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HPEANCJOBHUE

[IpoBenenne Bcepoccuiickol HaydHO-IPAKTUUYECKONW KOH(EpPEHIMU C
MEXJIYHAPOJAHBIM  Yy4aCTHEM <«AKTyajibHble TUIHEHHYEeCKHEe ACHeKThI
HAHOTOKCHUKOJIOTHH: TeOpeTHYeCKHe OCHOBbI, MICHTU(PUKANMS ONMACHOCTH
JMJIS1 3[I0POBbSI M NYTH €€ CHHMKEHUsD> OOYCIOBJIECHO BCE BO3PaCTAIOIIUM
pPa3BUTHEM HAYYHBIX OCHOB U MPAKTUYECKOTO MPUMEHEHUS HAHOTEXHOJIOTHH,
KOTOPOE€ MPUBEJIO K CO3AAHUIO JIECATKOB UCKYCCTBEHHBIX, UJIA TaK HA3bIBAEMbIX
KOHCTPYMPOBaHHBIX (€ngineered) HaHOMaTEepUAIIOB.

Hapsiny ¢ »TvM, pa3BUTHE HCCIEIOBaHUA B 00JaCTU HAHOTEXHOJOTUH U
HAaHOMEJUIMHBI OOpATUIO BHUMAHUE HA CEPHE3HOE U BCE €UIE HEJO0CTATOYHO
OLICHCHHOE TMIMEHWYECKOE 3HAYCHUE HAHOPA3MEPHBIX YaCTUL B COCTABE
a’po30JIeH, 3arps3HAIOMIMX  BO3AYX IPOU3BOACTBEHHBIX IIOMELICHUM W
OKpYyKarolyro armocepy TMpH JABHO CYIIECTBYIOIIUX TEXHOJIOTUYECKUX
IIpolLecCcax.

3a mocneanue 10-12 mer u3ydeHwe xapakTepa U MEXaHU3MOB OCOOOM
OMOJIOTUYECKOM AaKTUBHOCTH (B TOM YHCJE, TOKCHYHOCTH) HAHOYACTHI]
pa3BHUBAETCS BO MHOTHX CTpaHaXx MHpAa BCE HApPACTAIONIMMHU TEMIIAMH, YTO
o0ycioBWIO (OPMHUPOBAHUE CAMOCTOSTEILHON BETBU TOKCHUKOJOTMYECKOM
HayKH — HAHOTOKCHUKOJIOTUU.

B nocnenHue TOABI UCCIEAOBAaHHMS JTOTO HAIPABICHUS JIOCTUTIU
ONPEACIICHHOTO Pa3BUTHS B  HAYYHO-HCCIEAOBATEIbCKUX  YUPEKICHUSIX
Poccuu, BiIo4as Hay4dHble yupexaeHus PociotpeOHanzopa, u 3apy0exom.

Marepuanbl, KOTOpble NpPEACTaBICHbl B JaHHOM COOpPHUKE TpPYAOB
POCCUUCKMMU U 3apyO€KHBIMU  MCCIEIOBATENSIMH  JEMOHCTPUPYIOT
JOCTUTHYTBIE yCHEXH W ONpEACNIIOT Haubojee akTyaldbHblEe 3a/layuu
TUTMEHNYECKON HAHOTOKCUKOJIOTHH.

Haunbonee uHTEpecHbIE W 3HAUMMbIE MaTepuagbl OyAyT 3aciyllaHbl U
00CYX/IEHBI B BUJI€ JIOKJIAJIOB HA CaMOil KOH()EpPEHIIUH.

Hagneemcs, 4to oryOamMKoBaHHbIE B COOPHHUKE MAaTEPUAIIbI BBI3OBYT MHTEPEC
U OyAdyT TOJIE3HBI I PEIICHUS MPOOJEeM TUTHEHbl M HAHOTOKCHUKOJIOTHH,
pa3BUTUSI METOIWYECKUX ITOJXOJI0OB W YCTAHOBJICHHWS OE€30MacHBIX YPOBHEU
BO3/ICUCTBUSI HAHOMATEpUAIOB Ha pabOTAIOIIMX W HACEJIEHUE, TOBBIIICHUIO
PE3UCTEHTHOCTH OPraHU3Ma K UX BPETHOMY JIEUCTBUIO.

PenmakmoHHBIN COBET
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MECTHOE U CUCTEMHOE JIEHCTBUE
HNHI'AJIMPYEMBIX YACTUIl 1 HAHOYACTHIY

AJabgpapo-Mopeno I.

Lllseockuti HayuHo-uccied08amenbCKull mokcuxkoarocuveckuti yenmp, Llseyus
Hayuonanvnwiii onxonoeuveckuii uncmumym, Mexkcuxa
E-mail: ealfaro.incan@gmail.com

UYenosek M3aaBHA MOABEPracTCs MHTAIALMOHHOMY BO3IEUCTBUIO yacTull. Ilo
JAHHBIM MPOBOJUMBIX B 20-M BEKE SNHUACMHUOJOTMYECKUX HCCIIECIOBaHUMH,
BO3JICHICTBHE YIOJBHOM MUK, acOECTa U JPYTrUX MUHEPAJIOB HA IIAXTEPOB MPUBEIIO K
BO3HMKHOBEHUIO y MOCJIEIHUX JIEFOYHBIX 3a00JIeBaHM, TaKMX Kak (puOpo3 JIErkux u
pak. B kadectBe akTtopa prcka, CIOCOOCTBYIOIIETO BO3HUKHOBEHHIO 3a00JIEBaHUMN
JETKUX M CHUCTEMbl KpOBOOOpAIEHMsI, BBIACISAETCS TAK)KE BO3JCHCTBUE YacTHIl B
yCIOBUSIX Topoaa. M3-3a HeOIaronpusTHBIX HCXOJOB, CBS3aHHBIX C IIOMaJaHUEM
YacTUL B JbIXaTEIbHbIE MYTH, ObUIM NPHUHATHI MHOTOYMCIIEHHBIE MEpBI ISl TOrO,
YTOOBI 3alIUTUTh HACEJIEHUE OT BPEIHOTO BO3JIECWUCTBHS HAa TEPPUTOPUHU TOpoia, B
MOMENICHUSIX U Ha paboYnX MecTax.

3a nocneanue 30 et ObUIM MOJYYEHBI THICSYM BUAOB HOBBIX YACTHUIl Pa3MEPOM
MeHee 100 HM, a TOKCHKOJIOTUYECKHE HCCIIEIOBAHUS MHOTHX W3 HUX TOJIKOM HE
IPOBOAMINCH. VIHrammpyeMble 4acTULbl pa3MepoM MeHee 10 HM MOryT IPOHHKHYTh
B HW)KHHME JbIXaTEIbHbIE IyTH, @ YAaCTULBl Pa3MEPOM MEHee 3 HM MOT'YT JIOCTUTHYTh
nérxkux. Yacrtuusl pazmMepoM meHee 0,1 HM MOryT NIEpeMECTUTHCS W3 JIETKUX B
KPOBEHOCHYIO CHCTEMY M TakMM O0Opa3oM IomacTb B OTHajeHHble opraHbl. K
HamOoJiee CepbE3HBIM  HEONArompusITHBIM  HMCXOJAM  [OMNaJaHus 4YacTUll B
JIbIXaTeJIbHbIE MyTH OTHOCSTCS: MECTHOE U CUCTEMHOE BocmalieHue, (puopo3 IErkux,
pak JETKUX, COKpallleHUE BPEMEHM CBEPTHIBAHUS KPOBH, AUCHYHKLUS SHIAOTEIHS,
M3MEHEHHUE BSI3KOCTU IUIa3Mbl, TAKXKE HEJABHO ObUIO BBICKA3aHO IMPEANOJIOKEHHE O
TOM, YTO TPOHUKHOBEHUE HAHOYACTHUI] B MO3T, MOYKET UMETh OTHOILIEHUE K OOJIE3HIM
[TapkuHCOHA 1 AnblTrenmMepa.
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I'M'MEHUYECKUE TPOBJEMBbI, CBA3AHHBIE C IPOU3BOJICTBOM
N ITPUMEHEHUEM NCKYCCTBEHHBIX HAHOMATEPHUAJIOB

bpuranos H. I'., I'opkuna U. K., Kinayuek B. B., [louenuos A. 1.,
Tounakuna JI. I1., ®uaatoB b. H.

OI'VII «HUU 2ucuensvt, moxcukonoeuu u npogpnamonocuuy ®MBA Poccuu,
Bonzoepao, Poccus
E-mail: filatov@rihtop.ru

B Poccuu B Hacrosiiiee BpeMsi, HECMOTPSI Ha CYILECTBEHHOE OTCTAaBaHUE OT
3amazma B HEKOTOPBIX OTPACisiX MPOMBIIUIEHHOCTH, HaOMI0aeTcs IMOCTENEHHOEe
BHEJpEHUE HaHOTexHoyorui. IlporpeccMBHOE 3HAY€HUWE TaKUX TEXHOJOTUUN
OYEBHJHO W HE HYXKJaeTcss B OOCYXJICHHH, HO TakKKe OYEBUIHO H TO, 4YTO
MPOU3BOJCTBO HAHOMATEPUAIOB M WX TNPOMBIIUIEHHOE UCIOJIb30BaHUE 0e3
MPOBEJICHUSI MOJHOIEHHBIX CAHUTAPHO-TUTUEHUYECKUX MCCICAOBAHUM MOXKET
HAHOCHTB BPEJI, IPEXKC BCEro 3I0POBBIO MPOM3BOJICTBEHHOrO Iepconaia [1-4].

be3ycnoBHO, NEPBOCTENEHHBIM SIBJIIETCSI TUTUEHUYECKOE PETJIaMEHTUPOBAHUE
JOMYCTUMOT'O COJIEP>KaHMsI HAHOYACTHUIl B BO3AyXxe pabodeil 30HbI U OOecredeHue
pabotr 0e3 3arpsi3HEHUS NPOU3BOJICTBEHHOW Cpeibl HAHOYACTHIIAMH, JUIS YEro
HE00X0MMa COOTBETCTBYIOIAsI TEXHOJIOTHS MPOU3BOJICTBA U JOJDKHBIN CAaHUTApHO-
XUMHUYECKUNA KOHTPOJb. (OJHAKO HMMEHHO C OTOr0 M HAYMHAIOTCS MEJIUKO-
TUTUEHUYECKUE TMPpoOJeMbl oOecreueHrsi 0e30MacHOCTH JIIoACH MNpU BHEAPECHUH
HaHoTexHonorui. K coxanmeHuro, Kak Bcerja IpU BHEAPEHHH U PA3BUTHU
MPUHIUITHATBPHO HOBBIX TEXHOJIOTUM, OIEHKA BO3MOXHBIX HEOJAronpusTHBIX
MOCIICICTBUA  TNPUMEHEHUS HAHOTEXHOJOTHM  OCYIIECTBIIAETCA  YPE3BBIYAWHO
MeJTIeHHO. OTYacTh 3TO MOXHO OOBSCHUTH YCIIOKOEHHOCTBHIO B CBSI3U JIOCTATOYHOM
M3YYEHHOCTBbIO MCXOJHBIX MakpodopMm. OAHAKO TPOBEAECHHBIE MCCIECIOBAHUS IO
OIIEHKE BO3MOXHOM OIMAaCHOCTH HAHOYACTHIL JJIS YEJIOBEKa IMOKA3bIBAIOT, YTO OHU
MOTYT TPEACTaBIATh, KAK TMPSIMbIE, TaK W KOCBEHHBIE OMNACHOCTH, KOTOPBIE
BO3HHMKHYT B CBSI3U C HEIOCTATOYHON M3YYEHHOCTHIO UM HAPYIIEHUSIMH pa3padOoTKU
npoiiecca [ 3, 6].

OcHoBHBIE TTPOOJIEMBI B JAHHOM ClTydae, KaKk HUKOT/Ia paHee MPpU BHEJIPEHUU B
MIPOU3BOJICTBO HOBBIX TEXHOJIOTHH, CBSI3aHbl C OCYIIECTBJIECHUEM HCCIEIOBAHUN IO
TUTHEHUYECKOMY PETrJIAMEHTUPOBAHUIO COJIEP)KAHMSI HAHOYACTHUIL B BO3/IyXe paboueii
30HBI B BUJy UX YPE3BBIUAWHOTO pazHOOOpasus U crenuduuHbix ocoOeHHocTeH [6].
[TpakTuuecku, Mo KpaifHel Mepe, Ha MEPBBIX MOpPAX, HAMPAIIUBAETCS MOTPEOHOCTDH
M3YUYCHUSI KAYEeCTBEHHOTO U KOJMYECTBEHHOTO COCTaBa HAHOYACTHUI[ PEaTbHO
3arpsi3HSAIONIMX  BO3AYX pabodeil 30HBI COOTBETCTBYIOIIMX MPOU3BOJICTB C
000CHOBAaHMEM MX TUTHEHUYECKUX HOPMATHUBOB. ECTECTBEHHO, 3TO MPHUBEIET K
BBICOKMM 3aTpaTaM Ha BBINOJIHEHHE UCCIEIOBAHMM, 4TO, O€3yCIIOBHO, PEAlbHO IS
OCYIIECTBJICHUSI JIMIIb MPU TOCYJAAPCTBEHHOM (DHUHAHCUPOBAHUM HCCIEIOBAHUM,
OCOOCHHO Ha CTAaJUM MAJOTOHHAXHBIX MPOU3BOACTB. Kpome TOro, yuuThiBas
0’XKMJAEMBbIN B JAHHOM CJTy4a€ MHOTOKOMIIOHEHTHBIM COCTaB 3arpsi3HUTENCH BO3ayXa
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paboueil 30HBI, II€JECO00pPa3HO PACCMOTPETh BO3MOXKHOCTH OIICHKH pHUCKa IS
3I0POBBSl  MPOU3BOJICTBEHHOTO TMEpCOHANa KOMOWHUPOBAHHOTO  BO3JEHCTBUSA
3arpsI3HUTETIEH.

Cnenyromasi mpobieMa — KamMepHOe OOOpyJAOBaHUE [JIsi WHTAJISIIMOHHBIX
Bo3aciicTBuil.  OOopymoBaHME, UWMEIOIIEECS B  HAay4YHO-HCCIEAOBATEIhCKUX
OpraHu3aIusIX, 3aHUMAIOLTUXCS BOIIPOCAMH CaHUTaPHO-TUTHEHUYECKOTO

HOPMHPOBAaHUS XUMHUYECKHX BEIIECTB, KaK B BO3Jyxe pabouedl 30HBI, TaKk H
aTMOC(EpHOM, B OOJILITUHCTBE CBOEM HE MOKET OBITh UCIIOIB30BAHO JJI CO3JIaHUS
¥ KOHTPOJISI 33JJaHHBIX KOHIIEHTPAIMii HAaHOYACTHI] O€3 CIICIHATbHBIX TEXHUYECKUX
PUCTABOK M Pa3pabOTKH COOTBETCTBYIOIIUX METOIMYECKUX MpHUeMOB. MIMIOpTHBIE
«3aTpaBOYHBIE» KaMephbl, OCHAIICHHbIE TIE€HEepaTOpaMH HAHOA’PO30JIeH, s
POCCUICKUX MHCTUTYTOB CETO/IHS B OOJBITMHCTBE CBOEM UPE3MEPHO JOPOTH U MaJlo
JOCTYTIHBI.

B OI'VII «HUU I'TTI» ®MBA Poccun mpoBoAsSTCs pabOThI 110 KaU€CTBEHHOMN
U KOJIMYECTBEHHOW OIICHKE CTENEeHHW 3arps3HeHUs Bo3ayxa pabodeil 30HBI
HAHOYACTUIIAMU B MPOMU3BOJCTBAX TBEPJbIX PAKETHBIX TOIUIUB, B3PHIBYATHIX
BEII[ECTB U MOPOXOB, B KOTOPHIX MIUPOKO UCIOJIB3YIOTCS MPOLIECCHI U3MENIbUEHUS UX
TBEPJBIX KOMIIOHEHTOB. JTH MPOIIECCHI SBISIOTCS MOTCHIIMATLHBIMU UCTOUHUKAMHU
HEKOHTPOJMPYEMOTO0  OOpa30BaHUS  HAHOYACTHI[, CHOCOOHBIX  3arpsi3HSTH
MIPOM3BOJCTBEHHYIO cpeay. Kpome TOro, B 3THX MPOU3BOJCTBAX AJS YIyUIICHHS
XapaKTePUCTUK DHEPreTHUECKUX KOHJICHCHPOBAHHBIX CHUCTEM BCE 4Yalle HaxXOJsT
npuMeHeHue HaHoMmarepuaibl. [Ipenmnonaraercs, 4To BO3JEHCTBME HAHOYACTHUIl Ha
OpraHu3M OOYCJIOBJIMBACT pa3BUTHE CHEIU(UUECKOW KapTUHBI MaTOJOTHUH,
NPOSIBIISFOIIEHCS OTCPOUYCHHBIMH WM OTJAJICHHBIMHU TIOCIICACTBUIMU [ 7].

Nwmeromuecs: ceroiHs TUTHEHUYECKHE HOPMATHBBI HAHOYACTHUII YTBEPKICHBI B
OCHOBHOM ISl TIPOAYKTOB THUTaHWs. [lpuuem UIsi OCYIIECTBIICHHS CAHUTAPHOTO
KOHTpPOJISL MpeyiaraloTcsi METOAUYECKUE PEKOMEHJIAllU, KOTOphIE MOAXOMAST MAJis
KaueCTBEHHOI'0 aHaJu3a W WHOTJAA I WACHTU(UKAIIMKM HAHOYACTHI[, HO MAaJlo
MPUTOAHBI WJIM BOOOIE HE MPUTOJHBI JIJIi KOJIWYECTBEHHOTO aHalli3a HaHOYACTHII,
TeM Oosiee B Bozayxe [8, 9].

Jis  KpynmHOMAacIITaOHBIX — MPOU3BOJCTB  HAHOMATEPHUAJIOB  IMPEACTOUT
pa3paboTKka TUTHEHHYECKUX HOPMATHBOB HAHOYACTHUI[ JIJISI OOBEKTOB OKPYXKAIOIICH
cpenbl. B 3TOM HampaBiieHHM BUIATCS €Ille OOJBbUIME CIOKHOCTH, B YaCTHOCTHU C
HOPMHPOBAHUEM COJCPKAHUS HAHOYACTHI] B aTMOC(PEPHOM BO3IyX€, BOJIE U MOYBE.

N 510 numie HavadbHBIM ATan BBIMOJIHEHHUS Pa3pabOTOK HEOOXOAUMBIX IS
oOecrieueHnus 0€30MaCHOCTH TepcoHalla W HacelieHus, MNPOKUBAIOLIETO B 30HE
BIIMSTHUS TIPOM3BOJ/ICTB HAHOMATEPHAJIOB.

[TapannensHO ¢ HOPMUPOBAHUEM HAHOYACTHIL JUIsl o0ecrieueHus: 0€30MacHOCTH
JUISL 4eJOBEeKa IMPOM3BOJICTB HAHOMATEPUAJIOB WM MX MCIOJIB30BAHUS JIOJIKHBI
BHEJIPATHCSA TPOYME TUTHEHWYECKHE AaCHeKThl. Tak, 3almTa OT HEXKeIaTeIhbHOTrO
BO3/ICIICTBHS HA YEJIOBEKA HAHOYACTHI] 1 HAHOMATEepUAJIOB B MIPOLIECCE MPOU3BOICTBA
TEOPETUYECKH MOXKET OBITh ObOecredeHa Kakou-mubo (HopMoN H30IALHUUA OT HUX,
HaIpUMep, HM3OJUPYIOUIUMHU CpPEACTBAMH HHIWBHUIyadbHOW 3amuThl. OgHAKO Ha
CErOJHSIIHUN JIeHb OTCYTCTBYIOT JaHHbIE MO OLIEHKE 3al[UTHON 3P¢hEeKTUBHOCTU
CYILIECTBYIOIIUX CPEJICTB UHIMBUIYAIbHOU 3aIIMTHl OT HAHOYACTHII.
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Bce usnoxenHnoe ACMOHCTPUPYCT HAJINYHC HpO6JIGM OOCHKH M YIIPABJICHUA
PHUCKOM JIA 3O0pPOBbA JIMI, KOHTAKTHPYIOIONUX C HaAHOYACTHIOAMH B IIPOLCCCC
MMpOU3BOACTBA K UCITIOJIB30BaAHNA HAHOMATCPHAJIOB.
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BbI3BAHHASI HAHOMATEPUAJIAMMU JIETOUHAS PEAKIIASI OCTPOU
®A3BbI IPEJACTABJISIET COBOU TPUUNHHO-CJIEJICTBEHHYIO
CBSI3b MEXKIY HHTAJSIHUOHHBIM BO3JIEVICTBUEM
HAHOMATEPHAJIOB U PUCKOM CEPJEYHO-COCYJIUCTBIX
3ABOJIEBAHUM

Boreab Y.l, Caobep A. T.l, SIxo0cen H. P.l, IHoyancen C. C.l, I7Iﬂy1c K.Z,
Xajnannanasap C.Z, Basuun X,

lHauuomwbezﬁ HAYYHO-UCCIIe008aAMENbCKULL YeHMpP 2ueueHbl mpyod,
Koneneacen, /lanus
2Haytmo-uccxzedoeameﬂbcme O10po cucueHvl OKpyIHcaroueli cpeovl,
Munucmepcmeo 30pasooxpanenus Kanaowvi
E-mail: UBV@arbejdsmiljoforskning.dk

B snuaeMuonoruueckux MCCIENOBAaHUAX HWHTAISLIUS YaCTHUI[ COMNPSDKEHA C
MOBBINNICHUEM DPHUCKAa Pa3BUTHUS CEPACUYHO-COCYAUCTHIX 3a0oJieBanmid. VHramsmms
YaCTUIl  BBI3BIBAET  BOCHAJCHUE JIETKUX, MPONOPLUHUOHAIILHOE  CyMMapHOM
MOBEPXHOCTH BJBIXa€MbIX WM OTJOXKHUBIIUXCA HaHOMarepuanoB. [lomHoreHomMHOE
W3YYEHHUE TPAHCKPUIIUU TEHOB JIETOYHOW TKAHW MBIIIEW IMOCJE HWHTAISALHOHHOTO
Bo3jelicTBUs HaHouacThll 110, B Tedyenue 11 mHe#t mompsia mokasaso, 4To Hauboiee
mudpepeHInaNbHO  PETYJIUPYEMbIM TE€HOM  SIBIIsieTCS  OelOoK ocTpoil  ¢aszpl  —
ceiBopoTouHbIii amunona A3 [1]. Peakuus octpoii a3kl — 3TO CUCTEMHas PeaKIlus
Ha CUTHAJl TpeBOrH [2], a ypoBHU coaepxkaHust OeIKOB ocTpoi (a3sl C-peakTHBHOTO
Oellka M CHIBOPOTOYHOI'O aMHUJIOMAA A CBsI3aHbI C TOBBIIICHUEM pPHUCKA PA3BUTHUSA
CepACYHO-COCYTUCTHIX 3a00JICBaHMI B TIPOCIIEKTUBHBIX MccaemoBaHusx [3].

HenaBHo HamMu yCTaHOBJIEHO, YTO BO3ACHCTBHE HA JIETKME HAHOMATEpPHUAJIOB,
BKJIIOYAs YaCTUIbl TEXHUYECKOTO YIIepoja, IUOKCHIA THUTaHA, YTrJIEPOJHbIC
HAHOTPYOKH M YaCTHIIBI TU3EILHOTO BBIXJIONA [4], BRI3BIBACT 3aBUCUMYIO OT BPEMCHH
W JI03bl peakiuio ocTpod ¢a3pl Kak Mo KoJaudecTBy auddepeHImaibLHo
AKCIPECCUPOBAHHBIX TE€HOB pEaKIMU OCTpoil a3bl, TaK U 1O YBEJIUYCHUIO B
HECKOJIBKO pa3 ChIBOpOTOuHOro ammwiounga A3, nHaubonee auddepeHnnansHo
9KCIPECCHUPOBAHHOTO TeHa peakuuu ocTtpoi ¢asel [5]. MuayupoBaHue nErouHoim
peakuuu OCTpoi ¢aszpl ObUIO TaKXKE MPOJAEMOHCTPUPOBAHO Ha OEIKOBOM YPOBHE.
Hanpumep, wu3MepeHHbIE METOJIOM BECTEPH-OJIOTTUHT YPOBHU  COACPKAHUS
CBIBOPOTOYHOTO ammiionga A3 B JIEro4yHON TKaHU MOBBICWIIMCH B 2,2 pa3a uepe3 S5
JHEW IoCiie MHTAISAIMOHHOTO BO3JEHCTBHS — HaHopasmepHoro T10; [1], rTakxke
MOBBICWJIUCh ~ YPOBHM  COJIEpP’KaHMSI  CBIBOPOTOYHOro  ammiouaa A3 B
OpOHXO0aTbBEOISIPHON JKHJIKOCTH M IUIa3Me IOCJIE HHTPATpaxealbHOr0 BBEJICHHUS
MHOTOCJIOMHBIX YTJICPOAHBIX HAaHOTPYOOK [6]. YpoBHHU conepkaHUs CHIBOPOTOYHOTO
amunousa A3 B IUIa3Me KOPPEIUPOBAIM C YPOBHSMHU COJCPKAHUS JIETOYHOTO
ceiBopoToyHoro ammiousia A3 MPHK mocne Bo3aeiicTBus Ha JErKUe YriaepoIHBIX
HAHOTPYOOK [7].
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JI€rounast peakuusi ocTpoil ¢asbl, OICHEHHAas IO YPOBHSM COJEpKaAHUS
CBIBOPOTOYHOTO amuiiona A3, TECHO KOPPEIUpPYeT ¢ MIPUTOKOM HeHTpoduiios [6] u
CYMMapHO# MOBEPXHOCTHIO OTJIOXKHUBIIHMXCS HaHOMaTepuaynoB [5]. DTo mo3Bosser
Mpeanojararb, YTO WHTAIAIMS HAHOPA3MEPHBIX YacCTHUI[ BBI30BET 00JIEe CHIIBHYIO
peakiio ocTpoi (a3pl MO CpaBHEHHWIO C OoJjiee KPYMHBIMU YacTUIIAMH TIpU
OJIMHAKOBOM 00IIIeil Macce, a TaKkKe TO, YTO COMYTCTBYIOUIUN PUCK BO3SHHUKHOBEHUS
CEpJIEYHO-COCYIUCTHIX 3a00JIEBaHUM JOJKEH OBITh MPOMOPIIMOHAJICH YBEIUYEHUIO
CYMMapHOW MOBEPXHOCTH. ITO CTAHOBUTCS OCOOCHHO aKTyaJIbHO MPU OOCYKIECHUU
YPOBHEH MPOM3BOJCTBEHHOTO BO3/ICHCTBHS HAHOYACTHII, M MOTIEPKUBACT BAKHOCTD
po(hecCHOHATFHOTO BO3/ICUCTBUS B KOHTEKCTE CEPICUHO-COCYTUCTHIX 3a00JIEBaHUI.

CIIMCOK JIMTEPATYPBI

1. S.Halappanavar, P.Jackson, A.Williams, K.A.Jensen, K.S.Hougaard,
U.Vogel, C.L.Yauk, H.Wallin. Pulmonary response to surface-coated nanotitanium
dioxide particles includes induction of acute phase response genes, inflammatory
cascades, and changes in microRNAs: A toxicogenomic study, Environ Mol Mutagen
52 (2011) 425-439.

2. C.Gabay, I.Kushner. Mechanisms of disease: Acute-phase proteins and other
systemic responses to inflammation, New England Journal of Medicine 340 (1999)
448-454,

3. P.M.Ridker, C.H.Hennekens, J.E.Buring, N.Rifai. C-reactive protein and
other markers of inflammation in the prediction of cardiovascular disease in women,
N. Engl. J. Med. 342 (2000) 836-843.

4. Z.0.Kyjovska, N.R.Jacobsen, A.T.Saber, S.Bengtson, P.Jackson, H.Wallin,
U.Vogel. DNA strand breaks, acute phase response and inflammation following
pulmonary exposure by instillation to the diesel exhaust particle NIST1650b in mice,
Mutagenesis (2015).

5. AT.Saber, N.R.Jacobsen, P.Jackson, S.S.Poulsen, Z.0.Kyjovska,
S.Halappanavar, C.L.Yauk, H.Wallin, U.Vogel. Particle-induced pulmonary acute
phase response may be the causal link between particle inhalation and cardiovascular
disease, Wiley. Interdiscip. Rev. Nanomed. Nanobiotechnol. 6 (2014) 517-531.

6. A.T.Saber, J.S.Lamson, N.R.Jacobsen, G.Ravn-Haren, K.S.Hougaard,
A.N.Nyendi, P.Wahlberg, A.M.Madsen, P.Jackson, H.Wallin, U.Vogel. Particle-
induced pulmonary acute phase response correlates with neutrophil influx linking
inhaled particles and cardiovascular risk, PL0S. One. 8 (2013) e69020.

7. S.S.Poulsen, A.T.Saber, A.Mortensen, J.Szarek, D.Wu, A.Williams,
O.Andersen, N.R.Jacobsen, C.L.Yauk, H.Wallin, S.Halappanavar, U.VVogel. Changes
in cholesterol homeostasis and acute phase response link pulmonary exposure to
multi-walled carbon nanotubes to risk of cardiovascular disease, Toxicol. Appl.
Pharmacol. 283 (2015) 210-222.

15



YK 615.9:59.084

OILIEHKA UHT AJISIITUOHHON TOKCUYHOCTH
MHOTI'OCTEHHBIX YTVIEPOAHBIX HAHOTPYBOK JJIS1 KPBIC
IO PE3YJIBTATAM OCTPOI'O U XPOHUYECKOI'O OKCITEPUMEHTOB

BopooObes A. B., Curaes B. U., Tomuunckuit A. /1., Ycnenckas C. H.,
HBanosa 10. B., 3aruna E. B., Peioanxkun C. II., Muxuna JI. B.,
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[To sKCmepTHBIM OILIEHKaM cpeAau OOIero KOJIMYecTBa CHUHTE3UPYEMBIX B
Poccun yraeponupix Hanotpyook (YHT) 98 % npuxogurcs Ha MHOTOCTEHHBIC
yraeponubie  HaHoTpyOku (MVYHT) [1]. Tlostomy BcecTOpoHHEE U3YyYCHHE
Tokcnuecknx cBorctB MVYHT saBnsercs HauOosiee aKkTyalbHOM 3agadeil mpu
MPOBEJICHUA HAYYHO-UCCIIEIOBATEIILCKUX Pa0OT MO CaHUTAPHO-TUTHEHUYECKOMY
HOPMHUPOBAHHUIO IIPU UX MPOU3BOACTBE U PUMEHEHUH.

UccnenoBanusm Tokcnueckux cBoictsB MYHT, npu uHransammoHHOM criocooe
WX TIOCTYILJICHUSI B OpraHbl JbIXaHUS JaOOPaTOPHBIX KMBOTHBIX (MBIIIH, KPBICHI), B
HoCNIeIHEE BPEMsI MOCBSIIEHO OOJbIIOE KOJIMYECTBO MMyOJUKaUMid B HayyHOU
JUTEPATYpE.

B pape wuccrmemoBaHWii  NPUBENEHBI  PE3YJIBTATBI  DKCIIOHUPOBAHMS
7a00paTOPHBIX JKUBOTHBIX B arMocdepe pa3iauuHbix KoHueHTpamuid MYHT B
TEYEHUE OJTHOTO WJIM HEeCKOJMbkuX gHel. Stepleton P.A. et al. (2012) ormeuaroT, uTo
IIOCJI€  OJHOKPATHOIO  HHraJsiMMOHHOro BBeneHus MVYHT  kpeicam  1npu
KOHIIEHTpAuu 5 MI/M3 ¥ TMOCIeayrolero HaOmoIeHuss B TeueHHe 4-X aHel
OTMEUYAJIACh BOCHAJIMUTENIbHASA PEAKLMS W JIErOYHAs TOKCUYHOCTH [2]. BozaeicrBue
MVYHT npuBoamino K 3HAYUTEIBHOMY YBEIMYEHUIO B OpPOHXOAIbBEOJISPHOM
KUJKOCTU KoJudecTBa mnoauMopdHosiaepHbix JnedkouutoB (I[IMJI), akTuBHOCTH
nakrataeruaporenassl (JIJAI) u kormnenTpanuu odmiero 6enka. Ryman-Rasmussen et
al. (2009) BersBUM (popmupoBaHue GPUOPO3HBIX U3MEHEHHUM B JIETKUX MOJOMBITHBIX
MbIlielt uepe3 14 nHeW HaAOMIOAEHUS TIOCJIE€ OJHOKPATHOTO HWHTaIsSIMOHHOTO
BBeseHuss MYHT B konnentpaunu 100 MI/M° B TeueHHe 6 4acoB [3].

B nwureparype npuCyTCTBYIOT JUIIb €AUHUYHBIE COOOIIEHUS 00 H3yYEHUH
TokcnyHocth MVYHT 1pu  MHOTOMECAYHOM HMHTaALMOHHOM BBEACHUU UX
1ab0paTOpPHBIM KUBOTHBIM (KpbIchl). Tak, B coobmennn Ma-Hock L. et al. (2009)
IIPUBEICHBI PE3YyJbTAaThl HW3YyYEHHs MHTrasiquoHHOM TokcuuHocty MVYHT mnpm
BBEJICHUU UX KpbIicaM B KOHIeHTpauusax 0,1 MF/MS, 0,5 MI/M® 1 2,5 MI/M° B TeUeHUe
3-x mecsueB [4]. Pauluhn J. (2010) npoBoaun unHramsmuonHoe BegaeHne MYHT
KpbIcaM IpH KoHIeHTparusx 0,1 MF/M3, 0,4 MF/M3, 1,5 mr/m® 1 6 Mr/m® B Teuenue 13
HeJelab. ABTOp OTMeuaeT yBelnueHue koinumdecta [IMJI, pactBopumoro koJuiareHa
B OpOHXOAJIBBEOJSIPHOM KUAKOCTH, a TaKKe MOBBIIIEHHE YPOBHS 00IIero Oeika u
aktuBHoctu JIJII', mpu koHueHTpauusx asposois MYHT, nauunas ¢ 0,4 mr/m3 u
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BbImIe [5]. ['panyneMaro3Hble U3MEHEHUSI U OPOHXHMOJI0ATbBEOIAPHAs TUIEPILIA3Hs
HabIII01aTHCh p KoHeHTpamud MYHT 6 mr/v®,

B npoBeaeHHBIX HAMU WHTAISIMOHHBIX TOKCHUKOJOTMYECKUX AKCIEPUMEHTaxX
OBUIM  HWCIOJB30BAaHbI MHOTOCTCHHBIC  YIJIEpOJHbIE HaHOTPYOku TayHuT-M,
npousBojictBa OO0 «HanoTexIlenTp», r. Tam6oB [6].

DKCIOHUPOBAHHUE IKUBOTHBIX (OecropojHblie Oejble KPBICHI-CaMIIbl) T10
CUCTEME «TOJIOBa-HOC» OCYHIIECTBsUTM B  paszpaborannoit B HUI[ TBII
DKCIIO3UIIMOHHOM  a3p0o30JibHOM  KamepHoi ycraHoBke JDAKY (marent PO
No 2552945) ¢ ucnonb3oBaHHEeM reHepaTopa Cyxux a’posojed koHctpykiuun HULL
TBII, paboTa KOTOpPOro OCHOBaHA Ha MPHUHIUIAX TOMOJIA U «KHUIISIIETO CIOS».
XapakTepuUCTUKN YCTPOMCTB M METOJAOJIOTUS pabdOThl C MCHOJIB30BAHUEM 3TOTrO
obopynoBaHus ObUIM oOmucaHbl Hamu paHee [7, 8]. Anpozonp TayHuT-M ObLI
Npe/CTaBlieH, MPEUMYIIECTBEHHO, YacTUllaMu pa3Mepamu 2-6 MM (okosio 80 %).
CpenHemequaHHblil [uaMeTp yacTull aspo3ods TayHur-M — 3,0 MKM.

N3yueHa ocTpas MHTAISAIMOHHAS TOKCUYHOCTh MHOTOCTEHHBIX YTJIEPOJIHBIX
HaHOTPYOOK TayHUT-M MpH OJHOKPATHOW MHTAISALIUMA KpbIC B TeueHUE 4-X yacoB. B
AKCIEPUMEHTE M3yUYEHbl KOHIIEHTpanuu aspo3ons Taynut-M 111, 39, 14 u 6 mr/m’,
[Io pesynpraTam skcriepumenta BenuunHa Clgy TpeBbIIaeT MaKCHMaIbHYIO
UCCIEIOBAaHHYIO KOHUEeHTpauuo Taynur-M — 111 mr/m° (5 noxazareneit
TOKCUKOMETPUM OTJIMYAOTCS OT KOHTpOJsi). B kauecTBe mopora ocTporo JAeHCTBUS
060CHOBaHa KOHIGHTpALyst 39 Mr/M° (3 MOKa3aTessi TOKCHKOMETPUH OTIHYAI0TCS OT
KOHTpoJs). HenelicTByromas KOHIEHTparusi a’spo3oiisi TayHUT-M B OCTPOM OIIbITE
cocramia 14 mr/m°. Ha [aHHON KOHIIGHTPAIMH a3pO30IIs OBLIO OTMEYEHO TOIBKO
CHI)KEHHE IO JTUM(OIMTOB B JIABAXKHOW JKHAKOCTH Yepe3 14 cyTok mocie
uHraasiuuu. OcTanbHble M3YYEHHBIE MapaMeTpbl TOKCUKOMETPUHM COOTBETCTBOBAIU
Ha0JI10/1aeéMbIM Y KOHTPOJIBHBIX )KUBOTHBIX.

[IpoBenena XpoHHWUYECKas WHraJsILMOHHAS 3aTpaBKa KpbIC a’poO30JIEM
MHOTOCTEHHBIX YTJIEpOIHBIX HAHOTPYOOK TayHut-M. 3arpaBKul BBIIOJHSUIUCH 10 4
yaca B JIEHb, 5 AHEH B HeNENI0, B TeueHue 4-x mecsueB. M3yueHbl KOHUEHTPALUU
asposomst 25,5 u 1 Mr/m®. MHramsmuoHHas 3aTpaBKa KPbIC a9p030JIeM MHOTOCTEHHBIX
YTIEPOIHBIX HAaHOTPyOOK TayHut-M B KOHIEHTpamusx 25 MI/M° B TEUYCHHE
4 MecsleB BbI3bIBajla Pa3BUTHE Y JKUBOTHBIX MSATHUCTOrO aHTpako3a. dubposHbie
U3MEHEHUS! BCTPEUYAIUCh TOJBKO Y OTACNIBbHBIX XUBOTHBIX M OBUIM BBIPAKEHBI
JIOCTaTOYHO €J1a0o.

Konnentpauusa asposonss TayHut-M 25 Mr/mM® OLeHEHa Kak JNEUCTBYIOIIAs
(12 moka3areneil TOKCUKOMETPUM OTJIMYAKOTCS OT KOHTPOJS), a B KaU4eCTBE Mopora
XPOHUYECKOTO JCHCTBUS OOOCHOBaHAa KOHIEHTpAIMS 5 Mr/™M°> (7 noxazateneit
TOKCUKOMETPUU OTJIMYAIOTCS OT KOHTpPOJs). V3ydeHHyl0 B  OIKCHEPUMEHTE
KOHIICHTpAauuio | Mr/M° MpeanokeHo paccMaTpHBaTh KAk HENCHCTBYIOIIYIO, T.K.
BBISIBJICHHBIE JIOCTOBEPHBIEC HA IAHHOW KOHIEHTPAILIMK a3p030Ji1 U3MEHEHUSI HOCAT HE
MOCTOSIHHBIM XapaKTep U CYHIECTBEHHO HE OTIMYAIOTCS OT KOHTPOJbHBIX 3HAYCHUH.
Jnst  yTOYHEHUs HATOro TOKas3aTessl, BEPOATHO, MOTPeOyeTCs MPOBEACHUE
UCCIIeIOBaHMM ¢ 00Jee HU3KUMH KOHILICHTpaUsIMU a3po301s TayHuT-M.
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N3y4eHO MMMYHOTOKCHYECKOE M CEHCHUOWIM3UpYIOLIEe IEHCTBUE a’pO30Jisd
MHOTOCTEHHBIX YTJIEPOAHBIX HaHOTPYOOK TayHuT-M Ha rpymnie KpbIC, BHIBEICHHBIX
U3 OIbITa 4yepe3 1 Mecsn 3aTpaBoK MO 5 AHEH B HENENIO Mo 4 Jaca B TEUEHHUE JIHSL.
NMMyHOTOKCHMYECKOE M ceHcuOunu3upytouiee aeiicteue TayHutr-M He yCTaHOBIIEHO.

CIIMCOK JIMTEPATYPBI

1. Kpectunun A.B. IIpoOGiembl W TepCHEKTUBBI PA3BUTUA HWHAYCTPUU
yraepoanbix HaHOTPYOok B Poccuu / A.B. Kpectunun // Hanomarepuanst. — 2007. —
T.2, Ne5-6. — C. 18-23.

2. Impairment of Coronary Arteriolar Endothelium-Dependent Dilation after
Multi Walled Carbon Nanotube Inhalation: A Time-Course Study / P.A. Stapleton,
V.C. Minarchick, A.M. Cumpston, W. McKinney et al. // Int. J. Mol. Sci. — 2012. —
Vol.13. — P. 13781-13803.

3. Inhaled Multiwalled Carbon Nanotubes Potentiate Airway Fibrosis in
Murine Allergic Asthma / J.P. Ryman-Rasmussen, E.W. Tewksbury, O.R. Moss,
M.F. Cesta et al.// Am. J. Respir. Cell. Mol. Biol. — 2009. — VVol.40. — P. 349-358.

4. Inhalation toxicity of multiwall carbon nanotubes in rats exposed for 3
months / L. Ma-Hock, S. Treumann, V. Strauss, S. Brill // Toxicol. Sci. — 2009. —
Vol.112. — P. 468-481.

5. Pauluhn J. Subchronic 13-Week Inhalation Exposure of Rats to Multiwalled
Carbon Nanotubes: Toxic Effects Are Determined by Density of Agglomerate
Structures, Not Fibrillar Structures / J. Pauluhn // J. Toxicol. Sci. — 2010. — Vol.113. -
P. 226-242.

6. TkaueB A.I'. Yrnepoanslit HaHomaTepuan « TayHUT» — CTPYKTypa, CBOMCTBA,
npousBoAcTBO U npumenenue / A.I'. Tkaues // IlepcnextuBubie MaTepuansl. — 2007,
— Ne3. - C. 5-9.

7. Pa3paboTka M UCHBITAHUS AKCHO3WIIMOHHOM a’po30JIbHOM KaMepHOM
YCTaHOBKHU JIJI1 HOPMUPOBAHUSI BPEJIHBIX BEIIECTB B BO3IyXe padoueil 30HbI / A./.
Tomuunckuii, B.M. Curaes, A.B. BopobneB, A.A. Maxunckuii // [lpuknagnas
tokcukonorus. — 2014. — Nel. — C. 10-17.

8. Texuuueckue u MCTOAOJIOTHICCKUEC ACIICKThI IICPCBOJAa BOJOKHUCTBIX
YIICPpOAHBIX MaTCpHUaJIOB B ad9pPO030JIbHOC COCTOAHHUC Ipu IMPOBCACHUHA
HHTaJBIMUOHHBIX TOKCHKOJOIHY€CKHX OKCIICPHUMCHTOB / B.N. CI/IFaeB, AI[

Tomuunckuii, A.B. Bopo6wes, E.B. 3paruna // Ilpuknannas tokcukonorusi. — 2015. —
Nel. —C. 44-54.

18



YK 579.6:577.1:57.084

HNPUMEHEHUE JIMIIOCOMHBIX KATEXUHOB /1JIS1 BOPbBbI
C AKTUBUPYEMBbBIMMU JIMITOITIOJIMCAXAPUTAMMU
MUKPOI'JIMAJIBHBIMHU KJIETKAMMU KPbIC

By C.-IO, Ce M.-.

