHnMM NONYNPOBOAMMKOB W ANA 3NEKTPOXUMMECKUX
uccneposaHuin B peanbHoM spemeHn. O6paboTtka AaHHbIX
NPoOBOAUTCS B COOTBETCTBUM CO CTanaapTom ISO 25178.

TonbkKo ANS aTOMHO-CWNOBLIX MUKpockonosB Agilent cyulecreyer
YHUKANbHas oONUMS CKaHUMpYHOWEen MUKPOBOJSIHOBOMW
Mukpockonuu (Scanning Microwave Microscopy, SMM). 3ta
MeToAMKa TMO3BONRET OCYWECTBNATL KapTMpPOBaHWe  CBOWMCTB,
OTHOCAILUMXCA K rNyBMHHOW CTPYKTYpe, KOTOpble He npeacTaBfeHbl
HENOCPEACTBEHHO HA NOBEPXHOCTY.

Cucremsl Agilent Nano Indenter obecneunsator
npoBeAeHne WNHCTPYMEHTaNbHbIX  UCNBITAHWIA  HenpepbiBHbIM
BAaBnuBaHmem (HAHOWHAEHTUPOBAHWEM) ANS U3IMEPEHWUN
MEXaHWYeCKMX CBOWMCTB NOBEPXHOCTW. 3TO nyuwwe B Mupe npubopsi
ANst NpoBeAEHUS HAHOMEXAaHWYECKUX MCNbITaHui. MpuMeHsTcs ans
M3MEPEHUI NapPaMeTpoB TOHKUX NNEHOK, NOKPbLITMA, anMasonofobHbix
NNEHOK, MHOTOCNOWHLIX NOKPLITMKA, MONYNPOBOAHMKOB, OOBLEMHbIX
Marepuanos, napamerpos M3MC yCTpoWCTB M ANA WUCCNenoBaHWi B
6uonorum v meauuuHe, W3amepenusn, kKanubpoeka npubopa w
CTaHAapPTHbIX 00pasuoB NPOBOAATCA B COOTBETCTBUM CO CTaHA3pPTOM
1SO 14577.

KOMNakTHeIA  pacTpoBblid  3NEKTPOHHLIA
MUKPOCKOM € MNONEBOW 3IMWUCCUEN
Agilent 8500 FE-SEM - 370 HacTOnNbHbLIN
npnbop, MMEWnii KOMNAKTHbIE pasMepbl U He Tpebylowmun
cneuvanbHon noarotoBkw  nabopatopuu, obecneyuwsaer
NPEeUMYLLIEeCTBa aBTOIMMCCUOHHOIO MCTONHWKA. Ha ceroaHA
3TO eAMHCTBEHHbI  HACTONbHLIK  MWUKPOCKON C  NONEBOW
aMuccHein. Perynupyemoe HU3Koe YCKOpsiiowee HanpsHkeHue
or 500 B ao 2 kB wcknwodaer 3apsaky obpasuos. 3710
nossonAeT wuccneaosartb HenpoeoAswwue obpasubl 6e3 npeaBapuTenbHOro HanbiNeHus,
UCCNenoBaTe 3HEProvyBCTBUTENbHBbIE 0Opa3subl, Takue kak nonuMmepbl u Buonormyeckue
obvekTbl. Mpubop wumeeT oTNU4YHOE paspewenue: nyqwe 10 HM Npu  YCKOPSIOWEM
HanpsxeHnn 1000 B. NcknouvMTensHO XOpow ANA HaHOTexXHonoruu, buonoruu, Hayke o
nonuMepax, uccnenosaHuu NoONynNPoBoAHMKOB.
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HaHoCKaH

® HA3HAYEHME

Meeneporanmne Granko-mexaHuHeckux,
TPHBONOMMHYECKIMX U INEKTPUHECKNX
CBONCTE MOTEPUGNOBR HA CYOMUKPOHHOM
M HOHOMETPOBOM MaclTabax

® PEXUMbl U3MEPEHUN

Pensed nosepxHocTu

Kopra mopyns ynpyrocty

Cunosas cnexTpockonms

Cxnepomerpus

Hanoungentuposanme

JloxanbHoe anekTpuyeckoe ConpoTHBNEHHE
Mpodunometpus

WanococTonkocTs

TpewMHOCTONKOCTD

AnresuoHHbEe CBONCTBa

® OBJACTM MPUMEHEHMU

HaxoKoHCTPYKUMOHHEIE MaTepUans
ToHkue nnexku

MoxpeITHA ANS CHUKEHMA MIHOCA
HaxodasHsie 4 KOMNOIUTHBE MaTEPHanB
YneTpoaMcnepcHeie TBePALIe CNNQBEI
MonynpoBOAHUKOBbLIE TEXHONOMMK
MHxerepHble NPUNOXEHHR

. : |
Moapobree Ha caiTe www.nanoscan.info L .

+7 (499) 272-23-14

Pacean, 142190, Mockosckan o6n,, r Tpowu, yn. Lswtpanskas, 7o
@ane: +7 (495] 330.99.60 e-mail info@nanoscan.info

CKAHVUPYIOLLWME
HAHOTBEPAOMEPBGI

HanoCkan-Komnakr

HanoCkan-Munmu

#TRXHONOMMUBCKHAR MHCTHTYT CHEDXTEADMN

PEROPANMNCE TOCYROPCTREHHDR YIDENAGHHE ‘Q
21 /

M ROOEX YIMERADFtX MOTEpRGRCas
(®IY TMCHYM|
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OOHA MHOPACTPYKTYPHbIX N O6PA3OBATE/IbHbBIX MPOTPAMM
117036, MockBa, npocnekT 60-netns OkTAbpA, 10A. T: +7 (495) 988-53-88
info@rusnano.com

MOCKOBCKWIN TOCYAAPCTBEHHbLIA YHUBEPCUTET UMEHM M.B. TOMOHOCOBA
119991, Poccuiickas ®eaepauma, Mocksa, CMN-1, /leHnHcKue ropbl. T: +7 495 939 10 00
info@rector.msu.ru

FUND FOR INFRASTRUCTURE AND EDUCATIONAL PROGRAMS
10A Prospekt 60-letia Oktyabrya, Moscow, 117036, Russia. T: +7 495 988-53-88
info@rusnano.com

LOMONOSOV MOSCOW STATE UNIVERSITY
GSP-1, Leninskie Gory, Moscow, 119991, Russian Federation. T: +7 495 939 10 00
info@rector.msu.ru
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