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THTHEHUYEeCKHEe ACNIEKThl HAHOTOKCHKOJIOTHH: TeOPEeTHYEeCKHEe OCHOBBI,

HACHTH(PUKANMSA ONMACHOCTH VISl 310POBbS U IYTH €¢ CHUKCHUS»

YBaxkaemble KoJLJ1eru!

OpnHol U3 3HAYUMBIX TIPOOJIEM COBPEMEHHOCTHU B
OXpaHE 340POBbs HACEJICHUSI CTAHOBUTCS 3arpsA3HECHUE
OKpYXawuel Ccpeabl MEIKOAUCIEPCHbIMU, B TOM
4yucie HaHOPa3MEpPHBIMH, YaCcTUL[AMHU Kak
WHXEHEPHOTI'O0 B COCTABE MPOMBIILICHHBIX a3pO30JieH,
TaK U IPUPOJHOIO IIPOUCXOXKICHHUS, BIMSAIOIMIUMUA Ha
MOBBIIIEHHYIO 3a00JIeBa€MOCTh M CMEPTHOCTh. lIpomomxkaroiuecs: pa3BUTHE
MPOMBIIIJIEHHOCTH W POCT HWHIYCTPUAIBHOTO HCHOJIB30BAaHUS M IIUPOKOIO
NPUMEHEHUST HAaHOMAaTEPHUAJIOB B CaMbIX Pa3HOOOpa3HbIX cdepax MEeTUIMHBI,
(dhapmMakoI0TuH, KOCMETOJIOTHH, TTUIIIEBOTO MPOU3BOACTBA U JP. OOOCHOBHIBAET
M3y4YeHUE U OLEHKY BO3JIEUCTBUS HAHOYACTUL HA COCTOSIHUE 310POBbBS
HaceleHUsT W  pa3paboOTKy COOTBETCTBYIONIMX Mep MNPOPUIAKTUKH |
oesomacHoctu. B HacTosiee Bpemsi ExaTepuHOyprckuil MEIUUMHCKHMA -
HAay4YHBIA LIEHTP SBJISIETCS OJHUM W3 IPU3HAHHBIX JHUAEPOB B Poccuiickou
@depepaliii U UIMPOKO HU3BECTHBIM 3a PYOEKOM ILIEHTPOM IO H3YyUYECHUIO
O0COOCHHOCTEHM BPETHOIO JNEUCTBUS HAHOYACTHUI[ Ha OPraHU3M U CBSI3aHHBIX C
HUM PUCKaMH JIJIS1 3I0POBbsI B IEJSIX Pa3pabOTKU MEPOTNPHUATUIN 10 YIPABICHUIO
HMH.

B cBa3u ¢ 3HauumocThio mpobiiemMbl Pocnorpebnam3opom Ha 0ase
ExateprHOyprckoro MeAMIIMHCKOTO - HAy4YHOTO ILIeHTpa NpoBoAuTcs Btopas
Bcepoccuiickass  Hay4yHO-TIpakTHYecKass  OYHO-3a0YHAas  KOH(EpPEeHIUs C
MEXKIYHApOJHBIM  y4acTUEeM  «AKTyaJdbHble  TUTHEHUYECKHE  aCIEKThI
HAHOTOKCHKOJIOTUU: TEOPETUYECKUE OCHOBBI, WJCHTU(UKAIUS OMACHOCTH JIf
370pOBbsl U IYTU €€ CHIWXKEHUs». [IoMUMO 3TOro, MEponmpusTHEe NOCBSIIECHO
['ony Hayku u Texnosoruii B Poccuiickon @enepanumu.

Ha xoudepennuu OyayT pacCMOTpPEHbl THUTMEHUYECKHE BOIPOCHI,
CBSI3aHHBIE C pa3pabOTKOI M BHEIPEHUEM B MIPAKTUKY METOJOB UACHTH(PUKAIINH
Y KOJIMYECTBEHHOTO ONPEAEIECHNS] HAHOYACTHUI] B BO3JyXE U IPYTUX Cpelax st




000CHOBaHUSI M KOHTPOJII 0€30MacCHOCTH YPOBHSI BO3JECHCTBUS HAHOUYACTHUIl HA
OpraHu3M, OpraHu3alMd  MOHHUTOPMHIa H  COOTBETCTBYIOIIMX  MEP
npo¢punaktuku. Ocoboe BHMMaHue OyAeT yIeneHo MpodieMaM NpUMEHEHUS
COBPEMEHHBIX  JKCIIEPUMEHTAIBHBIX  METOAOB  H3YyYEHUS  MEXAHU3MOB
TOKCHYECKOTO JICHCTBUSA HAHOYACTHIl. BaKHBIH akKIEeHT Ui O0OCYKISHUS
IUTAHUPYETCS  YACNUTh METOJAaM YINPABIEHUS PUCKOM Ui 3J0pOBbBS,
CO37]aBa€MOr0 HAHOYACTHIIAMHU, W MOAXOAaM K MNpO(UIAKTHKE WX BPEIHOTO
JEUCTBHUS, B T.4. C UCTIOJIB30BAaHUEM OMOTPOPUIAKTHUESCKUX KOMILIEKCOB.

[ToznpaBinsito ¢ oTkpeiTHeM KoH(pepenmuu! JKemaro BceM IIIOJOTBOPHOM
paboThl B CO3UIATENBHONW W TBOPUECKOW atMocdepe, MalbHEUINX YCIIEXOB B
HAYYHOW M TPAKTUYECKOW JEATEIBHOCTH, MOCTOSHHOTO MPO(hecCHOHATBHOTO
COBEpUIECHCTBOBaHUA!
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«HUU I'TI]» ®MFA Poccuu), 2. Boneoepao, Poccus

CaHuTapHO-TUTUEHUYECKUA MOHUTOPUHT MPEANPUITUN, UCIIOIB3YIOIINX
NOPOIIKOOOPa3HbI alOMUHHUI, CBHUJIETEIBCTBYET O TOM, YTO B BO3JyXe
paboueil 30HBI HapsAy C MHUKPOpPa3MEpHBIMH YacTHIIAMHU MPUCYTCTBYIOT U
HAHOYACTHUIIBI ATIOMUHHUS, JIOJISI KOTOPBIX MOXKeT aocturath 88 %. B cBsizu c
HEO0OXOJAMMOCTBIO OLIEHKH PUCKOB JUISl 3J0POBBS, CBA3AHHBIX C MOTEHIIMAIBHOM
OMACHOCTBbI0 HAHOTEXHOJIOTHM, MPEACTABIISIIOCH IIeJIECO00pPa3HBIM TOyYCHHE
CPaBHUTEIBHBIX TOKCHUKOJOTHYECKUX XAPAKTEPUCTHUK YACTHUIl BEIIECTBA 00EUX
pa3sMEpHOCTEN.

OObekTaMu  WCCIEJOBAaHUSI  SBISUIACH  AFOMHUHHUEBBIC  TTOPOIIKH
L-ALEX™ u ACJHI-1 ¢ mucnepcHoctbio 82,3 HM u 2,4 MKM COOTBETCTBEHHO.
DOKCHEepUMEHTHl TPOBOJWIM Ha O€NbIX OECmOpOIHBIX KpbICax-camIlax.
BemecTBo B 00eMX pa3MepHOCTSX MPUMEHSUIH OJTHOKPATHO MHTpATpaxeaabHO B
konuyectBax 10,0 u 50,0 Mr Ha 0AHY 0COOB, YTO COOTBETCTBOBAJIO A03aM 40,0 u
200,0 mr/kr. TecTupoBaHHE KUBOTHBIX OCYILECTBIISIIN B AMHAMUKE.

YcTaHOBIEHO, YTO Yepe3 CYTKH IOcie€ BBEIEHMs BEIIECTBA B MEHbIIEH
J103€ OCTATOYHAsl MacCcOBasl JI0JII MUKPO M HaHO-altOMUHUS (MUKpO-Al u HaHO-
Al) B nerxkux pasusutach 28,1 u 53,1 % coorBercTBeHHO. [Ipu mocryruieHUn
BemectBa B jgo3e  200,0 MI/Kr OCTaTOYHOE KOJHUYECTBO MHMKPOGOPMBI
cocraBisuio 57,0 %, a nHanodopmer — 62,3 %. B mocnemyrommue mnepHOIbI
PErUCTPUPOBAIOCH CTATUCTUYECKH JOCTOBEPHOE CHUKEHUE COJEPIKAHMS TOIBKO
HaHO-Al.

JInst  XapakTepUCTHUKU CKOPOCTHM CAMOOYHMILNEHHSI JIETOYHOW TKaHU
UCTIONB30BAMH KO3(PPHUIIMEHT JIETOYHOro KIMpeHca (Mr/4ac), COMOCTaBIICHUE
BEJIMYMH KOTOPHIX BBISIBUJIO HAJMYME MPSIMON 3aBUCUMOCTH OT YPOBHS
BO3/IEHCTBHSI 00enX opM BeIecTBa.

WNuTpaTpaxeanbHOe  BBEIEHHE  MHUKPO-AJIOMHHHUS  COIMPOBOXKAAIOCH
yBeIMYEeHHEM Kod(ddUIIEHTa OTHOCUTEIBHON Macchl Jerkux Ha 7 u 14 cyTku
(moza 200,0 mr/kr). I[IpumeHeHHe HaHO-TIOPOIIKA B 0OEUX J03aX BBI3BIBAJIO
M3MEHEHHE MoKa3aTessl, HAUUHasl C EPBbIX CYTOK.

Pe3ynbTaThl  THCTOJIOTMYECKOTO  HMCCIEIOBAaHUSA  JIETOYHOM  TKaHU
IPOJIEMOHCTPUPOBAJIN, YTO Y BCEX >KUBOTHBIX, KOTOPHIM BBOIWJIM MUKpO-Al,



dbopMuUpOBaIUCh  TpaHyJEeMaTO3Hble O00pa3oBaHMsI OT EAMHUYHBIX  JO
MHO)XECTBEHHBIX, B 3aBHCHMOCTH OT J03bl. B CBOr ouepenap, HaHO-Al
WHULIMUPOBAI  pa3BUTHE  OBICTPONPOTPECCUPYIOLIEH  MHTEPCTUIUATBHO-
rpaHyJieMaTo3Hol ¢Gopmbl amoMUHO3a € (HOPMUPOBAHUEM SIUTEIUOUTHO-
KJIETOYHBIX M TUTAHTOKJIETOYHBIX TPaHyJEM IMPU BCEX HCHBITAHHBIX YPOBHSIX
Bo3nelcTBus. [IoMMMO 1erouyHol TKaHH, YaCTHIBI HaHO-Al JIOKaJIM30BaINCh U B
auM@aTHYECKUX y371aX CPEIOCTEHUS Y MOJONBITHBIX KPBIC IMOCIE BBEICHUS KaK
Ha ypoBHe 40,0 mr/kr, tak u 200,0 Mr/kr, Torjla KaKk 4acTHUIIbl MHUKPOHHOTO
pasmepa pEerucTpUpOBAIMCh B JUM(OMIHONW TKAHM TOJIBKO Y JKUBOTHBIX,
MOJTy4YaBIIUX BEIIECTBO B MAKCUMAJIbHOM /103€.
BriBobI:

1. He3aBUCHMMO OT YpOBHSI BO3JICUCTBUS U Pa3MEPHOCTH YACTUI] aTFOMUHUS
HanOOJIbIIIEE KOJMYECTBO BEIIECCTBA BBIBOJUTCS M3 JICTKUX B TCUCHHE TEPBBIX
CYTOK;

2. CKOpOCTb 2JIMMUHALIUYA KaK HAHOJIUCIEPCHOT0, TAK U MUKPOIAUCIIEPCHOTO
ATIOMHUHUS TTPSIMO MTPONOPLUHUOHANIBHA YPOBHIO BO3/ICUCTBUS;

3. AnlfoMUHHUM B HaHOpa3MepHOU (opMe HHUIUUPYET Oojiee BhIpa)KEHHBIE
MOPGOCTPYKTYpPHBIE HM3MEHEHUSI B JIETOYHOM U JUMGOUIHON TKaHAX, B
CpPaBHEHUU C MUKPOJUCIIEPCHBIMU YaCTUIIAMHU.

YAK615.9:615.099.092:577:669.22:616.8-009:57.084.1

A.A. Asmndeposa!, M.IO. Konaesa', B.H. Koukusn',
I1.K. Kamkapos!-
HAKOIIVIEHUE HAHOYACTUIL CEPEBPA B I'OJIOBHOM
MO3I'E MUIEKOIIUTAIOIIIMUX U UX BJIIMSIHUE HA
KOI'HUTUBHBIE ®YHKIINHU

THUI] «Kypuamosckuii uncmumymy, 2. Mockea, Poccus
’Mockosckuii 2ocyoapcmeennviti ynusepcumem um. M.B. Jlomonocosa,
2. Mocksa, Poccus

Cepebpo HCHONB3yeTCS € JPEBHUX BPEMEH B MEIUIIMHCKHUX MEJSAX
Omarogapsi CBOMM AaHTHCENTHYSCKHMM CBOWCTBaM. Tak, B HWHIYCCKOH
(aroBepAMYECKOM M pPEIMIHO3HOM)  JMTepaType  yHOMHHaeTrcss 00
00e33apakMBaHUM BOJIbI MYTEM IMOrPYKEHUS B HEE pacKaJeHHOro cepeodpa,
100 NPU JJIUTEIIBHOM KOHTAKTE ¢ METAJNIMYECKUM cepeOpOoM MpU HOPMaJIbHbBIX
ycioBusix. M3BeCTHO MCIMOJIb30BaHUE YHUKAIIbHBIX CBOMCTB cepeldpa phlllapsiMu
oplieHa rocnutainbepoB. Tak, B XVI Beke, B YacTHOCTH, Ojaroaaps
WCIIOJIB30BaHUIO CEpPeOPSTHOM TOCYy/Abl, KOTOpas IoMoraja MpeloTBPATUTD



KHIIIEYHbIC MHPEKIINN, UM yIaJIOCh OTPA3UTh MOMBITKY 3aXBaTa ocTpoBa ManbTa
Typkamu-ocmanamu. [locme 1800 r. momumo MeTammudyeckoro cepebpa craimu
MPUMEHSITBCS €r0 COJIU (JISIMKUC) U KOJUIOUIHOE cepedpo (IIpoTaproii, aprupod).
B Hacrosiiee Bpemsi IMIMPOKO PacHpOCTPAHEHO HCMOJb30BAHUE HAHOYACTUII
cepebpa B MUILEBOM, JETKON U (papMarieBTUUECKON MPOMBIIIICHHOCTH, a TAKXKe
B MeauimHe. OHU MPUMEHSIOTCS B COCTaBE OMOJIOTHYECKU-aKTUBHBIX J100aBOK,
B KauecTBE MOKPBITUN JJIsI PAHEBBIX IMOBS30K, B YIAKOBOYHBIX MaTepualiax, B
KauecTBEe KOHCEpBaHTa JJI MUILEBBIX MPOIYKTOB, B TEKCTUJIBHBIX TOBapax H
T.1. CoenuHenus cepedpa, B TOM YUCIIE, UX HAHOYACTHIIBI CIIOCOOHBI OKa3bIBATh
TOKCUYECKOE JIEHCTBUE HE TOJBKO HAa MATOTEHbI, HO M Ha 3JI0POBbIE KIIETKH.
MexaHu3M TOKCHYECKOTO JEWUCTBHs cepebpa, Kak MpPaBWIO, CBS3BIBAIOT, C
reHepanrel akTUBHBIX (JOPM KUCIOPOa ero noHaMu. [Ipu 3ToM, HAHOYACTHUIIBI
cepebpa, o Bceil BUAMMOCTH, MOTYT OKa3bIBaTh MPOJIOHTUPOBAHHOE JICHCTBHE B
BUJIE JIenO i UOHOB. [103TOMY Ba)KHO MOHMMATH MOTEHIMAIbHBIE PUCKU OT
MPUMEHEHUS TAKUX HAHOYACTHII.

B macrosimieir pabGoTe OBUIO HWCCIENOBAHO BIHSHHUE JJIUTEIHLHOTO
NEepPOPAIbHOTO BBEJACHUS HAHOYACTUI[ cepeOpa Ha KOTHUTUBHbBIC (DYHKIUU
Ja00paTOPHBIX MIICKOMUTAIONIUX, a TakKe IoJIydeHa KpuBas HAKOIUICHMS
cepebpa B TOJOBHOM MO3T€ M €ro OT/eNIaX W WU3YUYEHbl TMCTOMATOJIOTMYECKUE
XapaKTePUCTUKH.

Marepuainsl. MccnenoBanu OMOJOTHYECKH aKTUBHYIO 100aBKY Ha OCHOBE
HAHOYACTHII cepeOpa pasMepoM 3445 HM W CTaOMIM3HPOBAHHBIX
MOJINBUHWJITUPPOIIATOHOM.

B kauectBe MOJE€IM MIIEKONUTAIONIUX HCMOJIb30BAIM MbILIIEH-CAMIIOB
auanu  C57B1/6. J)KuBoTHBIE colepKaauch B WHIUBUAYAIBHBIX KIETKaxX B
TEYEHUE BCETO IKCIepuMeHTa. BBenenue cepebpa OCyIIECTBISLIOCH B TEUCHHE
30, 60, 120 m 180 cyrok B cocTaBe NUTHEBOW BOABI B KoiumuecTtBe S0
MKT/CyTKH/>KUBOTHOE. KOHTPOJIBHBIE MBITITH TIOTyYaiu JCHOHU30BAaHHYIO BOMY.

Meronpl. Pacnpenenenwe HaHOWacTHil cepebpa MmO pasmepam U
YCTOMYMBOCTh PACTBOPOB OINpeEJEsaach METOJIOM JIMHAMUYECKOTO PaCCesSHUS
ceera. Jlg wu3ydeHUs KOTHUTUBHBIX (DYHKIMA MCHOJB30BAIACh MOJECIIb
YCIOBHO-PEUICKTOPHOTO  3aMUpaHusi,  KOTOpass  [O3BOJsIa  OLEHUTH
JOJITOBPEMEHHYI0 ~ KOHTEKCTyalbHylo mamsaTh. Coaepkanue cepebpa B
rOJIOBHOM MO3r€ U €ro OoTAesiax (TUIIOKaMII, MO3KEUOK, KOpa M OCTaTOK)
OMPENENsIOCh METOJI0M HEHTPOHHO-aKTUBAIIMOHHOTO aHalIN3a MO aKTUBHOCTH
nsotona ''"MAg.  Jlns OCyHIECTBIEHMS TMCTONATOJOTUYECKMX HCCIEAOBAHUM
o0pasmpl MO3ra OKpAIlMBAIUCHh KPE3WJIOBBIM (uosieToBbIM 10 Huccmo wu
MPOBOJAWIIOCH UX U3YUYEHHE MPH MOMOIIY CBETOBON MUKPOCKOIUH.

Pesynbratel. 3aBUCMMOCTh Macchl cepedpa B TOJIOBHOM MO3T€ OT BpEMEHU
BBEJICHUSI TIPEJICTABIIICT COOOM MOHOTOHHO Bo3pacTarontyro (ynkimuto. [To Bceit
BUJIUMOCTH, OXXHJAEMOE HACBIIICHUE HE JOCTUTaeTCs Ha MCCIEeI0BaHHBIX
BpeMeHax BBeNICHUA. Takke, ObLIO OMPEEIeHO, YTO cepedpo HAKAIUINBACTCS BO
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BCEX PACCMOTPEHHBIX OTJeNax TOJOBHOIO Mo3ra. OTHOCHUTENBHO BBICOKHE
KOHIICHTpAIlUU COJepXaHus cepebpa HaAOMOJaNIMCh B THUNINOKAMIIE U
OCTaTOYHOM YacTh Mo3ra. | MCTOmaToNnornieckrue uecaeI0Banus mokasaiu, 4To,
HauuHasg co 120 CyTOK BBEJEHHSI HAHOYACTHI], HAOJIIOJAIOCh Pa3pbIXJICHHUE
obnactu CA2 runnokammna. Ilocie 180 cyrok BBeaeHuss HAaHOYACTHUIL OBLIO
00HapPY>KEHO CHIKEHUE JI0JTOBPEMEHHON KOHTEKCTYaIbHOM MaMsITH.

BoiBogbl. [InuTenbHOe nepopanbHOEe BBEIEHUE HAHOYACTHUI] MOXKET OBITh
HeOEe30MacHO U MPUBOJUTH K HEOOpaTUMbIM H3MeHeHusM. [1o Bceit BuguMocTH,
HaKOIUIEHUE cepedpa B TOJOBHOM MO3re U paspbixiienue obnactu CA2 crano
CJIeICTBHEM, B KOHEYHOM UTOT€, KOTHUTHUBHBIX HapylieHUd. Takke MpUYuHOM
U3MEHEHUS  KOTHUTUBHBIX  (QyHKIMA  MOryT  ObITb  2(¢deKTsl  Ha
00111e0praHu3MeHHOM YPOBHE.

bnazooaprnocmu. Hccneoosanue gvinonneno npu (puHancosou nodoepaicke

Poccuiickoeo ¢honoa gpynoamenmanvhvix ucciedosanutl
(epanm Ne 21-315-70016).

YK 615.9:577:575.224.46

[.®. Nabuamnosa, JI.M. darxyTanHoBa
INPUHIOMUIIBI OHEHKN TEHOTOKCUYHOCTHA
YIVIEPOACOAEPKAIIINX HAHOMATEPHUAJIOB B
IKCIIEPUMEHTAX IN VITRO

DI'bOY BO Kazanckuii MY Munzopaea Poccuu, 2. Kazans, Poccus

BBenenne HOBBIX HAHOMATEpPHAIOB B MPOMBIIUICHHOCTh TpeOyeT
NOHUMAHMS BJIMSHUS JTUX MAaTEPUANOB Ha OKPYKAKOLIYI0 CPEAYy U 340pPOBbE
yesoBeka. OCHOBHOE OECHOKOWCTBO BBI3BIBAET BOINPOC TI'€HOTOKCHYECKOIO
JNENCTBUS HAHOMATEPUAJIOB HA KJIETKH.

['eHOTOKCHUYHOCTh OINUCHIBAET CBOMCTBO XWMHMUYECKHX WM (PU3MYECKHUX
areHTOB,  KOTOpbIE  MOTYT  W3MEHATb  TIE€HETUYECKYI0  HMH(OpMaIUIO.
I'eHoTOKCHUECKHE COOBITHS MOTYT ObITh BPEMEHHBIMHU WM MOTYT IPUBECTU K
MyTalUsAM B KOJMYECTBE WIH CTPYKTYpE I'€HETHYECKOIO MaTepHalla B KIIETKE.
Korga myrtamus DpUCYTCTBYET B 3apOABIIIEBOM KIETKE, OHA IepelaeTcs
CJIEyIOIIEMY TOKOJEHUI0 M MOJXKET BbI3BaTh I'e€HETHYecKoe 3aboseBaHue. B
COMATHUYECKUX KJIETKaxX MyTalUs KPUTUYECKOIO I'€HA MOXKET IPUBECTU K PAKY.
Taxum 00pa3oM, KKl MyTareH CYUTACTCS MOTCHIINAIBHO KAHIIEPOTEHHBIM.

Paznuyaror npsMblE M KOCBEHHBIE MEXAaHM3Mbl T€HOTOKCUYHOCTH
HaHomatepuasnoB (HM). HM, 3axBaueHHble KJIE€TKaMH, MOTYT BCTYyNaTh B
OpsIMOMl KOHTAKT C TFEHETUYECKHM MAaTepuanoM, (PU3MYECKU WM XUMHYECKU
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BbI3bIBasi  moBpexiaeHue. OnHako  Haubojee  BEPOSITHBI ~ MEXaHU3M
F€HOTOKCUYHOCTH,  BbI3BaHHOW  HM,  dBnsgercs  KOCBEHHBIM,  4epe3
IPOMEXKYTOUHblE ~ OMOMoOsieKysbl.  KiroueBo ~ KOCBEHHBIH  MEXaHU3M
F€HOTOKCUYHOCTH, BbI3BaHHOW HM, - oxucnurenbHbid crpecc. MHpyknus
akTUBHBIX Qopm kucnopoga (ADK) HM moxer Boi3biBaTh noBpexaeHue JJHK
M JIPYTUX KJIETOYHBIX KOMIIOHEHTOB. OTH JIBA MEXaHHW3Ma SBJSIOTCS
NEPBUYHBIMUA. BTOpHUYHBIE MEXaHU3Mbl T'€HOTOKCHUYHOCTU OIOCPEAYIOTCS
BHekietrounbiMu  A®DK depe3 BocnaiurenbHble peakiuu MakpodaroB H
HerTpoduioB. Kpome sToro, manbiii pa3mMep M CBOWCTBA HAHOMATEpPHUAJIOB
MOTYT OOyClIaBIUBaTh JIEUCTBHE CHEHUPUUECKUX MEXaHHU3MOB: B cCllydae
HAHOTPYOOK CYIIIECTBYIOT HCCIICIOBAHUSA, TEMOHCTPUPYIOUTUE UX CIIOCOOHOCTH
MUMUKPHUPOBATH O MUKPOTPYOOUKH, TEM CaMbIM HapyIlas MPOIECC JCICHHUS
KJIETOK.

[IpuHUUIBI TECTHPOBAHHUS HA TE€HOTOKCUYHOCTb, YCTAHOBJICHHBIC IS
XMMHUYECKUX COEAUHECHUH, UCTIOJIB3YIOTCA U ISl U3YYEeHUsI HaHOMaTepuanos. Ho
OHM TPEOYIOT ONTHUMHU3AIMH M OCOOOTO BHUMAHHS K HEKOTOPBIM JETAJISIM.
Hanpumep, oOs3aTeNbHBIMU SIBJISIIOTCS  (PUBUKO-XMUMHUYECKAs] XapaKTepu3alusl
HaHOMAaTepualia, MCCIEIOBAHME 3axBaTa HAHOYACTHUI] KJIETKAMU U B IIEJIOM
M3y4YEHUE MEXAHU3MOB F'€HOTOKCUYHOCTH.

OU3NKO-XUMUYECKYI0 XapAaKTEPU3AIMI0 HAHOMATEPHUATIOB MPOBOIAT C
MIOMOIIBIO MUKPOCKOITMYECKHUX METOJ0B BBICOKOTO paspelieHus,
PEHTTEHOCTPYKTYPHOTO  aHaJIM3a, Macc-crnekTpomerpuu. s aHanusa
CyCIEH3UH NMPUMEHSIOT TAKHME METOJIbl, KaK JMHAMUYECKOE PAacCEsSHHE CBETA,
aHaJIN3 TPACKTOPUN HAHOYACTHIIL, HIEKTPOPOPETHIECKOE pACCETHHUE CBETA.

[lepen mpoBeneHMeM TECTUPOBAHUS HA TE€HOTOKCUYHOCTH HEOOXOIUMO
3HATh IIUTOTOKCHYHOCTH TecTupyeMbix HM, 4TOOBI BEIOpATh COOTBETCTBYOIIHIA
Juarna3oH KoHueHTpanuil. Haubosiee BaxkHble ¥ 3HAaYMMbIE TECThl OCHOBAHbI Ha
onpeaereHnu Ku3HecnocoOHocTH KieTok. [lomynspusiM siBisiercs MTT-tect —
KOJIOPUMETPUYECKUI TECT, OLECHUBAIOIINI METabOJUYECKYI0 aKTUBHOCTD
KieTok. Kpome Hero, >XKM3HECHOCOOHOCTh MOKHO ONPEACNSITh C MOMOIIBIO
MHKPOCKOIIUHU, MPOTOYHON IUTOMETPHUH, ONPEICIICHUS JIAKTATIETUIPOTE€HA3bI.

Tonbko mocie NpeaBAPUTENBHBIX ATAOB MOXHO MPUCTYNAaTh K OLCHKE
reHorokcuuyHocT. HabGop TecTtoB nomkeH oxBarbiBaTh mnoBpexaenus JIHK,
IE€HHbIE MYyTalUH, XPOMOCOMHBIE IOBPEKICHHUS KaK UYyBCTBUTEIBHBIE TOYKH
IF€HOTOKCUYHOCTH. TeCcT Ha MyTalldi0 T€HOB MJICKOMUTAIONIUX 1N Vitro, 0OBIYHO
MIPOBOJIUTCS C UCIIOJIb30BAHUEM KJIETOK JTUM(GOMBI MBIIIEH, BHISABISIET ITUPOKHIA
CHEKTp TEHETHYECKUX TMOBPEXKICHUM, BKIOYas nenenuio reHoB. Haumbonee
pacupOCTPaHHEHBIM TECTOM JUISl BBISIBJICHHS XPOMOCOMHBIX TIIOBPEKICHUHN
ABIIAETCS aHanMM3 MUKposiaep in vitro. PaspeBer menedt JIHK wame Bcero
oleHuBaroTCcs ¢ momonipio tecta JJHK-komer.

[lenpro HamIEro WCCAEAOBAHUSA SBISIETCA HW3YyYEHUE NOTCHIMAIBHOU
T€HOTOKCUYHOCTHU U €€ MEXAaHU3MOB MPH BO3JICUCTBUU YTIIEPOAHBIX HAHOTPYOOK
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pa3HbIX  THUIIOB, IPOM3BEIECHHBIX HA  POCCUHCKMX  MHHOBALMOHHBIX
npeanpusatuax. Ha paHHBIE MOMEHT NpPOBENEHA OLIEHKAa LIUTOTOKCUYHOCTH
OJTHOCTEHHBIX YTJIEPOJHBIX HAHOTPYOOK Ha KieTouyHbIX NuHUsIX BEAS-2B u
RAW?264.7.

B xone skcnepuMmeHTa ObUIO BBISBICHO MPOHUKHOBEHUE HCCIIEYEMBIX
MaTepHaioB B KJIETKU, HPU ITOM BOIPOC O CIMOCO0aX MX MPOHUKHOBEHHS B
KJIETKM W KJIETOYHBbIE CTPYKTYpbl OCTaeTcsi OTKpBITBIM. Bo3zaeiicTBue
uccienyemeix martepuanioB Ha kjeTku BEAS-2B u RAW 264.7 e umeno
LIUTOTOKCUYECKOr0 U MPOANONTON€HHOI'O IEUCTBUS.

