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NANOCASTICE

* 1 - Délnici exponovani nanoTiO, - 2012, 2013
e 2 - Ufednici - nanoTiO, - 2013
e 3 - Délnici exponovani nano Fe-oxidum - 2013

e 4 - Vyzkumnici nanokompozitnich materialu -
2016-2020




NANOCASTICE

e Oxidacni stres, zanét a zanik bunék
* Proteiny, nukleové kyseliny a lipidy
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Peroxidace lipid U — pfima

@ nenasycené kyseliny bunécnych membran
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Peroxidace lipidu — enzymaticky

lipidy bunénych membran

@\ o

Arachidonova kyselina

/ 5-lipoxygenaza ALOX5 AP (FLAP) medidator

leukotrieny tvo rené v leukocytech -  MARKERY ZANETU
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LTB, / \ cysteinylove- LTC ,, LTD,, LTE,
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cys LT - cil:
LTB ,— aktivace neutrofil @ - bronchialni svaly, .
pfesun do plic; CHOPN - Cevy —zvyseni permeability,
- akutni a chronicky zan ét
astma bronchiale , plicni fibréza v experimentu



Markery oxidace NUKLEOVYCH KYSELIN
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8-hydroxy -2'-deoxyguanosin 8-hydroxy guanosin 5-hydroxymethyl uracil
8-OHdG (DNA) 8-OHG (DNA) 5-OHMeU (RNA)



Oxidace PROTEIN U

produkty biotransformace
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myeloperoxidazou z leukocyé



Molecular Mechanisms of Nanosized Titanium Dioxide- Li2013

Induced Pulmonary Injury in Mice

Bing Li'", Yuguan Ze'”®, Qingqging Sun'”, Ting Zhang®*”®, Xuezi Sang’, Yaling Cui’, Xiaochun Wang’,
Suxin Gui', Danlin Tan', Min Zhu', Xiaoyang Zhao', Lei Sheng’, Ling Wang', Fashui Hong'*,

Meng Tang®3* e

Table 3. Oxidative stress in the mouse lung after nasal

Nasal application of nano-TiO2 suspension |administration with nano-TiO; for 90 consecutive days.

(6 nm) daily for 90 days

2.5-10 mg/kg b.w. controls
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VZDUCHU (KVV)  Horvdth et al. 2017 .
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Sample
collection vial

l Lamellar condenser

1) kondenzovanou vodni paru-H,0 -99 %

2) ve vodeé rozpustné castice

@ 3) nerozpustné castice z kapek, uvolnénych z

" bronchoalveolarni povrchové tekutiny béhem
vydechu a kontrakci respiracnich bronchiolli

Breath

ANALYZA VZORKU CITLIVYMI METODAMI NA VSCHT
liquid chromatography- electrospray ionization
- tandem mass spectrometry (LC/ESI/MS-MS)

Pelclovad D et al. 8-isoprostane and leukotrienes in EBC in Czech subjects with silicosis. Ind Health. 2007
Pelclovd D et al. Increased 8-isoprostane, marker of oxidative stress in EBC in asbestos exposure. Ind Health. 2008



VYSETRENI OSOB — @

Dotaznik

Pracovni anamnéza — roky expozice, expozice/den,
OPP, latence od posledni smeéeny,

Osobni anamnéza — nemoci, léky, koureni, konzumace
alkoholu, pravidelné cviceni

Dieta, posledni jidlo, posledni cigareta.
Vysetreni, teplota
TK, P, BMI
Spirometrie

Zjisteni znecisténi environmentalniho ovzdusi (SO,,
CO, NOx, PM,, ., PM,)




Markery v KVV, moci, plazmé (2016-2020)

LC-ESI-MS/MS analyza @ ' ‘
aldehydy C.-C,,

malondialdehyd (MDA)

4-hydroxy-trans-hexenal (HHE) oxidace lipidi
4-hydroxy-trans-nonenal (HNE)

8-isoProstaglandin F,  (8-isoprostan)

8-hydroxy-2-deoxyguanosin (8-OHdG)

8-hydroxyguanosin (8-OHG) oxidace nukleovych kyselin
5-hydroxymethyl uracil (5-OHMeU)

o-tyrosin (o-Tyr) K.
3-chloro-tyrosin (3-Cl-Tyr) oxidace proteinu ;Y{
3-nitrotyrosin (3-NO-Tyr) i
leukotrienes LTB,, LTC,, LTD,, LTE, markery zanétu
tumor necrosis factor (TNF)

FeNO — fractional exhaled nitric oxide — vydechovany NO




Mereni aerosolu na pracovistich

Meéreni béhem smény az 8 hod, méreni pozadi measurements

Berneruv Low-Pressure kaskadni impaktor (BLPI) - separace
do velikostnich frakci a chemicka analyza,

Scanning Mobility Particle Sizer (SMPS),
Aerodynamic Particle Sizer (APS),
Condensation Particle Counter (CPC)
Optical Particle Sizer (OPS).

