NANOCASTICE JAKO HROZBA?

DANIELA PELCLOVA
Klinika pracovniho lékarstvi VFN a 1. LF UK



NANOCASTICE

Metody vysSetrovani exponovanych osob

1- Délnici z vyroby titanové béloby

2- Utednici ze stejného podniku

3- Délnici na vyrobu pigmentu s Fe oxidy

4- Vyzkumnici s nanokompozitnimi materialy

5- Dobrovolnici s opalovacimi (nano)TiO, krémy
Mysi a potkani

Jsme ohrozeni?



NANOCASTICE

Unikatni fyzikalné-chemické vlastnosti
Velky pomér povrchu k hmotnosti
Vyssi reaktivitu

Mohou prochazet skrze biologické membrany a bariéry mezi
tkanémi

Plsobi zanét a smrt bunék

Poskozuji jaderné kyseliny

,Oxidacni stres”

Experimentalni studie —

zaneét, fibroza plic,

rozedma, rakovina



OXIDACE
bilkovin, jadernych kyselin a tuku
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Protein
Peroxidation

Peroxidation

DNA Damage
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Souhrn experimentalnich udajd ukazuje, Ze nékteré nanocastice plsobi oxidativni
poskozeni lipidi bunéénych membran, proteind, a nukleovych kyselin

BAKAND, S., HAYES, A., DECHSAKULTHORN, F. Nanoparticles: a review of particle toxicology following inhalation exposure. Inhalation
Toxicology, 2012

SHI H, MAGAYE R, CASTRANOVA V, ZHAO J. Titanium dioxide nanoparticles: a review of current toxicological data. Particle and Fibre
Toxicology, 2013



Odbeér kondenzatu vydech. vzduchu (KVV)

Systém pro neinvazivni sbér
latek z dychaciho systému
po zkapalnéni zchlazenim
na -10°C (Jaeger).

KVV obsahuje:

1) 99 % zkapalnénou vodni paru

2) castice aerosolu tekutiny
z dychacich cest uvolnéné
virenim vzduchu pri stazeni
prudusinek

1) ve vodeé rozpustné latky.
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VYHODY

neboli

obtezuje jen malo

|ze opakovat

deti, pacienti
nesnizuje se kourenim

NEVYHODY
prenosna - cena LC-ESI-MS/MS



Analyza vzorku biologického materialu

 |dentifikace biomolekul

h;‘ S Odsoleni a zakoncentrovani vzorku
| Extrakce na pevné fazi
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LC-MS ANALYZA & wy

VZORKU ‘ Analyza kapalinovou chromatografii

spojenou s hmotnostni spektrometrii
‘ TSQ Vantage, LTQ Orbitrab

KVANTITATIVNI
A KVALITATIVNI
VYHODNOCENI DAT




Merene latky v kondenzatu
vydechovaneho vzduchu a moci

malondialdehyd (MDA)

4-hydroxy-trans-nonenal (HNE)
4-hydroxy-trans-hexenal (HHE) TUKY
8-isoProstaglandin F,, (8-isoprostan)

8-hydroxy-2-deoxyguanosin (8-OHdG)
8-hydroxyguanosin (8-OHG) JADERNE KYSELINY
hydroxymethyl uracil (5-OHMeU)

o-tyrosin (o-Tyr)

3-chloro-tyrosin (3-CITyr) BILKOVINY
nitrotyrosin (3-NOTyr)

leukotrieny

arachidonova kys. — nestabilni LTA4 — LTB4 (exacerbace CHOPN, koufieni)
— LTC4, LTD4, LTE4 bronchospasmus)

ZANET, ASTMA
FeNO



Mereni vydechovaneho oxidu dusnateho
FeNO (fraction of exhaled NO)

« Metoda: zavedena v klinické praxi
» Jednoduchée, rychle vysetreni

* nevyhoda: NO je nizsi u kufakd vzhledem k poskozeni epitelu,
kde se NO tvori z L-argininu

o

2 (S
; L omes
i §

i o

i




1 VYROBA PIGMENTU TiO, TiO,

Pocetni koncentrace (P-TRACK)
Hmotnostni koncentrace (Dust-TRACK)

