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PE3IOME

Beeodenue. Mukpouactuuinl maactuka (MIT) nipenctaBisiioT co60it yrpo3y ISl 310pOBbsI, OMHAKO HEIOCTa-
TOYHO M3Y4YEHBI MPOLIECCH UX HAKOIUIEHUSI M pacIipeAesieHNsI B XXMUBBIX OpraHU3Max, 0COOEHHO B TKaHSIX
TOJIOBHOT'O MO3ra.

1lenw uccnedosanus — cpaBHUTEBbHBIM aHAJIN3 HAKOTIJIEHUSI MUKPOYACTHUII IJIacTUKa pa3Horo paszMepa (100,
500 1 1000 HM) B TOJJTOBHOM MO3I€ KpbIC C IPMMEHEHMEM OIMCATEIbHOTO U KOJIMYECTBEHHOIO MOAX0/a.
Mamepuaa u memoost. Kpsicam-camkam muHuA Wistar, KoaudecTBoM 12 ocobeii, pa3neIéeHHBIM Ha 4 TpyI-
I1bl, BHYTPUCEPAECUYHO BBOAWIM CYCIIEH3MIO (hIyOPECHUPYIONIMX MUKPOUYACTUIL ITOJTUCTUPOJIa (IMaMeTpoOM
100, 500 u 1000 M) unu pusnongorndeckuit pactsop (Kontponr) oobsémom 50 mkin. HakoruieHue mu-
KPOILJIACTHKA B TKAHSIX TOJIOBHOTO MO3Ta OLIEHUBAJIM C UCIIOJIb30BaHUEM (DIIyOPECIEHTHOM MUKPOCKOITNHI
C IPUMEHEHNEM OIMCaTEIbHOTO MOAX0Aa U KOMITBIOTEPHON MPOTrpaMMbI ISl KOJIMYECTBEHHOM OLIEHKU CO-
Jep>KaHUs MUKPOYACTULL U MX KOHIJIOMepaToB. JlaHHbIe aHAIM3UPpOBaiu MeToaoM Bootstrap ¢ momnpaBkoit
Xonma—DBboHdeppoHr, 3HAUMMOCTD pa3INMIuii onpenensack mpu p < 0,05.

Pezyabmamot. O0HapyXeHO, 4TO (hIyopeCLIMPYIOIIe MUKPOYACTHUIILI ITACTMKA HAKAILIMBAIOTCS IIPEUMY-
ILIECTBEHHO B KOpe T'oJIOBHOro moara, mpuuyem rpynna «MIT 1000» pemMoHcTpupoBana 0oJjiblliee KOJuye-
CTBO YETKO OYEepPUYEHHBIX KOHIJIOMEPATOB 10 cpaBHeHUIO ¢ Tpynmamu «MII 100» u «MII 500». [11oTHOCTD
MUMKPOYACTHII TIACTUMKA TaKKe ObLIa BBIIIE B 3KCIIEPUMEHTAJIBHBIX TPYTIIaX M0 CPAaBHEHUIO C KOHTPOJIEM,
ocobeHHo B rpymnmne «MIT 1000».

Ocpanuvenus uccaedoganusn. ViccnenoBaHue ObLJIO OrpaHUYCHO U3YICHHEM PACIIPEASICHUS MUKPOUACTHII
IUIaCTUKA TPeX pa3MepOB B TOKCUKOJIOTMYECKOM SKCIIEPUMEHTE Ha OMHOM BUJIE KMBOTHBIX (JJTabopaTopHas
Kphica). He yauThiBanach ¢aza moaoBoro IMKiIa KphIC-CaMOK.

3akarouenue. VInTerpaiys Bcex TpexX IOAXOI0B ITO3BOJISIET INIy0Ke ITOHSTh AMHAMMKY HAKOILICHUSI MUKPO-
YacTULL: OnuUcamensvHoili n00xod TTOKa3bIBae€T CIIOCOOHOCTh YaCTHUI] ITPOHUKATh Yepe3 reMaTtosHIiledannye-
ckuii 6apwep (I'OB), koauuecmeennwiii — penocTaBiisieT JaHHBIE O COACPXKAHUU U paclpeneeHUN YacTHUIL
U KOHIJIOMEPaTOB.
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BBenenune

Mukpouactuibl iactuka (MII) npeacTaBasiioT
co00I1 CephE3HYI0 YIpo3y IS 300POBbSI, YTO ITOMI-
TBEPKIAETCSI MHOXECTBOM aKTyaJIbHBIX HAYYHBIX HC-
CIIEIOBAHUW in vivo C TIPUBJIEYEHUEM MJIEKONUTAIO-
mux. MccnenoBanue H.A. 3010TOBOI 1 COaBT. IOKa-
3aJI0, YTO MUKPOYACTUIIEI ITOJIMCTUPOJIA TUAMETPOM
5 Mxkm B goszax 0,023—2,3 Mr/Kr/cyT. Impu BO3Ieii-
CTBUU B TeUeHUE 4 Hell BHI3bIBAIOT alaliTUBHbBIE MOP-
bodyHKIIMOHATEHBIE U3MEHEHNSI B TOJICTOM KUIIIKE
U cene3éHke y Mbieit [1]. B pabote Z. Song u co-
aBT. [2] B uccliemoBaHMM Ha KpbICax-caMIlax JIMHUN
Wistar noka3aHo, yto MII cmnocoOHBI OKa3bIBaTh He-
raTUBHOE BJUSIHUE HA CEPACYHO-COCYAUCTYIO CUCTE-
MY, O COCTOSTHUM KOTOPOM CYIWJIN IO BEISIBJICHHOMY
HapYIIEHUIO JIMITMIHOIO OOMeHa y KpBIC, BOcHaje-
HUIO I OKMCJIUTEIbHOMY CTPECCY B TKaHSIX MUOKapaa
1 aopThl. B nccienoBaHMM Ha KpbIcax-caMIlax JIM-
HuM Sprague Dawley npu BHYTpPUKEJTyIOYHOM BBE-
IEHUN TIOJMATIICHOBBIX MUKPOYACTUI] B TECUCHUE
35 pHel exkeTHEeBHO OOHAPYKEHO UCTOIIECHUE aHTH-
OKCUJAHTHOM CUCTEMbI, BBIpAaXKEHHOE B CHMKEHUM
colepxXaHUsI CYNEepPOKCUON3MYTa3bl M aKTUBHOCTH
CBIBOPOTOYHOIO TIJIYTaTHOHA, YBEIMYCHHH TIIEpe-
KHCHOIO OCeHaHWs JUMUIOB. YBEIMYUIOCHh YMCIIO
AHOMAJIbHBIX 3PUTPOLIMTOB. MeTOoaOM KOMET OBLIO
BhIsiBJIeHO noBpexaeHue JJTHK Bo Bcex rpynmnax [3].
KpoMe TOro, MUKpOJaCTHUIIBI IUIACTUKA MOTIYT BHI-
3BIBaTh CTPECC DHAOILIA3MATUUECKOTO PETUKYIyMa U
3a7epKKYy POCTa, YTO OBIJIO MOKA3aHO B 28-THEBHOM
HCCJIeIOBAaHMU Ha caMKaXx Kpbic [4].

MzyyeHo BiIMSHHME BO3OCHCTBUAS HAHOILIACTH-
Ka B Iepuon OepeMEeHHOCTH W JIaKTallud Ha HEpB-
Hoe pa3BuTue mnotomcTBa. Ilo pesynbraTam wuccie-
JIOBaHMSI, TPOBEAEHHOIO Ha KpbIcax JMHUM Sprague
Dawley, BHyTpuyTpoOHOe Bo3neiictBue MII mpuBeno
K Ie(pUIUTY aHKCUOJIUTUIECKOIO ITOBEACHUS U IIPO-
CTPaHCTBEHHOM IaMSTU Y KPBICIT, YTO COINIacyeTcs
C OIHOBPEMEHHBIMM HEUPOTPAHCMUTTEPHBIMU U CH-
HANTUYIECKUMM M3MEHEHMSIMM B MIX MO3Te. HaOIIoIa-
JIOCh 3aMETHO€ YMEHBIIIEHNE TOIIINHBI KOPHI T'OJIO0B-
HOT'O MO3Ta, MOBbIIIEHHAas Mpoardepalnsi KOPKOBBIX
KJIETOK, paclIMpeHNe CMHAIITUYECKUX IIeJieid CUHaIl-
COB TUMIIOKAMIIA M CHIDKEHHE TOCTCHHAIITIYECKOMN
ioTHocTH [5]. Bo3neiicTBre NONMMCTUPOIbHBIX HAHO-
IJIACTMKOB Ha Mbliel JuHuu CD-1 B TeueHue Bceit
OepeMEHHOCTH W JIaKTallud MNPUBOIUIO K M3MEHe-
HUSM B MeTaboJIM3Me TOJIOBHOIO MO3ra IJI0Aa; OTHO-
CUTENbHBIC KOHIICHTPAIIMM TaMMa-aMHMHOMACISTHOM
KUCJIOTHI, KpeaTHHa UM INIIOKO3bI Y TIOTOMCTBA CHU3H-
ymch Ha 40, 21 1 30%, COOTBETCTBEHHO, B CPaBHEHUH
¢ KoHTposieM. MHTepecHO, 4YTO M3MEHEHUE OTHOCH-
TENBHOI KOHIIEHTpAallMM acraparuHa IIpyu BO3IeH-
CTBUM YaCTUI] IJIACTMKA 3aBMCEJIO OT ToJia utoza [6].