YK 615.9:615.099.092:577:615.777.9:616.12:57.084.1

O.I1. T'epuen!, C.P. Habues!, C.B. Knunosa?, U.A. MunuranuesaZ,
B.A. Kaunenscon?, JI.B. Hukuruna !
CPABHEHUE BJIUSITHUS COJIEN U HAHOYACTHUIL
CBHUHIA U KAJIMHUSA HA ®OYHKIINOHAJIBHBIE
XAPAKTEPUCTUKHU MHUNO3HUHA B PASHBIX OTIAEJIAX
CEPIIIA KPBIC

I @I'BYH Uncmumym ummynono2uu u gusuono2uu YpO PAH,
2. Examepunoype, Poccus
> ®BYVH «Examepunbypeckuii MeOUYUHCKULL - HAYYHbILL YeHmp NpoOUIaKmuKu
U 0XpaHwvl 300P08bs pabouux npomnpeonpuamuily, 2. Examepunoype, Poccus

Cepneuno-cocyaucThie 3a0071€BaHUs — OCHOBHASI MPUYMHA CMEPTHOCTH B
Mupe — 0koJo 32%, u B Poccuu — 6oiee 50% ot 00111€i1 CMEPTHOCTH, TOATOMY
U3Y4YEHHUE CTPYKTYPHI B QYHKIIUU CEepAIla B HOPME U TIPH MATOJIOTUN aKTyalIbHO.
Bce kamepsl cep/iiia IMEIOT OTIWYHS B CTPYKTYpe UM (PYHKIIMH, B TOM YHCIIE HA
YPOBHE COKPATUTEIBHBIX OCIIKOB, IMOATOMY JJISI MIOHUMAHUS TTOJTHOW KapTHUHBI
(GYHKIIMOHUPOBAHUS CEP/LIa IEIeCO00Pa3HO N3ydaTh KaKIbI OTHE.

Tokcudeckne COCIMHEHUS CBHHIIA W KaaMUs BIUSIOT Ha CTPYKTYpY H
GYHKIMIO ceplia, CrocoOCTBYST BO3HUKHOBEHHIO M OOOCTPEHHIO TATOJOTHMA
CEpIICYHO-COCYIUCTON crcTeMbl. CBUHEIl U KaJMUW MPHUCYTCTBYIOT B BO3IyXe,
JOMaltHe  MbUTHM, I[O0YBE, BOJE, MPOAYKTaX THUTAHUS W  MHOTHX
NOTPEOUTENBCKUX MPOAYKTAX, a MX HAKOIUICHHE B CpEle XapaKTePU3YIOTCS
CTOMKOCTBIO U CO3AET YCIOBHS I TOKCUYECKOTO BO3JICHCTBUS HA HACEJICHHE
Yepe3 MHOTO JIET TMOCJE MPEeKpalleHHs] MPOMBIIUICHHOW 3Muccuu. CBUHEN U
KaJMUM HaKaIlUIMBAIOTCA B OpPTraHM3ME 4YelIOBEKa W JKMBOTHBIX, HAlpUMEp, B
KOCTSIX, U3 KOTOPBIX MEPUOJI UX TIOTYBBIBEACHUS COCTABIISCT JECATUICTHSI.
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CoenvHeHus B BUi€ HAHOYACTHUIL 00JIee JOCTYIHbI Ha KIETOYHOM YPOBHE
110 CPaBHEHUIO C MaKpPOYACTUIIAMH, TTIO3TOMY OHHM HAHOCST Hanbosee Cephe3HbIM
Bpen. MccnenoBanusi JACUCTBHST HAHOYACTUI[ CBUHIA W KagMud Ha
COKpaTUTENbHYIO (YHKIIMI0O MHOKapAa Ha YPOBHE HM30JIMPOBAHHBIX OEJIKOB HE
MPOBOAWINCH, HECMOTPSI Ha TO, YTO €CTh MPEIATNOJOXKEHUS O HX BIUSHUU
HETMOCPEJCTBEHHO HA COKPATUTENIbHBIE OCIIKH.

AyTOpenHbIM KpbiCaM BHYTPHOPIOIIMHHO BBOJWJIM PACTBOp alleTara
CBUHIIA M XJIOpUIA KaaMus 3 pa3a B Heleto 10 18 MHBEKIHI — OTHOKPATHO IO
6.01 mr/kr maccel Tena no cBuHiy U 0.377 mr/kr mo kagmuwo. PactBop
HAHOYACTHUII OKCUJA CBUHIIA U OKCHJIa KaJMUs BBOIWIM 3 pa3a B HeJento 10 18
UHBEKIUN — OJTHOKPATHO 10 2.32 MI/KT Macchl Tena 1o ¢cBuHILy U 0.22 MI/Kr 1o
KaaMuio. ['pyrnmnam KOHTPOJIbHBIX KPbIC BBOJWIIA CTEPUIIBHYIO BOAY.

Meronom in vitro motility assay omnpeaensiii CKOPOCTb JIBUKEHUS
pPETYIUPYEMbIX TOHKHUX (UIAMEHTOB, COCTOSIIUX W3 aKTWHA, TPOMOHWHA W
TPONIOMHUO3KHA, 10 MUO3UHY, BBIICICHHOMY K3 Pa3HbIX OTJEIOB cepAlla.

XpoHuyeckasi MHTOKCUKAIMS COJISIMU CBUHIIA CHUKAJIa MaKCUMAaJIbHYIO
CKOPOCTbh CKOJIBXEHUSI PEKOHCTPYUPOBAHHOTO TOHKOro (prmameHTa (Vmaxr) 1O
MHO3UHY TMpeacepauii — Ha 26%, mnpaBoro skeinyaouka — Ha 24%, jeBoro
*Kenmyaouka — Ha 19%.

XpoHHUECKasi WHTOKCUKAIMS COJIAIMH KaaMUsl CHIDKala Vmaxr 110
MHO3MHY Tnpencepauii Ha 20%, noBbIana Vmaxk MO0 MHO3UHY MPaBOro
JKenmyaouka Ha 26% 1 neBoro xenyaouka — Ha 3%.

XpoHHuecKkasi THTOKCUKAIIMS COJISIMUA CBHMHIIA M KaJAMHUS B KOMOMHAIUU
CHUXKaJA Vmaxk IO MUO3HUHY Npesicepanid Ha 28%, MOBbIIANA Vmaxk IO MUO3HHY
IIPAaBOro Kenynodka Ha 12% u cHuXKaIa Viaxr 10 MUO3UHY JIEBOTO XKEJITYJ0UKa
Ha 11%.

I[Ipu  xponuueckoit MHTOKCHUKAIIUU HAHOYACTULIAMU CBUHIIA
MaKCHMaJIbHAsI CKOPOCTh CKOJBKEHHS HATUBHOTO TOHKOTO (uiaMeHTa (VmaxN)
10 MUO3UHY Ipejacepauil cHuxkanach Ha 14%, npaBoro xemynouka — Ha 12%,
JIEBOTO Xenyaouka — Ha 16%.

IIpy XpOHUYECKOW HWHTOKCHUKALMM HAHOYACTULAMHU KaIAMHUA VmaxN I10
MHO3UHY TIpeAcepanid cHIKanach Ha 6%, mpaBoro xemygouka — Ha 5%, JIEBOTro
Kenmyaouka — Ha 8%.

[Ipy KOMOMHMPOBAHHON XPOHHYECKOW WHTOKCHUKAIIMM HAHOYACTHIAMU
CBUHIA U KaAMHUA VmaxN 110 MUO3UHY IPEACEpAnid CHIKanach Ha 26%, npaBoro
JKenmyaouka — Ha 7%, aeBoro xenyaouka — Ha 19%.

Takum oOpa3zoM, MPOSIBJICHUE U CTENIEHb BO3JACHCTBUS MHTOKCHKAIIUU 3aBHCHT
KaK OT (pOpMBbI KCEHOOMOTHKA (COJHM MJIM HAaHOYACTHIIBI), TAK U OT KOHKPETHOTO
OTjiel1a cep/ua.
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YK 615.9:615.099.092:577

N.®. T'etre!, A.A. Octpoymko?, I.I'. Jlanunosa', M.O. Tonkymuna?
CPABHEHUME TOKCUYECKOTO JENCTBUS
HAHOKJ/IACTEPHBIX KEJE30-MOJINBAEHOBBIX
IMMOJIUNOKCOMETAJIVIATOB U CMECH COCTABJIAIOIIUX
X KOMIIOHEHTOB

'OBI'YH Hncmumym ummynonozuu u ¢uzuonozuu YpO PAH,
2. Examepunoype, Poccust
OI'AOY BO Ypanvckuil (hedepanvhviil yHUSEpCUMen um. nepeo2o npesudeHma
Poccuu b.H. Envyuna, . Examepunobype, Poccus

HemHorOuncieHHsle  WCCIENOBaHHUS  CBHIICTEILCTBYIOT O  Oojee
3HAYUTEIIBHOM TOKCHYECKOM JECUCTBUM HAHOMATEPHAJIOB, COICPKALIMX OKCUIbI
METAJUIOB, M0 CPaBHEHUIO C COJIEBBIMM PACTBOPAMH METAUIOB U OKCUIAAMHU
METAJUIOB, HO CPaBHEHUIO TOKCMYHOCTA HAHOYACTUIL] M  OTHACJIbHBIX
KOMIIOHEHTOB ~ HAHOYACTHUIl  YAENAETCA  HEAOCTaTOYHO  BHUMaHus. B
IpeabIAyIeM HallleM HCCIEAOBAHUHM OBbLIO YCTAHOBJIEHO MEHEE BBIPAXKEHHOE
U3MEHEHHE KOJIMYECTBA HYKJIEHMHOBBIX KHUCIOT M THCTOHOBBIX OEJIKOB B
aumonuTax ~ KpOBM  KpbIC ~ IpU  JIEHCTBUM  >KEJI€30-MOJUOACHOBBIX
nonrokcomeramiaToB (IIOM) o cpaBHEHHIO € IEMCTBUEM CMECH KOMIIOHEHTOB
I[TOM. IlepcnekTUBHOCTh Hcmob30BaHus [IOM B MeaullMHE CBs3aHA C HUX
Majoi  TOKCHYHOCTHIO, CIOCOOHOCTHIO  OOpa3OBBIBATH  ACCOIMATHI  C
OMOJIOTMYECKA  AKTUBHBIMM  COCJIMHEHUSIMU U TPaHCIOPTUPOBATHCA
ANEKTPOHOPETUUECKH,  pacmafgaThCd  HA  COCTaBIISIIOIIME  DJIEMEHTHI,
YTUIN3UPYEMbIE OPraHU3MOM, OTCYTCTBHEM aKKyMYyJIHpPOBaHUS B IICYECHH,
MOYKaX W KOCTHOW TKAHHM TPU CYOXpOHHUYECKOM BBEICHWU. B TO ke Bpems
cpaBHeHue JgeiictBus I[IOM u  COCTaBISIIOIIMX KOMIIOHEHTOB OCTAaeTCs
Majiou3yyeHHbIM. [lenp uccnenoBaHusi — BBIIBUTH BIUSHHUE OJHOKPATHOTO U
MHOTOKPAaTHOTO CyOXpOHUYECKOTO  JCHCTBHUS  KEJI€30-MOJIUOJACHOBBIX
MOJIMOKCOMETAIaTOB U cMecH cocTaBisiromux [IOM  KOMIOHEHTOB Ha
OMOXMMHUYECKUE U TeMATOJIOTUYECKHUE TTOKA3ATEIH KPBIC.

Marepuanel 1 MeTolibl. B skcniepumenTe ucnosb3zoBaiu 50 Kpblc-CaMIIOB
Wistar wmaccoit  220-280 1, comepkaHHe KUBOTHBIX W MaHUITYJISIIHH
cootBerctBoBasin JlupektuBe Cosera EC 2010/63/EU. Beimenunu rpynmsl
KUBOTHBIX: | - uHTakTHas, 2 — [IOM, 3 - komnonentsl [IOM. I'pynnet 2 u 3
pazienunay Ha IMOArPYNNBI IO S5 KpbIC, KoTopble mosydanu 1, 7 u 30
BHYTPUMBILIEYHBIX HHBEKINN pacTtBopa [IOM mim komnonentos IIOM B Boae
UIS. UHBEKIUH C eXEIHEBHOM m030M 1,5 MI/KI uU ObUIM BBIBEACHBI U3
skcnepumenta Ha 1,7 u 30 cyrku. Cmech komnonenToB [IOM Obuia nonxyudena
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necrpykuuern [IOM mnpm yBenmuennn pH w  HeWTpanusanuu pacTBoOpa.
Hcnonb3oBany OMOXUMUYECKUE U T€MATOJIOTHYECKUE METOAbI aHAIU3A.

Pesynbrarer u oocyxnenune. Mabexnun [IOM B konuuectse 1, 7 u 30 He
BbI3BaM u3MeHeHus akTtuBHoctH ACT, AJIT, anbda-amuiaszbl, MIET0YHOM
docdarazer (II[P) u kocTtHOTO M30PepmenTa D, coaepxkanus oduiero Oemnka,
MOYEBHHBl W KpEAaTMHMHA B IUJa3M€ KPOBH JKUBOTHBIX OTHOCHUTEIBHO
nokasarejiied WHTAKTHOW TPyNIbl. OTH pe3yJbTaThl CBHUJAETEIBCTBYIOT 00
OTCYTCTBUHU LIUTOJUTUYECKOTO CHHAPOMA, B TOM YHMCJE B IIEYEHU U MHOKapJeE,
OTCYTCTBUU TOBPEXKACHUS AallMHAPDHOM 4YacTU TOMKEIYyJOYHOW IKEJIE3bl,
U3MEHEHU B KOCTHOM TKaHU, COXPAHHOCTH OEJIOKCHHTETHYECKON (YHKIIMH
NEYEeHU U QUIBTPYIOIIEH CIIOCOOHOCTHU MOYEK. YBEIMUYEHUE YPOBHS IIIOKO3bI U
cootHomeanss ACT/AJIT mocne 7 wmabekumii [IOM, BeposTHO, CBSI3aHO C
IIPOLEYPON BHYTPUMBIILICUHBIX UHBEKINN, K KOTOPBIM IIPOUCXOJUT aalTallHs
Ha 30 cyrtku. CeMukpatHoe BBeJeHUE KOMIOHEHTOB IIOM conpoBoxanoch
yBEIIMYEHUEM conepkaHus Timoko3bl, akTuBHOCTH ACT, II®D u cHmxeHnem
ACT/AJIT; nocnenaue nBa moka3aTens MpeBbimaid HopMy Ha 30 CyTKH.

Bo Bce cpoku oskcnepumenta BBegaeHue [IOM  compoBoOxkaanock
YBEJIMYEHHEM KOJIMYECTBA TIE€MOIVIOOMHA, JSPUTPOLIUTOB, COJEPKAHUS U
KOHLEHTpAalMd TeMOIVIOOMHA B JIpUTpOLUTaxX, rematokputa. [lpu BBeaeHUM
koMroHeHTOB  [IOM  oOHapyeHO TOJBKO  YBEJIWYEHUE  COJCPKAHMS
reMorjio0MHa B KpOBU Ha 7 CYTKH, HO KOJIMYECTBO TPOMOOIIMTOB B 3TOT KE CPOK
CHU3WJIOCh. YCTAHOBJIEHO YMEHbBIIIEHHE OOIEero KOJWYECTBA JIEHKOIUTOB,
JUMQOIMTOB, TPAHYJIOIUTOB M CPEAHUX KIEeTOK 1nocie 1 u 7 uabekiuit [IOM u
HOpManu3amus HTux mnokaszarenedr k 30 cytkam. OOmee KOJIUYECTBO
JEUKOLUTOB, TUM(POIMTOB U CPEAHUX KJIETOK MOC]E MHBEKIHI KOMIIOHEHTOB
[IOM cHusmioce B Oosblied creneHu, 4em mnpu jedctBur [IOM u He
HOPMAJIU30BAIOCH Nocie 30 HHBEKIUN.

3akmarouenue. Jecrue IIOM MOXKHO OLIEHUTh KaK MEHEE TOKCUYHOE I10
CPaBHEHMIO C JeucTBUEM KomMIoHeHTOB [IOM, He OpraHM3oBaHHBIX B
HaHoOYacTulbl. BHyTpumbimeunoe BBeaeHue IIOM, B ominuume OT
coctaBsironux [IOM KOMIIOHEHTOB, BBI3BAJIO YBEIMYEHUE COJEPHKAHUS
reMorjoOrHa U SPUTPOLUTOB B KPOBH U COMPOBOKIAETCS MEHEE BBIPAXKEHHOM
JICUKOIICHUEN.

Hccneoosanusn npogedenst 6 pamrkax 6blnOJIHEHUs 20CYOAPCMEEHHO20 3a0AHUS
Munucmepcmea nayku u evicuieco obpazosarusi PO

(npoexmuvt Ne 4.6653.2017/8.9 u Ne AAAA-A21-121012090094-7)
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YK 615.9:620.3:615.4:615.5

B.A. I'pbinuak, C.1. Cbruuk
AKTYAJIBHBIE BOITPOCHI KOMIIJIEKCHOM
TOKCHUKOJIOTO-TUTMEHUYECKOM OIIEHKH
HAHOMATEPHUAJIOB MEJIUIIUHCKOI'O HASHAYEHUSA

Pecnybnuxanckoe ynumapnoe npeonpusamue « Hayuno-npakmuueckuii yenmp
eueuenwvly, 2. Munck, Pecnybnuxa benapyco

B nacrosimiee Bpems Osaronapsi CBouM pazMepaM U (PU3NKO-XUMUYECKUM
CBOWMCTBAaM B KJIMHUYECKOW IIPAKTHKE AaKTUBHO HCIOJB3YIOTCA U3IEIUs
MEJUIIMHCKOTO HA3HAYEHHUS, KOTOpPbIE BhIPA0ATHIBAIOT, COJEPKAT WIIM COCTOST
U3 HaHoMaTepuanoB. Marepual MEIUUMHCKOTO HAa3HAYEHUS CUYUTAETCS
HAaHOMAaTEpPUAJIOM, €CJIM €r0 BHEUIHWE, BHYTPEHHUE MMapaMETPbl WIH CTPYKTYPHI
umerotr pasmep 1-100 am. Camu HaHOMAaTepUadbl MOTYT TIPENCTABISATH COOOM
MOPOIIKH, KOJUIOUJHBIE AUCIEPCUU, a TAKXKE BXOJIUTh B COCTaB MaTPHUKCA WIH
HAaXOJUTHCS HA MOBEPXHOCTU M3AeIHi. Tak ¢ NMPUMEHEHUEM HAHOTEXHOJIOTHM
MOJIyYEHbl HOBBIE IIOBHBIE MaTEpHUaibl, HAPUMEP, MOJMJIAKTATHOE IMOJOTHO,
criocoOHOoe 0e3 Kiesh TMPHUKPEIUISIThCS K KpasM XHUPYPrUYecKOro Haape3a |
3aKphIBaTh €T0 OT BHEIIHEW Cpelbl, MPEMATCTBYS 3apakeHUI0 U yiydllas
3aKuBIICHUE. Marepuan gBJIsSEeTCS CaMopacCachIBAIOIIMMCS, MO3TOMY IIOBHBIE
HUTHU HE TpeOyeTCs CHUMATh.

Hanomartepuasibl crnocoOHBI TMepeMeliaTbcs [0 OpraHu3My H ObITh
3aXBAUYECHHBIMU TKaHSMHU, MOTYT BIUATh Ha OHOJIOTMYECKHE MPOIIECCHI,
IPOUCXOSIINE HA KIETOYHOM, CYOKJIETOYHOM U OMOMOJIEKYJISIPHOM YPOBHSIX.
CrocoOHBI TIepeceKkaTh HE TOJBKO KJIETOUYHYI0 MeMOpaHy, HO Takxke u
BHYTPHUKIIETOUHBIE CTPYKTYPHBIE 3JIEMEHTBI, B3aUMOJICUCTBYSl U HU3MEHSS
OCHOBHBIC KJIETOYHBbIE (YyHKIMU. [loMHMO 03I M DJIEMEHTHOTO COCTaBa
HAaHOMATEpPUAJIOB, PEIIAIOLIYI0 POJb B HX paCIpPOCTPAHEHHH B OPraHU3MeE
YEJIOBEKA M TOKCUYHOCTH UTPAIOT Takue (PaKTopbl, Kak opMa 4acTHIl, TUIOMIAIb
UX TIOBEPXHOCTH, (YHKIHS, CIOCOOHOCTh OOpPa30BBIBATH AarjioMeparbl |
IIOBEPXHOCTHBIM 3apsl.

CornacHo rocyJIapCTBEHHOMY PEECTPY MEAULIMHCKON TEXHUKU U U3ACTUN
MEJIUIIMHCKOTO Ha3HAYCHUS, B HacCTOsIIEe BpeMsi KOJINYECTBO
3apPETUCTPUPOBAHHBIX W HMMEIOIIUX MPABO Ha pealu3alyi0 Ha TEPPUTOPUU
Pecniyonuku ~ bemapych = MEIMUMHCKUX — UW3JEIUH,  COCTOAIIMX U3
HaHOMaTepuaoB, coctapisieT Oosiee 40 HaumenoBanuii 3 CIIA, Poccuiickoii
®deneparuu, Utanuu u Pecnybnuku benapyce.

B cootBerctBHM ¢ «O0mue TpedboBaHust 6€30MacHOCTH U d3()PEKTUBHOCTH
MEJUIIMHCKUX W3JENNN, TPEOOBaHUS K MX MApKUPOBKE M IKCIUTyaTallMOHHOM
JOKYMEHTALlMM HAa HUX» YTBEpPXKICHHbIMU Pemenuem coseta EBpasuiickon
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IKOHOMHUYECKOW komuccun ot 12 ¢espans 2016 r. Ne 27: mapkupoBka
MEJUUMHCKOIO M3JeNUs JOJDKHA COAEpKaThb HH(GOpPMAIMI0 O HAJIWYUU B
MEIWLIMHCKOM HW3IECIUMM HAHOMATEpUaJIOB, €CIM TaKWe HaHOMAaTEepuasbl HE
COAEp)KATCsI B CBSI3aHHOM COCTOSIHMM, MCKJIIOYAIOUIEM BO3MOXHOCTh HX
NONAJaHrs B OPraHU3M II0Jb30BATENs IMPU HCHOJB30BAHUM MEIUIIMHCKOTO
U3JIENIAs 110 HA3HAYEHHIO, OINPEAECICHHOMY IMPOU3BOJMTEIEM; UHCTPYKLUS IO
INPUMEHEHUIO U3JCJIUS MEAULIMHCKOTO Ha3HA4YEHUs JOJDKHA COAEPKATh
uH(dOopMaIs O HATMYMY HAaHOMAaTepuaa.

Jlist mpoBeneHHsI HUCCIEIOBAHMM C LENbI0 OLICHKM OHUOJIOTHYECKOTO

JNEUCTBUS MEIULMHCKMX H3IENUI C HaHOMarepuajaMH B COOTBETCTBHM C
pexkomenpanuern  Komternu — EBpasuickoM  3KOHOMHMYECKOW  KOMHUCCUU
«O nepeuHe CTaHIapTOB, B pe3yJIbTaTe IPUMEHEHHS KOTOPBIX Ha JOOPOBOJIbHOMN
OCHOBE TOJHOCTBIO WM YACTHYHO OOECTIEUUBAETCS COOJIIO/IEHUE COOTBETCTBHUS
MEAMIMHCKHUX n3aenuit O6mumM TpedoBanusM 6e30macHoCTH U 3 (HEKTUBHOCTH
MEAMIMHCKUX W3JEIHi, TpeOOBaHUSAM K UX MAPKUPOBKE M IKCILTyaTallMOHHOMN
nokymeHtanuu Ha Hux» npumensiercss [OCT ISO 10993-22-2020 «M3penus
MeauuuHckue. OueHka OMOJIOTMYECKOro JeHMCTBHUS MEIUUMHCKUX U3JIETU.
Yacte 22. PykoBOACTBO IO HaHOMaTepuanam». YKa3aHHBIA MEXIyHapOIHbBIN
CTaHAapT SIBJSAETCA PYKOBOJICTBOM M OINHUCHIBa€T OOBEM 3HAHUM HA MOMEHT €ro
CO3ZIaHUSl U HE COACPKUT KOHKPETHBIX METOJIOB M3Y4YeHHUs OMOJIOrHYECKOro
JNEUCTBUSL ~ HAHOMATEpUAJIOB  MEIMIIMHCKOrO  Ha3HaueHus. lIpumeHeHwue
TPaJAMIIMOHHBIX MOJAXO0J0B K OLEHKH OMOJIOTMYECKOro ACHCTBUS MEIMIIMHCKUX
u3aenui, u3noxkeHHsix B cepur ISO 10993 MoxeT npuBecTH K HEaJACKBATHOU
OLICHKE HaHOMAaTepHuasa, YTO OCHOBAHO HAa WX MOTEHIMAJIbLHOW CHOCOOHOCTH
nepeceKaTh BCe 3alIUTHbIE Oaphepbl OpraHu3Ma U JJOCTUTaTh OPraHOB U CUCTEM,
HEJOCTYIHBIX JUIs OOBIYHBIX MaTepuasioB. buonornyeckoe feicTBUE HE 3aBUCUT
HalpsIMyl0 OT KOHIIEHTpPAUM{ WJIM 4YHMCIa MOJIEKYJ, a 3aBHCUT OT CaMoOro
HaHOMAaTepHaa.
Takum 00pa3oM, CyLIECTBYIOIIAs METOJOJIOTHSI TOKCHUKOJIOTO-TUTMEHUYECKOM
OLIEHKM MEIHMIMHCKUX U3JEJINA HEJOOLIEHUBAET NOTEHUNUAIBHYI0 TOKCUYHOCTb
YU OINIACHOCTh HAHOMAaTEpPHAJIOB MEAULMHCKOTO HA3HAYEHUS I 3J0POBBS
YEJIOBEKA, 4YTO YKa3blBAET HA AKTYyaJlbHOCTh JAJbHEWUIINX HCCIEIOBAHUN B
JTAHHOM HaIlpaBJICHUU.
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YK 615.9:577:669.227

Anka Oana Jloua!, lannsna Kanuna?
TOKCUKOJIOI'NMYECKAS OIIEHKA HAHOYACTHUIL
CEPEBPA IN VIVO

'Kagheopa moxcuxonoauu, Ynusepcumem meouyunst u papmayuu Kpatioewi,
Kpauosa, Pymvinus
’Kagheopa knunuueckoii papmayuu, Ynueepcumem meouyunsl u papmayuu
Kpatioswl, Kpauosa, Pymbinus

Henannexaiiee HCHONb30BaHUE AHTUOMOTUKOB — OJHA W3 NPUYUH
Pa3BUTHS MHOYKECTBEHHOW  JIEKAPCTBEHHOM  PE3UCTEHTHOCTH  OaKTEepUi.
Hanowactunsl  cepebpa  cuMTarOTCs  OTJIMYHOW  OMNIMEH B  JICYCHUH
OaKTepHAIbHBIX, TPUOKOBBIX U BHUPYCHBIX HHQEKIHM, MOCKOJbKY, MOMHMO
BBIPDAKEHHOTO  aHTHOAKTEpUANbHOTO  JEHCTBUS, OHU  CIIOCOOCTBYIOT
3QKHUBIICHUIO DPaH, a TaKXe SBISIOTCS JOITOBEYHBIMH, 3(PGEKTUBHBIMH U
OTHOCUTEJIFHO HEMOPOTMMHU. MBI CHHTE3MpOBAIIM HAHOYACTHIIBI cepedpa,
(GyHKIMOHUPOBAHHBIC STUJIICHTIIUKOJIEM, B PEAKIMd BOCCTAHOBIICHUS HHUTpATa
cepebpa B IICJIOYHOM PACTBOPE OTEJICHTIUKOIS M THUIPOKCHUIA HATPHS.
CyOxpoHHWUYecKasi TOKCHYHOCTh HAHOYACTHI[ cepedpa B ATHICHTIUKOJIEC ObLIa
uccanenosana Ha 40 xpeicax auHun CD-SD B Bo3pacre 12 nHenens. JKuBoTHbIE
ObLIK pazzaeneHsl HA 4 rpynmbl 1o 10 kpbic B Kaxka0i (5 camMok U 5 camIloB),
KOTOPBIM B TeueHUE 28 THEel BHYTPUOPIOIIMHHO BBOIUIN KOJUIOUHBIN PacTBOP
HAHOYACTHI cepedpa B ATUIEHIIMKOJIE B 03upoBke 0, 1, 2 1 4 MI/Kr Macchl
TeJla COOTBETCTBEHHO. B KOHIIE HCClieI0BaHuUs )KUBOTHBIE OBLIM YMEPIIBIICHBI,
nociie 4yero ObUl MPOBEAEH MOJHBIA OMOXMMUYECKHI aHAIU3 MX KPOBH H
TUCTONATOJIOTMYECKOE HCCIECJOBAHUE TKAHEW [I€YEHH, I[I0YEK, CEJIE3EHKH,
cepAla, JErkoro M Mo3ra. Mbl yCTaHOBWIM HHM3KYKHD) TOKCHUYHOCTb
MaKCUMAJIbHOW HCTBITAHHOW JTO3MPOBKU KOJUIOMJHOTO PAacTBOpPAa HAHOYACTHII
cepebpa B OTWICHIJIMKOJE paBHOW 4 MI/KI Macchl Tena, BBOJUMOM
BHYTPHOPIOIIMHHO, YTO SIBISETCS MHOTOOOCHIAIONIMM PE3yJbTaTOM [IJIsl €ro
MOCJIEAYIONIEr0 KIMHUYECKOTO MPUMEHEHHUS.
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YK 615.9:615.099.092:577:661.846.22:57.084.1

B.1O. 3unoBkuna, B.M. BacunskeBuu, P.B. bornanos, H.A. I'ypckas
OCOBEHHOCTH BUOJIOTHYECKOI'O JTEMCTBUSA
HAHOYACTHUI OKCHUJIA MATHUSA B CYBXPOHNUYECKOM
IKCIIEPUMEHTE

Pecnybnuxanckoe ynumapnoe npeonpusamue « Hayuno-npakmuueckuii yenmp
eueuenwvly, 2. Munck, Pecnybnuxa benapyco

[[lupokyro  pacHpoOCTPaHEHHOCTb B  HAHOMHAYCTPUM  TOIYYHIIO
NpUMEHEeHUEe HaHodacTHl] okcuja marHus (MgO), KoTopbele HCHOJIB3YIOTCS B
MUIIEBOM M XMUMHUYECKOW MPOMBIINUICHHOCTH, MEIUIIMHE U (papmaleBTHKE, B
DIEKTPOHUKE WU ONTUKE, B IPOU3BOACTBE BBICOKOKAYECTBEHHOW KEPAMUKH,
Oymaru, GyHTHIHMIOB, B KadecTBE IMPHUCAAKUA K TOIUIUBY, MJIS OYUCTKU
HedTenpoaykroB. B 1enoM, HEOOXOAUMO OTMETUTh PACTYHIMH CHpOC Ha
HaHoyacTuubl MgO.