80 % CASTIC v oblasti nano




VYROBA PIGMENTU TiO,

Meéreni aerosolu pomoci SMPS a APS
po dobu celé smény na 4 mistech

Mikronizace = mleti
Kalcinace = zahrivani na 900 C

Veliny (zlutd)
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SMPS - scanning mobility particle sizer - VETSINA CASTIC do 100 nm



n Vysetreni 2012 a 2013

i Pocet Koncentrace
Expozice|  gg50p : Poéet &astic/cm3
mg/m

TiO, 2012 P M
Pfed-sménou ;éé 20 3448 55% 1.90 38 000
Po sméné o |

P , |
o, 20t =) ;#é 14 34#5 50% 0.90 23 200
Po smene o
Kontrolni
osoby 20+35 3838 50 % n.m. nebylo méreno
2012+2013

Pelclova et al 2016 J Breath Research



Titan v biologickych vzorcich
ICP-MS (LOD 1.1 pg/l)

Kondenzat
ug/l

Pocet osob

TiO, vyroba 2012

i s 24.1*1.8
oreg smenou 16 24.1%1.9 <Lob
Po sméne
TiO, vylv'olga 2013 " 20 042 2 <LOD
Po sméne
Kancelafe 2013 22 1.1440.1 <Lob

Kontroly 2012+2013 45 1.12%0.0 <LOD



Rozdily u exponovanych TiO, x kontroly
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Pelclova et al. Occupational and Environmental Medicine 2016




Rozdily u exponovanych TiO, x kontroly
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Pelclova et al. Nanotoxicology 2017



Rozdily u exponovanych TiO, x kontroly
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Pelclova et al, Nanotoxicology 2017



Analyza sedimentovaného prachu
chemicky, mikroskopicky

Scanning electron microscopy (SEM) RTG difrakce
aglomerované/agregované castice

Mikronizace (rutil) § anatas *rutil

Kalcinace (A, B)
Mikronizace (C, D)

20 scale

Kalcinace (anatas:rutil 2:1)




Multiple regression analysis —
primarni je expozice v praci (TiO,)

8-OHdG 5-OHMeU
(pg/ml) (pg/ml)

TiO, vyroba [l 30.37%  10.35%* 2805 28 43%kk 5] GGk
(14.75, (26.75, (16.30, (25.51, (23.71, (44.31,
23.66) 34.00) 22.40) 32.38) 33.14) 59.04)
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)

-0.29 0.70 0.38 -0.46 -1.41 1.62
(-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
(el [l (-0.13,017)  (-0.14,0.10) (-0.15,0.06) (-0.24,-0.01) (-0.22,0.10) (-0.09,0.41)

ovzdusi

Pelclova et al. Occupational and Environmental Medicine 2016: Markers of oxidative damage
of nucleic acids and proteins among workers exposed to TiO2 (nano) particles.



L8,

LTD, EBC
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Leukotrieny v kondenzatu
(Pelclova et al. J. Breath Research 2016)
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Multiple regression analysis —

primarni je TiO, expozice v praci
(Pelclova et al. J. Breath Research 2016)

. LTC4 LTD4

TiO, 17.93%** 6.80%** 3.39%*
S ereral= N (13.86, 22.00) (3.86,9.75) (1.07,5.71)

-0.42*** -0.13 -0.00
(-0.61,-0.23) (-0.27,-0.01) (-0.10,0.11)

8.21%** 2.66 -0.16
(4.17,12.26) (-0.26,5.58) (-2.46,2.15)

-9.24 5.31 0.88
(-22.85,4.37) (-4.52,15.14) (-6.87, 8.46)

8.01%**
(4.89, 11.14)

-0.02
(-0.16, 0.13)

-0.87
(-3.97, 2.24)

-5.97
(-16.41, 4.48)

9.06*
(1.75, 16.38)

0.22
(-0.11, 0.56)

-10.92**
(-18.18, -3.65)

-39.35%*
(-63.80, -14.90)



Ramanova mikrospektroskopie potvrdila krystaly TiO,

v kondenzatu

u 40 % délniku pred sménoul!
u 70 % po sméneé
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Pelclova D et al. ] Breath Res 2015: Raman microspectroscopy of exhaled breath condensate
and urine in workers exposed to fine and nano TiO2 particles: a cross-sectional study.