Personalni samplery nanocastic

(Pluto Technology Taiwan) 2019, 2020




SKUPINY EXPONOVANYCH

Median
Expozice/ hmotnostni

Median
Poctu castic

den koncentrace .
/cm

mg/m3

TiO,, 2012* 20 34+8  80% 7.5h 0,65 19 800
TiO, 2013+ 14 3435 80% 7,5h 0,40 23 200
Tio., 2013 =

1, 21 | 22 4444 80%  15min 0,40 23 200
Urednici

Fe-oxidy 2013 - 14 43+8  80% 7.5 h 0,083 66 800

Nanokompozity

2016-2020 61 40+12 40-95% 3,0h 0,12-1,84 48 000-540 000

Srovnatelny vék

Kontroly 2012-2020 ]
a pohlavi

bez nano- expozice



Skupina 1 - PRODUKCE TiO , pigment u
2012 pre-shift, post-shift and 2013 post-shift

;
80 % nano velikost \
llmenite - iron titanium oxide, FeTiO, g

SMPS - scanning mobility
particle sizer -

particles from 15 to 350 nm APS - aerodynamic particle sizer -
particles from 500 nm to 10 um
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TiO, vyroba 2012 a 2013
a kontroly ..,

110 ¥ 5 ok ok
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8-OHdAG 8-OHG 5-OHMeU o-Tyr 3-ClTyr 3-NOTyr

Pelclova D, Zdimal V, Fenclova Z, Vickova S, Turci F, Corazzari |, Kacer P, Schwarz J, Zikova N, Makes O,
Syslova K, Komarc M, Belacek J, Navratil T, Machajova M, Zakharov S. Markers of oxidative damage of
nucleic acids and proteins among workers exposed to TiO2(nano) particles. Occup Environ Medicine 2016



Multiple regression analysis — the job is the key (TiO,) =

8-OHdG 8-OHG 5-OHMeU

(pg/ml) (pg/mi) (pg/ml)

TiO, 19.20*** 30.37*** 19.35*** 28.95*** 28.43*** 51.68***
Production (14.75, 23.66) (26.75, (16.30, (25.51, (23.71, (44.31,
exposure 34.00) 22.40) 32.38) 33.14) 59.04)
(Yes/No)

0.02 -0.02 0.06 -0.02 0.13 -0.06
(-0.17,0.21)  (-0.17,0.13)  (-0.06,0.19)  (-0.16, 0.13) (-0.07,0.32) (-0.36, 0.25)

Smoking -0.29 0.70 0.38 -0.46 -1.41 1.62
(Yes/No) (-3.65,3.07)  (-2.04,3.43) (-1.92,2.69) (-3.05,2.14) (-4.97,2.14) (-3.94,7.17)

SO, (ng/m3) 0.02 -0.02 -0.04 -0.13* -0.06 0.16
(CO NO,) (-0.13,0.17)  (-0.14,0.10) (-0.15,0.06) (-0.24,-0.01) (-0.22,0.10) (-0.09, 0.41)

environmental

Pelclova D, Zdimal V, Fenclova Z, Vickova S, Turci F, Corazzari |, Kacer P, Schwarz J, Zikova N, Makes O,
Syslova K, Komarc M, Belacek J, Navratil T, Machajova M, Zakharov S. Markers of oxidative damage of
nucleic acids and proteins among workers exposed to TiO2(nano) particles. Occup Environ Medicine 2016



Skupina 2 - Ufednici z TiO, a kontroly (2013)
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Pelclova D, Zdimal V, Kacer P, Vickova S, Fenclova Z, Navratil T, Komarc M, Schwarz J, Zikova N, Makes
O, Zakharov S. Markers of nucleic acids and proteins oxidation among office workers exposed to air
pollutants including (nano)TiO2 particles. Neuro Endocrinol Lett. 2016

Pelclova D, Zdimal V, Kacer P, Komarc M, Fenclova Z, Vickova S, Zikova N, Schwarz J, Makes O, Navratil
T, Zakharov S, Bello D. Markers of lipid oxidative damage among office workers exposed intermittently
to air pollutants including nanoTiO2 particles. Rev Environ Health 2017



