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Thanks to their unique physico-chemical properties, ZnO nanoparticles are widely used in
consumer and industrial products, due to their higher chemical reactivity, stronger oxidation and
corrosion resistance, antimicrobial properties, as compared with larger micro-sized counterparts
(Madhumitha et al., 2016). Recent studies have shown that ZnO nanoparticles can be promising
candidates for biomedical applications and therapeutic interventions, and also successful as drug
carrier and in targeted gene delivery (Peng et al., 2015; Velmurugan et al.,2015). In our previous in
vitro study, ZnO nanoparticles showed to induce oxidative stress in human colon carcinoma cells
(LoVo), resulting in significant decrease of cell viability (De Berardis et al., 2010).

In order to gain insight into the mechanism of action at subcellular level, aim of the present
investigation was to carry out an ultrastructural study by transmission electron microscopy (TEM)
on the subcellular localization of ZnO nanoparticles and a semi-quantitative analysis of cellular
uptake at multiple time points (from a few minutes up to 24 h of exposure). Electron microscopy
observations of ZnO treated cells revealed two different mechanisms of cellular uptake, passive
diffusion and endocytosis. Control cells show a mitochondria and nuclear normal shape (Fig. 1A).
Small particles entry by passive diffusion crossing the plasma membrane without altering its
structure (30 min of treatment, Fig. 1B; arrow indicates the nanoparticle in the cell membrane
area). After 1h of treatment  ZnO nanoparticles are already visible in the mitochondria cristae (Fig.
1C). The induction of the apoptosis is clearly showed in Fig. 1D, after 24 h of treatment.
Quantitative analysis of cell death has been performed by flow cytometry.

http://emc-proceedings.com/tag/zno-nanoparticles/
http://emc-proceedings.com/tag/oxidative-stress/
http://emc-proceedings.com/tag/nanoparticles-uptake/
http://emc-proceedings.com/tag/human-colon-carcinoma-cells/
http://emc-proceedings.com/tag/genotoxicity/
mailto:stefania.meschini@iss.it
http://emc-proceedings.com/presentation-form/2016-poster
http://emc-proceedings.com/sessions/ls-2016-membrane-interaction
http://emc-proceedings.com/sessions/life-sciences-2016
http://emc-proceedings.com/meetings/the-16th-european-microscopy-congress-2016/?alpha=
http://pdfcrowd.com


pdfcrowd.com

We also evaluated the intracellular ions release from ZnO nanoparticles, their genotoxic potential
by determining 7,8-dihydro-8-oxo-deoxyguanosine (8-oxodG) levels, and the expression of
phosphorylated histone H2AX (γ-H2AX). The simultaneous presence of ZnO nanoparticles and Zn
ions in the LoVo cells determined the formation of reactive oxygen species at the mitochondrial
and nuclear level, inducing severe DNA damage.

In conclusion, our observations showed that ZnO nanoparticles entered LoVo cells  by either
passive diffusion or endocytosis or  both, depending on the agglomeration state of the
nanomaterial. ZnO nanoparticles coming into contact with acid pH of lysosomes altered
organelles structure, resulting in the release of Zn  ions. Taken together, the results of this study
provide the evidence that damage induced by ZnO nanoparticles in LoVo cells derives from a
combined action between intact nanoparticles and Zn  ions, leading new insights into their
toxicity.
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Figure 1: ZnO NPs cellular uptake followed by TEM analysis. Control cells (A); ZnO NPs enter the
cell by passive diffusion (B); NPs crossed the plasma membrane and were transported through
filamentous structures to the mitochondrion (C); apoptotic cells (D).
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