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Although amorphous silica nanoparticles (aSiO 2 NPs) are believed to be non-toxic and are currently used in several industrial and biomedical applications including cosmetics, food additives and drug delivery systems, there is still no conclusive information on their cytotoxic, genotoxic and carcinogenic potential. For this reason, this work has investigated the effects of aSiO 2 NPs on Balb/3T3 mouse fibroblasts, focusing on cytotoxicity, cell transformation and genotoxicity. Results obtained using aSiO 2 NPs, with diameters between 15 nm and 300 nm and exposure times up to 72 h, have not shown any cytotoxic effect on Balb/3T3 cells as measured by the MTT test and the Colony Forming Efficiency (CFE) assay. Furthermore, aSiO 2 NPs have induced no morphological transformation in Balb/3T3 cells and have not resulted in genotoxicity, as shown by Cell Transformation Assay (CTA) and Micronucleus (MN) assay, respectively. To understand whether the absence of any toxic effect could result from a lack of internalization of the aSiO 2 NPs by Balb/3T3 cells, we have investigated the uptake and the intracellular distribution following exposure to 85 nm fluorescently-labelled aSiO 2 NPs. Using fluorescence microscopy, it was observed that fluorescent aSiO 2 NPs are internalized and located exclusively in the cytoplasmic region. In conclusion, we have demonstrated that although aSiO 2 NPs are internalized in vitro by Balb/3T3 mouse fibroblasts, they do not trigger any cytotoxic or genotoxic effect and do not induce morphological transformation, suggesting that they might be a useful component in industrial applications.

Introduction

During the last 10 years, the use of nanomaterials (at least one dimension <100 nm) in industrial and biomedical applications has increased to the point where important questions on the health effects induced by exposure to nanoparticles (NPs) have arisen. In this context, the Joint Research Centre (JRC) of the European Commission has developed a strategy research plan on nanoparticle toxicology [1] and recently, in cooperation with the Organization of Economical Cooperation and Development (OECD) Working Party on Manufactured Nanomaterials [START_REF] Oecd | Working Party on Manufactured Nanomaterials[END_REF], has built up a Reference Nanomaterials program [START_REF]Reference Nanomaterials program[END_REF].

Silica NPs, which belong to the OECD list of interest and are among the most utilized nanomaterials in industrial nanotechnologies, can occur in a variety of forms: crystalline, simple amorphous or mesoporous. Mesoporous silica particles have a well-defined nanoporous structure and were shown to be good drug carriers [START_REF] Lu | Mesoporous silica nanoparticles as a delivery system for hydrophobic anticancer drugs[END_REF] and nucleic acid delivery systems [START_REF] Xia | Polyethyleneimine coating enhances the cellular uptake of mesoporous silica nanoparticles and allows safe delivery of siRNA and DNA constructs[END_REF]. Amorphous silica nanoparticles (aSiO 2 NPs), on the other hand, are characterized by a non-crystalline structure and are currently employed in a wide range of industrial and biomedical applications. The relative ease by which aSiO 2 NPs can be produced in different sizes and with different surface modifications has led to their widespread use in cosmetics (sun creams), dentistry (toothpaste) and paints as well as food and animal-feed additives [START_REF] Dekkers | Presence and risks of nanosilica in food products[END_REF]. In biomedicine, silica nanoparticles are used as drug delivery systems [START_REF] Huang | Highly efficient cellular labeling of mesoporous nanoparticles in human mesenchymal stem cells: implication for stem cell tracking[END_REF][START_REF] Shi | Nanoparticle-based biocompatible and long-life marker for lysosome labeling and tracking[END_REF], in cancer therapy [START_REF] Hirsch | Nanoshell-mediated near-infrared thermal therapy of tumors under magnetic resonance guidance[END_REF] and in cancer diagnostics [START_REF] Moghimi | Nanomedicine: current status and future prospects[END_REF].

Notwithstanding their extensive use, there is evidence of cytotoxicity induced by silica nanoparticles. Many in vitro studies have reported cytotoxic effects following exposure of different cell types to aSiO 2 NPs. Amorphous silica has been shown to reduce the viability in several cell types of human origin [START_REF] Choi | Toxicological effects of inorganic nanoparticles on human lung cancer A549 cells[END_REF][START_REF] Napierska | Size-dependent cytotoxicity of monodisperse silica nanoparticles in human endothelial cells[END_REF][START_REF] Ye | Nano-SiO2 induces apoptosis via activation of p53 and Bax mediated by oxidative stress in human hepatic cell line[END_REF][START_REF] Lin | In vitro toxicity of silica nanoparticles in human lung cancer cells[END_REF][START_REF] Yang | SiO2 nanoparticles induce cytotoxicity and protein expression alteration in HaCaT cells[END_REF] or increase the secretion of reactive oxidative species (ROS) [START_REF] Eom | Oxidative stress of silica nanoparticles in human bronchial epithelial cell, Beas-2B[END_REF][START_REF] Choi | Silica-based nanoparticle uptake and cellular response by primary microglia[END_REF][START_REF] Dutta | Adsorbed proteins influence the biological activity and molecular targeting of nanomaterials[END_REF][START_REF] Park | Oxidative stress and pro-inflammatory responses induced by silica nanoparticles in vivo and in vitro[END_REF][START_REF] Wang | Oxidative stress contributes to silica nanoparticle-induced cytotoxicity in human embryonic kidney cells[END_REF]. Furthermore, aSiO 2 NPs have also induced cytotoxicity in rodent-derived cells, where NPs have impaired the cell viability and induced the secretion of ROS and pro-inflammatory cytokines such as IL-1␤ [START_REF] Choi | Silica-based nanoparticle uptake and cellular response by primary microglia[END_REF][START_REF] Dutta | Adsorbed proteins influence the biological activity and molecular targeting of nanomaterials[END_REF][START_REF] Fubini | Variability of biological responses to silicas: effect of origin, crystallinity, and state of surface on generation of reactive oxygen species and morphological transformation of mammalian cells[END_REF][START_REF] Rabolli | Influence of size, surface area and microporosity on the in vitro cytotoxic activity of amorphous silica nanoparticles in different cell types[END_REF][START_REF] Morishige | The effect of surface modification of amorphous silica particles on NLRP3 inflammasome mediated IL-1beta production, ROS production and endosomal rupture[END_REF][START_REF] Elias | Cytotoxic and transforming effects of silica particles with different surface properties in Syrian hamster embryo (SHE) cells[END_REF].

Currently, few studies have investigated the in vitro cell transformation and the genotoxic potential of silica NPs. Morphological transformation has been reported to take place in Syrian Hamster Embryo (SHE) cells exposed to amorphous silica in the form of diatomaceous earth NPs but not following exposure to pyrogenic aSiO 2 NPs [START_REF] Fubini | Variability of biological responses to silicas: effect of origin, crystallinity, and state of surface on generation of reactive oxygen species and morphological transformation of mammalian cells[END_REF][START_REF] Elias | Cytotoxic and transforming effects of silica particles with different surface properties in Syrian hamster embryo (SHE) cells[END_REF][START_REF] Elias | Surface reactivity, cytotoxic, and morphological transforming effects of diatomaceous Earth products in Syrian hamster embryo cells[END_REF]. Genotoxic effects, measured as increased micronuclei formation [START_REF] Gonzalez | Exploring the aneugenic and clastogenic potential in the nanosize range: A549 human lung carcinoma cells and amorphous monodisperse silica nanoparticles as models[END_REF] or decreased DNA content [START_REF] Cha | Cytotoxic effects of nanoparticles assessed in vitro and in vivo[END_REF] or damaged DNA [START_REF] Gonzalez | Exploring the aneugenic and clastogenic potential in the nanosize range: A549 human lung carcinoma cells and amorphous monodisperse silica nanoparticles as models[END_REF], were observed in A549 and HEp-2 [START_REF] Chen | Formation of nucleoplasmic protein aggregates impairs nuclear function in response to SiO2 nanoparticles[END_REF] cells in the presence of aSiO 2 NPs. Nevertheless, single cell gel electrophoresis (SCGE) performed on 3T3-L1 mouse fibroblasts has not shown evidence of genotoxicity following exposure to silica NPs [START_REF] Barnes | Reproducible comet assay of amorphous silica nanoparticles detects no genotoxicity[END_REF].