HecMoTpst Ha TO, 4TO HaHOMATEPHAIIBI B MUPE YK€ HCIIONB3YIOTCS OoJiee
20 nmer, HM OAWMH W3 HHUX HE OBUI W3Y4YeH B IMOJHOM OOBEME, MOITOMY
JIOCTaTOYHO CJIOKHO OLEHUTh NOTEHLMAIbHBIE PUCKHU IPU WX UCIIOJIb30BAHUMU.
VYcraHoBieHo, 4To HaHodacTHibl MgO 001anaroT BBICOKOW CTENEHBIO
MOTCHIIMAIIBHOW OMACHOCTH JJISl 370POBbS UEJIOBEKa, OOYCIOBICHHOW WX
CIIOCOOHOCTBIO TEHEPUPOBATh AKTHBHBIE (OPMBI KHCJIOPOJA, BBI3BIBATH
JIETAJIbHbIE M3MEHEHMUS B KIIETKAX, HAKAIUIMBATBHCS B PA3JIMYHBIX OpraHax,
NpUBOJL K TATOJIOTMYECKUM HM3MEHEHUSM, BIMATH Ha MPOTECOMHBIN U
MeTa00JIOMHBIH npoduiy, WHUIMUPOBATh T€HOTOKCUYECKHU,
IMOpUOTOKCHYECKU APDEKTh. YUHUTHIBAsT IIUPOKUN CHEKTP NPUMEHEHHUS
HaHouactunn, MgO B pa3nuuHbiX cepax AeATENIbHOCTH 4YeloBeKa W
NOTEHUUAJIbHBIE PUCKU BO3JECWCTBUSA, MWCCIECIOBAHUS, HAIPABICHHBIE Ha
U3y4eHUE OMOJIOTUYECKOTO ACHCTBUS OKCUIA MArHUs, SIBISIOTCSA aKTyalbHBIMHU.

OOBEKTOM UCCIEeNOBaHMS SIBISUIUCH TMONy4YeHHBbIE coTpynHukamu ['HY
«Auctutyr ¢usukun umenu b. U. Cremanosa HAH benapycu» ognum u3
METO/MOB (DU3MYECKOTO CHHTE3a OIBITHBIE 00pasmnsl HaHodactulr MgO,
VMMCEIOIINE CIEIYIONINE XapaKTepUCTUKU: pasmep HaHoyacTul] MgO — 30-50 Hwm,
rUApOJMHAMUYECKH auamerp y Oomee uem 80 % wactunm —  50-
240 uM, BeIMUMHA E-TIOTEHIMANA B KOJUIOMAHOM pactBope — 15,3+ 0,7 MmB.
Hanouwactunpt MgO ObulM  cTaOMIM3UPOBAHBI B  KOJUIOUJIHOM PacTBOPE
JACTWUIMPOBAHHOW BOJAbI. buosiornueckoe neiictBue HaHodacturnn MgO
HU3YUYE€HO B CYOXpPOHHUYECKOM OHKCIEPUMEHTE, BBIMOJHEHHOM Ha HEJIMHEHHBIX
KpbhICax € COOMIOJIEHUEM TPEOOBAHUI TYMaHHOI'O OTHOIIEHMS K >KUBOTHBIM.
['pynmbl KMBOTHBIX MO 8§ ocobell kaxknias ObUiM cPOpMUPOBAHBI METOIOM
ciaydaiiHo  BeIOOpkHM. Hawowactuiet MgO  BBoauiIM  4yepe3  30H]
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BHYTprkenyn04Ho B g03ax 100, 200 u 400 mMr/kr Ha IPOTSKEHUH 3-X MECSIIEB.
I'pynma KOHTPOJIBHBIX >KMBOTHBIX IOJdy4yaja JUCTUJUIMPOBAHHYIO BOAY B
COOTBETCTBYIOIIEM  KonuyecTBe. [lo 3aBeplIeHUIO JKCMO3UIUUA  ObUIH
MPOBEJICHBI HCCIIEOBAHUSI COCTOSIHUS OpPraHOB U CHUCTEM C OIpeJeieHueM
MOP(POPYHKIIMOHATIBHBIX U KJIMHUKO-OMOXUMHUYECKHUX NIOKa3aTeJen.
Craructudeckass 00pabOTKa AKCIEPUMEHTAJbHBIX  JAHHBIX  BBINOJHEHA
HenapamMeTpUueCKUMH METOJaMH C TOMOIIBI0 KOMIBIOTEPHON JHUIIEH3UOHHOM
nporpammbl STATISTICA 13.

[Ipu BHYTpHXETYAOUYHOM MOCTyIUIEeHHH HaHodactull MgO B mozax 100,
200 u 400 Mr/kr Hanbojee BBIpaXEHHbIE W3MEHEHHSI CO CTOPOHBI M3YYEHHBIX
OpraHoB U (yHKIHMOHAIBHBIX CHCTEM OpraHu3Ma OTMEYAIUCh TPHU BBEIACHHUU
HaHookcuaa maraus B jgo3e 400 mr/kr. Co CTOpOHBI IEHTpPaJbHOW HEPBHOM
CUCTEMBI HAOJIIOIATIOCH TTpeobIagaHe MPOIECCOB BO30YKAeHUs (YMEHBIIAIAChH
BEJIMYMHA CYMMAaIlMOHHO-TIOJAMOPOrOBOr0 MOTEHIMAla B ONBITHBIX TPYyIIax B
no3ax 200 m 400 mr/kr cootBerctBeHHo Ha 19,3 u 30,8 %, p < 0,05). B
OTHOIIIEHUM  TE€YEeHH  OBbUIO  YCTAHOBIIEHO  YTHETEHHE  aKTUBHOCTU
aJlaHMHAMHUHOTpaHc(epasbl U acnmapTaraMuHOTpaHchepasbl B CBIBOPOTKE KPOBH.
Hapymienue ¢GyHKIMUM MOYeK MPOSIBWIOCH B cABUTE mokaszatens pH mouu B
niesiouHyto ctopony (p <0,05), TEHACHIIMN K YMEHBIICHUIO CYyTOYHOTO JANYpe3a.
Co cropoHsl  MOp(OJOTHYECKUX  TOKa3zaTreled OTMEYajJuch JIOCTOBEPHO
3HAUMMBbIE YBEJIIMYEHUE MACChl MEYEHU (OTHOCHUTENbHBIN KOI(P(GUIIMEHT MaCChI
oprana B 1,1 pa3a mpeBblliaJl KOHTPOJIbHBI YPOBEHb) M CHUXKEHHUE MACCHI
cepaua (0THOCUTENbHBIN KodhuimeHT Maccel cepaua osu1 B 1,1-1,2 paza Huxke
KOHTpOJIs1). KIIMHMKO-AMAarHOCTUYECKUE IOKA3aTeNn BBISIBUWIA W3MEHEHHUS CO
ctoponsl niepudepudeckoit kposu (p <0,05): cumwxkancs rematokput (B 1,08
pasa), yBEIWYHUBAJICS I[BETOBOHM IOKa3aTelb, HAOIIOJAINCH JTUM(ONINUTO3 U
MOHOIIUTONIEHHUSI, OTMeYanach TEHACHIUA K YBEIWYEHUIO COJEpKaHUA
TPpOMOOLIMTOB. B CHIBOPOTKE KPOBU OMPEACINISIOCH JOCTOBEPHOE IMOBBIIICHHUE
KonmuyecTBa oOmiero Oenka (B go3e 400 MI/Kr ero coaepKaHHe MPEBBICHIIO
KOHTpoJsib B 1,28 paza, p <0,05), oTMEUEHO CHIKEHUE COJEp KaHUs XJIOPUJIOB,
IF0KO03bI ¥ unuaoB (p <0,05).

B cyOxpoHHueckOoM  OSKCHEPUMEHTE  MPU  BHYTPHIKEITYIOYHOM
NOCTYIJICHUM  BBISIBJIEHA  CHOCOOHOCTh  HaHoyacTull MgO  BbI3BIBATH
710303aBUCHMBbIE 001IeTOKCUYECKHE d(PPEKTHI.
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YK 615.9:615.099.092:577:615.777.9: 616.12:57.084.1

C.B. Knunosa!, 1.A. Munurammesa', M.I1. Cyrynkosa',
B.T. ITanos'2, 10.JI. ITpouenko®, b.A. Kaunenscon!
KAPJIMOBA3OTOKCUYHOCTHh CBUHEIL- Ml KAJIMMIi-
COJIEP/KAIIIMX HAHOUACTHII

' OBYH «Examepunbypeckuti MeOUyuHCKuUll - HAyYHbl YeHmp npohuiaKmuxu
U OXpaHbl 300pP06bs pabouux npomnpeonpusmuily, 2. Ekamepunoype, Poccus
2 ®I'BYH HUncmumym npomsiuinennot sxonozuu YpO PAH,

2. Examepunoype, Poccus
3 ®I'BYH Uncmumym ummynono2uu u ¢usuono2uu, Examepunoype ¥YpO PAH,
2. Examepunoype, Poccus

[To nannpiM BO3 nuaupyroliuMy NpUYMHAMHA CMEPTH HACEIIEHUS B MUPE
ABJISIIOTCST 3a00JieBaHusl cepiaeuHo-cocyauctor cucrembl (CC3). OgHum u3
dakTopos pHUCKa BO3HHUKHOBEHUS CC3 SIBJISIETCS 3arpsi3HEHUE
MIPOU3BOJICTBEHHON M OKpY’)KAarOUIEH Cpelibl TOKCUMYHBIMU METAJNIAMH, CPEIH
KOTOPBIX 0CO0O€ 3HA4YCHHWE TMPUAACTCS CBUHIy W KaaMuioo. MHOTUMH
UCCIIEIOBATENSIMU  TIOKA3aHO, YTO WHTOKCUKAIUSI CBUHIOM W KaJMHUEM
yBenmuuuBaeT puck pazButus CC3. Ocobyro omnacHOCTh MPEACTABISAET TOT (akKT,
YTO OpU paboTe MPOMIPEANPUITUNA BO3AYX 3arps3HSIOT YaCTHUIIBI TOKCHUYHBIX
METaJIJIOB HAHOMETPOBOro nuana3oHa. [Ipobiema Bausuus Hanovyactun (HY) na
CepACUYHO-COCYAUCTYIO CUCTEMY MPAKTUYECKHU HE U3YyUEHa.

[enbto Hamiel pabOTHI SIBIASETCS HCCIEIOBAHHME BIMSHUS HAHOYACTHI]
okcugoB ceuHia (HY PbO) u xanmus (HY CdO) Ha cepaedyHO-COCYAUCTYIO
CUCTEMY.

CycreH3un HaHOYACTHUIl OKCHI0B MeTallioB (2,32 mr no Pb u 0,22 mMr no
Cd na 1 xr maccel Tena) mojiydaJid METOAOM Ja3epHoil abmsiuu. YacTuirsi
umenn dopmy, O6mu3Kyio K chepudeckoir. CpenHuii quaMerp (+ CTaHAapTHOE
oTKJI0HeHue) cocTaBisn 49,6+£16,0 am st HY PbO u 57,0+13,0 am mos HY
CdO. MHTOKCHKAIIUIO MOJEIHPOBATIN HAa OCIBIX OECIOPOIHBIX KPhICaX-CaMIlax,
CIly4aifiHBIM 00pa3oM pasaeneHHbix Ha 4 rpymmnsl (koutpoias, HU PbO, HY CdO,
HY PbO + HY CdO) mo 12 xuBoTHbIX. BO3pacT >XMBOTHBIX Ha Hayauao
DKCIEPUMEHTA COCTAaBILI 2,5 Mecsna, macca — okono 225 r. Cycnen3zun HU
BBOJIWJIM HHTPANEPUTOHEAIbHO 3 pa3a B HENEN0 B TedyeHue 6 Heaelb
(u3onupoBaHHO JMOO B KoMOuHanuu). [lo OKOHYaHWM SKCHEPUMEHTA
HEMHBA3UBHO  PETUCTPUPOBAIA  MAPAMETPbl  AJICKTPOKAPIUOTPAMMBI U
apTepUAIbHOTO JIABJICHUS] y KUBOTHBIX, HCCJIEIOBAIUCH CHEIU(DUUECKUE
MOKAa3aTeld CBhIBOPOTKM KPOBU (KOHIIEHTpAlMs KalblMs, SHIOTENnHa-1,
HaTtpuilypetudecknx  nentugoB  (HVYII),  akTUBHOCTR ~ aHTMOTEH3UH-
npespaiaoiiero ¢pepmenra (AIID)), npoBoaMIICS TUCTONIOTHYECKUN aHAIIU3
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TKaHerd cepana. COKpaTUMOCTh MHOKApJa OLICHMBAJIACH HAa HW30JMPOBAHHBIX
MHOTOKJIETOUHBIX IMpernapaTtax — TpabeKynax ¢ NanuUIIPHBIX MBIIIIAX B
U30METPUYECKOM H  (DU3MOJIOTHUECKOM  peXuMax  cokpameHuit.  Jlis
MaTeMaTUYeCKOro  ONHUCAaHUs  KOMOMHUPOBAaHHOM  TOKCHMYHOCTH  ObuLia
UCIIOJIb30BaHa METOJO0JIOTUS IIOCTPOECHUS TIOBEPXHOCTU OTKJIMKA.

OOHapyXeHO CHI)KEHHE COJEpKaHMs KaJblUs U SHIOTeNIMHa-1 mocie
BozaeiictBuss HY PbO u HY CdO kak u301MpoBaHHO, TaK U B KOMOWHAIIMH.
Konuenrtpamuss HYII cumxanace B rpyrnne KOMOMHHUPOBAHHOIO BO3JIEUCTBHUS.
Nutokcukamus HY PbO cumxkana yposenb AIID kak M30IUpOBAaHHO, TaK U B
komOunarmu ¢ HY CdO.

Bo Bcex Tpex ONBITHBIX TpyIIax IOKA3aHO CHUYKEHHE IapaMeTPOB
aptrepuanbHoro nasieHusi (A/l), mambonee BwIpakeHHOe misa cpemnero AJl.
N3menenus OKI' moce pa3HbIX BO3ACHCTBUIN HE OBLIN OJJHO3HAYHBIMH.

Ha ructonormyeckux mpemapatax OOHAPYKEHO CHIDKCHHE TOJIIHHBI
kapauomuouutoB (KMII) mocie Bcex Tpex Tokcudyeckux Bozaeicteuit HY.

B rpynme HY PbO B mnanmwuispHBIX MBIIIIAX BO3PACTAId BpeMs
JOCTUKEHUS THKAa CWIbl COKpallleHHu u Bpems pacciabienus g0 50%
aMIUIMTYIpl  OT  MakcumanbHOW. Ilpu  moctHarpyskax  P=0,7-0,9P/Po
koMOuHupoBaHHas naTokcukaius H4 PbO + HY CdO npuBoauia Kk CHUKEHHUIO
COOTHOIICHHS «CUJIa-CKOPOCThY» B TpalOekynax. B 3Toili ke rpymnmne oOHapyKeHo
CHIDKEHHE KOHEYHO-CHUCTOJIMYECKON JIMHBI B Tpadekynax npu P=0,1-0,7P/Po.
Bo Bcex rpymmax kpeic, noaBeprimuxca BozuerctBuro HY, mpowusBogumast
CEepICYHBIMM  MbIIIIIAMUA  paboTa yMEHbIIMJIACh: B  Tpabekylax ImpH
uaTtokcukanusax HY CdO u HY PbO + HY CdO, a B manuuIsIpHBIX MBIIIIAX
npu uaToKcukanuax HY PbO nu HY CdO.

Tun xomOuHMpOBaHHOW KapauoBacKyssipHod Tokcmunoctd HY PbO u
HY CdO neomnoznaven. OH 3aBUCHT OT 3(deKkTa TOKCHIECKOTO BO3JICHCTBUS,
CTemeHu 3TOro 3(PQeKTa, COOTHOIIECHHUS 103 TOKCHYECKHUX BEIIECTB, CTEIEHU
pactspkennss KM u uccneqyeMoro Tuma Mulii.

Bmusune HY PbO uw HY CdO nmposiBUunoch B CHUXKEHUU
FeMOJMHAMUYECKUX  TIOKa3aTejed, TMPOSIBJICHUU MPU3HAKOB  JUCTpoduu
MUOKapAa U CHUKEHUHU ero 3()PEeKTUBHOCTH.
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YK 615.9:620.3:614.71

E.B. Kosanesckuii', U.B. Byxtuspos!, C.B. Kamanckuii?,
.M. Lxomapus!
METOAOJOI'NMYECKHUE ITPOBJIEMbBI KOHTPOJISA
3AT'PASHEHUSA BO31YXA HAHOYACTUIIAMMUM HA
INPUMEPE ITPUPOJHBIX HAHOTPYBOK

'\®OI'BYH «Hayuno-ucciedosamenbCkuii UHCMunynm mMeouyursl mpyoa umeHu
axademuxa H.®. Uzmeposay, e. Mockea, Poccus
OB YH «Examepunbypackuti MeOUYUHCKULL - HAYYHbLIL YEeHMpP NPOQUAAKMUKU U
0XpaHvl 300p08bs paboyux npomnpeonpusmuily, . Examepunbype, Poccus

OCHOBHBIM YCJIOBUEM JUIsl MPUHATHS KOPPEKTHBIX YIPABIECHYECKUX
pemieHuit 1O pa3paboTke Mep MNPOPUIAKTUKH TpU NpodeccHOHATBHOM
KOHTaKT€ ¢ HAHOPA3MEPHBIMU YACTULIAMH U BOJIOKHAMM SBIISIETCSI OOBEKTUBHAS
XapakTepUCTUKA BO3AECUCTBUs. DB  KadecTBe TMoOKasarened BO3IAEHUCTBUSA
OpUHUMAIOTCA O0Ias Macca M Macca OTAENbHBIX pa3sMEpHbIX (pakiuii
a’po30Jisi, IUIOLIAAb TOBEPXHOCTH M YHCIO 4YacTull. B  oTHomeHun
HAHOPA3MEPHBIX YACTUI[ TPAJUIIMOHHO OCHOBHOM HMHTETpalbHBIA IMOKA3aTENb
KOHTpOJIsL (Macca YacTull) MPEACTABISETCS HEOOXOIUMBIM JIOMOJIHSTh Kak
MUHUMYM JaHHBIMH O KOJIMYECTBE YACTULL.

Pa3nuuaror mnpsMble M KOCBEHHBIE METOAbl KOHTPOJIS 3arpsA3HEHUs
Bo3yxa. [IpsMble — MeTOABl ONpENETIeHUs KOHLEHTpAaluW B IOKa3aTessx,
COBMAJAIOIIUX C (PU3MUECKHMMH CBOMCTBAMM YACTHUL, MOJIOKEHHBIMU B OCHOBY
u3MepeHusd. KocBeHHble — MeETOABbl TOJYYEHHMsS] [OKa3aTeleil CTENeHH
3anbUIEHHOCTH  BO3/lyXa, OCHOBAaHHbIE Ha HCIIOJIb30BAHUU KAKOr0-JIHOO
CBOMCTBA MbUIEBBIX YaCTHUL, OTIMYHOI'O OT TOrO, KOTOPOE HCHOJIB3YETCS JIA
BBIpaXKEHUs OTOro rmokasarens. Hecmorps Ha Bc€ 0Oosnee  IMIMPOKOE
pacnpocTpaHeHue nNpudOpOB KOCBEHHOI'O ONPEEICHUs] KOHIIEHTPALUA MbUIH, B
TOM YHUCJIE C Pa3[eJICeHUEM Ha OTHEJbHbIE (PPaKIMK, 10 HACTOSLIETO BPEMEHU B
MHUPOBOWM MpakTUKE JUIsl TOJYYEHHsS HUCYEPIBIBAIOIINX  XapaKTEPUCTHUK
BO3JICHCTBUSI TPUOPUTETHBIMHU SIBIAIOTCS mpsiMble MeToibl. Cpean HUX
HCIOJIb30BAHUE BJIEKTPOHHOU MHUKpockonuu (OM) paccmaTpuBaeTcsi Kak OJHO
13 HauboJiee MPUOPUTETHBIX HANPABICHUMN, TO3BOJISIIOIIEE MAKCUMAIIBHO MOJIHO
XapaKTepu30BaTh BHUTAIOIIME B BO3JAYyXE IbUICBBIE YaCTULBI, OCOOCHHO
MEJIKOANCIIEPCHBIE, HAHOPA3MEPHBIE U BOJIOKHHUCTBHIE.

Pa3BuTre COBpEMEHHBIX MOAXOAO0B K KOHTPOJIO HAHOPA3MEPHBIX YaCTHULL
B BO3/JyX€, B IEPBYI0 OYEpEb HAHOBOJOKOH, BOBMOXHO MPOWLIIOCTPUPOBATH
HAa TpUMepe TPUPOJHBIX HAHOTPyOOkK. BceTpewarommecs B mpupoae
(GUIUIOCUIMKATBl (CIOUCTBIE CTPYKTYpPbl Ha OCHOBE CHUJIMKATOB) CTPYKTYPHO
pa3zHoOOpa3Hbl, 1 HEKOTOPhIE U3 HUX 00JIaIal0T CIIOCOOHOCTHhIO 0Opa30BHIBATh
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HaHOTPYOku. CIlloM KPEMHEKUCIOPOJHBIX TETPAdAPOB B UX CTPYKType
000co0IeHbl ApYr OT Jpyra U CBsi3aHbl KaTHoHamHu. Cpeau NpeacTaBUTENICH:
TaJbK, CEPIEHTUH, MOJIBITOPCKUT, CIIOJbI, TUIPOCIIObI, XJIOPUTHI, MUHEPAIIbI
[JIMH, TATAHOCUJIMKATHI, YPAHOCUIIUKATHI 1 MHOTHE JPYTHE.

Hanopasmepnbie TpyOKH MpEeMMYyILIECTBEHHO OOpa3ylOT MarHvii- u
aIIOMOCUIMKaAThl. Bce OHM B TOW WIM HMHOW Mepe HauuIM IPUMEHEHUE B
Pa3JIMYHBIX OTPACIISIX MIPOMBIIUIEHHOCTH U MPU ONPEAEIEHHBIX YCIOBUIX MOTYT
OKa3bIBaTh HEOJAronmpusTHOE NEHCTBHE Ha 3/I0pOBbe yenoBeka. Hambombiryio
U3BECTHOCTh TMOJIYYWJI XPU3OTUIIOBBIM acOecT WM XPpU30TUI (BOJOKHUCTHIM
CEpHEHTUHUT), BUIUMBIE BOJIOKHA KOTOPOTO MPEJCTABISAIOT COOOW MYy4YKH W3
MHO>KECTBa HAHOPA3MEPHBIX TPYOOK.

[Iupoyaitmiee npuMeHeHHe Xpu3oTuia B XX BEKe Hapsany ¢ APYTHUMU

PA3HOBHUJIHOCTSIMU «acOECTa)» — HMroJIbYaThIMU KpUCTaUIaMu (eppOCUITNKATOB
(BOJIOKHUCTBIX amM(puOOIOB) M  BO3MOXHOCTh Pa3BUTUA LIEJIOT0  psjlia
npodeccruoHanbHbIX 3a00J€BaHWN, B TOM YHCJI€ W OHKOJOTUYECKHUX, MPH
HEKOHTPOJIUPYEMOM  BO3ACHCTBHM, TMOCIYKWIA NPUYUHON MPUCTAIBHOIO
BHUMAaHUA K pa3pab0TKEe METOJOB KOHTPOJISI UX COJIEpKaHUS B BO3AyXe padboueii
30Hbl. C y4€TOM BOJIOKHHUCTOTO CTPOEHHS, ONPEAEISAIOIIET0 CYIIECTBEHHBIE
OTJINYUSI OT HEBOJIOKHUCTBIX YAaCTHUI] B CIOCOOHOCTH JJIUTEIIbHO HAXOJIUTHCS B
BO3/lyX€, MPOHUKATh U 33/ICPKUBATHCS B TTYOOKUX OTJENAaX OPraHOB JIbIXAHMS,
B3aMMOJICHCTBOBATh C OpPraHAMHU W TKAaHSMH, MOKa3aTeJId KOHTPOJSA MO Macce
yacTull ObUIM TPHU3HAHBI HEJIOCTATOUYHBIMU, KOCBEHHBIE METOJbl KOHTPOJIS
HEIIPUMEHUMBIMU ¥ NPEJIOKEHbl  IOKA3aTeIM  KOJIMYECTBA  BOJIOKOH
onpeAeNnéHHOro pa3Mepa B eauHHUIlE 00bEMa BO3JyXa, ONpElesieMble C
MOMOIIBIO ONTUYECKOU Mukpockonuu (OM) u M.
OnpIT  MPaKTUYECKOTO  WCIOJNB30BAHUSA  OTUX  METOAOB  yOETUTEIHHO
JEMOHCTPUPYET KPUTHUYECKYIO BaXXHOCTh HE TOJBKO TIIATEILHOTO BBHIOOpA
METOJIOB OTOOpa Mpo0 BO3AyXa, MCHOIB3YEMBIX PACXOJHBIX MATEPHAIOB H
obopynoBanus (GuwibTpoB u podooTdopHUKOB, OM 1 OM c HEOOXOAUMBIMH
XapakTepUCTUKaMH U, B ciydyae OM, OCHAIEHHBIX COOTBETCTBYIOIIUMHU
PUCTABKAMM JJIs1 UCCIIEOBAHUS TUIIA U COCTAaBa BOJIOKOH, a TAKXK€ Pa3IMYHOTO
BCIIOMOTaTEILHOT0 000PY/1I0BaHUSs), HO U BHICOKOM KBaJIM(PUKAIIUU ONEPATOPOB,
BBIIIOJTHSIOIIMX HCCIEIOBAHUS. OJTOT OINbBIT MPEACTABISAECTCS ILEHHBIM IS
nanbHeie pa3paboTKU MOAXOJ0B K OIMpPEAeNICHUI0O YPOBHEW BO3/IEUCTBUS, B
TOM YHUCJI€ UCKYCCTBEHHBIX HAHOPA3MEPHBIX BOJIOKOH U HAHOYACTHII.
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YK 615.9:615.099.092: 553.611.9:57.084.1

A.W. Konmob6anos, A.A. lllymakosa, 1.E. Cokonog, 1.B. I'momuHckuii
BJIUSAHUE ITEPOPAJIBHO BBO/JIUMbIX YACTHUI]
HAHOIUVIMHBI HA QJIEMEHTHBINA COCTAB OPTAHOB
ZKUBOTHBIX U IPYT'UE IOKA3ATEJIN

DPI'BYH « DUI] numanus u buomexuonocuuy, 2. Mockea, Poccust

B wnacrosmee Bpems OenronutoBas rimHa (BI') waxomuT mmpokoe
NpUMEHEHUE B TMHILIEBOM MPOMBIIUICHHOCTH, B TakuWX OOJacTAX, Kak
MIPOU3BOJICTBO HAMWTKOB, NHUIIEBBIX J00aBOK, YIAKOBOYHBIX MAaTE€pHUAJIOB,
aJIcOpOCHTOB (IIJIs1 OYMCTKU Macen). TeM He MeHee JaHHbIE O €€ TepOopabHOU
TOKCUYHOCTH 71 VIVO IIPOTUBOPEYUBEI

[lenbto AAHHOTO HCCIEOBAHUS SIBUJIOCH BBISIBICHUE OUOJIOTHUYECKUX
2 (}HEKTOB B 4aCTH HAKOTUICHHS SJIEMEHTOB B MEUEHU U MOYKAaX JTaOOPATOPHBIX
KUBOTHBIX, TMOJYYaBIIMX HA MOPOTSHKEHUU  92-CyTOUYHOrO  MOJOCTPOrO
skcnepumenta bl'.

B pa6ore ucnonb3oBann BI' «Monamer 1H1®» (AO «METAKJIIDy,
Poccust). DkcnepuMeHT mpoBeleH Ha 64 kpwicax camiax juHud Bucrap (4
rpynnsl mo 16 sxkuBoTHBIX). Ha mporsbkeHun 92 CyTOK OIBITa >KUBOTHBIC
MoJTyyaju TIOJyCHHTEeTUYeCKui cOamancupoBaHHblil panmoH mo AIN-93 ¢
nob6asienueM cycrnensun bI' B pozax O (kontpons); 1; 10 u 100 mMr Ha 1 kr
Macchl Tena. Kpbic exxeHenenbHO B3BEIIMBAIA U HA 93-M CYyTKM SKCIIEpPUMEHTA
BBIBOJIMJIA W3 dKCHepuMeHTa mnocie 16-gacoBoro romomanus. OTOupaiu KpoBb,
opranbl B3BeWIMBaIM M 3aMopaxuBaiu npu -20°C. Metomom Macc-
CIIEKTPOMETPUM C HWHJIYKTUBHO-CBSI3aHHOW IIJIa3MOM B MEYEHUM M IOYKaX
KUBOTHBIX OTPENEIISUTH COJEPIKaHUE CIEAYIOMmmuX dneMeHToB: Ag, Al, As, B,
Ba, Be, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Gd, K, La, Mg, Mn, Na, Ni, P, Pb,
Rb, Se, Sr, Tl, V u Zn. Pa3noxenue mpoO MPOBOIWIN C HCHOIH30BAHHEM
CUCTEMbI MUKPOBOJIHOBON MuHepanu3zanuu npob nox gasieHueM TOPWAVE)
B CMECH KOHLICHTPUPOBAHHOM a30THOM KHUCIOTBI U KOHLEHTPUPOBAHHOU
nepeKkucu Bojaopojaa 5:1, u3mMepeHus — Ha Macc-CIEKTPOMETPE ¢ UHIYKTUBHO-
cBsi3anHoM azmoit Agilent Technologies 7700x.