MPOOUMITAKTUNYHECKAA TOKCMKOJIOTIMA

Hecmotpst Ha Hajnuuue MaHHBIX O HEMPOTOKCH-
yeckux 3 dexkrax MII Ha KJIeTKM Mo3ra yejoBeKa
quHun T98G, prid0 U MOPCKUX OECHO3BOHOYHBIX,
HCCIEIOBAaHMSI Ha B3POCIBIX KMBOTHBIX OCTAIOTCSI
OrpaHUYECHHBIMU — 3a4acTyl0 TKaHM MO3ra IOIIPO-
CcTy He ucciaenyoTcsa [7]. B enuHcTBeHHOU U3BECT-
Hoil HaM paboTe M. Rafiee u coaBr. [8] ucciaenona-
JIM BO3ACHCTBUE HA CAaMIIOB KPHIC IOJIMCTUPOIBHO-
ro miactuka pasmepom 40 HM, B mozax 1—10 mr/kr
Macchl Tejla B IeHb B T€UeHUE 5 Hell IpU Iepopaib-
HOM TtoctyIieHuu. [1oka3zaHo, 4To XOTSI pe3yabTaThl
MMOBEACHYSCKNX TECTOB M HE OBUIM CTaTUCTUYECKH
3HAYMMO OTJIMYHBI OT QHAJOTMYHBIX B KOHTpOJIE,
KPBICHI, TTOABEPrIIMecs BO3IEHUCTBUIO HAHOILIACTH-
Ka, MoKa3aJii OOJIBIIYI0 aKTUBHOCTD 10 CPaBHEHUIO
C KOHTPOJILHOM rpymmoii. BMecTe ¢ TeM mMMeromm-
€Csl TaHHbIE CBUACTEIBCTBYIOT O TOM, 4TOo MII Mo-
JKET BBI3BIBATh BOCIAJUTENIbHBIE peakuuu [9—12],
YTO HEM30EXKHO HETATUBHO CKa3bIBAETCS HA OpraHM3-
Me B 1IeJIOM, BKJTIOUasi COCTOSIHME HEPBHOM CCTEMEL.

Tokcuynocts MIT MoXeT 3aBUCETh OT UX pac-
MpeaeaeHnss U HAKOIUIEHUS B XMBOM OpraHU3Me.
I. Gusevac Stojanovi¢ u coasT. [13]. mpogeMOHCTpU-
poBanu, yto MII npu ocTpoM BO3IEeHCTBUM CIIOCOO-
Hbl MHULIMHAPOBATh PAa3BUTHE JIOKAJIBHBIX M3MEHE-
HUM B TKaHSIX M OpraHax, IIOTEHIHUaJIbHO IIPUBO-
ISIIIAX K WX MOBPEXICHUIO M AUCGHYHKUIMUA — Ha
ImpuMepe MedeHn, cepalla u modek. Pacmpenenenne
1 HAKOIUICHHWE, B CBOIO OdYepelb, MOXET 3aBUCETh
OT pa3mepa JacTull — Tak, Y. Deng u coasrt. [14] o
3aBepIICHUI0 28-THEBHOIO 3KCIIEpUMEHTa OOHapy-
KWK, 9TO HakoruieHue MII B TKaHSIX MBbIIIeit 3a-
BHUCHT OT pa3Mepa Tectupyemoro MII, mpu atoM Ha-
KOIUICHNUE IMOJUCTUPOIA pa3MepOM 5 MKM B MOYKAX
U KUIIEYHUKE 3HAYUTEIbHO BBIIIE 10 CPaBHEHUIO C
noJiucTuposioM pasmepom 20 MkMm. OmHaAKO McCe-
JIOBaHMSI, TIOCBSIIEHHBIE MEXaHU3MaM HAKOILICHUS
MII B GMONOrMYECKUX CUCTEMAX, 3a4aCTyl0 OCTalOT-
cs Ha ypOBHE ONMCaHUSI HabOIogaeMbIX 3(PdeKToB
0e3 mpenocTaBlIeHNsT YETKMX KOJMYECTBEHHBIX JTaH-
HBIX. HecMoTpsd Ha mpenBapUTEIbHO IOIYYeHHBIE
maHHble [15, 16], Tpebyercs yriyOJ€HHAs OLiEHKa
B3aUMOJIEICTBUS MUKPOYACTUI TIACTUKA U XUBOU
CHUCTEMBI.

Taxkum obpa3oM, ueav uccredosanus — CpaBHU-
TEJbHBI aHAJIM3 HAKOIUICHWS MUKPOYACTHIL ILIa-
ctuka pasHoro pasmepa (100, 500 u 1000 uHm) B ro-
JIOBHOM MO3Tre KPbIC C IPUMEHEHNEM OITMCcaTeIbHO-
I0 ¥ KOJIMYECTBEHHOTO TTOAX0/IA.

Martepuana u METOIbI

st ocyliecTBAEHUS CPpaBHUTEILHOTO aHajlu3a
HakoruieHus u pacnpeaeneHuss MII pazHoro pasme-
pa B TOJJOBHOM MO3Te C MPUMEHEHUEM OIucaTesb-
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HOTO KOJMYECTBEHHOIO IIOAXOAa OBUI BBIIIOJHEH
9KCMEPUMEHT in vivo. MoaellbHbIMUA O0bEKTAMU CIIY-
KWW KpBIChI-caMKU JUHUM Wistar, KoTopble ObLIN
npruoOpeTeHbl B MUTOMHUKE «PanmosoBo» u coaep-
KaJINCh B YCIIOBUSIX CIELIMAJIbHO OPTaHM30BaHHOTO
BUBapUs C COOJIONEHMEM HOPM 3aKOHOIATEIbCTBA
Poccuiickoii Menepaiii B OTHOILIEHUU JIabOpaTop-
HBIX JKUBOTHBIX. YXOJI 32 SKWBOTHBIMM OCYIIIECTBIISIIN
B cootBeTcTBUM ¢ TOCT 33215—-2014 «PykoBoacTBO
10 COAEPKAHMIO 1 YXOMY 3a JIA0OpaTOPHBIMU XKNUBOT-
HeiMu. [IpaBuia 06opynoBaHUS TIOMEIIEHUI 1 opra-
HU3ALIMU TIPOLIETyP», MAHUITYJISILIMY BHITIOJHSIJIUCH B
cootBeTcTBUHM ¢ JupektuBolii EBpomneiickoro mapJa-
MeHTa u CoBera EBponeiickoro cowosa 2010/63/EC
ot 22.09.2010 o 3amiure XUBOTHBIX, UCIIOJIb3YIOMBIX
D11 HaydHbIX 1Heneit. IIpoTtokon uccienoBaHus oq0-
OpeH JIOKaJIbHBIM 3THYECKUM KOMUTETOM YIPEXKIc-
auss OBYH «YdumMmcknii HaydIHO-HCCIEeI0BaTENh-
CKMIA MHCTUTYT MEIMLIMHBI TPyJIa U SKOJOIUHU YesIo-
Beka», Ne 01-02 08.02.2024 r.

HUcnons3oBayun MII monmctupoa, Me4eHHbBIE
(rryopecLieHTHBIM KpacuTeNleM (IUIMHA BOJIHBI ITMKA
BO30YKIeHNST — 488 HM, ITMHA BOJTHBI ITMKA SMUCCUYN —
518 um), cpepuueckoit popmel, nuamerpom 100, 500
u 1000 um, ¢popma npemnapara — 1% cycrieH3us B I1-
crutupoBaHHol Boae (QiuHuan, KHP).

B wuccrnemoBanum y4yacTBOBaiiM 12 WMHTAKTHBIX
camok Maccoi Teina 180—200 r B Bo3pacte 3 Mec,
pa3nenéHHbIX Ha 4 rpynIisl no 3 ocodu. Kaxmoe xu-
BOTHOE MMEJIO MHINBHUIYAIBHYIO METKY Ha XBOCTE.
MII BBomunm BHyTpUcepaedHO 00BEMOM 0,5 M.
Hunst pazouenuss MII ucnosyib3oBanu yjabTpa3ByKOBYIO
BaHHY Y30-«MEJ3BJI» u porarop BioSan, mposo-
IUJIA KOHTPOJIb COCTOSTHUSI BBOOUMOI CYCIIEH3UU
co ceeropmnsTpoM EGFP B mmumkepe Celena X
(Logos Biosystems, HOxHast Kopest). KoHTpoIbHBIM
BEIIECTBOM CITY>XKWJT (PHU3UOJTOTMYECKUI pacTBOD.

BryTpucepaeyHoe BBeIeHUE, XOTSI U HE SBIISICT-
Csl €CTECTBEHHBIM ITyTEM IIPEIIIOIOXKUTEILHOTO I10-
crymienust MI1 B opranuam [17], B 3TOM nccliemoBa-
HUM ObUIO BHIOpAaHO HAMM, ITOCKOJIbKY TaKOI METOHd
MO3BOJIWJI TOYHO KOHTPOJIMPOBATh JO3UPOBKY U Olie-
HUTH paclipelie/icHue MUKPOUYACTHII IJIACTUKA B Op-
raHusMe 0e3 pHucKa 3aIepXKU MHOIABJISIONICH T0Iu
MUMKpPOYACTHUIl B KUIIIEYHUKE XUBOTHBIX. MMeroTcs
MaHHbIE, cOrTacHO KOTOpbIM 10% TmporiaTeiBaeMBbIX
HAHOYACTMI IUIACTUKA pa3dMepoM 60 HM ocemaior
B KuiIeyHuKe Kpbic [18]. B 3TOM KOHTEKcTE CTO-
WUT OTMETUTh, YTO MMKPOUACTUIIbI, UMEIOIIUE eIle
OoJIbIINIA pa3Mep, oOnamaroT MeHee 3(PPeKTUBHOM
kuHeTrko# [19]. MII ¢ MakcUMalbHBIM pa3zMepoM
6onee 150 MKM He TIpOHMKAET B CUCTEMHBIN KPOBO-
toK [20]. B nccnenmoBanun K.E. Carr u coanr. [21]
tonbko 0,3% TmepopajibHO BBEIEHHBIX JIATEKCHBIX
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YaCTHUIl C HAMOOJIBIIIUM pa3MeEPOM 2 MKM IlepeceKalin
KUIIeYHbIIA anuteanii. TakuM o0pa3oM, BIOOP BHY-
TPUCEPASCYHOTO BBeACHUS ObLI 00YCIOBIEH HEOOXO-
ITAMOCTBI0 MUHMMU3NPOBATh BIMSIHAE OTPaHUYCH-
HOI1 abcopOLMK MUKPOYACTUIL IIpU I€POpaTIbHOM
BBEACHUU.