Skupina 3 - Fe oxidy (+nano)
vyroba pigmentu 2013
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J Breath Res, 2016 Feb 1.10(1) 096004, dex: 10 WSS 1T62-T15510/ 1016004

Oxidative stress markers are elevated in exhaled breath condensate of workers exposed to nanoparticles during
Iron oxide pigment production.
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Skupina 4 — VYVIJENI NANOKOMPOZITNICH
MATERIAL U 2016, 2017, 2018, 2019, 2020

61 VYZKUMNIKU pre-shift and post-shift
+ 62 kontrol

nové odolné materialy

- kovy a geopolymery (nano SiO, pinivo),
svarovani, obrabéni, obrusovani.

] R

3 hod expozice

Podil nano pri obrusovani az 95 %



Markery oxidace lipidu - nanokompozity 2016
Pre-shift and Post-shift vs. kontroly
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Markery zanétu v KVV 2016

Leukotrieny B,C,D,E a Tumor Necrosis Factor

60
M Pre-shift M Post-shift [ Controls

LTB4 LTC4 LTD4 LTE4 TNF

Pelclova D, Zdimal V, Komarc M, Vickova S, Fenclova Z, Ondracek J, Schwarz J, Kostejn M, Kacer P, Dvorackova S,
Popov A, Klusackova P, Zakharov S, Bello D. Deep Airway Inflammation and Respiratory Disorders in
Nanocomposite Workers. Nanomaterials (Basel). 2018



PLICNI FUNKCE

Chronicka bronchitida castéjsi:
4 (20%) produkce nanokompozitt, 0 % kontroly p=0.033*

Trvani expozice (avSak ne vék) negativné korelovalo s FEV1/FVC (p<0.05)

Pokles po expozici: * p<0.05

Pre-shift 94.7+13.3 92.2+13.0 102.2+13.5 0.89+0.06 110.2+14.3

100.8%£13.6 98.7+13.0 106.1+14.0 0.89+0.06 111.8%20.2
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- e
nanomaterials 5,5, m'l\b\l’y

Article

Three-Year Study of Markers of Oxidative Stress in
Exhaled Breath Condensate in Workers Producing
Nanocomposites, Extended by Plasma and Urine
Analysis in Last Two Years

Daniela Pelclova ** 7, Vladimir Zdimal 2, Martin Komarc 3-4, Jaroslav Schwarz 2, Jakub Ondracek 2
Lucie Ondrackova %, Martin Kostejn 2, Stepanka Vickova !, Zdenka Fenclova !,

Stepanka Dvorackova 5 Lucie Lischkova 1, Pavlina Klusackova !, Viktoriia Kolesnikova !
Andrea Rossnerova ® and Tomas Navratil 7

e KVV, moc a plazma
e kontroly takeé vysetreny 2x
* ranni a odpoledni vzorky

F

»

2016, 2017, 2018

WELDING

MACHINING




Markery v plazmé 2018

75 % pred sménou T+  100% efekt smény
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Markery v KVV 2018

MDA and C6-12: ng/mL; 8-is0 to 3-NOTyr: pg/mL
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Markery v moci 2018

stejné trendy, nizsi signifikance

0 prfed sménou T 0 efekt smény
25 % efekt 3h smény I vs kontroly odpoledne
70 I.S.
® Pre-shift _ns.__
w Post-shift
60 | = Controls morning

m Controls afternoon
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30
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10 -

MDA and C6-12: pg/mmol creat.; 8-iso to 3-NOTyr: ng/mmol creat




BOMARKIRS, 2016 @ Taylor & Francis
Mip/ Aol org 0.3 WOW ) JSATSI 06 1 MOL 1) Lojsw b brore n Crng

RESEARCH ARTICLE

Increased levels of oxidative stress biomarkers in metal oxides Liou 2016

nanomaterial-handling workers

Saou-Hsing Liou*s, Yu-Cheng Chen®, Hui-Yi Liao®#, Chien-Jen Wang®, Jhih-Sheng Chen® and Hui-Ling Lee®s

N8-OHAG v plazmé, * 8-OHdG v moci, korelace vysledkl moce a plazmy

130 nano délnikd 26x TiO,, 31x SiO,, 30x Indium Tin Oxide (zobrazovaci
technologie, electroluminescencni and elektrochromatické displeje, dotykové
obrazovky,...).

DNA poskozeni, peroxidace lipiddg, ....