B mnedenn kpeic, nomydaBmux bI', gocToBepHOE [10303aBUCHMOE
CHWKEHHE TI0 CpPaBHEHHMIO C KOHTPOJBHOW TpyNIoi, NOATBEPKICHHOE
bakTopHBIM nuCTIEpCHOHHBIM aHau3oM (p<0,05), HaOIOAAIOCH B OTHOIICHUH
conepxanus B, Be, Ce, Cs. ConepxaHue TaKuX >KU3HEHHO Ba)KHBIX DJIEMEHTOB,
kak K, Mg u Na, ABasromuxcs OCHOBHBIMU CTPYKTYPHBIMU AJIEMEHTAMU KIIETKH
U KMBBIX OPraHU3MOB, HE MEHSJIOCh Yy JKUBOTHBIX, MOJIYYaBIIUX pPA3JIUYHBIC
1036l BI' o cpaBHEHUIO ¢ KOHTPOJIBHOU Ipynmnoi (hakTopHbii aHanus, p>0,05).
Taxoke He OBUTO BBISIBJICHO JOCTOBEPHBIX M3MEHEHUH B cojiepkanun Ag, As, Ca,
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Cr, Ga, Se, Tl u Zn B 3aBucuMocTu oT A03bl bBI', XOTS paznuuus ¢ KOHTPOJIbHOU
rpynmnoi ObUIU JOCTOBEPHBI. MIHTEpECHO OTMETUTh, UTO €CIU COoAEepKaHue Ag,
As, Ca, Ga, Se, Tl B meuenu kpsoic, nmonydaBmux b’ B pa3nuyHbIX 103ax, B TOU
WJIM UHOU CTENEHU CHUXKAJIOCh IO CPABHEHUIO C KOHTpoOJIeM, TO coaepxkanue Cr
U Zn Ha00OPOT- MOBBIIATIOCH (HE3HAYUTENIHHO MO a0CoMOTHON BennunHe). He
ObLJI0O OOHAPYKEHO JIOCTOBEPHBIX M3MEHEHUN B HAKOIUICHUH Psiia SJIEMEHTOB —
Al, Ba, Cd, Co, Cu, Fe, Gd, La, Mn, Ni, Pb, Rb, Sr u V — B neueHu >KMBOTHBIX,
nonmyyaBmmx bIT mo cpaBHeHuiro ¢ koHTpodbHOW rpymmoi (ANOVA,
dakTopublii aHanus, p>0,05). B moukax moctoBepHbie (ANOVA, p<0,05)
J0303aBUCHMbIE HW3MEHEHUSI B HAKOIUICHMM HAOIIOAIUCh Y KUBOTHBIX,
nonyyaBmnx bI', B otHomenun Mg u P (cHmxkenue), Cs u Ag (yBeIHYEHHE),
YTO, OJIHAKO, MOATBEPK1aTI0Ch PakTOpHBIM aHanu3oM (p<0,05) ToibKO B ciiydae
P. Conepxanne B, Ba, Be, Ca, Cd, Ce, Cu, Fe, Ga, K, La, Mn, Se, Sru Zn y
KUBOTHBIX ONBITHBIX TPYMNN CHUXKAJIOCh [0 CPAaBHEHUIO C KOHTPOJILHOM
IPYNNOWM, OJHOBPEMEHHO C O3THUM B HEKOTOPHIX CilydyasxX HaOI0aalach
JIOCTOBEpHAsl TCHAEHUHMS 3aBUCUMOCTH OT 1103kl — Ca, Fe, K, La u Zn.

[TonydenHsie pe3ylbTaThl KOPPEIUPYIOT C JIaHHBIMH, TMOJYYEHHBIMU B
pabore [unenun B.A., lllymakoBa A.A., Mycaea A.Jl. u np. Tokcukonoro-
TUTUEHUYECKasl XapaKTepUCTUKA OCHTOHUTOBON HAHOTJIMHBI, MPUMEHSIEMOUN B
nuieBoi npombinieHHocTH // Borpockl nutanus. 2020. T. 89, Ne 3. C. 71-85],
B KOTOpO# Hamu ObUI Toka3aH dpdekt bl Ha yrHerenune karabonusma Oelka ¢
OJIHOBPEMEHHBIM YBEIMYEHHEM MAacChl Tella KUBOTHBIX, PA3BUTHE UMMYHHOM
peakuuu W yrHeteHue pocta O6ubunodnopsl. IIpoBenenHbie HccieqoBaHUs B
1IEJIOM TO3BOJISIFOT JIEaTh BEIBOJ O TOM, YTO OOHApY>KCHHBIC HEOIArONnpusTHHIC
a3¢bdexTsl CBA3aHBI C yrHETalOMmMM BiusHueM bIT Ha cumOMoTHUYECKYyIO
KUIIEYHYI0 MHKPO(IOpY M, Kak CIEICTBHE, MPOSBIAIONICECS CHUKEHUE B
HAKOIUICHUHU psJla DJIEMEHTOB, B TOM YHCJI€ TOKCUYHBIX U 3CCEHIUAIbHBIX.
[lonyueHHble JTaHHBIE CIIEYET YUYUTHIBATh MPU OLIEHKE PUCKOB, BHI3BIBAEMBIX
UCII0JIb30BaHueM bl B muIeBoi NpOMBIIUIEHHOCTH.
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YK 615.9:614.777:577:669.22

A.A. MacnennukoB, C.A. lemunoBa, O.H. HoBukoBa, B.A. AHTOHOB
SKCHEPUMEHTAJIBHASI OIEHKA BO3JIEHCTBUS
HAHOYACTUIl CEPEBPA HA OBILIECAHUTAPHBIE

XAPAKTEPUCTHUKH BO/1bI BONOEMOB

OI'VII «Hayuno-uccreoosamenbCkuti UHCIMUMYm 2u2uersl, MOKCUKOIOSUU U
npognamonocuuy PedepanvHoco meouko-ouonocuyeckoeo azenmemsa, (OI'VII
«HUU I'TI]» ®MBA Poccuu), 2. Boneoepao, Poccus

B nporecce axcniepuMeHTanbHOT0 000CHOBAHUS MIPEIEIbHO JOMYCTUMOM
KOHILIEHTpallUKU cpepruueckux HaHoudacTull cepedpa (auametp 20-40 am — 10-90
MPOLIEHTUJIB) B BOJIE BOAHBIX OOBEKTOB XO3SHCTBEHHO-NIUTHEBOIO U KYJIBTYPHO-
OBITOBOTO BOJIOIIOJIb30BAHUS U3YUEHO UX OTPUIIATENIbHOE BIMSHUE HA OCHOBHBIC
IPOLIECCHl CAMOOYHUIIIEHUS BOJIBI.

WccnenoBanust  BBITIOJIHEHBI B COOTBETCTBUUM C  TPeOOBAHUSIMU
JNEUCTBYIOIIMX METOANYECKUX yKazanuii (MY 2.1.5.720 — 98).

OO6uiecanuTapHbie CBOMCTBA BOJIBI, COEPIKAIIEH TTpernapar, OlEHUBAIIH 110
MOKa3aTeasiM TOJHOTO Ouoxumuueckoro mnorpebienust kuciopoga — bITKzo;
pa3BUTUA U OTMHUpaHUs canpoPUTHON MUKPODIOpPHI;, JTUHAMHUKUA MPOIECCOB
HUTpUUKALMK (TpUaga a3ora).

[Ipu nocranoBke omnwiTa 1o omnpeneneHuto bIIKy BemecTBo BHOCHIN B
BOMOEMEI B KoHueHTpaumsax: 0,22; 4,4-1072; 8,8-107; 1,8-10° u 3,5-10* mr/m.
Bri0op ypoBHeU coenrHeHUs: O0OYyCIIOBJIEH pe3ysibTaTaMHu paHee MPOBEACHHBIX
paboT MO OIEHKE €ro OpPraHoJICNTHYECKUX M TOKCHUKOJIOTHYECKHUX CBOMCTB
(Ha 1abopaTopHBIX KUBOTHBIX).

B xone BhINONMHEHUS SKCIIEPUMEHTa C MEpBBIX MO 10 CyTKH BBISIBICHO
KpUTEPUAIbHO 3HAYMMOE YTHETEHUE MPOTEKAaHUs peakluu a’dpoOHOTOo
OMOXMMHYECKOTO OKHCIEHHS B BOJE, COJIEpKalleld BElIECTBO B Tpex
MaKCUMalIbHbIX ypoBHsAX. [lpu comepxanum mnpenapara HaHocepeOpa B
KOHUEHTpauuun — 3,5-10% wmr/n kakux-mubo CyLIECTBEHHBIX OTKJIOHEHUIA
OTHOCHUTEIILHO aHAJIOTUYHBIX KOHTPOJBHBIX 3HAYEHUN HE OOHAPYIKEHO.

Orenky cocTosiHHSI canmpoUTHON MUKPOMIOPHI BOABI OCYIIECTBIISLIN MTPU
BHECEHUM TECTUPYEMOIO Ipemapara B KoHHeHnTtpamusx 1,8-1073; 3,5-10% nu
7,0-107 mr/m.

JIMUTeNbHOCTh  HCCIENOBaHUM  (MUKPOOMOJOTMYECKUX  ITOCEBOB)
coctaBmia 14 nneil.

Pe3ynbrarsl NpOBEIEHHBIX OIMBITOB CBUACTEILCTBYIOT O TOM, YTO HAJUYUE
B BOJI€ «MCKYCCTBEHHBIX» BOJIOEMOB HaHOIIpEnapara B JIByX OOJbIINX YPOBHSIX
BBI3bIBAJIO PA3HOHANPABIICHHBIE HETaTUBHBIC U3MEHEHHS YUCICHHOCTH KOJIOHUM
canpoUTHOW  MHUKpPOQJIOpBI, YTO  OTPHUIATEIBHO  CKa3blBAIOCH  Ha
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CaMOOYMIIIEHUH JTaHHOM 3KocHCcTeMbl. [Ipy CHUYKEHUHU colep:KaHMsl BEIEeCTBa B
Boge 10 7,0:10° Mr/n yrHeTeHHs WIM CTUMYISLMH POCTa KJIETOK IaHHBIX
MHUKPOOPTaHU3MOB HE OOHAPYKEHO.

Bnusgnue npenapara HaHocepeOpa Ha MPOUECChl HUTpUPUKALUU B BOJE
OLICHMBAJIM TPU €ro COJAEpPKAHUM B  «UCKYCCTBEHHBIX» BOJOEMAaxX B
koHUeHTpanuax 1,8-103,3,5-10* u 7,0-10° mr/n.

TectupoBanue mpoO BOABI MPOBOJWIM yepe3 | wyac mociie BHECEHUs
BellleCTBa, 1, 3,7, 10, 14, 17, 21, 23, 26, 27, 28, 29, 30 u 33 cyTKu.

OO6HapyXeHO, 4TO HaHOCEepeOpO B JIByX OOJBIIMX YPOBHSAX OKa3bIBAJIO
HEraTUBHOE BO3JEHCTBUE HA Tpuaay a3zoTa. Tak, HaunHas ¢ 0-x u no 17-e cyTku
DKCIIEPUMEHTA,  OTMEUYEHbl  PA3HOHANPABIEHHBIE  CIABUTM  IIPOLIECCOB
HUTpuGUKaMK Ha dTane oOpa3oBaHWUs HUTPATOB. B mocnemyromnime Cpoku
OMbITa, MPU COXPAHEHUHM YKA3aHHBIX OTKJIOHEHHH, 3aQUKCHpPOBaHBI TaK¥Ke
TpaHcpopMalMi Ha HAYAJIbHON CTaAud aMMOHU(UKAIIMU U MPOMEKYTOUYHOU —
OKUCIUTENbHOW (30T HHUTpUTOB). JlaHHBIA (aKT CBUACTEIBCTBYET O
HapyLIEeHUM TPOLECCOB CAMOOYHMILIEHUS BOJHOW HOKOCUCTEMBI, T. €.
pa3z0aJaHCUPOBKE COOTHOLIECHUSI MEXY COAECPKAHUEM PAa3IUYHbIX COCAMHEHUI
a3ora, HEO0OXOIUMBIX LISt HOPMAJIbHOTO (GYHKIMOHUPOBAHUS
KU3HEAEATENLHOCTH (ayHbl ¥ (Guopbl B BogoéMax. B konuenrtpauuu 7,0-107
MI/J1 B T€UEHUE BCEro JKCIIEPUMEHTA JOCTOBEPHBIX M3MEHEHUI OTHOCHUTEIHHO
KOHTPOJII HE OTMEUYEHO, YTO MO3BOJIWJIO UHTEPIPETUPOBATh JAHHYIO BEJIUYHHY
KaK IOJIIOPOTOBYIO.

CBoaHblii aHaIM3 pPE3yJIbTaTOB BBIMOJHEHHBIX KOMILUIEKCHBIX paboT
yKa3bIBaeT Ha CIIOCOOHOCTH Mpernapara HaHocepeOpa IposBISITh OTPULIATEIBHOE
BO3JICICTBME HA IIPOLIECCHl CAMOOYHMILIEHUS W CaMOBOCCTAHOBJIEHUS BOJBI.
Konuenrpanus apredroHanodactun 3,510 Mr/m npusHana mOporosoi, a
ypoBeHb — 7,0- 10 MI/n MakcUMabHO HEAEHCTBYIOLIUM 10 OOIIECAHUTAPHOMY
IPU3HAKY BPEAHOCTH.

ComocraBineHue  NOJNYYEHHOM B TNPOBEICHHOW  CEpUH  OIBITOB
MaKCHMaJIbHO HEJCHCTBYIOIIEH KOHLIEHTPALlMM C AHAJOTMYHBIM 3HAYCHHUEM,
YCTaHOBJIEHHBIM paHee 1o opranonentuyeckomy (8,810 mr/m) u canuTapHo-
TOKCUKOJoruueckomy (4,4-107 mr/im) mpusHaKaM BPEIHOCTH, CBUAETENLCTBYET
0 TOM, YTO JIUIMUTHPYIOUIUM (PAKTOPOM IMPHU IKCIIEPUMEHTATILHOM 000CHOBAHUU
TUTHEHUYECKOT0 HOpMaThBa HaHodacTHI] cepedpa nuamerpom 20-40 um (10-90
MPOLIEHTUJIB) B BOJIE BOJIHBIX OOBEKTOB XO3SMCTBEHHO-MUTHEBOTO U KYJIBTYPHO-
OBITOBOIO BOJIOIOJIb30BaHUS SIBJISIETCS 00IIECaHUTAPHBIN TOKA3aTeb.
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YK 615.9:615.099.092:61

JLU. Ipusanosa!, M.II. Cyrynkosa!, I.A. Munuraiuesa',
B.B. I'ypeuu!, O.I. Maxkees?, .E. Banamuna?, T.B. Bymyesa',
C.B. Knunosa!, 10.B. Pg6osa', C.H. Conossesa', 10.J1. IIponenko’,
JI.B. Hukutuna®, O.I1. I'epuen’, B.A. Kanuenscon!
IKCIIEPUMEHTAJIBHO-TEOPETUYECKHUE ACIIEKTbI
MOBBIIIEHUS YCTONYNBOCTHU OPTAHU3MA K
BPEJHOMY BO3JIEVCTBUIO JIEMEHTHbBIX U
AJIEMEHTHO-OKCUIHbBIX HAHOYACTHUIL

'®BYVH « Examepunbypeckuii MeOuyuUHCKUlL-HAY4YHblll YeHmp npopuiaKmuku u
0Xpambl 300p08bs pabouux npomnpeonpusmuiiy Pocnompedbnaosopa,

2. Examepunoype, Poccus

[Jenmpanvras nayuno-uccredosamenvckas 1abopamopus Ypanbcko2o

Tl'ocyoapcmeennoco meouyunckozo ynusepcumema Munsopasa Poccuu,
2. Examepunoype, Poccust

SOI'BYH Uncmumym ummynonozauu u gusuonozuu YpO PAH,

2. Examepun6bype, Poccus

TexHoreHHOe 3arpsi3HEHUE cpelbl OOUTAaHUSA MOMKET OBbITh CTOMKUM U
Jake MPAKTHUYECKH TPYAHO YCTPAHUMBIM, a JUJIi HEKOTOPBIX XUMHUYECKUX
BELIECTB HaAEKHO O€30MacHbIe HU3KUE YPOBHU SKCIO3UIMM Ha pabodyeM MecTe
TEXHUYECKH HEIOCTH)KMMBI WIH TPEIIIOJIIOKUTENBHO HE CyIIEeCTBYIOT. Kak
JOTIOJIHUTENBHBIN ITyTh YIIPaBICHUS PUCKOM JUIS 30POBbsi, HAIIPaBJICHHBIA Ha
CHIDKEHHE BpPEIHBIX DKCIO3MIMM, Onosorndyeckas npoduiakTuka HalejaeHa Ha
YCWICHHE 3allMTHBIX MEXAHM3MOB OpraHu3Ma. OTOT IOAXOJ K YIPAaBICHHUIO
pUCKaMU i1 3/0pOBbS OCOOEHHO aKTyaJeH IpH MHOTOKOMIIOHEHTHOM
3arpsi3HEHUM IPOU3BOJACTBEHHOM M OKPYKAIOIIEW Cpenbl, YTO THUIHUYHO IS
MHOTHX IIPOMBIIUIEHHO Pa3BUTHIX TEPPUTOPHUH.

Tokcukomornyeckue SKCIepUMEHTHI ObLTH MPOBEACHBI HA ayTOPEAHbBIX
OeNbIX KpbICaXx IpU TPEX pa3IMYHbIX IyTSAX BBEACHUS B CEPUH OCTPBIX,
CyOXpOHHYECKHX M XPOHUYECKUX IKCIEPUMEHTOB. BHOMpOTEKTOpPHI B cocTaBe
Tak Ha3bplBaeMbIX Ouonpoduiaakruyeckux komiuiekcoB (BIIK) npumensuch
napajjieibHO ¢ CyOXpOHUYECKON BHYTPHOPIOIIMHHON 3aTpaBKOM KpbIC, B XOJ€
VHTAUANMOHHON DKCIO3UIMM WIM Iepell OAHOKPATHBIM HHTPATPaxealbHbIM
BBEJICHUEM HaHoyacTHll. B paboTe wuCHoiab30Bajics KOMIUIEKC METOJOB
TMTHEHUYECKOr0,  TOKCUKOJIOTMYECKOTO  aHajuu3a,  BKIKOYas  METOJBI
OnonpoMIIaKTUKH, OWOXMMHUYECKHE, LHUTOXHMHUYECCKHE, (YyHKIIMOHAIBHBIC,
($u3noIOruYecKrue, TUCTOJOTHYECKHE U MOpP(HOMETPUUYECKUE, ONTHUYECKOM,
IIOJYKOHTAKTHOM  ATOMHOCWJIOBOM, CKaHMPYIOLIEW MW  [POCBEYMBAIOLIECH
JIEKTPOHHON MUKPOCKOIIMH, METOJIbI CTATUCTUYECKOIO aHAJIU3A.
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Teopernueckn 000OCHOBaHBI M  anmpoOUMPOBAHBI B  AKCHEPUMEHTaX
KOHKPETHBIE CIOCOOBI MOBBIMICHHUS YCTOMYMBOCTH OpPraHW3Ma K TOKCUYHOCTH
HAaHOYACTHI, KaKk TMpHd HU30JIMPOBAHHOM, TaK M KOMOWHHUPOBAHHOM
BO3JCHCTBUSX. B cepuu 3KCIEpUMEHTOB MOKAa3aHO, YTO TOKCHYHOCTH MOYKET
ObITh OcnabnieHa TYTEM MOBBIMICHUS PE3UCTEHTHOCTH OpraHu3Ma K Hel C
MIOMOIIbIO O€30MAaCHBIX OHOMPOTEKTOPOB, MOJOOpPAaHHBIX HA OCHOBE OOIIHUX
TEOPETUUECKUX IPEANOCHUIOK C Y4ETOM KakK OOLIUX TOKCMKOKMHETUYECKHX U
TOKCUKOJMHAMUYECKUX MEXaHU3MOB 0c000 BpEIHOIO JCHCTBUS, TaKk U
cHenu(pUKU JeHCTBUS KOHKPETHBIX TOKCUKAHTOB B HAHOPA3MEPHOM COCTOSIHUU.
HayuHo 000CHOBaHO U YCHNEHNIHO ampoOMpPOBAaHO B TOKCHUKOJIOIMUECKHUX
JKCHEPUMEHTaX  MPUMEHEHHE  psAga  OMONPOTEKTOPOB,  MOBBIIIAIOIINUX
YCTOMYMBOCTh OpraHu3Ma: K TIE€HOTOKCUYECKOMY JEHCTBUIO HaHOYACTHUIL
HUKEJS; MyJIbMOHOTOKCUYECKOMY JAEMCTBUIO HAHOYACTHULl aMOP(GHOTO TUOKCUIA
KpEMHUS; KOMOMHUPOBAHHOMY TOKCUYECKOMY JIEHCTBUIO OKCHJIOB HAHOYACTHIL:
MeAH, IMHKAa W CBUHIA; CBUHIIA W KaJMHWs, AJIOMUHUS, TUTaHA, KPEMHUS.
BnepBbie moka3zaHoO KapAHOBAa30MPOTEKTOPHOE JCHCTBHE pPa3pabOTaHHOTO
OMONPOPUIAKTUYECKOTO  KOMIUIEKCAa MpU KOMOMHUPOBAHHOM  J€HCTBUU
HaHOYACTHI CBHHIA W KaamMusa. Oco0oe 3HadYeHHWE UMEET TO, HYTO
OnonpoMIAKTHIECKIE KOMITJIEKCHI CYIIECTBEHHO OCHIa0SI TeHOTOKCUYECKHI
ek nepeurcaeHHbIX KOMOUHAIIUH.

YK 615.9:615.099.092:577:661.691.2:57.084.1

IO.B. Pa6osa', JI.W. IIpuBanosa', U.A. Munuranuesa,
MLIL. Cyryukosa', B.B. I'ypsuu!, O.I. Makees?, T.B. Bymyesa',
P.P. Caxayraunosa!, C.B. Kimnosa', C.H. Conosresa',
A.B. Taxurynosa!, B.A. Kanuenscon'
OCOBEHHOCTHA I[EﬁCTBPIH HAHOYACTHUII OKCUIA
CEJIEHA HA OPTAHU3M

'®BYH « Examepunbypeckuii MeOuyuUHCKULL-HAYYHbIlL YeHmp NpoQOUIaKmuKu u
0Xpambl 300p08bs pabouux npomnpeonpusmutiy Pocnompebnaosopa,
2. Examepunoype, Poccus
[Jenmpanvras nayuno-uccredosamenvckas 1abopamopus Ypanibcko2o
T'ocyoapcmeennozo meouyunckozo yHusepcumema Muwnsopasa Poccuu,
2. Examepunoype, Poccust

[IpodeccnonanbHpIl KOHTAKT C CEJICHOM U €r0 COCIMHEHHSIMU, BKIIIOUas
HaHOpa3MepHbIe (POPMBI, BCTPEUAETCsl B CTEKOJIBbHOM MPOU3BOACTBE, PE3UHOBOI
MPOMBIIIJIEHHOCTH, B MeETaulypruu (mpu nepepaboTKe MEIHBIX IILIaMOB,
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0o0Kure MEIHOTO KoJlYe[aHa, MPOU3BOJACTBE MapraHija, cejieHa U TeJUIypa).
Takas IMPOKas pacrpoCTpaHEHHOCTh nenaeT HEO0OXOIUMBIM
HKCIEPUMEHTAIbHYIO OLIEHKY €r0 TOKCUYHOCTH.

CyOxpoHHnuecKkass HMHTOKCHUKAIMs KpbIC, BbI3BAaHHAsl TMOBTOPHBIMU
BHYTPHUOPIOIIMHHBIMU UHBEKLIUSIMU (Bcero 18 BBeaeHUM) cTaOMIIbHBIX BOJIHBIX
CYCHEH3UI HAHOYACTHUI] OKCHJIa CEJIEHA B Pa3jUYHbIX JO3UPOBKAX MPOSBUIACDH
cnaObIMU  CIIBUTaMM TIOKa3zaTeled cocrosiHus opranusma. Hamum  Obuio
UCCJIEIOBAHO TPHU J03bl; IPU CyMMAapHOW J103€, paBHOU 3,6 mr/kr Beca, 14,9%
nokasareyied JOCTOBEPHO OTIMYAIMCh OT KOHTPOJBHBIX 3HAYEHUN, MIPH
cymmapHoi no3e 18 mr/kr Beca — 14,9%, npu cymmapHoit 1o3e 36 MI/kr Beca —
14,4%. HanowacTuipl OBIIM TIOJYYEHBI METOJOM JIa3epHOW alNAuu B
VYpanbckom deneparbHOM YHUBEPCUTETE.

[Tpu mr060# U3 Tpex MCCIeAOBAHHBIX HAMH /103 HAOIIOJANIOCh CHUKEHUE
AKTUBHOCTH CYKIIMHATACTUIPOTEHA3bl B JMM(OIHUTAX KPOBH, OTPaKAIOIICH
MHTEHCUBHOCTb SHEPreTUYECKUX MPOLIECCOB B KIETKE, YTO CBSA3aHO, BEPOSITHO, C
3aMENICHUEM CEJIEHOM JIaOWJIbHBIX aTOMBI Cepbl B 3TOM coequHeHuu. C 3TH
IPEANOI0KEHUEM COIJIACYIOTCSl JUTEPATypHbIE JAaHHBbIE O 3aMELIEHUU CEpbI
HAHOYACTULIAMM CeJIeHa B Oelkax. YBEIMYMBAJIOCh YHUCIO 303HMHO(HUIOB B
Ma3Ka-OTIEeYaTKaX [MAPEHXUMATO3HbIX OpPraHoOB, CBUJETENbCTBYIOIIEE O
CIIOCOOHOCTM HAHOOKCHJA CeJieHa K 3allyCKy CHUTHAJIbHBIX KacKaJoB B
MMMYHOKOMIETEHTHBIX KiieTkaX. [Ipu cymMMapHbIX 103axX, paBHBIX 18 Mr/kr
Beca M 36 MI/KTI Beca, U3BMEHEHUs! ObUTH MPUOIU3UTENILHO OJJMHAKOBON CTEIEHU
BBIPA)KEHHOCTH M BKIIIOYAIM B C€e0s, KpOME BBIIICIIEPEUUCICHHOTO, PE3KO
YBEIIMYEHHOE YHUCIO JEr€HEPaTUBHBIX KIETOK B MPOKCUMAJIbHBIX KaHaIbIAX
nouek. M3MeHsnuch mapaMeTpbl  JJIEKTPOKAPAUMOTPAMMBbl, AbIXaHHUS U
apTepUAIbHOTO JABJIEHUS IOJ BIUSHHEM H3YYEHHBIX HaMU J03 HAHOOKCH]IA
ceneHa. OOHapyXeHa TEHIEHUUA K MaJCHUIO0 apTEPUAIbHOIO JABJICHMS,
YaCTOThl CEPACYHBIX COKpAIICHUU W HAPYLICHUIO MPOLIECCOB PENOIspU3ALNU
MUOKapAa.

Bo Bcex rpymnmax, 3KCIOHMPOBAHHBIX K HAaHOYACTUIIAM CEJICHA, B
CPaBHEHUU C KOHTPOJIEM CHHU3UJIOCh YHCIIO HEUTPOPUIIOB B Ma3zKax-OTHedaTKax
neyeHu Oe3 sBHOW J10303aBUcUMOCTH. He ObUIO MOKa3aHO HEraTHUBHOIO
Bo3aecTBUs  Ha  Koadduiument  pparmentarmuu  reHomuHod  JIHK
SAIPOCOACPKALIUX KIETKaX KPOBU KPbIC, @ TPU HAMOOJbIIEH CyMMapHOU 103€,
36 wMr/kr Beca, HaOJIOAANIOCH CTATUCTUYECKU JIOCTOBEPHOE CHIDKEHHE
kodhumrenTa pparMeHTaIum.

OTnuuuTensHON 0COOCHHOCTBIO JIEUCTBUS HAHOYACTHI] OKCHA CEJICHA B
CPaBHEHUM C MHCCIEAOBAaHHBIMU paHEe METAJUIOKCUIHBIMA HAHOYaCTUIIAMU
SBIIIETCSI CTIOCOOHOCTh HapsiAy C OKa3aHHeM BpPEIHBIX 3(PPEKTOB OKa3bIBATH
MOJIOKUTENILHOE JIEUCTBUE HA OPTaHU3M.
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YK 615.9:615.099.092:577: 546.562-31:57.084.1

N.A. Cutnuxos, JI.P. [[lauxosa, A.M. Ampomuna, M.I1. CyTyHkoBa,
1O.B. Psa6oBa, A.B. Taxurynosa, B.O. Py3akos
CHUWXEHHE YPOBHJS ODKCIIPECCHUHU I'EHOB PELEIITOPA
NMDA B I'HIIITOKAMIIE KPBIC ITOCIJIE
BHYTPUBPIOIIINHHOI'O BBEJIEHUSI HAHOYACTUIL
OKCHUJA ME/IN

OBbVH «ExamepunbypecKutl MeEOUYUHCKULI-HAYYHbIL YeHMpP NPOQDUIAKMUKU U
0Xpamsl 300p08bsl pabouux npomnpeonpusmuiiy Pocnompebnaosopa,
2. Examepunoype, Poccus

B cBsa3u ¢ rnoGanuzanuei pa3BUTHs HAHOTEXHOJIOTHMM, B HACTOSAIIEE
BpEMsI U3YUEHHE HAHOMATEPHUAJIOB U BO3JAEHCTBUS HAHOYACTHI] UMEET OTPOMHOE
3HAYEHHE B paMKaxX OLEHKH pHUCKA, CO3JaBa€MOIro IPOU3BOACTBOM H
IPUMEHEHUEM TaKUX MaTepuasioB. YacTuUIpl HAHOMETPOBOIO JIHMAINA30HA
COCTaBJISIIOT  CYIIECTBEHHYIO  (PakIUI0 B  a’pO30JbHOM  3arpsi3HEHUU
aTMOC(epHOro BO3[yXa M BO3AyXa padOyYMX NOMEIICHHI psiia oTpacieu
IPOMBIIUIEHHOCTH. HaHodacTuibl SBASIOTCA (PAKTOPOM PHCKA BO3SHUKHOBEHHUS
U [pPOrpEeCcCUpPOBaHUS MHOIMX HEWpoaereHepaTUBHbIX 3a0osneBaHui. Tak,
HapylIeHUE perynsuuu Menapto peuentopoB NMDA MoKeT urparb poiib B
HEBPOJIOTMUECKUX pacCTpOMCTBaxX, HalpuMep, B naroreHese 0osiesHu MeHkeca
u Oone3nu Anblreiimepa. Panee Obuio mokazaHo, yto NMDA-penenTopsl B
TUOIIOKAMIIE WIPAOT PEMIAKONIYI0 POJIb B Pa3BUTUA IPOCTPAHCTBEHHOTO
oOy4yeHuH, TMaMsITH, CHHANTUYECKOW  IUIACTUYHOCTH, a  TaKkXke B
HEWPOTOKCUYHOCTH.

