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Results

Characterisation of TiO2 nanoparticles

Summary

The European seventh framework project SETNanoMetro explores the highly-defined development and production of

titanium dioxide (TiO2) nanoparticles (NPs) in terms of homogeneous bulk structure, size, shape and surface structure.

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 TiO2 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 TiO2 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)-1β and IL-8

and the oxidative stress markers heme oxigenase (HO-1) and inducible nitric oxide synthase (iNOS).
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AIM: Toxicological characterisation of shape-engineered TiO2 nanoparticles in lung and gastrointestinal tract cells. 
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*p < 0.05, **p < 0.01 versus control, ANOVA with post hoc Dunnett or unpaired t-test (for SiO2 nanoparticles in Caco-2 cells & A549 cells) respectively

Values are expressed as mean +/- standard error, n=3-4.

Cells were incubated with 10, 20, 40 and 80 µg/cm2 of the different TiO2 NPs for 4 h respectively 24 h. As positive control

20 and/or 80 µg/cm2 SiO2 nanoparticles were used. Cytotoxicity was evaluated via WST-1 assay.

DLS measurements

*p < 0.05, **p < 0.01 versus control,

ANOVA with post hoc Dunnett

Values are expressed as mean +/- standard

error, n=2-4.

Cells were incubated with 20 µg/cm2 of

the different TiO2 NPs for 4 h or 24 h,

respectively. Via qRT-PCR the mRNA

expression of oxidative stress markers

HO-1 and iNOS, pro-inflammatory

cytokines IL-8 and IL-1β was analysed.

Material & Methods
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

Cell treatment: 48 h after seeding, cells were treated with TiO2 at the indicated concentrations in phenolred-free, serum-free medium for 4 h respectively 24 h

Nanoparticle sonication: for characterisation: TiO2NPs were dispersed in 200 mM NH3 (pH 11.2 -11.5) at concentration ranges of 10-100 mg/l and sonicated for 30 minutes in an ultrasonic bath (95 W, 37 kHz)

for cell culture experiments: TiO2 NPs were dispersed in HPLC gradient water at a concentration of 1 mg/ml and sonicated with Cuphorn for 10 minutes (Duty cycle 20 %, power 5.71 (200 W)

Infraredspectroscopy: Measurements at 100 K were carried out at a resolution of 2 cm-1 using a Bruker IFS28 spectrometer equipped with a MCT detector

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

WST-1 assay: The metabolic activity of the cells was determined by using a commercial WST-1 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 cDNA Synthesis Kit (BioRad) and the qRT-PCR (quantitative Real time-PCR) was performed by MyIQ Cycler, BioRad
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� SNM1 is an anatase/rutile mixture, SNM2, SNM3 & SNM4 are pure anatase powders

� The main surface facets are type (101), but also facets type (110) are present except on SNM4

� TiO2 NPs induce low cytotoxicity compared to SiO2 reference material in concentration-, time- & cell type-dependency

� TiO2 NPs induce oxidative stress in NR8383 alveolar macrophages: 

• significant increase of HO-1 mRNA expression for all samples except SNM3

• significant increase of iNOS mRNA expression for SNM2 & SNM3

� TiO2 do not affect mRNA expression of pro-inflammatory cytokines IL-8 & IL-1β in Caco-2 cells