Due to the great interest in using aSiO 2 NPs, uptake and potential toxicity induced by fluorescent particles have also been investigated. Fluorescent aSiO 2 NPs were shown to affect HEp-2 cellular viability [START_REF] Chen | Formation of nucleoplasmic protein aggregates impairs nuclear function in response to SiO2 nanoparticles[END_REF] and induce genotoxicity in A549 cells [START_REF] Jin | Toxicity of luminescent silica nanoparticles to living cells[END_REF]. In addition, fluorescent aSiO 2 NPs were observed in the nuclei [START_REF] Chen | Formation of nucleoplasmic protein aggregates impairs nuclear function in response to SiO2 nanoparticles[END_REF] and in other intracellular compartments such as endosomes and lysosomes [START_REF] Jin | Toxicity of luminescent silica nanoparticles to living cells[END_REF][START_REF] Al-Rawi | Uptake and intracellular localization of submicron and nano-sized SiO2 particles in HeLa cells[END_REF][START_REF] Stayton | Study of uptake and loss of silica nanoparticles in living human lung epithelial cells at single cell level[END_REF].

In this work, we have investigated the effects induced by aSiO 2 NPs in Balb/3T3 mouse fibroblasts cell line. Our study, in particular, has focused on the cytotoxicity, cell transformation and genotoxicity of aSiO 2 NPs, and to this end we have performed the Colony Forming Efficiency (CFE), the Cell Transformation Assay (CTA) and the Micronucleus test (MN), respectively. The goal of this study was to provide additional data on the toxic potential exerted in vitro by aSiO 2 NPs with the same crystalline structure (amorphous) but different sizes. In addition, this work had the aim of increasing knowledge about the ability of aSiO 2 NPs to induce morphological transformation and genotoxicity in vitro.

Materials and methods

All the in vitro experiments were performed on immortalized Balb/3T3 mouse fibroblasts clone A31-1-1 [START_REF] Kakunaga | A quantitative system for assay of malignant transformation by chemical carcinogens using a clone derived from BALB-3T3[END_REF][START_REF] Kakunaga | Cell variants showing differential susceptibility to ultraviolet light-induced transformation[END_REF]. Cells were distributed, free from bacteria, fungi and mycoplasma, at the passage number 12 by Hatano Research Institute (Japan) in the context of a pre-validation study [START_REF] Vanparys | ECVAM prevalidation of three cell transformation assays[END_REF]. Cells were cultivated up to 70-80% confluence in tissue culture-treated flasks (BD Falcon; Milan, Italy) and passaged weekly. All the assays were performed under normal cell culture conditions (37 • C; 5% CO2; 95% humidity).

Methods

Synthesis and characterization of silica nanoparticles

Five different types of unlabelled aSiO2NPs and one fluorescently-labelled were used in the present study (Table 1). NM-200 and NM-203 belong to the list of nanomaterials of interest to the OECD and they were delivered in powder form, while the synthesis of NRT-808, NRT-817, NRT-820 and NRT-944 has been performed in our laboratory using the following protocol. Briefly, to obtain monodispersed silicon dioxide particles in the range below 80 nm, a strategy based on the recent publication by Hartlen et al. [START_REF] Hartlen | Facile preparation of highly monodisperse small silica spheres (15 to >200 nm) suitable for colloidal templating and formation of ordered arrays[END_REF] has been adopted. In this method, aSiO2NPs were produced in a growth medium of water containing arginine or lysine catalyst. The water/amino acid mixture was placed in a glass vessel and a smaller volume of an immiscible organic liquid (cyclohexane) added and allowed to float above the aqueous phase. If necessary, this bi-phase solution is then heated and allowed to stabilize at the desired reaction temperature with slow stirring of the aqueous layer. Where additional heating was necessary, the reactions were done using CEM Discover S microwave heating system (CEM; Matthews; NC). The choice of microwave heating was found to give improved monodispersivity and better reproducibility when compared to conventional heating methods. At this point tetraethyl orthosilicate (TEOS) was slowly added to the organic phase where it preferentially dissolved. The system was then left under slow stirring for time period of a few hours to several days. During this time, there was a slow diffusion of TEOS from the upper organic layer into the aqueous phase where hydrolysis and condensation occurs with the nucleation and growth of aSiO2NPs with narrow size distribution. The microwave heating system used here permits a maximum batch volume of 100 mL and this was established as the standard volume for aSiO2NPs synthesis by the bi-phase method. An appropriate choice of temperature, catalyst concentration and reaction time was found to allow the production of near monodispersed aSiO2NPs with sizes controllable in the range 17-80 nm. Larger particles can be produced by this method but Scanning Electron Microscopy (SEM) analysis has shown that the solutions may be contaminated with a proportion of smaller particles.

For the production of fluorescent silica particles (aSiO2-Ru(bipy)3; NRT-944) the same basic method has been adopted except that a suitable quantity of the Ru(bipy)3 dye (Tris(2,2 -bipyridyl) dichlororuthenium(II) hexahydrate) has been added to the aqueous phase of the reaction mixture. The presence of the dye was found to significantly increase the final size of the particles when compared to those obtained under the equivalent experimental conditions without the dye. Following a detailed study of the effects of experimental conditions, it has been possible to extend the range of particle sizes which may be made by this method so as to be comparable with that previously achieved for pure unlabelled silica NPs. The studies have shown that particle size can again be effectively controlled by varying parameters such as reaction time, temperature (20-60 • C) and the amino acid catalyst concentration (150-3000 mg/L). By careful variation of these three parameters, it has been found to be possible to produce low polydispersivity fluorescent aSiO2NPs across the size range from 10 to 120 nm in a controlled and reproducible way.

Dynamic Light Scattering (DLS) and SEM were used to study the size distribution and morphology of the particles, respectively. Samples were obtained from 100 g/mL stock solutions. In addition, DLS has been used to determine the polydispersity index (PdI), which is an indicator of the polydispersivity/aggregation of the solution tested. NM-200 and NM-203 powder stocks were dispersed in ultrapure water to a stock concentration of 1 mg/mL as follows: after weighing 1 mg of NM-200 powder and 1.20 mg of NM-203 powder, the weighed powders were resuspended in ultrapure water to a final concentration of 1 mg/mL and then bath-sonicated. After 5 min of sonication, solutions were vortexed for 10 s and bath-sonicated again for 5 min. For DLS analysis, all stocks were diluted to a final concentration of 100 g/mL, which corresponds to the highest concentration used for the in vitro testing. To check for dispersant-dependent effects on stability/aggregation state, the aSiO2NPs were resuspended in ultrapure water and serum-free medium. After dispersion and before analysis, the samples in cell culture medium were incubated for 1 h at 37 • C to partially simulate the temperature conditions at which the biological testing was carried out. The DLS measurements were performed on a 1 mL sample volume on a Zetasizer Nano Zs (Malvern Instruments; Malvern, UK) following the protocols indicated by ISO 13321:1996 and ISO 22412:2008. After 2 min equilibration at 25 • C, each sample underwent 3 measurements. Read number and duration for each measurement were set on 'automatic' on the Zetasizer control software. Only intensity distribution data were considered for the analysis. Averaging the 3 measurements was done using Malvern's proprietary software.