Transmisni elektronova microskopie (TEM)
nanocastice v moci délniku TiO,
4 osoby nalez pred + zvySeni po sméné

chemicky: Secondary ion
mass spectrometry (SIM)

titan

3 osoby nalez jen po sméné

Velikost castic — median 7 nm
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EDNICI

m-m-—

Urednici

2013 44%4 5% 15 min v provozu/den
Kontroly 14 395 50% mMimo expozici
2013 = 2 P

Pelclova et al. Markers of lipid oxidative damage among office
workers exposed intermittently to air pollutants including nanoTiO2
particles. Reviews of Environmental Health 2016



Délnici TiO,, urednici a kontrolni osoby
(pg/ml) ***p<0.001

120
b2 3 2
100 m workers
M office
80
M controls

8-OHdG 8-OHG 5-OHMeU o-Tyr 3-ClTyr NOTyr




115

110

% pred. VCIN
© © =) ]
= la o o

[==]
(3]

[e]
o

Plicni funkce — vétSina parametru v norme

%VCIN

p<0.05

125
o Mean
[] Mean+SE
T Mean+0,95 Conf. Interval T T 120
115
o
(m] =]
o 110
[T
Y l l l l & 105
k-]
2
T & 100
=
95
o
1 )
85
80
Workers 2012 Office workers 2013 Controls 2013
Workers 2013 Controls 2012
v 7 . v 7 . ran'4 7 .
& délnici 2012 délnici 2013 Urednici

% PEF

o Mean
[JMean+SE
T Mean+0,95 Conf. Interval ‘l‘ T
1 n
(u]
a o
_[_
a
1
Workers 2012 Office workers 2013 Controls 2013
Workers 2013 Controls 2012

kontroly 2012 kontroly 2013

Y 2012 -vcetné 4 délniki s nejdelsi expozici, kuraku




Vyroba Fe-oxidu - vétSina ¢astic ma do 100 nm
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Vysetreni 2012 a 2013-
koncentrace oxidu Fe byla nizsi

- Koncentrace v v o
SCHC : Polet &astic/cm3
mg/m

TiO, 2012 ; m
Pfred-sménou = Y 20 348 55% 1.90 38 000
Po sméneé g

: ¢ M
1G5 200 v " 34+5 50% 0.90 23 200
Po smene .

Fe-oxidy 2013
Po sméné

- 14 438 43 % 0.13 11 800

Pelclova et al J Breath Research 2016: Oxidative stress markers are elevated in exhaled breath
condensate of workers exposed to nanoparticles during iron oxide pigment production.




Fe oxidy - markery v koncentratu vydechovaného

vzduchu vs. kontroly

(markery nizsi nez u délniku s TiO,)
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4 - Vyzkumné pracovisté nanokompozitnich
materialu - 2015 a 2016

DILNY
Svarovani
Slévani
Obrabéni
Svarovani nanomateriall -svafovani Obrabéni nanomateriala - geopolymert

nizkouhlikoveé oceli: s cementovou matrici a 40 % plniva -
Mn 1,70 %; Si 0,6 %; P 0,035 %; S 0,035 % popilku, ¢ediée nebo lupku, a nanoSiO,




4 - Vyzkumné pracovisté nanokompozitnich

materialu -2016

Méreni Castic v ovzdusi pomoci Bernerova

kaskadniho nizkotlakého impaktoru (BLPI) -
déli zachycené cCastice do 10 velikostnich frakci

od 25 nm do 10 um
Celkové dosazené koncentrace
svarovani - 1840 ug/ms,
obrabéni - 804 ug/m3
slévani — 120 ug/m3

Svarovani nanomaterialu

(IR | b

Schwarz a kol.: Chem. Listy, odeslano 2017
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Metody rozsireny

20 pracovniku strojni fakulty pfed zaCatkem prace
a po skonceni 3 hodin prace

21 kontrolnich osob

ze stejneho kraje.