Kagpeopa ouomeouyunckoti mexnuxu, Xpucmuancxuii Ynusepcumem Yyn FOanv,
Taorans, Tavisans
E-mail: mfhsieh@cycu.edu.tw

BBeenue. Y manueHToB, cTpagaromux O6one3npto [lapkuHcoHa, MpOUCXOAUT
nerenepanys 10haMUHEPTHIECKIX HEHPOHOB YEPHOW CYyOCTaHIIMK CPEIHEr0 MO3ra.
B Mo3ry 310poBOro 4enoBeKka MUKpOTJIMAIbHBIE KIIETKH, Ha3bIBEMbIE (Daroruramu,
HaxoIATCd B OCHOBHOM B COCTOSIHUM IIOKOS. AKTHBAallMsI MHKPOIVIMM MOYKET
OpUBECTM K TOMY, YTO B MOPaXEHHOM 4YacTW MoO3ra Ha4yHETCS BbIPAOOTKA
IIPOBOCIIAJIMTENBHBIX LUTOKUHOB. B mocnenHue roapl B OTYETAX O KIMHUYECKUX
UCCIIEIOBAaHUSIX COOOIIANIOCh, YTO OMOCPENIOBAaHHBIA MHUKPOTJIHATBHBIMU KIETKaMU
XpPOHMYECKUM  BOCHAJIUTENBHBIM  IPOLECC YAaCTUYHO CIIOCOOCTBYET TIHOEH
nopaMHHEPruuecKux HeHpoHOB. Jlns TOro 4dYTroObl OCHA0UTH ATOT CHUMIITOM,
U3y4aloTCsd BO3MOXKHOCTH snuraiokarexuH-3-rayuiara  (OI'KIY), oxpHoro wu3
10JM(EHOJIbHBIX COETUHEHUH ¢ aHTHOKCUJIAHTHBIMU CBOMCTBaMH, COJEPXKALUXCS B
3enénoM yae. DI'KI" obnamgaer cBONCTBOM MOJABIATh MEAUATOPHI BOCTIAJICHUS, TAKHE
Kak okcuj azota 1 TNF-o B akTHBUpPYEMBIX JTUNONOIUCAXaApUIAMU MUKPOTJIHATIbHBIX
KJIeTKax NyTéM mNoHmxkaromen perymauuu skcnpeccun reHa iNOS u TNF-a. B
pe3ysibTaTeé 3TO BELIECTBO MOXET CYIIECTBEHHO OCIa0UTh pa3pylIaroliee
BO3JICICTBHE MUKPOIVIMAJIBHBIX KIETOK Ha HelpoHbl. OnpHako OI'KIT mmeer psa
OrpaHUYEHUM,  OOYCJOBJIEHHBIX  €ro  BOJAOPACTBOPHUMOCTBIO U Majou
OMOJOCTYITHOCTBIO TIPpU TMEPOPAIbHOM BBeAeHUHU. [lo 3Toil mpuYMHE UEIBIO
UCCJIeIOBAHMS SIBISIETCS pa3pab0OTKa HaHOpa3MepHBIX JaunocoM-Hocutenen DK

Mertoasbl. Jlununnas cMech sugHOrO (pochaTuaAnaxoanHa, pochaTuaniacepruta
U XOJIeCTEpHHAa ObLIa pacTBOpeHa B XJopodopMe M Ui TMOJYyYEHHUs JUMUTHOU
MeMOpaHbl BBICYIIIEHA B POTalMOHHOM HcmnapuTene. C MOMOIIbIO THAPATUPOBAHUS
aunuaaoit memOpanbl ¢ DI'KIT ObiT moiy4yeH MepBUYHBINA JIMIIOCOMHBIM PacTBOP.
Hanee pactBop Obul mpodriibTpoBaH uepe3 MeMOpaHy ¢ pasmepom mop 200 MM u
o0pa3zoBajics HaHOpPa3MEpPHBIM JIMIIOCOMHBIM pacTBop. Pa3zmep wactun Obul
onpenenéH ¢ Momolpl0 Merona ceropaccesHus. DI'KIT ObL1 3KCTparupoBaH u3
JUCThEB 3es1€HOT0 Yas. CHavyasna Ha JIMHUM MUKPOTJIMAJIBHBIX KJIETOK MbIIIEH (KJIETOK
BV2) npoBoamnace onenka TokcuyHocTH cBoOogHOoro DI'KI™ miist onpenenenus ero
NEPEHOCUMONW KOHUEHTpPAUUU. 3aTEM C MOMOILIBIO JTFOMUHECUEHTHON MHKPOCKOIIHH
OB ompeeeH KIETOUHbIN 3axBaT KoMIniekca aunocom u DI'KT'. [lanee Ha kieTkax
BV2 uccnenosancs nporuBoBocnanuTeNnbHbIN 3P pekT kommiekca aunocom u DI'KT.

Pe3yabTaThl M 00CyKIeHHe. AHTUOKCUAAHTHBIN 3((HEKT 3KCTparupoBaHHOTO
OI'KI" 6bin1 ompenenéH BBHIYUCICHHUEM IPOLIEHTHOTO COACpKAHHS PaJUKaIoOB
2,2-mupennn-1-nmukpunruapazmna  (JPII'), nornoméHHbIX 3nHramioKaTeXxuH-3-
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rajijlaTOM B T€YEHHE WHKYOAIMOHHOTO Mepro/ia MpoAoKUTeNbHOCThIO 30 MunyT. B
teueHue 5 munyT DI'KI' B kommuectBe 0,25 mr/mi MoxeT moryiotuTh Oosee 80%
J®IIT. g onpenenenust nepeHocuMoi koHueHTpauuu D' KD KynbTUBUpOBaIHCH
kietkn BV2, cogepxamume DI'KIDT B pa3HbIX KOHILEHTpauusx. BeIssCHWIOCH, 4TO
OI'KT" B konmuuectBe 50 um unu Gosiee MOXKET MPOSBIATh LUTOTOKCHUYHOCTH, KaK
nokasbiBaeT HCT-Tect. Cpeanuii pazmep 4acTuil JUmnocoM ¢ pochaTUANICEPUHOM, a
Takke junocoM ¢ (ocharumuincepunom u ButamuHoMm E mocne BBenenust DK
COCTaB/ISNI COOTBETCTBEHHO 132,9 m 142,9 HM. AHamu3 KJISTOYHOIO 3axBaTa C
ucrnosib3oBanueM (piyopecrientHoro kpacutens PKH-26 mokazan, 4Tto B TedeHwHe
WHKYOAIIMOHHOTO TIeproAa MPOIOKUTEIBHOCTRIO 2 Yaca IMOTJIOMICHUE JIMTIOCOM C
dbocharnamixonuHom kietkamu BV2 He mpoucxomuno. C npyrod CTOpOHBI, B
UTOIUIa3Me ObUIM OOHAPY>KEHBI JUMNOCOMBI € (ocPaTUAUICEPUHOM, a TaKXKe
aunocoMbl ¢ pochatuamncepuHom u ButamuHoM E. Tlocne mnpenBaputenbHOM
o0paboTku nurnocomMamMu B TedeHue | yaca kietku BV2 momBeprim Bo3aeiCTBHUIO
J03bl JamnonoiaucaxapuaoB S50 Hr/miu. Y Tpynmel KIETOK C JIMIIOCOMaMH €
dbocharuamicepruHoMm, a TakxKe JurnocomaMu ¢ GpochaTuIuICepuHOM U BUTaMUHOM E
HaO0JIIOAAJIOCh CHIDKEHUE YPOBHS IUTOKUHOB TNF-a. 13 9TUX nunocoM HanMeHbIlee
KOJIMYecTBO BhIAeasieMoro nurokuHa TNF-o nabmromamocs npu BBenenuu OI'KI B
JUTIOCOMBI C (hoCchHaTUAMICEPUHOM U BUTAMUHOM E.

3axuouenue. J[lereHepatuBHyro ©OoisiesHb [lapkuHCOHAa  CONMPOBOXKIAET
aKTUBALUSI MUKPOIJIMAIBHBIX KJIETOK. B XoJe HacTosiero WccieaoBaHus ObUIH
MOJIYYEHBI JIMIIOCOMBI MPOTUBOBOCIIAIUTENIBHOTO JEHUCTBUS, B COCTAaB KOTOPBIX
BXOAUT JKcTparupoBaHHbId u3 3en€Horo yasg OI'KI, 4To mNO3BOJIUT CHU3UTH
BbIpaboTKy 1uTokuHa TNF-a. C momorisio (GuibTpanimoHHOW MeMOpaHbl pa3Mephl
YacTHL JJUIIOCOM perysimpoBanuch B npenenax 130-140 am. Kierounoe nornonieHue
JUTIOCOM B MHKPOTJIMAIBHBIX KJeTKax Mbimed BV2 yka3piBaer Ha TO, 4TO
dbocharuamicepun obnagaer Oombiel 3PpGHEKTUBHOCTHIO MO CPABHEHUIO C SIMYHBIM
dbocharmmmxonuaom. Beenenne B aunocomy OI'KIT m Burammua E, okazanoch
0omnee 3(h(PeKTUBHBIM JIJISI CHWXKEHUS YPOBHS BocmanuTenbHOoro nurokuHa TNF-o B
KyJabTUBUpYyeMOil cpene. IlepcneKTMBHOCTh JaHHOTO HCCIIEIOBAHUS, KOTOpast
3aKJII0YaeTCsl B 3aMEIJICHUM pa3BuTus Oosie3Hu [lapkuHCOHA, MOXET OBITh aaiee
MOATBEPkKACHA B SKCIIEPUMEHTAX Ha KUBOTHBIX.

CIIMCOK JIMTEPATYPBI

1. Vanna Sanna, Gianfranco Pintus, Anna Maria Roggio, et al., Targeted
Biocompatible Nanoparticles for the Delivery of (-)-Epigallocatechin 3-Gallate to
Prostate Cancer Cells, Journal of Medicinal Chemistry 54:1321-1332 (2011).

2. Rui Li, Yuan-Gui Huang, Du Fang, et al., (-)-Epigallocatechin Gallate
Inhibits Lipopolysaccharide-Induced Microglial Activation and Protects Against
Inflammation-Mediated Dopaminergic Neuronal Injury, Journal of Neuroscience
Research 78:723-731 (2004).
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BUOXMMHYECKHUE Y®®EKTBI Y PABOUUX, MOJBEPT AIOLLUXCSI
BJIMSIHUIO ADPO3O0JIEA METAJIJTYPTHUECKOTI'O ITPOU3BOJACTBA
MEJIN, COJAEPKAINX HAHOYACTHULBI

I'ypsuu B. b., Kanneascon b. A., Py3akos B. O., IIlpusanosa JI. U.,
Bymyesa T. B., 'pebenxuna C. B.
DBYVH «Examepunbypeckuil MEOUYUHCKUL-HAYYHBIL YEHMP NPOPUIAKMUKU
U 0XpaHwvl 300p08bs pabouux npomnpeonpusmuily Pocnompebnaosopa,

Examepunbype, Poccus
E-mail: gurvich@ymrc.ru

[TokazaHo, YTO B YCIOBHSX BO3JICHCTBHS a’p030Jiell MEIH, C TOBBIIICHUEM
JOJIW HAHOYACTHUI[ MeAu B 0OIIeld Macce a’po30Jis, OTMEYAeTCs JOCTOBEPHOE
HapacTaHWe KOHIEHTPAIMK IEepyJoIjIa3MUHA, a TakKKe JIOCTOBEpHAasl CBS3b C
conepkanuem Oenka S100 u Heipocnenuduaeckoit HHONIA3BI B KpoBH padounx. [Ipu
TOM OCHOBHOE 3HAUEHHE UMEET HE TOJBKO OOIas KOHIEHTpALUs MEIU B BO3IyXe
pabodeii 30HbI, HO U CO/IEPKaHNE COEIMHEHUI MeI B BUJIE HAHOYACTHII.

[TupomeTamypruyeckue MNpOLECcChl, Kak U Jrodas oO0paboTka MaTepHalioB,
cBs3aHHass ¢ Hd¢dekTamMu  Je3UHTErpalMd W KOHJACHCALIMM  MaTepHalioB,
COMPOBOXKJIA€TCI OOpa3oBaHUEM a’3pO30JIEH CIIOKHOTO COCTaBa, COJEpKalIUuX
HaHOYacTUIlbl. PaHee B OJKCHEPUMEHTAIBHBIX YCIOBUAX HAMHU I[IOKAa3aHO, 4YTO
HAHOYACTHUIIBI, UMEsl OOJIBIITYIO TIIONMIAh MOBEPXHOCTH IO OTHOUIEHUIO K 00BEMY,
00J1a/1at0T 3HAYUTENHFHO 00JIe€ BHICOKON IIUTO- M TEHOTOKCUYECKONH aKTUBHOCTBIO TIO
CPaBHEHHIO C MUKPOYACTUIIAMH 3THX K€ MaTepuaios [1, 2, 3]

Heap wucciaenoBanmusa. OleHKa AMCIEPCUOHHOTO M XMMHMYECKOTO COCTaBa
a’po30Jis B BO3AyXe paboueil 30Hbl B YCIOBHUAX METALTyprHUeCKOTO MPOU3BOJICTBA U
BJIMSTHUSL HAHOYACTHULl MEAN Ha OMOXMMHYECKHE MTOKa3aTeIl Y paOOTHHUKOB.

Matepuan u MeToabI Mccie0BaHusl. B kauecTBe Moeny 1151 MCCIIEAOBAaHUM
OblT1 BBIOpAaH MNPOMBIIUIEHHBI OOBEKT, OCYLIECTBISIIOIIMN MepepadoTKy Meau
Pa3IMYHBIMM TEXHOJIOTMYECKUM mpoueccamu. st 3To menu ObLI1  onpenenéH
nepedyeHb paboyux MeCT, KOTOpble, MO HaIIeMy MHEHHIO, JIOJDKHBI ObUIM OBIThH
OJIMHAKOBbI MO XMMHMUYECKOMY COCTaBy a’po30Jied, M pa3iuyaThCsl IO YPOBHIO
COJEpKaHUSl YacTHI] HAHOMETPOBOIO JHana3oHa. bbpUM BbIOpaHBl: Tpymia
(cpaBHEHHUsI) — pabodee MECTO oreparopa y3ja 3aTapKu MPU MPOU3BOJICTBE METHBIX
MOPOIIKOB W HccleAyeMasl rpymma — pabdouee MeCTO IUIaBWIbIIMKA TIPH
MPOU3BOJCTBE KaTaHKM M3 YUCTOBOM Menu. B oboux ciydasx ajis IpoW3BOJICTBA
U3JICNUA  UCHOJB3YEeTCsl YHUCTash MeIb, MpOIIEANIas MPOLECC 3SIEKTPOIUZHOTO
papuHupoBaHusi. B Xome u3ydeHHs IUCHEPCHOHHOTO M XUMHYECKOTO COCTaBa
a’po30Jisl B BO3Ayxe paboueil 30HbI ObUIO YCTAaHOBJIEHO, YTO MECTO ONeparopa y3Ja
3aTapKyd TPU TPOM3BOACTBE MEAHBIX IOPOIIKOB XapaKTepU3yeTcs HauOOJbIIeH
KOHIICHTpaIuei Meau B Bo3ayxe padodeit 30ub1 (0,77+0,19 MF/M3), re COAEpKaHue
YacTHI] HAHOMETPOBOT'O JIMana3oHa cocTaBisieT B cpenHeM 2,3%. PabGouee mecto
IUTABUJIBIIMKA TIPU TPOM3BOJICTBE KATAaHKH M3 YHUCTOBOW MEIU XapaKTEepU30BajoCh
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HAMMCHBIINM COZCPKAHIEM MEIH B BO3ayxe paGoueit 30msI (0,098+0,022 mr/m°), HO
coJiep>kaHre HAaHOYACTHIL B 00111el Macce adapo3odist 6m3ko k 100%.

['pynmbl  paGOTHUKOB 11  HCCIENOBaHUS ObUIM  CPOPMHUPOBAHBI IO
CJICTYIOIITUM KPUTEPUSM: TIOJI MY)KCKOM, HENPEPBIBHBIN cTax B mpodeccun 6oiee 10
JIET, OTCYTCTBUE BBISBIEHHBIX 3a0oiieBanuii co ctoponsl [[HC, remarobunuapHoit
CUCTEMBI, IOYEYHOU CHUCTEMbI, OTCYTCTBUE MPU3HAKOB 3JI0YTOTPEOIICHHS AJIKOTOJIEM.
CocrostHue 310pOBbsi PAOOTHUKOB OIIEHUBAJIOCH B COOTBETCTBHM C MpHKazoM M3 u
CP P® or 12.04.2011 Ne 302 (pen. ot 05.12.2014). [JonoJHUTENBHO
WCCIICIOBAIIMCH CIEAYIONINE OMOXMMHYECKE TTOKA3aTeNIN: COJAEPIKaHNe MEIH B KPOBH,
B Moue, IepyJjoIuia3MuHa, IenouyHor ¢ocdoTaspl, o60mero Oelka B KPOBH,
KpeaTuHUHA CBIBOPOTKH, KkpeatuHpocPoKruHa3HI, OeKoB S100,
HeHpoHCcTeMPUIECKON YHOA3bl, MUKPOAIbOYyMUHA B MOYE.

Pe3yabTaThl Hccjie10BaHUSI M UX 00CYy:KIeHHe. Y CTaHOBJIEHO, YTO Cpeau
JIUIL, IpOIIeAmUX o0cieaoBaHe HAOII0MaeTCs CTATUCTUYECKH 3HAYUMOE U3MECHEHHE
B OMOXMMHYECKHUX TIOKA3aTeNsAX: MpsMasi CHJIbHAsS 3aBUCUMOCTh B YAaCTH HapaCTaHUS
YPOBHSI LEpYJIOIUIa3MUHA B KPOBH C TMOBBIINIEHHEM COJIEPKAHUSI HAHOYACTHIl B
BOo3ayxe pabdoueit 30HbI (r = 0.971). [IppoputeTHOCTH BO3EHCTBUS HAHOYACTHUIL HAJT
o0IIMM YpPOBHEM MEIU B COCTaBE€ adpo30Jid TOJITBEPKIACTCS OJUHAKOBBIM
coJiep >KaHUEM MeIu B KpoBHU paboTHUKOB oOenx rpynm (14,08—15,37 mr/n, paznuaus
HE JOCTOBEPHBI) M YPOBHSMH IIEPYJIONJIa3MHHA B CHIBOPOTKE KPOBH (HA KOTOPBIHA
npuxoautcs npubauzutTenbHo 95% Bcell cbiBopoTouHOM Menu). Mccnemyemas
rpynmna XapakTepU3yloTCS 3HAYUTEIbHO OOJIBIIMMHU YPOBHSMH LEPYJIOIIa3MUHA B
kpoBu (301,37+28,70 Mr/i) oTHOCUTENIbHO TpymIbl cpaBHeHus (168,82+18,77 mr/i).
[Ipy »sTOM wHccnegyemMas Trpylia [OABEpPrajlach BO3JICUCTBUIO a’po30Jd €
HAaWMEHBIIIEH KOHIICHTPAIIMEH MU, HO ¢ HAauOOJBIINM BKJIAJIOM HaHOYAcTHUIl. Bce
MEXTPYIIIOBBIC Pa3IMYMs MO0 3TOMY IMOKa3aTeIo cTaTucTuyecku 3HaunMbl (p <0,05
o t CThIOJICHTA).

HecMoTpss Ha OTCyTCTBHE, CTAaTUCTHYECKA 3HAYUMBIX MEXIPYIIIOBBIX
pa3IUYMil B MCCIEAYEMBIX TPYIIAaX MO JPYrUM OHOXMMHUYECKHUM IMOKA3aTeIsaM
HEOOXOJAMMO OTMETUTh, YTO BBISBICHBI CHJIBHBIE KOPPETSIIMOHHBIC CBSI3H MEXKITY
KOHIICHTPAIMSIMHA HAHOYACTHUI] MEU B BO3yXE W OMOXMMHYCCKHUMU IMOKA3aTEIISIMHU,
XapaKTEPHU3YIONTUMH COCTOSIHUEC HEPBHOW TKaHW, TaKMMH KaK COJACp)KaHUs Oenka
S100, Tak ¥ aKTUBHOCTBIO HEHpoOCTEIUDUUECKON 3HOJA3bl. DTH Pa3IUuusl MOTYT
OBITh OOBSICHEHBI PA3HUIIEH SKCHO3UIUMU TPYII HAOTIOAEHUS K YaCTUIAM a’pO30Jis
pazmepoMm MeHee 100 HM. COOTBETCTBEHHO, MOKHO MPEAINOJI0XKHUTh, YTO BKJIAJ B
dbopMupyeMyI0 B OpraHu3Me 703y MEIW OT BO3JCUCTBHUS a’dpo30Jisi B OOJIBIICH
CTCTICHHM 3aBUCUT OT JIOJIM HAHOYACTHI[I B €ro COCTaBe, 4YeM OT CyMMapHOU
HKCIIO3UIIMKU MeIU. BhIsBIIeHHAs 3aKOHOMEPHOCTb MOXKET ObITh OOBSICHEHA BBICOKOM
CKOPOCTBIO pPAacTBOpPEHHUs HAHOYACTHI] B CHJIy OOJibllied, MO CpaBHEHUIO ¢ Ooiiee
KPYIHBIMH YaCTUIIAMH, TIJIOMIABIO IOBEPXHOCTH ITUX YACTHII.

BeiBoabl. 1. Iloka3ano, 4TO B YCIOBHSX BO3IEUCTBHA a’PO30JIEM MEIU C
MOBBIIIEHUEM J0JIW HAHOYACTHUIl MEAu B OO0IIed macce a’po3oisi y pabOTHUKOB
OCHOBHBIX TIPO(eccHii MEeTAIITypruIecKoro MPOrU3BOICTBA OTMEUYACTCS JOCTOBEPHOE
HapacTaHhe KOHIEHTPAIUH LepyJIoNIa3MUHA B KPOBH, IIPU 3TOM OCHOBHOE 3HAUEHUE
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UMEET COJIepKaHUE COCIMHEHUUW MEIW B BUJIE HAHOYACTHUIl, & HE TOJBKO 0O0IIas
KOHIICHTpAIUs MEU B BO3/IyXe paboueil 30HbI.

2. Ilpu yBenWYeHUM HKCIO3UIIMM OpPTaHW3Ma K HAaHOYACTUIIAM MEIU B BUJE
a’po30Jisa HaOIroarTCs 3PHEKTHI, KOTOPhIE KOCBEHHO MOTYT CBUAETEILCTBOBATH 00
W3MEHEHNY OMOKMHETUKH MEU B OpraHU3Me U BO3MOXKHBIX HETaTUBHBIX d(pdekTax B
YPOBHE OT/EJIbHBIX OPTAHOB U CUCTEM, YTO TPEOYET JAOMOIHUTEIBHOTO U3YUCHHUSI.

CIIMCOK JIMTEPATYPHI

1. DOkcnepuMeHTaNbHBIC JaHHBIE K OICHKE ITyJIbMOHOTOKCHUYHOCTH H
Pe30pOTUBHOM TOKCHYHOCTH yacTui] mMarHetuTa (Fe30,;) HaHO- ¥ MHKPOMETPOBOTO
nuamna3zonoB / C.B. Ky3emun, JI.U. ITpuBanosa, b.A. Kannenscon, E.B. Hukonaera u
np. // Tokcukonorudeckuit BecTHUK. — 2010. — Ne2. — C. 17-24.

2. Kannenscon b.A. K npoGneme 000CHOBaHMSI OpUEHTUPOBOYHBIX O€30MaCHBIX
YPOBHEH BO3/ICHCTBUSI METAJUIOCOICPIKAIUX HAHOYACTHIL B BO3IyXe paboueii 30HbI /
b.A. Kaunenscon, JI.U. IlpuBanora, T.JI. HertsapeBa // TokcUKOJIOTHYECKHIT
BecTHUK. — 2012. — Ned. — C. 26-29.

3. buonoruueckass aktuBHOCTH HaHouactuil meaun / O.A borocnockas,
T.A. baititykanos, H.H. I'mymenko u np. / HoBas TexHonormyeckas miatdopma
OMOMEUIIMHCKUX HWCCIeA0BaHui (OMoJIoTHsI, 3IpaBoOXpaHeHue, Qapmarus): Te3.
JOKJI. Hay4.-TpakT. kKoH(}. — PoctoB-#//1., 2006. — C.71-72.

VJIK 615.9

IKOJIOT'O-TOKCUKOJIOTTHYECKASA OHEHKA
MHOI'OCTEHHBIX YIVIEPOAHBIX HAHOTPYBOK

I'vceB A. A. 1.2 3, BaciokoBa HU. A.l, 3axaposa O. B.l, TkaueB A. F.4,

Y\®IBOY BO «Tambosckuii eocyoapcmeenHulll ynusepcumem umenu 1. P. Jlepowcasunay,

Tambo6, Poccus

2QIrA0Y BO HUTY «Mockosckuii uncmumym cmanu u cniasogy (MHUCuC)
Mocksa, Poccus

3P40y BO «Hayuonanshbiii ucciedosamensckuii Tomcxuii 20CY0apcmeeH bl YHU8epCcumemy,

Tomck, Poccus

*®IBOY BO «Tambosckui 20CY0apcmeeH bl MEeXHUYeCKUll YHUgepcumemy,
Tambos, Poccus

E-mail: nanosecurity@mail.ru

Dxonornyeckue 3PGeKThl MHOMOCTEHHBIX YriepoaHbIXx HaHOTPpyOok (MYHT)
K HacTOAIIEMY BpEMEHM MaJlo u3y4YeHbl. Hamu mnpoBeaeHO KOMIUIEKCHOE
DKOTOKCHUKOJIOTHYECKOE HCCIICJOBAaHUE MVYHT MapKu «Taynur»
(OO0 «HanoTexllentp», r. TamMOOB) ¢ MCMOIB30BAHUEM HIMPOKOTO CHEKTPA TECT-
O00BEKTOB: PA3NIMYHBIX IKOJIOTO-PYHKIIMOHAIBHBIX TPYII OPraHU3MOB: CanpoTPOdBbI
(6axtepun) Escherichia coli (Migula 1895) Castellani and Chalmers 1919, Bacillus
cereus Frankland and Frankland 1887, E. coli M-17 (tecT-cucteMa «DKOIIOM»);
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BOJIHBIC aBTO- M TeTepoTpodbl: (DUTOMIAHKTOH (MHKPOBOIOpPOCTH Scenedesmus
quadricauda (Turpin) Brébisson, 1835) wu 300MIaHKTOH (paKoOOpa3HbIC
Ceriodaphnia affinis Lilljeborg, 1900, nuunnku Hacekombix Chironomus riparius
Meigen, 1804); nazemubie aBToTpo(dbI (BBICIIHE pacTeHus Onobrychis arenaria (Kit)
Ser. 1825) u rereporpodsl (miekonurarome Mus musculus Linnaeus 1758,
ruopuasl C57B/6xDBA2).

Pa3paborana skcnepuMeHTalbHas Mojenb nocrymienus MYHT B
OMOOOBEKTHI TMOCPEACTBOM CO3JAaHUS BOJHBIX cycrneH3uil. OleHeH ypOBEHb
noteHuanpbHo omacHoctd MVYHT. Ilokazanel pa3nuuns B OHOJIOTHYECKUX
s dekTax, CBI3aHHBIE C OCOOCHHOCTAMH CTPYKTYPhI YTJIEPOIAHBIX MaTepUaliOB Ha
npuMepe caxxu 1 MYHT. YcranoBnena 6e3onacHas i OakTepuil ¥ TUIpOOMOHTOB
koHueHTpatuss MYHT B BomHou cpexe. MccnenoBanbl MeXaHW3Mbl BO3JEHCTBUS
MYVYHT Ha Beiciue pacteHusi. OTMedeHbl renaToOTOKCUYEeCKui, He(hPOTOKCUIECKUH,
MHEBMOTOKCUYECKUNH U  penpoAyKTUBHO-TOKcuueckuid 3pdextst MYHT mpu
MEepOPAIbBHOM BBEJIEHUU J1abopaTOpHBIM MblaM. Co3/1aHbl HAyYHO-METOJIMYECKHUE
OCHOBBI JIJIs1 OTIPE/ICNICHUS TIPEIETIOB TOJIEPAHTHOCTH OMOOOBEKTOB 10 OTHOIICHUIO K
MYVYHT u pa3paboTku 3K0JI0THYecKr 000CHOBAHHBIX HOPM UX COJEPKAHUS B Cpe/iax.

VJIK 625.9:628.2

OLEHKA DKOTOKCHUYHOCTU MATHUTHOI'O HAHOKOMITIO3UTOI'O
MATEPHAJIA HA OCHOBE PACCJIOEHHOI'O BEPMUKYJIUTA,
PABPABOTAHHOI'O JIJISA YCTPAHEHUA MOCJIEACTBUI
PA3J/IMBA HE®TH

JIn Mopaiic I1. C.

Anvxouckuu ynusepcumem, @axyniomem XumMuu U XUMUYECKOU MeEXHON02UU,
Xogpoii, Kumati
E-mail: pcmor@unb.br

MarauTHbI ~ PAcCIIOEHHBI  BEPMUKYJIUT  SIBISICTCS  UCKYCCTBEHHBIM
HAaHOKOMITO3UTHBIM MAaTe€pHaJIOM, pa3pabOTaHHBIM Jyis ObICTPOro U 3()(PEeKTUBHOTO
NOTJIOUICHUS] HEPTH C TMOBEPXHOCTH BOAOEMOB, MOCTPAIABIIUX OT HEPTIHOTO
paznuBa. Marepuan Obul pa3paboTaH B TEpBYHO ouepedb s OopbObl €
3arpsi3HEHUEM OKPY’KaloIel Cpe/bl, HO B HACTOSIIIEE BPEMS ITPOBOJIUTCA OLIEHKA €ro
BO3MO>KHOT'O HEOJIArONpHUSTHOIO BO3JACHCTBUS NPU MPAKTUUYECKOM NpUMEHEHHU. B
TOM CBSI3U B HACTOSLIEM JIOKJIAJ€ COOOLIAeTCs O NPEJBApPUTEIBHOM OLIEHKE
HDKOTOKCUYHOCTH MAarHUTHOTO W HEMAarHUTHOIO pAacCIOEHHOIO BEPMUKYJIUTA C
UCTIOJIb30BaHUEM  OMOMAapKEPOB TE€HOTOKCHMYHOCTH U THUCTOINATOJOTUYECKUX
onomapképoB Ha peibax manwo (Danio rerio). Ilocie Bo3meHCTBUS Ha JaHUO
MarHuTHOTO W HEMarHuTHOro BepMmuKkyiuta (o 200 wr/m) s OLEHKH
DKOTOKCUYHOCTH 3TOIO0 HAaHOKOMIIO3UTHOI'O MaTepuana UCIOJIb30BAINCH JAHHBIE O
¢parmentanuu JJHK, wactore mukposnep, maTtoJorHyecKux H3MEHEHMSIX sep U
TUCTONATOJIOTMYECKUX U3MEHEHUSIX. Pe3ynbTaThl HCcCaeq0BaHUS TOBOPST O TOM, YTO
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IIPUMEHECHUE MArHUTHOTO M HEMAarHUTHOI'O PACCIOEHHOIO0 BEPMHUKYJIUTA MOXKET
BbI3bIBaTh moBpexaeHue JIHK B opranusme paHumo, OJHAKO HaOIIOJacMbIe
HapyIIECHUs, BEPOSATHO, OyIyT OOpaTUMBbI, YTO YKa3blBa€T HA TO, UYTO JAHHBINA
HAHOKOMIIO3UTHBIA ~ MaTepua’l  MOXET  CIOCOOCTBOBAaTh  T'€HOTOKCHYECKUM
HapyUIEHUSIM, HO MyTareHHbIM JIECTBUEM HE 001a/1aeT.

VY JIK 656.1:504.056:616-056

XPOHHYECKOE AJVIEPTHYECKOE BOCHAJIEHUE,
OITIOCPEJOBAHHOE BA3O®UJIAMM, IN1PU BO3JENCTBUU YACTUIL
ABTOTPAHCIIOPTHBIX BbBIXJIOIIOB

3axapenko A. M.l, JHI'HH A. B.Z, Yepubimes B. B.l, Yaiika B. B.l, Yrai C. M.l,
Huxndopos II. A.', Anapees B. B., Ipo3x B. A.', Hukuruna A. B.',
Coaomennuk C. (I).l, Kyapsaskuna O. P.l, JIo C.4, FOaup B.”,
HMamaxkuc A. \Y e 3, Toaoxsacr K. C.!

YTansresocmounviii pedepanvuuiii yrusepcumem, Huowenepras wikona,
Hayuno-oopasosamenvuuiil yenmp « Hanomexnonocuuy,
Braousocmok, Poccus
2Vﬁueepcumem Tazu, @axyremem gpapmayuu, Kagedpa moxcuxonocuu,
Amnxapa, Typyus
3VHu66pcumem Kpuma, Meouyunckuii haxyromem,
Kageopa moxcuxonoeuu u cyoebnou meduyumoi,
Pemumnon, I’ peyus
*Ilanvoynckas akademus ecmecmeentvix nayk, Muemumym Guonozuu,
13unans, Kumai
E-mail address: droopy@mail.ru, abengin@gmail.com

HecMoTpss Ha TO, 4TO MPOW3BOAMTENIM JBHUTaTeiiell pa3pabaThIBalOT HOBYIO
TEXHOJIOTHIO COKPAIICHHUS aBTOMOOMIIBHBIX BBIXJIONOB, BBIICISEMBIM C BBIXJIOITHBIMHU
razaMy TBEPIBIM YacTHUIAM YJAENSeTCsl HEAOCTaTOYHOE BHUMaHuEe. TeM He MeHee,
JacTHUIbl JM3ENbHBIX BbIXJIONOB (YJIB) sBHsitoTcsT KpymHBIM —~ MCTOYHHUKOM
BO3IIYIIHOTO 3arpsizHeHus. OHU coAepKaT OrPOMHOE KOJIMYECTBO MOIUITMKINIECKUX
apomaTtuueckux yrieBogoponoB (ITAY) wm Moryr oka3aThb OTpHIATEILHOE
BO3JICHICTBHE HA WMMYHHYIO CHCTEMY, BBI3BIBAasl WM YCYTyOJssl alJIeprUYECKHe
nporecchl. B HacTosimeMm mcciaenoBaHUM ObBUTH OTOOpaHBI YaCTHIBI TPAHCIOPTHBIX
BoixjionoB (UTB) nByx TtumorB aBToMoOujel (¢ JBUTATEeSIMH, padOTArOIIMMHU Ha
nuzenbHoM ToruuBe (/) m Ha 6ensune AM-80), a Takxke tersioBo3oB (T). B o6mieit
cioxHocTH 129 camiiam mbimiet mopoasl Kynsmun SPF B BozpacTe 4eThIpEX Heenb
Obu moaKoxkHO BBeAcHBI A0361 UTB 100, 250 m 500 mr/kxr, a 15 wMblmen,
MOJIYYMBIIMX BOJAY 0€3 4YacTUll, COCTaBWJIM KOHTPOJIbHYIO rpynmy. OlieHHBanach
00111asi TOKCUMYHOCTh, TaK)Xe ObLIM ONpeleNieHbl U3MEHEHHs B UMMYHHOM CTaTyce
MbItel o ypoBHsM skcrnpeccun CD3, CD4, CD8, CD16, CD25. Ilpu Bo3aelicTBun
060 u3 103 UTB y mbleit Ha0I0Aan0Cch 3HAYUTENBHOE YBEIMYEHUE Pa3MEpOB
JNETKUX W CEeJe36HKH, COMPOBOXKIAEMOE YMCHBIICHHEM MAacChl 300HOW >KEJEe3bl.
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Hecmotps Ha To, uto npu no3ax B 100 mr/kr UTB-T unu 100 u 250 mr/xr UTB-/1 u
UTB-AUN80 xonnuecTBO JEHKOIUTOB y MBIIIEH YMEHBIITUIOCH, a YUCIO0 0a30(hHIIOB B
KpoBH Bo3pocio 6onee ueM B 10 pa3. C nmpyroit croponsl, nocie Beenenuss UTB
HE3HAYUTEIFHO CHHU3WIOCH KoIn4yecTBO kieTok CD25+, Torma kak KOIMYECTBO
IUTOTOKCUYHBIX T-neiikonuToB cokpatwioch B 10-40 pa3 mo cpaBHEHUIO C
KOHTPOJIbHOM Tpynnoi. MoxHO cuenars BbiBOA, uTo UTB moryr wurpars poJib
aTbIOBAHTOB M BBI3BIBATH UJIM YCHUJIMBATh AJUNIEPIHUECKUE peakiuu. Takum oopa3om,
anproBaHTHOE aeiictBue [TAY, conepxaniuxcs B yaCTUIaX TPAHCIOPTHBIX BBIXJIOIOB
BO3HHUKAET C aKTUBAIMeil 0a30()MI0B HE3aBUCUMO OT HATMYUS aJIJICPTeHOB.

Paboma evinonnena npu noooepoicke Poccuiickoco Hayunoeo ponda — epanm

Ne]5-14-20032.

YK 544.773:546.57:57.044:613.2615.9

TOKCHUKOJIOTO-TNTHUEHNYECKASA XAPAKTEPUCTUKA
HEKOTOPBIX METAJIVICOAEPKALIUX HAHOYACTHUIL ITPU
PA3/IMYHBIX CITOCOBAX 9KCIIO3UIIUN: BUOHAKOIIVIEHUE "
MOP®O®YHKIIMOHAJTBHBIE OCOBEHHOCTHU BO3JENCTBUS

3aiinesa H. B." 2, 3emusnnoBa M. A.l, 3Be3auH B. H.l, JloBOBIII A. Al

'\opyH DHI] meOuKko-npoghunakmuyeckux mexHou02ull YnpasieHus pUcKamu 300p0o8bio HACeeHU,
Ilepmyw, Poccus
’I'BOY BO «llepmckuii 2ocyoapcmeennvii MeOUYUHCKUL YHUBEPCUMEem
umenu akaoemuka E. A. Baenepay Munucmepcmea 30pasooxpanenust Poccuu,
Ilepmwb, Poccus
E-mail: zem@fcrisk.ru

NutencuBHOE popMUpoBaHHE HAHOKJIACTEPOB 3a pyOekoM U B PD, pa3Butue
CErMEHTOB MHUPOBOI'O PhIHKAa HAHOMPOJYKTOB B pa3pese rpynnsl «HanoMmarepuaibly,
POCT KOMMEPUECKHMX NPUMEHEHMM B KIIOYEBBIX OTpacisax (a’dpokocMoce,
3IpaBOOXPAHEHUHU, OMOTEXHOJIOTUSIX, SHEPTETHKE, AIEKTPOHUKE U UH(HOPMAITMOHHBIX
TEXHOJIOTUSIX, 00pabaThIBAIONICH MPOMBIIIICHHOCTH, B MOTPEOUTEIHCKOM CEKTOPE
[1]) nukTyeT HEOOXOAMMOCTh CHCTEMHOTO pa3BUTHS pPA0OT 10 H3YyYCHUIO
MOTCHITUANBHBIX YIP0o3 B cdepe KU3HEACITCIbHOCTH UYEJIOBEKa, CBS3aHHBIX C
IMPOKOMACIITA0OHBIM PACIPOCTPAHEHUEM HAHOTEXHOJOTHI U HAHOOMOTEXHOJIOTHHU.
HecmoTpss Ha HeocmopuMble HWHHOBAIMOHHBIE KauecTBAa HaHOMAaTepualibl, B TOM
Yuclie METAJJICOoJep/Kalllie HAHOYACTHUIbI, B CHUJIY OCOOBIX (DU3UKO-XUMHUYECKUX
CBOMCTB MOTYT MPEJCTABIISTh ONPEIEIECHHYIO ONACHOCTD ISl 3J0POBbS YEIOBEKA Ha
BCEX OJTalax MPOU3BOJCTBA M TMOTPEOJECHUS NPOAYKIUHU, TJIsi OOBEKTOB CPEIbI
oOuTaHWssT W BBI3BIBATH B OyOyIIeM CEPhE3HBIE COIMATHLHO-3KOHOMHUYECKHE
nocinencTsusd  [2]. B cBA3M ¢ 3TUM, HCCIENOBaHUS, TMPOBOAUMBIC PSIOM
OTEUECTBEHHBIX HAYYHBIX I[EHTPOB, 3aHMMAIOT 3HAYUMOE MECTO IO YHUCIy paldoT B
aToit obnactu [3—6]. OcoOoe BHUMAHUE YICISICTCS BBISBICHHUIO CBSI3H MEXKIY
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dbu3nUecKuMU CBOMCTBaMU (TaKUMH, Kak pasMep, (popma, CTpyKTypa MOBEPXHOCTH,
CTENEHb arperaiuy) HaHOMAaTEepUaIoB, B TOM YHUCJIE METAICOJEPHKAIIUX
HAHOYACTUI[, C WHAYKIIMEH TOKCHYECKOTO OTBETa B OHOJOTMYECKHX CTPYKTypax
[7-10]. JanHOoe HampaBiieHHE Ha MPOTSKECHUM MHOTHX JIET aKTHBHO Pa3BUBACTCS B
OBbYH «®HI[ wmeauko-npoduiakTUIECKUX TEXHOJOTUM YNpaBICHUS PUCKAMHU
3I0POBBI0  HACEJICHUS», B paMKaxX KOTOPOrO BBIMOJHSAETCS YTOYHEHHE U
CUCTEMaTHU3allMsI HEIOCTATOYHO H3YUYCHHBIX (PU3MUECKHX CBOWCTB M OCOOCHHOCTEH
TOKCUYECKOT'0 BO3JECHCTBUS ps/ia IHUPOKO PACHPOCTPAHEHHBIX METAIICOACPIKAIIUX
HAHOYACTHII MPU UHTATSLMOHHOM U MEPOPATHLHOM My TSAX MOCTYIJICHUS] B OPTaHU3M.
eap ucciaenoBanmsi. TOKCHKOJIOTrO-TUTHEHHYECKAsT OIEHKAa OMOHAKOILICHUS
U MOpGh oD YHKITMOHATBHBIX 0COOCHHOCTEM BO3JICUCTBUS HEKOTOPBIX
METaJUICOAEPKAIUX HAHOYACTHI] IPU UHTATSIIUOHHON U TIEPOPATBHOM SKCIIO3UIUH.

MarepuaJjibl 1 METOABI UCCIAEAOBAHUA. JKCIIEPUMEHTAIbHBIE UCCIIETOBAHMS
BBIMIOJIHEHBl Ha TMPUMEpPE YacTHUI] HaHOAWCIEpcHOro okcuaa mapranua (MnO) u
okcumaa Hukens (NiO), xapakTepu3yrolnuecs BBICOKOW CTEIEHH IMOTCHIIMAIbLHOU
OTIACHOCTH JIJIs1 37I0pOBbs uesoBeka. [Ipeobnanaromuii cpeiHui MonepeyHbIi pa3mep
YJacTHI[ B HaHOpa3MepHou ¢ase BoaHoH cycrnenzun: MnO — 15-29 um, NiO — 17-45
HM, 4Tto A0 1300 pa3 m 330 pa3 COOTBETCTBEHHO MEHBIIE pa3Mepa YaACTHI]
MUKPOJIUCIEPCHOTO aHajiora (METOJ CKAHMPYIOIIEH 3JIEKTPOHHON MHUKPOCKOMUU).
Konnenrparus Mn u Ni B BogHo# cycniensun: 41,37+2,5 mr/min u 50,0+ 3,4 mr/min
(B mepecuere Ha MNO u Ha NIiO COOTBETCTBEHHO) (METOJI MacC-CIIEKTPOMETPHUH C
WHIYKTHBHO-CBSI3aHHOHN Iu1a3mMoii Ha macc-criektpomerpe Agilent 7500cx (Agilent
Technologies Inc, CILIA).

UccnenoBanne  GyHKIMOHAIBHBIX U MOP(OJOTHYECKUX  W3MEHEHUU
BBIMIOJTHEHO Ha  npuMepe BogHoW cycneHsuu MnO  npu  90-mHEeBHOM
BHYTPIDKEITYI0YHOM TIOCTYIUICHUH Yepe3 30H. B auamazone o3 1/10-1/500 LD50 na
71a00PaTOPHBIX KUBOTHBIX (KPBICHI caMIlbl M camku auauu Wistar maccoit 20010 r.,
n=100, 4 onbITHBIX U 1 KOHTpOBHAsS rpymnibl) B coorBeTcTBUU ¢ ['OCT 32644-2014
u MY 1.2.2520-09. Onenka (QyHKIHOHAJIbHBIX HAPYIIEHUN BBINOJHEHA IIO
U3MCHEHUIO OWOXMMHYECKUX TMOKa3aTelnel GyHKIUM HEUpOHOB (IO YPOBHIO
riyramaTta u y-amuHoMacisiHo kuciotel (ITAMK) B ceiBopoTke KpoBH) U OanaHca
OKUCIIUTEIIbHO-aHTUOKCUJJAHTHOM CUCTEMBI (110 YPOBHIO TUIPONIEPEKUCH JIMITUAOB U
manonoBoro auanpaeruga (MJIA), Cu/Zn-cynepoxcummucemyTtasel (Cu/ZnCOJ),
obmero antokcugantHoro craryca (OAC) B ceiBOpoTKe KpoBH). Mopdonornyeckue
M3MEHEHMs TKaHel (IOJIOBHOIO MO3ra, Ceplla, JIETKUX, CeJIe3€HKHU, NIeUYEHH, MOYeK,
KEMyIKa U TMOJKEIYyJOUYHON >KeNe3bl, TOHKOM U TOJCTON KHUIIKH) OLIEHUBAIU IpU
MUKPOCKOIIMPOBAHUM  THUCTOJOTHYecKuX  mpemnapatoB  (yBenuuenue — x400),
MPUTOTOBJIICHHBIX B COOTBETCTBMU C MPHUHATON TEXHOJOTHEH Ha 000pYyIOBaHUU
Thermo Scientific u Carl Zeiss (I'epmanus).

UccnenoBanue u oreHka OMOHAKOIUIEHUS (MAaTepUaIbHON KyMYJISIMHA B TKAHU
TOJIOBHOTO MO3Ta, MOYKaX, EYCHH, JIETKUX, KPOBU) U MOP(HOIIOTHIECKUX N3MECHEHHMA
BUCIICPATIbHBIX OPraHoB (TOJOBHOTO MO3ra, CEepAla, JIETKUX, CEJEe3eHKH, TEYCHH,
MOYEK, YKETyJIKa U MOMKEITYTOUHOU KeJIe3bl, TOHKON U TOJICTOM KUIIKH) BHITTOJIHEHA
Ha mpuMepe BoaHou cycreH3ur NIO mpu ocTpod HMHTaIAIHMOHHOW DKCIO3UIUH
(Oenble Mbimu camiel ¥ camku Jmand BALB/C wmaccoin 25-30 1, n=30) B
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cootBetrcTBUM ['OCT 32646-2014, mexrocyaapcteeHHbiM crangaptoM (OECD, Test
No403:2008, IDT), MY 1.2.2520-09. MoaeaupoBaHue HHTATSILHOHHOTO
MOCTYIUICHUSI TECTUPYEMOI'O0 BEIIECTBA U CPABHUTEIBLHO €ro MHKPOAMCIEPCHOTO
aHajora BBINOJHEHO B  MHrajasiiMOHHOW CHUCTEME C  HUHTETPUPOBAHHBIM
MpOrpaMMHBIM 00€CTICYeHHUEM C HCIOJIb30BaHMEM Kamephl 1jig Bcero tema (TSE
Systems GmbH, ['epmanus). UccnegoBanusi U mpoueaypsl BBITIOJIHEHBI COTJIACHO
PYKOBOJICTBAM W HOPMATHBHBIM JIOKYMEHTAaM, PErIAMEHTHPYIOUIUX COOJIOICHNE
ATUYECKUX HOPM TpHU TMPOBEACHUH MEIUKO-OMOJIOTHYECKUX HCCICIOBAHUN C
UCIIOJIb30BaHUEM KUBOTHBIX.

