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3.3 Cell cycle 
The ability of NPs to  a significant alteration 
of the cell cycle. Fig.2 s xposure to increasing 
concentration of both he frequency of cell at 
G2/M phase (from 13 ncrease in frequencies 
of cells at G1 phase, st hen compared to 
the control. Fluorescence microscopy of β-tubulin immunostained cells exposed to CuO 
(10μg/ml for 24h) confirmed the cycle arrest during early mitotic events (Fig. 3). 
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Fig.2 A549 Cell cycle frequencies distribution after exposure increasing concentration 
of CuO or TiO2 NPs. 
 

 
Fig.3 A549 cells immunostained for β-tubulin. A) Control cells; B) Cells exposed for 
24h to 10 μg/ml CuO (x630). 

echniques were applied to better localise the internalised 
articles. Fig.4 shows internalization of CuO (B) and TiO2 NPs (C) into mitochondria 

and nuclei (white bright spots) detected by confocal reflection. Cell-NPs interaction and 
uptake was quantitatively detected by flow cytometer as increase in laser side scatter 
(SS) in exposed cells (data not shown). SS can be considerated a marker of an 
augmented cytoplasmic complexity due to NP interactions. TEM analysis evidenced the 
uptake and subcellular localization of metal oxides and the alterations induced by NPs. 
Both NPs were internalised into cytoplasm as free aggregates or phagocytised 
agglomerates (Fig.5B, C). In particular CuO showed an evident ability to modify the 
cell ultrastructure (D).  

3.4 Cell-particle interactions 
Different microscopy t
p
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Fig.4 Particle uptake detected by confocal microscope with laser reflection of CuO 
metal nanoxide in mitochondria (B) and TiO2 in nucleus (C) respect to the control (A) 
a  suspension.  

 
 
 Fig.5 NPs (10μg/ml) cell uptake by TEM; A) Cell control (10k); B) Phagocitised TiO2 
NPs (20k); C) CuO in cytoplasm (20k) D )CuO-induced ultrastructure alteration (15k) 

4. Discussion 
sure 

d 
noxides as CuO (Lanone et al., 2009) but 

sults can differ depending on many factors such as cell types, NPs administration 
conditions and test sensitivity. In this work exposure of A549 cells to CuO and TiO2 
resulted in a significant time and dose dependent cytotoxicity for CuO, while TiO2 
showed negligible cytotoxicity. In agreement with Karlsson et al. (2008), toxic effects 
cannot probably be mainly attributed to the release in solution of Cu-ions, since NP 
supernatants failed to induce similar cytotoxic effects (data not shown). This hypothesis 
was supported by TEM and confocal evidences that showed efficient NP internalization 
at early exposure time even at mitochondrial level. Especially for CuO this led to 
progressive worsening of mitochondrial morpho-funcional conditions as reported 

fter exposure to 10μg/ml of NPs
 

A B

C D

Although it is reasonable to assume a correlation between metal oxides NPs expo
and increasing in pulmonary or respiratory diseases there is yet a lack of information 
about toxicity of these materials on biological systems. Current in vitro studies reporte
evidences of cytotoxicity for different metal na
re
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