SEM imaging and analysis were performed on samples dispersed in ultrapure water only, after spotting a volume of 5 L of the same samples prepared for DLS on aminated silicon wafers, letting it dry for 10 min and then eliminating the excess liquid. SEM was performed using a FEI Nova Nanolab 600I (FEI; Eindhoven, The Netherlands). Images were taken at low acceleration voltages of the electrons (5 keV) in immersion mode. Size distributions for the nanoparticles were then obtained by image analysis of micrographs using the free software Image-J. The images were treated using standard smoothing, background subtraction, binarization and edge detection. The analysis of the particles has been made by measuring each particle area and presenting the results by means of the radius using the spherical particle approximation.

Basal cytotoxicity: Colony Forming Efficiency (CFE) and MTT assay

As already published [START_REF] Ceriotti | Assessment of cytotoxicity by impedance spectroscopy[END_REF], on day zero 200 Balb/3T3 cells were seeded in 3 mL of fresh complete medium (Minimum Essential Medium (MEM) 1×; Invitrogen; Carlsbad, CA, USA) supplemented with 10% (v/v) fetal bovine serum-Australian origin (Invitrogen; Carlsbad, CA, USA) and 1% (v/v) antibiotics (10,000 U/mL penicillin and 10,000 g/mL streptomycin; Invitrogen; Carlsbad, CA, USA) in each 60-mm Petri dish (3 replicates per concentration, 3 experiments performed). After 24 h of incubation under standard cell culture conditions (37 • C; 5% CO2; 90% humidity), the treatment suspensions of aSiO2NPs (1 g/mL-10 g/mL-100 g/mL) were added as aliquots to the cells. Untreated cells and Na2CrO4•6H2O (10 -3 M) were used as negative and positive controls, respectively. Cells were kept in contact with the treatment for 72 h after which the test compounds were removed and replaced with fresh complete medium. At day 9 after seeding, the colonies were fixed using a solution of 4% (v/v) formaldehyde (Sigma-Aldrich; Saint Louis, MO, USA) in Phosphate Buffered Solution (PBS) (Invitrogen; Carlsbad, CA, USA), then stained using 10% (v/v) of Giemsa (Sigma-Aldrich; Saint Louis, MO, USA) in ultrapure water. After air-drying, colonies (composed of at least 50 cells) were manually scored and counted using a stereomicroscope (Olympus; Milan, Italy). The data obtained were employed in order to define the dose-effect curve at 72 h and consequently to choose the concentrations to be tested in the cell transformation assay. The results were normalised to the untreated control and expressed as % CFE ((average of treatment colonies/average of solvent control colonies) × 100). The corresponding standard error of the mean (sem) has been calculated for 3 independent experiments and at least 3 replicates for each experimental point (sem = (standard deviation (SD)/ √ number of replicates)). The statistically significant differences for CFE values versus controls were calculated by the one-way ANOVA analysis (GraphPadPrism4 statistical software, GraphPad Inc.; La Jolla, CA, USA).

To perform the MTT assay, on day zero 7500 cells/well and 2500 cells/well, in a final volume of 100 L/well of media, were seeded into 96-well plate for 24 h and 72 h exposure to aSiO2NPs, respectively (6 wells per concentration, 3 experiments performed). After 24 h incubation, Balb/3T3 mouse fibroblasts were exposed to 1 g/mL, 10 g/mL and 100 g/mL of aSiO2NPs for 72 h. At the end of the incubation, cells were washed twice with fresh complete cell culture medium to remove unbound and non-internalized aSiO2NPs, and then cells were incubated with MTT (1:10 in complete cell culture medium; 100 L/well; MTT stock solution: 5 mg MTT/1 mL PBS; 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Sigma-Aldrich; Saint Louis, MO, USA). After a 2 h incubation (37 • C; 5% CO2; 90% humidity) 100 L/well of lysis solution, composed of 20 g sodium dodecyl sulphate (Sigma-Aldrich; Saint Louis, MO, USA) and 50 mL N,N-dimethylformamide (Sigma-Aldrich; Saint Louis, MO, USA) in ultrapure water, was pipetted and cells were incubated overnight. Absorbance was acquired the next day at 540 nm using the plate reader FLUOstar Omega (BMG Labtech GmbH; Offenburg, Germany). The results were normalized to the untreated control and expressed as % viability. The mean value was calculated for 3 independent experiments and at least 3 replicates for each experimental point (sem = (SD/ √ number of replicates). Statistical analysis was performed applying unpaired t-test (GraphPadPrism4 statistical software, GraphPad Inc.; La Jolla, CA, USA).

Cell transformation studies by Cell Transformation Assay (CTA)

On day zero, 2 × 10 4 Balb/3T3 cells were seeded in 6 mL of complete fresh medium Minimum Essential Medium (MEM) 1× supplemented with 10% (v/v) fetal bovine serum-Australian origin and antibiotics (10,000 U/mL penicillin and 10,000 g/mL streptomycin) in 100 mm-Petri dish (5 replicates per concentration). After 24 h, the treatment suspensions were administered in the desired concentrations by adding aliquots of NP preparations. Non-treated Balb/3T3 cells and cells exposed to 4 g/mL methylcholanthrene (Sigma-Aldrich; Saint Louis, MO, USA), which is a well-known carcinogenic compound, were used as negative and positive controls, respectively. At the end of exposure (72 h), medium containing aSiO2NPs was removed and replaced with Dulbecco's modified Eagle's medium/F12 (DMEM/F12) with high glucose, l-glutamine (365 mg/L) and sodium bicarbonate (1200 mg/L) (Invitrogen; Carlsbad, CA, USA) supplemented with 2% (v/v) fetal bovine serum-Australian origin, 2 g/mL insulin (Sigma-Aldrich; Saint Louis, MO, USA) and 1% antibiotics (Invitrogen; Carlsbad, CA, USA). The culture medium was changed twice a week, and on days 31-35 cells were fixed with 4% (v/v) of formaldehyde in PBS. Subsequently, cells were stained with a 10% (v/v) Giemsa solution in ultrapure water. The dishes were air-dried and observed using a stereomicroscope (Olympus; Milan, Italy) in order to detect and count only morphologically transformed colonies (type-III foci), as described from the International Agency for Cancer Research (IARC) Working-Group [START_REF] Iarc | Cellular and molecular mechanisms of cell transformation and standardization of transformation assays of established cell lines for the prediction of carcinogenic chemicals: overview and recommended protocols[END_REF]. Transformation results were expressed as transformation frequency (T f ) (5 replicates per concentration, 3 experiments performed) using the following formula:

T f = [A/(B × C × D)],
where A = total number of type-III foci per treatment; B = CFE (%)/100; C = plating efficiency (%)/100; D = number of cells seeded × number of plates; plating efficiency (%) = number of colonies formed in the control × 100/200, and 200 is the total number of cells seeded in one CFE dish.

The probability of a neoplastic event occurring per surviving cell was determined by using the F-Fisher exact test and was considered statistically significant versus untreated control only when p < 0.05 [START_REF] Ponti | An optimised data analysis for the Balb/c 3T3 cell transformation assay and its application to metal compounds[END_REF].