B teuenue 6 Henenb 3 paza B HENENIO BHYTPUOPIOMIMHHO ayTOpEIHBIM
OenbIM KpbICaM-caMIlaM BBOJWJIM CYCIEH3UI0 HAHOYACTHIl OKCHAA MeEIH,
HOJyYEHHYI0 METO/IOM Jla3epHOoU abisiuu. KOHTpONIbHBIM KUBOTHBIM BBOAMIIU
CTepWIbHYIO JEHMOHU3UPOBAHHYIO BOJYy B TOM ke oObeme. [lepBas rpymnmna
KUBOTHBIX SIBJsIach KOHTposbHOU (KoHTposb); BTOpas rpyrma nojaBepraiach
BO3/ICIICTBHIO HAHOYACTUIl MEAH B pa3oBoil no3e 1 mr/ kr maccel Tena (CuO 0,25
MTI/MIT); TPEThbsi — BO3ACWCTBUIO HAHOYACTHII MEIU B Pa3oBOU 103¢ 2 MI/ Kr
maccol Tena (CuO 0,5 mr/mi). Beimonusnachk Qukcanus 4acTH TUNIOKaMIIa
kppic B ¢ukcarope IntactRNA mns crabunmzauuu PHK B Ouonoruueckux
oOpasnax ¢ moclenyromuMm — BeiaeneHueM  cymmaphoit PHK  denon-
xsopoopmubiM  MetoaoM. KommuectBennnit ananu3 PHK mnpooamsics c
ucrnoiab3oBanueM Gayopumerpa Qubit 4 HaGopa peaktuBoB Qubit™ RNA BR
Assay Kit 100 assays. O6pasisl PHK o6pabarsiBanucs pactBopom JIHKaszsr I,
He coaepxkamiert PHKa3. Jlanee npoBoaunace peakius 00paTHOW TPaHCKPHUIIIIHH
¢ Habopom peaktnBoB MMLV-RH (/luasm) mpu momommu amrummdukaropa
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Thermal Cycler SimpliAmp ™. Omnpenenenue skcnpeccun reHoB GRINI,
GRIN2a u GRIN2b, xomupyromux Oenku GluN1, GluN2a u GluN2b,
COOTBETCTBEHHO, MeToaoM [IL[P B peaslbHOM BpeMeHH ¢ mpaiMepaMu, 30HIaMH
u reHoM JpomaimnHero xossiictBa GAPDH. VYpoBenb skcnpeccur Te€HOB
onpenensimu  no coaepxkanuro MPHK wuccnemyemoro reHa OTHOCHUTENIBHO
konuyectBa MPHK pedepencHoro rena gomamiHero xosstiictBa GAPDH. Jlns
CTaTUCTUYECKON 00pabOTKM JAaHHBIX HCIOJB30BAICS HEmapamMeTpUUeCKUil
kpurepuil Kpackena — Yoiunca s monapHOro CpaBHEHUSI HECKOJIBKUX TPYIII
B nporpamme Statistica 12. OOHnapykeHa oOpaTHas KOpPpeJslHs YPOBHsI
skcrpeccun  TeHoB GRINI, GRIN2A, GRIN2B, xoaupyromux Oenku
cyobenunaul; perenropa NMDA (GluN1, GluN2a u GluN2b) B rumnmokamiie u
KOHILICHTPAIIMM HAHOYACTHUI] OKCHUJAa MEAW. YBEJIMYEHUE KOHUEHTpPALUU
HAaHOYACTHUILl OKCUJA MEJIU MPUBOJIMUIIO K CHUKEHHIO SKCIIPECCUU, YTO MTO3BOJISAET
IPEINONOKUTE 10303aBUCUMBINA dPdekT. OgHAKO CTATUCTUYECKU 3HAUYMMBIC
pa3iuuus 3HAYEHUM MOKa3zaTessi MOPOroBOrO IMKJIA JUIsi BCEX HCCIIEIYyEMbIX
TE€HOB OOHAapPY>KEHbI TOJIBKO JJIsl 3HAYEHUM MOKa3aTelisi Y KOHTPOJIbHOM TPYIIIbI
(ACt GriN1)=6,301; ACt GrN2A)=7,823; ACt Grmve2B)=4,747) u rpynmsl CuO 0,5
mr/mi (ACt Grint=0,813; ACt (Grmv2a)=3,477; ACt (Grmv2r)=1,37).

Takum 00pa3oM, OlleHKa ypOBHs 3Kcrpeccuu reHoB peuentopa NMDA
MOXXET OBITh HCIOJb30BAHA B KA4eCTBE TE€HETHMYECKOro MapKepa Jyis
ONPENCIICHUS] TOKCHUYECKOI'O JEMCTBUS HAHOYACTUL[ OKCHUIA MEIH, OJIHAKO
HEOOXOAMMBl  JalbHEHIINE  HCCIAEAOBAHUS, BKIIOYAIOIIUE  IPOBEACHUE
MOBEJACHUYECKUX TECTOB, KOTOPbIE TO3BOJMIM Obl TMOATBEPAUTH HAJIUYHE
KIIMHUYECKUX MPOSBICHUN HEUPOJETEHEPATUBHBIX paccTpoucTB. [losryueHHble
pe3yJIbTaThl MOTEHIHAIBHO MOTYT HCIOJB30BaThCA MJI OLIEHKUA SKCIO3HMIIUU
paboTtarmux K Menbcoaepkanmm HY Ha mpousBojacTBe.
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YK 615.9:615.099.092:614.71:577:661.682:57.084.1

C.H. ConosseBa, M.I1. CytyHnkoga, JL.II. [IpuBanoga,

N.A. Munuranuesa, B.b. I'ypsuu, .H. Uepnbimos, b.A. Kaunenscon
IKCIIEPUMEHTAJIBHASA XAPAKTEPUCTUKA
TOKCHYHOCTHU U OITACHOCTH NPOMBIHIVIEHHBIX
ABPO30JIEN, COAEPKAIINX CYHIECTBEHHYIO
OPAKIINIO HAHOYACTUIL IMOKCUJIA KPEMHUA

OBbVH «ExamepunbypecKutl MeEOUYUHCKULI-HAYYHbIL YeHMpP NPOQDUIAKMUKU U
0Xpamsl 300p08bsl pabouux npomnpeonpusmuiiy Pocnompebnaosopa,
2. Examepunoype, Poccus

[IpoBeleH OCHOBHOW JKCHEPUMEHT Ha KpbICax caMKax B Bo3pacTe 3
MECSIIEB, KOTOPHIE MOJBEPrajucCh UHTAISIIIMOHHOMY BO3JCHCTBUI0 HAHOYACTHII
aMop(HOTO JMOKCHAA KPEMHUS B WHTASIITUOHHOW YCTAHOBKE «TOJBKO HOCH.
DKcnepuMeHTallbHas paboTa ¢ IKCIO3UIIUEH TPOBOIMIACH B TeUCHHE 4 4acOB B
Je€Hb B KOHUeHTpamusax 2,6£0,6 wm 10,642,1 mr/m’. B xaxmoit rpymme
(KOHTpOJIbHBIE W OmbITHAs) ObUIO MO 60 >KUBOTHBIX. [IpOAOIKUTETHLHOCTH
AKCIIEPUMEHTA COCTaBWIIA 6 MECALIEB C MPOMEKYTOUHBIM CPOKOM BBIBEACHUS B 3
Mecs1a.

N3yyaeMblii  peanbHbli  NPOMBILIICHHBIM  a’3p030Jib  COLEPIKUT
CYIIECTBEHHYIO (pakiMiO0 HAHOYACTUIl aMOpP(HOro JHUOKCHUAA KPEMHHUS H
oOjlaaeT HE3HAYUTEIHLHBIM  OOIIETOKCUYECKUM HOEHUCTBUEM W HU3KOU
(buOpPOreHHOCTHIO. OTO TMOJHOCTBIO  COIVIACYEeTCS €  pe3ysibTaTaMu
MOP(OJIOTUYECKOT0 HKCCIAEAOBaHUS TMPENapaToB JEroyHod TkaHu. Hamuuue
CETKU U3 TOHKHUX aprupO(UIbHBIX PETUKYJIUHOBBIX BOJIOKOH MOXKHO OOBSICHUTD
HU3KOM 3azepxkkoi amopdHoro SiO; B NErKUX M JPYrdx OpraHax wu3-3a
OTHOCHUTEJILHO BBICOKOW PACTBOPUMOCTH JaHHBIX HAHOYACTHUIL B OMOCpeIax.

[Ipu wuccmenoBaHWUM  DIEKTPOHHOM  MHUKPOCKONHMEH  OOHApyKeHO
TpaHCHA3aJbHOE MPOHUKHOBEHHE YACTHUIl a’dPO30Jis B OJIb(PAKTOPHYIO 001acTh
roJIOBHOrO mMo3ra. [Ipu mpoBeneHur TECTUPOBAHUS M0 HAPYLIEHUIO CTPYKTYPbI
n penapamun JIHK B KineTkax KpoBH M KOCTHOTO MO3ra y KpBIC C
ucnonszoBanueM [IJIAD-tecta ObUT0 OTMEUEHO YycuieHHE (parMeHTaluu
JIHK.

B  cpaBHUTENBHOM  OLIEHKE  LIUTOTOKCHYECKOTO  JEUCTBUA  IIPU
OJIHOKpPaTHOM  MHTpaTpaxeaJlbHOM  BBEIECHHM  ObLJIO  TOKa3aHO,  4YTO
OuosornyecKas arpecCUBHOCTh (OLICHEHHAsl MO OTHOIICHUIO HEUTPO(UIbHBIX
JEHKOIIMTOB K  albBeoJsipHbIM  Makpodaram, HJI/AM) wucciemyemoro
IMPOMBIIINIEHHOTO  a3po30Jis, coxaepxamiero 72 % amopdHOro AMOKCUAA
KPEMHHSI CO CPEAHUM pa3MepoM HaHodacTHL 90 HM CTaTUCTUYECKU 3HAYMMO
HIDKE CIIeNHAIbHO cHUHTe3upoBaHHoro moutd 100% amopdHOro auokcuma
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KPEMHHUS CO CpEeOHUM pa3mMepoM - 43 HM, OHOJIOrMYEcKass arpecCHUBHOCTb
KOTOpOro Oblla Jaxxe BbIIIE CTaHAApTHOW kBapreBoid mbeuiM DQia. Takas
MOBBIIIICHHAsT OHMOJIOTMYECKash arpecCUBHOCTH MO3BOJIMJIA JOMYCTUTh, YTO W3
BCEX KOMIIOHEHTOB MPOMBIIIJIEHHOTO a3p030Jisi OCHOBHON MNPUYMHON €ro
BBICOKOM IIMTOTOKCHUYHOCTH, SBJISIOTCS Mpeo0siajaloliue B €ro COCTaBe
HAHOYACTHULIBI.

Peskuii poct cBOOOJHON KJIETOYHOW MOMYJSLUUUA HUXKHUX JBIXaTEIbHBIX
nyTe MOPOUCXOAUT B OCHOBHOM 3a CYET CKOIUICHUS HEHUTPO(UIbHBIX
JEHKOIMTOB B OTBET HA OTJIOKEHHWE B HUX IUTOTOKCHMYECKUX YACTHIL. ITO
SBIIAETCSI TUIMYHOM peakuuend OpraHu3Ma, Kak 3aluTHOM (KaKk MeXaHU3M
JIETOYHOT'0 KJIMPEHCA), TAK U MAaTOJIOTHYECKON (KaK KOMIIOHEHT BOCIIAJICHUS ).

IIpu oreHKe MUTOTOKCHUYECKOTO JekcTBusA Ha ¢oHe 30 THEBHOIrO MpreMa
OMONIPOPUITAKTUIECKOTO KOMILJIEKCa (BIIK) npu OJIHOKPaTHOM
UHTpaTpaxeanbHoOM BBeAeHMHM HY mpomblnuIeHHOro a’po3oiid Oblla MOKa3aHa
HOpMaJIM3alMsl KakK LHUTOJIOTMYECKUX, TaK M OHOXMMHYECKUX IIOKa3aTelei
OpOHXO0AJIbBEOJISIPHOTO JIABAXKa.

[TonydyeHHble  SKCIEPUMEHTAIbHBIE  JaHHBIE  MPUMEHEHBI IS
onpeaereHns HOpPMAaTUBA 3arpsA3HEHUs aTMOC(PEPHOro BO3/AyXa HACEJIEHHBIX
MECT PYJHOTEPMUYECKOIO MPOU3BOCTBA TEXHUUECKOTO KPEMHHUSI.

YK 615.9:615.099.092:577:661.691.1/546.56:616.2: 57.084.1

A.B. Taxurynosa, FO.B. Ps6ora, 1.A. Munuranuena,
M.IL. CyrynkoBa, B.b. I'ypsuy, C.B. Knmunosa, C.H. ConoBbena,
A.K. JIab30Ba, P.®. Munuranuena, JI.W. [IpuBanoga,

b.A. Kannenscon
OLIEHKA PEAKIIUU I'TYBOKUX OTIEJIOB
NBIXATEJBHBIX IYTEHN KPBIC HA
NHTPATPAXEAJIBHOE BBEJIEHUE HAHOUYACTHII
CEJIEHA 1 MEJIA

®OBFVH «ExamepunbypecKutl MeOUYUHCKULI-HAYYHbIL YeHMP NPODUIAKMUKU U
0Xpambl 300p08bs pabouux npomnpeonpusmutiy Pocnompebnaosopa,
2. Examepunoype, Poccust

Pa3BuTre HAHOTEXHOJOTUN U IIMPOKOE MCIOJIb30BAHHE HAHOMATEPUAIIOB
TpeOyeT BHUMaHUSA K MpobOiieMaM WX BJIUSHUSA Ha 310poBhe. B dwacTHOCTH,
HAHOYACTHUIIBI CEJIEHa M MU MOJy4yaroT Bce Oojiee IMIUPOKOE MPUMEHEHUE B
pa3UyHbIX cdepax 4YeIOBEYECKOW JesATeNbHOCTH. BO MHOrux oTpacisx
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MPOMBIILJIEHHOCTH BO3MOKEH MPO(EeCCHOHATBHBIN KOHTAKT C CEJICHOM, MEJbIO
U UX COCAMHCHHUSIMHU T.K. 00JacTh NMPUMEHEHHs CEJIeHa W MEAHW TOCTaTOYHO
IIMPOKAa, ATO XHMHUYECKas, CTEKOJbHAs W METaJUTypruueckas oOTpaciud B
MPOMBINIJIEHHOCTU. B CBSI3U € 3TUM, aKTyallbHOCTh MCCJICIOBAaHUN HAHOYACTHUII
CellcHa M MEIY UMEIOT BaXKHEUIIee 3HAYEHHWE KaK B paMKax OILIEHKH PHUCKa,
CO3/1aBa€MOT0 TPOU3BOJCTBOM U MPUMEHEHUEM TaKUX MaTepuajgoB, TaK H
NoTOMYy, 4TO 4acTuilbl HaHoMerpoBoro (HY) nuamazona cocTaBisiOT
CYIIECTBEHHYIO (PPaKINIO B a3pO30JIbHOM 3arpsi3HEHUH aTMOC(HEPHOTo BO3/yXa
¥ BO3[yXa pabouyux MoMenIeHuM psijia oTpacieid MpOMbIIUIEHHOCTH.

[lenpro HaIIEro HcCCIEIOBAaHUS SIBISETCA OICHKA pPEAKIUU TIyOOKHX
OT/EJIOB JbIXaTEJIbHBIX IMyTEH KpbIC Ha HMHTPATPAXeaJbHOE BBEJICHHE
HAaHOYAaCTHUILl OKCUJIOB CEJICHa U MEJU.

Hanowactumpl ObUIM  MOJTy4YEHBI METOJOM JIa3epHOM  alisnuu B
Ypanbckom denepanbHoM yHHBepcuTeTe. [Ipm MHTparpaxeallbHOM BBEIACHHUU
CTAOWJIBHBIX CYCIICH3UH HAHOYACTHUI[ OKCHUJIOB CEJICHAa W MEIW B KOMOWHAIINH
HaMU OBUTO OOHAPY’KEHO CTAaTHUCTUYECKH 3HAUYMMO YBEIWYEHUE OOIIEeTO 4Yucia
KJIeTok OponxoanbBeossipHoro yaBaxa (BAJDK) B rpymme «HU SeO+ HY
CuO». DT0 yBEJIMYEHUE MPOUCXOAUT MPEUMYILIECTBEHHO 3a CUET BO3paCTaHUS
yuciaa HeuTpoduibHbiX seiikonutoB (HJI). OnHOMOMEHTHO yBEIMYHBAETCS
yucienHoe otHomenne HJI/ ampBeonsapubix makpodaroB (AM). Ilokazarenu
YBEJIMYEHUSI YnClia HEUTPODWIBHBIX JEHKOUMTOB M OoTHOIIeHus unucia HJII/AM
CIy’KaT KPUTEPUEM KOJHWYECTBEHHON OLIEHKH LMTOTOKCUYECKOTO JECHCTBHUS
BBEIEHHBIX YacTHI] B JIETKHX. M3BecTHO, yTo MoOmim3auusa AM, u B emé
oonpmieit crenmenn HJI, perymupyroTcss maccoil MPOAYKTOB pa3pylICHUS
MakpoaroB, MPOUCXOMASIIETO TOA JACHUCTBHEM (arolUTUPYEMbIX HUMH
[IUTOTOKCUYHBIX 4acTull. [Ipu uHTpaTpaxealbHOM BBEJACHHUH KOMOWHAIIMH
HAHOYACTHUI[ OKCHUJOB CEJIeHa W MeAU B HajgocagouyHou sxkuakoctu BAJDK
OTMEYAJIOCh CTaTUCTUYECKU 3HAYUMOE yBEIIUYEHUE COJIepKaHUS
ananunamuHotpancdepassl  (AJIT), acnapratamunorpancdepassr (ACT),
amuiaspl, raMmmariaoramunTpancnentuaassl (ITTII) m nakrataeruaporeHassl
(JIAD), Tummunoe kak 3¢p¢GeKT nelcTBUS IUTOTOKCUYHBIX YAaCTHULI.

[TonyuenHble JaHHBIE CBUIETEIBCTBYIOT O IYJIbMOHOTOKCHYECKOM
JNEUCTBUM KOMOMHAIIMM HAHOYACTHI] OKCHJIOB CeJIieHa M MU, 4YTO
oOyciaBiIuBaeT HEOOXOIMMOCTh TPOBENCHUS MPOPUITAKTUUECKUX MEP.
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VJIK 615.9

JLM. ®@arxytaunosal, I A. TumepOymnarosa'-?
METOJO0JOI' MYECKUE OCHOBBI OFOCHOBAHUS
BE30OIACHBIX YPOBHEH BO3JIEVICTBUS
HUCKYCCTBEHHBIX HAHOMATEPHAJIOB (HA TIPUMEPE
KOPIIOPATUBHOI'O HOPMATHBA)

IPIr’BOY BO Kazanckuii MY Munzopasa Poccuu, 2. Kasanws, Poccus
*OBY3 «llenmp 2ucuenvi u snudemuonozuu 6 Pecnybnuxe Tamapcman
(Tamapcman)», 2. Kazans, Poccus

Yrnepoansie HaHOTPYOKH (YHT) 06nagaroT yHUKaIbHBIME (PU3NYECKUMU
U XMMHYECKHMH CBOWMCTBAMHU, YTO MO3BOJSIET MCIOJIB30BATH MX BO MHOI'HMX
chepax. OrpoMHBIH CITPOC CO CTOPOHBI MOTPEOUTEICH M OTCYTCTBUEC Pa3TUIHIA
MEXAYy MPOJYKTaMHU Pa3HbIX MPOU3BOJUTENEH OTKpHIBA€T JIBEPU AJI HOBBIX
npou3BouTeNel. BaXXHbIM 3TaroM Mpy BBIBEJACHUU MPOAYKIUA HA BHYTPEHHUM
Y MHUPOBBIE PBIHKHU SIBJIIETCA YCTAaHOBJIEHHE O€30IaCHBIX YPOBHEN BO3JEHCTBUS
VYHT.

B HacTtosimiee BpeMs OTCYTCTBYIOT HAlMOHAJIbHBIE, B TOM YHCIE
poccuiickue, HopMmatuBbl conepxkanus YHT B Bo3ayxe paboueil 30HBL.
Hmerotcst pedepeHTHbIE 3HAYCHHs, MpeyiaraéMble OTACIbHBIMUA HAy4YHO-
UCCJIEI0BATEIbCKUMU OpraHu3alUsIMHU. HauunonanbHslit UHCTUTYT
6e3omacHoctu u rurueHsl Tpyna (CIIIA) pexomeHayeT B HacTosiee BpeMms
MCIIO0Ib30BaTh pedepeHTHbli ypoBenb | Mir/m>. B pamkax eBpomeiickoro
npoekta ENRHES «MckyccTBenHbIe MaTepHanbl: 0030p BAMSHUS HA 310POBbE U
OKPY)KAIOUIYI0 Cpefy» OBUIO IPENJIOKEHO HCHonb3oBath 0,67 MKr/m® B
KayecTBe pedepeHTHON KoHneHTpauu 11t YHT.

Pocnorpebnagzopom P® B 2010 rony Obuin ycranosinenol OBYB nmis
Tpex HaHomarepuanoB (I'H 1.2.2633-10. T'urueHudeckue HOPMATHUBBI
colepKaHUsl TPUOPUTETHBIX HAHOMATEPHUAIOB B OOBEKTaX OKpYKAIOIIEH
cpenpl). CocTaBUTENN TOKYMEHTa PYKOBOJCTBOBAIUCH MpEioKeHHbIM B 2007
rony bputanckum Muctutyrom CTaHIapToOB NPEAEIBHO JOMYCTUMBIM YPOBHEM
0,01 Bomokno/cMm?, paccunrannbiM kak 1/10 ot IIJIY mis Bonokon acbecra. C
2013 r. TOKYMEHT yTpaTuJl CBOIO CHILY.

Psan mpomsBogutenerr YHT (manpumep, Oenbruiickuii NpOWU3BOIUTEIH
MVYHT Nanocyl SA) ucnosib3yoT CBOM KOPIIOPATUBHBIE HOPMATHUBHI.

ObocHoBaHMe KOPIOPaTUBHOIO HOpMAaTHBa MPOBOAUTCS B
JKCIIEPUMEHTax in Vitro (Ha KIETOYHBIX KYJIbTypax) U in vivo (c
UCTIOJIb30BaHUEM JIA0OPATOPHBIX JKUBOTHBIX ).
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[Ipy mIaHUpPOBAHUU HKCHEPUMEHTOB in Vitro Ba)XHO BbIOpATh JUHUIO
KJIETOK, KOTOpas HaWydlmiuM OOpa3oM COOTBETCTBYET MPEIOIaracMomy
MapUIPYTy BO3JAECUCTBHUS OpraHy-MumieHu npu Bosaeucrsun YHT. Jlis
MOJEIMPOBAHUS HMHTALIUUOHHOrO Iytd Boszeuctsus YHT pexomenayercs
WCIIOJIb30BaTh B TMEPBYI0 OYEpPEIb KJIETOYHBIE JIMHUU, MPEICTABIAIOIINEC
JbIXaTelIbHbIE ITyTH 4eNoBeKka, Hanpumep, BEAS-2B - knetku snurenus
oponxoB uenoBeka, HLF - ¢ubpobnacter nerkux yenoreka, HBepC - kietku
AMUTENNsT OPOHXOB uejoBeKa U T.J. [n vivo HCCIEeOBaHUS MOKHO MPOBOAUTD
KaK Ha JUHEWHBIX (KpbIchl TuHUN Wistar, Sprague-Dawley v ap.; MBIIIM JTUHUAM
CBA, C57BL/6 u g1p.), Tak W HEJIMHEHHBIX 3J0POBBIX TOJOBO3PEIBIX
KUBOTHBIX. Hanbosee 000CHOBAaHHBIM METOJOM OIleHKH BozjaecTBust YHT
aBisgercss  cyoxponudeckuid (90 gHEW) WHTAISIIMOHHBIA  DKCIIEPUMEHT,
coorBeTcTByromuii TpedoBanusM OECD 413:2017. Onenka HWHrajasHOHHOTO
BozxevictBuss  YHT  Takke MOXKET MNpPOBOAUTHCS IPU  OJHOKPATHOU
WHTpaTpaxeaTbHOW WHCTWUISIUN JUIsl KPBIC, WK (papUHTeaThbHOW acTUpAIAH
JUTSI MBITIEH C mocaeAyromuM HabmoaenneM B TeueHue 28, 90 u 180 nHet.

[Ton6op nmo3 YHT pis sKCHEpUMEHTOB in Vitro W in Vvivo, JOJDKEH
OCYIIECTBIISITECS HA OCHOBE pacyeTa KOJMYECTBA U MACCHl OCEBIINX YAaCTHUL[ B
NbIXaTEIbHBIX MYTSIX 4YEJIOBEKAa NPHU Pa3IUYHBIX CIEHAPUAX HAXOXKICHUS
YeJI0BEKa B 3albUJICHHOW BO3AYIIHOW cpene. KomIbroTepHOE MOAEIMPOBAaHUE
OCEJJaHMsl a’pPO30JIbHBIX YACTHI[ B PA3JIMYHBIX 30HAX [JbIXaTEJIbHBIX IyTEH
YeJIOBeKa MOXXHO MPOBOJUTH C MCIOJIb30BAHUEM IIPOTrPaMMHOI0 0OecreueHus
MPPD (Multiple-Path Particle Dosimetry).

Baxxnou 3agaueit nipu onenke Bo3aerctBusg YHT saBmsercs monydyenue
TOMOTEHHBIX aucnepcuit, B koTopbix YHT cTaHoBsATCS OMOMOCTYHMHBIMHU IS
Oononorndeckux cucteM. [lo HaHHBIM HAIIETO MPEABIAYIIETO0 HCCIECI0OBAHUS
NPUMEHEHUE CTEPUIBHBIX  KYJIbTYpaJbHBIX cpell (C  HCIOJIb30BaHUEM
yIbTPa3ByKOBOM 00pabOTKH) MpeacTaBisieTcss Hanbosiee ONTHUMAIbHBIM s
npurotosiieHuss aucnepcusn YHT 1npu mnpoBeneHWM OSKCIIEPUMEHTOB Ha
KJIIETOYHBIX KYJbTypax; JJIs TPOBEIACHUS HCCIEIOBaHUS Ha Ja0OpaTOPHBIX
KUBOTHBIX - 1% ObIYMi CHIBOPOTOUYHBIN aTbOYMUH.

B xome »kcnmepuMeHTOB in Vvitro W in Vivo ONPENECISETCS YPOBEHb
BO3JICKCTBUS, TpPH KOTOPOM He HabOmogaeTcss BpeaHbld 3PdEeKT u/wim
HAaUMEHBIIUNA YPOBEHb BO3JIEUCTBHS, MPH KOTOPOM HAOIIOAAETCS BPEIHBIM
3¢ dexT Ha KIeTOUHbIe KYIbTYPhl/AbIXaTelIbHbIE MYTH KUBOTHBIX. [lomyueHHbIe
JAHHBIC UCTIONB3YIOTCA Il 000CHOBaHUS KOopropaTuBHOro Hopmarua YHT.

HccnenoBanue BBITIONHEHO Tpu (prHAHCOBOW momnepkke Poccuiickoro
donma pyHmameHTanbHbIX UcciaeaoBannii (mpoekT Ne 19-315-90046).
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B.4. yp!, E.B. lInmxkuna', B.W. IIpsaxuna', 5.1. Jluceux!,
K. Kysuenos!, M.II. Cyrynkosa?, b.A. Kaunenscon?
CO3JAHHUE HAHOYACTUIL METO/I0OM JJABEPHOU
ABJISAIINAU B ' KUIKOCTHU IJIsA
HAHOTOKCUKOJOTI'MYECKUX UCCJIEJOBAHUM

! Unemumym ecmecmeennvix nayx u mamemamuxu
DI'A0Y BO Vpanvckuii pedepanvubiii ynusepcumem um. nepgoeo llpeszudenma
Poccuu b.H. Envyuna, 2. Examepunbype, Poccust
2 DEVH «Examepunbypeckuii MeOUyUHCKUL-HAYYHblll YeHmp NpoOUuIaKmuKu u
0Xpambl 300p08bs pabouux npomnpeonpusmuiiy Pocnompebnaosopa,
2. Examepunoype, Poccus

st uccienoBaHWs TOKCHYHOCTH HAHOYACTUIl (HAHOTOKCHUKOJIOTHH)
HEOOXOJMMO CO3/1aBaTh CTaOWJIbHBIE BOJHBIC CYCIIEH3UHM C  BBICOKOM
KOHIICHTpAIlMEl HaHOYACTHUI[ OIpPENeJICHHOI0 COCTaBa, pasMmepa H (HOpMEIL.
Jlazepnas aOnsuusi B SKMIKOCTH IMPEJICTaBISIET COOOM YHHUKAIbHBIM METOJ
MOJIYYCHUSI BOJHBIX CYCTCH3WN YHCTHIX OJaropoJHBIX METAIOB M OKCHIOB
METa/NIOB € KOHTPOJUPYEMbIMU napameTpamu HaHoyactul. CycneH3uu
HaHoyactull Au, Ag, CuO, NiO, PbO, ZnO, Fe;03, Mn304, S10;, Al,Os, TiO,,
PbO, CdO, PbS, CdS u SeO c xonuentpauueit 10 0,5 r/1 UCNOIB30BANTKUCH JIS
UCCJIeIOBAHMSI BIMSIHUSI HAHOYACTHUIl HA OMOJIOTUYECKHE TKAHU U KIIETKHU.

