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Introduction

The European seventh framework project SETNanoMetro explores the highly-defined development and production of environment
titanium dioxide (TiO,) nanoparticles (NPs) in terms of homogeneous bulk structure, size, shape and surface structure. ‘ y
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The outcomes of the project are anticipated to benefit hallmark applications in the specific areas of environment
(i.e. photocatalytic treatment of polluted air and water), energy (i.e. dye sensitized solar cells) and health (i.e. nanostructured ||
coatings in prostheses). The nanosafety aspects in SetNanoMetro are being addressed using in vitro toxicological testing of
the highly-defined TiO, nanoparticles in respiratory and gastrointestinal tract cell lines (A549 human lung epithelial cells and
Caco-2 human colon epithelial cells), as inhalation and ingestion are considered to represent the most relevant uptake routes
of nanoparticles. To determine the pro-inflammatory potential of TiO, nanoparticles also lung alveolar macrophages (NR8383
rat macrophages) are being tested due to their important role as regulator of the early immune response. Cells are being
evaluated amongst others for changes in the cytotoxicity, expression of pro-inflammatory cytokines interleukin(IL)-1B and IL-8
and the oxidative stress markers heme oxigenase (HO-1) and inducible nitric oxide synthase (iNOS).

AIM: Toxicological characterisation of shape-engineered TiO, nanoparticles in lung and gastrointestinal tract cells.

Characterisation of TiO, nanoparticles
DLS measurements
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B Anatase TiO, NPs truncated bipyramids, obtained by hydrolysis of . . MATERIAL PC10s.
UTOO1 oy uriversityofTorino) - SNMA %001 Solution of the TITEOA), complex (feon- wetmandsmine) The main CO stretching band Sample | Conc,mg " nm POl Number, nm | Mass,nm | Remarks
> IR (vCO) is located in similar position Pe1s £ 315 278 32,269 12288 Bimodal
XRD Measarements < ﬁ% for all the samples > all the NPs —_
o) = ! considered mainly expose (101) Sample Conc, mg L™ nm PDI Number,nm | _Mass, nm Remarks.
P25: 80% Anatase ~ 20% Rutile < i facets, but with complex SX00L 3 a7 0208 15-374 | 128-465 | 8modal
PC105: Anatase > 99% 1 - S SX00L 3 a8 0203 13-381 | 113-488 | Bimodal
$X001: Anatase ga00 e 2 el ) R O ] SX00L 3 s 0185 155-093 | 139520 | Bimodal
UT001: Anatase > 99% 5 samples
2 MATERIAL | uTo01
Kol Sample Conc, mgL* nm ] Number,nm | Mass, nm Remarks
PC105 < uT001 30 2 0.09 173 185 Monomodal
UT001 30 22 0102 162 192 Monomodal
UT001 30 23 0.146 165 195 Monomodal
$X001 | \!L L P25: shows a number distribution dominated by a NP mode at 12-18 nm and a mass distribution dominated by a mode
— v \
— " NN A A centered at 75-80 nm (agglomerates).
PC105: contains stable aggregates (ca. 300 nm) of primary crystalline anatase NP (ca. 10 nm).
%\ AL I\ A A IR spectra of CO adsorbed at 100 K SX001: shows a number distribution dominated by a NP mode at 12-15 nm and a mass distribution dominated by a
T T I T T T T T T T y T T mode centered at 47-50 nm (agglomerates).
P25 2235 2220 2205 2190 2175 2160 2145 2130 2115 2100 yroow: size distribution is monomodal, truncated bypiramids with @ mean number distribution at 16-17 nm and a mean
4 mass distribution at 19-20 nm.
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Cells were incubated with 10, 20, 40 and 80 pg/cm? of the different TiO, NPs for 4 h respectively 24 h. As positive control 2, “ o
20 and/or 80 pg/cm? SiO, nanoparticles were used. Cytotoxicity was evaluated via WST-1 assay. SNM1 SNM2 SNM3 SNM4 SNNEL SN2 SNM3 SN4:
\*/:|<eos,l:§,e*e"p;g£;:ir;fa;o:;rzlt;ﬁz;\é/\e:\;:r so;t:\oc Dunnett or unpaired t-test (for SiO, nanoparticles in Caco-2 cells & A549 cells) respectively iNOS Cells were incubated with 20 pg/cm? of
U X| - [, N=3-4. . -
P NR8383 man the different TiO, NPs for 4 h or 24 h,
15 respectively. Via gRT-PCR the mRNA
Summary = expression of oxidative stress markers
:-: i HO-1 and iNOS, pro-inflammatory
= SNML1 is an anatase/rutile mixture, SNM2, SNM3 & SNM4 are pure anatase powders % . cytokines IL-8 and IL-1B was analysed.
= The main surface facets are type (101), but also facets type (110) are present except on SNM4 2,
= TiO, NPs induce low cy compared to SiO, ref e material in concentration-, time- & cell type-dependency K . *p <0.05, **p < 0.01 versus control,
= TiO, NPs induce oxidative stress in NR8383 alveolar macrophages: K = ANOVA with post hoc Dunnett
. ificant increase of HO-1 mRNA expression for all samples except SNM3 9 Values are expressed as mean +/- standard
significan P! P! P! SNM1  SNM2  SNM3  SNM4 error, n=2-4.