Genotoxicity studies by Micronucleus (MN) test

On day zero, 3 × 10 5 Balb/3T3 mouse fibroblasts were seeded in 4 mL of complete medium Minimum Essential Medium (MEM) 1× supplemented with 10% (v/v) fetal bovine serum-Australian origin and antibiotics (10,000 U/mL penicillin and 10,000 g/mL streptomycin) in each well (1 replicate per concentration) of a 6 wells per plate. 24 h after seeding, the Balb/3T3 cells were treated with NP suspensions and incubated for 24 h. Non-treated cells and Balb/3T3 mouse fibroblasts exposed to 0.5 M mitomycin C (Kyowa Italiana Farmaceutici; Milano, Italy) were used as negative and positive control, respectively. At the end of the exposure period, the treatment was removed and each well washed twice with PBS. To block cell division, 4.5 g/mL cytochalasin B (Sigma-Aldrich; Saint Louis, MO, USA) was added to 4 mL of fresh complete culture medium per well. After a 24 h incubation (day 3), the cells were trypsinized and harvested in PBS. The cell suspensions were centrifuged (250 × g) and the pellets treated first with a prefixing (methanol:acetic acid, 3:5) and then with a fixing solution (methanol:acetic acid, 6:1). Fixed cells were dropped on glass slides and air-dried overnight. The slides (2 replicates for each sample) were stained with a 2% (v/v) Giemsa solution in ultrapure water and air-dried. The results (2 replicates per concentration, 3 experiments performed) were analyzed by calculating the frequency of binucleated micronucleated (BNMN) cells as the number of binucleated cells containing one or more micronuclei per 1000 binucleated cells. Statistical analysis was performed by F-Fisher exact test and differences versus solvent control were considered statistically significant at p < 0.05.

Uptake of fluorescent amorphous silica nanoparticles using microscopy studies

For microscopy studies, on day zero 1.5 × 10 5 Balb/3T3 cells were plated onto 4-chamber polystyrene vessel tissue culture-treated glass slides (BD Falcon; Milan, Italy) in 3 mL of complete Minimum Essential Medium (MEM) 1× and cultivated under standard culture conditions. After 1 day of cultivation, the cells were exposed for 6 h, 24 h and 72 h to 200 g/mL aSiO2NPs labelled with the fluorescent dye Ru(bipy)3. At the end of the exposure Balb/3T3 cells were fixed with 4% (v/v) of formaldehyde in PBS and nuclei stained using Hoechst-33342 (Invitrogen; Carlsbad, CA, USA) diluted 1:1200 in PBS. After staining, cells were washed in PBS/Tween-20 solution and mounted for microscopy using GelMount (DAKO; Glostrup, Denmark).

Images were acquired with an Axiovert 200M inverted microscope (Carl Zeiss; Jena, Germany) equipped with ApoTome slide module and AxioVision 4.8 software (Carl Zeiss; Jena, Germany), using 40×/1.0 objective lens. Images were acquired using a black&white AxioCam MRm (Carl Zeiss; Jena, Germany) and pseudocolors were applied after image acquisition.

Results

Synthesis and characterization of silica nanoparticles

DLS analysis of the solutions was first performed in ultrapure water at the final concentration of 100 g/mL. The DLS analysis of the dispersions in ultrapure water (Table 2) resulted in PdI numbers in agreement with a good monodispersity of the samples while the measured sizes were consistent with the values obtained from measurements of the stock suspensions. SEM imaging and subsequent statistical analysis performed on the samples have confirmed the DLS sizing for the NRT-817 sample (Fig. 1b), while the NRT-808 (Fig. 1a) and NRT-944 (Fig. 1f) samples have shown a difference in size in the range of 10 nm, but also a higher SD (Table 3). The NM-200 and NM-203 dispersions were exceptions to these considerations. The NM-200 dispersion has shown high PdI and an overall data quality too poor to allow for data fitting, which deemed the sample to be not suitable for DLS analysis. The high PdI value and the noisy baseline of the relative correlogram (Fig. 2) have indicated the presence of aggregates and/or agglomerates precipitating in the sample. This has also been confirmed by SEM images, clearly showing clumps of aggregated and/or agglomerated silica nanoparticles in the sample (Fig. 1d). Furthermore, the NM-203 dispersion has shown a PdI (Table 2) that is in agreement with a fairly monodispersed state of the NPs, but the calculated size does not correspond to the declared one (see Table 1), suggesting that the preparation procedure has generated a monodispersed sample but not to the original NPs size. In fact, SEM imaging has revealed the presence of clumps of nanoparticles also in this case (Fig. 1e).

DLS analysis of NRT-820 has revealed a very low PdI classifying it as monodispersed. In contrast to this, SEM imaging and statistical analysis (Table 3 and Fig. 1c) have shown clearly that NRT-820 is actually constituted of two distinct size populations of around 40 nm and 80 nm. This result in particular underlines the necessity of integrating DLS data with different characterization techniques, to comprehensively estimate the size of nanoparticles to be used in toxicological in vitro testing and then correctly correlating it with the eventually observed biological effects.

When the DLS analysis of the aSiO 2 NPs was performed in serumfree cell culture medium (Table 2), we have observed that particles maintained the same dispersity status as their counterparts dispersed in ultrapure water. The mean particle size of the samples was found to be only slightly increased, showing that they maintain reasonable stability even in a saline solution. Only the NRT-817 sample has shown a substantial change in dispersity, given by the appearance of a secondary population of differently sized NPs aggregates and/or agglomerates in the range of 200 nm. Size distribution analysis by volume has indicated that this population represents only 0.2% of the sample (data not shown).

An overall review of the characterization data has shown that there is little effect on stability of nanoparticles when dispersed in serum-free cell culture medium, and that the aSiO 2 NPs suspensions derived from dry powders (NM-200 and NM-203) were difficult to disperse back into a monodispersed form. Suspensions have maintained an aggregated/agglomerated state, thus greatly increasing the characteristic size at which they are biologically tested. In addition, an important issue arises when examining data from the NRT-820 sample, in which the DLS has been unable to separate the two size populations that are clearly visible in SEM imaging and the relative statistical analysis. This is due to a technical limitation of DLS, which is not well adapted to analysis of this type of multi-dispersed sample [START_REF] Calzolai | Separation and characterization of gold nanoparticle mixtures by flow-field-flow fractionation[END_REF]. The inability of the technique to detect the 40 nm particles in the presence of the 80 nm particles is primarily the result of the non-linear variation of light scattering as a function of size, which increases with the sixth power of their radius [START_REF] Berne | Dynamic Light Scattering with Applications to Chemistry[END_REF][START_REF] Filipe | Critical evaluation of Nanoparticle Tracking Analysis (NTA) by Nanosight for the measurement of nanoparticles and protein aggregates[END_REF] effectively masking the presence of the smaller particles. The implication of this consideration is that when using the DLS technique for nanoparticle size characterization, coupling it with one or more different characterization techniques, such as SEM, is a must.

Basal cytotoxicity studies by Colony Forming Efficiency (CFE) assay

The cytotoxic potential of water dispersed aSiO 2 NPs NRT-808, NRT-817 and NRT-820, and NM-200 and NM-203, which were delivered in powder form from OECD, has been investigated by CFE assay in Balb/3T3 mouse fibroblasts. 1 g/mL, 10 g/mL and 100 g/mL were selected as test concentrations and the exposure has been of 72 h.

As shown in Fig. 3, aSiO 2 NPs have not induced any significant impairment of CFE in Balb/3T3 cells in vitro, suggesting that neither the synthesis procedure nor particle size and particle agglomeration/aggregation has been responsible for cytotoxicity. Compared to the untreated control (100% CFE ± 1.3) 1 g/mL NM-200 resulted slightly toxic but the reduction in colony formation (92.99% CFE ± 4.86) has not been significant. Similarly, 100 g/mL NM-203 have induced a non-significant (93.5% CFE ± 6.61) cytotoxic effect in Balb/3T3 cells after 72 h exposure. The exposure of Balb/3T3 cells to the other aSiO 2 NPs investigated and at different concentrations has not induced any effect on CFE, with all the values obtained being in the range between 97.24% CFE ± 3.15 (10 g/mL NRT-808) and 106.28% CFE ± 5.18 (100 g/mL NRT-820), values which are not statistically significant compared to the negative control (untreated cells).