PesyabTathl. UccienoBanue U OIeHKA YpOBHS IOKazarejied OanaHca
HEHPOMEINATOPOB M OKUCIUTEIbHO-aHTUOKCUAATHOW CHCTEMBI CBHJIETEIBCTBYET O
HaIM4YUK (QYHKIUOHAIBHBIX HApYIIEHUN, UMEIOUIMX J10303aBUCUMBIN 3 dexT, mpu
JUTUTEIbHOM dKcno3unnu HanoaucnepcHoro MnO. B nozax 10,0-260,0 mr/kr wHa 30-i
JI€Hb HKCHEPUMEHTA 3apETrUCTPUPOBAHO JIOCTOBEPHOE TMOBBIIICHHE B CHIBOPOTKE
KPOBHM THIPOMNEPEKUCH JUNMUI0B U MJIA OTHOCUTEIBLHO HCXOJHOTO YPOBHS U
MoKasaTeasiMu KOHTpoJibHOM Tpynnbel B 1,4-1,9 u 1,6-2,0 pa3za COOTBETCTBEHHO
(p <0,001). Ha 90-it neHb coxpaHsjICs TOBBIIMICHHBIH YpPOBEHb THAPONEPEKUCH
munuioB 1 MJIA B CBIBOPOTKE KPOBH, KPATHOCTh PA3JIMUUNA C UCXOJHBIM YPOBHEM U
MoKa3aressiMi B KoHTpoJie coctaBmia 1,3-1,9 paza (p <0,001). B noze 5,0 mr/kr He
YCTAHOBJICHO JOCTOBEPHBIX pa3IMUMi TOKa3aTeIu C HUCXOJHBIM YPOBHEM U C
KOHTpPOJIEM B TEYEHHE Bcero sKkcrnepuMeHTta. OIlleHKa MoKa3aTenel aKTUBHOCTH
AHTUOKCHJIAHTHOM CHCTEMBI CBUJETEILCTBYET, YTO Y KpbIC B A03ax 10,0-260,0 mr/kr
Opy  JJIATETLHOM BBEICHUM PETUCTPUPYETCS JOCTOBEPHOE CHMKEHUE YpPOBHSA
Cu/ZnCOJ1 u OAC B CBIBOPOTKE KPOBH, UMEIOIEE J0303aBUCHMBIN XapakTep. B
TEUEHHE BCEro 3KcrepuMenTta ypoBerb CuU/ZNCOJ] 3aperucTpupoBaH CHUKCHHBIM
OTHOCUTEJILHO HMCXOIHOI'O YPOBHSI W KOHTposisi B cpenHem oT 1,4 no 4,6 pasza
(p <0,001-0,002), ypoBenr OAC B 1,6-5,4 paza (p <0,001). ¥V kpbic B 103€¢ 5 MI/KT
ypoBeHb OAC He uMen [IO0CTOBEPHBIX OTIMYUN OT IMOKa3arelss B KOHTPOJIbHOMU
TPYIINE B TEYEHUE BCETO AKCIEPUMEHTA.

Ouenka coaepXaHusi OCHOBHBIX HEWPOMEIUATOPOB Yy SKCIHEPUMEHTAIBHBIX
KUBOTHBIX Ha 90- JA€Hp DKCHEPUMEHTA IOKa3ajla JOCTOBEPHOE ITOBBILICHUE
rinyramata u cHmwkeHue ['AMK B CBHIBOpOTKE KpPOBH OTHOCHUTEIBHO HCXOIHOTO
YPOBHSI M KOHTpPOJIS, MPU ATOM HM3MEHEHHME MoKa3zaTejled HMeJo 10303aBUCHUMBIi
xapaktep. [loBblllleHHEe ypOBHSI TiyTamara yCTaHOBIEHO oT 2 1o 3,8 pa3za B
3aBucuMocTd 0T 103kl (p <0,001). Camxenne ['AMK B CHIBOPOTKE KpOBH
3aperucTpupoBano B 2,3 paza-2,7 paza (p <0,001). ¥V xpeic B mo3e 5,0 mr/kr
JIOCTOBEPHOTO CHIDKCHUSI aHAIM3UPYEMBIX TOKa3aTeleil B CHIBOPOTKE KPOBU
OTHOCUTEILHO KOHTPOJISI HE YCTAaHOBJIEHO.

YcranoBiaeHbl MOP(OTOTUYECKUE U3MEHEHHS! CTPYKTYpPhl TKaHEW TOJIOBHOTO
MO3ra, TaKKe UMEIOIIUE 3aBUCUMOCTb OT JI03bl BOJIHOW CYCIIEH3UU HAHOJIUCTIEPCHOTO
MnO. B wnauGonbmieit goze (260 Mr/kr maccbl Tena/CyTKh) B Kope OONbIINX
NOJIYIIApUA U MO3KEUKE BBISBICHO PE3KOE IMOJHOKPOBHUE COCYAOB C AHANENIE30M
SPUTPOLIUTOB U (HOPMUPOBAHHUEM OYATrOBBIX KPOBOUBIUSHUMN; CyOapaxHOUIATbHBIC
KPOBOM3IUSHUA, OTEK TOJOBHOTO MO3ra C paCHIMPEHHEM MEePUBACKYISIPHBIX H
NEPUIICIUTIONIIPHBIX MPOCTPAHCTB; OYaru JAEMHUEIMHHU3AIMA HEPBHBIX BOJOKOH. B
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no3e 50 wMr/kr (QopMHpYHOTCS OYaroBble paCUIMPEHUs NEPUBACKYJSPHBIX MU
NEPULIETUTIOJIIPHBIX IPOCTPAHCTB B CJIOSIX KOPBI TOJIOBHOTO MO3ra ¢ COXpaHEHUEM HX
b depeHIIMPOBKY, HWMEIOTCS OYaroBble CyOapaxHOWJAIbHbIE KPOBOUBIIUSHUSA H
Y4acTKU O4aroBoil auctpoduu HelpoHOB. B moze 10 Mr/Kr maccel Tenna/CyTKu
YCTAaHOBJICHO HE3HAYUTEJIBHOE PACIIMPEHUE MEPUBACKYIISIPHBIX MpocTpaHcTB. [lpu
HKCIO3ULUH B 103€¢ 5 MI/KI MOp(osioruyecKas KapTUHAa TKaHEW TOJIOBHOI'O MoO3ra U
MO3K€UKa COOTBETCTBYET KOHTPOJIbHOM TpyMIe U XapaKTepU3yeTCs COXpaHEHHEM
PHUCYHKA CTPOEHUS BO BCEX OTJENax.

bonpmas CTETICHb BBIPAKECHHOCTH u pacmpoCTpaHEHHOCTH
naTOMOP(OIOTHIECKIX HM3MEHEHH TKaHEH BHYTPEHHHUX OpPTaHOB BBISBJICHA TpHU
BHYTPIKEIyI0YHOM BBeJleHnn HanogucnepcHoro MnO B no3e 10 Mr/kr B TedeHue
90 nmHelt: B cucteMe KpoBOOOpauieHus (B BUAE MEMOJMHAMHUUYECKHX PACCTPOMCTB C
OYaroBbIM CJIa0BIM U YMEPEHHBIM IOJIHOKPOBHEM COCYJOB M CyOapaxHOMIAIbHBIX
KPOBOM3JIMSHUNA B TOJIOBHOM MO3r€, TI€UYEHHU, JIETKUX, TOYeK, Cepaua),
auMmdaTtrdeckoid (B Buae cmabo M yMEPEHHO BBIPAKEHHBIX TEPUBACKYIISPHBIX
auMpo-MakpodaraibHbIX WH(GUIBTPATOB B TKAaHW JIETKUX C T[IEPEXOJOM Ha
npuiieKallue ajabBeoJibl) U MakpodaranbHON (B BHAE AKTHUBALUHU albBEOJISPHBIX
Makpodarop ¢ oOpa3oBaHHEM HEOOIBIINX CKOIUICHUH B IIPOCBETaX ajbBEoJ)
CHCTEMaXx [0 CPAaBHEHHIO C U3MEHEHHUSIMH MIPU BBEJCHUH MUKPOPa3MEpPHOro aHaiora
(B BHIE 04aroBOro MOJHOKPOBHUS COCYZIOB, CyOapaxHOUAATBHBIX KPOBOM3IHMSHUNA B
TOJIOBHOM MO3r€, MEJKHX OYaroBbIX JHUMQo-MakpodaraabHbIX HHPUIBTPATOB B
JIETKUX, KEITYJOUHO-KUILIEYHOM TpaxTe). VY craHoBiIeHO pacipeHue
NEPUBACKYJISIPHBIX U TEPULICIUTIONSPHBIX MPOCTPAHCTB B TOJIOBHOM MO3re, ciabo
BbIpaXEHHbIE NEPUBACKYJISIPHBIA HEKHOBOJIOKHUCTBIA KapAMOCKIEPO3 W OuYaroBas
OenkoBass  nucTpous ~ remaTOLMTOB, HE  BBISBICHHBIE TPH  BBEICHUU
MUKPOJIMCIIEPCHOTO aHaJIoTa.

HccnenoBanue mpoHUKaromield crocooHocTr HaHoaucrepcHoro NIO mocie
4-x 4YacoBOM MHraJsAIIMOHHOM SKCHO3UIMM B BHUAE a’po30Jii I0Ka3ajo, 4YTO
nanogucrepcHeii NiO (B (akruueckoii konuenTpanmn NiO 1,34+0,07 mr/mv® u B
abCOMIOTHON KOHIeHTparmu dactur 140194427768 en./mm’) obmagaer Goubmieii
IpOHUKaoIEeH crnocoOHOCThIO B 14-39 pa3 mo cCpaBHEHUIO C MHUKPOAHMCIIEPCHBIM
anasorom (p = 0,0001).

3akmouenue. OTiuyuTeNbHBIE  CBOMCTBA  (DU3MYECKUX  MapaMeTpoB
HAaHOYACTHI, B TOM 4MCIE MeTauicoAepKalux (pa3mep, YyAelbHas IUIOIIAllb
IOBEPXHOCTH,  aJCOpPOLIMOHHAs  €MKOCTb, 3aps]] 4YacTWll), [OTEHIHAIBHO
YBEJIIMYUBAIOT CHOCOOHOCTh K IPOHUKHOBEHHUIO uepe3 TKaHEBbIE Oapbephl,
PEaKIMOHHYI0O U TOBPEXKIAIONIYI0 CrmocoOHocTh. Hacrtosiiee wucciemoBaHue
OMOHAKOIUIEHUs U MOP(OJIOTMUECKUX U3MEHEHUHN TKaHEe!, BBITIOJIHEHHOE Ha IPUMeEpe
OTICNBHBIX HaHOAUCHEepPCHBIX OKcuaoB MetauioB (MnO u NiO) mokasano, 4urto
MeTaJIJICOIEprKalle HAHOYACTHUIIBI TP PA3TUYHBIX YCIOBUSAX SKCIO3ULIUU 00Ia1at0T
BBICOKOW MPOHUKAIOIIEH CITOCOOHOCTHIO U HU3KOM 3(PPEKTUBHOCTHIO BBIBEICHUS U3
opranmusma; npopuib «KPUTHUYECKUX» OPTaHOB BKIIIOUAET TOJIOBHOW MO3T, MEYCHbD,
CeJIe3€HKY, JIeTKHe; OOyCIaBIMBAIOT  MOPPOPYHKIMOHAIBHBIE  HApYIIEHUS,
MMEIOIINE JT0303aBUCUMBIM XapakTep, KPUTHUYECKUX KJIETOK U OpPraHOB-MHUILIEHEH.
bonbmias cremneHb BBIPAKEHHOCTH MOPQPOJOTMUECKUX HW3MEHEHMM B CHCTEME
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KpoBooOpalieHus, MakpodaraibHOM U TUMGPATHIECKON CHUCTEMaX, a TaKKe HaJudue
W3MECHEHUN B TKaHW II€YEHHU, TOJIOBHOTO MO3ra M CEp/illa, HE BBISBICHHBIC MPH
AKCIIO3UITIHT MUKPOAUCTIEPCHBIX aHaJIOT OB, MOATBEPKIAIOT OOJIBIITYIO
MTOBPEXKTAFOIIYIO0 CITOCOOHOCTh HAHOYACTHUIL M 3aBUCUMOCTD CTETICHU BBIPAYKEHHOCTH
MaTOJIOTUIECKOTO Mpoliecca OT pa3Mepa YacTHIl.

[TonyyeHHbIE pe3yabTAThl IKCIEPUMEHTATBHBIX HCCIEAOBAHUN HE00XO0IUMO
YUYUTBIBATh TpH  pa3paboTKe TPOrpaMM MOHUTOPUMHTA U  MNPO(UIAKTHUKH,
HAMpaBJICHHBIX Ha CHIDKCHWE WIM YCTPAHCHHE HETAaTUBHBIX IIOCJIEICTBHMA
BO3JICHCTBHSI METAIICOJACP)KAIMUX HAHOMATEPUAJIOB WM MPOAYKIMH Ha 3I0POBHE
paboTaroImux U HaCcEJICHHUS.
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HCCIELOBAHUSI HAHOPASMEPHBIX YACTHULl B COCTABE
ITPOMBIIIJIEHHBIX ASPO30JIEU U B3BEHIEHHBIX BEHIECTB
B BO31YXE PABOYEU 30HBbI

3aiinesa H. B.!, Yaanosa T. C.* 2, 3100uHa A. B.l, Bosikosa M. B." 2, C'maesa M. 1.

'oBVH «DHI] meouxo-npoghunaxmuueckux mexrHonro2utl ynpaeieHuss pPUCKamu
300po6vio HaceneHusy Pocnompebuadszopa,
Ilepmv, Poccus
2@I'FOY BIIO «llepmcruii HAYUOHATLHBIU UCCAE008AMENbCKULL NOJUMEXHUYECKUL YHUBEPCUMEM »,
Ilepmv, Poccus
E-mail: ulanova@fcrisk.ru

OnmHuM M3 aKTyaJdbHBIX HampaBJIeHWH B aesTenbHOCTH PocrorebHamzopa,
CBS3aHHBIX C POCTOM TMPHUMEHEHUS HAHOTEXHOJOTHl B pa3IMYHBIX OTPACIAX
IIPOMBIIUICHHOCTH, SIBJISIETCA HCCIECIOBAHUE YCIOBHIM TpyAa Ha NPEANPUATHSAX,
WCIIOJB3YIOIINX POU3BOJCTBEHHBIE IPOLECCHI C BBICOKUM PHCKOM BPEIHOTO
BO3JICICTBUSI HAHOpPAa3MEPHBIX  a’po3osiecil. [[oka3aHHBIM BBICOKHMM  PHUCKOM
XapaKTepU3yrTCs AIEKTPOAYrOBas CBapKa u pe3ka METaJJIOB,
NUPOMETALTYPIrUYECKUE MPOLIECCHI, TPOU3BOACTBO M NMPHUMEHEHHE JIAKOKPACOYHBIX
MaTepUaioB, HAHECEHUE 3AIUTHBIX HAHONOKPBITUN, Ta30-a3PO30JbHBIE BBIXJIOIBI
JIU3EJIbHBIX JIBUTATEIICH.

CorpynHukamMu — JabopaTopud  METOJIOB  aHaM3a HAHOMATepUaloB U
menkoaucnepcHbx yactuly ®bYH «DHI Menuko-npopuinakTHIecKux TEXHOJIOTHMA
VIOpaBJICHUs] PUCKAMHM 3JI0POBBIO  HaceleHusn» PocmorpeOHan3zopa ¢ IEbI0
BBISIBJICHUS, WJACHTU(PUKAIMA W OIEHKH COJACP)KAHUS HAHOYACTHUIl BBITIOJHEHBI
WCCJIEIOBAHMS YIBTPAJAUCIIEPCHBIX a’p030Jie B BO3yXe paboueill 30HbI Pa3IMYHbIX
npousBojcTtB [1, 2, 3]. 3amadeil uccnenoBaHus ObUIO CpaBHEHHE COJICpIKAHUS
MacCOBOM KOHLEHTpPAllMM B3BEUICHHBIX BEIIECTB M CYETHOM KOHIICHTPAIIUU
HAHOYACTUI[ B BO3JyXe paboueil 30HBI MPHU PANIMUYHBIX BUAAX MPOU3BOJICTBEHHBIX
IIPOLIECCOB.

MaccoByl0  KOHILIGHTPAalIMIO  B3BEIIEHHBIX  BELIECTB  ONpPENETsIM B
cooTBeTcTBUH ¢ MYK 4.1.2468-09 [4]. Busyanu3zaius 4acTHIl a3po30Jist, COOpaHHOTO
Ha ¢Guibtp ADA-BII, mnpoBeaeHa METOJOM CKAHUPYIOIICH 3JIEKTPOHHOMN
MUKPOCKOIIMUA C HUCIIOJIb30BaHUEM OO0OpyAOBaHHUS pecypcHOro ieHTtpa «Pa3Burtue
MOJIEKYJIIPHBIX U KJIETOYHBIX TexHosorui» Crnol'Y Ha ckaHUPYIOIIEM 3JIEKTPOHHOM
mukpockorne Tescan MIRA3. IlpoBeaena uaeHTudukanus pasMepoB HaHOYACTHUI] B
BO3Ayxe paboueil 30HBI C UCHOJb30BaHUEM JU(PHY3UOHHOTO a’PO30JBHOIO
cnexktpometpa JJAC 2702 cormacuo I'OCT P 54597-2011/ISO/TR 27628:2007 1.
6.3.4. [5], TOCT P 8.755 — 2011 [6]. Auddy3nonnsiii adpo30IbHBINA CIEKTPOMETP
couetaeT B cede nudpy3noHHBIE OaTaper W KOHACHCAIIMOHHBIA CUETYMK YaCTHII.
Bo3moxHoctn  mpuOopa  BKJIIOYAIOT  ONpPENEICHHE  CyMMapHOM  CUETHOM
KOHIICHTPAIlMM 4YacThll B auarna3zoHe oT 3 a0 200 HM, WIHMPUHBI paclpelciacHus U
CIIEKTpa pachpenesieHus no pasMepam B auamnazoHe ot 3 go 200 vm. Cnekrtp
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pacmpenenieHds Mo crnoco0y pacyera [6] sBIseTCS OJHOMOJAIBHBIM M TO3BOJISET
ONPEACIIUTh CIEIYIONINE MMapaMeTphl: CYETHAs KOHIIEHTPAIUsl 4acTUIl B AUAIa30HE
MaKCHMyMa KOHIICHTPAIIHH, YaCTHI[ B CM°; IMANa30H Pa3MepOB YaCTHUI, HA KOTOPbIii
MPUXOJIUTCS MaKCUMyM KOHIIEHTpalluv, B HM. Bpems maMmepenus: ogHoro Habopa
3HaueHuit cocrasisio 0,8 — 1,2 muH. MccnenoBanue ogHOTO MPOU3BOACTBEHHOTO
nporecca 3aHuMano ot 10 mo 50 muH. Cepun M3MEPEHHBIX BEIWYUH IMOJBEPralu
aHAIM3y Ha TMPEAMET UCKIIYEHHM TPYyOBIX MOTPENTHOCTEH MO CTaTUCTHYECKOMY
kputeputo ['paddca cormacuo I'OCT P 8.736 [7]. B caywae auHaMU4ecKoOro
WU3MEHEHUS! BEJIMYHMHBI CYETHOM KOHUEHTPAIMd BO BPEMEHH, COTJACHO HW3MEHEHUIO
MPOUCXOIAIINX TTPOU3BOJCTBEHHBIX MPOIIECCOB, BEIMYMHBI KOHIICHTPAIUA B CEPUU
00BbEIMHSIN B HECKOJIBKO BEIOOPOK C MOMOIIBIO KpuTepus ['padbca [7].

B cBs3u C OTCYTCTBMEM TWMITMEHMYECKOTO HOPMATHBA OLEHKU CYETHOMN
KOHIICEHTpAIlM HAHOYACTHUI[ B BO3JAyXe paboueil 30HBI JJi1 CPAaBHEHHUS UCIOJIb30BAIH
AHAJIOTUYHBIC TIO aNTOPUTMY HCCJICNIOBAHMS BEIMYMHBI Ha pabouux MecTax
aIMUHUCTPATUBHBIX COTPYAHUKOB MU MHKEHEPHO-TeXHUUYECKuX paboTHUKOB (M1TP)
HE YYaCTBYIOIUX B IPOU3BOICTBEHHBIX MIPOIIECCAX.

B 2013, 2015-2016 rr. oOciemoBaHbl MNPEANPUATHS TOPHOAOOBIBAIOIIEH,
PE3MHOTEXHUYECKON U XMMUYECKOU ITPOMBILIJIEHHOCTH. B pe3ynbTrare uccie1oBaHun
BO3yxa  paboyeil  30HBI  TOPHOMOOBIBAIOLIETO  MPEANPUATHS  TOTYYEHBI
MPUHIUNHUATBHO Pa3JIMUHbIE XAPAKTEPUCTUKHU B3BEHICHHBIX YAaCTHUIl: B MOA3EMHBIX
YCIIOBUSIX TPYZla — CPABHUTEIBHO OOJIBIIOE YUCIIO U MAacCOBasi KOHUEHTPALMS YaCTHII
pynbl ¢ pazmepamu ot 0,5 g0 3 MKM, cueTHas KOHUEHTpalusi HAHOYACTHUIl He
OTJIMYAETCS OT KOHTPOJIS; HaJ 3eMJiei: B mpoliecce (oTaluu — BBICOKAs CUETHAS
KOHIICHTpAI[Msl HAHOYACTWIl W HH3Kas MaccoBas KOHIEHTPALMS B3BELICHHBIX
BEILIECTB; B IPOIIECCE T'PaHYJUPOBAHHUS — MAKCUMaJlbHasi CUETHAsl KOHIICHTpAaIlus
HAHOYACTHII BbIILIE KOHTPOJBbHOU B 19 — 26 pa3; B mpoiiecce neperpy3ku npoaykKra —
MaKCUMaJlbHasi CUETHAasl KOHIICHTpAllMs BbILIE KOHTPOJbHOW B 6 pa3. M3meHenue
pazMepoB YacTHLI, COOTBETCTBYIOIINX MaKCUMyMaMm KOHIIEHTpAIIH,
XapaKTePHU3yeTCsl HEOOIBITNM Pa3dpOCOM OT pa3MEpPOB YaCTHI] B KOHTPOJIbHON TOUKE
U BO3MOXXHO TpeOyeTcs OMOJHUTEIbHOE MHKPOCKOMUYECKOE HCCIIEeOBAaHUE s
TOYHBIX BBIBOJOB O TMPUPOJIE M pa3Mepax YacTUL, XapaKTepU3YIOLIUX
MIPOU3BOICTBEHHBIE MPOIIECCHI TOPHOA0OBIBAIOLIUX TPOU3BOICTB.

Bo3nyx  paboueil  30HBI  HCCIEAOBAHHBIX  I[EXOB  MPEANPUSITHS
PE3UHOTEXHUYECKOW MPOMBILIIEHHOCTH COJIEPKUT HAHOYACTHUIBI B JUAIA30HE OT 5
1o 200 wM. OTKIOHEHHWE  pa3MEpoOB, COOTBETCTBYIOIIMX  MaKCHMyMam
pacrpeneneHus, no cpaBHeHHI0 ¢ KoHTposueM (30-35 um) coctaBmsiio oT 5 10 20 HM.
[Io cpaBHEHUIO C KOHTPOJBHBIM pPabOYUM MECTOM JIOCTOBEPHOE IMPEBBIINICHHE
CUETHOM KOHLIEHTpAI[MU YaCcTUIl Ha pabouux MecTax BapbupoBaiio ot 4 j0 11,2 pas.

XHUMHUYECKOE TMPOU3BOJICTBO XAPAKTEPU30BAIOCH 00Jiee BBHICOKUM YPOBHEM
CUYETHOW KOHIICHTPAIlUU YACTUIl B MAaKCUMYME paclpejieieHus] Ha paboyeM MecTe
cpaBHeHuss 10 683 yacTun B oM. IIpum 3TOM Ha Tpex u3 cemMu pado4YMxX MECT Ha
IIPOU3BOJICTBE MOITYUYEHBI 00JIee HU3KUE CUETHBIE KOHLEHTPALMU, YTO COIIIACYETCs C
BBICOKOM BJI&JKHOCTBIO Ha pab0O4yMX MecTax ammapardyrka adcopOluM, anmapaTdyuka
OCAXJICHHUS, almapaTyvka TOJTOTOBKM ChIpbS W OTIyCKa MoidyaObpukaToB U
MPOTYKIIUH.

32



[ToBbIIIIEHHBIE IO CPABHEHUIO C KOHTPOJIEM 3HAYEHHS CYETHOW KOHLIEHTPALUU
HAHOYACTHUII TIOJYYEHBI HAa paboyeM MecTe anmaparyuka okucienus 32 844 vacruil B
CM3, B 3 paza, anmapatuuka koHjeHcauuu 48 544 yactui B CM3, B 4,5 paza,
almapaTdnKa MPOM3BOICTBA XHMMHUCCKUX PEAKTHBOB 53 583 wacThil B cM°, B 5 pas.
Pa3mep vacTuil, COOTBETCTBYIOIIMIA MAaKCUMYyMY paclpeiesIeHus, BbIlle KOHTPOJI Ha
pabounx MecTax afnrmapaTdyvka 4YelIyHpOBaHUS M ammnapaTdyvka IPOU3BOJCTBA
XUMUYECKUX PEAKTUBOB.

B pesynbrare BBIIIOJIHEHHBIX MCCIEIOBAHHUN CIEAYET OTMETUTh, YTO BO3AYX
paboueil  30HBI  anmaparyMka — OPOW3BOJACTBA  XHMHYECKHMX  pPEaKTHBOB
XapaKTEPU30BaJICS MOBBIIICHUEM 3HAYEHUH, KaK CYETHOM KOHLIEHTPALlMU YacCTHIL], TaK
U pasmepa yactuil. Ha paboueMm MmecTe amnmapaTtyuka KOHAEHCAIIMU MPeoOJiagaroT
yactuupl pazmepa 0-5 HM, YTO BO3MOXKHO BCIEACTBHE PAOOTHI XOJOAUIBLHOIO
000pyI0BaHUS.

Takum 00pa3om, BBIOJIHEHHBIE HCCIIEIOBAHUS MOTYT OBITh HCIOJIb30BaHbBI
IPU OIIEHKE YCIOBUN TpyAa U MPOPECCHOHAIBHOIO PUCKA MPHU MPOU3BOJCTBEHHBIX
mpolieccax Ha MPOU3BOACTBAX HAHOMATEPUATOB, a TaKXKe MPOU3BOJICTBEHHBIX
OpoleccoB ¢ oOpa3oBaHMeM HaHoyacTull. Kpome Toro, mnpeacraBiieHHbIE
VICCJIEIOBAHMSI TTO3BOJISIIOT CTAaBUTH BOIPOC O IPOBEIECHUHM KOHTPOJS COIAEPIKAHMS
YacTUIl HAHOJMANa3oHa B BO3Ayxe pabodeld 30HBI W pPa3pabOTKE HOPMATHBOB
NpEeNeNbHO JONYCTUMBIX KOHLIEHTpAaUMW Jis OLEHKH PHUCKA 30pOBbIO0 padouuXx,
IPOPUIAKTUKE U JICUEHUIO MPO(PECCUOHANBHBIX 3a00JIEBAHUIM.
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HAHOYACTHUIBI OJHOTI'O COCTABA, HO PABHOI'O PABMEPA
NHAYHUPYIOT TEHETUYECKYIO HECTABMJIBHOCTD
11O KAYECTBEHHO PA3SHBIM MEXAHU3MAM

Hurean @. U.
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Munucmepcmea 30pasooxparnerusi PO,
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CeroiHsi MOKHO CUMTATh JIOKa3aHHBIM, YTO KCIO3uIus K HaHouacTuiiam (HY)
in vitro, ex vivo u in VIVO compoBOXIaeTcsl HHIYKIME TeHOTOKCUIECKUX d(PQEKTOB.
Cpenn OONBIIOrO KOMWYECTBA MyOJMKAIMA Ha 3Ty TEMYy HMEETCS HECKOJIBKO
UCCJIEIOBAHMM, COOOIIAIOIMMX O pa3IuyusiX B YPOBHIX OJHUX U TeEX IKe
TCHETUYECKUX MOBPEKIACHUM IIpU JEHCTBHMM HAHOYACTHI OJHOIO COCTaBa H
TE€XHOJIOTMM M3IOTOBJIEHUS, HO pa3HOro pasmepa. OIHAKO OCTaeTCs OTKPBITBIM
BOIPOC O TOM, IPOTEKAeT JIM MHAYKLHS reHOoTOKcuueckux 3ddexkroB HY pasHoro
pazMepa IO €IWHOMY MEXaHW3MY, YTO — Ha NEPBBIA B3IJISA[ — MNPEACTABISIETCS
CTPaHHBIM BBHUJY MHOXECTBEHHOCTH H3BECTHBIX MEXAHU3MOB TOKCHYECKOIO
nevicteust HY [1].

C wucnosb30BaHUEM MOJEKYJSPHBIX METOJOB YCTAHOBJIEHO, YTO MpHU
paznuuMusaX B MEXaHM3Max MHAYKIMM Tokcuueckoro nercteuss HYC pasHoro
pasMepa, pe3ylbTHPYIONIME TEHOTOKCHYecKue 3(PGeKThl MOTryT OBITh €Cld He
UJEHTUYHBIMHA, TO KA4ECTBEHHO CXOXuUMU [2-4]. B TO ke Bpems, HHIYKIIUHU
KAUECTBEHHO pA3JIMYHBIX TUIIOB TIE€HETUYECKUX TMOBPEXKACHHUMN, (HOPMUPYIOUIUX
HECTaOUJIbHOCTh T€HOMA, B 3aBUCHMOCTH OT pa3MEpPOB YACTHULL, A0 CUX MOP BBISBICHO
He ObUIO.

Marepuaasl u Metroabl. llenbHYyI0 KpoBb 4ellOBeKa HWHKYOHMpOBAJIA B
OpUCYTCTBUM IuTOXanasuHa B (muxposaepssiii Tect) ¢ 0,005 — 5,0 mr/n HUC
pasmepom 14,3+0,2 am (Agl4) u 100,0+£11,0 am (Ag100), cTabunm3upoBaHHBIX
apaBUKCKOM KaMelplo. B kadecTBe MONMOMHUTENBHBIX KOHTPOJIEN HCIIOJIb30BaIN
MOHBI cepedpa B TOM K€ JWana3oHe KOHUEHTpaluuid W apaBUNCKYIO0 KaMmelb.
PacmmpeHHblii IPOTOKOJI IUTOMHOIO aHaiu3a [5] BKIHOYAT OLEHKY CTaHAAPTHBIX
NoKa3zarejlied — 4YacTOThl 2-S€pHBIX KIETOK ¢ Mukposapamu (M) wu
HykjieomiasMeHHbIMU MocTamu (HIIM), a Takke psl JONOJHUTENBHBIX MTOKa3aTelen
— ONpe/IeNIEHNE CIEKTpa KIETOUHBIX NOMYJSUUA (10 COOTHOUIEHUIO YaCTOT KIIETOK C
1,2,3,4 u Gonee sigpamu), OLIEHKY 4YacTOT Kaxjaoro tuma kierok ¢ MS u HIIM,
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OIpe/IeNICHUE CTENEHU aCHMMETPHUM KJIETOK, MPOLIeNINX 2-i MHUTO3, OINpeaeiieHUE
4acTOT MMTO3a U aroITo3a, pacueT oobema npoaudepaTuBHOro myJsa u mp.

PesyabraTbl. O (eKThl HeCTAOMIBHOCTH T'€HOMA, ONPEEIICHHBIE 10 YacTOTe
nemsiuxest kinetok ¢ M uw HIIM, Ttakke Kak TOPMOXKEHHE MUTOTHYECKOU
AKTUBHOCTH U CHMKEHME 00beMa Npoau(epaTHBHOTO IMyjla U3MEHSIIHCh B panxy Ag'
>> Ag100 >> Agl4. U Hao60pOT, MOBBIIIEHNUE YACTOTHl ACUMMETPUYHBIX 3-sII€PHBIX
KieTok  (aHeymiouaus —  3¢deKT, Jexamuid B OCHOBE  Ipoiiecca
OIyX0Je00pa3oBaHusA), OKa3ajloCch HaumbOoJee XapakTEpHbIM IS KYJIbTYD,
HKCIIOHUPOBaHHBIX K AQl4 u nposgBIsUIOCE B J1030BOM 3aBUCUMOCTH. ITO
HaOII0/IEeHUE BIIEPBBIC JOKa3bIBAET BO3MOXKHOCTh CYIIIECTBOBAHUS MPHUHIIUITHAIHEHO
pPa3IMYHBIX MEXaHW3MOB CTAaHOBJIEHUS T'E€HETUYECKONM HECTaOWJIBHOCTH TOJ
JIENCTBUEM HAHOYACTHI] OJJHOTO COCTaBa, HO Pa3HOTO pa3Mepa.

[IpuknanHpIM  pe3yapTaTOM  3TOTO  HCCIENOBaHUS  CIEAYyeT  CUMTATh
nokazatenbctBo  Toro, uyro HUC He Moryr OBITh HCHOJB30BaHBI IS
o0e33apaXuBaHUsl THUTHEBOW BOJBI, KaK 3TO MPEAINOJarajioch paHee C Y4eTOM
BBICOKOM OaKTEPUIIUIHON aKTUBHOCTH HaHOo4acTull cepedpa (HUC).
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COYETAHHOE BO3JIEICTBUE HAHOPASMEPHOM YI'OJIBHON
NbLJIN 1 PAJIMAIIMU HA TIEPEKUCHOE OKUCJIEHUE JIUITUJIOB
Y )KUBOTHBIX B SKCIIEPUMEHTE

Kamanckuii C. B.!, Mibaep6aes O. 3.%, Uyaen6aesa JI. E.2

'oBFVH «Examepunbypeckuti MeOuyuHCKUuti-Hay4Holil yeHmp npohuiaKkmuxu u 0Xpamsvl 300P06bs.
pabouux npomnpeonpuamuiiy Pocnompebnaosopa,
Examepunbype, Poccus
2E6pa3uﬁ01<ub7 HayuoHanvHull yHueepcumem um. JI.H.I ymunesa,
Acmana, Kazaxcman
E-mail: hlhdmrc@ymrc.ru

B »skcnepuMeHTe Ha JKMBOTHBIX IT0OKa3aHO, YTO COYETAHHOE BO3JCHCTBUE
HAaHOPAa3MEPHOW YrOJbHOM MBUIM M PAaJMalWHA  BbI3BIBAJIO THIIEPIPOLYKLHUIO
MPOAYKTOB JIMMONEPOKCUAALMHA C TMOCICAYIOUEH IENpPEeCCUed aHTUOKCUAAHTHOU
3aIUTHI.

ABTOpaM TpelCTaBIACTCS LEIEeCO00pPa3HbIM MPOJOJIKUTh MCCIEIOBAHUS T10
U3YYEHUIO MEPEKUCHOTO OKHUCIICHUS JUIUAO0B NP KOMOWHHUPOBAHHOM BO3JCHCTBUM
yKa3aHHBIX (PaKTOPOB.

MHOrO4YUCIEeHHbIE UCCIIEOBAHUS MOCIEAHUX JIET CBUAETEICTBYIOT O BaXKHOMN
ponu akTuBHBIX (GopM kuciopona (ADPK) B pa3BUTHM JIETOYHBIX TOBPEKICHUIA,
BBI3BbIBAEMbIX TKAHEBbIMU (haKTOpaMHU, U, B YaCTHOCTH, B npodraronoruu [1].

[Ipu B3aumonelicTBuu (HarouuTOB C HAHOPA3MEPHBIMU IBUIEBBIMU YaCTUIIAMU
oopazoBanne ADK Mmoxxer HapacTtaTh, Tak Kak 3TH YacCTHUIIbl HEUYBCTBUTEIBHBI K
A®K. Upesmepnas npoaykius APK MOXKET NPUBOAUTH K MOBPEXKICHUIO
COOCTBEHHBIX KIIETOK, MNOBPEKICHUIO SIAECPHBIX CTPYKTYp H3-3a OKHUCIUTEIBHOU
MOAU(PUKALMH OEIKOB, JIUMHUA0B U HYKJIEUHOBBIX KHCIIOT [2].

AHanu3 nuTepaTyphl MOKa3ajd, YTO HAHOPAa3MEPHbIE YrOJbHBIE YACTHUIBI CO
cpenauM auametpom 0,19 HM HanboJIee omacHsI I 310pOBbs YesoBeka [3].

B pabotax, MOCBSIIICHHBIX BIMSHUIO BPEAHBIX MPOU3BOJCTBEHHBIX (DAKTOPOB
Ha pa0oTalOIMX HA MPEIIPUATUAX SHEPreTUUECKOr0 KOMIUIEKCA, YCTAHOBJIEHO, YTO
MUTOXOHJPHAIIbHAS JTUCHYHKIMS, XapaKTEPU3YIOUIAsicsi YTHETEHUEM aKTHBHOCTH
(dbepMEeHTOB JbIXaTEIbHOM €N, 3alyCKaeT CTPYKTYpHO-MOP(DOJIOTHYECKUE U
MeTabOIMUECKUe HapyUICHMs, BO3HMKAIOLUIME B pPE3YyJbTaTe TIUIIOKCUYECKOTO
Bo3aeiicTBus  (pakTopa. B pesyabrare 3TOro pasBuBalOTCA AUCTPOPHUUECKHE
U3MEHEHHUsI OPraHOB M TKaHEH, MPUBOJALINE B KOHEUHOM HUTOTE K (POPMHUPOBAHUIO
npodeccHoHaNBHBIX 3a00JIEBaHUI OPTaHOB AbIXaHus [4].

YuuThiBas ~ BaAXXHOCTh  OKUCIUTEIBHO-META0OJMYECKHX  IPOIECCOB B
GbopMHpPOBaHUM  MATOJOTMYECKUX  MPOILIECCOB, MX  JAOWIBHOCTb, BBICOKYIO
YYBCTBUTEIBHOCTb, @ TAK)KE 3HAUUTEJIbHBIE ITOCIEICTBUS ITPU UX NOBPEKIECHNUN, HAM
IPEICTABIIAECTCS MHTEPECHOW MX POJb B Pa3BUTUM NATOJOTMYECKHX H3MEHEHHUU Y
KUBOTHBIX IPU COYETAHHOM BO3JCHCTBUM MPEUMYILIECTBEHHO HAHOPa3MEPHON
YTOJIbHOU MBUIA U CyOJIETAIbHOW A03bI paauaiuu. [loaToMy 1enpio Haiieid paboThl
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OBbLIO M3Y4YEHHE POJIM CBOOOJHOPAAUKAIBHOIO OKUCICHHSI B TKaHAX HAANOYEUHUKOB,
MMMYHOKOMIIETEHTHBIX OpraHax M KJIETKaxX MNP KOMOMHUPOBAHHOM BO3/IEHCTBHUU
cyOJieTanbHON 7103l TaMMa-U3JIy4eHUsI U HAaHOPAa3MEPHOU YTOJIbHO-TIOPOIHON MbUIH
B DKCIIEPUMEHTE.

JIns peanuzaiuu MOCTaBICHHOW WLENW MpoBeAeHbl 4 cepun onbITOB Ha 40
oenbix kpbicax-camiax BecoMm 200-250 r. XKuBoTHble nenunuch Ha 4 Tpynnbl: |
rpynmna — uWHTakTHas, Il rpymnma — KpbIChl, HHTAIMPOBAHHBIE HAHOPA3MEPHOU
YTOJIBHO-IIOPOJIHOM MBUIBIO B CpeaHEN KOHIEHTpauuu 50 Mr/M° B TIBLICBOI Kamepe
exxenHeBHO (1o 4 yaca) B TeueHue 12 Henens, III rpynma monBepramach ramma
obnyyenuto B noze 6 I'p, u IV rpynma — KOMOMHMpPOBAHHOMY BO3JCHCTBUIO
YTOJIBHOM MBUTM ¥ TaMma o0iydeHuto. JlJis BOCIpOU3BEACHHS SKCIIEPUMEHTATBHOTO
aHTpPaKo3a y MOJOMBITHBIX KpPBIC HCIOJIb30BAIM CIEIUATBHYI0 HWHTAISLIHOHHYIO
3aTPaBOYHYIO KaMmepy.

Kusotusix III u IV rpynnsl obmydanu 3a 90 cyTOK 10 HCCieIOBaHUS Ha
pammoTepareBTHaeckoii ycranoBke TERAGAM Co® ommokparro mo 0,2 I'p. V
YKUBOTHBIX OIpPEAeIsiu MPOAYKThl MepekucHoro okucieHuss aunugos (I1IOJI) B
pa3NUYHBIX OpraHax M KkieTkax. s wuccrnegoBaHWsl BbIACIIN JTUMGOIUTH U3
nepudeprudeckoil KpOBU M TOTOBWJIM TOMOTEHAThl U3 MEUEHH, CEJIE3€HKH, THUMYCa,
AUM$paTHUYECKUX y3JI0B TOHKOTO KHUIIEYHUKA W HAAMOYEUHUKOB. B HUX ompenensin
coJiep>kaHre IUEHOBBIX KoHbioratoB (JIK) u manonoBoro nuanbneruga (MJIA).
[lonyueHHble pe3yJbTaThl HUCCIEIOBaHUS  00padaTHIBAIUCH  OOIIECTIPUHSITHIMU
METOJaMH BapHUallMOHHON CTaTUCTHUKU C BBIYUCIEHUEM KpUTEpUEB CTHIOJCHTA.

Kak mnoka3anu npoBEAEHHBIE UCCIEAOBAHUS TMPU BO3ACHUCTBHUM YaCTHUIL
yroiabHOM TbuTh KoHieHTpanus JIK yBenuuuBaercs B muMdonurax nepudepruieckoit
kpoBu ¢ 0,28+0,02 no 0,35+0,02 (p <0,05) u B Tumyce ¢ 0,48+0,04 no 1,02+0,14 (p
<0,05). ITocne obmydenus y ;kuBOTHbIX ypoBeHb JIK B muMdonurax KpoBu u TUMyce
He u3Mensuics (p >0,05). YV NoIONbITHRIX JKHUBOTHBIX IMOCJE MbUIE-PAAUAMOHHOTO
Bo3jeiicTBue KoHueHtpauus K B numdorurax nepudepuueckoit kpou 1,2 pasa
npesbimana (p <0,001), a B THMyce ocTaBajioch Ha YPOBHE KOHTPOJIBHBIX BEJIUYUH,
HO HaOJII0aIaCh HEKOTOPAast TSHICHIIMS K MOBBIIeHK0 Ha 8,33 % (p >0,05).

Konuenrpanus K B tumparnyeckux y3inax TOHKOIO KUIIEYHUKA Y KUBOTHBIX
II rpynmel, moABepraBIIMXCs 3anblieHnto, yBennuuBaiack ¢ 0,36+0,03 go 1,11+0,10
wii B 3,08 paza (p <0,001), a B IV rpymne g0 0,66+0,05 i B 1,83 pasza (p <0,001).
B romorenarax mi€4eHM Y 3albUICHHBIX UBOTHBIX OTMEUYEHO JOCTOBEPHOE
yBenuuenne JIK na 75,0 % (p <0,05), Torma kak npu BO3ACHCTBUU YTrOJIBHO-
paauaronHoro (akropa konmuectBo JIK yBemmuuiocs ¢ 0,68+0,05 no 0,8440,06
wiu Ha 23,52% (p <0,05). Bo BTOpo# 1 TpeThell rpynme co CTOPOHBI HAIMOYEUHUKOB
CYILIECTBEHHbIX M3MEHEHUI He HaOJI0Janock, a y )KUBOTHBIX [V rpymnmnel oTMedeHo
CHUKEHHE KOJIMYECTBA AUEHOBBIX KOHBIOTaToB B 2,41 paza (p <0,001). B cenezenke
BO BCeX rpymnmnax ypoBeHb JIK npakTrueckn octaBajicss Ha OJHOM YPOBHE.

BrisiBneHa 3HaunTeNnbHAs MHTEHCUBHOCTH IPOLECCOB JIMMONEPOKCUAAIMU B
UCCIeNyeMbIX 00beKTax ¢ nmomMoiibio MJIA y Kpbic, OJBEPraBIINXCS BO3ACHCTBUIO
HAHOPA3MEPHBIX YACTHI] YTOJbHOM MbLIM, FraMMa-paguanui U ux koMOuHauuu. [Ipu
BO3JICUCTBUM 4YaCTHUI[ YrOJIbHOM NbUIM B JUMQOIUTAX MNEepUPEPUUIECKON KpOBH

37



conepxxanne MJIA noseimanocs Ha 50,0 % (p <0,05). OTBeT Ha raMMa-U3JIy4eHHUE B
noze 0,2 I'p ypoBerb MJIA ocraBaiicst Ha ypOBHE KOHTPOJIbHOM Tpymiisl (p >0,05).

[Ipu BO3nMEWCTBUM YACTHUIl YrOJBHOM MBUIM B IOMOTE€HATe MEYEHU OTMEUYECHO
yBenuuenue ypoBHs MJIA nHa 38,46 % (p <0,05), npu KOMOMHMpPOBAHHOM
BozjeiictBun — Ha 69,23 % (p <0,01), Torma xak mpu HU30JIUPOBAHHOM JEHCTBUU
ramMma-pajivaliud — He3HaYuTeNbHOE yBeauueHue yposHs MJIA.