NmnynbcHBIM BOJOKOHHBIN UTTepOUeBbIi nazep (1064 um, 100 He 1 21
k[’ wucnonb3oBajcs Uil aOMSIMM  YUCTOM METAUTMYECKOM MUILIEHU B
JNEMOHU30BAaHHON BOJE U  MOCHEnyIolmed (QparMeHTaluu IOJTYy4YEHHOM
cycnen3uu. CHHTE3 HAaHOYACTUI] MPOU3BOAWICS B HECKOJIbKO craguid: (1)
00paboTKa TMOBEPXHOCTH TMPH TIOMOIIM CKaHUPOBAHUSA (HOKYCHPOBAHHBIM
Ja3epHBIM TyuykoM, (2) mazepHas aOmsuus wmumiendn, (3) dparmeHTamms
cycneH3uu, (4) HarpeB M CaMOOPIaHM30BAaHHOTO HM3MEHEHHs pa3Mepa U
dbOopMBI HAHOYACTHUIT 32 CUET POCTa W arperaiuu, (5) cymka s yBEIHUYEHUS
KOHIIGHTpaluu  cycneH3ud. ONTUMU3MPOBAHHAST TEXHOJOTHS MO3BOJIMIA
IPOU3BOUTh HEOOXOAMMBIE BOJHBIE CYCIEH3UU CO CTaOWUJIIBHOCTBIO Oosee
Mecsa u3 chepuyeckux HaHodactul] pazmepamu ot 10 1o 60 um. DyHkUs
pacrmpeneneHus pa3MepoB HAHOYACTHUI M3MEPsUIach C MOMOUIBIO aHAIM3aTopa
Zetasizer Nano ZS (Malvern Instruments, BemukoOputanus) u mnyTem
CTaTUCTUYECKOTO  aHalM3a HW300paKEeHHM, TMOJYYEeHHBIX C  IOMOIIBIO
CKaHUPYIOIIEro AJIeKTpOoHHOTO Mukpockomna Auriga CrossBeam (Carl Zeiss,
['epmanus). CocTaB HAHOYACTHUI[ OMPEACISICA C IMOMOIIBIO KOH(POKAIHHOTO
MUKpocKorna komounanronnoro paccesaust Alpha 300 AR (WiTec, I'epmanus).
CtpykTypa OTAENbHBIX HAHOYACTHUI[ OMpenesiach U3 JU(PAKIIHMOHHBIX
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N300paKeHMI, TOJYYCHHBIX C TOMOIIBIO MPOCBEUYMBAIOIIETO 3JIEKTPOHHOTO
mukpockona JEM-2100 (JEOL, Snonwus). O6miasi KOHILIEHTpalus MeTajlla B
oOpa3lax ne4YeHu, IO0YEK, CEeIEe3€HKM M MO3ra KpbIC, IOJBEpPraBIIMXCS
JUIMTEJIbHOMY BO3JCHCTBUIO HAHOYACTHI], OMNpelessigach METOJIOM aTOMHO-
SMUCCUOHHOM  CHEKTPOCKOMMM  C  TMOMOILIBIO  aTOMHO-3MHUCCHOHHOTO
CHEKTPOMETpPa € MHAYKTHUBHO-CBsi3aHHOU TuiazmMoil iICAP 6500 Duo (Thermo
Scientific, CIIIA). O6pa3isl rOMOT€HU3UPOBAHHON TKaHM MOcie JUOoGUIbHON
CYILIKH PacTBOPSUIUCH B KUCIOTE C MOMOIIbI0O MUKPOBOJIHOBOM cucteMbl MARS
5. CopepxaHve HAHOYACTUIl TAPAMATHUTHBIX METAJUIOB  OMNPENESIOCh
METOJIOM 3JIEKTPOHHOTrO MapamMarHuTHoro pe3onanca (DIIP) ¢ momompio DI1P
cnekrpomerpa EMX Plus (Bruker, ['epmanmus).

Brnusane nHaHodacTuil Ha anbBEOJISIPHBIE Makpodard HCCIeoBaNOCh in
Vivo ¢ TIOMOIIbIO aTOMHO-CWJIOBOM Mukpockonuu (ACM) c ucnonab3oBaHHEM
ckanupytoniero 3oHg0Boro  Mukpockona NTEGRA-Therma (NT-MDT,
Poccust). O6nHapyxeHo, yTo (haronuTo3 HAHOYACTHI[ M3MEHSET MOP(OIOTHI0
MOBEPXHOCTH KJIETOK Ha HaHOypoBHE. Pa3Mepsl SMOK Ha MOBEPXHOCTH,
BBIBJICHHBIX ¢ moMompblo ACM B KIETKax KpbIC, TIOJBEPraBIIUXCS
BO3JICHCTBUIO HAHOYACTHUII, OJM3KH K pa3MepaM HCIOIb30BaHHBIX HAHOYACTUL.
[Tonmoxxenne HaHOUYacTUIlT B oOpaslax TKAaHU KPHIC W BBI3BAHHBIC HMH
JNECTPYKIMHU OBbUIM BBISBICHBI C MOMOIIBIO CKaHUPYIOUIETO MPOCBEYUBAIOIIETO
anexkTpoHHoro Mukpockomna Merlin (Carl Zeiss, I'epmanus).

Bce skcnepumeHTanbHblE METOABl HCIONB30BAJIUCH IS MPOBEICHUS
KOMITJIEKCHBIX HAHOTOKCHKOJIOTMYECKUX MCCIIEIOBAHUN COBMECTHO C YYEHBIMU
ExarepuHOyprckoro MEIUIIMHCKOTO-HAyYHOTO IIEHTpa MNPOPUIAKTUKH H
OXpaHbI 37I0POBBS PAOOUNX MPOMIPEITPUSITHH.

Hcnonp3oBangock 000pyaoBaHHE YpPalbCKOro ILEHTpPa KOJIJIEKTUBHOTO
nosib3oBaHusl «CoBpeMEHHbIE HAHOTEXHOJIOTHH» WHCTUTYTa E€CTECTBEHHBIX
HAyK U MaTEMaTUKH Y paibCKOro (heepajibHOr0 YHUBEPCUTETA.
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V.A. Antonov, V.Ye. Zhukov, I.G. Frolova, Yu.l. Velikorodnaya,
I.K. Gorkina
TOXICOKINETICS AND TOXICODYNAMICS OF
ALUMINUM MICRO- AND NANOFORMS

Research Institute of Hygiene, Toxicology and Occupational Pathology,
Volgograd, Russian Federation

Sanitary and hygienic monitoring of enterprises using powdered
aluminum gives evidence of the fact that, apart from micro-sized particles,
aluminum nanoparticles are also present in the workplace air and their
proportion may reach 88 %. Occupational health risk assessment from potential
hazards of nanotechnologies necessitated comparative toxicological
characteristics of aluminum particles of both dimensions.

The study objects were L-ALEX™ and ASD-1 aluminum powders with
the dispersion of 82.3 nm and 2.4 um, respectively. The experiments were
carried out on white outbred male rats. Aluminum in both dimensions was
instilled intratracheally once in the amounts of 10.0 and 50.0 mg per animal,
which corresponded to doses of 40.0 and 200.0 mg/kg. Testing of animals was
carried out in dynamics.

We established that a day after the substance instillation in the lower dose,
the residual mass fraction of micro- and nano-aluminum (micro-Al and nano-Al)
in the lungs was 28.1 % and 53.1 %, respectively. When the substance was
administered in the dose of 200.0 mg/kg, the residual amount of the microform
was 57.0 %, and that of the nanoform — 62.3 %. In subsequent periods, a
statistically significant decrease in the content of only nano-Al was registered.

The comparison of lung clearance indices (mg/h) for both forms revealed
their direct correlation with the exposure level.

Intratracheal instillation of aluminum microparticles (200.0 mg/kg)
caused an increase in the relative lung mass coefficient on days 7 and 14. The
use of nano-powder in both doses caused the mass change starting from the first
day.

The results of histological analysis of lung tissue showed dose-dependent
single to multiple granulomatous formations in all animals exposed to micro-Al.
Nano-Al, in its turn, induced rapidly progressive interstitial granulomatous form
of aluminosis with the formation of epithelioid cell granulomas and giant cell
granulomas at all tested exposure levels. In addition to the lung tissue, nano-Al
particles were also found in the mediastinum lymph nodes in experimental rats
following the exposure to both 40.0 mg/kg and 200.0 mg/kg of aluminum
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nanoparticles, while micron-sized particles were found in the lymphoid tissue of
those animals that were exposed to the maximum dose.
Conclusions:
1. Regardless of the exposure level and the aluminum particles size, the largest
amount of the substance is cleared from the lungs during the first day.
2. The clearance rate of both nanodispersed and microdispersed aluminum
correlate with the exposure level.
Aluminum nanoparticles induce more pronounced morphostructural
changes in the lung and lymphoid tissues compared to their microdispersed
counterparts.
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A.A. Antsiferova!, M.Yu. Kopaeva!, V.N. Kochkin!, PX. Kashkarov!-
ACCUMULATION OF SILVER NANOPARTICLES IN
MAMMALIAN BRAIN AND THEIR INFLUENCE ON

COGNITIVE FUNCTIONS

' National Research Center «Kurchatov Institutey, Moscow, Russian Federation
2 Lomonosov Moscow State University, GSP-1, Moscow, Russian Federation

Silver has been used since ancient times for medicinal purposes due to its
antiseptic properties. So, in the Hindu (Ayurvedic and religious) literature, it is
mentioned about the disinfection of water by immersing hot silver in it, or with
prolonged contact with metallic silver under normal conditions. Knights of the
Knights of the Hospitaller Order applied the unique properties of silver too. So,
in the 16th century, use of silver dishes helped to prevent intestinal infections
among the knights during the attacks of the island of Malta by the Ottoman
Turks. Thus, it helped the knights to repel an attempt to seize the island by
Turks. After 1800, in addition to metallic silver, its salts (lapis) and colloidal
silver (protargol, argirol) began to be used. Currently, the application of silver
nanoparticles is widespread in the food, light and pharmaceutical industries, as
well as in medicine. They are used in dietary supplements, as coatings for
wound dressings, in packaging materials, as a preservative for food products, in
textiles, etc. Silver compounds, including their nanoparticles, can have a toxic
effect not only on pathogens, but also on healthy cells. The mechanism of the
toxic action of silver, as a rule, is associated with the generation of reactive
oxygen species by its ions. In this case, silver nanoparticles, most likely, can
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have a prolonged effect in the form of a depot for ions. Therefore, it is important
to understand the potential risks of using such nanoparticles.

In the present work, the effect of long-term oral administration of silver
nanoparticles on the cognitive functions of laboratory mammals was
investigated, as well as silver accumulation curves in the brain and its parts were
obtained and histopathological characteristics were studied.

Materials. A food supplement based on silver nanoparticles with a size of
34 £ 5 nm and stabilized with polyvinylpyrrolidone was investigated.

C57BIl/ 6 male mice were used as a mammalian model. The animals were
kept in individual cages throughout the experiment. The introduction of silver
was carried out for 30, 60, 120 and 180 days in the composition of drinking
water in an amount of 50 pg/day/animal. Control mice received deionized water.

Methods. The size distribution of silver nanoparticles and the stability of
solutions were determined by Dynamical Light Scattering. To study cognitive
functions, a conditioned reflex freezing model was used, which made it possible
to assess long-term contextual memory. The silver content in the brain and its
parts (hippocampus, cerebellum, cortex, and remnant) was determined by
Neutron Activation Analysis based on the activity of the ''"""Ag isotope. For
histopathological studies, samples were stained according to Nissl and examined
using light microscopy.

Results. The dependence of the mass of silver in the brain on the period of
nanoparticle administration is a monotonically increasing function. Apparently,
the expected saturation is not achieved at the studied times of administration.
Also, it was determined that silver accumulates in all the examined parts of the
brain. Relatively high silver concentrations were observed in the hippocampus
and residual brain. Histopathological studies showed that starting from 120 days
of nanoparticle administration, loosening of the CA2 region of the hippocampus
was observed. After 180 days of nanoparticle administration, a decrease in long-
term contextual memory was found.

Conclusions. Long-term oral administration of nanoparticles can be
unsafe and irreversible. Apparently, the accumulation of silver in the brain and
loosening of the CA2 region led to cognitive impairment. Also, the cause of
changes in cognitive functions can be effects at the general body level.

Acknowledgments. The research was financially supported by Russian
Foundation for Basic Research (grant N 21-315-70016)
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G.F. Gabidinova, L.M. Fatkhutdinova
PRINCIPLES OF ASSESSING GENOTOXICITY OF CARBON-
BASED NANOMATERIALS IN VITRO

Kazan State Medical University, Kazan, Russian Federation

Introduction of new nanomaterials (NM) into industry requires
understanding of effects of these materials on the environment and human
health. The genotoxic effect of nanomaterials on cells raises major safety
concerns.

Genotoxicity describes the property of chemical or physical agents that
can alter genetic information. Genotoxic events can be temporary or can lead to
mutations in the amount or structure of genetic material in a cell. A mutation in
a germ cell is passed on to the next generation and may induce a hereditary
disorder. In somatic cells, a critical gene mutation may cause cancer. Thus, each
mutagen is considered to be potentially carcinogenic.

Direct and indirect mechanisms of genotoxicity of nanomaterials (NMs)
are distinguished. NMs captured by cells can come into direct contact with
genetic material causing physical or chemical damage. However, the most likely
mechanism of NM-induced genotoxicity is indirect, via intermediate
biomolecules. The key indirect mechanism of NM-induced genotoxicity is
oxidative stress. Induction of reactive oxygen species (ROS) by NM can damage
DNA and other cellular components. These two mechanisms are primary.
Secondary mechanisms of genotoxicity are mediated by extracellular ROS
through inflammatory reactions of macrophages and neutrophils. In addition, the
small size and properties of nanomaterials can determine the effect of specific
mechanisms: in the case of nanotubes, there are studies demonstrating their
ability to mimic microtubules, thereby disrupting the process of cell division.

The principles of genotoxicity testing established for chemical compounds
are often used for the study of nanomaterials but they require optimization and
special attention to some details. Thus, physicochemical characterization of
nanomaterials, the study of the uptake of nanoparticles by cells, and the study of
general mechanisms of genotoxicity are mandatory.

Physicochemical characterization of nanomaterials is carried out using
high-resolution microscopic methods, X-ray structural analysis, and mass
spectrometry. For the analysis of suspensions, such methods as dynamic light
scattering, nanoparticle tracking analysis, and electrophoretic light scattering are
applied.

Before testing for genotoxicity, it is necessary to know the cytotoxicity of
the NMs tested in order to select the appropriate concentration range. The most
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important tests are based on the determination of cell viability. The popular
MTT assay is a colorimetric test that evaluates the metabolic activity of cells. In
addition, viability can be determined using microscopy, flow cytometry, and
determination of lactate dehydrogenase.

Genotoxicity can be assessed only after the preliminary steps. The
strategy should cover important endpoints of genotoxicity, including DNA
damage, gene mutations, and chromosomal damage. The in vitro mammalian
gene mutation test, usually performed using mouse lymphoma cells, detects a
wide range of genetic damage, including gene deletions. The most common test
for detecting chromosomal damage is a micronucleus assay in vitro. DNA strand
breaks are most often assessed using the comet assay (single-cell gel
electrophoresis).

Our study aimed to investigate the potential genotoxicity and its
mechanisms when exposed to carbon nanotubes of various types produced at
Russian innovative enterprises. The cytotoxicity of single-walled carbon
nanotubes has been assessed on the cell lines BEAS-2B and RAW264.7 so far.
During the experiment, we established penetration of the studied materials into
cells while its mechanisms remain unclear. The effect of the test materials on
BEAS-2B and RAW 264.7 cells had no cytotoxic and proapoptogenic outcomes.

YK 615.9:615.099.092:577:615.777.9:616.12:57.084.1
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COMPARATIVE ANALYSIS OF EFFECTS OF LEAD AND
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YUB RAS Institute of Immunology and Physiology, UB RAS Institute of
Immunology and Physiology, Yekaterinburg, Russian Federation
? Yekaterinburg Medical Research Center for Prophylaxis and Health Protection
in Industrial Workers, Yekaterinburg, Russian Federation

Cardiovascular diseases are the main cause of death worldwide; they
account for almost 32 % of global deaths and over 50 % of all deaths in the
Russian Federation, thus necessitating research on the heart structure and
function in normal and pathological conditions. Since all chambers of the heart
are structurally and functionally different and contain various levels of
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contractile proteins, it is expedient to study each chamber taken separately for a
better picture of how the heart functions.

Toxic compounds of lead and cadmium affect the structure and function
of the heart, contributing to the onset and exacerbation of cardiovascular
diseases. Lead and cadmium are present in the air, household dust, soil, water,
food, and many consumer products. They accumulate and persist in the
environment posing risks of adverse health effects of toxic exposure many years
after the cessation of industrial emissions. Lead and cadmium also accumulate in
the bone and other tissues of humans and animals with a half-life lasting
decades.

Compounds in the form of nanoparticles are more readily available at the
cellular level compared to particulates and their effect is, therefore, more
detrimental. Studies of the impact of lead and cadmium nanoparticles on the
contractile function of the myocardium at the level of isolated proteins have not
been conducted so far despite all the assumptions of their immediate effect on
contractile proteins.

A solution of lead acetate and cadmium chloride (6.01 and 0.377 mg/kg
body weight of lead and cadmium, respectively) was injected intraperitoneally
to outbred rats thrice a week, up to 18 injections at a time. Sterile water was
injected to control rats.

The in vitro motility assay was used to determine the sliding velocity of
regulated thin filaments consisting of actin, troponin, and tropomyosin on
myosin isolated from different parts of the heart.

Chronic intoxication with lead salts slowed down the maximum sliding
velocity of the reconstructed thin filament (Vmaxr) on myosin of the atria, right
and left ventricles by 26 %, 24 %, and 19 %, respectively.

Chronic intoxication with cadmium salts reduced Vmaxr on atrial myosin
by 20 % while increasing Vmaxr by 26 % and 3 % on myosin of the right and left
ventricles, respectively.

Combined chronic toxic exposure to lead and cadmium salts decreased
Vmaxr of thin filament on atrial and left ventricular myosin by 28 % and 12 %
while increasing that on the right ventricular myosin by 12 %.

Chronic intoxication with lead nanoparticles slowed down the maximum
sliding velocity of the native thin filament (Vmax~) on atrial, right and left
ventricular myosin by 14 %, 12 %, and 16 %, respectively.

Chronic intoxication with cadmium nanoparticles reduced Vmaxy on atrial
myosin by 6 % and on that of the right and left ventricles — by 5 % and 8 %,
respectively.

Combined chronic toxic exposure to lead and cadmium nanoparticles
caused a reduction in Vmaxn of filament on atrial myosin by 26 %, on myosin of
the right and left ventricles — by 7 % and 19 %, respectively.

47



We conclude that manifestation and extent of adverse health effects of toxic
exposure depends both on the form of the xenobiotic (salt or nanoparticle) and
on the specific part of the heart.

YK 615.9:615.099.092:577
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2Ural Federal University named after the First President of Russia B.N. Yeltsin,
Yekaterinburg, Russian Federation

Several studies indicate a stronger toxic effect of nanomaterials containing
metal oxides compared to salt solutions of metals and metal oxides, but little
attention is paid to comparing toxicity of nanoparticles and their specific
components. In our previous study, we observed less pronounced changes in the
concentration of nucleic acids and histone proteins in blood lymphocytes of rats
exposed to iron-molybdenum polyoxometalates (POMs) compared to those
exposed to a mixture of POM components. Application of POMs in medicine
seems promising thanks to their low toxicity, ability to form associates with
biologically active compounds, electrophoretic transport, decomposition into
constituent elements utilized by the body, inability to accumulate in liver,
kidney and bone tissues upon subchronic administration. At the same time,
health effects of POMs and their constituents remain poorly investigated. The
study aimed to reveal the effect of single and multiple subchronic exposures to
iron-molybdenum polyoxometalates and a mixture of POM components on
biochemical and hematological parameters in rats.

Materials and methods. Fifty male Wistar rats weighing 220-280 g were
used in the experiment; the keeping and handling of animals were in accordance
with EU Council Directive 2010/63/EU. We divided animals into three groups:
controls (1), POM exposure (2) and POM component exposure (3). Groups 2
and 3 were divided into subgroups of five rats receiving 1, 7 and 30
intramuscular injections of a POM solution or POM components’ solution in
water for injection in a daily dose of 1.5 mg/kg. The rats were withdrawn from
the experiment on days 1, 7 and 30, respectively. The mixture of POM
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constituents was obtained by POM destruction with an increase in pH and
neutralization of the solution. Biochemical and hematological methods were
used.

Results and discussion. One, seven and thirty POM injections induced no
changes in the activity of AST, ALT, alpha-amylase, alkaline phosphatase
(ALP), and bone isoenzyme of ALP, the content of total protein, urea and
creatinine in the blood plasma of the exposed animals compared to the controls.
These results indicate no cytolytic syndrome, including that in the liver and
myocardium, no damage to the acinar part of the pancreas, changes in bone
tissue, preservation of the protein-synthetic function of the liver or kidney
filtering capacity. The increase in the glucose level and the AST/ALT ratio
following seven POM injections was probably associated with the procedure of
intramuscular injections requiring 30 days of adaptation itself. Seven-fold
administration of POM components induced an increase in glucose blood levels,
AST and ALP activity and a decrease in AST/ALT ratio; the last two parameters
exceeded the normal levels on the 30 day.

During the whole experiment, the POM exposure caused the increase in
the levels of hemoglobin, erythrocytes, the content and level of hemoglobin in
erythrocytes, and hematocrit. The exposure to POM components induced only
the increased hemoglobin level by the 7% day while the number of platelets
decreased over the same period. We observed a decrease in the count of
leukocytes, lymphocytes, granulocytes, and mid cells following one and seven
injections of POM and their normalization by the 30" day. Following the
exposure to POM components, leukocyte, lymphocyte, and mid cell counts
decreased to a greater extent and failed to normalize after 30 injections.

Conclusion. The effect of POM could be assessed as less toxic compared
to that of POM components not organized into nanoparticles. Intramuscular
injection of POM, in contrast to POM constituents, induced the increase in blood
hemoglobin levels and erythrocyte count and was accompanied by less
pronounced leukopenia.

The studies were carried out within the assignment of the Russian
Ministry of Science and Higher Education (Projects No. 4.6653.2017/8.9 and
No. AAAA-A21-121012090094-7).

49



YK 615.9:620.3:615.4:615.5

V.A. Hrynchak, S.I. Sychik
CURRENT ISSUES OF COMPREHENSIVE
TOXICOLOGICAL AND HYGIENIC ASSESSMENT OF
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Scientific and Practical Center for Hygiene, Minsk, Republic of Belarus

Currently, owing to the size and physicochemical properties of
nanomaterials, medical products and devices that produce, contain, or consist of
such materials are widely used in clinical practice. A medical device is
considered a nanomaterial if its external and internal parameters or structures
have a size of 1-100 nm. The nanomaterials can be powders or colloidal
dispersions, form a part of the matrix and/or surface of the product. The use of
nanotechnologies has helped obtain new suture materials such as polylactic acid
fibers that can adhere without glue to the edges of a surgical incision and close it
from the external environment, preventing infection and improving healing. The
material is self-absorbable, so sutures do not need to be removed.

Nanomaterials are able to move through the body and be captured by
tissues; they can affect biological processes at the cellular, subcellular and
biomolecular levels being able to cross not only the cell membrane, but also
intracellular structural elements, interacting and changing the basic cellular
functions. In addition to the dose and elemental composition of nanomaterials,
such factors such as particle shape, surface area, function, ability to form
agglomerates and surface charge play a decisive role in their distribution in the
human body and toxicity.

Today, according to the state register of medical devices and products,
more than forty medical items consisting of nanomaterials produced in the U.S.,
the Russian Federation, Italy and the Republic of Belarus are registered and
eligible for sale on the territory of the Republic of Belarus.

In accordance with the “General Requirements for Safety and Efficiency
of Medical Devices, Requirements for their Labeling and Specifications”
approved by Decision No. 27 of the Council of the Eurasian Economic
Commission on February 12, 2016, the label and instructions for use of a
medical product shall declare the presence of nanomaterials in it, if the latter are
not contained in a bound state that excludes the possibility of consumers’
exposure to them when used as intended.

According to guidelines of the Board of the Eurasian Economic
Commission on the list of standards, a voluntary application of which, fully or
partially, ensures compliance of medical devices with the above General
Requirements, the studies of biological effects of medical products containing
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nanomaterials are conducted in accordance with GOST ISO 10993-22-2020,
Medical devices. Biological evaluation of medical devices. Part 22. Guidance
on nanomaterials. This international standard is a guideline describing the
amount of knowledge at the time of its preparation and containing no specific
methods for studying biological effects of nanomaterials for medical purpose.
Application of traditional approaches to assessing biological effects of medical
devices outlined in the ISO 10993 series can lead to inadequate assessment of
nanomaterials because of their potency to cross all protective barriers of the
body and reach organs and systems inaccessible to conventional materials. The
biological effect depends neither on the concentration nor the number of
molecules, but on the nanomaterial itself.

We believe that the existing methodology for toxicological and hygienic
assessment of medical devices underestimates the potential toxicity and health
hazard of nanomaterials in medical devices, thus increasing the relevance of
further research on the topic.
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!Department of Toxicology, University of Medicine and Pharmacy of Craiova,
Craiova, Romania
’Department of Clinical Pharmacy, University of Medicine and Pharmacy of
Craiova, Craiova, Romania

Inappropriate use of antibiotics is one of the causes of the development of
multiple resistance bacteria. Silver nanoparticles (AgNPs) are seen as an
excellent option for treating bacterial, fungal and viral infections because, in
addition to having a marked antibacterial profile, they contribute to wound
healing, are durable and effective, and are relatively inexpensive. We
synthesized AgNPs functionalized with ethylene glycol (EG) by reduction
reaction of silver nitrate in an alkaline solution of EG and sodium hydroxide.
The sub-chronic toxicity Ag-EG NPs was tested on 40 rats of the 12-week CD-
SD species. Animals were divided into 4 groups of 10 rats per group (5 females
and 5 males) and exposed for 28 days intraperitoneally at 0 mg/body weight; 1
mg/kg body weight Ag-EG, 2 mg/kg body weight Ag-EG, 4 mg/kg of Ag-EG
body. At the end of the study the animals were sacrificed and the blood was
collected for complete biochemical evaluation, and the liver, kidney, spleen,
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heart, lung, and brain were harvested for histopathological analysis. AgNPs
functionalized with EG showed low toxicity at the maximum tested doses of 4
mg/kg body weight administered intraperitoneally, showing promising results
for clinical application.

YK 615.9:615.099.092:577:661.846.22:57.084.1
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FEATURES OF THE BIOLOGICAL ACTION OF
MAGNESIUM OXIDE NANOPARTICLES IN A SUBCHRONIC
EXPERIMENT

Scientific and Practical Center for Hygiene, Minsk, Republic of Belarus

Today, magnesium oxide (MgO) nanoparticles are widely used in food
and chemical industries, medicine and pharmaceuticals, electronics and optics,
in the production of high-quality ceramics, paper, fungicides, as an additive to
fuel and an agent for purification of petroleum products. In general, it is
necessary to note the growing demand for MgO nanoparticles.

Despite the 20-year history of the global use of nanomaterials, none of
them has been studied completely, which impedes assessment of potential health
risks posed by their application. It has been established that MgO nanoparticles
have a high degree of potential health hazard due to their ability to generate
reactive oxygen species, cause lethal changes in cells, accumulate in various
organs and induce their pathological changes, influence proteomic and
metabolomic profiles, trigger genotoxic and embryotoxic effects. Considering
the wide range of applications of MgO nanoparticles in various fields of human
activity and potential risks of their exposure, the research on the biological
effects of magnesium oxide is relevant.

We studied experimental samples of MgO nanoparticles produced in
B.I. Stepanov Institute of Physics of the National Academy of Sciences of
Belarus using one of the methods of physical synthesis, having the following
characteristics: the size of MgO nanoparticles ranged from 30 to 50 nm, the
hydrodynamic diameter of more than 80 % of particles was 50-240 nm, and the
value of the E—potential in a colloidal solution was 15.3 £0.7 mV. The MgO
nanoparticles were stabilized in a colloidal solution with distilled water. The
biological effect of MgO nanoparticles was studied in a subchronic experiment
conducted on nonlinear rats in compliance with the requirements for humane
treatment of animals. Groups of eight animals each were formed randomly.
MgO nanoparticles were injected intragastrically through a probe at doses of
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100, 200 and 400 mg/kg for 3 months. A group of control animals received
distilled water in the appropriate amount. After cessation of exposure, we
studied the organs and systems of the rat and established their morphofunctional
and biochemical parameters. Statistical processing of experimental data was
performed by nonparametric methods using the licensed software
STATISTICA 13.

Following intragastric exposure to MgO nanoparticles at doses of 100,
200 and 400 mg/kg, the most pronounced changes in organs and functional
systems of the body were noted in response to the highest dose. The
predominance of excitation processes was observed in the central nervous
system (the value of the summation subthreshold potential decreased in the
experimental groups at doses of 200 and 400 mg/kg by 19.3 % and 30.8 %,
respectively, p <0.05). In relation to liver, we found inhibition of activity of
alanine aminotransferase and aspartate aminotransferase in blood serum. The
impaired renal function was manifested by alkaline urine (p <0.05) and a
decreasing daily diuresis. As for morphological indicators, we established a
statistically significant 10 % increase in liver mass and a 10 % to 20 % decrease
in the mean heart mass. Clinical and diagnostic indicators revealed changes in
peripheral blood (p < 0.05) manifested by decreased hematocrit (by 1.08 times),
increasing color index, lymphocytosis, monocytopenia, and an increasing
platelet count. A significant increase in total protein was determined in blood
serum (at a dose of 400 mg/kg, its level was 1.28 times higher than that in the
controls, p < 0.05) accompanied by decreased contents of chlorides, glucose and
lipids (p < 0.05).
Based on the results of the subchronic experiment with intragastric exposure, we
established the ability of MgO nanoparticles to cause dose-dependent toxic
effects on the body.
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According to the World Health Organization (WHO), diseases of the
cardiovascular system (CVD) are the leading causes of death worldwide.
Pollution of occupational and non-occupational environment with toxic metals,
especially lead and cadmium, is one of the risk factors for CVD. Many
researchers have demonstrated that toxic exposures to lead and cadmium
increase the risk of CVD. Inhalation exposure to metal nanoparticles in the
workplace air is particularly dangerous. Effects of nanoparticles (NPs) on the
cardiovascular system have been poorly studied so far.

The study aimed to analyze the effect of lead and cadmium oxide
nanoparticles (PbO NPs and CdO NPs) on the cardiovascular system.

Suspensions of metal oxide nanoparticles (2.32 mg for Pb and 0.22 mg for
Cd per kilogram of body weight) were obtained by laser ablation. The particles
had a near-spherical shape. Their mean diameter (+ standard deviation) was
49.6 + 16.0 nm for PbO NPs and 57.0 + 13.0 nm for CdO NPs. Toxic exposure
was simulated on white outbred male rats, randomly divided into four groups
(control, PbO NPs, CdO NPs, and PbO NPs+ CdO NPs exposures), twelve
animals each. The age of the animals at the beginning of the experiment was 2.5
months, the weight was about 225 g. Nanoparticle-containing suspensions were
injected intraperitoneally, either separately or in combination, thrice a week
during six weeks. At the end of the experiment, the electrocardiogram (ECQG)
parameters and arterial blood pressure in animals were recorded non-invasively;
specific parameters of blood serum, including concentration of calcium,
endothelin-1, natriuretic peptides, and activity of angiotensin converting enzyme
(ACE) were studied followed by a histological analysis of heart tissues.
Myocardial contractility was assessed using isolated multicellular preparations,
1.e. trabeculae and papillary muscles in isometric and physiological modes of
contractions. The response surface methodology was used for mathematical
description of the combined toxicity.
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A decrease in the level of calcium and endothelin-1 was observed
following the exposure to PbO NPs and CdO NPs, both separately and in
combination. The concentration of natriuretic peptides decreased in the
combined exposure group. Exposure to PbO NPs lowered the ACE level both in
isolation and in combination with CdO NPs.