« significant increase of iNOS mRNA expression for SNM2 & SNM3
= TiO, do not affect mRNA expression of pro-infl y cytoki IL-8 & IL-1B in Caco-2 cells
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Cell culture: Caco-2 cells were cultured in MEM (Earle’s + NEAA) medium, 20 % FCS, 1% L-Glutamine, 1% Pen/Strep; A549 cells were cultured in DMEM/F12 (F12 Nutrient Mix), 10 % FCS, 1% Pen/Strep, . "
NR8383 cells were cultured in F12 nutrient mixture, 15 % FCS, 1 % L-Glutamine, 1 % Pen/Strep The SetNanoMetro is supported by funding under the Seventh

Cell treatment: 48 h after seeding, cells were treated with TiO, at the indicated concentrations in phenolred-free, serum-free medium for 4 h respectively 24 h Research Framework Programme of the European Union. Specific SET MeEeTRO

:lanoﬂan:cle sonication: for characlsnsauu:: 0, were d'\sp:rsed in 200 mM NH3 (pH 11.2 r?vs) a; concentration anges of 1(:‘—100{"\3/\ and sonic(atsd for 30 minues inan uansum: l;a(h (95 W, 37 kHz) types of TiO, particles were provided by Solaronix (Switzerland) and R
or cel culture experiments: TIO, NPs were dispersed in HPLC gradient water at a concentration of 1 me/mi and sonicated with Cuphorn for 10 minutes (Duty cycle 20 %, power 5.71 (200 W) A ’ o N
Infraredspectroscopy: Measurements at 100 K were carried out at a resolution of 2 cml using a Bruker IFS28 spectrometer equipped with a MCT detector ﬂ_‘e University of Torino (italy). Fommemal Tio, nanoparticles were
Dynamic light scattering (DLS): the hydrodynamic diameters were measured with an ALV NIBS apparatus equipped with a multiple tau mod ALV 5000 correlator on aqueous suspension kindly provided by Evonik and Cristal.

WST-1 assay: The metabolic activity of the cells was determined by using a commercial WST-L diagnostic kit (Roche); it measures cleavage of the tetrazolium salt WST-1 to formazan dye

via mitochondrial dehydrogenases

RT-PCR: RNA was isolated by High Pure RNA Isolation kit (from Roche), transcripted via iScript cNA Synthesis Kit (BioRad) and the GRT-PCR (quantitative Real time-PCR) was performed by MylQ Cycler, BioRad
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