B ocranbHbIX Tpynmax SKMBOTHBIX BBISABIEHO CTAOMJIBLHOE TMOBBIIICHUE
comepkannss MJIA. Tak y KMBOTHBIX MpH BO3JICHCTBUU TOJIBKO HaHOpa3MEpPHOU
yroJdbHOM MbUTH KOHIEeHTparms MJIA B nmuM@aTtudeckux y3aax TOHKOTO KHIIIEYHUKA
nosbimanack Ha 60,0 % (p <0,05), mpu Bo3aelicTBUU ramma-uznydeHun — Ha 40,0%
(p <0,05), a mpu xomOuHUpoBaHHOM BozneicTBuu (IV rpynna) nogaumanacsk Ha 80 %
(p <0,05). B romorenate TuMyca HaOIIOAATIOCH yeuiieHue akTuBarmu mporieccoB [10J],
YTO BBIPAXKAIOCH B O0Jiee BHICOKOM cozepkannd MJIA 1o cpaBHEHHIO ¢ KOHTPOJIbHOM
rpynmnoil. Konnenrpamus MJIA Bo II rpynne yBenmmumnacs Ha 38,9 % (p <0,05), B III
rpyme —Ha 11,1 % (p >0,05), a B IV rpymme Bo3pocna Ha 61,1 % (p <0,01).

AHanoruyHasi JMHaAMHKa OTMEYajach U B TOMOI€HATE HaJIOYeYHUKOB: BO Il
rpynne yBenudena Ha 36,4 % (p <0,05), B III rpynne — na 13,6 % (p >0,05), B IV
rpynie — Ha 77,3 % (p <0,05). OxucauTenbHbIA CTpecC SBISETCS OJHUM M3 BaXKHBIX
MAaTOT€HETUYECKUX 3BEHbEB MHOTHX 3a0oJieBaHHM (B T. 4. U MpodhecCHOHATBHBIX),
IIPU KOTOPBIX aKTUBHBIE ()OPMBI KUCIOPO/Ia MPOSBIISIIOT CBOE TOKCUYECKOE JIEHCTBHE
B CBSI3U C UX MHTEHCUBHOM reéHepaluueldl U UCTOIEHHEM AHTHUOKCHIAHTHOW 3aILUTHI.
Jloka3aHO 3HAYEHHWE aKTUBALMUA OKUCIUTEIBHOTO METa00IM3Ma U HCTOLICHUS
cucteMbl AO3 B NaToreHe3e KOHUOTUYECKOIO0 BOCIHAJICHUS, PAHHETO Pa3BUTHS
ITHEBMOKOHHO3a U B IIOCTKOHTAaKTHOM Iiepuoze [5].

[IpoBeneHHble HaMHM HCCIEIOBAHUS BBISIBIIIM  AaKTHUBALMIO  IPOILIECCOB
MEPEKUCHOTO OKUCJIEHUE JIMMUAOB B OpraHax AKCIEPUMEHTAIbHBIX KMUBOTHBIX, UYTO
BBIPAKAJIOCh B JOCTOBEpHOM yBenmueHuu conepxkanus MJIA u /K. BreisiBieHHsie
U3MEHEHUS  CBHMJIETEIBCTBYIOT O  HajguMuuu  jAucOamaHca  OKCHUJAHTHO-
AHTUOKCUJIAHTHOM CHUCTEMbl B HMMYHOKOMIIETCGHTHBIX OpraHax Yy KpbIC,
MO/IBEPraBIIMXCS BO3JICUCTBHUIO PAJMAIIMOHHOIO U HEPAJIUALIMOHHOTO (DAaKTOPOB, IIPH
TOM CTaTHUCTHUYECKH 3HAUYMMO 0OJiee BBIPAKEHHOI'O Y XMBOTHBIX I1OJBEPraBIIIHe
KOMOMHHPOBAaHHOMY BO3JIEUCTBHIO ATUX (DAKTOPOB.

ABTOpaM  MpeACTABISIETCS HECOMHEHHOM  aKTyaJlbHOCTh  MPOAOJKEHUS
UCCJIEIOBAHUM, TMOCBAILIEHHBIX HW3YYEHUI0O KOMOWHHUPOBAHHOTO  BO3EHCTBUS
paaualMOHHBIX W HEPATUAIMOHHBIX (DAKTOPOB HAa OOIIECTBEHHOE 3/I0POBbE U
MIPOBEICHUE MEPOTPUSITHI MO JIMKBUIAIMN OTPULIATETBHBIX 3G (HEKTOB BO3ACHCTBUS
Ha HaceJICHHE.
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Yem Oosiee MIMPOKUM CTAHOBHUTCS BHEAPEHUE HAHOMATEPHAJIOB B PAa3IUYHBIC
cepbl MPOMBIIINIEHHOCTH, HAYKH W MEAHIIMHBI, TEM BBIIIIE BEPOATHOCTh TOTO, YTO
YeJIOBEK OKa3bIBaeTCs MOJ] KOMOMHHPOBAHHBIM BO3JEHCTBHEM ITHX MAaTEpUaloOB, a
TaM, I71e HAHOYAaCTUIIbl JaBHO O0Opa3yroTcsl Kak MOOOYHBIA MPOAYKT TOM WM WHOM
TE€XHOJOTMH, KOMOMHHMPOBAHHAs HKCIO3UIUS BO3HHUKAET IIOYTH HEU30EKHO.
TUNUYHBIM TPUMEPOM SIBISIOTCS HAHOYACTHIIBI OKCHAOB MHOTHUX METAIOB U
METAJUIONIOB, COCTABJIAIONINE CYIIECTBEHHYIO (paKLIUI0 UCHEPCHOIO COCTaBa
a’po3oiield  KOHJAEHCAIMM, OOpa3yIOIIMXCS TMpU  DJIEKTPOAYTOBOW  CBapke,
NUPOMETAITYPIMUECKUX U HEKOTOPhIX XUMHUYECKHX TEXHOJOTHUSX, HapsAdy Kak C
MUKPOMETPOBBIMU YaCTUIAMH, TaK W C 4YacTHLIAMHU CYOMHUKpPOHHBIX pa3MepoB,
MPEBBIIAONINX YCIOBHYIO BEPXHIOIO IPAHMILY HAHOMETPOBOTO nuarna3ona (100 am).
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Takue a’3p0305i1 UMEIOT pa3HbIi (B 3aBUCUMOCTH OT KOHKPETHOT'O TEXHOJIOTUYECKOTO
mpoliecca, €ro CTaJud, COCTaBa BBIIIABISEMBIX WM CBApPUBAEMbBIX CIUIABOB,
CBapOYHBIX JJIEKTPOJOB W T.I.), HO, KaK MpPaBWJIO, MHOTOKOMIIOHEHTHBIN
XUMHYecknii coctaB. OIHAaKO JUTEpaTypHbIE JaHHBIE O 3aKOHOMEPHOCTSX
KOMOMHUPOBAaHHOM  TOKCUYHOCTH  METAJUICOJAEP)KAIMX  HAHOYACTHI[  KpailHe
MaJIOYMCIICHHBI.

B cepuu cydoxporndeckux (ImyTéM MOBTOPHBIX BHYTPUOPIOIIMHHBIX UHBHEKIIHN)
U OCTPBIX (IMMyTEM OJIHOKPATHOW MHTpATpaxeaabHONM MHCTUIUISIMU) SKCIIEPUMEHTOB
Ha KpbICaX MBI COIMOCTaBWIM TOKCUYHOCTH HaHodactuil NiO, Mn3O,4 CuO, PbO wu
ZnO 1npw JOCWCTBUM H30JMPOBAHHO, B Pa3IUYHBIX OWHAPHBIX W B  OJHOM
tpéxdakroprori (CuO, PbO, ZnO) komOunanmu. Tokcuueckue IPGEKTHI
OIICHUBAJIUCh MO0  OONBIIOMY  YHCTYy  (PYHKIMOHAIBHBIX, OHOXUMHUYECKUX,
MOP(POMETPUYECKUX U TOKCUKOKMHETHMYECKHX KpHUTepueB. MaTemaTuyeckoe
MOJICIUPOBAaHUE  KOMOWHUPOBAHHOTO  JIEWCTBHS ~ Ha  0aze  MOJIy4yaeMbIX
OKCMIEPUMEHTAIBHBIX JTaHHBIX OCYIIECTBISIIOCH C TOMOINBIO H3000JI0TpaMM  Ha
OCHOBE IOCTPOCHHUs oBepxHOocTH oTKiInKa (Response Surface Methodology).

[lokazaHo, 4TO OCHOBHBIE 3aKOHOMEPHOCTH KOMOWHUPOBAHHOIO JEUCTBUSA
TOKCUYHBIX METaJUIOB B (DOpME HAHOUYACTHUI[ UX OKCUJIOB SIBJISIOTCS MPUHITAITAATIEHO
TEMH K€, 4TO U JUIs JAEUCTBHSI MX PACTBOPHMBIX COJIEH, U3YYEHHOI'0O HaMHU paHee.
[Tpu >TOM KOMOMHHMpOBaHHasE TOKCHMYHOCTh OJHOW M TOH K€ Mapbl HAHOYACTHUIL
TUTOJIOTUYECKH HE OJHO3HAYHA, a 3aBUCHUT OT TOro, mo kakoMy 3¢ddekty oHa
OLICHMBAETCA, W OT JI0303aBUCUMOIo ypoBHs 3Toro s3ddekra. Ilpucoeannenue
TPETHEr0 KOMIIOHEHTA MOKET B Ty WJIM MHYIO CTOPOHY CYIIIECTBEHHO W3MEHUTH THII
KOMOWHUPOBAaHHOM TOKCHUYHOCTH JBYX JPYTUX, Jefasg €€ PUCK BBIIIC WU HUXKE
0KHJJaEMOTO.
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AKTyaJIbHOCTh OMOJIOTUYECKOTO U OMOMEIUIIMHCKOTO  HU3YYCHHS
CYOMUKPOHHBIX ¥ HAHOPA3MEPHBIX adpP030Jiel onpeaensercs: (a) uX MOTeHIINATbHON
TOKCUYHOCTBIO, (0) BO3MOKHOCTBIO CO3/IaHUS HOBBIX JAMATHOCTUYECKHUX MapKEPOB,
(B) mepcneKkTHUBaMU TMPUMEHEHHMsS] B KaueCTBE CPEACTB aJpECHOM JOCTaBKU
TEpareBTUYECKNX areHTOB.

Jnst  u3ydeHuss JOUHAMUKH ~ BHYTPHUMO3TOBOTO  HAKOTUICHWSI/BHIBEICHUS
Hanouacturr (HY), koropple wuWHTpaHA3adbHO AIUTMIIUPOBAIA MBIIIAM, OBUIH
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UCIOJB30BaHbl MarHuto-koHtpactHele HY Mn,O;, nerexktupyemble  METOIOM
MarHuTHo-pe3oHaHcHoi Tomorpaduu (MPT). Kuneruueckue pacyeTbl Ha OCHOBE
KyMYJSTUBHBIX (yHKUMN pacnpeneneHusi BeiiOyna mnokasany, 4YTO JWHAMHUKA
HakoruieHus: U BeiBeAeHns HY omnpenensrorcs pasHeiMu mponeccamu. lIpu stom
BpEMsI TOCTMKEHUSI MAKCUMYMa BapbUPOBAJIO ISl CTPYKTYp Mo3ra oT 12 no 170 u u
IIOJIOKUTENIBHO KOPPEIUPOBAIO C YUCIOM CHHAIITUYECKUX Iepelay, 4Yepe3 KOTOphIe
npoxoaunu HY. DiekTpoHHAass MUKPOCKOINUS TKAHU MO3ra, B3SITOM y MBIIIEH OCIE
MHTPaHA3aJIbHOTO BBEJIEHUSI 00JIaJalONINX BBICOKOM 3JEKTpOHHOU IuioTHocThio HY
OKCHJA IUIATUHBI, MO3BOJWJIA JOKa3aTh, YTO IMpU TakoMm crocode BBenenus HY
HAKaIUIMBAIOTCA MCKIIOYMTEIBHO BO BHYTPUKIETOYHOM MPOCTPAHCTBE. ITOT
pe3ynbTaT CTaBUT BOMPOC O B3aumonaencTBu HY ¢ BHYTPUKIETOUHBIMU OEJIKaMHU.
[TporeomubIli aHanu3 OenkoB, oOoram@aeMblXx HOPU HHKYyOalMK LMTOIUIA3Mbl C
paznuunaeiMu HY, mokasai, 4To K HUM OTHOCSITCS BHYTPEHHE J1€30praHM30BaHHBIE
IPOTEUHBI, KOTOpPbIE, KaK M3BECTHO, YYAaCTBYIOT B (DOPMHUPOBAHHM CTpECC-TpaHyJ,
IPOBOLIMPYIOUIUX HEUPOAereHepaTUBHbIE 3a00JIEBAHMS.

[ToTeHIIMaIbHY0 OIACHOCTh, CBSI3aHHYI C TnoctyrieHneM HY B mo3sr,
YaCTUYHO, KOMIICHCUPYET KOHI'PYOHTHOCTb HEOJMHAKOBOIO OCAXIECHUsS MU 3axBaTa
HY na moBepxuocTu obonsatensHOro 3murenus (03). OxoHUaHus O0OOHSTEIbHBIX
perenTopoB B Jop3asibHOM otTaene 0D, KOTOphI MOABEpraeTcs HaMOOIbIICH
«oombapaupoBke» HY, xapakTepus3yrOTCS MEHBIIEH CHOCOOHOCTBIO K 3aXBaTy
HAaHOPA3MEPHBIX OOBEKTOB MO CPABHEHUIO C BEHTpaidbHbIM oTAesroM OD. Eme Oonee
s exTrBHAS a’poauHaMHuUecKas 3amura Mo3ra or HY Obuta BhIsIBIEHA TIpH
CPaBHEHUU MBbIIIE UM POIIIUX I[OYBY TMEPEeIHUMU 3y0aMU OOBIKHOBEHHBIX
CJICIIYLIOHOK. Y MOCIeOHUX 4ncio ocaxkaeHHbIX HY Ha equnuiy nosepxHoctu OO
ObLIO B 6 pa3 MEHbLIE, YEM Y MBbIILIEH.

[ToTeHmanbHble HEWPOOUOIOTMYECKNE PUCKU B3aUMOJICUCTBUS OpraHu3Ma C
HAaHOPa3MEPHBIMHU a’PO30JIIMU HE OTPAHUYMBAIOTCS UX HAKOIUIEHHEM B CTPYKTYypax
Mo3ra. B skcmepuMeHTax Ha Mblmax Obulo ycTaHOBiIEHO, uro HY HeEKOoTOpbIX
OKCHJIOB METaJIOB, O0JIafjatoliie CBOMCTBAMU MPOTOHHBIX TI'yOOK, BBI3BIBAIOT
najeHue TeMIeparypbl Teina Ha 5-6°C B mepBble MOATOpAa 4Yaca IOCHE
VHTPAHA3IbHOM aNIuIMKauuu. MexXaHu3M THIHOTEPMUYECKOrO JACHMCTBUS CBA3aH C
3aKUCJIIEHUEM BHYTPHUKJIETOYHON Cpeabl KIETOK OOOHSTENbHOIO JMIUTENHS, YTO
MIPUBOJUT K KACKaJy peaKUUid, U'TOTOM KOTOPBIX SIBJIIETCS CHUKEHNUE YCTAaHOBOYHOM
TOYKH B LEHTPE TEPMOPETYJISALMH.

Takum obpazom, ocaxxaenue HY B HOCOBOII MONOCTH AaeT HAYAJIO KOMIUIEKCY
HEHPOOMOIOrMYECKUX TMPOILIECCOB, Ybsl IMATOT€HETWYecKas 3HAUYUMOCTh TpeOyer
JETaJIbHOIO0 M3YYEHUs, B TOM YHUCJIE U C MCIOJIB30BAHUEM TI'E€HETUYECKUX JIMHUN
JKABOTHBIX, MPEAPACHOJIOKEHHBIX K HEUPOJAEr€HEPATUBHBIM MATOJIOTHSIM, YacTOTa
KOTOpBIX, Kak CIeAyeT U3 TOKCHUKOJIOIMUECKUX pPa0dOT, MpsIMO 3aBUCUT OT
COJZIEpKaHMs B BO3yX€ HAHOPA3MEPHBIX adpPO30JIEH.
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VJIK 615.9

O TMIPUHIIATIAX ¥ CIOCOBAX MMOBLIIIEHAS
PE3UCTEHTHOCTHU OPTAHU3MA K BPEJHBIM D®DEKTAM
METAJICOJAEPKAIIIMX HAHOYACTHUI]

IIpuBasioBa Jl. I/I.l, Kanneanscon b. A.l, I'ypsuu B. B.l, Munuraaunesa . A
CyrynkoBa M. ., I'puropsesa E. B.', Maxkees O. T'.?,
Banamuna U. E.Z, Hlyp B. 51.3, [umkuna E. B.?

'OoBVH «Examepunbypeckuti MeOuyuHCKUuti-Hay4Holil yeHmp npouiaKkmuxu U OXpaHvl 300p06bs
pabouux npomnpeonpusamuiiy Pocnompebnaosopa,
Examepunbype, Poccus
2@I'BOY BO Ypanvckuii cocyoapcmeennviii meouyunckutl ynusepcumem, Munzopaea Poccuu
Examepunbype, Poccus
3Ypaﬂbc1<uﬁ YeHmp KonleKmueHo2o nonvzosanus « CospemenHvle HaHOMEXHOLO2ULY,

DI'AOY BO «¥Ypanvckuii ghedepanvhuiii yHusepcumem

umenu nepsozo Ilpesuoenma Poccuu b.H. Envyunay,
Examepunbype, Poccus

E-mail: privalova@ymrc.ru

Bricokuii ypoBeHb OMOTOTHYECKON arpeCCUBHOCTH MHOTHX METANIMYECKUX U
METaJI0-OKCUIHBIX HAHOYACTUIl TPEOYeT HE TOJBKO CHMIKEHUS SKCIO3UIUU K HHM,
HACKOJBKO 2TO TEXHHWYECKH BO3MOJKHO, HO M IIOMCKa CHOCOOOB OHMOJOTHYECKOU
npodUIAKTUKH, 1OJ] KOTOPOM Mbl IOHWMAEM MOBBIINICHUE YCTOMUUBOCTH OpraHHU3Ma
K JICUCTBUIO BPEIHBIX (PAKTOPOB CPebl OOUTAHMS U YCIOBHM TPy a.

[Ipu cyOXpOHMYECKMX HMHTOKCHKAIIUAX KPBIC, BBI3BAHHBIX IOBTOPHBIM
BHYTPHOPIOIMIMHHBIM BBEJICHHEM HAHOYACTHI] cepedpa, OKCHaa Meau, KOMOMHAINH
OKCHJIOB HUKEJIS U MapraHiia, KOMOMHAIIMY OKCUJIOB CBHHIIA, MEIA U IIMHKA, & TAKXKE
Py OJHOKPATHOM HHTpATpaxeaJbHOM BBEJCHUU IMEPESUMCICHHBIX KOMOWHAIIMA MBI
MOKa3aJid, 4To Ha (GoHe MpuéMa KOMIUIEKCOB HEKOTOPBIX OMOJOTHYECKH aKTHBHBIX
BEIIECTB B OE3BPENHBIX J103aX MECTHAas M CHCTEMHAas TOKCHYHOCTh TaKHUX
HAHOYACTHUII, BKJIFOYAs UX T€HOTOKCUYHOCTh, MOTYT OBITh CYIIIECTBEHHO OCIa0JICHBI.
CocTaB 3TUX KOMIUIEKCOB 00OCHOBBIBAETCSI TEOPETUUECKH U C YIETOM HAKOTUICHHOTO
OTBITa AHAJIOTUYHBIX OKCIIEPUMEHTOB C TOKCHUYHBIMH METalNTaMd B HMOHHO-
MOJIEKYJISIpHOM hopme.

MHOTroJeTHUIT TOJOKUTENbHBIN OIBIT OpPraHU3allid BHayaje BBIOOPOYHBIX
(KOHTPONHMPYEMBIX), a 3aTe€M IIUPOKUX KYpPCOB OHOJOTUYECKON MPOPHIAKTHKA
HEOMAronpusATHBIX 3PPEKTOB APYTUX BPEAHBIX SKCHO3UIMNA (MpodeccroHaTbHBIX
WIM DKOJIOTHYECKH OOYCJIOBJICHHBIX) TIO3BOJISIET OXKHIATh, YTO 3TOT HMHCTPYMEHT
CHIDKCHHS PHUCKAa, MOXKET OBITh, OCYIIECTBHM M TIOJIG3CH Takke B cdepe
HAHOTEXHOJIOTHUM.

Cnoco6bl  OmonpodUIakTUKK BpeIHbIX 3PGHEKTOB JEHCTBUS HAHOYACTHUIL
cepeOpa, OKCHIAa MEIM M KOMOWHAIIMKM OKCHJIOB HHUKEIS W MapraHila Mpu3HaHbI
M300pEeTeHUSIMU U 3alUIeHbI TaTeHTaMu Poccuiickoii @enepammm.
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YAK 615916

UCCJIEAOBAHUE MUTOTOKCUYECKOTO IMPO®UJISI HAHOYACTHI]
OKCHJIA MAPTAHIIA (11, IIT) T OKCHUJIA HUKEJIS (IT) HA KYJBTYPE
®UBPOBJACTOB YEJIOBEKA

Mpomenko JI. A.', Jopodeena H. B."?, Illam6aTos M. A.",
Meaexun B. B.l, Makees O. I'..

'\®IrBOY BO « Ypanvckuii 2ocyoapcmeennblit MEOUYUHCKULL YHUBEPCUMEN »
Munucmepcmea 30pasooxparenus PO,
Examepunbype, Poccus
2QIr40Y BO «Ypanvckuil ghedepanvhwiil yHugepcumem umeHu
nepeoeo Ilpezuoenma Poccuu b. H. Enbyunay,
Examepunbype, Poccus
E-mail: dorofeeva.nadin@gmail.com

HecmoTps Ha TO, YTO HAHOYACTHUIIBI B MUPE YK€ UCTOJIb3ytoTes Oosiee 10 jer,
HU OJIMH BWJI YacCTHIl HE ObLI M3yYeH Ha 0€30MaCHOCTh B MOJTHOM oO0beMme. B cBs3u ¢
ATUM, a TakKe HENPUMEHHMOCThIO TPATUIMOHHOTO TOAXOJa JJIS  OIEHKHU
TOKCUYHOCTH, BEAYIIHNE MEXTYHApOIHbIC OpraHu3aluu PEKOMEHIYIOT
UCIIOJIb30BaHUE KJIETOUYHBIX KYJbTYp YEJIIOBEKAa MJI1 HCCIEAOBaHUS TOKCUYHOCTH
HaHovacTwIl in Vvitro [1].

Marepuaabsl u MeToabl. B pabore ObLIM HCHOIB30BaHBI  JIMHUU
KYJbTUBUPYEMBIX (uOpoOIacToB uenoBeka, 4-7 maccax. KileTku KylnbTUBUpPOBAIU
110 OPUTHHAJIBHOM MeTOUKE [2].

JIist oCTpoeHUsT KpUBOW POCTa MHTAKTHBIX (PuOpoOIacTOB yepe3 3 CyToK
MPOU3BEAEH MOJCYET KOJIMUECTBA KJIETOK C MOMOIILI0 Kamephl Dykca-Po3eHrtas.
[ToBTOpHBIN OTOOP 0O0PA3IIOB MPOUZBOIMIICS KaKIAbIE 3 AHSL.

Jns  aHanmy3a  BO3MOXKHOTO — IIUTOTOKCHYECKOTO 3(¢deKkTa HaHOYACTHIL
muamerpoMm 30-60 HM, TOJIy4eHHBIE METOJOM Ja3epHOM aOJSIUU B YPalbCKOM
[leHTpe KOJJIEKTUBHOTO IMOJib30BaHUA «COBpEMEHHbIC HAHOTEXHOJOTUN» YPDYVY,
ObLT Mpou3BeNEH MOceB KIeTOK. Ha 9 CyTkM BHOCWIIM CYCHEH3WIO HAHOYACTHI[ B
kounentparuu 0,01, 0,05 u 0,1 Mr/mMi u KJIETKH HHKYOUPOBAIH CO CMEHOU CPENbl
MOACYETOM KOJIMUECTBA KJIETOK Kaxkaple 3 nHA. [1o mojgydeHHBIM JaHHBIM CTPOWIIU
KPUBBIE «KOJIMYECTBO KJIETOK / THU KYJIbTUBUPOBAHM» B CPABHEHUHU C KPUBOW pOCTa
WHTaKTHBIX (UOPOOIACTOB.

N3meHennss B MHUTOXOHIPHAIBHOW aAKTMBHOCTH KIJIETOK IIOCJIE€ ObUIH
ompeneseHsl ¢ ucnons3oBanueM MTT-meromga. MTT Tect mnpoBomawin 1o
cTaHjgapTHON metoauke [3] ¢ ucmonb3oBaHueM Tect — cucteMbl TOXI1 (Sigma
Aldrich) B cOOTBETCTBUU ¢ PEKOMEHIAIUSIMHU MPOU3BOAUTENS.

43


mailto:dorofeeva.nadin@gmail.com

OueHKy pe3yJbTaTOB TecTa TMPOBOAWIM MYTEM OIpeAesieHus HWHICKCca
utotokcuaHocty (1C) mo popmye:

Ollo

.ft:=(1—ﬁ

) X 100% [7],

I'ne:

OIl, — onrTryeckas II0THOCTh PacTBOPA KOHTPOJILHOM T'PYIIIIHEI,

OIl, — onTuyeckas MIOTHOCTh PacTBOpPa OMBITHOM I'pynmbl. MHIEKC MUTOTOK-
CUYHOCTH — 3TO MOKa3aTe)ib MHTMOUPOBAHUS, KOTOPBIM pacCUUTHIBACTCS KaK MPOIEHT
HEKHU3HECIIOCOOHBIX KJIETOK B KYJIBTYDE.

Uepes 12 cyrok mociie Hayajga SKCIEPUMEHTAa TPOBETHU MOPEOIOrHIECKOe
WCCIICIOBAHUE KJIETOK IIOCJIE BBEICHUSA HAHOYACTUI C MPEABAPUTEIbHBIM
OKpAIlIMBAHUEM MO METOAY PoMaHOBCKOrO.

JInsg  OLEHKM 3HAYMMOCTH PpA3IUUMA  MEXIy TpylnmnaMd HCIOJIb30BaIN
kputepuii Manna — Yurtnu. [Ipu BepostHocTu ommOku p <0,05 pazauuus Mexmy
CPEIHUMU 3HAYCHUSIMU CUUTAIIMCh JOCTOBEPHBIMU.

Pe3ysabTaThl U UX 00cyxaeHue. V3 nosy4eHHbIX JaHHBIX CIEAYET, YTO MOCTE
BBEJICHUS CYCIEH3MM HAHOYACTHUI[ OKCHJa MapraHia B konmeHTparuu 0,01 mr/mmn
yXk€ Ha 3-U CYTKH NPOM3OILIO CHUKEHHE KOJIMYECTBA KJIETOK MO CPABHEHUIO C
KOHTpoJIeM. 3HauuMoe IIaJICHUe 4YKClIa KJIETOK HaOIIoAaIoch TOCIE BBEICHHS
CyCIeH3WMM  HaHouacTul] B  KoHueHTpamuu 0,05 wmr/min.  Haubombiryro
IIUTOTOKCHYHOCTh TIPOSBUIM HAHOYACTUIIBI MapraHmna B KoHIeHTparuu 0,1 mr/mi.
Ha 6-e cyTku 4ncio KJIE€TOK COKpAaTUiIoch B 2,5-4 pasa, 4To, NO-BUAUMOMY, CBSI3aHO C
npeobJiajlaHieM TIPOIECCOB aloITo3a W HEKpo3a HaJ MpolieccaMd  MHTO3a.
Habmronanucy equHUYHbIE TPUKPEIIEHHBIC KJICTKH ¢ CHJIBHO BaKyOJIM3UPOBAHHOMU
nuToriazMoil. Ha 9-e cyTku KysabTypa MOTHOCTBIO Moruodiia (pucyHok 1).
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JIHHE KVILTHBHEDOBAHAA

Pucynox 1. Knerounast mioTHOCTh KyJIbTYphI hrbpobdIacToB
TocJie BBEJCHHSI HAHOYACTHUI] OKCHJIa MapraHiia
* - pasiauuus ¢ KOHTpoJieM joctoBepHo (p<0,05)
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ITocne BBeeHUsT CYCIIEH3UMM HaHOYACTUI] HUKeNs B KoHIeHTpanusax 0,01, 0,05
u 0,1 mr/mn HaOmonaeTcss yMEHbIIEHUE KOJIMYECTBA KJIETOK YK€ Ha 3-U CYTKH
sKcriepuMenTa. HanbompIyto UTOTOKCUYHOCTDh MPOSIBUIM HAHOYACTHUIIBI HUKETS B
koHueHtpauu 0,1 mr/mn. Ha 6-e cyTku 4ucio KJIETOK YMEHBIIWIOCH B 4-5 pa3 1o
CPaBHEHMIO C KOHTPOJIEM U KYJbTYpPbI IIOJHOCTBIO TOTUOIN (PUCYHOK 2).
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JIHA KyJIbTHBHPOBAHHASA

Pucynok 2. Knerounas mioTHOCTh KylbTypbl GuOpoOIacTOB
1OCJIe BBEJICHUSI HAHOYACTHIl OKCH/IA HUKEIIS
* - pa3nuuus ¢ KOHTposieM JoctoBepHo (p<0,05)

[To nanapiM MTT — Tecta 60abIITHN TUTOTOKCHYECKUH d(PGHEKT Ha KIETOUYHYIO
KyJIbTYpy (puOp0OOIACTOB UeIOBEKa OKa3allo J0OABICHNE HAHOYACTHUIl OKCHJIa HUKEJIS
(Il) mo cpaBHeHMIO ¢ Jmo0OaBiIeHWeM HaHodacTHil okcuja mapranma (I, I1I), gro
MPOSIBUIIOCH B BUJI€ CHUKEHUSI MUTOXOHIPUAIbHOM aKTUBHOCTU (PUCYHOK 3).
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Pucynox 3. I'paduk 3aBucumoctu |C 0T KOHIICHTpauM HAHO YACTHII
MoJIy4YeHHbIU ¢ moMoltnbo MTT-Tecra
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N3 nomydeHHBIX pe3yibTaTOB CIIEAYET, YTO JIEUCTBUE TECTHUPYEMBIX THUIIOB
HAHOYACTHI] COIPSDKEHO C MHTMOMPOBAHUEM MHUTOXOHIPUAIBHBIX AETUAPOTEHA3, B
T.4. NADH-nmernaporenaspl, KoTopas HWrpaer KIIOUYEBYIO pOJb B IMpOLECCaX
KJIETOYHOT'O JIbIXaHUS U OKUCITUTENBHOTO (oCcODOpHIMPOBAHUSI.

Ha ocHoBanuu wmopdosnornyeckoro anaiansa ObLIO YCTAHOBJIEHO, YTO
HAHOYACTHIIBl 00JIaJalOT BBICOKOM TOKCHUYHOCTBIO, CIOCOOHBI TPOHUKATh 4Yepes
KJIETOYHble Oapbhepbl, TOKCMYHOCTh HAHOYACTHUI[ oOmpenensercs ux (opMor u
pa3MepaMiu, POCISKUBAETCS BRIPAKEHHBIN 10303aBUCUMBII 3(DPEKT.

BuiBoabI

1. HanouacTtuiiel Mapradmna 1 Hukens B koHmneHtparusax 0,01, 0,05 u 0,1mr/mn
00J1a1a10T BBIPAXKEHHON TUTOTOKCUYHOCTBIO.

2. HauOonpllyl0 LUTOTOKCHUYHOCTb NPOSBUIM HAHOYACTUIBl HUKEIS B
koHneHTparuu 0,1 Mr/mi.

3. C yBenuueHHeM KOHIEHTPAlMy HAaHOYACTHI] OKCHUJIa MapraHiia U HUKeJIs, 1o
CPaBHEHUIO C KOHTPOJIbHOM TpyNmou, yckopsiercs mpouecc IudPepeHIrnpoBKU
budpobdiactruueckoro auddepona ¢ mociaeayromen nx ruoebo.
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B Hacrosimmee Bpemsi CyHIECTBYET MIMPOKHM ACCOPTHUMEHT JIEKAPCTBEHHBIX
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Ho paspaborka HOBbIX, Oonee »dPdexkTuBHBIX U OE30MaCHBIX MpernapaToB
(JIekapCTBEHHBIX CPEJICTB, U3/ICTUN MEIUIIMHCKOTO Ha3HAYCHHSI) BEChMa aKTyaJlbHa.

TpeboBanust k 0€30MaCHOCTH M KayecTBY pa3padaThIBAEMbIX IPErapaToB
YCTaHABIMBAIOTCA Ha JTamax HX pa3paOdOTKH, MPOU3BOACTBA C MPUMEHEHHEM
MaTepHaioB, COOTBETCTBYIOLIUX TPeOOBaHUSIM MeauIMHbL. TpeOoBaHUs K KaueCTBY
OIICHUBAIOTCSI 10 HOPMaM, PErJIaAMEHTUPYEMbIM CTaHJIAPTaMU WIH TEXHUYECKUM
YCIOBUSIM.

be3onacHoCcTh MpUMEHEHUsT ONpeeNsieTcss OTCYTCTBUEM CIIEAYIOLIUX BPEIHbIX
(dakTOpoB: TpaBMAaTHYECKOTO BO3JICHCTBUS HA OpraHu3M (MEXaHHYECKOTO,
TEIUIOBOTO, XUMHUYECKOTO U JIp.); BBIICICHUS BPEAHBIX JJIsi OpraHHM3Ma BEIIECTB, B
TOM YHCJI€ TOKCUYECKHUX, AIJIEPTHMYECKUX, KAHIIEPOI€HHBIX, MYTareHHbIX U T. II.;
cnenupuueckux MoOOYHbIX d3(PPEKTOB U NPOTHUBOIMOKA3aHUM, CBA3aHHBIX C
OCOOEHHOCTSIMU CBOICTB KOHKPETHBIX JIEKApCTB; JIEKAPCTBEHHON 3aBUCUMOCTH,
CHUHJIPOMAa OTMEHBI JIEKAPCTBEHHOT'O CPE/ICTRA.

Bompocsl  skonormdeckoil  0€30MacHOCTH  JEKapCcTB WM U3JENui
paccMaTpuBalOTCsl TMpPU HUX HU3TOTOBJICHUHM, TPAHCIOPTUPOBAHUM, XPAHEHUH,
nepepaboTke, NOTPeOICHUH U YTUITU3ALUH.

B UucrutyTe mpobaem nepepadotku yriaeBomoponoB CO PAH pazpaboranbl
TEXHOJOTMYECKHE TMOAXOAbl K IIeJICHANPABICHHOMY CHHTE3y HOBOrO Kjacca
MOPUCTBIX  YIJIEPOJ-YTJIEPOIHBIX MaTepUajoB HAa OCHOBE HAHOTJIOOYJISPHOTO
nucrepcHoro yriepoja (auamerp udactuiy 40-60 HM) u Ha ux 0aze COpOEHTOB
MEJUIMHCKOIO Ha3HAYeHUs: TeMOCOpOeHTa YIJIEPOJHOr0 B (DU3MOIOTMYECKOM
pactBope crepusibHoro BHUUTY-1 u sntepocopbenta yriaepoagnoro BHUUTY-2.
CuHTe3 OCHOBaH Ha JBYXCTaJAMMHOM I[IE€pPEXO/€ YIiepojJa B HAHOAMCIIEPCHBIE
YIIAEPOAHbBIE YaCTUIBI U TUPOYTIIEPO/I.

K copGeHTam MeIUIIMHCKOTO ¥ BETEpUHAPHOTO Ha3HAYCHHUSI, HEMTOCPEACTBEHHO
KOHTaKTHUPYIOIUM C OHMOJOTMYECKON KHUIAKOCTHIO OpraHu3Ma, MpEeabsIBISIOTCS
ocoOble TpeOOBaHUS K KauyeCTBY: BBICOKAsl CTENEHb XUMHUYECKOW YHUCTOTHI,
MUHUMAJIBHOE COJIEp)KaHUE TPUMECEH, HETOKCHUYHOCTb, OOJblIas MeXaHW4yecKas
IPOYHOCTh U TJIaJKHI penbed MOBEPXHOCTH TPaHyll, OTCYTCTBHUE MbLICOOPa30BaHUs
(BBIOCNICHUS YIBTPAIMCIEPCHBIX YaCTHUI), BBICOKAs COPOLMOHHAs €MKOCTb IIO
OTHOIICHHUIO K yAaJsieMbIM BEIIECTBAM, OMOCOBMECTHMOCTh M JAp. PaspaboranHbie
MaTepualibl Ha OCHOBE HAHOTJIOOYJISIPHOTO yriepoia SBISIIOTCA O€30MacHBIMH U
3 PEKTUBHBIMHU.

B  Hacrosmee Bpems  akTyalbHOM  3aJadyed  sBJISETCS  CO3JIaHUE
ouocnenupuueckux COpOEHTOB C IMOBBIIMICHHON aJCOPOLMOHHONW AKTUBHOCTHIO MO
OTHOIICHUIO K TOKCHYECKUM BEIIECTBaM, B TOM 4YHCJIE OCIKOBOW MPUPOIBI,
HAKAIUIMBAIOUIUXCSI ~ TPU  OMNpENENeHHBIX  3a0oieBaHUsX  (OHKOJIOTMYECKHE,
UMMYHHBbIE, HWH(PEKIHOHHbIE W Jp.). OTO JOCTUTAeTCd IMyTeM XUMHUYECKOIO
MOAUGUITUPOBAHUS  YTJIIEPOJHOM  TOBEPXHOCTH  OPTaHWMYECKHMMH  KHUCIOTaMH,
depmentamu, Oenxkamu u Ap. HauOonpmmii mHTEepec mnsi MoauUIIMPOBAHUS
YIIACPOAHON TOBEPXHOCTH TMPEACTABISIOT OPraHMYECKHE BEIIECTBA, MMEIOIINE B
CBOEH CTPYKType a30T- M KHUCIOPOJCOAEpKalke Trpynmnbl (KapOOKCUIILHEIE,
aMUJHbIe, AMUHHBIC U T. [I.).
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VYrinepoanble  COpOEHTBI  SIBIISIIOTCS  MEPCIEKTHUBHBIMH  MarepuaiamMu
(HocuTensiMu) JUIT  MOAU(MUIIMPOBAHUSA C LEIbI0 pa3pabOTKHM W MOJy4YEHUS
JIEKapCTBEHHBIX CPEICTB, Kak IS MEAUIMHB, TaK W [JI1 BETCPUHAPUHU.
Pazpaborannsie B UIIITY CO PAH wmeromsl xumudeckod (yHKIIMOHATU3ALUU
MOBEPXHOCTU  YIJIEPOAHBIX  COPOEHTOB  KHUCJIOPOI- U a30TCOJEp KallluMHU
MoAU(pUKATOPAMU  MO3BOJIAIOT  MOJYYUTh  IIMPOKHM  CIEeKTp  A((PEKTUBHBIX
COPOIIMOHHBIX MaTEpUaOB I MEIUIMHBI, W30UpaATEIbHO  MOTJIOIIAFOIINX
MATOJIOTHYECKUE COCTUHEHHS OETKOBOW MPUPO/IBI (MPOBOCTAIIUTENBHBIC ITUTOKUHEI,
BUPYCHBIE YaCTHUIIbI T€aTUTOB, IPOAYKThI BUPYCOB U OaKTEpHil U T.1.).

Jns  BerepuHapuu Haubojee TMEpPCHEeKTUBHBIMU MPEJCTABISIIOT  COOO0M
pa3pabOTKU YIIEpOAHBIX DHTEPOCOPOECHTOB KOMIUIEKCHOTO JIEUCTBUS, COAEpKaIIUe
OMOJIOTUYECKH aKTUBHBIE BellecTBa. JlelicTBHE TakuxX TMpenapaToB MO3BOJIMT
MPOBOJIUTh KOPPEKIMIO PA3IUYHBIX MATOJIOTH WMMYHHOM CHCTEMBbI, OOMEHa
BEIIECTB  JKEIYJOYHO-KUIIEYHOTO  TpakTa, TMOBBICUTh  €CTECTBEHHYID U
Cnenu(PUYECKy0  PE3UCTEHTHOCTb  OpraHu3Ma, CTUMYJHpPOBaTh  POCT W
MPOJYKTUBHOCTD KUBOTHBIX U NITHUII.

OnHO Y3 HampaBlICHUM HCCIENOBAHUM, Pa3BUBAEMBIX B IOCJIEIHHUE TOJbI B
UIIITY CO PAH - cunte3 ¢GOPMOBAHHBIX YTIAEPOIHBIX COPOEHTOB  JUIS
ANTUTMKAITMOHHOW MEAWIIMHBI, MCCIEAOBaHNE WX (PUBUKO-XUMHUYECKUX M MEIHKO-
OMOJIOTHYECKUX CBOMCTB.

Pazpabortannsie B UIIITY CO PAH yraepomnbsie copOUMOHHBIE MaTepUabl
IIAPOKO TPUMEHSIOTCS B MEIUIMHCKOM W BETEPUHAPHOW MpakTuke. B moknane
OyIoyT TpeACTaBiCHbl OCHOBHBIC HAINpaBIEHUS IO pa3pabOTKe YriIepoIHBIX
COpOCHTOB MEIUIIMHCKOTO W BETEPUHAPHOTO HA3HAYCHUS, PE3yJIbTAaThl (PU3MKO-
XUMHYECKUX M MEIUKO-OMOJOTUYECKUX WCCIEAOBAaHUN, MOATBEPXKIAIOIIUX HX
3 PeKTUBHOCTH U 0€30MaCHOCTb.

YK 613.6:614.71:615.9

OPUEHTUPOBOYHBIE TITUEHHYECKHUE HOPMATHBbI
ADPO30JIEM HAHOYACTHIL B BO31YXE PABOYE 30HbI
N YIIPEKJAIOIIASA ONEHKA PUCKA

Paagunos A. C., Laymikosa A. B., lysios C. A., Pem0oBckuii B. P.

QI'VII «Hayuno-ucciredoeamensbCkuii UHCMUmym 2usuenslt, npo@pnamonocuu
u sxonozuu yeaoeekay ®MBA Poccuu,
Canxm-Ilemep6ype, Poccus
E-mail: gpech@fmbamail.ru, niigpech@rihophe.ru

Kak wu3BeCcTHO, BEpPOATHOCTH HETATUBHBIX IMOCICICTBUA  BO3JIECUCTBUS
HAHOYACTHUIl I OKPYXKAOIIEH Cpeabl W 3J0pPOBbS HACEICHUS OIPEIEIIeTCs
MOTEHIMAJIBHON OMACHOCTBbIO, OJHOM U3 XAPAKTEPUCTHUK KOTOPOM SBJISETCS
TOKCUYHOCTh BELIECTBA MJIA KOMIUIEKCA BEIIECTB, BXOASIIMX B COCTAB MaTepuala,
KOTOPBIN B3aUMOJECICTBYET C KUBBIMH OpraHuzmamu [1].
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TOKCMYHOCTH MHOTMX HM3BECTHBIX HAHOYACTHUIl B Ps/Ie CIy4aeB 3HAUYUTEIBHO
MPEBBIIAET TOKCUYHOCTh U3BECTHBIX MUKPO- U MaKpo4acTull [2, 3, 4].

B cooTrBercTBMM ¢  BapMaHTOM  MPOSBIEHUS  TOKCUYHOCTH  TpU
COOTBETCTBYIOIIMX IyTSIX BBEIACHUS, HAMU MpeaararoTcst ko duireHTs! 3anaca. B
OCHOBY TpeaJiaraeMbIX KOA(DPUIIMEHTOB TIOJOKEHa Hjed OWOJOCTYIMHOCTU
HAHOYACTHI] B 3aBUCUMOCTH OT IyTH MOCTymjieHus. Ilpu aTom crneayeT yuyuThIBaTh,
YTO HE3aBUCHMO OT KJjlacCca ONAacHOCTHM H3y4aeMOro BEIIECTBA, IPU OJWHAKOBBIX
(MIEHTUYHBIX)  TOKAa3aTeIsIX  TOKCHYHOCTH  NPU  BHYTPUKEIYIOYHOM U
BHYTPUOPIOIIMHHOM MYyTSX BBEJIEHHUSA, BEIIECTBO Oyaer o001anarbh HU3KOU
OMOJIOCTYITHOCTBIO U COOTBETCTBEHHO KO3 (UIIMEHT 3amaca Oyner paBeH 1.

JlanHbple ko3 @UIMEHTHI 3araca, MpeACcTaBlIeHHbIe B Tabuuie 1, MOryT OBbITh
UCIOJIb30BaHbl IPU pacyeTe U 0OOCHOBAHUM T'MTMEHUYECKUX HOPMATHBOB, a TAKXKe
OLICHKE BJIMSHUS HAHOA3PO30JIeH Ha 3/I0pOBbE MEPCOHANIA.

Ta6nuna 1- Onpenenenne kordduimenTa 3anaca B COOTBETCTBUU C BApUAHTOM
TIPOSIBJIICHHS] TOKCUIHOCTH

CoOTHOIICHNE TOKCUYHOCTH HAHO- U MUKPOUYACTHI]
Ne MIPU COOTBETCTBYIOIINX MYTSX BBEICHUS Koaddumment
BapHaHTa B/ 5/6 WHTpaTpaxeabHo/ 3amaca
WHTISIIHOHHO
1 TH = T™M > 5 r/kr T <Twm T = TMm 1
2 Tu = Tm Ta>TwMm Tu>TwMm 10
3 Tu>TwMm Tu>TwMm Tu>Twm 50

IIpumeuanue: TH — TOKCMYHOCTh HAHOYACTHIL
T™M — TOKCHYHOCTH MUKPOYACTHULL TOI'O YK€ BEILIECTBA

o

= = — 3HaK HpI/I6JII/IBI/ITeJIBHO PaBHO

B kauectBe OCHOBBI sl pacyera OpPUEHTUPOBOUHBIX TMTHEHUYECKUX
HopMmatrBoB HY B Bo3gyxe pabodeil 30HBI MPEAJIaracTcsi UCIOJIB30BaTh (HOPMYJIBI
1 pacuera [I/IK aspo3onei meTamios, mpuBeAeHHBIX B [S] u [6]:

(1) TAKps (mr/m3) =0,0008 X DL50 (mr/xr) [4]

n 1 EDpO?»OJ'ICﬁ OKHUCJIOB U JPYTUX COGI[I/IHCHHﬁ MCTAJIJIOB.