Contents lists available at ScienceDirect =

HAZARDOUS
MATERIALS

Liou 2017

Journal of Hazardous Materials

journal homepage: www.elsevier.com/locate/jhazmat

Global DNA methylation and oxidative stress biomarkers in workers
exposed to metal oxide nanoparticles

Saou-Hsing Liou?, Wei-Te Wu?, Hui-Yi Liao?, Chao-Yu Chen”, Cheng-Yen Tsai?,
Wei-Ting Jung?, Hui-Ling Lee P-~

= pNational Institute of Environmental Health Sdences, National Health Research Institutes, Zhunan, Micoli County, Taivwan
B Department of Chemistry, Fu Jen Catholic University, New Taipei City, Taiwan

- o
: g, ¥ . °
l A ‘/ Caonm : .‘,"'::‘5"‘ .. i )
°H i - '.:".",":\-.d-u K
\ 1. global methylation W T W W W R
2. oxidative DNA damage Sl AN

urine  WBC 3, lipid peroxidation

N 8-OHAG v moci, 1 8-isoprostan v kondenzatu vydechovaného vzduchu (KVV)

130 délnikl - stejné technologie
poskozeni DNA, peroxidace lipidd, DNA hypomethylace, genomicka instabilita,

onkogeneze,....




NANOTOXICOLOGY, 2018 Taylor &Francis
https//doi.org/10.1080/17435390.2018.1425502 Taylor & Francis Group

ORIGINAL ARTICLE W) Check for updates

Cardiopulmonary effects induced by occupational exposure to titanium

dioxide nanoparticles Zhao 2018
Lin Zhao®, Yifang Zhu®, Zhangjian Chen?, Huadon? Xu®, Jingwen Zhou®, Shichuan Tang®, Zhizhen Xu®
Fanling Kong®, Xinwei Li, Yifei Zhang', Xianzuo Li', Ji Zhang and Guang Jia®
TiO, vyroba v Cine —
. v. : | il
85 TiO, pytlovaci 3,17 mg/m3, 39 % nano TiO, ‘ ;}E‘._};
S’.;ﬁ

malondialdehyd (MDA), TNF, IL-10 v krvi

Markery kardiovaskularnich onemocnéni (adhezni molekuly
VCAM, ICAM)

Porucha plicnich funkci (p< 0,05)
RTG — 43 % zvysSena intersticidlni kresba u délnik
Vsechny markery asociované s expozici TiO,



Dalsi markery §~
e Glutathion (GSH) redukovany ‘ .

prirodni antioxidant —chrest, avokddo, zeli, razickovad kapusta, Spendt, brokolice,
cesnek, pazitka, rajcata, okurky, mandle, orechy

hlavni antioxidant u ¢lovéka - umoznujici redukci predchazet poskozeni dulezitych
bunécnych slozek volnymi radikaly, peroxidy, lipoperoxidy
Ochrana proti starnuti

Antioxidaéni ochrana Oéinky Glutathionu

NAC je prekurzor Glutathionu

Detoxikace
. Produkce energie ' " g .
oxidovany glutathion (GSSG) v
Nejsilnéjsi Ochrana jater Ochrana zdravi
— Ize redukovat glutathion reduktazou na GSH ~ ntiexidant i e
MéFeni spektrofotometricky © ik Y Eﬂ

Zleps$eni plodnosti Podpora imunity ZvysSeni inzulinové
citlivosti



Dalsi markery

|
 FRAP = ferric reducing ability of plasma — if

jednoduchy, automatizovany test mérici pomoci Fe3*redukéni
schopnost plasmy a “antioxidacni silu“.

Zména barvy na tmavou - Fe?* -
Méreni spektrofotometricky I

Levné, ale méné citlivé metody o

Sample + AD




> Am J Clin Nutr, 2007 Oct;86(4):1016-23. doi: 10.1093/ajcn/86.4.1

016.

Diurnal variation in glutathione and cysteine redox

states in human plasma

Roberto A Blanco 1, Thomas R Ziegler, Bryce A Carlson, Po-Yung
George A Cotsonis, Carolyn Jonas Accardi, Dean P Jones

d
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Time of day (h)

Blanco et al. 2007

1

Cheng, Youngja Park,

12 Plasmatické kolisani GSH béhem dne
(p <0.05)
” Nejvyssi hodnoty GSH k ranu (4:30 h),

10" & INTERFERENCE s daléimi faktory,

cas je treba vzit v uvahu

3
:
C



Environmental Science and Pollution Research
httpsy /doi.org /10.1007/s11356-012-05412-7