MTT assay (Fig. 4) has, in contrast, shown a slight but significant reduction of the viability of Balb/3T3 cells after 72 h in vitro exposure to NRT-820 (80 nm nominal size diameter). In fact, a concentration-dependent impairment of the viability of Balb/3T3 mouse fibroblast has been measured. Measurements of Balb/3T3 cells exposed to 1 g/mL, 10 g/mL and Fig. 3. Colony forming efficiency of Balb/3T3 cells exposed for 72 h to aSiO2NPs. Cells were exposed for 72 h to increasing concentrations of aSiO2NPs (1 g/mL-10 g/mL-100 g/mL). After fixation and counterstaining, colonies were manually counted. Data were analyzed in comparison to the untreated control and evaluated by one-way ANOVA. aSiO2NPs did not induce any cytotoxic effect in Balb/3T3 cells, suggesting that not size not their synthesis method are responsible for cytotoxicity. Mean of 3 independent experiments ± standard error of the mean (sem). Fig. 4. MTT assay on Balb/3T3 cells exposed for 72 h to aSiO2NPs. Cells were exposed for 72 h to increasing concentrations of aSiO2NPs (1 g/mL-10 g/mL-100 g/mL). At the end of the incubation period, cells were washed and then incubated with MTT solution (1:10 in complete cell culture medium). After 2 h incubation, lysis buffer was pipetted in each well and the next day absorbance was acquired at 540 nm with a plate reader. Data were analyzed in comparison to the untreated control and evaluated by unpaired t-test. Exposure to aSiO2NPs NRT-820 (80 nm declared size diameter) induced a slightly significant cytotoxic effect in Balb/3T3 cells. Mean of 3 independent experiments ± standard error of the mean (sem). *p < 0.05. The positive control (Na2CrO4 1000 M) induced complete cell death as expected and the histogram value is equal to 0. Fig. 5. Cell transformation assay on Balb/3T3 cells exposed to aSiO2NPs for 72 h. aSiO2NPs were tested at the fixed concentration of 100 g/mL. After exposure (72 h), cells were cultured up to day 35, then fixed and stained, and type-III foci were counted. Exposure to aSiO2NPs did not exert any morphological transformation in Balb/3T3 mouse fibroblasts. The statistical significance was evaluated by F-Fisher exact test (***p < 0.001) in respect to untreated control. Mean of 3 independent experiments ± standard error of the mean (sem). Methylcholanthrene, a well-known carcinogenic compound, was used as positive control (C+). The positive control (Na2CrO4 1000 M) induced complete cell death as expected and the histogram value is equal to 0. 100 g/mL NRT-820 showed viability of 81.44 ± 6.36, 75.96 ± 8.44 and 74.86 ± 8.10 respectively, when expressed as percentage of the untreated control (100% viability ± 2.13). In the presence of the other silica particles investigated in this work no reduced Balb/3T3 cells viability has been shown by MTT assay.

Cell transformation studies by Cell Transformation Assay (CTA)

Amorphous SiO 2 NPs were tested for their carcinogenic potential by CTA. aSiO 2 NPs, those selected from OECD list (NM-200 and NM-203) and those synthesized in water solution (NRT-808, NRT-817 and NRT-820) have not exerted any morphological transformation in Balb/3T3 cells after 72 h exposure (Fig. 5). When test samples were compared with untreated controls, F-Fisher exact test did not reveal any significant difference in the transformation frequency (T f ), which is an indicator of the carcinogenic potential exerted by NPs. Compared to the untreated cells (T f = 0.266 × 10 -4 ± 0.10) aSiO 2 NPs in water solution have not induced the formation of type-III foci in Balb/3T3 cells in vitro. In fact, the transformation frequency obtained for NRT-808, NRT-817 and NRT-820 corresponded to 0.1 × 10 -4 ± 0.1, 0.288 × 10 -4 ± 0.22 and 0.166 × 10 -4 ± 0.10, respectively. Similarly, compared to the negative control, NM-200 (T f = 0.246 × 10 -4 ± 0.12) and NM-203 (T f = 0.360 × 10 -4 ± 0.14) did not induce any significant morphological transformation in Balb/3T3 cells. In contrast, methylcholanthrene, which is a well-known carcinogenic compound, induced extremely significant formation of type-III foci (T f = 3.924 × 10 -4 ± 0.16).

These results indicate that, as already shown by CFE, size and synthesis method does not play any role in the carcinogenic potential of the aSiO 2 NPs we have selected for our study.

Genotoxicity studies by Micronucleus (MN) test

The genotoxic potential of aSiO 2 NPs has been investigated by the micronucleus assay. At the concentration of 100 g/mL, Fig. 6. Micronucleus assay on Balb/3T3 cells exposed to aSiO2NPs for 24 h. aSiO2NPs were tested at the fixed concentration of 100 g/mL. Compared to untreated control cells, aSiO2NPs did not induce genotoxicity in Balb/3T3 mouse fibroblasts. The statistical significance was evaluated by Fisher exact test (**0.001 > p > 0.05) in respect to untreated control. Mean of 2 independent experiments ± standard error of the mean (sem). Cytochalasin B (4.5 g/mL) was used as positive control (C+). BNMN = binucleated micronucleated cells; BN = binucleated cells. aSiO 2 NPs did not induce any significant formation of micronuclei in Balb/3T3 cells in vitro (Fig. 6). In fact, the frequency of binucleated micronucleated (BNMN) Balb/3T3 mouse fibroblasts per 1000 binucleated (BN) cells corresponded to 9 BNMN ± 3, 7 BNMN ± 1 and 9.5 BNMN ± 2.5 after 24 h exposure to NRT-808, NRT-817 and NRT-820, respectively. Therefore, compared to the untreated control (9.5 BNMN ± 0.5) aSiO 2 NPs did not trigger the formation of micronuclei, suggesting that neither the size diameter nor the particles' synthesis procedure induces genotoxicity.

Our results indicate that for aSiO 2 NPs, particle size does not play a role in genotoxicity as no significant differences were observed in Balb/3T3 cells exposed to aSiO 2 NPs of different sizes.

Internalization of fluorescent amorphous silica nanoparticles

To verify if the absence of any cytotoxic, cell transformation or genotoxic effect on Balb/3T3 cells by aSiO 2 NPs was simply because NPs were not internalized, the uptake and the in vitro internalization of 85 nm-sized aSiO 2 -Ru(bipy) 3 in Balb/3T3 cells has been investigated by fluorescent microscopy. We have chosen 85 nm-sized particles (NRT-944) because, as previously shown, for CFE, CTA and MN assays were performed using aSiO 2 NPs with equivalent diameter and surface charge (NRT-820).

Using optical microscopy we observed that after 6 h exposure (Fig. 7a-c) aSiO 2 -Ru(bipy) 3 particles accumulated in the cytoplasmic region, and the internalization of particles was confirmed by performing Z-stack series of the samples followed by a 3D reconstruction of the images.