e vySetreni 3x — pred sménou,
poO sméneé,
za 12 hodin po sméné
e odbér krve na stejné markery
 odbér moce na stejné markery
 odbér bunék ze stéru v Ustni dutiné
na genetické vysetreni
» vySetreni mikrojader v perifernich
lymfocytech




Markery oxidace lipidu
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50
******
45 M Pre-shift
Fk
20 sk ok - _ B Post-shift
35 H Controls

30

25

20 -

15 -

10 -

MDA HNE HHE Suma ALD C 8-isoprostan




Markery oxidace nukleovych kyselin

d proteinu *** (0<0,001) **(p<0,01) *(p<0,05)
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Markery zanétu

*** (p<0,001) **(p<0,01) *(p<0,05)
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J Manopart Res. 2015 Oct;17:413. Epub 2015 Oct 19.

Assessing the first wave of epidemiological studies of nanomaterial workers.
Liou SH', Tsai CS2, Pelclova D*, Schubauer-Berigan MK*, Schulte PA*.

= Author information

Inational Institute of Environmental Health Sciences, National Health Research Institutes, 35 Keyan Road,

Zhunan, Miaoli County 35053, Taiwan, ROC
EDepartment of Environmental and Radiological Health Science, Colorado State University, Fort Collins,

CO, USA.
3Department of Occupational Medicine, First Faculty of Medicine, Charles University in Prague, Prague,

Czech Republic.
4National Institute for Occupational Safety and Health, Cincinnati, OH, USA.

* Nanocastice obsahuje 1 682 spotrebnich vyrobku
* Jejich cena na trhu na trhu dosahne 102 (trilliond) USD
* 6 PUBLIKOVANYCH STUDIi dor. 2015

 JEDNOTLIVE LATKY: TiO, (CR, Cina), uhlikové nanotrubi¢ky (Rusko, Korea,
Holandsko), oxidy Zeleza (CR), CaCO; (Cina), nano-saze v tonerech,
(Japonsko), nanoAg (Korea)

* International Agency for Research on Cancer (IARC)
klasifikoval TiO,

* jako ,possibly carcinogenic to humans” (skupina 2B)



Nejsou nebezpecné krémy s nanoTiO,?

lr”

x\ x\\ | \\\ﬁm\'ﬁ

e 20 min pred opalovanim ( T
s [

 2mg/1 cm?klze
* TiO, Castice 60-100 nm

Nebyl prekrocen limit EU UV
pro soldria 0,3 W/m?
odpovida pul dni pobytu na
slunci u Stredozemniho more




Expozice

6 osob 4818 let, 3 muzi, 3 zeny
Kréem Sebamed ochr. faktor 50 nanoTiO,

na 80 % télesného povrchu
3,5 dne (7-10 aplikaci)

spotreba krému primérné 130 g/osobu= tuba

solarium 2 x 8 min




3 VARIANTY TESTU s odstupem 6 mésicu

Den 0 - patek Den 4 pondéli  Den 11 - pondéli
1 pred pied odstranénim

2 po

krému a/nebo bez krému a UV
po 2 UV ozarenich




TEST 2: Jen UV — krev

zvyseni ve vsech vzorcich
NEPRIZNIVY UCINEK UV ZARENI

180 -

160 A

140

120 A

W DayO0

B Dayl Uv Jesese

W Day4 UV

M Dayl1l




TEST 3: Krémy + UV krev
zvy$eni OPET ve véech vzorcich
PROTI UV UCINKU CHRANI JEN KUZI

180 -

160 -

140 -

120 -

* ok

HDay0
kA
B Day1 Sunscreen +UV

m Day4 Sunscreen +UV

B Dayl1




‘N TEST 1: Jen krémy — krev
KREMU SE BAT NEMUSIME

12000 4+ ®DayO0

M Dayl Sunscreen

W Day4d Sunscreen
100,00 -

r

H Dayll

80,00

60,00

40,00

20,00

0,00

ng/ml



Co to vlastné znamena?