In all experimental groups, a decrease in blood pressure (BP) parameters
was observed, which was most pronounced for mean BP. ECG changes
following different exposures were ambiguous.

Histological preparations demonstrated thinning of cardiomyocytes
following all three toxic exposures to NPs.

In the group of exposure to PbO NPs, time to peak force and relaxation
time in the papillary muscles increased by 50 % of the maximum amplitude. At
afterloads P = 0.7-0.9P/Po, the PbO NPs + CdO NPs exposure reduced the force
— velocity ratio in trabeculae. In the same group, we observed a decrease in the
end systolic length in the trabeculae at P = 0.1-0.7 P/Po. In all groups of rats
exposed to NPs, the work done by cardiac muscles decreased: in the trabeculae
following the exposure to CdO NPs and PbO NPs + CdO NPs, and in papillary
muscles — following those to PbO NPs and CdO NPs.

The type of combined cardiovascular toxicity of PbO NPs and CdO NPs
1s ambiguous. It depends on the effect of toxic exposure, its extent, the ratio of
doses of toxicants, the degree of stretching of cardiomyocytes, and the type of
muscles under study.

The influence of PbO and CdO nanoparticles was manifested by decreased
hemodynamic parameters, obvious signs of dystrophy of the myocardium and
corresponding decrease in its efficiency.
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The main condition for correct management decisions on the development
of preventive measures during occupational contact with nanosized particles and
fibers is an objective characteristic of the exposure. Total mass and mass of
individual size fractions of aerosol, surface area and number of particles are
used as the exposure indices. With regard to nanosized particles, the
traditionally main integral control index (particle mass) needs to be
supplemented by at least data on the number of particles.

There are direct and indirect methods for the air pollution control. Direct
ones are methods for determining concentration in indices that fit the physical
properties of the particles, which are the measurement’s base. Indirect methods
are intended for obtaining indices of the air dustiness level, based on the use of
any property of dust particles, different from the ones that are used to express
this index. Despite the increasingly widespread use of devices for the indirect
determination of dust concentrations, including those with separation into
individual fractions, direct methods are still prioritized in world practice to
obtain comprehensive exposure characteristics. Among them, the use of electron
microscopy (EM) is considered as one of the most priority areas, which makes it
possible to maximally characterize dust particles in the air samples, especially
fine particulate matter, nanosized and fibrous ones.

The development of modern approaches to the control of nanosized
particles in air, primarily nanofibers, can be illustrated by the example of natural
nanotubes. Naturally occurring phyllosilicates (silicate-based layered structures)
are structurally diverse, and some of them have the ability to form nanotubes.
The layers of silicon-oxygen tetrahedra in their structure are separated from each
other and linked by cations. Such structure have talc, serpentine, palygorskite,
micas, hydromicas, chlorites, clay minerals, titanosilicates, uranosilicates and
many others.
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Nanosized tubes (nanotubes) predominantly are formed by magnesium
and aluminosilicates. All of them, to varying degrees, are used in various
industries and, under certain conditions, may cause negative effect on human
health. The most known is chrysotile asbestos or -chrysotile (fibrous
serpentinite), the visible fibers of which consist of bundles of nanotubes.

The widest use of chrysotile in the XX century, along with other varieties
of "asbestos" — needle-like crystals of ferrosilicates (fibrous amphiboles) and the
possibility to provoke in conditions of uncontrolled exposure a number of
occupational diseases, including cancer, caused serious attention to the
development of methods for controlling their content in working zone air.
Taking into account the fibrous structure, which determines significant
differences from non-fibrous particles in the ability to stay in the air for a long
time, penetrate and deposit in the lower respiratory tract, interact with organs
and tissues, control indices expressed in the mass of particles were found
insufficient, indirect control methods are inapplicable and there were proposed
exposure indices expressed in number of fibers of a certain size per unit volume
of air, determined using optical microscopy (OM) and EM.

The experience of the practical use of these methods convincingly
demonstrates the critical importance of not only careful choice of air sampling
methods, materials and equipment used (filters and samplers, OM and EM with
the required characteristics and, in case of EM, equipped by appropriate tools for
studying the type and composition of fibers, as well as various auxiliary
equipment), but also highly qualified operators. This experience seems to be
valuable for the further development of approaches of determination of exposure
characteristics, including man-made nanotubes and nanoparticles.
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Federal Research Centre of Nutrition, Biotechnology and Food Safety,
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Nowadays, bentonite clay (BC) is widely used in the food industry, in
such areas as the production of beverages, food additives, packaging materials,
adsorbents (for cleaning oils). However, data on its oral toxicity in vivo are
inconsistent.

The study aimed to identify biological effects in terms of accumulation of
elements in the liver and kidneys of laboratory animals treated with BC during a
92-day subacute experiment.

“Monamet 1H1®” bentonite clay (METACLAY JSC, Russia) was used
for the experiment carried out on 64 male Wistar rats (4 groups of 16 animals
each). The animals received semi-synthetic balanced diet according to AIN-93
with addition of BC dispersion in doses 0 (control); 1; 10 and 100 mg per kg
body weight during 92 days of the experiment. The rats were weighed weekly
and on the 93" day of the experiment were taken out from the experiment after
16-hour fasting. Blood samples were taken and organs were weighed and frozen
at -20 °C. Concentrations of Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cs, Cu,
Fe, Ga, Gd, K, La, Mg, Mn, Na, Ni, P, Pb, Rb, Se, Sr, Tl, V, and Zn were
analyzed in the liver and kidney of animals by inductively coupled plasma mass
spectrometry.

Sample digestion was carried out using the TOPWAVE microwave
pressure sample mineralization system in a 5:1 solution of concentrated nitric
acid and concentrated hydrogen peroxide followed by the analysis using an
Agilent Technologies 7700x inductively coupled plasma mass spectrometer.

In the liver of the rats treated with BC, a significant dose-dependent
decrease in the content of B, Be, Ce, and Cs compared to the control group was
observed and confirmed by the factor analysis of variance (p <0.05). The
content of such vital elements as K, Mg and Na, which are the main structural
elements of cells and living organisms, did not change in animals receiving
different doses of BC compared to the control group (factor analysis, p > 0.05).
There were also no significant changes in the content of Ag, As, Ca, Cr, Ga, Se,
Tl, and Zn depending on the BC dose, although the differences with the control
group were statistically significant. It is interesting to note that while the content
of Ag, As, Ca, Ga, Se, and T1 in liver of the exposed rats decreased to some
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extent compared to the controls, the content of Cr and Zn, on the contrary,
increased (insignificantly in absolute value). No significant changes were found
in the accumulation of such elements as Al, Ba, Cd, Co, Cu, Fe, Gd, La, Mn, Ni,
Pb, Rb, Sr and V in liver of the exposed animals compared to the control group
(ANOVA, factor analysis, p > 0.05). In kidneys, significant (ANOVA, p <0.05)
dose-dependent changes in accumulation were observed in animals receiving
BC for Mg and P (decrease), Cs and Ag (increase), which, however, was
confirmed by factor analysis (p < 0.05) only for P. The content of B, Ba, Be, Ca,
Cd, Ce, Cu, Fe, Ga, K, La, Mn, Se, Sr and Zn in the exposed animals decreased
compared to the control group with Ca, Fe, K, La, and Zn demonstrating a
significant trend in dose dependence.

Our findings qualitatively correlate with the data reported in [Shipelin
VA, Shumakova AA, Musaeva AA, et al. Peroral toxicological assessment of
bentonite nanoclay used in the food industry. Voprosy Pitaniya. 2020;89(3):71—
85], in which we demonstrated the effect of BC on the inhibition of protein
catabolism with a simultaneous increase in body weight of animals, the
development of immune response and inhibition of growth of bifidoflora. We
may conclude that the adverse health effects are associated with the suppressive
effect of BC on symbiotic intestinal microflora and, as a consequence, a
decrease in the accumulation of several elements, including toxic and essential
elements. These findings should be considered when assessing the risks posed
by the use of BC in the food industry.

YK 615.9:614.777:577:669.22
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During the experimental substantiation of the maximum permissible
concentration of spherical silver nanoparticles (2040 nm diameter; 10 to 90
percentile) in the water of water bodies used for household, drinking, and
recreational purposes, we studied their negative effect on the main processes of
water self-purification established by the biochemical oxygen demand (BOD»),
the life cycle of saprophytes, and nitrification rates (nitrogen triad). The studies
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were conducted in accordance with the requirements of current guidelines MU
2.1.5.720-98, Substantiation of hygienic standards of chemicals in water of
water bodies used for household, drinking and recreational purposes.

When setting up the experiment to determine BOD2o, the substance was
introduced into water reservoirs in the following concentrations: 0.22; 4.4 x 10
2, 8.8 x107%; 1.8 x 103, and 3.5 x 10* mg/L. The choice of above levels was
based on the results of previous assessments of organoleptic and toxicological
properties of silver nanoparticles on experimental animals.

During the first ten days, we observed a significant inhibition of aerobic
oxidation in the water with three added maximum levels of the preparation of
silver nanoparticles while the concentration of 3.5 x 10 mg/L demonstrated no
significant deviations from corresponding control values.

To assess the life cycle of saprophytic microflora, we introduced the test
substance in concentrations of 1.8 x 103; 3.5 x 104, and 7.0 x 10° mg/L and
then analyzed water samples 14 days after inoculation.

The results showed that two high levels of silver nanoparticles in the
“artificial” reservoirs induced multidirectional negative changes in the number
of saprophytic colonies having an adverse effect on self-purification of this
ecosystem. The lowest added level of 7.0 x 10° mg/L neither inhibited nor
stimulated the growth of these microorganisms.

The effect of silver nanoparticles on nitrification processes in water was
assessed for their concentrations of 1.8 x 1073, 3.5 x 10* and 7.0 x 10 mg/L in
“artificial” reservoirs. Testing of water samples was carried out one hour and
then 1, 3, 7, 10, 14, 17, 21, 23, 26, 27, 28, 29, 30, and 33 days following
introduction of the substance. We observed a negative effect of two high levels
on the nitrogen triad: from the beginning and up to the 17® day of the
experiment, multidirectional shifts in nitrification processes at the stage of
nitrate formation were noted. In subsequent days, while maintaining the
indicated deviations, transformations were also recorded at the initial stage of
ammonification and at the intermediate oxidative stage (nitrite-nitrogen). This
fact indicates disruption of the processes of aquatic ecosystem self-purification,
l.e., the imbalance in the ratio between the content of various nitrogen
compounds necessary for normal functioning of the fauna and flora in water
bodies. At the concentration of 7.0 x 10~ mg/L, no significant differences from
the control were registered during the entire experiment, enabling us to interpret
this value as a subthreshold one.

The summary analysis of study results indicates the ability of silver
nanoparticles to exert negative impact on the processes of water self-cleaning
and self-healing. The concentration of silver nanoparticles of 3.5 x 10 mg/L is
recognized as threshold while the level of 7.0 x 10° mg/L is the maximum
inactive for the general sanitary criterion of hazard.
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Comparison of the maximum inactive concentration obtained in the series of
experiments with the same value previously established for organoleptic
(8.8 x 10 mg/L) and toxicological (4.4 x 10 mg/L) signs of hazard gives
evidence of the fact that the general sanitary indicator is the limiting factor in the
experimental substantiation of the hygienic standard for silver nanoparticles
with the diameter of 20-40 nm (10-90 percentile) in the water of water bodies
used for household, drinking, and recreational purposes.
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Anthropogenic pollution of the environment can be persistent and difficult
to eliminate while truly safe occupational exposure levels of certain chemicals
are technically unattainable or presumably non-existent. As an additional way of
managing health risks by reducing adverse exposures, biological prevention is
aimed at enhancing defense mechanisms of the organism. This approach to
managing health risks is especially relevant in case of multicomponent pollution
of both occupational and non-occupation environment, which is typical of many
industrialized territories.

Toxicological experiments were carried out on outbred white rats using
three different routes of administration in a series of acute, subchronic and
chronic experiments. Bioprotectors as part of the so-called bioprophylactic
complexes (BPCs) were used in parallel with subchronic intraperitoneal
inoculation of rats, during inhalation exposure, or before a single intratracheal
injection of nanoparticles.
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We applied a complex of methods of hygienic, toxicological analysis
including techniques of bioprophylaxis, biochemical, cytochemical, functional,
physiological, histological, and morphometric tests, optical, semicontact atomic
force, scanning and transmission electron microscopy, and statistical methods of
data analysis.

Specific methods of improving the body resistance to isolated and
combined toxic effects of nanoparticles have been theoretically substantiated
and experimentally tested. A series of experiments has demonstrated that
toxicity can be reduced by increasing the body resistance to it using safe
bioprotectors selected on the basis of general theoretical assumptions, taking
into account both general toxicokinetic and toxicodynamic mechanisms of
especially harmful effect, and the specifics of effect of certain toxicants in a
nanoscale state. We substantiated and successfully tested in toxicological
experiments the use of a number of bioprotectors that increase the body
resistance to the genotoxic effect of nickel nanoparticles; pulmonotoxic effect of
amorphous silicon dioxide nanoparticles; a combined toxic effect of oxide
nanoparticles of copper, zinc and lead; lead and cadmium; aluminum, titanium,
and silicon. We were first to demonstrate the cardiovasoprotective effect of the
developed bioprophylactic complex against the combined effect of lead and
cadmium nanoparticles. Of particular importance is the fact that bioprophylactic
complexes significantly attenuated the genotoxic effect of the above
combinations.
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Occupational exposure to selenium and its compounds, including
nanoscale forms, occurs in glass production, rubber industry, metallurgy (in the
processing of copper sludge, copper pyrite roasting, and production of
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manganese, selenium and tellurium). Such a widespread occurrence necessitates
an experimental assessment of its toxicity.

Subchronic intoxication of rats by repeated intraperitoneal injections (18
injections 1in total) of stable aqueous suspensions of selenium oxide
nanoparticles in various dosages was manifested by weak shifts in health status
indicators. We tested three doses of 3.6, 18 and 36 mg/kg body weight, which
induced statistically significant changes from control indices by 14.9 %, 14.9 %,
and 14.4 %, respectively. Nanoparticles were obtained by laser ablation at the
Ural Federal University.

All doses tested caused a decrease in the activity of succinate
dehydrogenase in blood lymphocytes reflecting the intensity of cellular
metabolic processes, which is probably associated with the replacement of labile
sulfur atoms in this compound with selenium. This assumption is consistent with
the literature data on the replacement of sulfur by selenium nanoparticles in
proteins. The number of eosinophils in smears and imprints of parenchymal
organs increased, thus indicating the ability of selenium oxide nanoparticles to
trigger signaling cascades in immunocompetent cells. Total doses of 18 and 36
mg/kg body weight provoked changes of almost the same degree of severity
including, inter alia, a sharp increase in the number of degenerative cells in the
proximal renal tubules. The exposure to the experimental doses of selenium
oxide nanoparticles led to changes in electrocardiogram, respiration and blood
pressure parameters. We also observed a tendency to a drop in blood pressure,
heart rate and disruption of the processes of myocardial repolarization.

In all the animals exposed to selenium nanoparticles, the number of
neutrophils in liver imprints and smears decreased without obvious dose
dependence. No adverse effect on the coefficient of genomic DNA
fragmentation in nucleated blood cells of rats was shown, and at the highest total
dose of 36 mg/kg body weight, a statistically significant decrease in the
fragmentation coefficient was observed.

A distinctive feature of exposure to selenium oxide nanoparticles in
comparison with previously investigated metal oxide nanoparticles is the ability
to have both adverse and positive effects on the organism.
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Owing to the current global development of nanotechnologies, the study
of nanomaterials and health effects of nanoparticles is of special importance
within assessment of risks posed by the production and use of such materials.
Particles of the nanometer range make up a significant fraction in aerosol
contamination of ambient and workplace air in several industries. Nanoparticles
are a risk factor for the onset and progression of many neurodegenerative
diseases. For example, a copper-induced dysregulation of NMDA receptors may
be a reason for neurological disorders, such as Menkes and Alzheimer diseases.
Previous studies have shown that NMDA receptors in the hippocampus may be
crucial for the development of spatial learning, memory, synaptic plasticity, and
neurotoxicity.

Intraperitoneal injections of suspended copper oxide nanoparticles
obtained by laser ablation were performed 3 times a week for 6 weeks in outbred
white male rats. The control animals were administered the same volume of
sterile deionized water. The first group of animals consisted of controls
(Control); the second group was exposed to copper nanoparticles in a single
dose of 1 mg/kg of body weight (CuO, 0.25 mg/mL); the third group was
exposed to copper nanoparticles in a single dose of 2 mg/kg of body weight
(CuO, 0.5 mg/mL).

IntactRNA fixation of a part of the rat hippocampus was done to stabilize
the RNA in biological samples, followed by isolation of the total RNA using a
phenol—chloroform extraction. We performed a quantitative analysis of RNA
using a Qubit 4 fluorimeter and Qubit™ RNA BR Assay Kit (100 assays). The
RNA samples were treated with a solution of DNase I free of RNase. After that,
the reverse transcription using a MMLV-RH kit (Diam) was carried out using
Thermal Cycler SimpliAmp™. The expression of the GRINI1, GRIN2a and
GRIN2b genes encoding the GIuN1, GIuN2A and GIuN2B proteins,
respectively, was defined by real-time PCR with primers, probes and the
GAPDN housekeeping gene. The gene expression pattern was assessed by the
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mRNA content of the studied gene relative to the amount of mRNA of the
GAPDH housekeeping reference gene. The Kruskal-Wallis test was used for
statistical data processing for pair-wise comparison of several groups using the
Statistica 12 software. We have found an inverse correlation between the gene
expression patterns of GRIN1, GRIN2A, and GRIN2B encoding proteins of the
NMDA receptor subunits (GluN1, GluN2A, and GIuN2B) in the hippocampus
and the concentration of copper oxide nanoparticles. An increase in the
concentration of copper oxide nanoparticles resulted in a decrease in expression,
which presumes a dose—response relationship. Nevertheless, the statistically
significant differences in the values of the threshold cycle indicator for all the
studied genes were revealed only for the values of the control group (ACt Grmv)
= 6.301; ACt (Griv2a) = 7.823; ACt (Grinze) = 4.747) and those of CuO 0.5 mg/mL
group (ACt Griny = 0.813; ACt (Grin2a) = 3.477; ACt Grinze) = 1.37).

Thus, the assessment of the NMDA gene expression pattern can be used
as a genetic marker to identify the toxic effect of copper oxide nanoparticles but
further studies are still needed, including behavioral tests, to confirm the
presence of clinical manifestations of neurodegenerative disorders. Our findings
may be potentially helpful in the assessment of occupational exposure to copper
nanoparticles.
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S.N. Solovyova, M.P. Sutunkova, L.I. Privalova, [.A. Minigalieva,
V.B. Gurvich, I.LN. Chernyshov, B.A. Katsnelson
EXPERIMENTAL CHARACTERISTICS OF TOXICITY AND
HAZARD OF INDUSTRIAL AEROSOLS CONTAINING A
SIGNIFICANT FRACTION OF SILICA NANOPARTICLES

Yekaterinburg Medical Research Center for Prophylaxis and Health Protection
in Industrial Workers, Yekaterinburg, Russian Federation

The main experiment was carried out on female rats aged 3 months, which
were exposed to inhalation of amorphous silica nanoparticles in a “nose only”
inhalation device four hours a day at concentrations of 2.6 = 0.6 or 10.6 + 2.1
mg/m’. Both experimental and control groups consisted of 60 animals. The
experiment lasted six months with an intermediate elimination period of three
months.

The real industrial aerosol under study contains a significant fraction of
amorphous silica nanoparticles and has an insignificant general toxic effect and
low fibrogenicity. This is fully consistent with the results of morphological
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studies of lung tissue preparations. The presence of a network of thin reticular
argyrophilic fibers can be explained by low biopersistence of amorphous SiO; in
the lungs and other organs due to relatively high solubility of these nanoparticles
in biological fluids.

Electron microscopy revealed transnasal penetration of the aerosol
particles into the olfactory region of the brain. An increase in DNA
fragmentation was observed when testing for structural damage and repair of
DNA in the rats’ blood and bone marrow cells using the amplified fragment
length polymorphism (AFLP) analysis.

In a comparative assessment of the cytotoxic effect following a single
intratracheal injection, we established that the biological aggressiveness
assessed by the ratio of neutrophilic leukocytes to alveolar macrophages,
NL/AM, of the investigated industrial acrosol containing 72 % amorphous silica
with an average nanoparticle size of 90 nm was significantly lower than that of a
specially synthesized almost 100 % pure amorphous silica with an average size
of 43 nm, the biological aggressiveness of which was even higher than that of
the standard DQ1» silica particles. Such increased biological activity made it
possible to assume that, of all the components of the industrial aerosol, the main
reason for its high cytotoxicity was the predominance of nanoparticles.

A sharp increase in the free cell population of the lower airways occurs
mainly due to the accumulation of neutrophilic leukocytes in response to the
deposition of cytotoxic particles in them. This is a typical reaction of the body,
both protective (as a mechanism of pulmonary clearance) and pathological (as a
component of inflammation).

When assessing the cytotoxic effect a single intratracheal administration
of NPs of industrial aerosol against the background of a 30-day administration
of a bioprophylactic complex (BPC), we observed normalization of both
cytological and biochemical parameters of the bronchoalveolar lavage.

The obtained experimental data were applied to establishing the air
quality standard in populated areas of technical silicon thermal production.
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AIRWAYS TO INTRATRACHEAL INSTILLATION OF
SELENIUM AND COPPER NANOPARTICLES
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The development of nanotechnologies and the widespread use of
nanomaterials require special attention to their human health effects. In
particular, selenium and copper nanoparticles are being increasingly used in
many spheres of human activity. Occupational exposure to selenium, copper and
their compounds is present in many industries as the fields of application of
these metals vary from chemical and glass to metallurgical industries. In this
regard, studies of selenium and copper nanoparticles are of great importance
both within the framework of assessing the risk posed by their production and
use, and because nanoparticles (NP) constitute a significant fraction in aerosol
pollution of atmospheric and workplace air in quite a number of industries.

Our objective was to assess the response of the rat lower airways to
intratracheal instillation of selenium and copper nanoparticles.

Nanoparticles were obtained by laser ablation at the Ural Federal
University. Following combined intratracheal instillation of stable suspensions
of nanoparticles of selentum and copper oxides, we observed a statistically
significant increase in the total number of bronchoalveolar lavage fluid (BALF)
cells in the group of exposure to SeO NPs + CuO NPs. This increase was mainly
attributed to the rise in the number of neutrophilic leukocytes (NL). The
numerical ratio of NL to alveolar macrophages (AM) increased simultaneously.
Parameters of the rise in the number of neutrophilic leukocytes and the NL to
AM ratio serve as a criterion for the quantitative assessment of the cytotoxic
effect of instilled particles. It is has been already proven that the mobilization of
AM and, to an even greater extent, NL is regulated by the mass of products of
macrophage destruction induced by phagocytosed cytotoxic particles. Following
intratracheal instillation of a combination of selenium and copper nanoparticles,
a statistically significant increase in the levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), amylase, gamma-glutamyl
transpeptidase, and lactate dehydrogenase was observed in the BALF
supernatant, which is typical of the effect of cytotoxic particles.
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Our findings indicate a toxic effect of the combined exposure to nanoparticles of
selenium and copper oxides in the lung, thus justifying the necessity of
appropriate preventive measures.

VJIK 615.9

L.M. Fatkhutdinova,' G.A. Timerbulatova!-
METHODOLOGICAL FOUNDATIONS OF THE RATIONALE
FOR SAFE LEVELS OF EXPOSURE TO ENGINEERED
NANOMATERIALS (ON THE EXAMPLE OF THE
CORPORATE STANDARD)

'Kazan State Medical University, Kazan, Republic of Tatarstan,
Russian Federation
2 Center for Hygiene and Epidemiology in the Republic of Tatarstan,
Kazan, Russian Federation

Owing to their unique properties, carbon nanotubes (CNTs) can be used in
many areas, including construction, production of composite materials,
nanoelectronics, etc. The huge demand from consumers and the lack of
differentiation between products from different manufacturers opens the door
for new manufacturers. An important stage in the introduction of products to the
domestic and global markets is the establishment of safe levels of exposure to
CNTs.

At present, there are no national standards for CNTs in the workplace air
in Russia and abroad but there exist reference values proposed by some research
institutions. The US National Institute for Occupational Safety and Health
currently recommends a reference level of 1.0 pg/m?®. Within the framework of
the European ENRHES project “Engineered Nanoparticles — Review of Health
and Environment” Safety, it was proposed to use 0.67 pg/m’ as a reference
concentration for CNTs.

In 2010, the Federal Service for Surveillance on Consumer Rights
Protection and Human Wellbeing (Rospotrebnadzor) of the Russian Federation
established standards for three nanomaterials (GN 1.2.2633-10, Hygienic
standards for the content of priority nanomaterials in environmental objects),
developed on basis of the maximum permissible level of 0.01 fiber/cm?,
calculated as 1/10 of the MPL for asbestos fibers proposed in 2007 by the
British Standards Institution. Yet, the document was cancelled in 2013.
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A number of CNT manufacturers (for example, the Belgian manufacturer
of multi-walled carbon nanotubes (MWCNT) Nanocyl SA) use their corporate
regulations.

The corporate standard substantiated in experiments in vitro (on cell
cultures) and in vivo (using laboratory animals).

When planning in vitro experiments, it is important to choose a cell line
that best matches the proposed route of exposure to the target organ when
exposed to CNTs. To simulate the inhalation route of exposure to CNTs, it is
recommended to use primarily cell lines representing the human respiratory
tract, for example, BEAS-2B — human bronchial epithelial cells; HLF —
human lung fibroblasts; HBepC — human bronchial epithelial cells, etc. In vivo
studies can be carried out on both linear (Wistar, Sprague-Dawley rats, etc.;
mice of CBA, C57BL/6, etc.) and nonlinear healthy adult animals. The most
reasonable method for assessing CNT exposure is a 90-day subchronic
inhalation experiment that meets the requirements of OECD 413: 2017.
Evaluation of the inhalation exposure to CNTs can also be carried out with a
single intratracheal instillation for rats, or pharyngeal aspiration for mice,
followed by a 28, 90 and 180-day observation after exposure cessation.

CNT doses for in vitro and in vivo experiments should be selected based
on the results of estimating the amount and mass of particles settled in the
respiratory tract of a person under various exposure scenarios. Computer
simulation of deposition of aerosol particles in different areas of the human
respiratory tract can be carried out using the MPPD (Multiple-Path Particle
Dosimetry) software.

An important task in assessing the effect of CNTs is to obtain
homogeneous dispersions in which CNTs become bioavailable. According to
our previous findings, the use of sterile culture media (using ultrasonic
treatment) seems to be the best choice for the preparation of CNT dispersions
for experiments on cell cultures while 1 % bovine serum albumin is optimal for
animal experiments.

During in vitro and in vivo experiments, the no effect and the lowest effect
exposure levels were determined for cell cultures and the respiratory tract of
animals. The data obtained is used to substantiate the corporate standard for
CNT.

The reported study was funded by the Russian Foundation for Basic
Research, Project No. 19-315-90046.
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The research of nanoparticle toxicity (nanotoxicology) needs production
of the stable high concentrated water suspensions of pure nanoparticles (NPs)
with required composition, size and shape. Laser ablation in liquid provides a
unique opportunity to prepare stable water suspensions of pure noble metals and
metal oxides with required parameters of NPs. Prepared suspensions of Au, Ag,
CuO, NiO, ZnO, Fe;03, Mn304, Si02, Al,0O3, TiO2, PbO, CdO, PbS, CdS, and
SeO NPs in concentration up to 0.5 g/L and sufficient stability were used to
study the impact of the NPs on biological tissues and cells.

The pulsed ytterbium fiber laser (1064 nm, 100 ns, 21 kHz) was used for
ablation of a pure metal target in deionized water and subsequent fragmentation.
The NPs synthesis was performed in several stages: (1) treatment of the target
surface by focused laser beam scanning, (2) laser ablation of the target, (3)
additional laser fragmentation of the suspension without the target, (4) heating
for NPs reshaping by growth and aggregation, and (5) drying of the suspension
to increase the metal concentration.

The technologies optimized for a given material enabled production of
suspensions of spherical NPs with the average size ranging from 10 to 60 nm
and a month-long stability. The size distribution function was measured by
particle size analyser Zetasizer Nano ZS (Malvern Instruments, UK) and by
statistical analysis of the images obtained by scanning electron microscope
Auriga CrossBeam (Carl Zeiss, Germany). The NP composition was determined
by confocal Raman microscope Alpha 300 AR (WiTec, Germany). The structure
and shape of individual NPs was extracted from the electron diffraction patterns
obtained by transmission electron microscope JEM-2100 (JEOL, Japan).

The total content of metals in the tissues of liver, kidneys, spleen, and
brain of the rats following a long-term exposure to NPs was established using
atomic emission spectrometer with inductively coupled plasma iCAP 6500 Duo
(Thermo Scientific, USA). The freeze-dried homogenized tissues were subjected
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to acid ignition using a MARS 5 microwave accelerated reaction system. The
content of NPs of paramagnetic metals was determined by electron
paramagnetic resonance (EPR) using an EMX Plus EPR spectrometer (Bruker,
Germany).

The effect of NPs on alveolar macrophages was studied in vivo by atomic
force microscopy (AFM) using a probe nanolaboratory NTEGRA-Therma (NT-
MDT, Russia). We found that phagocytosis of NPs led to nanoscale changes in
the cells surface morphology. The sizes of surface nano-depth pits revealed by
AFM in the cells of rats exposed to NPs were comparable to the NPs sizes. The
positions of NPs in the samples of rat tissue and induced destructions were
revealed by a Merlin scanning transmission electron microscope (Carl Zeiss,
Germany).

