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The TiO2 and CuO suspensions revealed different behaviours. TEM analyses evidenced  
TiO2 NPs regularly shaped in spheres with different diameters and a mean of 50.1nm, 
while CuO NPs appeared smaller, irregularly shaped, with a mean diameter of 34.4nm  
(Fig. 9). Both NPs had a tendency to aggregate in aqueous medium, and once dispersed 
in the cell culture medium, they produced aggregates larger for TiO2 (mean diameter 
about 620nm) than CuO (mean diameter about 270nm) (Fig. 10). Surface charge was 
extremely different, since Z-potential of TiO2 was -15.42mV, that of CuO was 
+15.45mV.  
 

                     A B 
Fig. 9. TEM pictures of NP suspensions deposited and dried onto Formvar®-coated 
copper grids. A)  TiO2 aggregates ; B) CuO aggregates. Magnification x50000. 

 

       B 
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Fig. 10. Hydrodynamic behaviour of NPs as measured by DLS. Histograms represent 
the number of particles in function of thir diameter. A) TiO2; B) CuO. 
 
The specific metallic composition of the NPs, coupled with these different 
hydrodynamic parameters, may be responsible of  different biological responses . In 
fact A549 cells exposed  to TiO2 and CuO presented different reactions. The former 
ones did not induce decrease in cell viability, while the latter did it in a dose-dependent 
manner (Fig. 11). These data were obtained with  MTT test, while LDH colorimetric 
assay failed to provide comparable results for  an interference between the test reagent 
and the NPs. Similar problems were encountered when  ROS species would be 
evidenced with the fluorescent probe DCFH to be quantitatively measured with  
cytometer.  
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Fig. 11. MTT assay of  A549 cells exposed to CuO and TiO2NPs for 24 h  
 
One of the open questions on NPs and especially on metallic NPs is if their effects are 
triggered by the release of metal ions from their  surface area. In our experiments cells 
incubated in the medium, where CuO NPs were removed, were not affected, 
demonstrating that NPs reactivity was the main responsible for cell toxicity. Thus  
metal ions derived  from the particles were apparently not involved in cell damage. 
This result is not in line with some researches, which attribute a significant role of 
dissolved copper ions on cells and organisms exposed to water NP suspensions (Kahru 
and Dubourguier, 2010). 
 
The peculiar interaction and internalization processes of NPs into cells may also be 
responsible for the differential cytotoxic profile of CuO and TiO2. Advanced 
microscopic techniques are helpful in understanding this aspect. RAMAN spectroscopy 
and AFM microscopy are nowadays available techniques to investigate the interaction 
of NPs and cell at molecular level. At the same time confocal and transmission electron 
microscopy techniques are extremely useful in the morphological characterization of 
the cell-particle interaction and structural modifications..  
Nanobiotechnology and nanotoxicology development has determined a new life of  
TEM in the life sciences, since it is the most potent and efficient instrument able to 
visualize the interactions at nano level; moreover the detection and analysis of the NPs 
in cells and tissues often represent an essential step for nano-biologists. Traditional and 
energy filtering TEM (EFTEM) have been effectively adopted in our labs to map metal 
oxides NPs in the epithelial lung cells (Fig. 12). 
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 Fig. 12. TEM imaging of TiO2 NPs internalized in A549 cells. A) dark field where 
white spots represents metallic particles; B) dark field where red colour corresponds 
to the energy loss of Titanium, evidenced by ESI technique; C) bright field where red 
colour corresponds to the energy loss of Titanium and green to that of Oxygen, 
evidenced by ESI. 

 
TiO2 was not cytotoxic, but was efficiently and abundantly internalized by cells, 
usually encapsulated as agglomerates in membrane bounded vacuoles (Fig 13 B). The 
cell-particle interaction determined a mild oxidative stress as revealed by 4-HNE 
immunohistochemistry, a marker of lipid peroxidation (Fig. 13 E). 
CuO NPs were not easily detectable in the cells, since penetrated in form of very fine 
particle aggregates, but induced evident mitochondrial modifications and a pronounced 
oxidative stress as evidenced by the intense dark brown reaction of the 4-HNE 
immunochemistry (Fig. 13 C,F). Only at later stages, when cell membranes were 
probably very leaky, CuO NPs were found abundantly distributed throughout the cell 
(data not shown).  
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Fig. 13. Morphological effects of NPs on A549 cells, as revealed by TEM (A-C) and by 
4-HNE immunocytochemistry, a marker of lipid peroxidation, evidenced by dark brown 
precipitate. A) Ultrastructure of a control cell, B) abundant TiO2 NPs engulfed in 
cytoplasmic vacuoles; C) altered cell ultrastructure after CuO NPs exposure; D)light 
microscopy of control cells; E) TiO2 exposed cells showing slight lipid peroxidation; F) 
CuO exposed cells showing strong lipid peroxidation. 
 
 
4. Conclusions 
 
PM 
In conclusions the in vitro and in vivo experiments, performed with coarse and fine 
Milan PM collected during summer and winter,  suggest there are no distinct qualitative 
differences in the biological effects produced. Summer fractions induced a more 
significant inflammatory process (Monn and Becker,1999) in comparison with the 
winter fractions and PM10 was more effective than summer PM2.5 in eliciting the 
expression of pro-inflammatory proteins (IL-1β,  IL-8, MIP-2, TNF-α). This effect is  
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