Compared to 6 h exposure, after 24 h (Fig. 7d-f) a higher number of cells were observed under the microscope and after 72 h (Fig. 7g-i) cells were confluent. In addition, particles were taken up by Balb/3T3 cells and they were stored in the cytoplasm (Fig. 7b,e,h), with no evidence of entry in the nuclear compartment (Fig. 7a,d,g). To confirm that fluorescently-labelled aSiO 2 NPs did not induce Fig. 7. Uptake of fluorescent aSiO2NPs in Balb/3T3 cells. For studying particle internalization, Balb/3T3 cells were incubated in the presence of fluorescent aSiO2NPs (aSiO2-Ru(bipy)3; 200 g/mL) for 6 h (a-c), 24 h (d-f) and 72 h (g-i). After incubation, cells were fixed with 4% paraformaldehyde and nuclei stained with Hoechst-33342. aSiO2-Ru(bipy)3 were internalized and stored intracellularly in the perinuclear region and no particles were observed in the nuclei. Size bar: 20 m. (a + d + g) Hoechst-33342; (b + e + h) aSiO2-Ru(bipy)3; (c + f + i) merge. aSiO2-Ru(bipy)3 were tested by CFE for their potential cytotoxicity in Balb/3T3 cells (j). aSiO2-Ru(bipy)3 (200 g/mL) and the Ru(bipy)3 dye did not induce any toxic effect in Balb/3T3 cells after 72 h exposure. cytotoxicity in Balb/3T3 mouse fibroblasts, we performed CFE and, as shown in Fig. 7j, after 72 h exposure neither aSiO 2 -Ru(bipy) 3 nor the dye used to label particles impaired the formation of Balb/3T3 colonies.

Taken together, our data indicate that although fluorescent aSiO 2 NPs were internalized in Balb/3T3 mouse fibroblasts and stored in the cytosol, aSiO 2 -Ru(bipy) 3 do not induce any cytotoxic effect in Balb/3T3 cells. Studies to quantify the uptake of aSiO 2 -Ru(bipy) 3 as a function of the exposure time are currently ongoing.

Discussion

Due to the widespread use of aSiO 2 NPs in industrial and biomedical applications, studying the possible toxicological effects of these nanomaterials is of great importance. The aim of this study was to investigate the potential cytotoxicity, morphological transformation and genotoxicity induced by aSiO 2 NPs in Balb/3T3 mouse fibroblasts.

The greater part of the published results on the cytotoxic potential of aSiO 2 NPs have been obtained using colorimetric assays such as MTT, which is a test that measures the metabolic and mitochondrial activity of the cells and is generally accepted as a cytotoxicity test. MTT has been shown to generate reliable data for cytotoxicity studies with chemical compounds; nevertheless, it has been found to be less reliable in testing the potential cytotoxicity of NPs [START_REF] Worle-Knirsch | Oops they did it again! Carbon nanotubes hoax scientists in viability assays[END_REF][START_REF] Monteiro-Riviere | Challenges for assessing carbon nanomaterial toxicity to the skin[END_REF][START_REF] Casey | Spectroscopic analysis confirms the interactions between single walled carbon nanotubes and various dyes commonly used to assess cytotoxicity[END_REF][START_REF] Monteiro-Riviere | Interactions of aluminum nanoparticles with human epidermal keratinocytes[END_REF][START_REF] Horie | Protein adsorption of ultrafine metal oxide and its influence on cytotoxicity toward cultured cells[END_REF]. The impaired cellular viability we have detected by MTT assay in Balb/3T3 cells exposed to NRT-820 might not be due to a loss of the metabolic activity, but rather to the formazan dye interfering with NPs [START_REF] Worle-Knirsch | Oops they did it again! Carbon nanotubes hoax scientists in viability assays[END_REF][START_REF] Monteiro-Riviere | Interactions of aluminum nanoparticles with human epidermal keratinocytes[END_REF]. To avoid this problem, in this work we decided to use the CFE. This assay has already been used and considered promising to assess the cytotoxicity induced by nanomaterials [START_REF] Monteiro-Riviere | Interactions of aluminum nanoparticles with human epidermal keratinocytes[END_REF][START_REF] Ceriotti | Online monitoring of BALB/3T3 metabolism and adhesion with multiparametric chip-based system[END_REF][START_REF] Ponti | Colony forming efficiency and microscopy analysis of multiwall carbon nanotubes cell interaction[END_REF][START_REF] Ponti | Genotoxicity and morphological transformation induced by cobalt nanoparticles and cobalt chloride: an in vitro study in Balb/3T3 mouse fibroblasts[END_REF], since it is a clonogenic assay in which the endpoint is the formation of colonies by those cells surviving after the exposure to the test compound. At the end of the exposure, solutions containing NPs are removed and cells maintained in culture with fresh medium. In this way interactions between the dye used to stain colonies and free test particles are eliminated, thus avoiding any misinterpretation of the experimental outcome [START_REF] Monteiro-Riviere | Challenges for assessing carbon nanomaterial toxicity to the skin[END_REF][START_REF] Monteiro-Riviere | Interactions of aluminum nanoparticles with human epidermal keratinocytes[END_REF][START_REF] Monteiro-Riviere | Limitations and relative utility of screening assays to assess engineered nanoparticle toxicity in a human cell line[END_REF].

Although aSiO 2 NPs are generally considered as non-toxic nanomaterials, a number of previous in vitro studies have reported time-, concentration-or particles' size-dependent cytotoxicity induced by aSiO 2 NPs. Time-dependent reduction of the cellular viability has been measured by MTT in human hepatic L-02 cells exposed to 21 nm SiO 2 NPs [START_REF] Ye | Nano-SiO2 induces apoptosis via activation of p53 and Bax mediated by oxidative stress in human hepatic cell line[END_REF]. Moreover, the viability of A549 (human pulmonary epithelial cells) cells has been shown to decrease over the time of exposure (24 h-48 h-72 h) in the presence of 15 nm and 46 nm aSiO 2 NPs [START_REF] Lin | In vitro toxicity of silica nanoparticles in human lung cancer cells[END_REF]. Furthermore, particles' size has been reported as playing a role in the cytotoxicity of aSiO 2 NPs in human umbilical endothelial EAHY96 cells: aSiO 2 NPs with a size diameter of 14-60 nm have affected more rapidly and more severely the survival of EAHY96 cells as compared to aSiO 2 NPs with a diameter above 100 nm [START_REF] Napierska | Size-dependent cytotoxicity of monodisperse silica nanoparticles in human endothelial cells[END_REF]. In HaCaT cells (human keratinocytes) 15 nm and 30 nm aSiO 2 NPs induced dose-dependent cytotoxicity and apoptosis. In addition, a more significant cytotoxic effect has been detected, by CCK-8 assay, following the exposure of HaCaT cells to 15 nm silica NPs [START_REF] Yang | SiO2 nanoparticles induce cytotoxicity and protein expression alteration in HaCaT cells[END_REF]. The viability of human kidney HEK293 cells in the presence of 20 nm and 50 nm has revealed, by MTT assay, a dose-and time-dependent cytotoxicity and, once again, smaller aSiO 2 NPs were reported inducing higher toxicity compared to larger NPs [START_REF] Wang | Oxidative stress contributes to silica nanoparticle-induced cytotoxicity in human embryonic kidney cells[END_REF].

Our results have shown that size has not triggered cytotoxicity in Balb/3T3 cells. We have examined aSiO 2 NPs with a size diameter ranging from 16 nm to 300 nm and the cellular viability has been impaired only after exposure to 80 nm particles (NRT-820), which indeed has been shown by electron microscopy as being composed of NPs with size of 40 nm and 80 nm. This result has been observed not by CFE, but using the colorimetric MTT assay, whose ability in interfering with nanomaterials and, consequently, leading to a possible misinterpretation of the data has already been reported [START_REF] Monteiro-Riviere | Interactions of aluminum nanoparticles with human epidermal keratinocytes[END_REF][START_REF] Horie | Protein adsorption of ultrafine metal oxide and its influence on cytotoxicity toward cultured cells[END_REF][START_REF] Monteiro-Riviere | Limitations and relative utility of screening assays to assess engineered nanoparticle toxicity in a human cell line[END_REF][START_REF] Davoren | In vitro toxicity evaluation of single walled carbon nanotubes on human A549 lung cells[END_REF][START_REF] Horie | Ultrafine NiO particles induce cytotoxicity in vitro by cellular uptake and subsequent Ni(II) release[END_REF]. Nevertheless, while MTT is a test able to give immediate information on the metabolic and mitochondrial activity of the cells exposed to a test compound (NPs), the CFE protocol might allow cells to recover and repair any damage induced by the exposure to NPs.