ITo npoiecrBuu 5 4 nocie BBeaeHuss MII xu-
BOTHBIX BBIBOAWJIM M3 SKCIIEpMMEHTA 3BTaHA3UEH
YIJIEKMCIIBIM Ta30M C IMOCJICOYIOIIEH AeKaIUuTallue.
HeMmenneHHo oTOupanu oopa3iibl TKaHEe! FOJJOBHOTO
MoO3ra Il JaJbHeMUIero rMcToJ0THYECKOTO aHau-
3a. Tkanm xpaHunuce pu Temmneparype muHyc 70 °C
IO TIONTOTOBKM cpe30B Ha KprnocTarte Leica CM 1520
(Leica BioSystems, I'epmanust) ¢ ToamuHo#i 10 MKM,
nociae 4yero ¢ororpadupoBaid Moa yBeIUUYEHUEM
200x% co cBerounsTpoM EGFP B umumxkepe Celena X
(Logos Biosystems, KOxuast Kopest) n genanu omnm-
caTeJIbHYIO0 OILIEHKY MUKpoIpenapaToB. s MOBbI-
IIEHWS HaIEXHOCTU TTOJYYEHHBIX JAHHBIX, MCXOMIS
13 BO3MOXKXHOCTH BKJIIOUUTH B KAXKIYIO 9KCIIEPUMCH-
TaJIbHYIO TPYIIIy TOJBKO IO 3 XXMBOTHBIX, COOpaHO
1o 4 o6pasiia roJJOBHOIO MO3ra B pa3HbIX yyacTKax
opraHa OT KaXJO0ro XXMBOTHOTO, YTO B CyMMe Jajio
12 obpa3uoB ajig aHanu3a. B taHHOM MccieJoBaHUN
SCTPaJIbHBIA ILIMKJI CaMOK HE YYMUTBIBAJICSI; TOPMO-
HaJIbHBIE KOJIeOAHUS MOTYT BIMSATh Ha H3y4daeMble
nmapameTpbl. OMHAKO, YYUTHIBasI, YTO BCE XKUBOTHbBIE
HaXOOWJINCh B OMMHAKOBEIX YCIIOBUSIX COACPKAHUS 1
ObUIM CITy4alfHBIM 00pa30M pacIipeAe/IeHbl IO TPyI-
maM, MbI MpPEIrnojiaraéM, 4YTO BIMUSIHUE II0JIOBOTO
LIMKJIa Ha pe3yJbTaTbl MUHUMU3UPOBAHO.

KonnyectBeHHy0 onieHKy MII u UX KOHTriI0Me-
paToB B OMOJIOTMYECKMX 00pa3lax OCYIICCTBIISIN
C IPUMEHEHMEM CITeLIMAJIbHO pa3pa0OTaHHON KOMIIb-
IoTepHOli TIporpamMmMmbl  Microplastic detector [22].
ITporpamMmmHoOe obGecrieueHre OBLTO pa3paboTaHO Ha
s3bIKe TporpaMmmupoBaHus Python 3.10 ¢ ucrosnb3o-
BanueM o6uomorek OpenCV (s 00padboTKu M300-
paxeHuii) 1 NumPy (11 YrCIeHHBIX BEIYMCICHUI ).
AJTOPUTM pabOTHI IPOTPAMMBI BKJTIOUAaeT HECKOJIBKO
aranoB. CHauaja oCyllecTBIsIeTCS BHIOOP BXOAHOTO
KaTajora ¢ M300paKeHUSIMU M BBIXOZHOIO KaTajo-
ra Ijisg coxpaHeHUs1 pe3yabTaToB. OmepaTop BBOIUT
MmapaMeTpbl 4YacTull, Takue Kak ¢dopMa U pa3Mmep.
B ciydae skcnepUMEHTAIBHOM OLIEHKU ITapaMeTphl
3aIaBajiICh HA OCHOBE JAHHBIX O BBEAEHHBIX YaCTH -
max. Mukpodororpadpuu, Mo Tpu M300paxkeHUsT OT
KaXJI0ro >XMBOTHOTIO, Ipeo0pa3oBBIBAJIMCh B Ipa-
JallMy Cceporo Jisl JaJIbHEHIEro aHaiau3a B COOT-
BETCTBUM C 3aJaHHBIMU ITapaMeTpaMu. 3aTeM IIpU-
MEHSIETCSI MOoporoBasi oOpadoTKa sl BbIAEICHUS
otneabHbix MII. HakomieHHass mMacka co3ma€rcs
IMyTEM TIpUMEHEHMST TIOPOTOBBIX 3HAYECHWI B 3aaH-
HOM JHara3oHe, KOTOPHIA yKa3bIBaeT OIIepaTop.
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Ha crmenyromem aTare peanmsyeTcs ITOMCK KOHTY-
pPOB Ha MacKe M300paXkeHMsI, aHAJIM3 UX IUIOIIAIN
1 OKPYIJIOCTH, a TaKXKe (UKcallus U OKpallluBaHUe
KOHTYPOB, COOTBETCTBYIOIIMX 3aJaHHBIM IapaMeT-
pam. Inomane 1 aHaNMM3 KOHTYPOB BBIITOJIHSIETCS C
MOMOIIIbI0 HEe3aBUCUMBIX (yHKuuil. o xKiaccu-
¢ukaum yacTuil no popme MCIoIb3yeTcss MeTprKa
OKPYIJIOCTH, KOTOpas OblJIa BBeAeHA IS YIIyYIICHUS
MorcKa MUKpodacTull cpepruueckori popmMsl. YacTu-
LBl CYUTAIOTCS OKPYIJIBIMU, €CIM 3HAYCHUE METPUKU
MPEBBILIACT 3aJaHHbINA OIIEPATOPOM IMOPOT, KOTOPBIA
BBOIMTCSI BPYYHYIO B 3aBHCHMOCTU OT XapaKTepu-
CTMK MCKOMOro obbekTa. Iajee co3maéTcs macka
obOacTeit 6e3 OTHeNIbHBIX YAaCTHII, BBITIOJIHSIETCS T10-
poroBasi 00paboTKa 7151 BbIACIEHUSI KOHIJIOMEPAaTOB
1 aHaJI13 UX KOHTYpoB. KoHIJIOMepaThl BHIAEISIOTCS
Ha OCHOBE MaCKH, NCKITIOUAIOIIe MHANBUIYaJTbHEIC
yactuibl. Ha puHAansHOM 3Talte MponcXoauT coxXpa-
HeHUe 00paboTaHHBIX M300paKeHUI U Pe3yIbTaTOB
aHaim3a (KOJIMYECTBO YaCTUII, ILUIOIIAb, IJIOTHOCTD)
B Buae Taomuubl Microsoft Excel. PaspabotaHHoe
MIpPOrpaMMHOE OOECIIeUeHUE YUMTHIBACT CIICHYIOIINE
MmapamMeTphbl: KOJIMYECTBO MMUKPOYACTHII, UX OOIIas
IUIomaab M IUIOTHOCTHL (M3 pacuyéra Ha 1000%x1000
MUKCeJIeii); KOJIWYeCTBO KOHIJIOMEPATOB, MX ILIO-
agp M IUIOTHOCTh. OTHOCHUTEIBHAS ILIOTHOCTh
MHUKPOYACTHUI] WJIM MX KOHIVIOMEPATOB Ha €HWMHUILY
TUIOIIAAM PAaCcCYMTHIBAETCS MO (popmysie, UCXOOs U3
o01Ieit TomaayM uU300paXkeHUsT M Yuclia YacTULl U
KOHTJIOMEpATOB.

CratncTiueckyro 0o0pabOTKy pe3yJabTaToOB OCY-
LIECTBJSIIA C UCIIOJb30BaHUEM MeToda Bootstrap ¢
nonpaBkoii XoiMma—boHbepponu. Paznuumss npu-
3HABaJd JOCTOBEPHBIMU IIPM YPOBHE 3HAYMMOCTH
p < 0,05. JaHHBIN MOIXO0M ITO3BOJIMII CHU3UTD BIIMSI-
HUE OrpaHMUYEHHOTO padMepa BHEIOOPKHU, obecrieum-
Bas MpU 3TOM CTPOTME KPUTEPHMU CTaTUCTUYECKOM
3HayuMocTu [23].