All experimental methods were used for nanotoxicological research
conducted in collaboration with the Yekaterinburg Medical Research Center for
Prophylaxis and Health Protection of Industrial Workers based on the equipment
of the Ural Center of Shared Use “Modern Nanotechnology”, School of Natural
Sciences and Mathematics, Ural Federal University.
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PE30OJIIOLIUA
Bropoi BcepocCuiickol HAYyYHO-MIPAKTHYECKOW 0YHO-320YHOM
KOH(epeHIUN ¢ MEeKIYHAPOAHBIM y4acTHEM
«AKTyaJIbHble THTHEHUYECKHE ACTEKThl HAHOTOKCUKOJIOTMH:
TeOPEeTHYECKHE OCHOBBI, HICHTU(PUKALMS ONIACHOCTH LISl
310POBbS M MMYTH €€ CHUKEHUSD

Bropasi Bcepoccuiickasi HayYHO-NPAKTHYECKasi OYHO-3204HAs
KOH(pepeHIHs ¢ MEKIYHAPOAHBIM YYacTHeM «AKTyaJbHbIe THTUEHUYECKHE
aCleKThl HAHOTOKCHKOJIOTMH: TEOPETUYECKHE OCHOBBI, HJICHTU(HUKAIUA
OMACHOCTH JIJISl 3/I0POBbs U ITyTH €€ CHUKEHUS», MpUoOIIeHHas K ['oay Hayku u
tTexHoyoruii B Poccuiickoit @enepanuu, npoeaerHas 20-21 oxrsaodps 2021 roga
B 1. ExarepunOypre, mocBsmieHa OOCYXIECHHIO BOIMPOCOB 0OE€30MacHOCTH
HaHOMAaTEPHAaJIOB, KOTOPBIE YPE3BbIUaiHO BaXXHBI 17151 Poccum ¢ TOYKH 3peHUs
TUTUEHUYECKUX MPOOIeM.

C onHOW CTOPOHBI, pa3BUTHE HAHOTEXHOJOTHH, KOTOpPHIE HAXOJISAT BCE
0ojiee MUPOKOE MPUMEHEHUE B PA3JIMYHBIX OOJACTSIX, BKIIOYAS AJIEKTPOHHKY,
DHEPreTUKY, XHUMHUYECKYl0 U  (hapMalEeBTUUECKYIO)  MPOMBIILIEHHOCTD,
arpoTeXHUKY, MEAMIHMHY, T[POU3BOJCTBO MHIUEBBIX U KOCMETUYECKUX
IPOAYKTOB U MHOTHE JIpyTHUE, C IPYroi CTOPOHBI, MPUCYTCTBUE HAHOPA3ZMEPHBIX
(«yIbTPAaTOHKHMX») 4YacTHL] B COCTaB€ IMPOMBILUIEHHBIX a’po30jieil
B3BEIICHHBIX BEIIECTB, 3arpsA3HAIOIMINX aTMOC(HEpHBIH BO3AYX HAaCEIEHHBIX
MECT, OKa3blBalOT OTPOMHOE BIMSHHE HA pPa3BUTHE HSKOHOMHKH, a TaKXKe
COCTOSIHUSI 3/I0POBBS YEJIOBEKA U €T0 JKU3Hb.

B nmepByio ouepens Ha KOH(GEpPEHIMHM PACCMOTPEHBI  BOIPOCHI
0e30MacHOCTH BIIMSHMA HAHOYACTUI Ha opranu3Mm. Omnepexaromias OlEHKa
TOKCUYHOCTH JIOJDKHA MPOXOAUTh HA OSKCIEPUMEHTAIbHOM 0a3e B Hay4yHO-
UCCIIEIOBATELCKOM YUPEKICHUH, HAUMHAS C W3YYCHHUS TUCHEPCUU YACTHUIl U
XUMHUYECKOTO COCTaBa BHIOPOCOB MPOMBIIIICHHOTO MPOU3BOACTBA, 3aKaHUMBAs
MCCJICIOBAHUEM BITUSHUS ITHX YaCTHUI] HA OPTaHU3M.

OOcyxxneHbl  00mKe  3aKOHOMEPHOCTH  TOKCHUKOKMHETHKU u
TOKCUKOJMHAMUKM  HAHOYACTHUIl,  aHaJIM3  3aBUCUMOCTH  MEXaHHU3MOB
TOKCUYHOCTH HAHOYACTHUI[ OT UX Pa3MEPOB U XUMUYECKOTO COCTaBa B TECTAX «in
vitro» W «in vivoy, oneHka 3(P¢EeKToB BPEIHOTO JEHCTBUS KOMOWHAIINH
HAaHOYACTHII W HMX COYETaHWsl C JAPYTMMH BpeaHbIMH  (hakTOpamu
IPOU3BOJICTBEHHONW CpeIbl, MPUHLHUIBI OOOCHOBaHHMS OE€30MACHBIX YpOBHEH
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BO3I[CI>1CTBPI$I HAaHOYAaCTHIl Ha OpPraHu3M, pa3BUTUC IIOJAXOJO0B K IMOBLIIICHUIO
PE3UCTCHTHOCTH OpraHnsMa K BpCAHOMY I[@flCTBPHO HaHOYaCTHIL, YIIPaBJICHHUC
PHUCKOM IJIA 340POBbBA JIMIL, KOHTAKTUPYIOIINX C HAHOYACTHIAMHU B IIPOLCCCC
IMpOU3BOACTBA U NCITIOJIb30OBAHHA HAHOMATCPHUAJIOB.

Bcepoccuiickas HaydHO-IIpakTHUeCKass KOH(PEPEHLUs C MEXIyHapOIHbIM
ydyacTueM npouuia ¢ yyactueM 6osuee 300 cnenuanucToB OpraHoB U OpraHu3alui
PocnorpebHaa3opa, yHUBEPCUTETOB, HAYyYHO-UCCIEI0BATEIbCKUX HWHCTUTYTOB,
NPEANPUITANA U APYTrux opranuzanui u3 33 pernoHoB Poccuiickoit denepanun
(Anraiickuii, Kpacnospckuii, Ilepmckuii, I[Ipumopckuii kpas; PecnyOnuku
bamkoprocran, Kapenus, Tarapcran; Bonrorpanckas, Upkyrckas, KemepoBckas,
Jlenunrpanackas, Mockosckas, HoBroposckas, HoBocubupckas, Hmkeropoackas,
OpenOyprckasi, Pssanckas, CapartoBckas, CpepmioBckas, TamOoBcKkas,
TromeHckasi,  YiabsHOBcKas,  YensOuHCkas  o0jacTH)  NOpeacTaBUTENEH
UCCJIEIOBATEIbCKUX LEHTPOB M YHUBEPCUTETOB ABCTpuM, BenmkoOpuranuw,
I'peunun, Unauu, Iopryranuu, Pymeinuu, ctonun, Kuprusckoit PecnyOnuku, a
takke Pecy6nuk Kazaxcrana u benapyces.

®denepanbHyo cay0y 10 HAA30py B cpepe 3aluThl MpaB NOTpEOUTENEH U
Onmaromojlyuusi 4eloBeKa Ha KOH(QEpPEeHLUU TMPEACTaBISIM  y4YeHblE H
CHEIMAUCThl HAy4YHO-MCCIIEOBATENbCKUX opranu3auuil PocnoTtpebHanzopa
(OBYH «EkarepuHOyprckuii MEIUIIMHCKUAN HAYYHBIM HEHTP MPO(PHUIAKTUKHA H
OXpaHbl 370pOBbsl pabouux mnpommnpennpusTuiny, OBYH «Denepanbherii
HAy4YHbIN HEHTP MEAUKO-NPOPUIAKTUYECKUX TEXHOJIOTHM YIIpaBIEHUS PUCKAMHU
310poBbI0 HaceneHus», PbYH «®DenepanbHblii HAYYHBIM LIEHTP TMTUEHBI UM.
O.®. DOpucmana»y, DPBYH «Hwxeropoackuii HaydyHO-UCCIIEI0BATEIbCKUAM
WHCTUTYT TUTHEHbI U TNPOPECCHOHAIBHONW TMATOJIOTHH»), YTIPABJICHUMA
Pocnorpebuanzopa u ®bY3 «lleHTpbl TUTHEHBI U STTHIEMUOTIOTHIY.

Hayunsie yupexnenus Obimm mpeznctasienbl takke HUUM Poccuiickoit
Axkanemun Hayk (OPI'BYH «Cubupckuii ¢enepajbHblii Hay4HbIA LEHTP
arpoounorexHonoruii PAH», ®I'BYH «MHcTUTYT MUMMYHOJIOTUU U (PU3UOIOTUA
Ypansckoro otnenenuss PAH»), ®enepanbHOro Meamko-O0MOJIOTHYECKOTO
areHtctBa (OI'YII  «Hayuyno-uccienoBaTeldbCKUl ~ MHCTUTYT  THUTHEHHBI,
Tokcukoiorun u mnpodmnarosorun ®MBA Poccun»), MuHUCTEpCTBa HAyKU H
Boiciiero obpaszoBanus (PI'BHY «Hayuno-uccnenoBarenbCKuii WHCTUTYT
MeINLIMHBI Tpyaa nMeHu akagemuka H.®@. U3meposa», PI'bYH «DenepanbHblii
UCCIIEIOBATENILCKUN LIEHTP MUTAHMSI, OMOTEXHOJIOTUN U 0€30MacHOCTH MHUIIH,
OI'bHY «Boctouno-Cubupckuit UHCTUTYT MEIUKO-IKOJIOTHYECKUX

73



UCCJIEI0BAHMIN), HannonanbsHbIM HCCIIEIOBATEIbCKUM LEHTPOM
«KypuaToBckuid HMHCTUTYT», poccuiickumMu yHupepcureramu (PI'bOY BO
«KazaHckuil rocy1apCTBEHHBIN MEAUIMHCKUN yHUBepcute™» M3 PO, ®I'BOY
BO «VYpanbckuil rocyJapCTBEHHBIM MEIUUMHCKUN yHUBEpcUTteT» M3 PO,
Ypanbckuit LIEHTP KOJUIEKTUBHOTI'O I10JIb30BaHUSA «CoBpeMeHHbIE
HAaHOTEXHOJOTUM» YpallbCKOro (enepaJbHOr0 YHHUBEPCUTETa HMM. IEPBOTO
IIpe3sunenta Poccuu b.H. Enbiiuna).

3apyOexxHble  TOCTH  KOH(MEpPEHIMH  NPeACTaBUIM  MeauIMuHCKUMA
UCCIIEN0BAaTENbCKUM HEeHTp MeauuumHckoro yHuBepcurera r. ['pan, ABcrpus;
Manuectepckuid yHUBEpCUTET, . MaHuectep, BenukoOputanus; YHUBEPCUTET
Kpura, r. Upaknuon, ['penust; YHuBepcuTeT Meauimubl u Gapmainuu Kpaiossl,
r. KpaiioBa, Pymbiaus; HanwioHanbHBI HWHCTUTYT XUMUYECKOW (QUBHKU U
ounodusukwm, r. Tamnun, cronust; bxaparuapckuii yausepcurer, r. Koumbaryp,
Wunus; PecnyOnukanckoe yHHTapHoe npeanpusatue «HaydHo-mpakrthyeckuii
LEHTp TMrueHs», r. Munck, Pecnyonuka benapyce; I'OY BIIO «Ksipreizcko-
Poccuniicknii  CnaBAHCKHM  yHHUBEPCUTET MMeEHH TniepBoro lIpe3unmenra
Poccuiickoit ®enepanuu b.H. Exsiiunay, r. bumkek, Kuprusckas Pecmy6iuka;
HAO «EBpa3uiickuil HalimoHaiabHbl yHUBEpcuTeT uMeHu JI.H. I'ymuneBay, T.
Hyp-Cyntan, Pecnybnuka Kazaxcran.

K Hayany xoHpepeHunu u3iad cCOOPHUK MaTEPUATIOB B JJIIEKTPOHHOM BHU/IE,
B KOTOpBIM BouumM 38 TE3UCOB HA PYCCKOM M aHTJIMICKOM si3bikax. B mexaOpe
2021 roga BBIMAET WIECTOW HOMEP KypHaa « TOKCHKOJIOrMYECKUI BECTHUKY, B
KOTOpOM OyIyT oOINyOJMKOBaHbl 7 cTaTel Mo MarepuanaMm JI0OKJIaJoB,
Ipe/CTaBICHHbIX Ha KoHpepeHun. Ha 3acepanusx 3aciymano 32 nokiaja.

Hcxoas w3 mnpeacTaBjeHHbIX [0KJIAJ0B MW JIUCKYCCHIl, YYACTHHUKH
KOH( epeHIMH 0TMEYaK0T:

- B@XHOCTh BONIpOCa O Pa3pabOTKe METOJa KOHTPOJS M yCTaHOBJICHHS
PEeNeTbHO TOMYCTUMBIX KOHIICHTPAIMA COACPKAHUS YaCTHUIl HAHOAWANa30Ha B
BO3/1yxe pabouei 30Hbl U aTMOC(PEPHOM BO3IYXE;

- CBS3b MEXKIY HEKOTOPHIMH CBOWCTBAMHM HAHOYACTHIl (TaKUMH Kak
pasmep, popma, CTpyKTypa MOBEPXHOCTH, CTENIEHb arperaluu, pacCTBOPUMOCTb),
B TOM YHCJIE METAJJICOJIEPKAIINX, U TOKCUYECKUM OTBETOM B OMOJIOTMYECKHUX
CTPYKTYpax;

- OCHOBHBIC 3aKOHOMEPHOCTH KOMOWHUPOBAHHOTO JCHCTBUS TOKCUYHBIX
METAUIOB W WX OKCHUIOB B (OpME HAHOYACTHI], KOTOPHIC SBISIOTCS
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NPUHIUNHAIBHO TEMH K€, 4YTO W JJIS JEWUCTBUS ITUX METALUIOB B HOHHO-
MOJIEKYJIIpHOU Qopme;

- UCIIOJIb30BAHUE TAaK HA3bIBAEMBIX «OMHUK» TEXHOJIOTHUH (MPOTCOMUKH U
MeTa00JIOMHUKH) JIJIs1 OIIEHKH TOKCUYECKOTO JACHCTBHS HAHOYACTHIL;

- TIPU OIICHKE a’p030Jiei, CoAepKalluX HAHOYACTHIIbI, HY>)KHO YYUTHIBATh
ux 00Jiee BBICOKYIO TOKCUYHOCTh, 0COOEHHO '€HOTOKCHYHOCTD, 110 CPAaBHEHUIO C
X MUKPOMETPOBBIMU aHAJIOTaMU;

- HEOOXOJMMOCTh  paCHIMPEHUsT TUTHEHUYECKUX  HMCCIIEAOBaHUU,
MOCBSIIIEHHBIX OI[EHKE IKCIO3UIMNA K HaHOMaTepuasam;

- HEOOXOJMMOCTh MAaTEeMAaTH4YECKOI0 MOJICTUPOBAHUS JJI MOHUMAaHUs
MPOIECCOB TOKCMKOKMHETHUKM BEIIECTB B HAHOpPa3MEpPHOM JIMANa3o0HE,
HAKOIUJICHUS] €r0 B OpraHax M TKaHSX, BBIBEJICHUS M3 OpraHuW3Ma U OLEHKHU €ro
TOKCHYECKOI'O JICHCTBUS,

- COBEPIICHCTBOBAHUE CUCTEMBI MEpP, HAIPABICHHBIX Ha ITOBBILICHUE
YCTOMYMBOCTM  TPYNIl  PHUCKAa K  BO3JICHUCTBUIO  METAJUICOAEPIKALIUX
HAaHOMATEPHUAJIOB, OXBATHIBAIOIIMX KaK pabOuMX, KOTOpbIE IMOJBEPraroTCs HUX
BO3JICMICTBHUIO B NIPOM3BOJCTBEHHBIX YCJIOBUSX, TAK U HACEJIEHHUE TEPPUTOPHI,
HaXOSIIMXCS 0] BO3AEHCTBUEM TaKUX IIPOU3BOICTB.

YuyacTHUKM KOH(EepeHIHH TOCTAHOBUIN CYUTATH MPUOPUTETHBIMM:

- pa3BuUBaTh W YIIyONATh HAYYHO-HCCIICIOBATEIbCKAE PabOTHI,
HaIpaBJICHHBIC HA N3y4YeHUE O€30MaCHOCTH U TOKCUYHOCTH HAHOYACTHII;

- pacIIMpeHne UCCiaeI0BaHui Mo pa3padoTKe allbTEPHATUBHBIX MOJIETEH U
YCKOPEHHBIX METOJIOB OIEHKM TOKCHYHOCTH HAaHOMAaTEpPHAJIOB, B TOM YHCIIC
MaTeMaTHYECKOTO MOJICTUPOBAHUS, U BHEJPCHHUIO UX B MIPAKTHUKY JJIsi paObOTHI B
naboparopusx PocriotpedHam30pa;

- pa3paboTKy HOBBIX J(M(PEKTUBHBIX  CPEICTB  OMOIOTHYECKOMN
npoQUIaKTUKKA BpPETHOTO JCUCTBUS HAHOYACTHI[, B TOM UHCIE TIPH
KOMOWHHUPOBAHHOM M COYETAHHOM WX JICUCTBUH;

- pa3BUTHE METOAMYECKOW O0asbl I OICHKH TOKCHYECKOTO JICHCTBUS,
UACHTU(DUKAIIMKN, W3MEPECHHS KOJWYSCTBEHHOTO MW KAa4eCTBEHHOTO COCTaBa
HAHOYACTHII,

- co3maHme Ha 0a3ze WHCTHTYTOB PocmorpeOHan30pa KOMIUIEKCHBIX
MHOTOOTPACTEBbIX MHOTOMPOMUIBHBIX HCCIEIOBATEIBCKUX KOJUIEKTUBOB TIO
W3YUYCHUIO BIMSHUS HAHOYACTHI[ HA PA3jIMYHBIE CHCTEMBl OpTraHu3Ma C
MPUMEHEHUEM YCKOPEHHBIX METOJIOB TOKCHKOMETPUH W MAaTeMaTHYEeCKOTO
aHamn3a;
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- NMPUMEHEHHE YCKOPEHHBIX METOJIOB TOKCHKOMETPHH I pa3pabOTKH
TUTHCHHYECKUX HOPMATUBOB JJIsI HAHOYACTHII;

- BBIICJICHUE TPYIIBI S3KCIEPTOB MO pa3padOTKe TUTHEHUYECKUX
HOPMAaTHBOB Ui HaHoyacTuil B cocTaBe Komuccuu mo ['ocymapcTBeHHOMY
CaHUTAPHO-IMUIEMHUOIOTHYECKOMY HOpMUpoBaHuto PocrioTpebuanzopa;

- peryispHOE€ TIPOBEJIEHWE COBCIIAHWWA 10 BOMPOCAM HJICOJIOTHH,
METOJIOJIOTUH HOPMHUPOBAHWS HAHOMATEPUAIOB M TPUHIIUIIOB M3MEPCHUS IS
KOHTPOJISI YCTAHOBJICHHBIX HOPMATUBOB;

- HEOOXOIUMOCTh Pa3BHUTHS HAYyYHO-METOJIWYECKHX IOAXOJOB U
paciipeHusi ~TUTHUEHWYECKUX  HUCCIICIOBAHWM,  TIOCBSIIEHHBIX  OIEHKE
IKCMO3UINI K HAHOMaTeprajam;

- pacHIMpEeHHE OMbITa KOMIUIEKCUPOBAHUS TOKCHKOJIOTOB C (PU3MKAMHU,
MaTeMaTuKamu, Ono(hU3NKaMH.
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IHo3apasJiienne pykoBoautesisa DeaepanabHoi
CJIy:KOBI 110 HAI30PY B cepe 3alIUTHI IPAB
ey noTpeduTesield U 0JIArONOJydHsl YeJI0BeKa
ol RNy A.JO. TTonoBoii
————
Kanneabcona bopuca AJsiekcanapoBuia
20 oxmsaops 2021 2.

20 oxTs6pst 2021 roaa ucnonHUIOCH 95 neT co
JIHS POXKJIEHUSA 3aCIy)KCHHOTO JIeSITeNsl HAyKH
Poccuiickonn ®enepaunu, ICUCTBUTEIBHOIO YJIEHA

Hero-Hopkckoit AxaneMun HayK, JOKTOpa
MEJUIIMHCKUX HayK, mpodeccopa, 3aMedareIbHOTO
YyeJoBeKa, Beliaronierocs yuenoro bopuica Anexcannposuua KannenbcoHa.

TpynoBas Ouorpaduss bopuca AnekcaHapoBHuYa Hadajlachb BO BpEMs
BOMHBI B TI. HoBOCMOMpPCKE MOTOPUCTOM JIETHO-UCIBITATEILHON CTaHIIUU
aBpaszaBoma. B 1949 r. oH ¢ orTauuueM OKOHYMI YenIOMHCKUU
rOCyapCTBEHHBIA MEJUIIMHCKUNA MHCTUTYT 10 CIEUHAIBHOCTH «ieueOHOoe
JIEJ0» U B TOM K€ TOJly IPOILIE CHEUUATN3aHUI0 110 TPOMBIIIJIEHHONW TUTHEHE,
a 3areM ¢ 1949 nmo 1954 r paGoranm mo 3TOW CHEHUATBLHOCTH B WHCIICKIIUH
MIPOMBIIIVICHHOW TUTHEHBI B caHdmujcTanuu r. Yensouncka. B 1954-1957 rr.
b.A. Kamnenscon oOydancs B acCnupaHType W 3alllUTHI KaHAHIATCKYIO
JUCCepTalliIo, TOCBSIIEHHYIO BONpPOCAM THUTHEHBI TpyJAa TMpU 3arpyske
JIOMEHHBIX II€YEM M DKCIEPUMEHTAIBbHOU OLIEHKE JEHUCTBUS HA OPraHu3M
00pa3yroUIUXCs MPU TOM MPOIIECCE MBUICBBIX YACTHII.

C 1959 rona mo Hacrosimee Bpemsi bopuc AnexcanapoBuu paboTaeT B
denepanbHOoM  OIOJDKETHOM  yupexkaeHun  Hayku — «ExarepunOyprckuii
MEJUIIMHCKUM - HAYYHBIH LEHTP MPOPUIAKTUKA U OXPaHBI 3I0POBbs pabOUYmX
npomMmpeanpusTaiiy Pocotpedunanzopa. B 1968 romy bopuc AnexcanmpoBud
3AUTHII  IOKTOPCKYIO JIUCCEPTAIMI0O MO MpoljeMe KOMOUMHHUPOBAHHOTO
NENCTBUA BpEeIHbIX (PAaKTOPOB B ATUOJIOTMH CUIIMKO03a; B 1970 1. eMy npucBOEHO
3BaHue npogeccopa, B 2002 r — 3acioykeHHOro aesarens Hayku PD; ¢ 1995 r -
JNEUCTBUTEIbHBIN YJICH HLIO-PIOpKCKOfI AKaJieMuu HayK.

Becy TpynoBoii nmytes bopuca AnekcanapoBuua sBisieTcsi 0oOpaslom
BBICOKOTIPO()ECCUOHANBHOTO TpyAa TAJAHTIMBOTO YUYEHOro, YUUTENs W
HacraBHuka.

Tpyasl b.A. KanHenscoHa U €ro y4E€HUKOB BHECIM BECOMBIM BKIIAJ B
M3y4YeHUE  OATHOJIOTMM W  TATOreHe3a  MHEBMOKOHHMO30B, a  TaKke
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TOKCUKOKMHETUKH Y TOKCUKOJIMHAMUKN MHTOKCUKAIIUA OpraHU3Ma MeETallIaMHu.
WM ObLIO CO31aHO M PAa3BUBACTCS HOBOE HAIPABJICHUE TMTUEHUYECKOW HayKH,
COCTOfIIIEE B MOBBIIIEHUN YCTOWYUBOCTU OPraHM3Ma K ATUM 3a00JIEBaHUSIM U
Ha3BaHHOE «Ouojoruyeckor mnpodunaktukoit». Ilog ero pykoBoACTBOM
pa3paboTaHbl U anpoOUpPOBaHBI OKOJIO 20 OHONPOPUITAKTUIECKUX KOMIIIEKCOB,
KOTOpbIE BHEAPEHbl B IIMPOKYIOD MPAKTUKY B Topoaax CBepAJIOBCKOH H
OpenOyprckoit  obmacteit, KpacHosipckoro kpas, Pecmy6mumku CeBepHas
Ocetusi- Ananusi.

ITon pyxoBoactBoM mpodeccopa b.A. Kannenbcona paspabaTbiBaroTcs
ITJIK m OBYB BpenHbIx BelecTB B BO3Iyxe paboyei 30HBI U METOOJIOTHS UX
000CHOBaHUs, MPOBOJATCS MCCIEIOBAHUA MEXaHU3MOB KOMOWHHUPOBAHHOM
TOKCUYHOCTH,  MAaT€MaTUYECKOE€  MOJICIMPOBAHHE  TOKCUKOKHHETUYECKUX
MIPOLIECCOB, TEOPETUUECKUI aHANIN3 U SKCIIEPUMEHTAIILHOE PAa3BUTHE MPOOIEMBI
KOMOWHUPOBAaHHOU TOKCUYHOCTH, HKOJIOTMYECKO-3MUIEMHUOIOTUYECKUE
WCCIICIOBAHUSI M PA3BUTHE METOAOJIOTUH OLEHKH PHCKA, SKOHOMHUYECKHM
aHanu3 3PEHEeKTUBHOCTH NPOPUIAKTUUECKUX MeponpusiTuil. OTHUM U3 TEPBBIX
B Poccun npodeccop b.A. KaineabcoH u ero yueHUKH Havyalld UCCIICOBAaHUS B
00J1aCTH TOKCUKOJIOTMM HAHOMATEpUaJiOB, pPE3yJbTaThl KOTOPHIX IIMPOKO
nyOJUKYIOTCSI B BHICOKOPEUTUHTOBBIX POCCHMCKUX M 3apyOeKHBIX KypHajax,
JOKJIAIBIBAIOTCS HA MHOTUX MEXayHapoaHbix koHpepenmusax (CLIA, Kanana,
I'epmanus, Anrnus, @panuus, Yexus, FOAP u ap.) U nmonb3yroTcs BBICOKHM
aBTOPUTETOM.

Tpyast Bb.A. KanHenbcoHa XapakTEpU3YIOTCS  OPUTMHAIBHOCTBIO,
[NIyOMHOM aHanmu3a W CepbE3HOCThIO  TeopeThyeckux o0o0menuid. I[lo
NEPEUUCIICHHBIM BBIIIE HAMPABICHUSIM €ro y4YeHHKaMu ObUIO 3aluiieHo 25
KaHAUJATCKUX U 9 TOKTOPCKUX JAUCCEPTALUU.

ITo pesynbraram wuccienoBanuii b.A. KarHenbcoHa W €ro IIKOJIbI
MIPAaKTUKa CAaHUTAPHOI'O0 HAJA30pa TOJBKO 3a MOCIEAHUE S5 JeT mnojayduna 8
METOJUYECKUX TOKYMEHTOB U 6 THTMEHUYECKUX HOPMATHUBOB, B TOM YHCIIE U 1O
HaHOMaTepHaJiaMm.

Ha mpotsokeHuu UIMTENBHOTO BPEMEHHM OH  SIBISIETCSI  DKCIEPTOM
Komuccun  mo  rocylapCcTBEHHOMY  CaHUTapHO-3MUAEMHUOIOTHYECKOMY
HOpMHpOBaHut0 T1pu PocnorpedbHamzope u Komuccuum mno KaHIEPOT€HHBIM
dakropam npu MunzapaBe P®, unenom mpaBnenuss Bcepoccuiickoii
OOIlIECTBEHHOM OpraHu3ali TOKCHUKOJIOTOB UM  PEAKOJUIETHU  KypHayia
«TOKCHKOTOTrMYECKUI BECTHHUK.
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Opynuuus b.A. KanHenbcoHna B pa3HbIX 00JaCTSIX THTMEHUYECKONH HAYKU
U TMpPaKTUKA TPU €ro CHOCOOHOCTM K CHHTE3y pa3JIMYHbIX HAy4YHbIX
HaIlpaBJICHU W K F€HEpalUl OPUTHMHAIBHBIX HUJIEW U, BMECTE C TEM, BBICOKAS
HOPSAIOYHOCTh, J100POKENATENBHOCTh, OTKPBITOCTh, TOTOBHOCTH INPUUTH Ha
IIOMOIIb COBETOM U JIEJIOM BBI3BIBAET UCKPEHHEE yBakeHUe Koyuier B Poccuu u
3a pyOexKoM.

b.A. Kaunenbcon — aBrop 5 moHorpaduii, 7 nareHtoB u cBbie 440
cTaTeil 1Mo pa3jgu4yHbIM  BOMNPOCAM TUTHMEHBbl TPYyAd, TOKCHKOJIOTHH,
9KOJOTMYECKON HNUAEMHUOJOTUH, MHOTHME M3 KOTOPBIX NyOJMKOBAJIUCh B
MEKyHApPOIHbIX KypHaJaXx.

3a CBOM MHOIOJICTHUM TUIOJOTBOPHBIM Tpya bopuc AnexcanapoBuu
HarpaXJeH TOCYJapCTBEHHBIMU HarpajaMu: MeIalsiMH «3a TPYJIOBYIO
nobnectb», «3a TPYJOBOE OTJIMYHE», MENalbl0 OplieHa «3a 3aciIyru mepen
OreuectBom» Il cremenm, bnaromapnoctero IIpesnmenra Poccuiickoin
@denepanuu, a TakXke BEJOMCTBEHHBIMHM M PErMOHAIBHBIMU HarpajaMu:
3HaYKaMl  «OTIMYHHUK 37paBOOXpaHEHUs», «OTIMYHUK CAHAIUACITYKObD»,
HarpyaHbiM 3HakoM «IloueTHbiil paboTHUK PocnorpebHamzopa», opjaeHOM «3a
3aCJIyT¥ B Pa3BUTUU MEIULHHBI U 3IPABOOXPAHEHUSN», MAMATHONW Menanbio «90
aer ['occamdmuaciyx6e Poccum», OonbmuM uuciaoMm [lodeTHbIX rpamMoT u
onmaronmapHocteir, B Tom umcie oT I[lommpena Ilpesumenta B Ypambckom
dbenepambHOM Okpyre, demepanbHON CIYKOBI MO HAA30py B cdepe 3aliuThl
npaB MoTpedouTeNneil u 0JIaronoylyyus 4eiaoBeKa, 3aKOHOJIATeIbHOTO COOpaHus
CBepyI0BCKOI 00acTu U ap.

B oator 3ameuarenbHbli OOWIEH cepaeduHo mo3apasisito  bopuca
AnekcaHIpoBUYA, BbIpaXKaeM IIyOOKOE YBaKEHHE M OT BCEHM Iyl Kelaem
100pOro 3710pOBbs, JATBHEUITNX TBOPUYECKUX YCIIEXOB, HEUCCIKAEMOI SHEPruu
¥ OOJIBLLIOTO YEIOBEYECKOTO CUACThs!

PykoBogutens denepanbHON 1y ObI

1o HaA30pY B cdepe 3aluThl IpaB

notTpeduTenei u 61aronoyy4us 4eaoBeka,

['maBHbIM ["'OCymapcTBEHHBIN

caHuTapHbIv Bpau Poccuiickoint denepanuu,

JTOKTOP MEIUIIMHCKUX HayK, Ipodeccop A.JO. TlonoBa
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