Following exposure to monodispersed aSiO 2 NPs with a larger diameter (150-200 nm) the cellular viability of mouse microglial cells has not been impaired [START_REF] Choi | Silica-based nanoparticle uptake and cellular response by primary microglia[END_REF]. Our data have shown that aSiO 2 NPs with size diameter of 200 nm (NM-200) and 300 nm (NM-203) could not induce cytotoxicity in Balb/3T3 cells. However, the absence of toxicity might be due to the fact that these NPs formed huge aggregates and cells were not able to internalize them.

It has been reported that cytotoxicity not only depends on the physicochemical properties of particles, but also varies with the cellular type investigated [START_REF] Rabolli | Influence of size, surface area and microporosity on the in vitro cytotoxic activity of amorphous silica nanoparticles in different cell types[END_REF]. Therefore, even if our results are in contrast to other studies performed using different cell lines and different silica NPs, we are confident of the reliability and reproducibility of the CFE assay for testing NPs [START_REF] Ponti | Colony forming efficiency and microscopy analysis of multiwall carbon nanotubes cell interaction[END_REF][START_REF] Ponti | Comparison of impedance-based sensors for cell adhesion monitoring and in vitro methods for detecting cytotoxicity induced by chemicals[END_REF].

Little is known about the morphological transformation induced by aSiO 2 NPs. Amorphous SiO 2 NPs were reported as inducing morphological transformation in SHE cells [START_REF] Elias | Cytotoxic and transforming effects of silica particles with different surface properties in Syrian hamster embryo (SHE) cells[END_REF]. Three different biogenic diatomaceous earths have induced a dose-dependent transformation of SHE cells and, interestingly, pyrogenic amorphous silica has not shown any carcinogenic potential [START_REF] Elias | Cytotoxic and transforming effects of silica particles with different surface properties in Syrian hamster embryo (SHE) cells[END_REF].

Elias et al. [START_REF] Elias | Cytotoxic and transforming effects of silica particles with different surface properties in Syrian hamster embryo (SHE) cells[END_REF] have postulated that the presence of metal impurities might be responsible for morphological transformation detected in SHE cells. In fact, iron and aluminium were found on the surface of the biogenic diatomaceous earth NPs, which have induced morphological transformation whereas pyrogenic aSiO 2 NPs, free of these elements, have not shown carcinogenic potential in SHE cells [START_REF] Elias | Cytotoxic and transforming effects of silica particles with different surface properties in Syrian hamster embryo (SHE) cells[END_REF].

In addition, after being heated diatomaceous earth silica nanoparticles were shown to induce morphological transformation in SHE cells [START_REF] Elias | Surface reactivity, cytotoxic, and morphological transforming effects of diatomaceous Earth products in Syrian hamster embryo cells[END_REF]. Compared to non-heated biogenic diatomaceous silica, which did not induce any effect, a dose-dependent increase has been observed in transformed SHE cells exposed to diatomaceous silica, which had been heated to up to 900 • C and 1200 • C [START_REF] Elias | Surface reactivity, cytotoxic, and morphological transforming effects of diatomaceous Earth products in Syrian hamster embryo cells[END_REF]. As possible explanation, Elias et al. [START_REF] Elias | Surface reactivity, cytotoxic, and morphological transforming effects of diatomaceous Earth products in Syrian hamster embryo cells[END_REF] have reported that heating of diatomaceous earth silica induces crystallization of the samples and the formation of free radicals and particle-derived ROS, which have already been demonstrated as the key factor in quartz-induced cell transformation [START_REF] Daniel | Direct interaction between crystalline silica and DNA -a proposed model for silica carcinogenesis[END_REF][START_REF] Daniel | DNA strand breakage, thymine glycol production, and hydroxyl radical generation induced by different samples of crystalline silica in vitro[END_REF][START_REF] Saffiotti | Mechanisms of carcinogenesis by crystalline silica in relation to oxygen radicals[END_REF] and biogenic earth silica-induced cell transformation [START_REF] Fubini | Variability of biological responses to silicas: effect of origin, crystallinity, and state of surface on generation of reactive oxygen species and morphological transformation of mammalian cells[END_REF].

Our aSiO 2 NPs, in contrast, have not been able to induce morphological transformation in Balb/3T3 cells, irrespective of size and synthesis method. Neither small (16-80 nm) water dispersed aSiO 2 NPs nor larger (200 nm) silica particles nor pyrogenic aSiO 2 NPs (NM-203; 300 nm size diameter) have shown any carcinogenic potential in vitro in Balb/3T3 mouse fibroblasts, suggesting that other factors than the presence of metal residues on the particles' surface might be responsible for triggering morphological transformation in Balb/3T3 cells in vitro.

Only a few studies have investigated the potential genotoxicity of aSiO 2 NPs. Using the Comet assay Barnes et al. [START_REF] Barnes | Reproducible comet assay of amorphous silica nanoparticles detects no genotoxicity[END_REF] have demonstrated that alumina-coated silica NPs with size diameter ranging from 20 nm to 250 nm are not genotoxic in 3T3-L1 mouse fibroblasts. Furthermore, 50 nm luminescent silica particles have not exerted any genotoxicity in A549 cells [START_REF] Stayton | Study of uptake and loss of silica nanoparticles in living human lung epithelial cells at single cell level[END_REF]. In fact, Comet assay, Western blot analysis of the DNA and DNA agarose gel have not shown any significant DNA damage or any increased DNA repair activity in A549 following exposure to SiO 2 NPs, leading the authors to suggest that SiO 2 NPs were not able to induce genotoxicity because NPs have not penetrated in the nuclei [START_REF] Jin | Toxicity of luminescent silica nanoparticles to living cells[END_REF].

Interestingly, a cell type-dependent, and not concentration-or size-dependent, genotoxicity (reduction of the DNA content) was observed by Cha and Myung [START_REF] Cha | Cytotoxic effects of nanoparticles assessed in vitro and in vivo[END_REF]: among the different cell lines examined, brain (A-172) and liver (Huh-7) cells have responded more quickly than stomach (MKN-1) and lung (A549) cells to aSiO 2 NPs.

In addition, sub-toxic doses of 16 nm, 60 nm and 104 nm amorphous silica NPs did not induce any significant formation of micronuclei in A549 [START_REF] Gonzalez | Exploring the aneugenic and clastogenic potential in the nanosize range: A549 human lung carcinoma cells and amorphous monodisperse silica nanoparticles as models[END_REF]. The smallest silica NPs (16 nm) were reported as inducing slightly higher micronuclei formation than the 60 nm and 104 nm aSiO 2 NPs, although the micronuclei formation was not significant [START_REF] Gonzalez | Exploring the aneugenic and clastogenic potential in the nanosize range: A549 human lung carcinoma cells and amorphous monodisperse silica nanoparticles as models[END_REF]. Accordingly, we have demonstrated that, independently of their size, following exposure to aSiO 2 NPs no micronuclei formation has been detected in Balb/3T3 cells, suggesting that under the experimental conditions we have applied aSiO 2 NPs are not genotoxic.

To verify whether or not aSiO 2 NPs induce cytotoxicity, morphological transformation and genotoxicity in Balb/3T3 mouse fibroblasts in vitro, the uptake of aSiO 2 NPs has been investigated.

After characterization, 85 nm fluorescently-labelled silica nanoparticles (aSiO 2 -Ru(bipy) 3 NPs) were selected for the study. From Jin et al. [START_REF] Jin | Toxicity of luminescent silica nanoparticles to living cells[END_REF] it is already known that 50 nm Ru(bipy) 3 -labelled silica nanoparticles do not induce cytotoxic effects in A549 human pneumocytes. Similarly, we have observed that 80 nm Ru(bipy) 3labelled aSiO 2 NPs have not exerted cytotoxicity in Balb/3T3 mouse fibroblasts in vitro.