Pe3yabTaTnl

Ha puc. 1 (cMm. Ha BKJeliKke) nmpeacTaBieHbl MU-
Kpodororpadpum TKaHU (HParMEHTOB TOJOBHOIO
MO3ra >XXUBOTHBIX KOHTPOJILHOW TpYMIlbl U XXWUBOT-
HBIX, HonBeprmmxcs BozaelicTBuio MII, mosydeH-
HbIe BO (OJIYOPECIEHTHOM peXxume. B KOHTpoIbHOM
rpynie HaOaomaercsi (POHOBOE CBEUEHHE TKaHEM.
Hcxonas u3z muxkpodotorpaduil, MOJIy4eHHBIX OT
rpyrn «MIT 100» u «MIT 500», BbISIBIEHO, YTO HAM-
OoJiblIee CKOIUIeHUE (PayopeclupyolnX 00beKTOB
1 3JIEMEHTOB OBbLIO COCPEIOTOUYECHO IIPEUMYIIIECTBEH-
HO B KOpP€ TOJIOBHOTO MO3Ta. Y >XKMBOTHBIX TPYIIIIbI
«MII 1000» Habmoganyu aHaJOTMYHbIE U3MEHEHMUS,
HO BHU3yaJbHbIC OTJIMYMS 3aKJIIOYAINCh B OOJIbIIEM

MPOOUMITAKTUNYHECKAA TOKCMKOJIOTIMA

KoJinuecTBe (hyopecLUpyOInX 0ObEKTOB C YETKU -
Mu KoHTYypaMu. OOBEKTHl U3peIKa ITPyHIIMPOBAINCH
B KOHIJIOMEPAThl, KOTOPHhIE XapaKTepU30BAIUChH YET-
KAM KOHTYPOM U JIOKIU3aLUUEN TPEUMYLIECTBEHHO
B KOPKOBBIX CTPYKTYpax roJIOBHOTO MO3Ta.

Hecmotpst Ha OTCYTCTBHE CIIEMATU3NPOBAHHOM
OKpacKU, COCYIUCThIE CTPYKTYPHI XOPOIIIO BU3yaslu-
3UPOBAJINCh Ha (QIIYOPECIIEHTHBIX MUKpodoTOorpa-
¢usax 3a CUET MX XapaKTepHO (opMEbI (puUC. 2, CM.
Ha BKkJeiike). ITokazaHo, uTO (ayopecuupyroye
MUKPOYACTHUIILI 0OHAPYKMBAIOTCSI HE TOJIBKO BOJIM3H
COCYIIOB, HO 1 B IIPOCTPAHCTBE Ha YIaJIECHUM OT Mpe/I-
MoJlaraeMbIX TPAHUI[ COCYAUCTOIO pyciia, YTO MOXKET
CBUACTEILCTBOBATh O BHIXOAE YACTHII 3a IIPEIesIbl
KpPOBEHOCHOI1 cucteMbl. Kpome Toro, pacmpenee-
HUe MHUKpouyacTull Hocuio Iuddy3HBI xapakTep,
0e3 NMPU3HAKOB JIMHETHOTO COCYIMCTOTO CKOTUICHUS,
TAUTIMYHOTO IS BHYTPUCOCYAMCTOUN JOKaIU3alIMK.
KonrnmoMepatsl M M30IMpOBaHHBIE YACTUIIBI PErH-
CTPUPOBAIM B y4acTKax, COOTBETCTBYIOIIUX ITapeH-
XM€ — MEXIy HelpoHaMU U KJIeTKaMM IJIMU, YTO
KOCBEHHO yKa3bIBaeT Ha WX MPOHUKHOBEHME Yepe3
reMaTosHIIedannueckuit 6aprep (I'Db) n mocnemy-
IoIllee UHTePCTULIMATILHOE pacIIpeeIcHuE.

Ha puc. 3 (cM. Ha BKJIeiike) MpeacTaBlieHbl pe-
3y/bTaThl KOJJMYECTBEHHOM OLIEHKM CTeTIeHN HaKOII-
JneHust n pacupenenenuss MII 1 ero KoHriomepa-
TOB B roioBHOM Mo3re. [lokazaHo, 4TO KOJMYECTBO
MII B TKaHSIX TOJIOBHOI'O MO3ra >KUBOTHBIX 3KCIIE-
PUMEHTAJIBHBIX TPYIIT CYIIECTBEHHO BBIIIE, YeM B
koHTtpoie (p = 0,001 mrs «MII 100», p = 0,012 mns
«MITI 500» 1 p = 0,001 mrst «MII 1000). B rpymie
«MIT 500» obHapy:XeHO 3HAYMTEJIHHO MEHBbIIe Ya-
ctul, yeMm B rpynmax «MIT 100» (p = 0,002) u «MII
1000» (p = 0,043). IIpu oueHke miotHocT MII Ha
MUKpodoTorpadu MoKa3aHO, 9YTO B TKAHSIX TOJIOB-
HOTO MO3ra >XKMBOTHBIX 3KCHEPUMEHTAIbHBIX TPYIII
OHa BhIIe, 4yeM B KoHTpoJie (p = 0,001 mag rpynmo
«MII 100» u «MIT 1000», p = 0,017 nag rpynrmsl
«MII 500). ITnoTHOCTH, OOHAPYKEHHBIX MHUKpOdYa-
ctull Beie B rpymre «MIT 1000», yem B Tpymre
«MIT 500» (p = 0,021). KonuyecTBO KOHIJIOMEpPATOB
MII B TKaHSIX TOJIOBHOTO MO3Ta KMBOTHBEIX 3KCIIE-
PUMEHTAIBHBIX TPYIII TAKXKE BBIIIE, YeM B KOHTPOJIE
B rpynmax «MIT 100» (p = 0,006) u «MIT 1000»
(p = 0,003), HO He B rpymIte «MIT 500» (p = 0,067).
IToxazanbl paznmuuus mexay rpynmnamu «MIT 100»
u «MII 500» (p = 0,017) u «MII 500» 1 «MII 1000»
(p = 0,039). IlnotHOCTHL KOHTIOMepaToB MII
He MTOCTUIJIa CTATUCTUYECKUI 3HAUUMOCTH C KOHTPO-
gem B rpynme «MIT 100» (p = 0,294) u «MIT 500»
(» = 0,997), onHako 6bu1a Boiie B rpymme «MIT 1000»
(p = 0,014). 3acdukcupoBaHO pa3IMINe MEXIY IPYII-
nmamu «MIT 500» u «MII 1000» (p = 0,001).
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IToxazana criocoo6Hocts MII pasmepom 100, 500
u 1000 HM nipoHuKaTh yepe3 I'Db, HecMOTps Ha ero
3aiuTHbeIe pyHKUMU. [ToaydeHHbIE HAMU pe3yJibTa-
ThI COTJIACYIOTCS C HaHHBIMU S. Shan u coaBrT. [24],
KOTOpbIE ITOKAa3ajy, 4YTO HAHOYACTHUIILI IIJIACTUKA
pazmepoM 50 HM AOCTOBEPHO MHAYLIMPOBAIU YBe-
JImaeHne npoHuiaemMoctu ['Ob m mo3ozaBucuMoO
HaKaIUIMBaJWUCh B MO3Te Mblleil. MexaHu3M Ipo-
HUKHOBEHUS, BEpPOSTHO, OOYCJOBJIEH CIOCOOHO-
CThI0O MUKPOILJIACTUKA MOAABISATh 3KCIIPECCUIo Oe-
KOB IUIOTHBIX COCOIMHEHWI 30HYJIWHA W OKKIIIOMM-
Ha, 4YTO OBbLIO OOHApPYXKEHO IpU MOAEIUPOBAHUU
in vitro [24] 1 NMOATBEPXIEHO in Vivo yBeIUUYECHUEM
npoHuliaeMoctd I'Db B rumnmnokamme, rumnoTajgamy-
ce M KOope TOJIOBHOro Mo3ra MbIeit [25—27]. Kpo-
me Toro, L.F. Amato-Lourenco u coasT. [28] BBHI-
SIBWIM MMKPOYACTHUILBI IIJIACTMKA B OOOHSITEIbHBIX
JykoBuLIaXx y 8 U3 15 MccaeaoBaHHBIX B3POCIbIX
moneit 6e3 HEHPOXUPYPTUYECKUX BMEIIATENIbCTB,
YTO ITOATBEPKAAET BO3MOXKHOCTH ITPOHUKHOBEHUS
MII B ronoBHoI1 Mo3r. Becero Obl10 MueHTHUPUIIN-
poBaHO 16 CHUHTETMYECKMX IMOJMMEPHBIX YaCTUL] U
BOJIOKOH, U3 KOTOPBLIX 75% OGHapy:kKeHHBIX Mate-
pHaIOB SABJISTIIOTCS YacTUIIAMM; HauOoJee pacrpo-
CTpaHEHHBIM OOHApyXXE€HHbIM IIOJIMUMEPOM  ObLIT
nonunporwied (43,8%). Pasmepbl yacTul] Bapbu-
POBAUCH OT 5,5 MKM 110 26,4 MKM, a CpeAHsIs IJIv-
Ha BOJIOKHA cocTtabisina 21,4 Mk [28]. DTn gaHHBIE
B COBOKYITHOCTM MOMYEPKUBAIOT CIIOCOOHOCTH OT-
HOCUTEJIbHO KPYMHBIX YacTUIl IUIaCTUKa IIPOHU-
KaTh, pacIpeaeIsIThCs M HaKaIlJIUBaThCs B TOJIOBHOM
MO3re.