(2) legNIK (MF;’M?] = 0,85log LD 50 (MA/kr)— 3,0 + logM — logN ["—1-,5]

I'ne:

LDsy — cmeprenpHas go3a s 50% wMblmield Tpu  BHYTPUOPIOIIMHHOM
BBCJICHUH M HEACIBHOM IEepHOje HAOIIOACHUS, BRIpAKEHHAS B MAJUTHATOMAX
Ha KAJIOTpaMM Beca;

N — 4Kcii0 aTOMOB MeTaJlia B MOJIEKYJI€ BEIIECTBA;

M — MOJIEKyIApHBIN BEC.

49



Huns  pacuera [IJIKp.3. npns HaHOYACTHI[ TIpeajiaraeTcsi HUCIOJIb30BaTh
npemaraembeie  ypaBHeHus (dopmynasl 1 u 2) ¢ yderom koddduimenrta 3araca
(Tabmuma 1).

W3BecTHO, YTO TPH HAJUYHH JKCIICPUMEHTAIBHO IMOJATBEPIKICHHBIX BEIMYUH
LDsy BemiecTBa mpu pa3iUYHbIX IYyTSAX BBEJICHUS HCIOJB3YIOTCS MHUHUMAJIbHbBIE
3HaueHust LDsgjp, ucxons M3 MakCUMajabHO HEOJIArompUATHOIO MPOTHO3a M BBIOOpA
COOTBETCTBYIOIIETO KO3 hUIIMEHTa 3amaca.

[Ipumep pacuera OPHEHTHPOBOYHOTO TUTMEHUYECKOTO periiaMeHTa s
HAHOYACTHI] ME]IH:

LDsg Hano gactuiy meau = 413 Mr/kr

0,0008=213

-
= 0,007 mr/m3
50

MNAKp=z HY megu =
[

[Iporno3upyemsie Beauuunbl [1JIK u mokaszarenu pucka B BO3ayxe pabodeit
30HBI JJISI HEKOTOPBIX HAHOA’PO30JIEM PACCUMTAHBI HAMU C YYETOM IPEIIAraceMbIX
MOJXOJI0B U MPEJCTABIICHBI B TA0IUIIE 2.

Ta6muna 2 — [IporHo3upyemsbie Beaudunbl [TJIK
JUTSl HEKOTOPBIX HAHO- U MUKPOAdPO30Jiei

IIporuo3upye
LD LD p py
BemectBo Kupornere/ 50 50 ngpg'- mas [T1Kp.3.
MyTh BBEMCHUA | (mr/xr) HY | (mr/kr) MY | (Mr/m) MY | (vr/)
Ag KPRICHI 5000 [8] He 1[7] 0,08
HHTPAIICPHUTOHCAJIBHO JOCTUTHYTA
Cu KPBICHT 413[9] | 5000 [12] 1[7] 0,007
BHYTPIIKEILYIOYHO
TiO, KPBICET 12000 [10] He 10 [7] 0,19
BHYTPHIKEIIYIOYHO JIOCTUTHYTa
Fe O KPBICHI 310 [11] 98,6 r/
»7s ,6 T/kr [13] 6 [7] 0,005
TEPOPATBLHO

Takum o0Opa3oMm, anrOpuTM 3SKCIPECC-HOPMHUPOBAHUS HAHOYACTUIl U
HAHOa’p030Jei B Bo3ayxe paboueil 30HbI BBITISAUT CIACAYIOIIMM 00pa3oM:

1. OueHka cpaBHUTENIBHONW TOKCUYHOCTH HAHOYACTHUI] 1 MUKPOYACTHII.

2. BeiObop koddduiimeHta 3amaca ¢ y4e€TOM HMMEIOIIUXCS CPAaBHUTEIBHBIX
AKCIIEPUMEHTAILHBIX JAHHBIX M0 TOKCHYHOCTH HAHOYACTHUIl U MUKPOYACTHII.

3. Pacuer npornoszupyemoit Bemuuunbel [IJIKp3 11 Hanowactunm ¢
UCTIOJIb30BaHUEM CTaHIAPTHOM (OpMYJIIbI U yueToM Kod(dduirenTa 3amnaca.

[IpennaraeMble TMOAXOABI K pacdeTy OPHEHTUPOBOYHBIX TUTHEHUYECKUX
HOPMATHBOB a3pP030JIeil HAHOYACTHI] B BO3/IyX€e paboyueil 30HbI MO3BOJISIOT MOIYYHUTh
3HaueHus mokazareseil onmacHoctd HY u Ha OCHOBE 3THX JAHHBIX B YIPEXKIAIOIIEM
peXHME TPOBECTH OLIEHKY pHCKa 3J0pOBbSl IepCcOoHalla Ha MPEANpPUATHAX
HAHOUHYCTPHH.
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METOIUYECKHUE 1TOAXO/AbI K KOJIMYECTBEHHOMY
N3MEPEHNIO HAHOADPO30JISAA B BO3AYXE

Casimikuna T. B., I'ypeuu B. b., Pocasbiii O. ®@., Maptun C. B., I'nsamesa O. E.

DBYVH «ExamepunOypeckuti MeOUyuHCKUli-HayyHvlil yeHmp npohuiakmuxu u oOXpamsl 300p06bsi
pabouux npomnpeonpusamuily Pocnompebnaosopa,
Examepunbype, Poccus
E-mail: slishkina@ymrc.ru

[IpoGrnemMa KONMMYECTBEHHOTO M3MEPEHUS HAHOA’po30is ¢ yacTuiamu 10 100
HM B TPOMU3BOJACTBEHHOM M aTMOC(EepHOM BO3AYyXE UPE3BBHIYANHO aKTyalbHa,
MOCKOIBKY OH TPUCYTCTBYeT B BO3AYyXEe BMECTE€ C YIbTPaAaMHUKPO-, MHKpPO-,
MakpoJacTullaMu. PoccuiickuMu u 3apyOeKHBIMHU HCCIIEIOBATEISIMH TIPEIaratoTcs
pasHble TYTH peHieHus 3aJadd  oTOOopa HAHOa’pOo30Js IS JajJbHEHIIEero
UCCIIEZIOBAHUS.

B pesynbrare TeopeTmueckoil mpopabOTKM Bompoca U J1abOpaTOPHBIX
UCCIIeZIOBaHUN HaMH ObLT BHIOpaH HambOoliee ONTUMANBbHBIN U pallMOHAIBHBIA MyTh
pelIeHrs 3aJadd OTACJCHHUS HaHOa’pO030Js OT OO0IIeld Macchl a’po30js Ha JTare
MPOOOMOJATOTOBKM K KOJMYECTBEHHOMY H3MEPEHUI0 XWMHUYECKOTO COCTaBa STOTO
a’po30Jisi — HEOPraHWMYECKUX W OpPraHWYecKUuX coeauHeHui. Meroauka
npeanojaraeT oTooOp a’po3oyii C KOHIEHTPUPOBAHHMEM B JKUAKYIO Cpeny ¢
MOJyYeHUEM CTaOMIIM3UPOBAHHON CYCIEH3UH, M3MEpPEHHEeM (pakiuil TUCIEPCHBIX
yactull ¢ nmomoiisio mpudopa Sald 2300 ¢upmer Shimadzu, otaenenneM Gpaxiuii ¢
pasmepamu dyactuir Oonee 100 HM myTeM BakyyMHOTo (UIBTPOBAHHS Yepe3
CHeIUalbHbIE TPEKOBbIE MEMOpaHHBbIE HEBOJOKHUCThIE (WIBTPHI U JalIbHEHIIEe
uccienoBanue (QuibTpaTa: KOJIUYECTBEHHOE M3MEPEHHE XHUMUYECKOTO COCTaBa
dbpakuuu copepxkarieil HaHodacTuilsl 10 100 HM — HEOPraHUYECKUX U OPraHUYECKUX
coenuHeHuil. Pa3pa®oTaH anropuTM NpPOBENEHUS KOJIMYECTBEHHBIX HW3MEpPEHUN
HAHOA’pOo30JisI B BO3JyXe: OTOOp, IMOATOTOBKa oOpasia (mpoObl), KOJUYECTBEHHOE
usmepenne 17 meramnos (Al, Fe, Ca, Cd, Co, Si, Mg, Mn, Cu, Mo, Ni, Sn, Pb, Ti, Cr,
Zn, Zr) aroMHO-aOCOPOIMOHHBIM METOIOM C 3JCKTPOTEPMUYCCKONM aTOMHU3aIMeH,

ITOJIMIOUKINYCCKHUX APOMATHUYCCKUX YIIIEBOAOPOAOB - BI)ICOKOG)(b(I)CKTI/IBHOI‘/’I

KUJIKOCTHOM Xpomarorpaduei. Meronrka anpoOMpoBaHa Ha PsJe MPOMBIIUICHHbBIX
NpEeAnpUsTUN VYpanbckoro peruoHa Ha ydacTKax IPOBEICHUS
MAPOMETAJUTYPrUYECKUX MPOLIECCOB: MJIaBKa, PO3JIMB METAJLIA.
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O COOTHOIIEHUA ®U3NOJOI'MYECKHUX
N PU3NKO-XUMHNYECKUX MEXAHU3MOB, OITPEJAEJIAIOIIINX
JETOYHYIO TOKCUKOKUHETUKY METAJLICOJAEPXKAIIIMX
HAHOYACTMUIL, OTJATAIOIINAXCA ITPU XPOHUYECKOHN
UHTAJIIIIMOHHOM DKCIIO3UIIUU (HA TIPUMEPE Fe,05)

Cvrynkosa M. IL.", IIpusanosa JI. .}, Kanneancon B. A.', I'ypBuu B. B.},
Munuramuesa M. A.', ConosséBa C. H.', Illnmxkuna E. B.z, 3ybapesn H. B.2

‘opyH Examepunbypeckuti MeOuyuHCKuti-Hay4Holil YyeHmp npo@uiaKkmuxku u oOXpaHvl paboyux
npomnpeonpusamuii Pocnompebnaosopa,
Poccus, Examepunbype
2 Ypanovckuu yenmp konnexkmusnoco nonvsosanus « Cogpemennvie nanomexnonrocuuy Yp@y
Poccus, Examepunbype
E-mail: marinasutunkova@yandex.ru

Buratonue nanowactursl (HY) okcupa xenesa Fe,0O3 co cpenanm quameTpom
14+4 Hu, oOpazyromuecss Ipu UCKPOBOM aOJISIIIMU DJIEKTPOI0B U3 keneza 99,99 %
YUCTOTBI, MOIABATUCH B 3aTPABOYHYIO YCTAHOBKY THIIA «TOJIBKO HOC» JIJIsl KPBIC IO 4
yaca B JI€Hb, 5 pa3 B HeAel0 Ha mporsbkeHuu 3, 6 unu 10 mec. mpu cpenHei
KoHI1eHTpamuu 1,14+0.01 Mo/, Hanouactuiipl, oToOpaHHBIE U3 BO3yXa, OKA3aJIMCh
HEpPACTBOPUMBIMH B JICMOHU3UPOBAHHOW BOJIE, HO MOCTENEHHO PaCTBOPSIIUCH B
OECKJIETOYHOM CYIEpPHATAHTE >KUIKOCTU, MOJYYEHHON Mpu OpOHXOATBBEOJISIPHOM
JaBaxe, U B CTEPUIIbHOM ObIYbeil CHIBOPOTKE KPOBH.

Conepxanue Fe,O3 B a€rkux ObUIO HM3MEpEeHO C moMolnso  OIIP-
CHEKTPOCKONNH, a (hakT 3anepkku HY B N1Erkux v roloBHOM MO3Ty BU3YaJIU3UPOBAH
IIPY IPOCBEUMBAIOIIEH AMeKTpoHHON MuUKpockoruu (IIDM). Halineno oTHOCUTENTBHO
HU3KOE, HO 3HaunMoe HakoruieHue Fe,O3; B IErkux, MOCTENEeHHO HapacTarollee BO
BPEMEHHM, HO C TEHJCHLMEN K JOCTHXKEHUIO PaBHOBECHOTrO ypoBHsA. llpu I11OM
oOHapyxxeHa 3azepkka HY B anbpBeosionurax W B MHEIMHOBOM 000JOUKE
BHYTPUMO3TOBBIX HEPBHBIX BOJIOKOH, CBSI3aHHasi C WX YJIbTPACTPYKTYPHBIM
MOBPEKICHUEM.

Pazpaborana n uaeHTHdUIIPOBaHA MHOTOKAMEpHAs MaTeMaTH4decKasi MOJICTb,
OTNUCHIBAIONIAS TOKCUKOKUHETHKY WHranupoBaHHeix HY mocne otinoxeHus B
IIyOOKHMX JBIXaTEIbHBIX MyTSIX KaK MPOIECC, KOHTPOJIUPYEMBIM (a) MX BBICOKOM
CIIOCOOHOCTBIO TIEHETPHUPOBATh HYEpe3 aJbBEOJSIPHYIO MeMOpaHy; (0) aKTHBHBIM
SHAOLMTO30M; (B) pacTBOPEHHUEM «HUH BHUBO». B HaHHOM wHCClIeOBaHUU MMEHHO
MEXaHHU3MBbI, 3aBUCAIIME OT pPACTBOPEHUS, OKA3aJIUCh JOMUHHUPYIOIIUMHU M3-3a
OTHOCHUTEILHO BBICOKOW pacTBOpUMOCTU Menbdaimmx Fe,03-HY «un BuBOY.
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KonnyecTBo mnpeanpuaTHii, Ha KOTOPBIX NPOU3BOIATCS WM NPUMEHSIOTCS
yraepoanbie HaHOTpyOku (YHT) m npyrue Tumbl yrilepoJIHBIX HaHOMATEpUAJIOB,
pacter u3 roxa B roA. IIpm 3TOM TUTHEHMYECKHX HCCIIEIOBAHUM, MOCBAIICHHBIX
OLICHKE ITPOU3BOACTBEHHBIX IKCIIO3UIIMI, OTHOCUTEIEHO HEMHOTO.

3amaya KOJIMYECTBEHHOH oueHku conepkanuss YHT B Bo3myxe MokeT ObITh
penieHa pa3nudHbIMU criocobamu. OnpeneneHue MaccoBoil koHteHTparuu YHT mo
COJIEP)KaHUIO0 CONYTCTBYIOIIMX METaJUIOB-KaTanu3aTopoB [1] sBIsieTcsl HENpsIMbIM
MeTooM. OJHAKO KOHUEHTPALMM METAJUIOB-KATaau3aTopoB, BCTpoeHHbIX B YHT,
MOT'YT OKa3aTbCsl OYEHb HE3HAUMUTEIBHBIMU IJII KOJUYECTBEHHOTO OIPEIEICHNUS;
KpOME TOro, Ha COJIEp)KAHHE METAJUIOB MOTYT CYHIECTBEHHO NOBJIMUSATH BHEUIHUE
3arpsizHeHus [2].

Taxxe HE0OXO0aUMO OTMETUTH TOT (PAaKT, UTO KOJIMYECTBEHHBIE 3aBUCUMOCTHU
MeXIy coaep:kanrueM meTtamioB u maccod YHT mMoryT ObITh OUeHBb BapraOeIbHBIMHU.
Hanpsamyro onpenensite colepKaHUe 3IEMEHTHOIO YIepoia, U3 KOTOPOro COCTOSIT
YHT, B o0Opasue, oToOpaHHOM #3 BO3ayxa palOodeil 30HBI, TO3BOJISIET
TEpMOONTUYECKUN  aHanu3  [2]. 78  JONOJHUTENBbHONW  XapaKTEPUCTHKHU
IPOU3BOJACTBEHHBIX  3KCHO3UMLMK  NPUMEHSUINCh  TakkKe  MPOCBEUMBAIOIIAS
anekTpoHHag Mukpockornusa (ITOM) u HekoTopble Ipyrue MeToIbl (Harpumep,
npsiMasi UHCTPyYMEHTallbHasg olleHka HaHoudactul) [3]. Kpome Toro, poccuiickumu
UCCJIEeIOBATENAMU OBLT TMPEIIOKEH MPSMON MOJACYET OTAEIbHBIX HAHOTPYOOK,
OTOOpaHHBIX B )KUAKYIO Cpelly (IMCTUIUTMPOBAHHYIO BOAY) [4].

XapakTepucTuka (PaKTHUECKUX SKCHO3MIMM KMMeeT OOJbIlIoe 3HA4YEHUE IS
IUIAHUPOBAHMS TOKCUKOJIOTMYECKUX SKCIIEPUMEHTOB, B TOM YHCIIE NTPEAHA3HAYEHHBIX
JUIsi 0OOCHOBAHUSI MPENENbHO JOMYCTUMBIX YpOBHEW Bo3aecTBusi. COTpyIHUKAMU
Ka3zaHCKOro MEAUIIMHCKOTrO YHUBEPCUTETA B COTPYJIHUYECTBE C MUCCIEAOBATEIBCKOM
rpynmnoil u3 HammonansHOro MHCTUTYTa OXpaHbl W Meauuuubl Tpyna (HUOMT —
NIOSH) CIHIA Obutn u3yuensl ypoBHM MVYHT B Bo3gyxe paboumx MecT
POCCHIICKOTO TPEANPUATUA-IPOU3BOIUTEISL.

HccnepoBanue NpoBOAWIM Ha MPEANPUSATUN, HUCIOIB3YIOLIEM JJIsi CHHTE3a
MVYHT peaktop KaTaIMTHYECKOI0 MUPOJIM3a yrieBoaopooB. OTOop npod Bo3myxa
MPOBOJMJIM B 30HE JbIXaHUSA PaOOTHUKA CHUHXPOHHO HAa (UIBTPHI M3 CMEIIAHHBIX
a¢upoB nemwtono3sl (COL-bunsTpsl) nuamerpom 37 mm ¢ guamerpom mop 0.8 MM
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(mmst [ISM) u BBICOKOUYHMCTBIE KBapleBble QWIBTPHI AMaMeTpoM 25 MM (s
TEPMOOIITUYECKOTO aHAIU3a).

Konmnentpanuu pecnupabenbHOl  (pakmuu  a’po30is B 30HE JIBIXAHUS
paboTHHKA, YCPEIHEHHBIE 3a §-4aCOBOM MepUOJ, HAXOAWINCH B auarna3one ot 0,54
m0 6,11 mxr/M® (B mepecdere Ha OSIEMEHTHBIH YIJIEpPOD) M HYacTO MPEBBIIIAIH
pexomernoBanusii HIOMT — NIOSH yposers B 1 Mxr/m°. KpoMe TOro, 4acTuipl
MVYHT o6napykuBanuch B BO3yXe pabouux MOMENICHUH Jake B Hepabouee Bpems,
IpU BBIKIIIOUEHHOM oOopynoBanuu. B Boznmyxe MVYHT mnpucyrcrBoBaiu B BHUE
arJomeparoB pazMepamu oT 1 1o 10 Mkm.

HauGonpline 3HaueHUsi cojaepKaHUsl DJIEMEHTHOIO Yrjiepoja B BO3AYyXeE
paboueit 30HbI, KaK ¥ MPeJIoiaraioch, ObUIM BBIABJICHBI B X0JI€ MPOIECCa PYyYHOTO
cbopa TmpoayKTa U3 peakropa, B TO BpeMs Kak JiabopartopHas pabora
CONPOBOK/1aJIaCh HAWMEHBIIMMU MAaCCOBBIMM 3HAUEHUSAMH COAEPKAHUSA a’PO30Jis
MVHT. Ilomy4yeHHbIE NaHHBIE COIVIACYIOTCA C WU3MEPEHUSAMH, BBIIOJHEHHBIMU Ha
Pa3HbIX MPEANPUATUSAX IBYMS IPYTUMU MexAyHapoaHbiMu rpynnamu (u3 CHIA [5]
u [lIBenuu [6]) ¢ npUMEHEHHEM aHAJIOTMYHBIX METOI0IOTHYECKUX 0ax0a0B ([19M-
METO/]I B COYETAHUH C TEPMOONITUYECKUM aHATIU30M).

Taxxe ObLIO yCTaHOBIEHO, YTO pekoMeHaoBaHHbIi MP 1.2.2639-10 noncuer
KoiauuecTBa — MHAMBUAyanbHbIXx ~ MVYHT,  oroOpaHHbIX W3  BO3dyXa  Ha
JUCTUIUIMPOBAHHYIO BOAY [4], TpyAHO NIPUMEHHUM, TaK KaK MMOCJIEIHUE IPUCYTCTBYIOT
B BO3JlyX€ B Buje araomeparoB pazmepom 0,5-10 mxm. [IpoBeneHHble uccienoBaHus
CBHUJIETENIBCTBYIOT O HEOOXOJUMOCTH MEPECMOTPA OTEUECTBEHHBIX MOJIXO0B K METOaM
OLICHKH AKcno3uiiuii 1 HopMupoBanuto Y HT B 00beKkTax oKpyxaromiei cpepl.

B wuccrnenoBanusx Ha MbIlax HamMu ObLT OOHapy»eH mpodudpoTrdeckuit
MOTEHIMAJl HATUBHBIX MpoMbIIUIeHHBIX MYHT, npudem rucrosiornyeckas KapTUHA
¢budpo3a conmpoBOKaanach JTOCTOBEPHBIM J1030- U BPEMS3aBUCUMBIM IOBBIIICHHEM
YpOBHEM Takux Ouojoruyeckux mapkepon, kak TGF-B 1 oCcTeonoHTHH B CHIBOPOTKE
KpOBH U OpoHXOalbBEOJNSIpHOM JaBaxe [7]. B Xome snuaeMHOIOTHYECKOTO
OMOMapKEPHOI0 UCCIIEIOBAHUS C ydyacTheM SKcnoHupoBaHHbIX K MYHT paGoTHukoB
(10 yenoBek) v KOHTPOJILHOU TpymMbl (12 YenoBeK) OBLIO YCTAHOBJICHO, YTO KOHTAKT
c adpozojeM MVYHT Ha pabGoymx MecTax MOXKET MPUBOJIUTh K H3MEHEHHUIO
coJIep KaHUsl HEKOTOPBIX MapKepoB (UOPOreHHBIX U3MEHEHHI B CHIBOPOTKE KPOBH U
oOpasiax UHIYIUPOBaHHONW MOKpOTHL. B wactHocTH, ypoBHu TGF-B1 B chiBOpoTke
kpoBu U KL-6 B o0Opasiiax MOKpPOTHI OKa3aluCh JOCTOBEPHO 3aBUCUMBIMHU OT
skcno3uruu kK MYHT [8].

Kpome Ttoro, ananu3z mnpoduust skcnpeccun MPHK BbisiBUII 3HaunMoe
MOBBIIIEHUE HKCIPECCUU TeHOB, Koaupyromux KL-6, u psga apyrux TeHOB,
perynupytomux ero aktusHocth (IL6, EGFR, TGFB, ERK, PDGFA, CASP8).

CpaBrHenue mnpoduieil skcrnpeccuu Hekoaupyromux u matpuunbix PHK B
rpyrirne pabOTHUKOB, MojBepraBmiuxcs BozaelcTBui0 MVYHT, u  KOHTpOJIBHOM
IPYIIE BBISIBUIO JIOCTOBEPHBIE pAa3juyusl, CBHUIETEIBCTBYIOIIME O TOM, 4YTO
npodeccronanbubie dkcno3uii kK MYHT moryT moTeHIManbHO MOBBIIATE PUCKH
pa3BUTHS  JIETOYHBIX W CEPJEYHO-COCYIUCTHIX  3a00JeBaHWU, a  TaKKe
3710Ka4€CTBEHHBIX HOBOOOpPA30BaHUM, COTJIACysICh C JaHHBIMU, TIOJYYEHHBIMUA paHEe
UCCIIEIOBATEIISIMU B SKCIIEPUMEHTaXx N ViVo.
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B otcyrcTBHe yOenuTenbHBIX JaHHBIX 0 O0e3omacHoct MYHT nis 310poBbst
YEJI0BEKa U UCXOS M3 MPUHLHUIA PAa3yMHOW MPEAOCTOPOKHOCTH, HA IPOU3BOJACTBAX
HEOOXOJAMMO BHEIPATH CHUCTEMY MPOPMIAKTUYECKUX MEPONPHUATHI. DKCIIO3UINH
MOT'YT OBITh YMEHBIIEHBI 32 CYET MPOCKTUPOBAHUS 3aKPBITHIX TEXHOJOTMYECKUX
MpOoLECCOB, KOHTpOJsA ypoBHE MYHT B pa3nuyHbIX TEXHOJIOTMYECKHX 30HAX U B
30H€ JbIXaHUSI PAOOTHUKOB, CAHUTAPHO-TEXHUYECKUX MEPONPUSITHH, MPUMEHEHHUS
CPEACTB MHAUBUAYAJIBHOM 3alUTHI. BHOJIOrMYECKU MOHUTOPHUHI UM MEIULIMHCKUE
OCMOTpPBI PAOOTHUKOB TIO3BOJISIT BBISIBUTH PAaHHUE MPU3HAKK HAPYIICHHUHN 30POBBS U
HAKOIUTh 0aHK OMOJIOTMYECKUX 00PA3IOB IS MOCIEIYIONTUX UCCIICIOBAHU.
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IloctanoBka mnpoOJsembl. HaHouacTuibl BXOAAT B COCTaB  OOJBLIOTO
KOJIMYECTBA TMPOAYKIHMH MPOMBIIIJIEHHOTO, MHUIIEBOIO, KOCMETHYECKOTO M
MEJUIMHCKOrO0 HaszHaueHus. IlooTromy HaceneHue B ILEJIOM  IOJBEpPracTcs
BO3/ICICTBUIO HAHOYACTHUIl PA3IMYHBIMU MYTSIMH, HauOojee BAKHBIMH U3 KOTOPBIX
ABJISIFOTCS IEPKYTAaHHBIN, [IEPOPAJIbHBIN U UHTAALMOHHBIN. [1o-TIpexxHeMy 10 KOHIa
HE SICHO, KaKOW NOTEHIUAJbHBIA PHUCK Ul 3740POBbS CBA3aH C 3THUMH IIyTSIMH
BO3aeuCTBHs. HaHOoTExHOJNIOrMS — OJHA W3 NEpPENOBBIX TEXHOJOTWW 21 Beka, u
KOJIMYECTBO HMCKYCCTBEHHBIX HAHOPA3MEPHBIX MAaTEPUANOB IIOCTOSHHO PAacCTET.
[TockonpKy MO 3TMYECKHM M SKOHOMHYECKMM COOOpPaKEHMSM HCIBITAHHUE MHOTHX
YaCTHIL] HEBO3MOJXKHO, YKpENWIach TO3ULMSA WCHBITAHWUA B  CHCTEMax C
¢u3nonoruuecku aJeKBaTHbIM Bo3JelcTBUEM 1n  vitro. OreHka ©e30macHOCTH
HAHOYACTHI] OCJIOKHEHAa U3-3a HEOINPEACIEHHOCTH, CBA3aHHOM C pealbHbIMU
YPOBHSIMU BO3zieicTBUS. K IpyruM OCIOXKHSAIOMMUM (PaKTOpaM OTHOCSTCS U3MEHEHUS
CBOMCTB dYacTull (B 4YacCTHOCTH, JHUCIEPCHOCTh U CBOMCTBAa IIOBEPXHOCTH) B
OMOJIOrMYECKUX MaTpHULAX U MOMEXH, KOTOPbIE CO3Jal0T HAaHOYACTHUIIbl B CUCTEMax
oOHapyxeHHsl.  L[UTOTOKCHYHOCTP  HAaHOYACTUI[  MOAPOOHO  H3ydajgach ¢
VCITOJIb30BAaHUEM TPAJULIMOHHOTO CKPUHHUHTA HA IIATOTOKCUYHOCTD.

Takoll CKpUHUHI MOJpa3yMeBaeT HCIIOJIb30BAHUE BEIIECTB B BBICOKHUX
KOHLIEHTpAlUsAX, a H3MEPEHHE >KU3HECIIOCOOHOCTH KIETOK OOBIYHO MPOBOJMUTCA
yepe3 24 wyaca mnocie BO3AeWUCTBUA. [IOCKONBKY MNpPOMCXOAUT 3aBUCAIIAS OT
KOHIEHTpPALlMU arjioMepanrs HaHO4acTHll, 3(PQPEeKThl BO3AECUCTBUSA BBICOKHX 03 B
TaKU€ KOPOTKHE CpPOKH, BO3MOXHO, OKaXyTCSl JIMIIEHHBIMH IPOTHOCTUYECKON
LHEHHOCTU i ompeneiaeHus 3(pPeKToB ATUTEIBHOTO BO3ACHCTBHUS HHU3KHUX /03 Ha
KJIETKH, YTO, MO-BUJIMMOMY, OOJIbIlIE€ MOAXOIUT s Oojee NPUOIMKEHHOTO K
pEanbHOCTH ONMCAHUS BO3IEUCTBUS HAHOYACTHUL HA YEJIOBEKA.

Jlj1s TOro 4ToObI MOTYYUTH 00JIee TOTHOE MPEICTABICHHE O HAHOTOKCUYHOCTH,
Mbl M3yYWJIM IIOTJIOIIEHHE W 3aBUCUMYIO OT pasMepa M 3apsja 4acTull
HUTOTOKCUYHOCTh, @ TAaKXE€ XapakTep TOKCUYECKOTO JACHCTBUS HAHOYACTHIL
MOJIMCTUPOJIA HA MaHEIN KICTOYHBIX JUHUN. CpaBHUBAIUCH 3(PPEKTH BO3ACHCTBUSA
YacTHUI] MOJIMCTUPOJIA, HAHOYACTHI] JABYOKHUCH KPEMHHSA M KOPOTKHMX YIJIEPOJIHBIX
HAaHOTPYOOK Ha JUIMTENbHYHO (MHOTOKpaTHO B TeueHue 4 Hemelb) U
KPaTKOBPEMEHHYIO (OJJHOKPATHO B TeUeHHE 24 4acOB) KIETOUYHBIE KYJIbTYpPHI.

PesyabTarbl. lcnosnb3oBaHUWE JIONOJHUTEIBHBIX KOHTPOJIBHBIX MEp U
HECKOJIbKMX CKPUHUHTOBBIX TECTOB IMOMOIJIO HM30€KaTh JIOXKHOMOJOKUTENbHBIX U
JIO’)KHOOTPULIATENbHBIX PE3YJBTATOB MPU CKPUHUHIE HA LUTOTOKCMYHOCTh. Korga
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MPOUCXOAWIIA TTIOMEXH, JUIsl HEKOTOPBIX YaCTHUI] B CKPUHUHTOBBIA T€CT MOKHO OBLIO
BHECTU M3MEHEHUs. HaHOYaCTHUIBI BBI3BIBAIM PAa3HYIO PEAKIMIO B 3aBUCHUMOCTH OT
TUTIOB KJIETOK M CHUCTEMBbI JKCro3umuu. [Ipu Bo3melcTBUM 4YacTUIl MOJUCTHUPOIA
KJICTKH, BBIPAIIIMBAEMBIC B CYCIICH3UH, KJIETKH C BEICOKOH CKOPOCTBIO MPOTH(Eeparnm
U KJIETKHM MaJloTO pa3Mepa OKa3ajuch Oojiee BOCHPUUMYMBBI K IIUTOTOKCHUYECKHUM
MOBPEXKJICHUAM, 4Ye€M MPUKPENUBIIMECS, MEUICHHO Mpoiudepupyromue u Oonee
KpynHble KieTku. [Ipum BO3IEWCTBUM a3pO30JIEM TOKCHYECKOE JCHCTBUE Ha
peCIUpaTOpPHBIE KJIETKH OKa3aJoCh 00Jiee CHIBHBIM IO CPAaBHEHHIO C BO3/ICHCTBUEM
HAHOYACTHIl, BBOAMUMBIX B pacTBOpe. MOXHO YCTaHOBHTH 3aBHCHMOCTH MEXKIY
MEXaHU3MOM THUOENN KJIETOK (almonTo30M B COMOCTABICHUUW C HEKPO30OM) U
pa3MepoM, a TakKe MNapaMeTpaMHl MOBEPXHOCTH YacTHIl, OJHAKO CBS3b MEXIY
UTOTOKCUYHOCTHIO HAHOYACTHI] U WHAYLHUPOBAHUEM OKHUCIHMTEIIBHOIO CTpecca
MPOCTIEKUBACTCA JTIOBOJIBHO ciabas. HeoOxomumo ObUTO, 4TOOBI MpeaHa3HAYCHHBIC
JUISL  WICCIICIOBAHUN  JUIUTETLHOTO BO3JEHCTBUS CHUCTEMBl OKCIO3HUIMH  ObLIH
Pa3TUYHBIMM JIJIS KJIIETOK Pa3HBIX THUIIOB, a IS MMPUKPEITUBIINXCS SHIOTCIUATBHBIX U
pecnupaTopHbIX KIETOK OBUIM MOCTPOEHBI pa3Hble Mozenu. [Ipu Bo3geiicTBUU
YacTHI] TOJUCTUPOJA HAOMIONANach BBIPAKEHHAs IUTOTOKCHUYHOCTh, OJIHAKO
3G (dHEKTH KOPOTKUX YIIIEPOAHBIX HAHOTPYOOK BBIPAKEHBI OTHOCUTEIHLHO CJ1a00.

3akiroueHue. [[UTOTOKCHYHOCTh HAHOYACTHUI] MOXET ONPEACNIATHCS, TaXKe B
cllydae MmoMeX, ¢ TOMOIIbIO OKpAIIUBaHus, (PIyopecleHIny, CBETOBOTO PacCesHUS U
TaK Jajee MPH YCIOBUH, YTO OYIyT MPUMEHEHBI COOTBETCTBYIOIINE KOHTPOJILHBIC
Mephl, a TecTbl OyAyT aganThUpoBaHbl. CUCTEMBI C (DU3MOJOTMYECKH aJE€KBATHBIM
BO3JICUCTBUEM JIAIOT PE3yJbTaTbl, OTIUYHBIE OT PE3YJbTATOB TPATUIMOHHOTO
CKPUHUHTA Ha IMUTOTOKCUYHOCTh. Kak 0XKUAaIOCh, IUTOTOKCUYHOCTh HAHOYACTHIL
Py MHOTOKPATHOM BO3JIEHCTBUM OKa3ajacCh BBIMIC, YeM MPH KPAaTKOBPEMEHHOM
BO3JICHCTBUM. YTJIEPOJHbIE HAHOTPYOKM C OOJBIION OTHOCUTEIBbHOW JJIMHOM
(OTHOIIEHWEM [UIMHBI K JUAMETPy) MPOSIBUIM OOJBIIYI0O IUTOTOKCUYHOCTb, YEM
HAHOTPYOKHU C Majoi OTHOCUTEIHHOU JJIMHOM, HO B 1I€JIOM HaOJII0JJaeMbIe B KJIETKE
3¢ EKTHI MPU KOHIEHTPAITUSIX, IPUOIMKEHHBIX K peaTbHOCTH, ObUTH cladbIe.

YK 615.9
OILIEHKA PUCKOB BO3JECTBHUS BPEJHBIX BEHIIECTB
B PEAJIBHBIX YCJOBUSAX
Hamakuc A. M.
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Bce CJIOHn HaCCJIICHUA IMOABCPIrarOTCA HCKOHTPOJINPYCMOMY
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CH@I{OB&TCHBHO, TpaauOHHas TOKCHKOJIOTHYCCKAasA OICHKa XPOHHUYCCKOI'O
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OJIHOKOMITOHEHTHOTO BO3JICMCTBUSI MOKET OKa3aTbCsl HEMOAXOMSIIEH i TOYHOIO
ompeielieHus] BceX pUCKoB. [loaToMy C 1ebi0 JAaTh OTBETHl HA MHOTHE BOMPOCHI
HAMU npeiaraeTcs AKCIIEPUMEHTAIbHAS METOIUKA: JOJTOCPOYHOE
TOKCHUKOJIOTMYECKOE  HWCCIICIOBAaHHUE C HWCIOJB30BaHUEM CMECH  €KEIHEBHO
NPUMEHSEMBIX B OBITY XMMHYECKHX BEIIECTB (TIECTUIIMIOB, MHIIEBHIX M00aBOK, a
TaK)K€ JPYruX BEIIECTB, BXOJAIIMX B COCTaB MPOAYKIUU, XapAKTEPHOU IS
COBPEMEHHOr0 00pasa KM3HHU) B COOTBETCTBYIOIIUX PEATbHBIM YCIOBHUSIM HHU3KHX
7103aX, BIHUCBHIBAIONIUXCS B YCTAHOBJIGHHbIE HOPMATUBHI. [Ipw 3TOM OJHOBpPEMEHHO
UCCIICAYIOTCS  HECKOJIBKO  KJIIOYEBBIX KOHEUHBIX  IIOKa3aTeNe, TaKuX Kak
T€HOTOKCHYHOCTh, TOPMOHAIBHBIC HAPYIICHHS, TOKCHYHOCTH JIJII OpraHa-MHIICHH,
BKJIIOUasi CEpAIe, a TaKkKe CHUCTEMHBIC IMyTH W MEXaHU3MBI JACHCTBHS, HApUMED,
OKHUCIIUTENbHBINA cTpecc. B pealbHbIX yCIIOBUSIX MPU YIOTPEOJIECHUU MUILM U BOJBI, a
TaK)K€ MPU KOHTAKTE€ C TOTPEOUTENHCKON MPOAYKIIMEH YENTOBEK IOJBEPraeTcs
BO3JICHCTBHUIO CJIOXKHOM cmecu BemiecTB. OJHAKO TpPH OILEHKE pPHCKa BEIIECTBA
OOBIYHO WCCIEAYIOTCA MO oTaenbHocTH. OTcroma cleayeT, uYTO HBIHEIIHUN
HOPMATUBHBIN MOAXOM HE MO3BOJISIET BHITIOJHUTH OOMIYIO OIICHKY PHCKa C BBHICOKOU
CTETNIEHBIO JOCTOBEPHOCTH. B X0/ uccnenoBanus OyeT onpejeieHa KyMyIsiTUBHAS
TOKCUYHOCTh CMECEW, COCTOSIIIMX W3 TMECTUIIUOB Pa3HbIX KIACCOB, U CMECEH,
BKJTFOYAIONIUX TIECTUIUIBI Pa3HBIX KJIACCOB, a TaKKe TWHUIIEBbIe J00aBKU W
XUMUYECKHE BEIECTBA, BXOISIIINE B COCTAB MOTPEOUTEIHCKONW MPOAYKINH, B Oosee
MPUOMKEHHBIX K PEeaTbHOCTH J103aX IPH JJIUTEILHOM Bo3JaelicTBUM. Ecim rumoTesa
0 TOM, YTO KYMYJIATUBHOE€ MHOTOKOMIIOHEHTHOE BO3JICHCTBUE TMOBBIIIACT PUCK HIIU
Jla)ke TOBOPUT O PaHee HEM3BECTHOM OMAcHOM (paKTope, OKAKETCS BEPHOMH, BIACTU U
HAay4yHOE COOOIIEeCTBO TMOJydaT MoJApoOHyI0 uHGOpMaIHio, KoTopas Oyjaer
CIIOCOOCTBOBATh 3aMEHE HBIHEIIHEW MapaurMbl OJTHOKOMIIOHEHTHOM OIICHKU PHCKa
0oJiee 000CHOBAHHOM MapPaIUTMON KyMYJISITUBHOM OLIEHKU PUCKA.

YK 613.6:615.9

INPUMEHEHME BUOMAPKEPOB BPE/ITHOI'O BJIMAHUA
HAHOPA3MEPHBIX A3PO30JIEA HA OPTAHW3M JJ151 OLIEHKHA
U ITPOTHO3UPOBAHUS PUCKA HAPYIIEHUM 3JIOPOBbSI
Y PABOTHUKOB I'OPHOJOBBIBAIOIIUX MPEJNPUSTUAN

Yamuu B. H.l, I'op6anes C. A.l, DJIJITHHI CeH I[.Z, Tomaccen FO.>

Y DBYH «Cesepo-3anadusiii nayunviii yenmp 2ucuensi u obuyecmeento2o 300posbsy Pocnompetuadsopa,
Canxm-Ilemepbype, Poccus
2 HayuonansHolii uHcmumym npogheccuonaibho2o 300poebs,
Ocno, Hopeezus
E-mail: valerychO5@mail.ru

OneHka BIUSHUS YJIBTPATOHKMX (PpaKUUil AM3EIbHBIX adpo30Jieil Ha pHCK
HApYyIICHUH 3/10pOBbsI BBIMOJIHEHA B (OpPME IMOMNEPEUHOrO SIMUAEMHUOTIOIUIECKOTO
uccnenoBanust y 195 3m0poBbIX paOOTHUKOB OTKPBITHIX W TOA3EMHBIX PYIHUKOB B
EBpoapkruueckom bapenu-peruone. PaOoTHuku Obuln  pacrpeneneHsl Ha 5
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OKCHO3ULMOHHBIX TPy, OTIMYAMOIIMXCS COACPKAHUEM B BO3IYXE a3po30JIed IpH
yMepeHHO XomomHbIX (o +5,0 mo +16,2°C) u mmskux (or -3,5 mo -13,5°C)
Temmeparypax Bo3ayxa. [IpoBeAeHO H3ydeHHE OCHOBHBIX HHIPEIUEHTOB IU3EIBbHBIX
3arpsA3HEHUH, BKIIOYAsi COJEpKAHUE B BO3IAYXE OpPraHMYECKUX W HEOPraHUYeCKUX
COCAMHEHUHN YIJIepoAa, OKHUCIOB a30Ta, a TaKXe MacChl, XMMHUYECKOIO COCTaBa,
pa3MepoB, KOJIMYECTBA U PACHIPEACIICHUS a3P030JIEH B BO3yXE B 30HE JIbIXaHMUL.

Onenka  3KCMO3MUMM  TMPOBOAWJIACH IO pe3yjpTaraM  M3MEpPEeHUi
CPEIHEB3BEIICHHBIX KOHLIEHTPAUMN BPEIHBIX BEIIECTB B TEUYEHUE 2-X CMEXKHBIX
pabounx cMeH (He MeHee 6 4acoB B CMEHY) IPHU BBINOJIHEHUH TPYJOBBIX ONEpalUil B
PYJHUKAaX C MAacCOBbIM NPUMEHEHHEM TOpPHBIX MAIlMH, OCHALIECHHBIX JAU3EJIbHBIMU
neurarenaMd. OJTHOBPEMEHHO OIPEEISITUCh METEOPOIOrHYEcKUe (PAKTOPDI, TIKECTh
TpyZla, a TaKkKe caMooleHKa Tertoouymenuil. Kpome Toro, mnepen Havaaom
WCCIICZIOBAHUS M JIBAXKIBI TIOCTIE €ro 3aBepieHus (depe3 24 u 48 4acoB) MpOBOIMIOCH
OTpeNeNIeHNEe B KPOBH Yy KaXIO0ro pabOTHUKA TpeX TIpymn OHOMapKepOB BpEIHBIX
3¢ deKToB, XapakTepu3yoIuX pecnuparopHblii puck (nmporeunsl CC 16 u cypdakranrta
D), xapauoBacky/sipHbIid prck u crcteMHoe Bocranenue (TNF-a, IL-6, Micro-CRP),
puck TpomOoTnueckux Hapymenui (D-dimer, P-selectin). [lns ydera u Koppekiu
«MEIAIONIETo» JAEUCTBHA TabayHOrO JbIMa, B T. Y. €r0 MACCUBHOM WHTAIALUH,
IPOBOAMIIOCH OMpe/eNeHue KOTUHUHA B MOUY€ B KaueCcTBE OMOMapKepa HUKOTHHOBOM
Harpys3KH.

Pe3ynbraThl cciieI0BaHUN MTOKa3alId, YTO CPEAHECMEHHOE COAEPIKAHNE MACChI
a’p030Jiei, MPEACTABICHHBIX MPEUMYIIECTBEHHO HAaHOPAa3MEPHBIMU (DpaKkuUsIMH, B
BO3JIyX€ OTKPBITHIX M MOJ3EMHBIX PYJIHUKOB B XOJOJHBIN MEPUOJ] rojla 0Ka3aioch B
mmamasone  0,3-1,4  wmr/mM’, 9TO0 3aMeTHO  HHXKe IIPEAEIbHO-A0IYCTUMBIX
KOHIGHTpAIM s c1abo ¥ yMepeHHO uOporenHoil meum (4-10 mr/md).
CopnepkaHue MOHOKCHAA yrjiepoia M OKCHIOB a30Ta B NEPUOJbl HCCIEIOBaHUN
TaK)Ke OKazajioch cymiectBeHHO Hibke ux I[IJIK. Bwmecte ¢ Tem, ycTaHOBIE€HO, 4TO
KOJIMYECTBEHHAs] KOHLEHTPALMs B3BEILIEHHBIX YaCTHI] B TBEpJoH (haze HaXoaAuach B
Jana3oHe 108-10%° ‘-IaCTI/II_[/Mg. HUx oxmmaemast WUHraasiquoHHaAsT [Jo3a JUIAd
pabOTHUKOB COCTaBWJIA MPUMEPHO 10*%-10" wactur B 06meM oGbeMe BIBIXAEMOTO
BO3/lyxa 3a pabouyro cmeHy. HauOonblime KOHIIEHTPAIIMM B3BEIICHHBIX YaCTHI]
OOHapy>XeHbl B 30HE [IbIXaHHUSI Y MAIIMHUCTOB TOPHBIX MAlIWH, OCHAILEHHBIX
JTM3ENIbHBIMU JABUTATEIISIMU, B MMOA3EMHBIX PyJIHHUKAX.