In contrast, Chen and von Mikecz [START_REF] Chen | Formation of nucleoplasmic protein aggregates impairs nuclear function in response to SiO2 nanoparticles[END_REF] have demonstrated that 40-70 nm fluorescent silica NPs exerted toxic effects inhibiting the replication and the cellular proliferation of HEp-2 human cells. Furthermore, 70 nm fluorescent SiO 2 NPs were shown to damage the integrity of the cell membrane and have induced cytotoxicity in HeLa cells incubated in the absence of serum proteins. In this case the authors have suggested that serum proteins covered the particles' surface, preventing the direct interaction, and therefore the damage, to the cell membrane [START_REF] Al-Rawi | Uptake and intracellular localization of submicron and nano-sized SiO2 particles in HeLa cells[END_REF].

The intracellular localization of silica NPs has also been investigated and the results are not conclusive. On one side, Jin et al. [START_REF] Jin | Toxicity of luminescent silica nanoparticles to living cells[END_REF] have reported that, after 6 h incubation, 50 nm Ru(bipy) 3 -labelled silica nanoparticles become localized in the cytoplasmic compartment of A549 human pneumocytes but have not crossed the nuclear membrane. In the same way we have observed that 85 nm aSiO 2 -Ru(bipy) 3 NPs have accumulated exclusively in the cytoplasm of Balb/3T3 cells and have not entered the nuclei, and that the internalization of aSiO 2 -Ru(bipy) 3 NPs in Balb/3T3 mouse fibroblasts has occurred already within 6 h exposure.

Similarly, 13 nm fluorescent silica-capped CdSe-CdS NPs were observed in the perinuclear region of A549 cells [START_REF] Stayton | Study of uptake and loss of silica nanoparticles in living human lung epithelial cells at single cell level[END_REF], and 70 nm fluorescent SiO 2 particles were observed in the lysosomal compartment of HeLa cells, whilst sub-micron (200 nm and 500 nm size diameter) fluorescent SiO 2 particles were found in the cytoplasm and in the endosomes of HeLa cells [START_REF] Al-Rawi | Uptake and intracellular localization of submicron and nano-sized SiO2 particles in HeLa cells[END_REF].

In contrast, Chen and von Mikecz [START_REF] Chen | Formation of nucleoplasmic protein aggregates impairs nuclear function in response to SiO2 nanoparticles[END_REF] have shown that 40-70 nm fluorescent silica NPs entered the nuclei of HEp-2 cells, while fine (0.2 m size) and coarse (5 m size) SiO 2 NPs accumulated exclusively in the cytoplasm. As possible explanation the authors have suggested that the size of nanoparticles contributes to the effects exerted by SiO 2 NPs: small SiO 2 NPs entering into the nuclei have inhibited gene expression in HEp-2 cells, whereas larger particles (>200 nm) have not crossed the nuclear membrane and have not exerted any effect.

Conclusions

In conclusion, we have shown that when dispersed in cell culture medium aSiO 2 NPs were colloidally stable, with the exception of NM-200 and NM-203. NM-200 and NM-203 solutions were prepared from powder stocks, for which the dispersion protocol was unable to break the NP aggregates formed. As a consequence, the redispersed samples were composed of particles with much larger mean diameter than that expected from the data declared by the suppliers. Aggregation/agglomeration of NM-200 and NM-203, however, does not seem to play a role as these particles were observed inducing a non-significant toxic effect in Balb/3T3 mouse fibroblasts as the monodispersed NRT-808, NRT-817 and NRT-820.

Using the CFE assay we have shown that aSiO 2 NPs do not induce cytotoxicity in Balb/3T3 mouse fibroblasts. Moreover, the CTA and MN test demonstrated that the investigated aSiO 2 NPs were not able to induce morphological transformation or genotoxicity in Balb/3T3 cells, respectively.

In addition, we have observed 85 nm Ru(bipy) 3 -labelled aSiO 2 NPs internalized and stored in the perinuclear region of Balb/3T3 cells, supporting the evidence that although aSiO 2 NPs were taken up by cells, they have not triggered any toxic effect.

While these results are encouraging regarding the low toxicity of aSiO 2 NPs, their very widespread use in industrial applications, such as cosmetics, and their potential use in biomedicine means there is still great relevance in performing additional studies to investigate any potential DNA strand breaks induced by aSiO 2 NPs, as well as the ability of aSiO 2 NPs to induce the secretion of proinflammatory cytokines. In addition, due to the potential use of aSiO 2 NPs in drug delivery and cancer therapy, further studies to better clarify the endocytotic pathway of aSiO 2 NPs and their intracellular fate (accumulation and/or recycling) are needed.

Fig. 1 .

 1 Fig. 1. SEM images of aSiO2NPs. aSiO2NPs (100 g/mL in ultrapure water) were analyzed by SEM to verify their morphology and their size. NRT-808 (a), NRT-817 (b) and NRT-944 (f) resulted monodispersed and the analysis of their sizes acquired by SEM confirmed DLS measurements. NRT-820 (c) clearly shows two distinct populations of different size (40 nm and 80 nm), while NM-200 (d) and NM-203 (e) formed aggregates/agglomerates and the image analysis could not be performed. Size bar: 100 nm.

Fig. 2 .

 2 Fig. 2. Agglomeration and/or aggregation of NM-200. The noisy baseline of the correlogram (indicated by the arrow) indicates the presence of agglomerate and aggregates of particles precipitating in the sample.

  

  

Table 1

 1 Amorphous silica nanoparticles: concentration, origin and declared size.

	Sample name	Nominal	Origin	Declared size
		concentration		(nm)
	NM-200	Powder form	OECD list of interest;	10-25
			JRC repository	
	NM-203	Powder form	OECD list of interest;	5-30
			JRC repository	
	NRT-808	1.69 mg/mL	JRC	35
	NRT-817	1.53 mg/mL	JRC	15
	NRT-820	1.54 mg/mL	JRC	90
	NRT-944	5 mg/mL	JRC	80

Table 2

 2 DLS analysis of aSiO2NPs (100 g/mL) in ultrapure water and serum-free cell culture medium.

		Polydispersity	Mean particle
		index ± SD	diameter (nm) ± SD
	Sample analysis in ultrapure water	
	NM-200	0.506 ± 0.058	Data quality too poor
	NM-203	0.123 ± 0.021	185.1 ± 7.51
	NRT-808	0.016 ± 0.011	37.91 ± 0.27
	NRT-817	0.054 ± 0.011	17.42 ± 0.16
	NRT-820	0.043 ± 0.017	89.99 ± 0.87
	NRT-944	0.021 ± 0.023	81.63 ± 0.42
	Sample analysis in serum-free cell culture medium	
	NM-200	0.623 ± 0.096	332.6 ± 11.42
	NM-203	0.125 ± 0.046	187.3 ± 7.76
	NRT-808	0.079 ± 0.008	39.39 ± 0.13
	NRT-817	0.526 ± 0.126	16.08 ± 0.81
	NRT-820	0.073 ± 0.008	99.69 ± 0.88
	NRT-944	0.052 ± 0.003	89.98 ± 0.89

Table 3

 3 SEM image analysis results of aSiO2NPs (100 g/mL) in ultrapure water.

	Particle	Mean particle	Mean particle diameter	Particle number
		diameter (nm) ± SD	(nm) ± SD (2)	
	NRT-808	25 ± 7.3		1495
	NRT-817	16.4 ± 2.9		868
	NRT-820	38 ± 24	91 ± 25	2419
	NRT-944	70 ± 14		216
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