IIpy moMoIM KOJIMYECTBEHHOTO METOJa TKaHeM
TOJIOBHOTO MO3ra KMBOTHBIX 3KCIEPUMEHTAIbHBIX
IPYII TaKKe ITOATBEPKIeHAa UX CIIOCOOHOCTH IpO-
HUKaTh Yyepe3 I'ODb 1 HakarmMBaThCs B OpraHe: Ko-
JmyectBo MII ¥ MX KOHIIIOMEpaTOB B TKAHSIX FOJIOB-
HOTO MO3ra >XMBOTHBIX 3KCHEPUMEHTAIbHbIX TPYIII
3HAYMUTEIbHO IIPEBHIIIAET TAKOBOE B KOHTPOJILHOM
rpymme (cMm. puc. 3, a—e). Haubosbliee 41cio KOH-
JioMepaToB 00HapyxeHo B rpymie «MII 500», Hau-
0oJIbIlIasl TIJIOTHOCTh YAaCTUIL M MX KOHIJIOMEPaToOB —
B rpymiie «MII 1000». BoaMmoxHo, yactuisl MIT pas-
mepoM 500 HM cIOCOOHKI Jierdye arperupoBaTh MEXIy
coboi1, B oramame ot gactull 100 HM, KoTophle 6oiee
IIMPOKO pachpenessaiorcss B TKaHsX. boiee kpym-
Hble yacTullbl pazMepoM 1000 MKM, BEpOSITHO, MOTYT
WMeTb 00Jiee BBICOKYIO TJIOTHOCTh M3-3a CBOEH Mac-
CBHI, UTO AeJIaeT UX MEHee ITOABEPKCHHBIMM arpera-
1IMU, HO 00Jiee CIIOCOOHBIMU K HAKOILICHUIO B OIIpe-
NEeEHHBIX yJyacTKaX TKaHel, 4YTo 00YCIOBIMBAET UX
OOJIBIIYIO TNTOTHOCTh B TKAHSIX TOJIOBHOTO MO3ra.
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Takum obpa3oM, 06a moaxoaa MPoaAEMOHCTPUPO-
Baii cnnocobHocTh MIT mpoHUKAaTh B TKAHU T'OJIOB-
Horo Mo3sra yepe3 '9b, oqHaKO TOJBKO COBMECTHOE
X HWCIOJIb30BaHME ITO3BOJISIET IOJIYYUTh Hamboee
MOJIHOE TIpecTaBaeHue o HakoruieHur MII B uccne-
nyemMoM opraHe. KojauuyecTBeHHBIN aHalU3 Ipeno-
cTaBisgeT OoJiee YETKOE MpPEICTaBICHUE O HAKOILIe-
Hun MII, TOCKOJIBKY OH ITO3BOJISIET HE TOJBKO OIe-
HUBaTh 00Ilee KOJIMYECTBO YaCTUII, HO U pa3indaTh
X KOHIJIOMEPAaThl, a TakKKe U3MEPSITh UX INIOTHOCTD.
ITonpoGHOe paznmesieHHMe Ha OTACIAbHBIE KaTeropuu
JaeT BO3MOXHOCTb IJIyOXe IIOHSITh OCOOEHHOCTH
B3aumoneicteuss MII u xuBoit TkaHu. Takum 06-
pa3oM, TOJIbKO MHTETpaIvs BCEX TPEX MOIXOA0B M03-
BOJISIET KOMITJIEKCHO OLIEHUTh OCOOEHHOCTH HaKOII-
nenus MII B opraHe.

TokcuuHocTts MII 1 MexaHU3MEI ee peanu3alun
MO-TIPEXXHEMY OCTalOTCSI HEIOCTAaTOYHO M3YyYEHHBI-
Mu. S. Shan u coaBT. [24], oOHapyXMBILIKE CIIOCOO-
HocTh MII HakamuBaTbCSI B TOJIOBHOM MO3Ie, B
CBOEM 7-IHEBHOM HCCIICIOBAHUU HE BBISIBIUIM HEil-
porokcnueckue 3¢pdekThl Ha MbIax. Ho in vitro-uc-
CJIeNOBaHUSI C MCITOJIb30BAaHMEM WMMOPTAIU3UPO-
BaHHBIX MUKPOCOCYINCTHIX SHIOTEINATBHBIX KIICTOK
rojIoBHOTO Mo3ra 4yenoseka tuau hCMEC/D3 mpo-
JIEMOHCTPUPOBAIN TOKCUUECKME CBOMCTBA MCCIEMy-
eMbIX vactull. JlaHHble, mpeacTtaBieHHble B. Liang
U coaBT. [29], cBUOETEILCTBYIOT O CIIOCOOHOCTU
MII BEI3BIBaTH HeHpomereHepaTUBHBIC N3MEHEHUS,
aHAJIOTUYHBIE T€M, YTO HAOIIOHAIOTCS IPU OOJIE3HU
ITapkuHcoHa. DTU U3MEHEHUs CBSI3aHbI C Hapyllle-
HUEM 3HEPTreTUYECKOro OOMeHa M MUTOXOHIPHUAJIb-
HOI IMCOYHKIMEH, 3aTpardBalOlIMMUA BCE KIETKH
MO3ra; CHIXKAETCs comepKaHue aneHo3nHTpugocda-
Ta U ypoBeHb 3Kcrpeccun ATd-acconnpoBaHHBIX
reHoB U O6enkoB. Q. Yang u coast. [30] HampoTuB,
B CBOEM MCCJIEMOBAHUM TOTYSPKUBAIOT, YTO MUKPO-
YaCTUIIHI TUIACTUKA, CKOpee He OKa3bIBAIOT IIPSIMOTO
LIMTOTOKCUYECKOIO ASHCTBUSI HAa MO3T, a BIUSIOT Ha
OpraHusM B IieJioM. B yacTHOCTH, OHU OOHapyXKU-
JIM, YTO YACTUIIbI IIJIACTUKA aKTUBHUPYIOT MaKpodaru
KUIIIEYHNKA M BBI3BIBAIOT MOBPEXIECHUE JIM30COM,
YTO MPUBOAUT K aKTUBALMU CUTHAJbHBIX MyTei WH-
TepaeiikiHa- 1. M 3ToT Xe Mpoliecc MOXeT OKa3bIBaTh
BJIMSTHME Ha MMMYHHEBIC peakIlii B MO3Te, IIPUBOIS
K aKTUBALIMM MUKPOTIMU 1 nudGepeHIIMPOBKE KIIe-
TOK, YTO, B CBOIO OY€pelb, CBSI3aHO C YXYIILIEHUEM
KOTHUTHUBHBIX (PYHKIIMI M KpaTKOBPEMEHHOM ma-
MSTH y MBIIe. Jpyrue ucciaemoBaHusl TaKKe ITOM-
TBEPKIAIOT B3aMMOACHCTBHE MEXIY KUIICYHNKOM M
MO3roM B KOHTeKcTe BosnmerictBusa MII: moka3aHo,
YTO BBEICHUE TOJMCTUPOJIbHBIX MUKPOUACTUIL MbI-
IIaM B TeYeHHE BOCHBMHM HeIe/Ib IIPUBOIMIIO K YXYI-
IIEHUIO TIOBEICHNSI B 3aa4ax Ha 0OydeHUe U IaMsITh.
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HMuTepecHo, yTo abssius 0J1yXaarolero Hepsa, Mo-
IyJIITOpa OCU KMIIIEYHUK—MO3T, yiaydinaia ¢GyHKINT
MaMsTH Y MBILIEH, MOJyYaBIIMX KCCIEAyeMble MU-
KpoyacTuusbl [25].

OTINYUTEIbHOI 0COOEHHOCTHIO HACTOSIIEH pa-
0OTHI CTajl0 IPUMEHEHHE CIELUATU3UPOBAHHOMN
KOMIIBIOTEpHOM nmporpamMmmbl Microplastic detector,
MO3BOJISIONIE B aBTOMAaTUYECKOM PeXXUME TIPOBO-
INTh MOP(MOMETPUIECKUI aHAJIU3 M paclio3HaBa-
aue MII Ha ¢ayopeclieHTHBIX MUKpodoTorpadu-
gax. bmarogaps mocnegoBaTeTbHOMY YYETY MOPdhO-
JIOTUYECKMX KpUTepueB (OKPYIVIOCTh, pa3Mep) u
MHOTOCTYIIEHUYaTOMY IIOPOTHPOBAHMIO, IIpOrpaMMma
MUHUMHM3UPYET CYOBEKTUBHYIO OIIMOKY OIlepa-
Topa, oOeclieurBasi BOCIIPOM3BOAMMOCTh JaHHBIX
Jlaxke Tpu paboTe ¢ HeOOJbIIUM KOJMYECTBOM 00-
pasnoB. B oTanume oT yHMBepCaJbHBIX WHCTPY-
MEHTOB, Ile IS CXOOHBIX OIlepaluii OmIepaTopy
MPUILIOCH OBl BPYYHYIO OCYIIECTBJISATH IOPOTH-
poBaHHMe WJIM HAcTpauBaTh Makpochl, Microplastic
detector aBTOMaTU4YE€CKU T€HEPUPYET U OObEAUHSIET
pe3yJIbTATHl 110 3aJJaHHOMY IMANa30HY ITOPOTOBBIX
3HayeHU. OTaeabHbIC HACTPOWKM IJIST KOHTJIOME-
paToB IMO3BOJISIOT YYUTHIBATh CIIELUM(PUKY KaxXKI0-
ro Habopa mzobpaxeHuii. KpoMme Toro, mporpam-
Ma He TOJBKO (hOPMUPYET CBOMHBIC TAOIMIIBI IJIS
MOCJIEOYIOIeTO CTaTUCTUYECKOTO aHaju3a, HO U
COXpaHsIeT BU3yaJIbHO pa3MeYeHHble H300paxe-
HUS, obecIieunBasl IMPO3pavyHOCTh U BEpUPUIINPY-
€MOCTb Ha Bcex aTamax obpaboTrku. BaxHoit oco-
OCHHOCTBIO SBJIACTCS YHUMUIMPOBAHHBIA IIPO-
TOKOJI aHajiM3a, KOTOpPBIA IoIpa3yMeBaeT OIHO-
KpaTHYIO0 HACTPOWKY IapaMeTpoB, MOCJe YeTro Bce
n3o0paxeHuss oOpabaThIBAIOTCSI OJMHAKOBO, 4YTO
0CO0EHHO IEeHHO IIpH OOJIBIINX MacCUBaX TaHHBIX.
B mepcniexTuBe pacmmpenune pyHKIMoHana (BKI0-
yasi METOJbl MAIlIMHHOTO OO0YYeHUSI U HeHpPOHHBIE
CeTH) TT03BOJIUT MOBBICUTh TOYHOCTh KJIacCU(PUKa-
UM YaCTUII Y BBISIBJISITH 00JIee CIIOXKHBIC ITATTEPHBI
MX paclpeaesieHUs B TKaHSX.