CratucTuueckuii  aHajau3  pe3yjbTaToB,  IOJIYYEHHBIX B pasHbIX
HKCIIO3UIIMOHHBIX T'PYIIIAX, [MOKa3aJl, YTO MHTAISLUOHHOE BO3JIECUCTBUE IU3EJIBbHBIX
a’pO30JIbHBIX 3arpsI3HEHUN Jaxe B KOHIeHTpauusax Huke [1/IK, ycTaHOBIEHHBIX I
BO3/lyXa pabouyeil 30HBI, CYIIECTBEHHO YBEJIMYMBAET YPOBHU OHOMapKEpOB
KapJIMOBaCKyJISIPHOTO W PECIHPATOPHOrO PHUCKOB, Takux Kak HWHTepreiikun-6,
TNF-a, C-peaktuBnblii 6enok u 6enok kinetok Kmaper (CC16). [Ipu 3TOM BbIsIBIIEHA
TecHast cBA3b Mexay coxaepkanueM TNF-a, IL-6 B kpoBu y paOOTHHKOB M HUX
pacyeTHOM HMHTASLUOHHOM 10301, BBIPA)KEHHOM B KOJWYECTBE YacTUL B 00bEMe
BJIBIXa€MOI'0 BO3/lyXa 3a CMEHY.

VY pabOTHHMKOB, MOJIBEPraBIINXCS BO3JIECHCTBUIO AU3EIbHBIX 3arps3HEHUN MpHU
HU3KHX TeMIlepaTypax BO3ayxa, pUcku kKapaunoBackyisapHbix (TNF-a, IL-6, Micro-
CRP) u tpombotnueckux HapymieHuit (D-dimer) okaszanuch CyIIeCTBEHHO BBIIIEC B
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CPaBHEHHU C paOOTHUKaMH, [OJBEPraBIIMXCS BO3JAECHUCTBUIO  AHAJIOTMYHBIX
KOHIEHTpAUMi 3TUX 3arpsi3HeHUN B OoJiee OJIaronpusATHBIX MUKPOKIMMATUYECKUX
YCIIOBHUSIX. YCTAaHOBJIEHA TAaKXE CTAaTUCTHYECKH CYLIECTBEHHAs CBS3b MEXKIY
WHTEHCHUBHOCTBIO Ta0AKOKypeHHsI (MO SKCKpPEIMHM KOTUTUHUHA) U YPOBHAMHU
OMOMapKepoOB PECIUPATOPHOTO U KapAHOBACKYIISIPHOTO PUCKA.

Takum o0pa3zom, Hapsay C IEHCTBYIOIIMMH B HACTOAILEE BPEMsI KPUTEPUSIMU
OIIEHKHU BPEIHOr0 BO3JEHCTBUS a’po3oiieid (Ha ocHoBe IIJIK m.p. u c.c. 1s Bo3ayxa
paGoueil 30HBI), B Cclydasx MpeodsafgaHus HMX HaHOpPAa3MEpPHBIX (pakuui,
[eIecO00pa3HO  PacCMOTPETh  NPUMEHEHHWE  JOMOJHHUTENBHBIX  KPUTEPHEB,
YUUTBHIBAIOMIMX KOJIMYECTBO UM CYMMAapHYIO MOBEPXHOCTh MHTAIUPYEMbIX YACTHII.
[Ipu mnpoBeneHUM HNHUIEMUOJOTHYECKUX HCCIENOBAHUN 1O OLIEHKE BIIMSHMUS
yIBTPAaTOHKUX (pakuuil YIJIepoACOAEpKALIUX adpo30Jeil HEeoOXOoauM YYET W
CTaTUCTUYECKass KOPPEKIUS pe3ylbTaTOB IO IIOKA3aTell0 WHTEHCHUBHOCTU
TaOaKOKYpEHHUSI.

YK 613.62: 615.017: 616.079

N3YYEHUE OSOMBPUO-, IUTOI'EHETUYECKUX U KAHINIEPOI'EHHbBIX
CBOWCTB HAHOYACTHII SiO, B OKCIIEPUMEHTAX IN VITRO

IIa6amena JI. B., IIporacoBa I'. A., Ilandepona IO. A., ITonos B. b.

QI'VII «HUU 2ucuenvt, npoghpnamonozuu u sxonoeuu venoseka» ®MBA Poccuu,
Canxm-Ilemepbype, Poccus
E-mail: shabash69@gmail.com

Pazpaboran  KOMIUIEKC ~ SKCIPECC-METOOB  OLEHKM  IUTO-,  TEHO-,
IMOPUOTOKCHUECKOM M KaHIIEpOTreHHON akTuBHOCTH HaHouactull (HY), Brirouarommii
OJTHOBPEMEHHOE HMCIOJIB30BaHUE TPEX MOJIENEH: KYIbTYp J10- U MOCTUMIUIAHTALMOHHBIX
3apoblieil Mplmed (ctaauu IpobieHus — (OpPMUPOBAHMS ONACTOIMCTBI, 1-5 mHH
pa3BuTus), U Kpbic ((hopMUpOBaHUE TOJIOBHOTO OTpocTka — 30 map comurtos, 9,5-11,5
JTHU pa3BUTHS), & TaKXkKe KyJIbTYpbl JUM(OIMTOB neprudepruyeckoil KpOBU YeIOBEKa.
OCHOBHOM LIeNbIO  SBWJIACh OLEHKA IUTO-, TE€HO-, AMOPHUOTOKCHYECKHX H
KaHIIEPOTEHHBIX CBOMCTB HaHOYacTHIl SIO, B 3kcnieprMeHTax in Vitro.

B skcnepuMenTax ucrosb3oBaiu HaHodacTHIl SIO; pasmepom-12 uwm (Sigma-
Aldrich). Jns npenoTBpallicHHs —arjioMepaldd  MPEABAPUTEIBHO  CYCIICH3HUIO
oOpabaThiBaJId yJIbTPa3BYKOM, B JalibHeHIlIeM B BoAHYI0 cycneH3uto HY nobasnsum
BCA B xoHeuHoM KoHIIeHTpanuu 15,0 mxr/mir. HY BHOCHIN B KyJIBTYpaIbHYIO CpEIy
B KoureHtpamusax 20, 100 u 200 mxr/ma. [Ins oneHkw SMOPHUOTOKCHYECKOTO
notenuuaira HY gpoOsimmecss 3apoAbllIM MBIIIM CO CTaaud 2-X OJacTOMEpoB
KyJIbTUBUPOBAIM B KaIUIIX Cpeabl Moj cioeMm mnapapuHoBoro macna (mo 20
SMOPHOHOB Ha KaIUIl0) € J100aBJI€HUEM pa3Iu4HbIX KoOHIeHTpauuid HY.
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KynbTHBUpOBaHKE MPOBOAMIM B MyJbTHrazoBoM wuHkyoartope (O,/N,/CO,) B
teyeHue 72 4. llocTHUMIUIaHTAlIMOHHBIE 3MOPUOHBI KPBICH KYJIHTUBHPOBAIA B
teueHue 48 1 B uakyobarope CO, co craguu 2-4 map coMuToB 110 cTaauu 30 COMUTOB
npy 100aBIICHUH B KyJIbTypasbHyt0 cpeny cycnensuit HU SiO, B koHneHTparmsx 20-
200 mkr/mn [1]. OueHKy 3KCHpPECCMM TE€HOB, CBSI3aHHBIX C (OPMHUPOBAHHEM Y
SMOPHUOHOB HEPBHOM TPYOKH U €€ e(PEeKTOB, MPOBOAMIM METOJIOM KOJUYECTBEHHOM
[IIIP ¢ ucnonw3oBanuem HabopoB mnpaiimepoB RT2-gPCR Assay SYBR Green |
(Sabioscience, Qiagen) ¢ HopmupoBanueM 1o reny 18S pPHK. B kauectBe mapkepoB
ObUTH BBIOpaHbI TE€HBI, CBSI3aHHBIE C (HOPMHUPOBAHHEM HEPBHOM TPYOKHU Yy 3MOPHOHOB
KpBICHI HadaJdbHBIX CTagui opranoreneza: bmp2 m bmp4 (bone morphogenetic
proteins 2 and 4, kocTHbII MopdoreHeTnaeckuit pakTop 2 u 4), ssh (sonic hedgehog),
tulp3 (tubby-like protein 3, waruGurop ssh, perymsrop curnamunra), neurogl
(neurogenin-1, wueiporenun-1). HapyiieHuss SKCIPECCUU 3TUX TCHOB TPUBOIAT K
NosIBJICHUI0 MopdoreHeTnueckux AedekToB kpanuodamuanbHoro oraena. Luro- u
reHotokcuueckue dpdextst HY  omenuBamu B KylnbType  JUMQOIUTOB
nepudepudeckoil KpoBu udenoBeka (72 4) B yCIOBUSAX LUTOKMHETHYECKOTO OJIOKa
(BHecenme mnmroxamazmHa B) [2]. B pabore mnpencraBieHa Takke ampoOarus
albTePHATUBHONW MOJENN OICHKM KaHIIepOTreHe3a C HCIOJIb30BaHUEM KYJIbTYPHI
auMpouuToB mnepudepuyeckoil KpoBH 4YelloBeka. B ocHOBe moaxoda JIEKHT
BBISIBJICHHE BO3MOXXHOW MAaJIMTHU3ALMM KIIETOK Ha Tpernaparax UHTep(aszHbIX saep
muMporutoB ¢ momotipio FISH co crnemupununsiM k gokycy 20013 (reu AURKA)
30HJOM TIOcie Bo3neiicTBusi m3BecTHBIM KaHieporeHoM NiCl, (monoxuTenbHbIi
koHTposb, 50 mkr/mur) 1 HU SiO, (200 mxr/min). 'en AURKA komupyer Aurora-
KHHAa3y, HEOOXOJUMYIO Ul PAaBUIIbHOM cerperanuu XxpomocoM B muto3se. [lokazaHno,
4TO aMIUIM(UKaAIUsg JAHHOTO TeHAa W/WIM €ro CBEPXdKCIpeccusi HalIroaeTcs B
KJIETKaX MHOTUX 3JIOKAYECTBEHHBIX OIyXoJiel (KOJOpPEKTalbHOM pake, pake
MOUEBOT'O Iy3bIpsi, MO3IOBBIX OIYXOJISIX, paKe Ipyau, SMYHUKOB, U T. 1.). Mcnonb3ys
FISH ¢ 3oum0M, cienmduuasiM k Jokycy 20013 (ree AURKA), ananusupoBanu: 1)
kosmdectBo kommii reHa AURKA; 2) CHHXpOHHOCTH PETUTUKAIUN TOMOJIOTHYHBIX
JIOKYCOB (HapyIIaeTcsl MpU TEHETUYECKOM JucOaliaHce, B TOM YHCIE B PAaKOBBIX
KJIeTKax); 3) amontos [3, 4, 5].

Craructuyeckyro 00paboTKy MaTepHralia IpOBOIUIA HA OCHOBE MHOKECTBEHHBIX
CpaBHEHMI CpeHUX 3HAYEHUH, UCTIONB3Ys TecT bapTiera, mpeaBapuTeNsHO OICHUBAIIH
OJTHOPOAHOCTh JUCHEPCH B HU3ydaeMbliX BblOOpkax. Ilpm moarBepkaeHUM
OJTHOPOJTHOCTH HCIIONIE30BTN OAHO(MAKTOpHBINA auctiepcronnbiii anamm3 (ANOVA) c
MOCJICIYIONICH KOPPEKIMEN YPOBHEU pa3lIMuMi MEKIYy KOHTPOJEM M MOJONBITHBIMU
rpymmnamu 1o t-trecty boudepponn wmm g-tecty JlaHHeTa; TpH  OTCYTCTBUHU
OJIHOPOJTHOCTH JMCIIEPCUM JJIsi CPABHEHUSI CPEIHUX BEIUYMH B TPYIIAX MPUMEHSIIH
HenapaMmeTpuieckuil kpurepuid Kpyckana-Yosurca ¢ koppekuuen no tecty Jlanna [6].
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Pazmmumst cumramu  nocroBepHbiMu npu p  <0,05. JlanHble oOpabareiBaiM B
CTaTUCTHYECKON KOMIIbIOTEpHOI Tiporpamme Prizm 5 (GraphPad, CILIA).

[psimoe BHecenune Hanouactur] SIO; B koHueHtparmsx 100 u 200 Mxr/mi B
KyJIbTYpy JOUMIUIAHTAlIMOHHBIX SMOpPHMOHOB HHAYLMpPOBAIA €IMHUYHYIO THOENb
SMOPHOHOB, BBI3bIBas TOPMOKEHHE TEMIIOB JpOOJEHHs, KOTOPOE MPUBOIMIO K
JIOCTOBEPHOMY YMEHbIIIeHHI0 o0miel kiaetouHoi Maccel (P <0,01, P <0,001) wu
KOJIMYECTBA OJIACTOLIMCT, HAXOSIIMXCS B Mpoliecce XeTunHra (ymenpiuenue B 1,4 — 1,3
pasa 1o OTHOMLICHHIO K KoHTpoito, P >0,05). HY muokcuma KpeMHUSI B KOHIICHTPAIMN
20 MKI/MJI HE OKa3bIBAJIM BIMSIHUS HAa Pa3BUTHE JOUMIUIAHTAIUOHHBIX SMOpHOHOB. [Ipu
KyJbTUBUPOBAaHMM SMOPHOHOB Ha HayaJbHBIX OJTalax OpraHoreHesa B Cpele,
comepxameir HY SiO, B Tex ke KOHIEHTpaIUsIX, SMOpHONeTAIbHBIN 3 dexT He ObuT
oTMeyeH, HO KoHueHTpauuu 100 m 200 MKr/mMia BbI3bIBATA PsAl CTPYKTYPHBIX U
JTUHAMWYECKUX TaTOJIOIMYECKUX U3MEHEHHA.

OtmeueHo Takke oOliee TOPMOXKEHHE MopQoreHeza SMOPUOHOB (3amMeIEHHUE
COMUTOI€HE3a, YMEHBIIEHUE KpaHUO-KayJalbHOro pasmepa). OueHka 3KCIpPECCHH
TeHOB TOKa3aja, YTo MpH JT00aBICHUH B KyJIbTYpaJbHYIO Cpey HaHOYACTHUI[ JUOKCHIA
kpemHusi B KoHueHTparmax 100 u 200 MKr/mMa mpoucxoauiia akTUBAIMs SKCIIPECCHH
HeliporeHnHa-1 Ha ypoBHE TpaHCcKpuIiuu (B 6,77 u 5,1 pas, COOTBETCTBEHHO); YPOBHHU
AKCIIPECCUM TIPOYUX I€HOB, ACCOIMMPOBAHHBIX C HEUPOHAIBHOMN Au(dhepeHIIMPOBKON 1
dbopMUpOBaHMEM HEPBHOM TpYOKH, 3HAYUTENBHO HE W3MEHSIach. AKTUBAIUS
HEeMporeHnHa BO3MOXHO CBSI3aHA C HapYIIEHUSIMHU Pa3BUTHsI HEPBHOW TPYOKH, OJHAKO
3TO TpeOyeT JOMOTHUTEIIBHBIX UCCIEIOBAHUM.

HY SiO, B xonmentpamusx 100 u 200 MKr/Mia He WHAYIMPOBAIH IUTO- U
reHOTOKCHYeCcKrue A((PEeKThl B KyJbType JUMQPOLMUTOB NEPUPEPUUECKON KPOBHU
yesioBeka (mpoJsiepaTtvBHasi aKTUBHOCTh KJIETOK, YacTOTa MUKHO30B, arlONTO30B,
KOJIMYECTBO MUKPOSJIEP HE OTIIMYATIACh OT KOHTPOJIS).

IIpu onenke Bo3MOkHOM KaHieporennoctn HY  SiO, nHabmogamocs
YBEIIMYEHUE YMCIICHHOCTH KIJIETOK C IMOBBIINICHHBIM KoiudyecTBoM konuid AURKA,
YBEIMYECHHE NOBPEXKIEHHBIX M alONTOTHYECKUX KIETOK M JAECUHXPOHU3ALHA
perumkarn AURKA. Taxke npu BozaeiictBurm HU SiO, oTMedYeHO TMOBBIIIICHHOE
KomuecTBa KieTok ¢ onHuM FISH-curmanom AURKA 1o cpaBHEHHIO C HOPMOH H
MOJIOKUTEIbHBIM KOHTPOJIEM.

PesynbraThl, monydennsie npu BozaerictBuu 200 mkr/ma SiO, u 50 MKr/miu
NiCl,, ctatucTuyecku He pa3IMYaUCh 332 HCKIFOYEHHEM TOBBIIICHHOTO YUCIIA SCP
c onuHouHbiM FISH-curnanom B skcnepumentax ¢ HY. IlomyueHHble naHHBIC
MIOJITBEPXKIAI0T MHOTOYHCIICHHBIC cBeieHus1 o0 kKaHieporeHHocTH NiCl,. Pe3ynbrath
ottenkn HaHovacTull SiO; Takke YKa3bIBAIOT HA UX BEPOSATHYIO KaHIIEPOTEHHOCTb.
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ITPOTEOMHBIE N METABOJIOMHBIE MAPKEPDBI
HAHOTOKCHUYHOCTHU: COBPEMEHHOE COCTOAHHUE BOITPOCA

HIvnenun B. A., 'momunckuii U. B., lllymakosa A. A., Xotumuenko C. A.
DI'BYH « DUL] numanus u 6uomexmonio2uuy,

Mockea, Poccus
E-mail: v.shipelin@yandex.ru

B mocnennee Bpems, Hapsgy C HUCCIEIOBAHHEM OT/AEIBHBIX OHMOMAapKepOB,
OTPaXarIMX Pa3BUTUE UMMYHHOM M BOCHAJMWTEIIBHOM PEAKUHMH IOJ AECHCTBUEM
Hanoyactull (HY), i oleHKM UX TOKCUYECKOTO JEUCTBUSI HAUMHAIOT NPOTYKTUBHO
HCIIOJIB30BaThCAd TaK HA3bIBAEMBIE «OMHK)» TEXHOJIOTHU, B TEPBYIO OYEpPENb A3TO
POTEOMUKA U META00JIOMHUKA. DTH COBPEMEHHbBIE HKCIIEPUMEHTAJIbHBIE IMOIXO/IbI
MO3BOJISIIOT U3Yy4YaTh MPOLIECCH META00IM3Ma, MPOUCXOSIINE B KJIETKAX, U COUETAIOT
BO3MO>XHOCTH OJIHOBPEMEHHOT'O BBISIBICHUS M KOJIMYECTBEHHOT'O OIPEICICHUS B
OMONOTHYECKOM O00pa3lle COTeH H ThICSY BHJIOB MaKpOMOJeKyn (OenKkoB) u
OronH(pOP-MATUIECKOTO aHAIN3a 3HAYMMOCTH UX MHOYKECTBEHHBIX M3MECHECHHM (T.H.
«OonbIIMe gaHHbIey, «big datay) mys n3yyaeMoro naToJIOrHYecKoro mporecca.

Baxxnast poib mpOTEOMHBIX U METa0OJOMHBIX MapKepOB TOKCUYHOCTH Obliia
YCTaHOBJIEHA B pslie pabOT, MOCBSIICHHBIX TOKCHKOJIOTO-TUTMEHHYECKOW OIICHKE
yraepoaubix HaHOTpyOok (YHT). Tokcuunocts YHT siBnsieTcs BaxkHOU MPoOIeMOi
HaHOTOKcuKojoruu. B paborax 2000-x TOMOB B KauecTBe OHOMapKEpOB

ToKcudeckoro paeucteus YHT paccMmarpuBanuch, NpEeUMMyIIECTBEHHO, IPOIYKTHI
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NEPEKUCHOIO0 OKHUCIICHUS JIMINUAOB U (pepMEHTATHBHBIE MAapKephbl NMOBPEXKIACHUS
KJIETOK pa3jiMyHbIX THUMNOB. BrocineacTBuu OblT MOKa3aHO, YTO B OCHOBE
Tokcudeckoro aeuctsuss YHT Ha opramusm sexar HMMMYHOIIATOJIOTHMYECKUE
MEXaHHU3MBI, a, CIEJOBATEJIbHO, PAHHHUMH U BBICOKOUYBCTBUTEIBHBIMU MapKepaMH
TaKOro  JEUCTBHSA  MOTYT  OBITb  JKCIpECCUs W YPOBHU  Pa3IUYHbIX
MPOBOCTIAIUTENBHBIX LIUTOKMHOB U XEMOKMHOB. OJHOI W3 mMepBbIX pabOT Ha 3TO
TEMy SBISIETCA HCCIEIOBaHUE, B KOTOPOM OBLIO YCTAHOBJIEHO, YTO HMHKYOAlMs
ANUJECPMAIbHBIX  KepaTMHOUMTOB ¢  MHorociovneiMu  YHT — (MYHT)
COIPOBOKAIaCh BBIPAOOTKOMN KiaeTKkamu npoBocnanuTeasHoro 1L-8 [1]. Tlo gqanHbM
onnocnonuble YHT npu nHTparpaxeanbHOM WHCTWULLNNA WINM UHTALILMUN Y KPBIC
BbI3bIBaNIN dKcrpeccuio MPHK pasnudHbIX TPOBOCHATUTENBHBIX [IATOKUHOB, Oy Iy4H
npu 3ToM OoJiee akTUBHBIMU, YeM HY caxku, 30710Ta, KBAaHTOBBIE TOUKH U (yJUIEpEHBI [2].

[Ipn HaOMIONEHUSX B YCIOBUSIX PEATBHOTO MPEANPUSITHS, BBITYCKAIOIIETO
MVYHT, Opuio mnoka3aHo, 4YTO B MOKpPOT€ paOOTHHKOB IPOU3BOJICTBA,
KOHTaKTHPYIOLIUX C a3P030JISIMU 3TOr0 HAHOMAaTapuaa, [OBBIIIAIOTCS YPOBHH TAKUX
MapkepoB BocnasieHus u ¢uoposa, kak IL-1PB, IL-6, TNF-a, a Taxke KL-6 [3,4].
HaubGonee yyBcTBUTENBHBIM MapkepoM 3kcno3unru K MYHT B cblBOpoTKe KpOBH
oo xemokuH TGF-B. K ananormynsiM pe3yiabTaTaM HOPHUBEIO HCCIEIO0BAHUE
OMOMapKepOB MHTAISIIMOHHOW TOKCUYHOCTH B AKcrHepuMmeHTe Ha Mblmax C57Bl1/6.
[Io MHEHMIO aBTOpPOB, I[IOJYYEHHBIC JIaHHBIE YKa3bIBAIOT HA aKTyaJIbHOCTh
MoHuTopuHra s3xcno3uui MYHT Ha paGodeM MecTe ¢ UCIIOJIb30BaHUEM YKa3aHHBIX
OnMomMapkepoB, Kak CBHUAETENEH H3Toro mpouecca. B apyroMm wuccienoBaHuH
oxapakTepu3oBaHa poiib B TokcuyHocTd MYHT rpynmsl OnomapkepoB, CBSI3aHHBIX C
MEXaHU3MOM Pa3BUTHS BOCHAIMTENBHON PEAKLIHNH, ONMOCPEAYEMON BOCTATUTEIBHBIM
kackagoM NLRP3 undaammocom [5]. Ilpu nnTpaTpaxeanbHON HHCTHILISLMN MbIIIAM
C57Bl/6 natuBHBIX 1060 KapOokcuiaupoBaHHbix MYHT oTMeueHO mOBBINIEHHE
ypoBueir IL-1B, 1IL-18, IL-33, a Takke aKTUBHOCTH KaTencuHa B,
JAKTaTAETUAPOTCHA3bl U OOIIEro COoJepKaHHs albOyMUHA B OPOHXOAIBBEOJISIPHOM
JaBake. BpIsBIeHa TecHash B3aUMOCBSI3b MEXIY TOKCHMYHOCTBIO PA3IUYHBIX (HopMm
MVYHT wu aktuBanumeirr NLRP3 B nerounoil Tkanu. O4YEeBUAHO, YTO MPABUILHOMY
BBIOOPY METa0O0JIOMHBIX OMOMAapKEpOB JOHKEH MPEANIECTBOBATh aHAIU3 OOJIBIIOrO
KoJn4ecTBa JAaHHbIX. Ho Takoi BHIOOp MO3BOJNMT BHIOpATh MPABHIIbHBIA BEKTOP AJIS
NANbHEMIINX MCCIECNOBAaHUN B HAHOTOKCHKOJIOrMM. Ha Tekymuili MOMEHT HaMmu
npoBefeH 100-IHEBHBIA MOAOCTPBIA SKCIEPUMEHT C NEPOPAIbHBIM BBEICHHEM
MVHT, B KOTOPOM HCCIIEIOBaH IIMPOKUN CIEKTP META0OJOMHBIX MOKa3aTesen.
Pe3ynbratel 3T0#1 paboThl Oy IyT OMyOIMKOBAHBI B CIEIYIOIMIEM TOY.

Bo03M0XHOCTH HCTIOIB30BAaHUSA POTEOMHBIX OMOMAPKEPOB MBI PACCMOTPUM Ha
npuMepe Hamux padoT MO MNPOTEOMHOMY NPO(PHIMPOBAHUIO MHKPOCOMATIBLHOM
dbpakuuu Ne4eHn ¢ UCIoib3oBaHueM Metoja 2D-anekTpodopesa ¢ TaHaeMHON Macc-
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cnekTpoMmerpueil. B pamkax 92-IHEBHOrO SKCIEpPUMEHTa 10 TOKCHKOJOTO-
TUTHCHUYECKOM OIleHKEe TMpernapara HaHOPAa3MEPHOTO KOJUIOUTHOTO —cepedpa
«AproBut®» B mozax 0,1, 1 u 10 mr/kr maccel Tena merogom 2D-snexrpodopesa
ObuT0 MpoaHanu3upoBaHo 30 0Opa3OB MUKPOCOM IMEUEHHU KPBIC MATH TPy, To 6
rejedt B kaxaou rpymne. Kak nmokaszanu npoBeneHHbie uccinegoranus, HU cepebpa
OKa3bIBAIOT 3HAYMMOE BJIMSHHE Ha MPOTEOM MHUKPOCOMAJIbHOW (Dpakiuu MeYeHU
KpBIC, YTO MPOSIBISETCS HE TOJbKO B HMCYE3HOBEHUMHM, HO U B IMOSABJICHUU psiaa
OENKOBBIX TMATEH. BOJBIIMHCTBO BBHISBIEHHBIX BapuaOeIbHBIX OETKOB SIBISIOTCS
HU3KOKOMUIHBIMU C OYEHb MAJIBIMUA BETMYMHAMU ONTUYECKOUN MJIOTHOCTH MSTEH, YTO
JeNaeT MX UACHTHU(PUKAIMIO METOJOM MAacC-CIEKTPOMETPUU MPOOIeMaTUIHOM.
B pesynbpTaTe BBIIIOJIHEHHOIO aHAIW3a ObLI OTOOpaH psii BBICOKOKOIMHMMHBIX OEJIKOB
MUKPOCOMAJIBHOW ~ (PpakiuM, SIBJISIIOIIMXCA TOTEHIHUAIBHBIMM KaHIWJaTaMH B
ouosiormdyeckue Mapkepnsl nerictBus HY cepeOpa. Mx 3HAYUMOCTh B KayecTBe
MapKepoB HAHOTOKCHUYHOCTH OyJeT YCTaHOBJEHA TMocie WACHTUPUKALNN U
yCTaHOBJICHUS] (YHKIIUU COOTBETCTBYIONIUX OCJIKOB METOJIOM TaHJEMHON Macc-
CHEKTPOMETPHUH.

AHanornyHo, B 3KCIEpUMEHTE C 28-THEBHBIM NepopaibHbiM BBeAeHMeM HY
JTUOKCHAa KpeMmHHuss B KoHueHTpamusx 1, 10, 100 wmr/kr maccel Tema, Macc-
CHEKTPOMETpUYECKasT UIEeHTU(UKAIUS OENKOB, IKCIPECCUPYEMBIX MO ACHCTBUEM
HY B MuKpocoMax remnatoluToB, TO3BOJIMIIA BBISIBUTH PsAJl OCIKOB, MPUCYTCTBYIOIIUX
B 0Oaze nmaHHbIX. OnHaKO, OMOJIOTMYECKYI0 (PYHKIMIO yJaloCh YCTAHOBUTH TOJIBKO
JUTSL OJTHOTO JOMHUHAHTHOTO OEITKOBOT'O THKA, MCUE3AIOIIET0 B MUKPOCOMaX MEYCHH
noa BoznerctBueM HauOosblied w3 03 HY. IlomyyeHbll menTUAHBIA CHEKTP
COOTBETCTBOBaJl OeNKy ¢ MoJjekyinsapHoi maccor 78 kA — GRP78 (glucose-
regulated protein precursor), mpuHAJIEKAIIEMY K CEMEHCTBY OEJIKOB TEIJIOBOTO
moka 70 kDa, wu3BecTHOMy, Kak IIAllEpOH U  JIOKAJIU3YIOUIEMYyCs B
SHIOIUIA3MATHYECKOM PETUKYJIyME Ha TOBEPXHOCTHM KIETOK, B TOM 4YHCIE
renatonutax. Mnentudukanus OSIKOBBIX MUKOB ObLTA CAEIaHA M B DKCIIEPUMEHTE C
HY oxucu amomunms, rae HU B mo3ax 1 m 100 mMr/kr maccel Tena mepopaibHO
BBOJAWJIM YKUBOTHBIM Ha NPOTSHKEHUM 28 JHEW. DBBUI0 yCTaHOBIIEHO, 4YTO MOJ
BozjeiictBueM HY okcuia aroMUHMS BHE 3aBUCUMOCTH OT MCIOJIB30BaHHBIX 7103 BO
BCEX IPYIIAaxX KUBOTHBIX Ha 3JIEKTpodoperpaMmax NosaBiIsuIUCh 11 HOBBIX OETKOBBIX
MSATEH, U Bcue3asio 15 OENKOBBIX MATEH MO CPABHEHHUIO C KUBOTHBIMU KOHTPOJIHHON
rpymnmbl.  Macc-CeKkTpainbHBI  aHAIW3 TO3BOJIMJ  BBISBUTH Cpelu  OEJIKOB,
JKCIpeccupyeMbix noja BosaeucreueM HY B Mukpocomax nmeYeHHW >KUBOTHBIX, P
dbopM MOTUIENTHAOB, MPUCYTCTBYIOMIMX B MEKIyHAPOAHOU 0a3ze maHHBIX. OauH U3
UJIEHTU(PUIIUPOBAHHBIX JOMUHAHTHBIX IMHUKOB OBbUT MPEICTABJICH MPOTEACOMOM o
type-3 ¢depMeHTa NPOTEACOMHOIO HSHIONENTUAA3HOTO KOMILUIEKCa, a JApyrod —
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dbakTopom aytodaruu
4B (ATG4B).

B npyroit nHamelr pabote, rie KpbicaM Ha IPOTSHKEHHH 28 JHE mepopajbHO
BBom HU nuokcuaa tutana (aHarasHas gopma) B konmeHntparusax ot 0,1 go 10,0
MI/KT MacChl TeJa/IieHb, Oblja BBIABJICHA AKCIpPECCUs OEITKOB MHUKPOCOM IE€YEHU
KpbIC, OCOOEHHO BBIpOKEHHAs TMPU  BBICOKMX  KOHIEHTpamusx. Macc-
CHEKTpOMETpUYECKasi UaeHTU(UKAIUs OENKOB MO3BOJIWIA BBISIBUTh JOMHHAHTHBIN
MUK, SKCIpeccupyemslil oy BozaeiicteueM HY B mukpocomax nedenu npu aose 0,1
MT/KT Macchl Tejia u 0oJiee, il KOTOPOro ObUIO YCTaHOBJIEHO, YTO OH MPEACTaBJICH
nzoopmoit Mu 2 depmenTa TayTaTHOH-S-TpaHcdepasbl. MolekysapHas macca
sToro Oenka cocraBmia 41,55 k/l, uzoanexkrpudeckas touka pl = 8,0.

MoXHO pe3toMHpOBaTh, YTO B MOCIEIHEE BPEeMsI BO3MOKHOCTH MPOTEOMHBIX
MCCIIEOBAaHNI B HAHOTOKCUKOJIOTHH 3HAYUTEIBHO BO3POCIU B CBSI3U C BHEIPECHHEM
METO/10B OMOMH(POPMATUKH MPU UHTEPIIPETAIIMU NaHHbIX. [103TOMY, HCTOIB30BaHKE
MeTtoja 2D-anekTpodopesa ¢ TaHAEMHON MacC-CIIEKTPOMETPUEH SBISETCS BaXKHBIM 1
MEPCIEKTUBHBIM ~ HUHCTPYMEHTOM JJIsi 1eJedl  HaHOTOKcuKoyioruu. I[lpuuem,
UACHTU(DUKAITNSA DKCIPECCUPYEMBIX (DYHKITMOHAIBHO 3HAYMMBIX OEJIKOB JIOJDKHA
OBITh 00S3aTEIbHBIM KOMIIOHEHTOM HCCIIEIOBaHMs, YTO B OYyIylIeM IO3BOJIUT
MOHATh MEXAHWU3MBbI MOBpeXkaarouero nercrsusa HY m yCTaHOBUTH NMOTEHIMANIBHBIC
«vuieHn» Bo3aenctsusa HY mpu ux NoCTyIJIEHUH B OPTaHU3M.
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N3yueHne  TOKCMYHOCTHM  HAHOYACTHUI]  (HAHOTOKCHUKOJOTHs)  TpeOyeT
MPOU3BOJICTBA CTAOMJIBHBIX KOJUIOUJHBIX PACTBOPOB C BBICOKOW KOHIIEHTpAaIMEH
MOJICITBHBIX YHCTHIX HAHOYACTHUII 33JJaHHOTO COCTaBa, pazMepa u (popmel. Jlazepras
abJAIMs B BOJIE OTKPHIBAET YHUKAIBHYIO BO3MOKHOCTh MPOU3BOJICTBA KOJUIOUHBIX
pPacTBOPOB YHUCTHIX METAJUIOB U OKCHUJIOB METAJJIOB C JKEJIaeMbIMH MapamMeTpaMHu.
Kommouasr Hanowyactunr Au, Ag, CuO, NiO, PbO, Zn0O, Fe,0; u Mn;O,4 ¢ y3koii
byHKUMEW pacnpeneneHuss pa3MepoB M KoHLeHTpauued 1o 0.5 r/m ¢ goctatoyHo
BBICOKOM CTAaOWJIBHOCTBIO OBLJIM  W3TOTOBJICHBI [IJII  WCCJICAOBAHUS  BIWSHUA
HAHOYACTHI] Ha OMOJIOTHYECKUE TKAHU U KIICTKH.

WMy nbCHBIN BOJIOKOHHBIN WUTTEpOUEBBIN Jlazep ¢ JIMHON BoJHBI 1064 HM,
IIUTENbHOCTRIO uMItyibca 100 He u yactoTtor moBTopenus 21 kI ucnonp3oBancs
JUIsL  a0JNsIMU  YUCTOM METaUIMYEeCKOM MUIIEHW B JEMOHU30BAHHOW BOJIE H
nocieaywmeil gparmentanuu cycneH3ud. CUHTE3 HAHOYACTUI[ MPOBOAWICS B
HECKOJIBKO CTaauii: 00pabOTKa TOBEPXHOCTH C TIOMOIIBIO CKAHHUPOBAHUS
(OKYCUPOBAHHBIM  JIa3€pPHBIM  IYYKOM, AaOJISII[Usl  MUIIEHU, JOMOJHUTEIbHAS
dbparmeHTaius, Cyka Jyisi yBeJIMueHus: KOHIIEHTpanuu pactBopa 10 0.5 r/1 u Harpes
JUIi  CaMOOPTraHM30BAaHHOTO WM3MEHEHUs pa3Mepa U (PopMbl  HAHOYACTHII.
OnTUMU3UPOBAHHAS ~ TEXHOJOTHUS  TO3BOJWIA  TPOU3BOAUTH  HEOOXOIUMBIC
KOJUTOMJIHBIE PAacTBOPBl CO CTAaOMIBHOCTBIO Ooyiee Mecsa U3 chepruuecKux
HaHouyacTull pazmepamu ot 10 go 60 M. DyHKIMS pacnpeAcieHUs pa3MepoB
HAHOYACTHI] M3MepsUlach C IOMOIbIO aHayim3aropa Zetasizer Nano ZS u mytem
CTaTUCTUYECKOTO  aHali3a  M300paKEHWM,  TOJYYEHHBIX  CKAaHUPYIOIIHUM
9JIEKTPOHHBIM MUKpockoroMm Auriga CrossBeam. CoctaB onpenessics ¢ MOMOIIBIO
KOH(OKATLHOTO MHUKpOCKoIa komOnHaroHHoro paccestaus Alpha 300 AR WiTec.
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OO0mias KOHILIEHTpauus MeTaia B oOpa3lax IeYeHHU, MOYEK, CEJIE3eHKU U
MO3ra KpbIC, MOJABEPIaBIINXCS BO3JACHCTBUIO HAHOYACTHUL], ONPEAEISIIACh METOIAOM
aTOMHO-D)MUCCUOHHOM  CHEKTPOCKONUU €  TOMOIIbIO  aTOMHO-PMHUCCHOHHOTO
CIIEKTPOMETpPA C MHIYKTHUBHO-CBsI3aHHOH mazmoii ICAP 6500 Duo.

OO6pa3upl  TOMOT€HM3UPOBAHHOM TKAaHM TOC/E  JIMOMQUIBHON  CYIIKH
pacTBOPSUIUCh B KHCIOTE C TIOMOIIBIO MUKpoBONHOBOW cuctrembl MARS 5.
CopepkaHre HAHOYACTUI[ NApAMArHUTHBIX METAJUIOB OMNPENESAIOCh METOA0M
ANEKTPOHHOTO TapaMarHuTHoro pe3oHanca (DIIP) ¢ momomiplo crekTpomerpa
SJIEKTPOHHOTO TTapaMarHuTHOro pe3onanca EMX Plus Bruker.

BrusiHre HaHOYACTHUI] HAa ATBBEOJIIPHBIE Makpodaru mcciaenoBaiock in Vivo ¢
IIOMOIIBI0 AaTOMHO-CHUJIOBOM M MPOCBEUMBAIOLIEW JJIEKTPOHHOM MHUKPOCKOIIUHU.
OOHnapy>xeHo, 4TO (ParonMTO3 HAHOYACTUIl MPUBOAUT K U3MEHEHHUI0 MOp(hOoJIoTUu
MOBEPXHOCTHU KJIETOK HAa HAHOYpOBHE. PazMephl SIMOK Ha MOBEPXHOCTH, BBISIBICHHBIX
C TMOMOUIBIO AaTOMHO-CHJIOBOM MMKPOCKONHMHM B KIJIETKaX KpBbIC, IOJBEPIraBIIMXCS
BO3JICHCTBUIO HAHOYACTHUIL, OJM3KA K pa3MepaM HCIOJIb30BAHHBIX HAaHOYACTHII.
Takue sIMKM OTCYTCTBYIOT HA IOBEPXHOCTH KOHTPOJIbHBIX KJETOK. [lojokeHue Ha
HOYACTHUII B 00pa3liax TKAHU KPbIC U BbI3BAHHBIE UMU JECTPYKIMU ObLIN BBISBIEHBI C
ITOMOILBIO CKAHUPYIOLIEH MPOCBEYMBAIOIIEH 3JIEKTPOHHON MUKPOCKOIIUU.

VYJIK 578.08:53.086

HAHO-BUOJIOTMYECKHUE B3AUMOJIEVICTBUSI:
HA IPUMEPE MHOI'OCTEHHBIX YIVIEPOAHbBIX HAHOTPYBOK

Aun b.

Llanvoyuckuil ynusepcumem,
13unanv, Kumaii
E-mail: drbingyan@yahoo.com

MHorocnoiHsie  yrmiepoAHble HAHOTPYOKHM IIMPOKO HCMOJB3YIOTCS B
Pa3NIMYHBIX OTPACISAX MPOMBIIIIIEHHOCTH, OWOMEIMIIMHE M BO MHOTHMX BHJIAaX
norpeduTenbckol mponykmuu. OIHAKO CEephE3HBIE OMACEHUs BBI3BIBACT UX
MOTEHIMAIbHASI TOKCUYHOCTh. MHOTOCIIOWMHBIE YIJIEpOIHbIE HAHOTPYOKH MOMaaloT B
KJICTKM OpraHr3Ma 4eJlOBEKa, CO3Jal0T MOMEXHU Ha MyTSIX KIETOYHON CUTHAIU3AIlUH,
Pa3NUYHBIX KJIETOYHBIX (YHKIMH, W TPUBOAAT K HapyIICeHUsIM (QYHKIUA B
OpraHu3Max >KHBOTHBIX [1-5].

[TockonbKy 3HaYMTENbHAs YacThb aTOMOB MHOTOCJIOMHBIX  YIJIEPOJHBIX
HAHOTPYOOK HAxXOMSITCS HAa TIOBEPXHOCTH, XWMHUYECKHE MOAM(PUKAINUA UX
MOBEPXHOCTH, MOTYT NMPUBECTH K 3HAUYUTEIHHBIM HU3MEHEHHSIM HMX OHOJIOTMYECKHUX
CBOMCTB. [IprMeHNB 1TOIX0 HAHOKOMOWHATOPHBIX OMOINOTEK, MBI MOAM(HUITIPOBAIIN

69


mailto:drbingyan@yahoo.com

MOBEPXHOCTh MHOTOCIIOMHBIX YIIEPOJHBIX HAHOTPYOOK. BBISICHMIIOCH, YTO HOBBIC
MHOTOCJIOMHBIE YITIEpOJHbIE HAHOTPYOKH 00J7a/71ai0T MEHbIIEH TOKCHYHOCTHIO WIIH
HepenporpaMMHUPYIOT MEXaHU3MBI ITepeladll CUTHaJa B KieTke [6—7].

[Ipu aHanu3e 60IBIIKUX MACCUBOB JaHHBIX OMOTECTOB C MOMOIIbI0 XUMUYECKOU
WHPOPMATUKU W BBIYUCIUTEIBHON XUMHUHU OBLJIO OINPEAEICHO KOJIMYECTBEHHOE
COOTHOIIICHHE HAHOCTPYKTYpHI U O6uosnorndeckoit aktuBHocTH (QNAR), Takke ObuTH
MOCTPOEHBI MOJIENH [IJIsl TPOTHO3WPOBAaHUS OMOCOBMECTUMOCTH MHOTOCIOWHBIX
YIIIEPOAHBIX HAHOTPYOOK.

Paboma evinonnena npu noooepowcke Ilocyoapcmeennoco @onoa ecmecmeeHHblX HAYK
Kumas (epanmur Ne21137002 u 91543204), Cmpamecuueckas npozpamma npuopumemHsix
uccneoosanuit Kumaticxoii akademuu nayk (epanm XDB14030401).
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FOREWORD

Holding the All-Russian Research and Practice Conference with
International Participation “Topics of current hygienic importance in
nanotoxicology: theoretical premises, hazards identification and ways of
their attenuation” is driven by developing the scientific basis and new
applications for nanotechnology resulting in scores of new artificial or so called
engineered nanomaterials.

At the same time nanotechnology and nanomedicine research brought to
our notice great yet underestimated hygienic significance of nanoscale particles
as a component of aerosols polluting the air in industrial facilities and the
atmosphere using long existing manufacturing processes

In the last 10-12 years, studying nanoparticle characteristics and specific
bioactivity mechanisms (including toxicity) at an ever increasing pace in many
countries have shaped a new branch of toxicology — nanotoxicology.

There have been some developments in this field by the research
institutions in Russia (including Rospotrebnadzor research institutions) and
abroad.

The information provided by the scientists from Russia and other
countries and published in these proceedings shows the progress made in this
field and sets the priorities for hygienic nanotoxicology.

The most interesting and relevant materials will be reported and discussed
in the form of oral presentations at the conference

We hope that the information from the proceedings will be of interest and
will prove useful to deal with hygienic and nanotoxicological challenges, to
develop methodological approaches and establish occupational and non-
occupational safe exposure levels and increase organism’s resistance to their
adverse effects.

Editorial board
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UDC 613.6:616-057

LOCAL AND SYSTEMIC EFFECTS INDUCED
BY INHALED PARTICLES AND NANOPARTICLES

Alfaro-Moreno E.
Swedish Toxicology Sciences Research Center, Sweden
Instituto Nacional de Cancerologia, México
E-mail: ealfaro.incan@gmail.com

Humans have been exposed to particles via inhalation since the dawn of time.
During the 20" century, the epidemiological data showed that miners exposed to coal,
asbestos and other minerals developed lung diseases such as lung fibrosis and cancer.
Exposure to particles in urban areas was also identified as risk factor for lung and
circulatory diseases. Due to this adverse outcomes related to inhaled particles, great
efforts have been done to control the exposure in urban areas, indoor environments and
at work places. In the last 30 years thousands of new particles with sizes under 100 nm
have been produced and many of those particles have been not properly assessed from
the toxicological point of view. Inhaled particles with sizes under 10 um can reach the
lower airways and those with sizes under 3 um can reach the lung. Particles with sizes
under 0.1 pm may translocate out of the lung and reach the circulatory system, and
therefore reach distant organs. Among the adverse outcomes related to inhaled particles
the most important are: local and systemic inflammation, lung fibrosis, lung cancer,
decrease of the coagulation time, endothelial dysfunction, changes in the viscosity of the
plasma, and recently it has been suggested that nanoparticles that reach the brain may be
linked to Parkinson’s disease and Alzheimer’s disease.

UDC 504:539-022.532

HYGIENIC ISSUES ASSOCIATED WITH THE PRODUCTION
AND APPLICATION OF ENGINEERED NANOMATERIALS

Britanov N. G., Gorkina I. K., Klauchek V. V., Pocheptsov A. Y.,
Tochilkina. L. P., Filatov B. N.