» Markery odrazeji expozici — biologicky efekt
na urovni nukleovych kyselin, bilkovin, tuku

» Né&co se v téle déje — HORSI NEZ

ZNECISTENI VENKOVNIHO OVZDUSI
SO,, NO,, CO, vcetné poletaveho prachu (PM10
uMm) — zavaznéjsi jsou castice mensich rozmeru
* Plicni funkce poskozeni vetsinou neodhali



Toxicol. Res.

Vol. 28, No. 4, pp. 217-224 (2012) Toxicological Research
D) hitp//dx.doiorg/10.5487/TR2012.284.217 Official Journal of
plSSN: 1076-8257  elSSN: 2234-2753 Korean Society of Toxicology

Available online at htp//www.toxmet.or.kr

Nasal and Pulmonary Toxicity of Titanium Dioxide Nanoparticles in Rats

Soonjin Kwon'?, Young-Su Yang', Hyo-Seon Yang', Jinsoo Lee'?, Min-Sung Kang',
Byoung-seok Lee’, Kyuhong Lee' and Chang-Woo Song'

* TiO, nanocastice (80 nm) inhalované 2 tydny
* 6hod 5dni/tyden
e koncentrace 11,4 mg/m?3

e zanétlivé zmeény v dutiné nosni

* av plicich -

* malé Castice do 20 nm — emfyzém, poruseni sept, nadory plic pri
inhalaci TiO, (IARC 2010)

FANIAPTY
nos ' l LB |

kontrola denl1l den7 denl15 kontrola den 1 den7 den 15




@ PLOS |°

OPEN a ACCESS Freely available online

Molecular Mechanisms of Nanosized Titanium Dioxide
Induced Pulmonary Injury in Mice

Bing Li'®, Yuguan Ze'®, Qingqing 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®>*

kontrola

Table 3. Oxidative stress in the mouse lung after nasal
administration with nano-TiQ; for 90 consecutive days.

prot)
042+0.02a 2260.11hb

O xidative
stress TiO; NPs (mg/kg BW)
(1] 2.5 5 10
Oy~ nmelimg 23x1.15a I 27+1.51b 3I9.1BX1.96c 50+2.50d
prot. min)
HLO5 (nmolimg 43215 61.22+3.06b 7RSI 95 110+5_50d
< MDA 1LOB+0.05a 159008k 2EB9+0.15c 5 15+026d
jEnH
<CH"IH:I'I',‘I 054+0.03a 09B+2005b 1.B5+0.09c 04 +=0105d

425x0.21c¢ 1203

' < fmgsg tiswe)
Aty

s :}f‘*{\ ; . e
'{,""'vﬂ".‘ttl.‘ 23¢

represen + S5E [(N=5)

Eal

+*

.":“ ?
T~ ® a,

r= indicate significant differences between groups (p-<<0.05). Valu

MDA -malondialdehyd, PC- protein karbonyl,
8-OHdG 8-hydroxy-2-deoxyguanosin



Zaver
Existuji ucinky na clovéka?
ANO

ZVYSENi BEHEM PRACOVNI SMENY

ALE VYZNAMNE ZVYSENI | PRED SMENOU - SVEDCI
PRO DELETRVAIJICI UCINEK - mUize trvat mésice i roky
Zvyseni i u jinych nemoci —

Alzheimerovy nemoci, aterosklerdzy, hypertenze,
diabetu Il. typu, s vysSim vékem, karcinomu plic (Fuchs
2010, Yang et al. 2013)

Jsou trvalé? Do urcité doby jsou nejspise vratné, ale
nevime, jak dlouho pretrvavaji



Co dal?

Podobné nalezy u nano aerosolu laserovych
tiskaren a kopirek u zdravych dobrovolniku
(Khatri 2012, Martin 2015, Pirella 2015)

Obdoba s karcinogennimi prachy azbestu a SiO,,
(Lehtonen et al. 2007, Pelclova et al. 2007, Pelclova et al. 2008)

VétSinu spolupracovniku odradime
svymi vysledky

Dalsi plan: vyzkumnici s nanoCuO

kveten 2017



Dékuji spolupracovnikum
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