MPOOUMITAKTUNYHECKAA TOKCMKOJIOTIMA

Takum obpazom, MII, HecMOTpsA Ha 3HAYUTEIb-
Hble JOCTWKEHUS B IIOHUMAaHUKU MEXaHU3MOB IIPO-
HUKHOBEHUSI M HAKOIUIEHUS, 0OCOOEHHOCTH MX BJIVSI-
HUSI HA HEPBHYIO CHUCTEMY, OCTAIOTCSI HEAOCTATOUHO
n3ydeHHbIMUA. HeoOxonuMbl ganbHENIe UCCIea0-
BaHMSI 1151 00Jiee TIIyOOKOTO ITOHMMAaHUST HEMPOTOK-
cuueckux addexkros MII, a Takxke UX B3aUMOJLH-
CTBUS C UMMYHHOW CUCTEMOM M BO3MOXHOTO BJIMS-
HUSI HA KOTHUTUBHbBIE (DYHKIIMU.

Ozpanuuenus uccaedosanus. ViccienopaHue ObLIO
OrpaHMYCHO M3yYEeHHEM pacCIIpeAcIeHNsI MUKpOYa-
CTUII IIACTHKAa TPEX pa3MepoOB B TOKCHKOJIOTHYE-
CKOM 9KCIIEpMMEHTE Ha OJHOM BUJE XMBOTHBIX (J1a-
boparopHas Kpbica). He yuursiBanach pasza 1mojioBo-
o LIMKJIa KPBIC-CaMOK.

3akioueHue

IlokazaHOo, 4YTO MMKpOYacTMLBI IIJIaCTUKA pa3-
mepom 100, 500 u 1000 HM TIpU BHYTpPUCEPAECIYHOM
BBEIEHUN KpbICaM-CaMKaM TPOXOMISIT reMaToHIIe-
danuueckuili 6apbep U OOHAPYKMBAIOTCS B TKAHSIX
rOJIOBHOI'O MO3ra.

Hcxons M3 TOIYYEeHHBIX OAHHBIX, TOJHBKO WH-
Terpaiusi BCeX TpeX IOAXOAOB TO3BOJISIET TIyOxe
IMOHATh TMHAMUKY HAKOIUIEHMSI MUKPOJACTUII ILjIa-
CTHKa B TOJIOBHOM Mo3re. OmucaTelbHBI MOIXOM
MpeaoCTaBIsIeT WH(POPMALIMIO O CIIOCOOHOCTH 4Ya-
CTULI TIPOHUKATh Uyepe3 reMaTodHuUedaInyeckuii 6a-
pbep, a KOIMYECTBEHHBIN YIIIyOJIsIeT IIpeaCcTaBIeHUS
0 (haKTUIECKOM COIEPKaHUU U pacIIpeaeIeHUN STUX
YacCTHUIl U UX KOHTJIOMEPATOB.

HelipoTokCMYHOCTb MUKpPOYACTHUIl TIACTUKA U
MEXaHM3MBl €¢ pealn3alliy ITO-IIPpeKHEeMYy OCTa-
IOTCSI HEIOCTAaTOYHO U3YyYeHHBIMM. IlepcrieKTUBBI
JabHEHIINX UCCIEIOBAaHMI MOTYT BKJII0YaTh OoJjiee
JeTalbHOE M3yYeHUEe MEXaHM3MOB B3aMMOIEUCTBUS
MUKPOYACTHII C KIIETKAMU MO3Ta B YCIOBUSIX in Vivo,
a Takke IPOBEICHUE MOBEICHUYECKMX TECTOB Y IKC-
MMOHUPOBAHHBIX XKUBOTHBIX.
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ABSTRACT

Introduction. Microparticles of plastic (MP) pose a threat to health, but the processes of their accumulation
and distribution in living organisms, especially in brain tissues, have not been sufficiently studied.

The aim of the study was to compare the accumulation of plastic microparticles of different sizes (100, 500 and
1000 nm) in the brain of rats using a descriptive and quantitative approach.

Material and methods. Female Wistar rats, 12 individuals divided into 4 groups, were intracardiacally injected
with a suspension of fluorescent polystyrene microparticles (100, 500 and 1000 nm in diameter) or a saline
solution (Control) with a volume of 50 ul. The accumulation of microplastics in brain tissues was assessed
using fluorescence microscopy using a descriptive approach and a computer program for quantifying the
content of microparticles and their conglomerates. The data was analyzed using the Bootstrap method with
the Holm—Bonferroni correction, the significance of the differences was determined at p < 0.05.

Results. 1t was found that fluorescent microparticles of plastic accumulate mainly in the cerebral cortex, and
the MP 1000 group showed a greater number of clearly defined conglomerates compared to the MP 100 and
MP 500 groups. The density of plastic microparticles, estimated using an automated morphometric approach,
was also higher in the experimental groups compared with the control, especially in the MP 1000 group.
Limitations. The study was limited to studying the distribution of plastic microparticles of three sizes in a
toxicological experiment on a single animal species (laboratory rat). The phase of the sexual cycle of female
rats was not taken into account.

Conclusion. The integration of approaches allows for a deeper understanding of the dynamics of microparticle
accumulation: a descriptive approach shows the ability of particles to penetrate the blood—brain barrier (BBB),
while a quantitative approach provides data on the content and distribution of particles and conglomerates.

Keywords: experiment; microplastics; microparticles; brain; distribution; evaluation method; computer program

Compliance with ethical standards. All experiments conducted in the framework of the study complied
with the ethical standards of animal treatment adopted by the European Convention for the Protection of
Vertebrates Used for Research and Other Scientific Purposes. The research protocol was approved by the
local Ethics Committee of the Ufa Scientific Research Institute of Occupational Medicine and Human
Ecology, No. 01-02 dated 02/08,/2024.

For citation: Ryabova Yu.V., Khusnutdinova N.Yu., Kudoyarov E.R., Valova Ya.V.,, Mukhammadieva G.F., Akhmadeev AR,
Karimov D.O. Comparative analysis of accumulation of microplastics of various sizes in the rat brain based on an automated
morphometric approach. Toksikologicheskiy vestnik / Toxicological Review. 2025; 33(3): 158-171. https://doi.org/10.47470/0869-
7922-2025-33-3 158-171

For correspondence: Yuliya V. Ryabova, e-mail: ryabovayuvi@yandex.ru

Authors’contributions: Ryabova Yu.V. - computer program development, image preparation, text writing, scientific text
editing; Khusnutdinova N.Yu. - conducting an experiment, writing a text; Kudoyarov E.R,, Valova Ya.V.,, Mukhammadieva G.F,
Akhmadeev A.R. - conducting an experiment, collecting and processing data; Karimov D.O. — research concept and design,
computer program development, scientific text editing. All co-authors — approval of the final version of the article, responsibility
for the integrity of all parts of the article.

Conflict of interests. The authors declare no conflict of interest.

Acknowledgment. The study was carried out as part of the industry research program of the Rospotrebnadzor for 2021-2025.

Received: April 4, 2025 / Revised: May 12, 2025 / Accepted: May 16, 2025 / Published: June 30, 2025

165


mailto:ryabovayuvl@yandex.ru

Toksikologicheskiy vestnik / Toxicological Review - Volume 33 - Issue 3 - 2025

PREVENTIVE TOXICOLOGY

Introduction

Microparticles of plastic (MP) pose a serious
threat to health, which is confirmed by many
relevant scientific studies in vivo involving mammals.
A study by Zolotova et al. showed that polystyrene
microparticles with a diameter of 5 microns at doses
of 0.023—2.3 mg/kg/day, when exposed for 4 weeks,
cause adaptive morphofunctional changes in the
colon and spleen in mice [1]. In the work of S. Song
et al. [2] in a study on male Wistar rats, it was
shown that MP can have a negative effect on the
cardiovascular system, the state of which was assessed
by the revealed violation of lipid metabolism in rats,
inflammation and oxidative stress in the tissues
of the myocardium and aorta. In a study on male
Sprague Dawley rats, intragastric administration of
polyethylene microparticles for 35 days daily revealed
depletion of the antioxidant system, expressed in a
decrease in superoxidismutase and serum glutathione
activity, and an increase in lipid peroxidation. The
number of abnormal red blood cells has increased.
The comet method revealed DNA damage in all
groups [3]. In addition, MP can cause endoplasmic
reticulum stress and growth retardation, which was
shown in a 28-day study on female rats [4].

The effect of nanoplastics during pregnancy and
lactation on the development of the nervous system of
offspring has been studied. According to the results of a
study conducted on Sprague Dawley rats, intrauterine
exposure to MP led to a deficit in anxiolytic behavior
and spatial memory in rat pups, which is consistent
with simultaneous neurotransmitter and synaptic
changes in their brains: there was a noticeable decrease
in the thickness of the cerebral cortex, increased
proliferation of cortical cells, expansion of synaptic
cleft synapses of the hippocampus and a decrease in
postsynaptic density [5]. The effect of polystyrene
nanoplastics on CD-1 mice throughout pregnancy
and lactation led to changes in fetal brain metabolism:
the relative concentrations of gamma-aminobutyric
acid, creatine, and glucose in the offspring decreased
by 40, 21, and 30%, respectively, compared with
the control. Interestingly, the change in the relative
concentration of asparagine when exposed to plastic
particles depended on the sex of the fetus [6].

Despite the availability of data on the neurotoxic
effects of MP on human brain cells of the T98G line,
fish and marine invertebrates, studies on adult animals
remain limited — often brain tissues are simply not
studied [7]. In the only work known to us, Rafiee et
al. [8] studied the effect on male rats of polystyrene
plastic 40 nm in size, at doses of 1—10 mg/kg of body
weight per day for 5 weeks with oral administration.
It was shown that although the results of behavioral
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tests in the exposed animals did not differ from
the results of the control ones, the rats exposed to
nanoplasty showed greater activity compared to the
control group. At the same time, the available data
suggest that MP can cause inflammatory reactions
[9—12], which inevitably negatively affects the body as
a whole, including the state of the nervous system.