Federal state unitary enterprise «Research Institute of Hygiene, Toxicology and Occupational
Pathology» of the Federal Medical and Biological Agency
Volgograd, Russia
E-mail: filatov@rihtop.ru

Although some of Russia’s industries lag behind the West, nanotechnologies
are gradually finding their way into practice. The progressive value of such
technologies is obvious and does not need any discussion. But it is also obvious that
the production of nanomaterials and their industrial applications without supporting
full-scale sanitary and hygienic studies can cause harm in occupational settings [1-4].

Undoubtedly, it is primarily essential to regulate admissible concentrations of
nanoparticles in workroom air and ensure that occupational environments are not
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polluted with nanoparticles, which requires the usage of corresponding industrial
processes and exercise of due sanitary chemical control. However, this is exactly where
medical and hygienic problems arise in relation to human health in connection with the
introduction of nanotechnologies. Unfortunately, it is always the case with the
introduction and development of essentially new technologies that the assessment of
possible adverse consequences brought about by a nanotechnology is carried out
extremely slowly. This can be partly explained by the complacency from the fact that the
initial macroforms have been sufficiently well studied. However, studies of possible
adverse risks for human health suggest that nanoparticles can present both direct and
indirect hazards due to insufficient knowledge or flawed process development [5, 6].

Like never before with the introduction of new technologies, the principal
problems are associated in this case with hygienic regulation studies for the
concentration of nanoparticles in workroom air due to their extreme diversity and
specificity [6]. In actual practice, what suggests itself, at least at the beginning, is the
need to study the qualitative and quantitative composition of nanoparticles actually
polluting workroom air in relevant industries in order to set evidence-based hygienic
standards. This would, of course, requires high expenses on studies, which is
undoubtedly feasible based on government financing only, especially at the stage of
fine chemical production. Moreover, by way of anticipating a multi-component
composition of workroom air pollutants, it seems reasonable to consider the
possibility of assessing occupational health risks from pollutant combinations.

The next issue is equipment for inhalation exposures. The equipment available
at research institutions dealing with sanitary and hygienic standardization of chemical
substances in both workroom air and atmosphere cannot be used for creating and
controlling preset concentrations of nanoparticles without special technical
attachments and corresponding methodologies. Imported exposure equipment
provided with nano-aerosol generators are currently too expensive and inaccessible
for the majority of Russian research institutions.

The Research Institute of Hygiene, Toxicology and Occupational Pathology of
the Federal Medical and Biological Agency of Russia is conducting work to ensure
qualitative and quantitative estimation of workroom air pollution with nanoparticles at
solid propellant, explosives and gunpowder production facilities which extensively
employ component crushing and grinding processes. These processes are potential
sources of uncontrollable nanoparticle production capable of polluting occupational
environments. Moreover, these industries increasingly often use nanomaterials for
improving the performance characteristics of condensed energy systems. It is assumed
that exposure to nanoparticles causes a specific pattern of pathology manifesting itself
in delayed or long-term consequences for the organism [7].

The hygienic standards available today for nanoparticles have been set mainly
for foodstuffs. Moreover, sanitary control is proposed to be conducted in accordance
with guidelines which are suitable for qualitative analysis and, sometimes, for
nanoparticle identification but are little suitable, if at all, for quantitative analysis of
nanoparticles, especially in air [8, 9].

In relation to large-scale production of nanomaterials, hygienic standards for
nanoparticles will have to be developed for natural environments. This is where even
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greater complexities are to be expected, particularly as concerns the regulation of
nanoparticle concentrations in atmospheric air, water, and soil.

In fact, this is going to be just the initial phase of developments required to ensure
occupational and public safety in areas affected by nanomaterial production facilities.

In parallel with nanoparticle concentration standardization to ensure
occupational safety in nanomaterial production or use, other hygienic aspects should
be also realized. Thus, occupational protection against undesirable effects of
nanoparticles and nanomaterials on human health can theoretically be ensured by
isolation from them in some form, for example, by using personal protective
equipment. Today, however, there is no data on the protective efficacy of existing
personal protective equipment against nanoparticles.

The above demonstrates that there are problems in the assessment and
management of health risks for individuals exposed to nanoparticles occupationally
in the production or use of nanomaterials.
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ECOTOXICITY EVALUATION
OF EXFOLIATED VERMICULATE-BASED MAGNETIC
NANOCOMPOSITE DEVELOPED FOR OIL SPILL REMEDIATION

De Morais P. C.
Anhui University, School of Chemistry and Chemical Engineering,
Hefei, China
E-mail: pcmor@unb.br

Magnetic exfoliated vermiculite is a synthetic nanocomposite developed to
quickly and efficiently absorb oil from water bodies after oil spill. It was developed
primarily to mitigate environmental pollution, but the possible adverse impact of its
application in the field is now under evaluation. In this context, the present talk will
address preliminary ecotoxicity evaluation of the magnetic and non-magnetic
exfoliated vermiculite using genotoxic and histopathological biomarkers in zebrafish
(Danio rerio). After exposing zebrafish to magnetic and non-magnetic exfoliated
vermiculite (up to 200 mg/L) DNA fragmentation, micronucleus frequency, nuclear
abnormalities and histopathological alterations data were used to assess the
ecotoxicity of the as developed nanocomposite. Our findings suggest that the use of
magnetic and nonmagnetic exfoliated vermiculite may cause DNA damage in D.
rerio, but the observed alterations are likely to be repaired, indicating that the
nanocomposite may promote genotoxic damage, but not mutagenic effects.

UDC 613.6:615.9

CHARACTERIZATION OF OCCUPATIONAL EXPOSURE
TO AND MEDICAL-BIOLOGICAL EFFECTS
OF MULTIWALLED CARBON NANOTUBES

Fatkhutdinova L. M.

Kazan State Medical University,
Kazan, Russia
E-mail: liliya.fatkhutdinova@gmail.com

The number of businesses manufacturing or using carbon nanotubes (CNTS)
and other carbon-based materials is constantly growing. But health-related aspects of
occupational exposure to them have been investigated relatively little.

There are several ways to solve the problem of qualitative estimation of
airborne CNT concentrations. Determining CNT mass concentration by determining
associated metal catalyst content [1] is an indirect method. However the
concentrations of metal catalysts encased in CNTs may be too low to be measurable.
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Besides, metal content may depend substantially on pollutant interference [2]. It
should be noted that qualitative relationships between metal content and CNT mass
may be quite variable. Thermal-optical analysis makes it possible to determine
elemental carbon that CNTs consist of in work zone air samples [2]. In addition,
transmission electron microscopy (TEM) and other methods (e.g. nanoparticle
exposure assessment using direct reading instruments) were used to characterize
occupational exposure [3]. Furthermore, Russian investigators suggested to score
individual CNTs directly sampled in liquid medium (deionized water) [4].

Characterizing actual exposure is essential for planning toxicological
experiments including those aimed at substantiating permissible exposure limits.
Investigators from Kazan State Medical University in collaboration with research
group from National Institute for Occupational Safety and Health (NIOSH) studied
the levels of multiwalled carbon tubes (MWCNTS) in work zone air at a Russian
manufacturing enterprise where a hydrocarbon catalytic pyrolysis reactor was used to
synthesize MWCNTSs. Air samples were collected in personal breathing zones using
concurrently 37 mm mixed cellulose ester filters (0.8 um pore size) and 25 mm high
purity quartz fiber filters (for thermal-optical analysis).

8-hour time-weighted average concentrations for respirable size fraction in
personal breathing zones ranged from 0.54 to 6.11 pg/m® (expressed as elemental
carbon), and they often exceeded NIOSH-recommended level of 1 pg/m®. More than
that, MWCNT particles were detected in the workroom air even when the equipment
was shut down. The airborne MWCNTSs were in the agglomerated form, the agglomerate
sizes being between 1 and 10 pm. As expected, the highest work-zone concentrations of
airborne elemental carbon were determined while collecting the product manually from
the reactor, whereas mass concentrations of MWCNT aerosols were the lowest while
collecting the samples under laboratory conditions. The data obtained are consistent with
the data obtained at various enterprises by two separate research groups (from the USA
[5] and Sweden [6]) using similar methodological approaches (TEM combined with
thermal-optical analysis). The method of counting individual airborne MWCNTSs
sampled deionized water [4], as recommended in Guidelines 1.2.2639-10, was found
difficult to apply, since the airborne MWCNTSs were in the agglomerated form, the
agglomerate sizes ranging from 0.5 to 10 um. The study shows that national
methodological approaches to assessing exposure and CNT standardization related to
environmental media should be reconsidered.

Mouse experiments that we conducted revealed the profibrotic potential of
incidental industrial MWCNTSs, the histological pattern of fibrosis being
complemented by statistically significant dose- and time-dependent elevated levels of
biomarkers such as TGF-3 and osteopontin both in blood serum and bronchoalveolar
lavage (BAL) fluid[7]. The epidemiological biomarker study that involved 10
industrial workers exposed to MWCNTSs and 12 people comprising the control group
showed that occupational exposure to MWCNT aerosols may induce changes in
certain levels of fibrotic change biomarkers in blood serum and induced sputum
samples. In particular, blood serum TGF-Bf1 and sputum KL-6 levels were
significantly dependent on exposure to MWCNTs [8]. Additionally, mRNA
expression profile analysis showed significantly increased expression of genes coding
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KL-6 and a number of other genes regulating its activity (IL6, EGFR, TGFp, ERK,
PDGFA, CASP8). Comparing noncoding and messenger RNA expression profiles in
the MWCNT-exposed and non-exposed workers revealed statistically significant
differences showing that occupational exposure to MWCNTs may increase
pulmonary and cardiovascular risks, as well as cancer risks, which is consistent with
the data obtained in previous in vivo studies.

Without conclusive data on MWCNT safety for human health and in view of
reasonable precaution, a system of preventive measures should be implemented in
industrial facilities. Exposures to MWCNTs could be attenuated by means of
designing closed-loop process cycles, controlling MWCNT levels in different work
zones and personal breathing zones, environmental engineering, and using personal
protective equipment. Biological monitoring and regular medical examinations will
make it possible to detect precursory pathological symptoms and create a biobank for
further investigation.
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IN VITRO MODELS FOR THE ASSESSMENT OF SHORT
AND PROLONGED EXPOSURE TO NANOPARTICLES

Frohlich E.
Medical University of Graz, Center for Medical Research,
Graz, Austria
E-mail: eleonore.froehlich@medunigraz.at

Background. Nanoparticles are integrative parts of many products used in
industry, food, cosmetics and medicine. The general population, therefore, is exposed
to nanoparticles by various routes, out of which dermal, oral and inhalation appear to
be the most important. The potential health risk by these exposures is still not
completely clear. Nanotechnology is one of the leading technologies of the 21
Century and the number of engineered nanosized materials is steadily increasing.
Since testing of the many nanoparticles is ethically and financially not possible the
testing in physiologically relevant in vitro systems is reinforced. Assessment of
nanoparticle safety is complicated mainly by uncertainties in realistic exposure levels.
Additional factors include changes of particle properties (particularly dispersion and
surface properties) in biological matrices, and interference of nanoparticles with
detection systems. Cytotoxicity of nanoparticles has been intensely studied using
conventional cytotoxicity screening. This screening uses high concentrations and
measures Vviability of the exposed cells usually after 24h exposure. Due to
concentration-dependent agglomeration of nanoparticles the effects at high doses for
short times may not be predictive for cellular effects at low doses for prolonged time
periods, which appears more realistic for human exposure to nanoparticles.

To improve the understanding of nanotoxicity we studied uptake and particle
size and charge dependent cytotoxicity and mode of toxic action of polystyrene
nanoparticles in a panel of cell lines. Effects of polystyrene particles, silica
nanoparticles and short carbon nanotubes were compared in long-term (repeated
doses, 4we) and short-term (single dose, 24h) culture.

Results. False positive and negative results in cytotoxicity screening assays
could be prevented by inclusion of additional controls and use of more than one
assay. When interference was taking place the assays could also be modified for
some particles. The reaction to nanoparticles differed between cell types and from the
exposure system. In the case of polystyrene particles cells growing in suspension,
cells with a high proliferation rate and small cells were more susceptible to cytotoxic
damage than adherent cells, slowly proliferating cells and larger cells. Exposure using
aerosols increased cytotoxicity to respiratory cells compared to application of the
nanoparticles as solution. The mechanism of cell death, apoptosis versus necrosis,
could be linked to size and surface parameters but cytotoxicity of all nanoparticles
was only weakly linked to generation of oxidative stress. Exposure systems for long-
term studies had to be cell-specific and adherent endothelial and respiratory cells
required different models. The exposures showed marked cytotoxicity of small
polystyrene particles but relatively small effects of short carbon nanotubes.
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Conclusions. Cytotoxicity of nanoparticles can be determined also in case of
interference by colour, fluorescence, light scattering, etc. provided the respective
controls are included and adaptation of assays are made. Physiologically relevant
exposure systems produce different results from conventional cytotoxicity testing. As
expected, cytotoxicity of nanoparticles after repeated exposure was higher than after
short-term exposure. Carbon nanotubes with a high length to diameter ratio (aspect
ratio) reacted more cytotoxic than tubes with a low aspect ratio but overall the
observed cellular effects at realistic concentrations were small.

UDC 613.6:615.9

THE USE OF BIOMARKERS OF EFFECT FOR ASSESSING AND
PREDICTING THE HEALTH RISK RELATED TO OCCUPATIONAL
EXPOSURE TO NANOSIZED AEROSOLS AT MINING OPERATIONS

Gorbanev S. A, Ellingsen D.%, Thomassen Y.%, Chashchin V. P.!
'FBUN «Northwest Research Center of Hygiene and Public Health»
of Rospotrebnadzor, St. Petersburg
’The National Institute of Occupational Health,
Oslo, Norway

Assessing the health risk associated with the exposure to ultrafine particles
generated mostly from diesel exhaust has been conducted in a cross-sectional
epidemiological study involving 195 healthy workers employed in open pit and
underground mining companies located in the Euro-Arctic Barents Region. Workers
were divided into 5 exposure groups that experienced different levels of occupational
exposure to airborne particles at moderate (from +5.0 to + 16.2°C) and low (from -
3.5 to -13.5°C) air temperatures. The study of health risk associated with the
exposure to nanosized secondary aerosol of diesel engine exhaust was focused on the
chemical composition, size, number and distribution of the particles. Exposure
assessment was performed by personal air sampling followed by measurements of
time-weighted average concentrations of total suspended matter, organic and
elemental carbon, nitrogen oxides and carbon monoxide for 2 consecutive work shifts
(at least 6 hours per shift) in mines largely using mining machines equipped with
diesel engines. Meteorological parameters, physical strain at work (work load) and
self-assessment of thermal sensations were also measured. In addition, serum
concentrations of biomarkers associated with the respiratory risk (proteins Clara cells
16 and surfactant D), cardiovascular risk and systemic inflammation (TNF —q,
Interleukin-6, Micro-C-reactive protein), and thrombotic risk (D-dimer, P-selectin)
were measured once prior to and twice 24 and 48 hours after the last study shift. In
order to adjust the biomarker concentrations for confounders such as tobacco
smoking including its passive inhalation, the cotinine concentration was measured as a
biomarker of nicotine intake in the morning void of urine collected after last study shift.

The results showed that the time-weighted average mass concentrations of
aerosols in both open pit and underground mines were in the range 0.3-1.4 mg/m®,
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which is much lower than the Russian occupational exposure limits (OELSs) for mild
to moderate fibrogenic dust (4-10 mg/m®). The air concentrations of carbon
monoxide and nitrogen oxides in the study period also proved to be significantly
lower than the OELs. However, it was found that the quantitative concentrations of
suspended particles were in the range 108 — 1010 particles per m®. The expected total
dose for workers was approximately 1012 — 1014 particles inhaled per shift. The
highest concentrations of nanosized particulates found in the air within unprotected
cabins of mining machines, equipped with diesel engines in underground mines.

Statistical analysis of the results obtained in different exposure groups showed
that inhaling the nanosized aerosols in mass concentrations below the OELs can
increase significantly the biomarkers levels of respiratory and cardiovascular risks,
such as IL-6, TNF-a, CRP and CC 16. A close relationship does exist between the
serum levels of TNF-a, IL-6 and estimated particle exposure dose expressed in the
number of particles in the total volume of air inhaled per shift. In workers exposed to
diesel engine exhaust at air temperatures below 0 °C, the cardiovascular risk
biomarkers (TNF-a, IL-6, Micro-CRP) and thrombotic disorders (D-dimer) were
significantly higher in comparison with workers exposed to similar concentrations in
more favorable meteorological conditions. A statistically significant association
between the biomarker of smoking intensity (cotinine excretion) and levels of
respiratory and cardiovascular risk biomarkers was also found.

Thus, in addition to the OEL-based criteria currently applied for evaluating the
adverse effects of aerosols, in case of predominant nanosized fractions, it is advisable
to consider applying additional criteria that take into account the air concentrations
expressed in the number of NPs or their total surface area. Accounting and statistical
adjustment of the results for smoking intensity should be taken into account to assess
the health effects related to nanosized carbon aerosols in epidemiological studies.
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Pyrometallurgical processes like any other metal processes involving
disintegration and condensation of materials are followed by the generation of
complex aerosols containing nanoparticles. Earlier it was shown experimentally that
due to their large specific surface area nanoparticles are more cytotoxic and
genotoxic than microparticles of the same composition [1, 2, 3].
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The aim of the study is to determine particle size distribution and chemical
composition of aerosols in work zone air at a metallurgical facility and to assess the
biochemical effects of copper nanoparticles in the workers.

Materials and methods. An industrial copper processing facility where
various production methods are used was chosen for assessment. For the purpose of
the study we made a list of workplaces with similar (in our view) composition
aerosols but different particle size distribution. Control group comprised the
workplace of a loading operator at the copper powder plant, and experimental group
comprised the workplace of a smelter at the copper wire rod plant. Pure copper
produced by means of electrolysis is used to manufacture copper products in both
processes. While determining the particle size distribution and chemical composition
of work zone aerosols we found the highest concentration of airborne copper particles
(0.77+0.19 mg/m®) in the workplace of a loading operator at the copper powder plant
where nanoparticle content was an average of 2.3%. The workplace of a smelter at
the copper wire rod plant had the lowest concentration of airborne copper
(0.098+0.022 mg/m®), however the nanoparticle fraction in total amount of aerosol
was close to 100 %.

While assigning the workers to groups, the following criteria were applied:
male, more than 10 years of continuous record of employment, no health problems
associated with the central nervous system, hepatobiliary system, renal system, no
signs of alcohol addiction. The workers’ health status was evaluated in accordance
with order No302n of the Ministry of Health Care and Social Development of the
Russian Federation dated 12.04.2011 (revised edition dated 05.12.2014).
Additionally, the following biochemical indicators were measured: blood copper
level, urine copper level, caeruloplasmin, alkaline phosphatase, total protein levels in
blood, serum creatinine, creatine phosphokinase, S100 proteins, neural-specific
enolase, microalbumin level in urine.

Results and discussion. The workers examined were found to have
statistically significant changes in the biochemical indicators: a strong direct
correlation between elevated caeruloplasmin levels and raised airborne nanoparticle
concentration (r = 0.971). The fact that the copper nanoparticles had a higher impact
than that of total amount of copper in the aerosol was confirmed by the same blood
copper levels in the workers from both groups (14.08-15.37 mg/L, the difference is
not statistically significant) and serum caeruloplasmin levels (that account for 95 %
of total copper levels in serum). The experimental group showed substantially higher
blood caeruloplasmin levels (301.374+28.70 mg/L) compared to those of the control
group (168.82+18.77 mg/L). It should be noted that the control group was exposed to
the aerosol at the lowest copper concentration but the proportion of the nanoparticles
was the highest. All the differences in caeruloplasmin levels between the groups were
statistically significant (Student t-test p <0.05).

Despite the fact that there were no statistically significant intergroup
differences in the other biochemical indicators it should be pointed out that strong
correlation was found between airborne copper concentrations and biochemical nerve
tissue indicators such as S100 protein level and neural-specific enolase activity.
These differences can be explained by different exposures of the groups to aerosol
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nanoparticles. Therefore one might suggest that the contribution to copper level in the
body exposed to the aerosol depends substantially on the proportion of copper
nanoparticles in the aerosol rather than on total exposure to copper. The regularity
revealed can be explained by high dissolution rate of nanoparticles due to their larger
surface area compared to their bigger counterparts

Conclusions. 1. Metallurgical workers exposed to copper aerosols with higher
proportion of nanoparticles were found to have statistically significant elevated blood
caeruloplasmin levels, it stands to mention that it is the content copper compounds in
the form of nanoparticles that is of special importance, not just total copper
concentration in the work zone air. 2. When workers were exposed to higher amounts
of copper nanoparticles, we observed effects that could indirectly indicate altered
copper biokinetics in the body and possible adverse organ or system effects, which
requires further investigation.
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At present little is known about environmental impact of multiwalled carbon
nanotubes (MWCNTSs). We have conducted a comprehensive ecotoxicological study
of Taunit MWCNTSs (developed at NanoTechCentre, Tambov) using a wide range of
test organisms: various functional groups: saprotrophs (bacteria) Escherichia coli
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(Migula 1895) Castellani and Chalmers 1919, Bacillus cereus Frankland and
Frankland 1887, E. coli M-17 (Ecolum test system); aquatic autotrophs and
heterotrophs: phytoplankton (Scenedesmus quadricauda microalgae (Turpin)
Brébisson, 1835) and zooplankton (crustacean Ceriodaphnia affinis Lilljeborg, 1900,
larval Chironomus riparius Meigen, 1804); terrestrial autotrophs (higher plants such
as Onobrychis arenaria (Kit) Ser. 1825) and heterotrophs (mammals such as Mus
musculus Linnaeus 1758, C57B/6xDBA2 hybrid mice).

An experimental model was developed to describe MWCNT exposure in bio-
objects by obtaining aqueous suspensions. Potential hazard of MWCNTs was
assessed. The biological effects of MWCNTSs compared to those of carbon black were
shown to be different due to specific structure of these carbon-based materials. No-
effect MWCNT concentration was established for bacteria and aquatic organisms in
aquatic compartment. MWCNT exposure mechanisms were studied for higher plants.
The study of oral exposure to MWCNTS revealed hepatotoxicity, nephrotoxicity,
pneumotoxicity and reproductive toxicity in laboratory mice. Scientific and
methodological foundations were established to determine MWCNT tolerance ranges
for the bio-objects and environmentally sound standards were developed for different
environmental compartments.
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Now the fact that exposure to nanoparticles (NPs) in vitro, ex vivo and in vivo
induces genotoxic effects can be considered proven. Among numerous publications
on this subject, there are several studies describing genotoxic effects of exposures to
nanoparticles of identical composition produced using the same technologies but of
different sizes, these exposures resulting in the same genetic damage, but different in
the level of the effects. But it is still an open the question whether NPs with different
sizes induce genotoxic effects through the same mechanism, which seems to be
strange due to the multiplicity of known NPs-induced mechanisms of genotoxicity [1].

Using molecular methods it was demonstrated that the resulting genotoxic
effects may be qualitatively similar if not identical if they are induced by different-
size NPs [2-4]. However, qualitatively different types of induced genetic damage that
leads to genomic instability depending on particle size have not been identified so far.
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Materials and Methods. Whole human blood was incubated with
Cytochalasin B (micronucleus assay) and 0.005 — 5.0 mg/L of gum arabic-stabilized
silver NPs with particle sizes of 14.3+0.2 nm (Agl4) and 100.0+£11.0 nm (Ag100).
Gum arabic in its higher concentration and Ag ions were used as additional controls.

The extended protocol of cytome analysis [5] including standard indices —
frequencies of binuclear cells (BN) with micronuclei (MN) and nucleoplasmic
bridges (NB) and a number of additional indices identifying the spectrum of cellular
proliferation (by the frequencies of mono-, bi-, tri-, tetra- and other multinucleated
cells), frequencies of each type of cells with MN and/or NB, frequencies of
symmetrically and asymmetrically divided cells among cells of the 2™ mitosis, the
frequencies of mitosis and apoptosis, proliferative pool etc.

Results. The effects of genomic instability determined by the frequencies of
micronucleated and bridged cells, as well as mitotic activity deceleration and
decreased proliferative pool changed in the following sequence: Ag+ >> Agl100 >>
Agl4. Conversely, increased asymmetric trinucleated cells frequency (the aneuploidy
marker — the effect underlying tumor formation) was found to be more typical for
cultures exposed to Agl4 and was dose-dependent. This effect was observed for the
first time. It proves the possibility of induction of essentially different types of
genomic instability by qualitatively different mechanisms when exposed to NPs of
the same composition but different sizes.

In addition, the proof that silver NPs cannot be used to disinfect drinking water
as it was supposed before due to silver NP's high bactericidal activity is to be
considered as an applied result of this study.
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Numerous studies have recently demonstrated the important role of reactive
oxygen species (ROS) in pulmonary damage induced by tissue factors especially in
occupational pathology [1].

When phagocytic cells interact with nanoscale dust particles, ROS production
may increase as these particles are not affected by ROS. ROS overproduction may
damage the cells and nuclear structures due to oxidative modifications in proteins,
lipids and nucleic acids [2].

Literature analysis has shown that 0.19 nm carbon nanoparticles are the most
hazardous for human health [3].

The studies of occupational exposure carried out at energy sector facilities have
established that mitochondrial dysfunction that is marked by inhibited respiratory
chain enzyme activity induces morphofunctional and metabolic alterations caused by
the hypoxia-inducible factor. Then organs and tissues undergo dystrophic changes
that ultimately result in occupational pulmonary diseases [4].

Taking into account the essential part of oxidative and metabolic processes in
developing pathologic processes, their lability, high sensitivity and the adverse
effects caused by their disruption, we find it interesting to study their role in
developing abnormalities in animals after combined exposure to mostly nanoscale
coal dust and sublethal irradiation. Hence our aim is to study experimentally the role
of free-radical oxidation in adrenal tissues, immunocompetent organs and cells after
combined exposure to sublethal gamma-radiation dose and nanoscale coal dust.

For this purpose, 4 sets of experiments were carried out on 200-250 g. male
white rats divided into 4 groups: group | comprised intact rats, group Il comprised
rats exposed by inhalation to coal dust at average concentration of 50 mg/m?® in
exposure chamber neiieBoii kamepe for 12 weeks (g.d., 4 hours per day), group Il
comprised rats gamma-irradiated at 6 Gy dose and group IV comprised rats exposed
to a combination of coal dust and gamma-radiation. To induce experimental
anthracosis the rats were put in thr inhalation exposure chamber.

Group Il and IV rats were exposed to a single dose 0.2 Gy gamma-radiation
90 days before the measurement using TERAGAM Co® radiotherapy unit. Lipid
peroxidation products (LPP) in organs and cells of the animals were identified. For
that purpose, lymphocytes were isolated from peripheral blood, homogenates were
prepared from liver, spleen, thymus, as well as small intestinal and adrenal lymph

86



nodes. Their conjugated diene (CD) and malondialdehyde (MDA) content was
determined. The data obtained were processed by means of the traditional analysis of
variance using Student’s t-test.

Exposure to coal dust particles increased CD levels from 0.28+0.02 to
0.3540.02 (p <0.05) in peripheral blood lymphocytes, from 0.48+0.04 to 1.02+0.14 in
thymus (p <0.05). After the rats had been exposed to gamma-radiation, CD levels in
the lymphocytes and thymus were unchanged (p>0.05). After combined exposure to
dust and radiation, CD levels were 1.2 times higher in the lymph cells (p<0.001) and
in thymus they equalled controls, but tended to increase by 8.33% (p >0.05).

Small intestinal lymph node CD levels in group Il rats exposed to coal dust
increased 3.08 times from 0.36+0.03 to 1.11+0.10 (p <0.001) and in group IV rats —
1.83 times from 0.66+0.05 (p <0.001). Statistically significant 75.0% CD increase
was observed in liver homogenates (p <0.05) in rats exposed to coal dust, while
combined exposure to coal dust and radiation elevated CD levels by 23.52 % from
0.6840.05 mo 0,84+0,06 (p <0.05). Group Il and Il animal adrenal lymph nodes did
not show any significant changes. However DC levels decreased 2.41 times (p
<0.001). Spleen DC levels were virtually unchanged in all the four groups.

In terms of MDA levels, lipid peroxidation observed in rats exposed to coal
nanoparticles, gamma-radiation or both was quite intense. After exposure to coal dust
particles, MDA levels increased by 50.0% in peripheral blood lymphocytes (p <0.05).
In response to 0.2 Gy gamma-radiation, MDA levels remained the same as those in
the control group (p >0.05).

Liver homogenate MDA levels were elevated by 38.46% (p <0.05) after
exposure to coal dust, by 69.23% (p <0.01) after combined exposure, however, an
insignificant MDA increase was observed after gamma exposure.

Consistent increase in MDA levels was detected in the other groups. Thus,
after nanoscale coal dust exposure alone MDA concentrations in small intestinal
lymph nodes increased by 60.0% (p <0.05), after gamma exposure they increased by
40.0% (p <0.05) and after combined exposure (group V) the increased by 80% (p
<0.05). Lipid peroxidation intensified in thymus homogenate, which manifested itself
in higher MDA content compared to that of controls. MDA concentrations were
38.9% higher in group 1l (p <0.05), 11.1% higher in group Il (p >0.05) and 61.1%
higher in group IV (p <0.01).

Similar dynamics was observed in adrenal homogenate: 36.4% increase in
group Il (p <0.05), 13.6% increase in group Il (p >0.05) and 77.3% in group IV (p
<0.05). Oxidative stress is an important pathogenetic contributor to many diseases
(including occupational diseases) where ROS display their toxicity resulting from
increased production of ROS and impaired antioxidant defense system. The
significance of oxidative metabolism activation and weakening antioxidant defense
system in the coniosis inflammation pathogenesis, early pneumoconiosis and during
post-exposure period has been established [5].

The experimental study revealed the activation of lipid peroxidation in
laboratory animal organs, which was marked by elevated levels of MDA and CD.
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The changes observed are indicative of antioxidant defense system imbalance in
Immunocompetent organs in rats exposed to radiation and non-radiation, with
combined exposure effects being more pronounced in terms of statistic significance
Further investigation of combined health effects of radiation and non-radiation
factors as well as taking measures to attenuate their adverse effects are suggested.
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In experiments on outbred female white rats we studied toxicity of several
metal oxide nanoparticles (NPs) separately and in different combinations
(NiO+Mn304; CuO+PbO; CuO+ZnO; PbO+ZnO; PbO+CuO+Zn0O) using two
experimental models: (a) a single intra-tracheal instillation in low doses 24 hrs before
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the broncho-alveolar lavage to obtain a fluid for cytological and biochemical
investigation; (b) repeated intra-peritoneal injections during 6 weeks in non-lethal
doses to assess the subchronic intoxication thus induced with a lot of functional and
morphometric indices and with indices for distribution and elimination of respective
metals. The combined effects were described by different mathematical models
including the Response Surface Methodology.

We demonstrated a diversity of combined toxicity types for one and the same
pair of NPs depending on the particular effect which this type is assessed for and
often also on the effect’s dose-dependent level. A risk-oriented approach to
classifying the three-factorial toxicity developed earlier for the combined action of
metals in ionic-molecular form proved adequate for the studied NPs too.
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The relevance of biological and biomedical study of submicron and nanoscale
aerosols is depends on: (a) their potential toxicity, (b) the possibility (feasibility) of
new diagnostic markers, (c) their prospective application in targeted drug delivery.

In order to study the intracerebral accumulation/elimination dynamics of
nanoparticles (NPs), mice were exposed intranasally to magnetic resonance contrast
Mn,O; NPs detected by magnetic resonance imaging (MRI). Kinetic calculations
based on Weibull cumulative distribution functions showed that NP accumulation
and elimination dynamics depend on various processes. In addition, the peak time for
cerebral structures varied between 12 and 170 hours and between the peak time and
the number of synaptic transmissions that the NPs passed through. Brain tissue of
mice was studied by electron microscopy after intranasal exposure to high electron
density platinum oxide NPs, which made it possible to prove that intranasal exposure
results in NPs accumulating only in the intracellular compartment. This result raises
the question of NP-intracellular protein interaction. Proteomic analysis of proteins
treated with various NPs during cytoplasmic incubation revealed that the proteins
include intrinsically disordered proteins which are known to be involved in stress
granule formation inducing neurodegenerative diseases.

Potential hazard associated with NPs entering the brain is partially
compensated by the congruence of nonuniform NP deposition and uptake on the
olfactory epithelium (OE) surface. Olfactory receptor knobs in OE dorsal region, the
most NP-bombarded part of OE, are characterized by lower uptake capability than
OE ventral region. Even more effective aerodynamic defense mechanism preventing
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NPs from entering the brain was discovered while comparing mice to northern mole
voles digging soil with the help of their large incisors. The amount of NPs deposited
per OE surface unit in northern mole voles was 6 times higher than that of mice.

Potential neurobiological risks of nano-biointeractions are not limited by their
accumulation in cerebral structures. Mice experiments showed that NPs of certain
metal oxides with proton sponge properties decrease body temperature by 5-6 °C
within 90 minutes after intranasal exposure. The mechanism of hypothermic action is
linked to OE intracellular acidification that induces signalling pathway resulting in
lower hypothalamic set point.

Thus, NP deposition in the nasal cavity triggers a set of neurobiological processes
whose pathogenic significance requires in-depth study including animal lines susceptible
to neurodegenerative diseases the incidence of which is reported by toxicological studies
to depend directly on the concentration of nanoscale aerosols in the air.

UDC 615.9

SOME PRINCIPLES OF AND MEANS FOR INCREASING ORGANISM’S
RESISTANCE TO ADVERSE EFFECYS OF METALLIC NANOPARTICLES

Privalova L. I.}, Katsnelson B. A.', Gurvich V. B.}, Minigalieva I. A.%,
Sutunkova M. P.!, Makeyev O. H.%, Valamina I. E2 Shur V. Y.2, Grigoryeva E.
V.}, Klinova S. V.}, Shishkina E. V.°

! The Medical Research Center for Prophylaxis and Health Protection in Industrial Workers of
Rospotrebnadzor, Ekaterinburg, Russia;
2 The Central Research Laboratory, The Ural State Medical University
Ekaterinburg, Russia;
3 Ural Center for Shared Use «Modern nanotechnologiesy», Ural Federal University,
Ekaterinburg, Russia
E-mail: privalova@ymrc.ru

Especially high health risks associated with impacts of metallic and metal
oxide nanoparticles (Me-NPs) as well as their presence in the working environments
of not only the nano-industry but also of some long-existing technologies make it
necessary, along with keeping respective noxious exposures as low as possible, to
look for ways of increasing the organism’s resistance to them. Theoretical premises
of such «bio-protectiony are briefly discussed in this paper. Summing-up the relevant
results of the experiments with different Me-NPs, this self-overview demonstrates
that against the background of adequately composed combinations of some bioactive
agents used in innocuous doses, the integral and specific toxicity of metallic
nanoparticles and even their genotoxicity can be markedly attenuated.
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In spite of the fact that nanoparticles have been used in the world for more than
a decade, none of the types of these particles has been fully studied for safety. Given
this fact and the inapplicability of the traditional approach to toxicity evaluation,
major international organisations recommend using human cell cultures for studying
the toxicity of nanoparticles in vitro [1].

Materials and methods. In this study, we used lines of cultivated human
fibroblasts, passage 4-7. Cells were grown by an original technique [2].

For constructing the intact fibroblast growth curve, in three days we counted
the number of cells with the help of a Fuchs-Rosenthal chamber. Repeat sampling
was performed every 3 days.

To analyse dia. 30-60 nm nanoparticles obtained by laser ablation at the Ural
Center for Shared Use «Modern Nanotechnologies» (Ural Federal University) for a
possible cytotoxic effect, cells were plated to grow a cell culture. On day 9, a
suspension of nanoparticles was added in a concentration of 0.01, 0.05 and 0.1
mg/ml, and the cells were incubated with a change of the medium and cell count
every 3 days. The resulting data were used to construct «cell count/cultivation days»
curves in comparison with the intact fibroblast growth curve.

Changes in the mitochondrial activity of the cells were then determined using the
MTT-assay, which was performed by the standard technique [3] using a TOX1 test
system (Sigma Aldrich) in accordance with the manufacturer’s guidelines. The results of
the test were estimated by determining the index of cytotoxicity (IC) by the formula:

OTlo

Jf.-::=(1—E

) X 100% [7],

Where:
OI1, is the optical density of the control group solution,
OI1, is the optical density of the experimental group solution.
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The index of cytotoxicity is an index of inhibition calculated as a percentage of
non-viable cells in the culture.

Twelve days after the start of the experiment, we performed a morphological
examination of the cells after the addition of the nanoparticles with preliminary
Romanowsky staining.

For estimating the significance of the differences between the groups we used
the Mann-Whitney test. For the error probability of p <0.05, the differences between
the mean values were assumed to be reliable.

Results and discussion. The data show that the number of cells decreased
compared with the controls as early as on the 3™ day after the addition of the
manganese oxide nanoparticle suspension in a concentration of 0.01 mg. A
significant drop in the number of cells was observed after the addition of the
nanoparticle suspension in a concentration of 0.05 mg/ml. The highest cytotoxicity
was demonstrated by manganese nanoparticles in a concentration of 0.1 mg/ml. By
day 6, the number of cells reduced 2.5-4 times, which seems to be due to the
prevalence of apoptosis and necrosis over mitosis. Single attached cells with strongly
vacuolated cytoplasm were observed. On day 9, all of the culture died (figure 1).
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Figure 1. The cell density of the fibroblast culture after
administracion of manganese oxide nanoparticles

After the addition of the nickel NP suspension in a concentration of 0.01, 0.05
and 0.1 mg/ml, we observed a decrease in the number of cells as early as on the 3"
day of the experiment. Nickel nanoparticles demonstrated the highest cytotoxicity in
a concentration of 0.1 mg/ml. On day 6, the number of cells decreased 4-5 times in
comparison with the controls, and the cultures were completely dead (figure 2).

92



12000 -

10000 -
Administration of
E.Eg 8000 - 1 nanoparticles
z \ Control
T
: g 6000 4 \ = = 0.0l mg/ml
z 3 \ 0.05 mg/'ml
S 4000 - \
s S -+ =0.1mgml
5 \\./ | -
£ 2000 - e T sy
\ =
. -
0 ———
] dad 6 12 18

Days of cultivation

Figure 2. The cell density of the fibroblast culture after
administracion of nickel oxide nanoparticles

According to the MTT assay, a higher cytotoxic effect on the human fibroblast
cell culture was associated with the addition of nickel oxide (1) nanoparticles in

comparison with the addition of manganese oxide (1, 11l) ones, which manifested
itself as reduced mitochondrial activity (figure 3).
100 -
90 -
80 - -"I - = manganese
270 - - F 4 oxide (IL, I
J o604 . 1-4- \Ps
50k - i - ¥ — nicke] oxide (II)
40 - NPs
30

V. S b A D H N
NN @b‘@ Y QY O

Concentration, mg/ml

Figure 3. Dependence of IC on nanoparticle concentration as per MTT

The results of this study suggest that the effect of the nanoparticles tested is
associated with the inhibition of mitochondrial dehydrogenases, including NADH-
dehydrogenase which plays a key role in the processes of cell respiration and
oxidative phosphorylation.

93



Based on the morphological analysis, we have found that nanoparticles feature
high toxicity and are capable of penetrating through cell barriers, the toxicity of
nanoparticles is determined by their shape and size, and a marked dose-dependent
effect is observable.

Conclusions. 1. Manganese and nickel nanoparticles in a concentration of
0.01, 0.05 and 0.1 mg/ml display marked cytotoxicity.

2. The highest cytotoxicity was shown by nickel nanoparticles in a
concentration of 0.1 mg/ml.

3. Increasing the concentration of manganese and nickel oxide nanoparticles
accelerates the differentiation of the fibroblastic differon cells with their subsequent
death in comparison with the control group.
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At present there is a wide range of pharmaceutical and medical products that
differ in exposure types, efficacy and uses. Developing new safer and more potent
products (pharmaceuticals, medical products) is currently quite essential though the
cost has to be taken into account.

Quality and safety requirements for the products are specified at the
development and production stages using materials conforming to medical
requirements. Quality requirements are based on standards and technical
specifications.

Their safe use is determined by eliminating the following hazards: exposure to
trauma (mechanical, thermal, chemical, etc.); release of hazardous substances
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including toxic, carcinogenic, mutagenic substances, allergens, et cetera; specific side
effects and contraindications associated with specific properties of certain drugs; drug
dependence and drug withdrawal syndrome.

The issues of environmental safety of drugs and medical products are
considered in the process of their manufacturing, transportation, storage, recycling,
use and disposal.

The Institute of Hydrocarbon Processing of the Siberian Branch of the Russian
Academy of Sciences has developed engineering approaches to tailor-made synthesis
of new porous carbon-carbon materials based on nanoglobular particulate carbon
(particle diametre is in the range of 40-60 nm) and medical sorbents based on them:
VNIITU1 carbon hemosorbent in sterile saline and VNIITU2 gastrointestinal
adsorbent. The synthesis involves two-stage transformation of carbon which results in
nanodispersed carbon particles and pyrocarbon.

Medical and veterinary drugs that come into contact with biological fluids must
comply with particular requirements for quality: high chemical purity, minimal
impurity content, nontoxicity, high mechanical performance and smooth surface of
the granules, no dust generation (no release of ultrafine particles), high sorptive
capacity for the substances to be eliminated, biocompatibility, et cetera. The new
nanoglobular carbon-based materials are safe and effective.

Currently the primary task is to create biospecific sorbents with high adsorptive
capacity for toxic substances, including proteins, that accumulate in case of certain
diseases (cancers, immunologic and infectious diseases, etc.). It can be achieved by
(chemical) surface modification of carbon using organic acids, enzymes, proteins,
etc. Organic substances with oxygen- and nitrogen-containing functional groups
(carboxylic, amide, amine groups, etc.) are of particular interest in terms of carbon
surface modification.

Carbon sorbents are promising materials (carriers) to modify in order to
develop and produce pharmaceuticals both for human and animal use. Methods of
(chemical) carbon sorbent surface functionalization using oxygen- and nitrogen-
containing modifiers make it possible to create a wide range of effective medical
sorbents with selective adsorptimy capacity for pathological protein compounds
(proinflammatory cytokines, hepatitis virus particles, viral and bacterial
byproducts, etc.)

In veterinary medicine, broad spectrum gastrointestinal carbon adsorbents
containing bioactive substances show most potential. These products can be used to
treat immunological, metabolic, gastrointestinal pathological conditions, improve
natural and specific immunity, promote animal growth and reproductive capacity.

Synthesizing molded carbon sorbents for application medicine and studying
their physicochemical, as well as medical and biological properties are the areas of
research that the Institute of Hydrocarbon Processing has been recently developing.

Carbon sorbents developed at the institute are used extensively in human and
veterinary medicine. The paper covers the main areas of medical and veterinary carbon
sorbent development, and the study results of physicochemical, as well as medical and
biological properties which confirm the efficacy and safety of these sorbents.
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The probability of adverse consequences due to the effect of nanoparticles for
the environment and public health is known to be determined by potential hazard, one
the characteristics of which is the toxicity of the substance or substances that are
among the constituents of the material that interacts with living organisms [1].

The toxicity of a lot of the nanoparticles known to date considerably exceeds
that of the known micro- and macro-particles [2, 3, 4].

We propose margins of safety in accordance with variant of toxicity
manifestation for corresponding routes of exposure. The proposed margins of safety
are based on the concept of nanoparticle bioavailability depending on the route of
entry. In so doing, it is necessary to take into account that a substance would feature
low bioavailability and, accordingly, its margin of safety would be equal to 1 in the
case of identical toxicity indices under intragastric and intraperitoneal exposure
irrespective of its class of hazard.

These margins of safety as presented in Table 1 may be used for calculating

and justifying hygienic standards and for assessing the influence of occupational
nanoaerosols on human health.

Table 1 — Determination of safety margin according to the variant of toxicity

Relationship between the toxicities of nano- and microparticles for
Variant No corresponding routes of exposure Safety margin
intragastric intraperitoneal | intratracheal/ inhalational
1 Tu = Tm > 5 r/kr Ta <Twm T = Tm 1
2 Ta = Twm Ta>Twm Ta>TMm 10
3 Ta > TMm Ta > T™m Ta > T™m 50

Notes: Tu — nanoparticle toxicity
Twm — toxicity of microparticles of the same substance

fas,

o = _ approximately equal to

We suggest using as the basis for calculating tentative hygienic standards for NPs
in workroom air the formulas given in [5] and [6] for calculating metal aerosol MACs:

(1) naKps (Mr/m3) = 0,0008 X DL50 (ur/xr) [4]
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and for the aerosols of metal oxides and other metal compounds:
(2) lognaK (MF,"'M?] = 0,85log LD 50 (MA/kr) — 3,0 + logM — logN [4, 5]

Where:

LDx is the lethal dose for 50 % of mice for intraperitoneal administration and a
weekly period of observation expressed as milliatoms per kilogram weight;

N is the number of atoms of the metal in a molecule of the substance;

M is molecular weight.

For calculating the workroom MACs for nanoparticles we suggest using the
proposed equations (formulas 1 and 2) taking into account margin of safety (rable 1).

It is known that, where experimentally confirmed values of LDs, are available for
various routes of exposure to a substance, use is made of minimum LD, values assuming
the most adverse prediction and based on a choice of corresponding safety margin.

Below is an example of how a tentative hygienic standard is calculated for
copper nanoparticles:

LDsy copper nanoparticles = 413 mg/kg

0,0008=213

-
= 0,007 mr/m3
50

MNAKp=z HY megu =
[

We have calculated predicted MAC values and risks for workroom air for some
nanoaerosols taking into account the proposed approach, which are presented
in Table 2.