RESEARCH ARTICLE Ahmadi et al. 201¢

Association of environmental exposure with hematological
and oxidative stress alteration in gasoline station attendants

Zahed Ahmadi® - Alireza Moradabadi? - Danial Abdollahdokht?® - Mehrnaz Mehrabani® -
Mohammad Hadi Nematollahi " (3

» EXpozice aromatickym slouceninam (parafinu, cycloparafinu, olefin, aj.)
z benzinu muze indukovat oxidacni stres

e 40 zaméstnancu benzinovych stanic (0,23 + 0,01 mV)

e 39 kontrol (0,34 + 0,01 mM)

0.40+

FRAP = ferric reducing ability of plasma

| —— INTERFERENCE s dal&imi faktory —
télesna inaktivita

sedavy zpusob Zivota
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Lipid peroxidation metabolites associated with
biomarkers of inflammation and oxidation stress

in workers handling carbon nanotubes and metal WU et aI 202 1

oxide nanoparticles

Wei-Te Wu, Wei-Ting Jung & Hui-Ling Lee

e VysSisensitivita KVV, nez 8-isoprostanu v moci pro nanoTiO, -doporucuji
KVV pro biomonitoring
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: Taylor & Francis
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- hitps://doi.org/10.1080/17435390.2021,193254 Taylor & Francis Graup Shekaftik a

e ¢ )
| €| REVIEW ARTICLE Mompen Nasirzadeh
4 2021

" v’ 8-Hydroxy-2'-deoxyguanosine (8-OHdG) as a biomarker of oxidative DNA

damage induced by occupational exposure to nanomaterials: a

systematic review
Soqrat Omari Shekaftik® @ and Nafiseh Nasirzadeh® @
“biomarkers”+ “occupational exposure” + “nanomaterials.”

Review
klicova slova:

e ze 126 studii — redukovano na 8 (4 nase®)

e 8-OHdG v krvi a KVV vhodny biomarker pro nanocastice kovu,

e 8-OHdG v moci je méné vhodny.



Zhang, Bello et al. 2022
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Article
Elevated Urinary Biomarkers of Oxidative Damage in

Photocopier Operators following Acute and Chronic Exposures

Yipei Zhang !, Anila Bello 209, David K. Ryan !, Philip Demokritou *© and Dhimiter Bello 3%*

» AKUTNE 6 h expozice dobrovolnikd ‘
 Nanocastice z fotokopirek indukuji systémovy oxidativni stres,
peroxidaci lipidu (8-isoprostan, HNE);
« DNA (8-OHdG), RNA (OHG) v moti po expozici —
g-isoprostane - 8.0HG I ‘
h@ o 9 zdravych dobrovolniku:
1R ST MOC:
g e poprvé (Background)
RV EE e UO pred expozici,
- ¥ o e U6 po 6 h expozici
A=l %? | « U240 24 h pozdéj,
?“'?%%EQ QE @E e U 36 036 h pozdéji
57 X A X : Delsi latence: OHG a HNE
°§; S A A I BN stoupa s Casem pozdeji
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Zhang, Bello et al. 2022

CHRONICKY BEHEM 3 TYDNU PRACE OPERATORU

ve vzorcich moce

oxidace lipidu (8-isoprostanes, HNE), DNA (8-OHdG), RNA (OHG)
Stabilni vysledky béhem 3 tydnu

8-isoprostane 8-OHdG 8-OHG
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ZAVERY

MONITOROVANI JE POTREBA - vysledky jsou v souladu s hypotézou
oxidacniho stresu a poskozeni plic na molekularni drovni

Skupinovy test— minimum 20 exponovanych osob
Dve telesné tekutiny: KVV, plazma, moc
Nékolik biomarkeru — ze 3 skupin e

Nacasovani pro zachyceni chronického a akutniho efektu

KVV nebo plazma po sméne @ "
Moc - po smene a na konci prac. tydne

Kontrolni skupina — stejna lokalita — stejny cas

Spirometrie po vyssi expozici
RTG po dlouhodobé vysoké expozici




Dalsi plany

SLEDOVAN| DLOUHODOBE — podobnost nélezl u pacientd
(8-isoprostane, MDA) se silikdzou a s azbestdzou

2019 a 2020 byly pouzity personalni nanosamplery — PENSs, jsou
dostupna individualni data expozice

Antioxidacni kapacita mérena: GSH, ferric reducing antioxidant
power (FRAP)

Nanocastice Ramanovou metodou ze vzorkt 2019-2020
korelace s markery