The toxicity of MP may depend on their
distribution and accumulation in a living organism.
I. Gusevac Stojanovi¢ et al. [ 13] demonstrated that MP
under acute exposure can initiate the development of
local changes in tissues and organs, potentially leading
to their damage and dysfunction — for example, liver,
heart and kidneys, distribution and accumulation, in
turn, may depend on the particle size — so, Y. Deng
et al. [14] at the end of a 28-day experiment, they found
that the accumulation of MP in mouse tissues depends
on the size of the tested MP, while the accumulation
of polystyrene with a size of 5 microns in the kidneys
and intestines is significantly higher compared to
polystyrene with a size of 20 microns. However, studies
on the mechanisms of MP accumulation in biological
systems often remain at the level of describing the
observed effects without providing clear quantitative
data. Despite the preliminary data obtained [15, 16],
an in-depth assessment of the interaction of MP and
the living system is required.

Thus, the aim of the study is a comparative analysis
of the accumulation of MP of different sizes (100, 500
and 1000 nm) in the brain of rats using a descriptive
and quantitative approach.

Material and methods

An in vivo experiment was performed to conduct
a comparative analysis of the accumulation and
distribution of MP of different sizes in the brain
using a descriptive quantitative approach. The model
objects were female Wistar rats, which were purchased
from the Rappolovo nursery and kept in a specially
organized vivarium in compliance with the norms of
the legislation of the Russian Federation regarding
laboratory animals. The animals were cared for in
accordance with GOST 33215-2014 “Guidelines
for the maintenance and care of laboratory animals.
Rules for the equipment of premises and organization
of procedures”, the manipulations were carried out
in accordance with the Directive of the European
Parliament and of the Council of the European
Union 2010/63/EC of 22.09.2010 on the protection
of animals wused for scientific purposes. The
research protocol was approved by the local Ethics
Committee of the Ufa Scientific Research Institute
of Occupational Medicine and Human Ecology,
No. 01-02 08.02.2024.
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Polystyrene MP labeled with fluorescent dye
(excitation peak wavelength — 488 nm, emission peak
wavelength — 518 nm), spherical shape, diameter
of 100, 500 and 1000 nm, preparation form —
1% suspension in distilled water (QiuHuan, China)
were used.

The study involved 12 intact females weighing
180—200 g at the age of 3 months, divided into
4 groups of 3 individuals. Each animal had an
individual tag on its tail. MP was administered
intracardiac with a volume of 0.5 ml. To split the MP,
a MEDEL ultrasonic RCD bath and a BioSan rotator
were used, and the state of the injected suspension
was monitored with an EGFP light filter in a
Celena X imager (Logos Biosystems, South Korea).
The control substance was a saline solution.
Intracardiac administration, although it is not a
natural way of presumptive intake of MP into the
body [17], in this study we chose it to accurately
control the dosage and assess the distribution of
MP in the body without the risk of retaining the
overwhelming proportion of microparticles in
the intestines of animals. There is evidence that
10% of ingested MP with a size of 60 nm settle in
the intestines of rats [18]. Microparticles having a
larger size demonstrate a lower ability to distribute
in tissues [19]. MP with a maximum size of more
than 150 microns does not penetrate into the
systemic bloodstream [20]. In a study by K.E. Carr
et al. [21] only 0.3% of orally administered latex
particles with the largest size of 2 microns crossed
the intestinal epithelium. Thus, the choice of
intracardiac administration was determined, among
other things, by the need to minimize the effect of
limited absorption of microparticles during oral
administration.

After 5 hours after the introduction of MP,
the animals were euthanized with carbon dioxide
followed by decapitation. Brain tissue samples were
immediately taken for further histological analysis.
The tissues were stored at minus seventy degrees
Celsius until the sections were prepared on a Leica
CM 1520 cryostat (Leica BioSystems, Germany)
with a thickness of 10 microns, after which they
were photographed at 200X magnification with
an EGFP light filter in a Celena X imager (Logos
Biosystems, South Korea) and a descriptive
evaluation of micro-preparations was performed. To
increase the reliability of the data obtained, based on
the possibility of including only 3 animals in each
experimental group, we collected 4 brain samples in
different parts of the organ from each animal, which
in total gave 12 samples for analysis. In this study, the
estrous cycle of females was not taken into account;
hormonal fluctuations can affect the studied
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parameters. However, considering that all animals
were kept in the same conditions and were randomly
assigned to groups, we assume that the impact of the
sexual cycle on the results is minimized.

Quantitative assessment of MP and their
conglomerates in biological samples was carried out
using a specially developed program Microplastic
detector [22]. The software was developed in Python
3.10 using OpenCYV (for image processing) and NumPy
(for numerical calculations) libraries. The algorithm of
the program includes several stages. First, one select
the input catalog with images and the output catalog
to save the results. The operator enters the parameters
of the particles, such as shape and size. In the case of
an experimental evaluation, the parameters were set
based on data on the injected particles. Micrographs,
three images from each animal, were converted to
grayscale for further analysis in accordance with the
specified parameters. Threshold processing is then
applied to isolate individual MP. The accumulated
mask is created by applying threshold values in a
specified range, which is specified by the operator.
The next step is to search for contours on the image
mask, analyze their area and roundness, as well
as fix and color the contours corresponding to the
specified parameters. The area and contour analysis
are performed using independent functions. The
roundness metric is used to classify particles by
shape, which was introduced to improve the search
for spherical microparticles. Particles are considered
rounded if the metric value exceeds the threshold set
by the operator, which is entered manually depending
on the characteristics of the object being searched
for. Next, a mask of areas without individual particles
is created, threshold processing is performed to
isolate conglomerates and analyze their contours.
Conglomerates are distinguished based on a mask
that excludes individual particles. At the final stage,
the processed images and the analysis results (number
of particles, area, density) are saved as a Microsoft
Excel spreadsheet. The developed software takes into
account the following parameters: the number of
microparticles, their total area and density (based on
1000x 1000 pixels); the number of conglomerates, their
area and density. The relative density of microparticles
or their conglomerates per unit area is calculated using
the formula based on the total area of the image and
the number of particles and conglomerates.

Statistical processing of the results was conducted
using the Bootstrap method with the Holm—Bonferroni
correction, Python 3.10. The differences were
recognized as significant at a level of p<0.05. This
approach has made it possible to reduce the impact of
a limited sample size, while providing strict criteria for
statistical significance [23].
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Results

Figure 1 (see on the insert) shows micrographs of
tissue fragments of the brain of animals in the control
group and animals exposed to MP, obtained in the
fluorescent mode. In the control group, there is a
background glow of tissues. Based on the micrographs
obtained from the MP 100 and MP 500 groups, it was
revealed that the largest concentration of fluorescent
objects and elements was concentrated mainly in
the cerebral cortex. Similar changes were observed
in the animals of the MP 1000 group, but the visual
differences consisted in a larger number of fluorescent
objects with clear contours. Objects were occasionally
grouped into conglomerates, which were characterized
by a clear contour and localization mainly in the
cortical structures of the brain.

Despite the lack of specialized coloring, vascular
structures were well visualized on fluorescent
micrographs due to their characteristic shape (Fig. 2,
see on the insert). It is shown that fluorescent
microparticles are found not only near blood vessels,
but also in space at a distance from the assumed
boundaries of the vascular bed, which may indicate
that the particles escape beyond the circulatory
system. In addition, the distribution of microparticles
was diffuse, with no signs of linear vascular
accumulation typical of intravascular localization.
Conglomerates and isolated particles were recorded
in areas corresponding to the parenchyma — between
neurons and glial cells, which indirectly indicates
their penetration through the blood-brain barrier and
subsequent interstitial distribution.

Figure 3 (see on the insert) shows the results of a
quantitative assessment of the degree of accumulation
and distribution of MP and its conglomerates in the
brain. It was shown that the amount of MP in the
brain tissues of animals of the experimental groups
is significantly higher than in the control (p=0.001
for “MP 1007, p=0.012 for “MP 500” and p=0.001
for “MP 1000”). Significantly fewer particles were
detected in the MP 500 group than in the MP 100
(p=0.002) and MP 1000 (p=0.043) groups. When
estimating the density of MP in micrographs, it was
shown that it is higher in the brain tissues of animals in
the experimental groups than in the control (p=0.001
for the “MP 100” and “MP 1000” groups, p=0.017
for the “MP 500” group). The density of detected
microparticles is higher in the MP 1000 group
than in the MP 500 group (p=0.021). The number
of MP conglomerates in the brain tissues of animals
of the experimental groups is also higher than in
the control groups in the “MP 100” (p=0.006) and
“MP 1000” (p=0.003), but not in the “MP 500~
group (p=0.067). The differences between the groups
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“MP 100” and “MP 500” (p=0.017) and “MP 500~
and “MP 1000” (p=0.039) are shown. The density
of MP conglomerates did not reach statistical
significance with controls in the “MP 100” (p=0.294)
and “MP 500” (p=0.997) groups, but was higher
in the “MP 1000” group (p=0.014). There was a
difference between the “MP 500” and “MP 1000~
groups (p=0.001).