Table 2 — Predicted MACs for some nano- and micro-aerosols

TIKp.3 Predicted
Animals /route of | LD_ (mg/kg) | LD_ (mg/kg) p-3- workroom
Substance 50 50 MP
exposure NP MP (mg/m®) MAC for
NP (mg/m?)
Ag rats intraperitoneal 5000 [8] not achieved 11[7] 0.08
Cu rats intrgastric 413 [9] 5000 [12] 1[7] 0.007
TiO, rats intragastic 12000 [10] | not achieved 10 [7] 0.19
Fe O, rats peroral 310 [11] 98.6 g/kg [13] 6 [7] 0.005

Thus, the algorithm for rapid regulation of nanoparticle and nanoaerosol

concentrations in workroom air is as follows:

1. Estimate the comparative toxicities of nanoparticles and microparticles.

2. Select safety margin allowing for available comparative experimental data
on the toxicity of nanoparticles and microparticles.

3. Calculate predicted workroom MACs for nanoparticles using the standard

formula and allowing for the safety margin.
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The proposed approach to calculating tentative hygienic standards for
nanoparticle aerosols in workroom air enable NP hazard indices to be evaluated and
occupational health risks in the nano-industry to be assessed preemptively.
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A set of rapid tests was developed to assess nanoparticle (NP) cytotoxicity,
genotoxicity, embriotoxicity and carcinogenicity. It involves using simultaneously
three models: pre- and post-implantation mouse embryo cultures (cleavage and
blastocyst formation stages, days 1-5), those of rats (head process formation —
30 somite pairs, day 9.5-11.5), and human peripheral blood lymphocyte (HPBL)
culture. The aim of the study was to assess embryogenic, cytogenic and carcinogenic
properties of SiO, nanoparticles in vitro.

SiO, nanoparticles with 12 nm particle size (Sigma-Aldrich) were used in the
study. To prevent agglomeration, the suspension was pretreated by ultrasound, and
then bovine serum albumin at a final concentration of 15.0 ug/mL was added to the
NP suspension. The NPs were introduced into the culture medium at 20, 100 and 200
ug/mL concentrations. In order to evaluate NP potential embryotoxicity, starting
from 2-cell stage blastomeres, the cleaving mouse embryos were grown in drop
cultures under a layer of liquid paraffin oil (20 embryos per drop) with different NP
concentrations added to the medium. The cultures were grown in a multi gas
incubator (O,/N,/CO,) for 72 hours. The post-implantation rat embryo cultures were
grown in a CO, incubator for 48 hours from 2-4 to 30-somite pairs, with the
suspended SiO, NPs added at 20-200 pg/mL concentrations [1]. Gene expression
analysis related to neural tube formation and defects was carried out using
SYBRGreen | RT2-qPCR Primer Assay (Sabioscience, Qiagen) with the 18S rRNA
used for RNA normalisation. The following genes related to neural tube formation in
rat embryos at the initial organogenic stages were selected: bone morphogenetic
proteins 2 and 4 (BMP2 and BMP4), sonic hedgehog (Shh), tubby-like protein 3
(Tulp3, a negative regulator of Shh signaling), neurogenin-1 (neurogl).
Abnormalities in these genes cause morphogenetic defects in craniofacial region. NP
cytotoxic and genotoxic effects were studied in human peripheral blood lymphocyte
culture (72 hours) after blocking cytokinesis with cytochalasin-B [2]. In this study, an
alternative carcinogenesis assessment model was tested using HPBL culture. This
approach was based on detecting possible malignant transformations in the
lymphocyte interphase nucleus preparations using Fluorescence in situ hybridization
(FISH) assay with a probe targeting chromosome 20q13 locus (AURKA gene) after
exposure to the known carcinogen NiCl; (positive control, 50 pg/mL) and SiO, NPs
(200 pg/mL). AURKA gene is involved in coding Aurora kinase A that is essential
for regular mitotic chromosomal segregation. AURKA gene amplification and/or

99



overexpression was observed in the cells of various malignant tumors (colorectal
cancer, bladder cancer, brain tumor, breast cancer, ovarian cancer, etc.). FISH assay
with a probe targeting chromosome 20913 locus (AURKA gene) was used to
analyze: 1) AURKA gene frequency; 2) synchronous replication of homologous loci
(becomes asynchronous in cases oa genetic imbalance including cancer cells);
3) apoptosis [3, 4, 5].

The results were statistically processed based on multiple comparisons of mean
values using Bartlett’s test, having analyzed the homogeneity of the sample
variances. For homogeneity testing, one-way analysis of variance (ANOVA) was
used with subsequent correction of the differences between the control group and the
experimental groups using the Bonferroni t-test and the Dunnett g-test. When there
was no homogeneity of variances the nonparametric Kruskal-Wallis test was used
corrected by the Dunn test to compare mean values of the groups [6]. The difference
was considered significant if p < 0.05. the data were processed using Prism 5
software (GraphPad, USA)

Introducing SiO, NPs into the pre-implantation embryo cultures at 100 and 200
ug/mL concentrations caused death of individual embryos by inducing cleavage rate
deceleration that resulted in statistically significant reduction of total cell mass (P < 0.01,
P < 0.001) and the number of hatching blastocysts (1.4 — 1.3 times decrease compared to
the control group, P > 0.05). SiO, NPs did not affect the development of pre-
implantation embryos at 20 pg/mL concentrations. The embryolethal effect was not
observed at the initial at the initial organogenic stages in SiO, NP-containing medium at
the same concentrations, but the concentrations of 100 and 200 ug/mL caused a number
of structural and dynamic abnormalities. Additionally, decelerated embryo
morphogenesis (decelerated somitogenesis, reduced craniocaudal size) was observed.
Gene expression analysis showed that after introducing SiO, NPs into the cultures at 100
and 200 pg/mL concentrations Neurogeninl gene expression occurred at the level of
transcription (6.77 and 5.1 times respectively). There were no significant changes in the
level of expression of the other genes associated with neuronal differentiation and neural
tube formation. Neurogenin 1 activation may be related to neural tube development
abnormalities, but this requires further investigation.

SiO, NPs concentrations of 100 and 200 pg/mL did not induce cytotoxic or
genotoxic effects in HPBL culture (cell proliferative activity, pyknosis and apoptosis
frequency, as well as the number of micronuclei were not different from those in the
control group).

Potential SiO, NP carcinogenicity revealed increased number of cells with
AURKA overexpression, elevated number of damaged and apoptotic cells, and
asynchronized AURKA replication. Exposure to SiO, NPs lead to increased number
of cells marked with a single FISH probe compared to the norm and positive control.
There was no statistical difference between the results of 200 pg/mL SiO, exposure
and that of 50 pg/mL NiCl,, apart from elevated number of nuclei marked with
marked with a single FISH probe in the NP experiments. The results obtained
confirm the numerous reports of NiCl, carcinogenicity. The results of SiO, NP
assessment indicate their possible carcinogenicity.
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Today, studies of individual biomarkers reflecting the development of immune
and inflammatory responses to nanoparticles (NP) are paralleled by increasing
productive use of the so-called «omics» technologies, first of all proteomics and
metabolomics, for assessing the toxic effect of NPs. These advanced experimental
approaches enable researchers to study the metabolic processes taking place in cells,
offering the possibilities of simultaneous identification and quantitative estimation of
hundreds and thousands of types of macromolecules (proteins) in a biological sample
and bioinformatic analysis of the significance of multiple changes in them (so-called
«big datay) for a pathological process studied.

The important role of proteomic and metabolomic toxicity markers has been
established in a number of studies devoted to toxicological hygienic assessment of
carbon nanotubes (CNT). CNT toxicity is an important issue in nanotoxicology. In the
2000s, the publications considered predominantly lipid peroxidation products and
enzymatic markers of damage to cells of various types as CNT toxic effect biomarkers.
Subsequently it was shown that the toxic action of CNT on the organism was based on
immunopathological mechanisms, and, hence, the early warning and highly sensitive
markers of such action could be the expression and levels of various proinflammatory
cytokines and chemokines. One of the first publications on this issue described a finding
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that the incubation of epidermal keratinocytes with multilayered CNT (MCNT) was
accompanied by the production of proinflammatory IL-8 by the cells [1]. According to
the data, single-layer CNT instilled intratracheally to or inhaled by rats caused
expression of the MRNA of various proinflammatory cytokines, being thus more active
than soot or gold NPs and quantum dots and fullerenes [2].

Observations in the context of a real facility manufacturing MCNT showed that
the sputum of the workers exposed to the aerosols of this nanomaterial contained
increased levels of such markers of inflammation and fibrosis as IL-1p, IL-6, TNF- a,
and KL-6 [3, 4]. The most sensitive marker of exposure to MCNT in the blood serum
was chemokine TGF-B. Similar results were obtained in a study of inhalation toxicity
biomarkers in an experiment on C57BI/6 mice. According to these authors, their data
point to the importance of monitoring occupational exposure to MCNT using the
above biomarkers as evidence of this process. Another study characterized the role of
a group of biomarkers associated with the mechanism of inflammatory reaction
mediated by the inflammatory cascade of the NLRP3 inflammasome [5].

An intratracheal instillation of native or carboxylated MCNT to C57BI/6 mice
was found to raise the IL-1 B, IL-18 and IL-33 levels and the activity of cathepsine B,
lactate dehydrogenase and the general albumin content of the bronchoalveolar lavage
fluid. A close interrelation was found between the toxicity of various kinds of MCNT
and activation of NLRP3 in pulmonary tissue. It is obvious that any proper choice of
metabolomic biomarkers should be preceded by an analysis of a considerable amount
of data to ensure that a correct vector of further research is identified in
nanotoxicology. To date, we have carried out a 100-day subacute experiment with
peroral administration of MCNT to study a broad range of metabolomic indices. The
results of this study will be published next year.

We will now consider the potentialities of proteomic biomarkers using as an
example our works on proteomic profiling of a microsomal liver fraction by 2D-
electrophoresis and tandem mass spectrometry. In a 92-day experiment set up to carry
out a toxicological hygienic assessment of «Argovit®» nanosize colloidal silver in a
dose of 0.1, 1 and 10 mg/kg of body mass by 2D-electrophoresis, we analysed 30
samples of rat liver microsomes from five groups, 6 gels in each group. The silver
NPs were found to produce a significant impact on the proteome of the rat liver
microsomal fraction, which manifested itself not only in the disappearance but also
appearance of a number of protein spots. The majority of the identified variable
proteins were low-copy ones with a very low optical density of the spots, which made
it problematic to identify them by mass spectrometry. As a result of the analysis, we
selected a number of high-copy proteins in the microsomal fraction as potential
candidates for being biological markers of silver NP effects. The value of these
proteins as nanotoxicity markers will be established after the identification and
establishment of their function by tandem mass spectrometry.

Similarly, in an experiment involving peroral administration of silica during 28
days in a concentration of 1, 10, 100 mg/kg of body mass, the identification of
proteins expressed under the impact of NPs in hepatocytic microsomes by mass
spectrometry revealed a number of proteins which are present in the database.
However, the biological function was established only for one dominant protein peak

102



disappearing in liver microsomes under the impact of the highest of the NP doses.
The resulting peptide spectrum corresponded to a protein with a molecular mass of 78
kDa — GRP78 (glucose-regulated protein precursor) belonging to the family of 70
kDa heat shock proteins, known as chaperone and localized in the endoplasmatic
reticulum on the surface of cells, including hepatocytes. Protein peak identification
was also carried out in an experiment involving aluminium oxide NPs in which NPs
in a dose of 1 and 100 mg/kg of body mass were administered perorally to animals
during 28 days. In all groups of animals, exposure to aluminium oxide NPs caused,
irrespective of the doses used, 11 new protein spots to appear and 15 protein spots to
disappear in the electrophoretogram compared with the control animals. Mass
spectral analysis revealed among the proteins expressed under the impact of NPs in
animal liver microsomes a number of polypeptide forms which are present in the
international database. One of the dominant peaks was identified as a proteasome o
type-3 of the proteasome endopeptidase complex while the other as the autophagy
factor 4B (ATG4B).

In another work of ours rats were administered perorally titanium dioxide NPs
(anatase form) during 28 days in a concentration of 0.1 to 10.0 mg/kg of body
mass/day. As a result, we found an expression of rat liver microsome proteins, which
was especially marked at higher concentrations. Mass spectrometric identification of
the proteins revealed a dominant peak expressed under the impact of NPs in liver
microsomes at a dose of 0.1 mg/kg of body mass and higher, which was identified as
glutathione-S-transferase Mu 2. The molecular mass of this protein was 41.55 kDa,
and the isoelectric point pl = 8.0.

In summary, recently the potentialities of proteomic studies in nanotoxicology
have been considerably enhanced thanks to the introduction of biocomputer science
methods for data interpretation. The use of 2D-electrophoresis with tandem mass
spectrometry is, therefore, an important promising tool for the purposes of
nanotoxicology. Moreover, the identification of expressed functionally significant
proteins should be a compulsory component of studies and should enable the
mechanisms of damaging action of NPs to be eventually understood and potential
«targets» for NPs entering the organism to be identified.
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The study of nanoparticle toxicity (nanotoxicology) requires production of
stable high concentration colloids of with pure model nanoparticles of given
composition, sizes and shapes. Laser ablation in water provides the unique ability to
produce colloids of pure metals and metal oxides with required parameters. The
colloids of Au, Ag, CuO, NiO, PbO, Zn0O, Fe,0s3, and Mn3z0, nanoparticles with
narrow distribution function and concentration up to 0.5 g/l with high enough
stability have been produced to study the impact of the nanoparticles on biological
tissues and cells.

Pulsed Yb fiber laser (1064 nm, 100 ns, 21 kHz) has been used for ablation of
pure metal target in deionized water and subsequent fragmentation of the suspension.
The NPs were synthesized in several stages: surface treatment by focused laser beam
scanning, ablation of the target, additional fragmentation, drying to increase the
concentration of the solution up to 0.5 g/l and heating to make the NPs self-organize
and reshape. The optimized technology allowed producing the required colloids
stable for more than 30 days containing spherical NPs with average sizes from 10 to
60 nm. The size distribution function has been measured by Zetasizer Nano ZS
particle size analyzer and by statistical analysis of the images obtained by Auriga
CrossBeam scanning electron microscope. The composition has been analyzed by
Alpha 300 AR WiTec confocal Raman microscope.

The total content of metals in the samples of liver, kidneys, spleen, and brain of
the rats exposed to the NPs was obtained by atomic emission spectroscopy method
using iICAP 6500 Duo atomic emission spectrometer with inductively coupled
plasma. Samples of freeze-dried homogenized tissue were subjected to acid ignition
using MARS 5 microwave accelerated reaction system. The content of paramagnetic
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metal NPs was determined by electron paramagnetic resonance (EPR) method using
EMX Plus Bruker electron paramagnetic resonance spectrometer.

The effect of the nanoparticles on alveolar macrophages was studied in vivo by
atomic force and transmission electron microscopy. NP phagocytosis was found to
induce nanoscale change in the cell surface morphology. The sizes of surface pits
revealed by atomic force microscopy in the cells of rats exposed to the NPs are close
to the NP sizes. Such pits were absent on the surface of the reference cells. The
positions of the NPs in the rat tissue samples and the damage induced have been
revealed by scanning transmission electron microscopy.

UDC 398.14

METHODOLOGICAL APPROACHES TO QUANTITATIVE
MEASUREMENT OF NANOSCALE AEROSOL IN THE AIR

Slyshkina T. V., Gurvich V. B., Rosly O. F., Martin S. V., Galasheva O. E.
FBRI «Ekaterinburg Medical Research Center for Prophylaxis and Health Protection
of Industrial Workers» of Rospotrebnadzor, Ekaterinburg, Russia
E-mail: slishkina@ymrc.ru

The issue of quantitative measurement of ocupational and atmospheric
nanoscale aerosol with particle sizes of less than 100 nm is of immediate interest
because the aerosol present in the air contains ultra microparticles, microparticles and
macroparticles as well. Scientists from Russia and other countries suggest various
ways to solve the problem of nanoscale aerosol sampling for further investigation.

Having reviewed the relevant literature and conducted laboratory experiments
we have chosen the best and most efficient way to separate the nanofraction from
total amount of aerosol during sample preparation for qualitative chemical analysis of
the aerosol including both organic and nonorganic compounds. The technique
involves sampling concentrated aerosol onto liquid medium resulting in stabilized
suspension, measuring the dispersed particles in SALD-2300 Laser Diffraction
Particle Size Analyzer (Shimadzu), removing particles of 100 nm or larger by
vacuum filtration using track-etched nonfibrous membrane filters, and further
analyzing the filtrate: qualitative chemical analysis of the fraction with 100 nm or
smaller-sized particles including both organic and nonorganic compounds. An
algorithm of airborne nanoscale aerosol qualitative analysis was developed:
sampling, preparing the samples, qualitative measurement of 17 metals (Al, Fe, Ca,
Cd, Co, Si, Mg, Mn, Cu, Mo, Ni, Sn, Pb, Ti, Cr, Zn, Zr) using high-performance
liquid chromatography, more specifically, polynuclear aromatic hydrocarbon
electrothermal atomisation atomic absorption spectrometry. The technique was tested
in the operational areas where pyrometallurgical processing takes place (e.g. metal
smelting and founding) at a number of industrial facilities in the Ural region.
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THE RELATIVE CONTRIBUTION OF PHYSIOLOGICAL AND PHYSICO-
CHEMICAL MECHANISMS TO CONTROLLING PULMONARY
TOXICOKINETICS OF METAL NANOPARTICLES DEPOSITED UNDER
CHRONIC INHALATION EXPOSURE TO Fe,04

Sutunkova M. P., Privalova L. I.}, Katsnelson B. A.}, Gurvich V. B.},
Minigalieva I. A.}, Solovyeva S. N.}, Shishkina E. V.%, Zubarev I. V.2

The Medical Research Center for Prophylaxis and Health Protection in Industrial Workers of
Rospotrebnadzor, Ekaterinburg, Russia
2Ural Center for Shared Use «Modern nanotechnologiesy, Ural Federal University,
Ekaterinburg, Russia E-mail: marinasutunkova@yandex.ru

Airborne Fe,O3 NPs with the mean diameter of 14+4nm produced by sparking
from 99.99% pure iron rods were fed into a nose-only exposure tower. Rats were
exposed to these NPs for 4 h a day, 5 days a week during up to 10 months at the mean
concentration of 1.14+0.01mg/m3. We found a very low pulmonary accumulation of
Fe,Os, gradually increasing with time. Judging by virtually normal histological
picture of lungs and lung-associated lymph nodes and by the low hydroxyproline
content of lungs, the pneumoconiotic process intensity was insignificant. Functional
and biochemical indices for the organism status very mostly normal but some of them
made consider the tested Fe,O; NP level as a threshold one for development of a
chronic systemic intoxication. In accordance with general principles of the maximum
allowable concentration (MAC) in the workplace air setting, we believe justified a
proposal to establish the MAC for Fe,O3 NPs at the level of 0.4 mg/m?.

UDC 615.9
EVALUATING RISKS OF REAL LIFE EXPOSURES

Tsatsakis A. M.

Department of Toxicology & Forensic Science, Medical School, University of Crete,
Heraklion, Greece
E-mail: tsatsaka@uoc.gr

The general population experiences uncontrolled multi-chemicals exposure
from many different sources at doses around or well below regulatory limits.
Therefore, traditional chronic toxicity evaluations for a single chemical could
possibly miss to identify adequately all the risks. For this an experimental
methodology that has the ambition to provide at one strike multi-answers to multi-
questions is hereby proposed: a long-term toxicity study of non-commercial chemical
mixtures, consisting of common everyday life chemicals (pesticides, food additives,
life-style products components) at low and realistic dose levels around the regulatory
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limits and with the simultaneous investigation of several key endpoints, like
genotoxicity, endocrine disruption, target organ toxicity including the heart and
systemic mechanistic pathways, like oxidative stress. In real life, the consumer is
exposed to complex mixtures of chemicals via food and water consumption and via
commercial products. Risk assessments, in general, however, focus on individual
compounds. Therefore, the current regulatory approach does not assess overall risk in
a highly relevant manner. This study will evaluate the cumulative toxicity of mixtures
of different classes of pesticides alone and mixtures of different classes of pesticides
together with food additives and common consumer product chemicals in more
realistic doses after long term exposure. If the hypothesis of an increased risk or even
a new hazard not currently identified from cumulative exposure to multiple chemicals
were shown to be true, this will provide further information to public authorities and
research communities supporting the effort to replace today’s single-compound risk
assessment with a more robust cumulative risk assessment paradigm.
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NANOMATERIAL-INDUCED PULMONARY ACUTE PHASE RESPONSE
CONSTITUTES A CAUSAL LINK BETWEEN INHALATION OF
NANOMATERIALS AND RISK OF CARDIOVASCULAR DISEASE

Vogel U.', Saber A. T}, Jacobsen N. R %, Poulsen S. S.}, Yauk C.,

Halappanavar S.?, Wallin H.!
'National Research Centre for the Working Environment,
Copenhagen, Denmark
2Environmental Health Science and Research Bureau,
Health Canada
E-mail: UBV@arbejdsmiljoforskning.dk

Inhalation of particles is associated with increased risk of cardiovascular
disease in epidemiological studies. Inhalation of nanomaterials induces pulmonary
inflammation that is proportional to the total surface area of the inhaled and deposited
nanomaterials. Global transcription profiling in mouse lung tissue following of
inhalation of TiO, nanoparticles on 11 consecutive days showed that the most
differentially regulated gene was acute phase protein Serum Amyloid A3, Saa3 [1].
The acute phase response is a systemic alarm response [2], and the blood levels of
acute phase proteins CRP and SAA are associated with risk of cardiovascular disease
in prospective studies [3].

We have recently shown that pulmonary exposure to nanomaterials including
carbon black, titanium dioxide particles, carbon nanotubes and diesel exhaust
particles [4] induces a time- and dose-dependent acute phase response both in terms
of the number of differentially expressed acute phase response genes and the fold
increase of Saa3, the most differentially expressed acute phase response gene [5].
Induction of pulmonary acute phase response has also been demonstrated at the
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protein level. For example, SAA3 protein levels measured by Western blotting were
increased 2.2 fold in lung tissue 5 days after inhalation exposure to nano-TiO, [1],
and SAA levels were also elevated in bronchoalveolar fluid and plasma after
intratracheal instillation of multi-walled carbon nanotubes [6]. Plasma levels of
SAAS3 also correlated with pulmonary Saa3 mRNA levels following pulmonary
exposure to carbon nanotubes [7].

Pulmonary acute phase response measured as Saa3 mRNA levels correlates
closely with neutrophil influx [6] and the total surface area of deposited
nanomaterials [5]. This implies that inhalation of nanosized particles would induce a
much stronger acute phase response compared to the same mass of larger particles
and that the accompanying risk of cardiovascular disease should be proportional to
the increase in total surface area. This is especially relevant in relation to the
consideration of nanoparticle-specific occupational exposure levels, and underscores
the importance of occupational exposure for cardiovascular disease.
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NANOTUBES IN RATS BASED ON THE ACUTE AND CHRONIC
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According to expert estimates, multiwalled carbon nanotubes (MWCNTS)
account for 98 percent of all carbon nanotubes (CNTs) synthesized in Russia [1].
There fore studying toxic properties of MWCNTSs is essential when carrying out
research on sanitary and hygienic standardization (regulation limitation) as well as
manufacturing and using them.

Over the past few years, there have been plenty of studies of the toxic properties
of MWCNTSs used in inhalation exposure of experimental animals (mice, rats).

A number of animal studies report the results of the 24-hour or several-day
exposure to different atmospheric concentrations of MWCNTSs. Stapleton P.A. et al.
(2012) report pulmonary inflammation and cytotoxicity after single inhalation
exposure of rats to 5 mg/m® of MWCNTSs followed by a 4-day observation [2].
Exposure to MWCNTSs lead to significant increase in polymorphonuclear neutrophil
(PMN), lactate dehydrogenase (LDH) activity and total protein content found in
bronchoalveolar lavage fluid. Ryman-Rasmussen et al. (2009) found that mice
developed airway fibrosis 14 days after single 6-hour inhalation exposure to 100
mg/m® of MWCNTSs [3].

Only few papers on MWCNT toxicity after long-term inhalation exposure in
laboratory animals (rats) can be found in literature. So Ma-Hock L. et al. (2009)
report study results of inhalation exposure to MWCNT concentrations of 0.1, 0.5, or
2.5 mg/m® for 3 months in rats [4]. In a 13-week inhalation study carried out by
Pauluhn J. (2010) rats were nose-only exposed to MWCNT concentrations of 0.1,
0.4, 1.5, and 6 mg/m® for 13 consecutive weeks to. The author reported elevated
levels of PMNs and soluble collagen in bronchoalveolar lavage fluid, as well as
increased total protein content and lactate dehydrogenase (LDH) activity at MWCNT
aerosol concentrations of 0.4 mg/m3 and higher [5]. Granulomatous changes and
bronchioloalveolar hyperplasia were observed at 6 mg/m® MWCNT aerosol
concentrations.

Inhalation toxicity study was carried out using Taunit-M multiwalled carbon
nanotubes developed at NanoTechCentre, Ltd (Tambov, Russia) [6].

The laboratory animals (white outbred male rats) were head-nose exposed in an
aerosol exposure chamber developed at the Research Centre for Toxicology and
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Hygienic Regulation of Biopharmaceuticals (RCTHRB) (RF patent No 2552945)
using dry aerosol generator based on the of milling and fluidized bed operating
principles, the device being also developed at the RCTHRB. The equipment
characteristics and operating methodology have been previously described [7, 8]. The
Taunite-M aerosol mainly consists of 2-6 um particles (approximately 80%), the
mean particle diameter being 3.0 um.

Acute inhalation toxicity of the Taunite-M MWCNTSs was studied in rats after
single 4-hour exposure at Taunite-M aerosol concentrations of 111, 39, 14 and 6
mg/m3. The experiment results showed that CLs, exceeded the maximum Taunite-M
concentration of 111 mg/m?® used in the study (5 toxicometric indices differ from the
controls). The concentration of 39 mg/m® was substantiated as acute effect threshold
(3 toxicometric indices differ from the controls). No observed effect concentration of
the Taunite-M aerosol in acute experiment was found to be 14 mg/m®. With this
concentration only decreased level of lymphocytes in bronchoalveolar lavage fluid
was observed 14 days after the inhalation exposure. All the other indices studied
corresponded to those observed in the control rats.

Chronic inhalation study was conducted by exposing of rats to Taunite-M
MWCNT aerosol 4 hours per day, 5 days per week for 4 months at aerosol
concentrations of 25.5 and 1 mg/m®. Inhalation exposure of rats to Taunite-M
MWCNT aerosol for 4 months at the concentrations of 25 mg/m® induced macular
anthracosis in rats. Fibrotic changes were only observed in individual animals and
they were rather insignificant.

The Taunite-M MWCNT aerosol concentration of 25 mg/m® was evaluated as
lowest observed adverse effect level (12 toxicometric indices differed from the
controls), and the concentration of 5 mg/m3 was substantiated as chronic effect
threshold (7 toxicometric indices differed from the controls). The concentration of 1
mg/m® also studied in the experiment is suggested to be used as no effect
concentration since proven changes that were found at this aerosol concentration
were irregular and did not differ significantly from the control values. To make no
effect concentration more specific further experiments are required at lower Taunite-
M MWCNT aerosol concentrations. The nanomaterial was not found to be
immunotoxic, nor did it have sensitizing properties
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Introduction. In patients suffering from Parkinson’s disease, dopaminergic
neurons in the substantia nigra of midbrain are primarily degenerated. In the normal
brain, microglial cells, known as phagocytotic cells, are mainly in rest. The activation
of microglia can lead to the secretion of pro-inflammatory cytokines in the diseased
part of the brain. In the recent years, clinical reports have indicated that a chronic
inflammatory process mediated by microglial cells contributes partly to the death of
dopaminergic neuron. To alleviate this symptom, epigallocatechin-3-galate (EGCG),
one of the polyphenol agents in green tea having anti-oxidative effects, has the
potential to suppress the inflammatory factors such as nitric oxide and TNF-a in the
lipopolysaccharide-activated microglial cells through the down-regulation of iINOS
and TNF-o gene expression. As a result, it can effectively reduce the attack in
neurons by microglial cells. However, EGCG has limitations due to its water soluble
property and low oral bioavailability. Hence, the aim of this study is to develop a
nano-sized liposome carrying EGCG.
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Methods. Lipid mixture of egg phosphatidylcholine (PC), phosphatidylserine
(PS), and cholesterol was dissolved in chloroform and dried in a rotatory evaporator
to give a lipid membrane. The hydration of the lipid membrane along with EGCG
gave the primary liposome solution. The solution was further filtered through a
membrane having pore size of 200 mm to form a nano-scale liposome solution. The
particle size was determined by dynamic light scattering method. EGCG was
extracted from green tea leaves. The toxicity of free EGCG was first evaluated to
determine the tolerable concentration of EGCG in mouse microglial cell line (BV-2
cells). Thereafter the cellular uptake of EGCG-liposome was observed under
fluorescent microscope. The anti-inflammatory effect of EGCG-liposome in BV-2
cells was then investigated.

Results and discussion. The anti-oxidative effect of extracted EGCG was
determined by the percent of radical species DPPH (2,2-diphenyl-1picrylhydrazyl)
scavenged by EGCG in a period of incubation of 30 minutes. 0.25 mg/mL of EGCG
can scavenge more than 80% of DPPH in 5 minutes. To find a tolerable concentration
of EGCG, BV-2 cells were cultured with various concentrations of EGCG. It was
found that 50 uM of EGCG or higher can lead to cytotoxicity as determined by MTT
assay. The average particle sizes of LPS (liposome containing PS) and LPS-VE
(liposome containing PS and Vitamin E) after loading of EGCG were 132.9 and
142.9 nm, respectively. Analysis of cellular uptake using PKH-26 fluorescent dye
found that the liposomes of PC were not taken by BV-2 cells in an incubation period
of 2 hours. On the contrary, the liposomes (LPS and LPS-VE) were found in the
cytoplasm. After pretreated with liposomes for 1 hour, BV-2 cells were exposed in 50
ng/mL of lipopolysaccharides. The reduction of TNF-a cytokine was found in the
group of LPS and LPS-VE. Among these liposomes, LPS-VE loading with EGCG
shows the lowest secretion of TNF-a cytokine.

Conclusion. The activation of microglial cells is accompanied by the
degenerative Parkinson’s disease. The present study fabricates anti-inflammatory
liposome containing green tea extracted EGCG to alleviate the release of TNF-a
cytokine. The particle sizes of the liposome were controlled by the filtration
membrane in the range of 130-140 nm. The cellular uptake of the liposome in mouse
microglial BV-2 cells indicated that phosphatidylserine was effective as compared to
egg phosphatidylcholine. The incorporation of EGCG and Vitamin E in the liposome
was more effective to reduce the inflammatory cytokine TNF-a in the cultured
medium. The promise of the present study in the delay of progression of Parkinson’s
disease could be further validated in the animal experiments.
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NANO-BIO INTERACTIONS:
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Multiwalled carbon nanotubes (MCNT) are widely used in various industrial
sectors, biomedicine, and many consumer products. However, their potential toxicity
Is a major concern. MCNTs enter human cells, perturb cellular signaling pathways,
affect various cell functions, and cause malfunctions in animals [1-5]. Because a large
portion of atoms in MCNT are on the surface, chemistry modification on their surface
may change their biological properties significantly. We modified MCNT’s surface
using nano-combinatorial chemistry library approach. Novel MCNTs were
discovered to exhibit reduced toxicity or re-program cellular signaling machineries
[6, 7]. Exploring large sets of bio-assay data with chemoinformatics and
computational chemistry, quantitative nanostructure-activity relationship (QNAR) has
been established and predictive models built to predict biocompatible MCNTSs.

This work was supported by the National Natural Science Foundation of China
(21137002 and 91543204), the Strategic Priority Research Program of the Chinese
Academy of Sciences (XDB14030401).
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Studying industrial working conditions associated with high risk of exposure to
nanoscale aerosols is an important focus area for Rospotrebnadzor due to expanded
use of nanotechnology. Arc welding and cutting, pyrometallurgical processes,
manufacturing and using paints and varnishes, nanocoating, gas-aerosol diesel
exhaust have been established involve high health risks.

Scientists from the Nanomaterial and Fine Particle Analysis Laboratory
(Federal Scientific Center for Medical and Preventive Health Risk Management
Technologies) studied fine particle aerosols in work zone air at various industrial
facilities to detect, identify and evaluate nanoparticle content [1, 2, 3]. The study
objective was to compare mass concentration of suspended particulate matter and
number concentration of nanoparticles in work zone air during various industrial
processes.

Mass concentration of suspended particulate matter was determined as
recommended in Methodology Guidelines 4.1.2468-09 [4]. The aerosol particles
captured on analytical aerosol filters for measuring mass concentrations (AFA-VP)
were studied using Tescan MIRA3 scanning electron microscope at the Research
Resource Centre for Molecular and Cell Technologies of Saint-Petersburg State
University. Work zone airborne nanoparticle sizes were determined using DAS 2702
diffusion aerosol spectrometer as recommended in GOST R 54597-2011/ISO/TR
27628:2007, paragraph 6.3.4. [5], GOST R 8.755 — 2011 [6]. The diffusion aerosol
spectrometer is a tandem including diffusion batteries and a condensation particle
counter. The device can measure total number concentration of 3—200 nm particles,
particle distribution width and particle size distribution spectrum within 3 — 200 nm.
In computational terms [6], the distribution spectrum is unimodal and makes it
possible to determine the following parametres: particle number concentration within
maximum concentration range (particles per cm®), particle size range with maximum
concentration (nm). The measuring time of one set of values was 0.8 — 1.2 minutes. It
took 10 — 50 minutes to examine one industrial process. The sets of values were
analyzed to detect outliers using Grubbs’ test as recommended in GOST R 8.736 [7].
In case of dynamic change in number concentration over time corresponding the
change in industrial processes observed, concentration values were combined in
several samples using Grubbs’ test [7].
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Since there is no health standard for evaluating nanoparticle number
concentrations in work zone air, values (similar in study algorithm) for workplaces of
administrative and engineering staff not involved in the industrial processes were
used for reference.

The study included mining, rubber manufacturing and chemical industrial
facilities visited in 2013, 2015 — 2016. The results of work zone air analysis in the
mining facility revealed essentially different characteristics of suspended particles:
for underground mining, comparatively high number and mass concentrations of 0.5
— 3 um ore particles were observed, the particle number concentration being no
different from controls; for open-pit mining during floatation, high number
concentrations and low mass concentrations of suspended particles were observed,;
during granulating, maximum number concentration of nanoparticles exceeded
controls by 19 — 26 times; during loading maximum number concentration of
nanoparticles was 6 times higher than controls. The change in particle sizes
corresponding to maximum number concentrations was marked by slight particle size
dispersion in the control point, so an additional microscopic study may be necessary
to draw accurate conclusions about the particle properties and sizes for processes
characterization in mining industry.

The work zone air in the shops at the rubber manufacturing facility was found
to contain 5 — 200 nm particles. The deviation of sizes corresponding to the size
distribution maximums was 2 — 20 nm compared to the controls (30 — 35 nm).
Statistically significant excessive workplace number concentration varied from 4 to
11.2 times.

The chemical facility conditions were characterized by a higher particle
number concentration with the distribution maximum in the workplaces 10 683
particles per cm®. However, 3 out of 7 workplaces had lower number concentrations,
which is consistent with high humidity in the workplaces of absorption operator,
deposition operator, raw material preparation and semifinished and finished product
release operator.

The number concentrations observed in the workplace air of oxidation operator
were 3 times higher than controls (32 844 particles per cm®), those of condensation
operator were 4.5 times higher than controls (48 544 particles per cm®), those of
chemicals production operator were 5 times higher than controls (53 583 particles per
cm®). The particle size corresponding to the distribution maximum was higher than
controls in the workplace air of flaking operator and chemicals production operator.

The study results show that the workplace air of chemicals production operator
was characterized by higher values for particle number concentration and particle
size. 0 — 5 nm particles predominated in the workplace air of condensation operator,
which may be due to the running of the refrigeration equipment.

Thus, the results of the study may be used to assess working conditions and
occupational risks for nanomaterial production processes, as well as industrial
processes associated with particle release. Additionally, these results allow us to raise
the issue of controlling nanoscale particle level in workplace air and developing
occupational exposure standards to assess occupational health risks and treat
occupational diseases.
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Active nanocluster formation both in Russia and abroad, growing the world’s
market segment of nanoproducts, expanded commercial applications in key industries
(airspace, biotechnology, power industry, electronics and information technology,
manufacturing industry and consumer goods sector [1]) necessitates comprehensive
investigation of potential threats in human life and activities associated with large-
scale expansion of nanotechnology and nanobiotechnology. Although these materials
(including metal nanoparticles) have undeniably innovative characteristics, they may
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be hazardous for human health and for environmental compartments at every stage of
their production and use, and have grave social and economical consequences in the
future due to their physicochemical properties [2]. In view of this, the number of
studies carried out by a range of Russian research centres is rather significant [3-6].
Finding the link between the physical properties (such as size, form, surface structure,
the degree of aggregation) of nanomaterials including metal nanoparticles (NPs) that
induce toxic response in biological structures is of special importance [7-10]. The
Federal Scientific Center for Medical and Preventive Health Risk Management
Technologies has been developing this research area by refining and systematizing
our understanding of the underinvestigated physical properties and toxic effects of
inhalation and opal exposure to various common metal NPs.

The aim of the research was to assess bioaccumulation and morphofunctional
outcomes of some metallic nanoparticles in terms of toxicology and environmental health.

Materials and methods. Manganese oxide (MnQO) and nickel oxide (NiO)
nanoscale particles associated with high potential health risk were studied
experimentally. The predominant mean lateral sizes of the NPs suspended in water
are 15 — 29 nm for MnO and 17 — 45 nm for NiO, which is respectively up to 1300
and 330 times smaller than their microscale analogues (measured using scanning
electron microscopy). The concentrations of Mn and Ni NPs suspended in water were
41.37 + 2.5 mg/mL and 50.0 + 3.4 mg/mL (expressed as MnO and NiO respectively)
(measured using the inductively coupled plasma mass spectrometry method, Agilent
7500cx mass spectrometer (Agilent Technologies Inc, USA).

The functional and morphological changes were studied using MnO NPs
suspended in water that laboratory animals (200+10 g male and female Wistar rats,
n=100, 4 exposed and 1 control group) were exposed intragastrically via gastric tube for
90 days, the median lethal dose (LD50) varying between 1/10 and 1/500 in accordance
with GOST 32644-2014 and Methdological Guidelines 1.2.2520-09. Functional
abnormalities were evaluated by measuring biochemical changes in the values of
neuronal function (glutamate and y-aminobutyric acid levels in blood serum), oxidative
stress and antioxidative system balance (lipid and malondialdehyde (MDA)
hydroperoxide levels, Cu/Zn superoxide dismutase (Cu/ZnSOD) levels, total antioxidant
status (TAS) in blood serum). Morphological changes in tissues (brain, heart, lungs,
spleen, liver, kidneys, stomach, pancreas, small and large intestines) were measured by
400-power microscopic examination of histological specimens following the procedure
established for Thermo Scientific and Carl Zeiss (Germany) equipment.

Measuring and assessing bioaccumulation (hanomaterial accumulation in brain,
kidney, liver, lung and blood tissues) as well as morphological changes in visceral organs
(brain, heart, lungs, spleen, liver, kidneys, stomach, pancreas, small and large intestines)
were conducted using NiO NPs suspended in water that 25 — 30 g white male and female
BALB/C mice (n=30) were exposed via inhalation in accordance with GOST 32646-
2014, Regional standard (OECD, Test No403:2008, IDT), Methdological Guidelines
1.2.2520-09. Inhalation intake modelling of the NPs compared to their microscale
analogues was carried out using software-integrated inhalation exposure system with
whole exposure chamber (TSE Systems GmbH, Germany).
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The experiments and procedures were done as directed by guidelines and
standards regulating ethical practices regarding animal experiments.

Results. Measuring and assessing balance levels of neurotransmitters as well
as oxidative stress and antioxidative system showed functional abnormalities with
dose-dependent effects for long-term exposure to MnO NPs. Stastistically significant
increase in serum lipid and (MDA) hydroperoxides was observed at the doses of 10.0
— 260.0 mg/kg on day 30 compared to the control group (1.4-1.9 and 1.6-2.0 times
respectively, p < 0.001). Elevated serum lipid and MDA hydroperoxide levels
persisted on day 90 of exposure, the multiplicity of baseline — control values
difference being 1.3 — 1.9 times (p < 0.001). No statistically significant differences in
baseline-control values were observed throughout the experiment. Antioxidant
system assessment showed that long-term exposure of rats to 10.0-260.0 mg/kg doses
caused statistically significant time-dependent decrease in serum Cu/ZnSOD and
TAS levels. Throughout the experiment, Cu/ZnSOD levels were 1.4 — 4.6 times
lower than baseline and control levels (p <0.001 — 0.002), and TAS levels 1.6-5.4
times lower (p<0.001). TAS level at 5 mg/kg dose in rats did not differ significantly
from baseline or control level throughout the experiment.

The levels of main neurotransmitters were evaluated in the animals on day 90
of exposure. Serum glutamate levels were elevated and y-aminobutyric acid levels
were decreased compared to baseline and control levels, the change being dose-
dependent. Glutamate levels increased 2 — 3.8 times depending on the dose (p
<0.001). Serum y-aminobutyric acid levels were decreased 2.3 — 2.7 times (p <0.001).
The dose of 5.0 mg/kg did not decrease serum levels in rats compared to controls.

Structural changes in brain tissue were observed, they depended on the dose of
MnO NPs suspended in water as well. The highest dose of 260 mg/kg body mass per
24 hours induced acute vascular congestion with red blood cell diapedesis and local
hemorrhage; subarachnoid hemorrhage, brain swelling with pericellular and
perivascular space expansion; focal nerve fiber demyelination in cerebral cortex and
cerebellum. The dose of 50 mg/kg induced local pericellular and perivascular space
expansion in cerebral cortex with cell differentiation intact, local subarachnoid
hemorrhage and focal neuronal degeneration.

The dose of 10 mg/kg body mass per 24 hours was found to induce
insignificant perivascular space expansion. Exposure to 5 mg/kg the morphological
pattern of brain and cerebellum tissues corresponds to controls and does not change
the pattern in the brain regions. More severe and extended pathomorphological
changes in internal organ tissues were found after intragastric instillation of the 10
mg/kg MnO NP dose for 90 days.

Such exposure induced haemodynamic abnormalities in the circulatory system
in the form of mild or moderate local vascular congestion and subarachnoid
hemorrhage in the brain, liver, lungs, kidneys and heart; in the lymphatic system in
the form of mild or moderate perivascular lymphomacrophage infiltrates in lung
tissue affecting the adjacent alveoli; and in the macrophage system in the form of
activated alveolar macrophages in small clusters in alveolar lumina compared to the
changes induced by the microscale analogue in the form of local vascular congestion,
subarachnoid hemorrhage in the brain, minor local lymphomacrophage infiltrates in
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the lungs and the gastrointestinal tract. Expanded perivascular and pericellular spaces
were observed in the brain, as well as mild perivascular tender fiber cardiosclerosis
and local hepatocyte proteinosis that were not found after microscale analogue
instillation.

The study of 4-hour inhalation exposure to aerosolized nanoscale NiO (at
actual NiO concentration of 1.34+0.07 mg/dm® and absolute particle concentration of
140194+27768 units/dm®) revealed 14 — 39-times higher penetrating power than that
of its microscale counterpart (p = 0.0001).

Conclusion. The distinctive physical properties of nanoparticles including
metal NPs (size, specific surface area, adsorption capacity, particle charge)
potentially increase their tissue penetrating power, reactivity and toxicity. The study
of bioaccumulation and morphofunctional changes in tissues after separate exposure
to MnO and NiO NPs showed metal oxide NPs to have high penetrating power and
low excretion capacity. The list of vital organs affected by the NP properties includes
brain, liver, spleen, lungs. These properties account for dose-dependent
morphofunctional abnormalities in critical cells and target organs. Higher degree of
morphological changes in the circulatory, lymphatic and macrophage systems as well
as liver, brain and heart tissue abnormalities not found under exposure to analogous
microparticles confirm NP higher toxicity and the fact that the severity of
pathological processes depends on the size of the particles.

We suggest that the experimental results obtained should be taken into account
when developing monitoring and preventive programmes aimed at attenuating and
eliminating the adverse health effects of metal nanomaterials and nano-enabled
products.
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Despite the fact that engine manufacturers develop a new technology to reduce
exhaust emissions, insufficient attention given to particulate emissions. However,
diesel exhaust particles (DEP) are a major source of air-borne pollution, contain vast
amount of polycyclic aromatic hydrocarbons (PAHs) and may have deleterious
effects on the immune system, resulting in the induction and enhancement of pro-
allergic processes. In the current study, vehicle-emitted particles (VEP) from
2 different type of cars (diesel — D and gasoline — 80) and locomotive (L) were
collected. Overall, 129 four week-old, male SPF-class Kunming mice were
subcutaneously instilled with either 100, 250 or 500 mg/kg VEP and 15 mice
receiving the solvent were assigned as control group. The systemic toxicity was
evaluated and alterations in the immune status of mice were determined by the
expression levels of CD3, CD4, CD8, CD16, CD25. Mice exposed to any dose of
VEP showed significant increase in lung and spleen, with reduced thymus weights.
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Despite the reduced amount of white blood cells of the mice that received either 100
mg/kg L-VEP or 100 and 250 mg/kg D-VEP and 80-VEP, the amount of basophils in
their blood increased more than 10 times. On the other hand, VPE administration
decreased the number of CD25+ cells slightly, whereas the number of cytotoxic T
cells reduced 10-40 times compared to the control group. It can be concluded that
VEPs may act as adjuvants in the immune system and induce the augmentation of
pro-allergic responses. Thus, the adjuvant effects of VEP-PAHs emerge with the
activation of basophils in an allergen independent fashion.
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