Discussion

The ability of MP sizes of 100, 500 and 1000 nm
to penetrate the blood-brain barrier (BBB), despite
its protective functions, has been shown. Our results
are consistent with the data from S. Shan et al. [24],
which showed that plastic nanoparticles with a size
of 50 nm significantly induced an increase in BBB
permeability and accumulated dose-dependently in
the brains of mice. The mechanism of penetration is
probably due to the ability of microplastics to suppress
the expression of proteins of dense compounds
zonulin and occludin, which was discovered in in
vitro modeling [24] and confirmed in vivo by an
increase in BBB permeability in the hippocampus,
hypothalamus, and cerebral cortex of mice [25—27].
In addition, L.F. Amato-Lourenco et al. [28]
identified MP in the olfactory bulbs in 8 out of
15 studied adults without neurosurgery, which
confirms the possibility of MP penetration into the
brain. A total of 16 synthetic polymer particles and
fibers were identified, of which 75% of the detected
materials are particles; the most common polymer
detected was polypropylene (43.8%). The particle
sizes ranged from 5.5 microns to 26.4 microns, and
the average fiber length was 21.4 microns [28]. Taken
together, these data highlight the ability of relatively
large plastic particles to penetrate, distribute, and
accumulate in the brain.

Using the quantitative method of assessing the
brain tissues of animals of experimental groups, their
ability to penetrate the BBB and accumulate in the
organ was also confirmed: the number of MP and
their conglomerates in the brain tissues of animals of
experimental groups significantly exceeds that in the
control group (see on the insert Fig. 3, a—e). A small
number of «particles» were registered in the control,
which, however, reflects rather not the presence of
exogenous microplastics, but the sensitivity limit of
the method. Probably, with the given parameters,
point luminescence is generated by tissue elements
(lipofuscin, flavoproteins, collagen); their sizes
and intensity fall within the range specified by the
algorithm and are classified as «particles». The
number of these objects, their total area and estimated
density were 2—3 orders of magnitude lower than the



Tokcukorormyeckui BectHuk - Tom 33 - N2 3 - 2025

https://doi.org/10.47470/0869-7922-2025-33-3-158-171
OpwurvHanbHas cTaTtbs

corresponding indicators of all experimental groups
(see on the insert Fig. 3, a, 6), which confirms the
background nature of the signals. The presence of
«conglomerates» in the control also confirms that the
recorded signals reflect the sensitivity threshold of
the method and tissue autofluorescence. The marked
increase in indicators in the experimental groups
suggests the detection of MP conglomerates directly
(see on the insert Fig. 3, 6, ¢). The largest number of
conglomerates was found in the MP 500 group, the
highest density of particles and their conglomerates
in the MP 1000 group. It is possible that MP particles
of 500 nm in size are able to aggregate more easily
among themselves, unlike particles of 100 nm,
which are more widely distributed in tissues. Larger
particles of 1000 microns in size can probably have a
higher density due to their mass, which makes them
less susceptible to aggregation, but more capable of
accumulating in certain areas of tissues, which causes
their greater density in brain tissues.

Thus, both approaches demonstrated the ability of
MP to penetrate into brain tissue through the BBB,
however, only their combined use allows us to obtain
the most complete picture of the accumulation of MP
in the studied organ. Quantitative analysis provides a
clearer picture of the accumulation of MP, as it allows
not only to estimate the total number of particles,
but also to distinguish between their conglomerates,
as well as measure their density. Such a division
into separate categories makes it possible to better
understand the features of the interaction of MP and
living tissue. Thus, only the integration of all three
approaches makes it possible to comprehensively
assess the features of MP accumulation in the organ.

The toxicity of MP and the mechanisms of its
implementation are still poorly understood. S. Shan
et al. [24], who discovered the ability of MP to
accumulate in the brain, did not reveal neurotoxic
effects in mice in their 7-day study. However, in
vitro studies using immortalized human brain
microvascular endothelial cells of the hCMEC/D3
line have demonstrated the toxic properties of
the particles under study. The data presented by
B. Liang et al. [29] indicate the ability of MP to cause
neurodegenerative changes similar to those observed
in Parkinson’s disease. These changes are associated
with impaired energy metabolism and mitochondrial
dysfunction affecting all brain cells: the content of
adenosine triphosphate and the level of expression
of ATP-associated genes and proteins decrease.
Q. Yang et al. [30], on the contrary, emphasize in
their study that plastic microparticles rather do not
have a direct cytotoxic effect on the brain, but rather
affect the body as a whole. In particular, they found
that plastic particles activate intestinal macrophages
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and cause damage to lysosomes, which leads to
activation of interleukin-1 signaling pathways. And
the same process can affect immune responses in
the brain, leading to activation of microglia and
cell differentiation, which, in turn, is associated
with deterioration of cognitive functions and short-
term memory in mice. Other studies also confirm
the interaction between the gut and the brain in
the context of MP exposure: it was shown that
administration of polystyrene microparticles to mice
for eight weeks led to a deterioration in behavior in
learning and memory tasks. Interestingly, ablation of
the vagus nerve, a modulator of the gut—brain axis,
improved memory function in mice treated with the
studied microparticles [25].

A distinctive feature of this work was the use of a
specialized program Microplastic detector, which
allows for automatic morphometric analysis and
recognition of MP on fluorescent micrographs. Due
to consistent consideration of morphological criteria
(roundness, size) and multi-stage thresholding, the
program minimizes subjective operator error, ensuring
reproducibility of data even when working with a small
number of samples. Unlike universal tools, where
for similar operations the operator would have to
manually threshold or configure macros, Microplastic
detector automatically generates and combines the
results for a set range of threshold values. Separate
settings for conglomerates allow to take into account
the specifics of each set of images. In addition, the
program not only generates summary tables for
subsequent statistical analysis, but also saves visually
labeled images, ensuring transparency and verifiability
at all stages of processing. An important feature is
the unified analysis protocol, which involves a single
parameter setting, after which all images are processed
in the same way, which is especially valuable for large
amounts of data. In the future, the expansion of
functionality (including machine learning methods
and neural networks) will improve the accuracy of
particle classification and identify more complex
patterns of their distribution in tissues.

Thus, despite significant achievements in
understanding the mechanisms of MP penetration
and accumulation, the specifics of their effect on the
nervous system remain poorly understood. Further
research is needed to better understand the neurotoxic
effects of MP, as well as their interaction with the
immune system and possible effects on cognitive
function.

Limitations. The study was limited to studying the
distribution of MP of three sizes in a toxicological
experiment on a single animal species (laboratory rat).
The phase of the sexual cycle of female rats was not
taken into account.
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Conclusion

It has been shown that MP measuring 100, 500 and
1000 nm when injected intracardiac into female rats
pass the blood-brain barrier and are found in brain
tissues.

Based on the data obtained, only the integration
of approaches allows for a deeper understanding of
the dynamics of accumulation of MP in the brain.
The descriptive approach provides information about
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the ability of particles to penetrate the blood-brain
barrier, while the quantitative approach deepens the
understanding of the actual content and distribution
of these particles and their conglomerates.

The neurotoxicity of MP and the mechanisms of
its implementation are still poorly understood. The
prospects for further research may include a more
detailed study of the mechanisms of interaction
of microparticles with brain cells in vivo, as well as
conducting behavioral tests in exposed animals.
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K cmamee 10.B. Pabosoli u coasm.
To the article by Yuliya V. Ryabova et al.

Puc. 1. MukpodoTtorpadumn GparMeHTOB FOIOBHOMO MO3ra KMBOTHbIX KOHTPOJIbHON rpynnbl (1) v SKCNeprMEHTabHbIX XXUBOTHBDIX,
nopaseprwuxca sosgencramio MIN pasmepom 100 (2), 500 (3) 1 1000 (4), ysenuyeHue x200. XKenTble CTPENKN YKa3biBaOT Ha GOHO-
BOE CcBeueHue, b6enble — Ha GpriyopecuupytoLme yacTuLbl, KPacHble — Ha KX KOHFIOMepaTbl.

Fig. 1. Micrographs of brain fragments of animals of the control group (1) and experimental animals exposed to MP size 100 (2),
500 (3) and 1000 (4), magnification x200. The yellow arrows indicate the background glow, the white ones indicate the fluorescent
particles, and the red ones indicate their conglomerates.

Puc. 2. MukpodoTtorpadum GpparMeHTOB roflOBHOrO MO3ra 3KCMEPUMEHTANbHbIX XXUBOTHbIX,
nogseprwmxca Bosgenctauto MIN pasmepom 100 (7-3), 500 (4-5) n 1000 (6-9) HM, yBenuueHne
x200. lony6an cTpenka ykasbiBaeT Ha dnyopecumpyolime YacTuLbl, OYEBUAHO PACMONOXKeH-
Hble 651113 cocygmcToro pycna, 6enas — Ha YacTuLbl, NPeANONoXUTENbHO HAXOAALMECA B TKAHW.

Fig. 2. Micrographs of brain fragments of experimental animals exposed to MP sizes of 100
(1-3), 500 (4-5) and 1000 (6-9) nm, magnification x200. The blue arrow points to fluorescent
particles, obviously located near the vascular bed, the white arrow points to particles,
presumably located in the tissue.
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Puc. 3. Pe3ynbTaTbl KONMMYECTBEHHON OLEHKM copepXaHua mukponnactuka (M) u nx koHrnomepatos (mnoTHocTb 1000 X 1000
MWKC.) B TOJTOBHOM MO3re KpbIC: d — KonnyecTBo MI B rofioBHOM MO3re, ef.; 6 — mioTHocTb MI B roniosHom mo3re, 1000x1000 nukKc;
8 — KONMYeCTBO KOHrnomepatoB MI1 B rofoBHOM MoO3re, efl.; 2 — MNOTHOCTb KoHrnomepatoB MIT B ronosHom mo3re, 1000x1000
MnMKC.

Fig. 3. Results of quantitative assessment of the content of MP and their conglomerates in the brain: the number of MP in the
brain, units (a) and their density, 1000x1000 pixels (6); the number of MP conglomerates in the brain, units (8) and their density,
1000x1000 pixels (2).
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