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Introduction
Health risk assessment of nanomaterials (NMs) is an emergent 

field, genotoxicity being an important endpoint to be tested. The 
nanotechnology industry is rapidly growing due to the interesting 
physicochemical properties of the new produced nanomaterials. 
The wide expansion of this market implies the increased presence of 
nanomaterials in the worldwide environment. Thus, human exposure 
to nanoparticles is certainly occurring at present, but a very dramatic 
increase is expected in the near future [1]. NMs are defined by their 
small size (<100 nm) and their novel physicochemical properties. 
These properties can cause new biological effects that must be studied. 
In addition to the general toxicological properties, the knowledge of 
the possible interactions of NMs with DNA is essential, due to the 
importance of genetic damage to human health. Genotoxic effects are 
linked to cancer incidence as well as to other adverse health effects, 
including fertility problems and genetic disorders in subsequent 
generations, if germinal cells are damaged. For all these reasons, 
extensive genotoxicity studies of NMs are required [2].

Since Quantum Dots (QDs) are increasingly used in medical and 
pharmaceutical sciences careful and systematic studies to determine 
their biosafety are needed. The semiconductors QDs constitute a 
generation of nanomaterials characterized by their small size (1-
10 nm), containing about 200-10,000 atoms, and having invaluable 
optical, chemical, electrical and magnetic properties [3]. They are 
increasingly used in medical and pharmaceutical sciences due to their 
high volume ratio that enable them to conjugate with multiple ligands 
[4] and proved to be useful in imaging probes in various tumours [5].
In spite of the interesting properties of QDs, there are doubts on their
potential harmful health effects. These doubts are related to the fact that 
these materials contain heavy metal such as Cd, As, Zn, Pb, etc.

Toxic properties of QDs depend on several parameters including 
their composition, size, surface coating, charge, and period/route 
of exposure. In particular CdSe QDs have two well-known toxic 
elements cadmium and selenium that can produce harmful effects 
to many cell types. Cadmium ions (Cd2+) are well known as probable 
carcinogens and can penetrate through the blood-brain barrier and 
placenta, accumulating in brain, liver, kidney and even in bone tissue 
[6]. Selenium, although is an essential nutrient for humans due it 
importance for many cellular processes also pose toxic potential [7] 
mainly above homeostatic requirements [8]. In vitro toxicity of QDs 
has been widely reported [9-12] including DNA damage [13].

Although in vitro physiological models can give an initial 
estimation of toxicity profiles, these in vitro approaches are unable to 
match the exact complex biological interplay taking place in vivo [14]. 
In this context, some in vivo studies have reported severe effect of Cd 
QDs exposure [15-17]. On the contrary there are some other studies 
showing that QDs do not cause significant toxicity in the course of long-
term studies in Sprague-Dawley rats, in monkeys or in fish. Differences 
among studies can be associated to the composition of QDs as well to 
the type of shell coating, organism used or type of biomarkers used. 
Understanding the relative toxicities of different modes of nanoparticle 

exposure, as compared with their dissolved metal ions are emerging 
areas in ecotoxicology [17].

There is no doubt about the benefits that the use of quantum 
dots provides to medical and pharmaceutical sciences, which can be 
described as a revolution. Nevertheless, since these new materials 
contain heavy metals, a deep knowledge on their potential harmful 
effects is urgently required.

To address the molecular response to QDs exposure, should be 
check for potential changes of expression in different types of genes 
related to general stress, antioxidant protection and DNA damage 
response. Up-regulation of Hsp genes is important to counteract 
proteotoxic effects via chaperoning proteins during synthesis, folding, 
assembly and degradation and give preliminary information on the 
potential exposure to foreign substances. Chang, et al. [9] postulated 
that CdSe-core QD suppressed Hsp90 in human cells.

The cell guardian p53 plays a key role as a hub in cellular genotoxic 
stress response by acting as a transcription factor to elicit cellular functions 
of DNA damage and repair, cell cycle arrest, and apoptosis. P53 is normally 
accumulated in the nucleus and converted into an active DNA-binding 
form to control several sets of genes to prevent the proliferation of DNA 
damage cells [18]. Over-expression of p53 has already been observed after 
Drosophila larvae exposure to Cd QDs [19]. On the contrary irregular 
significant expression at two higher doses of CdCl2 was observed which 
would agree with the results observed in zebra fish [20]. In human breast 
MCF-7 cancer cells Cd2+ exposure results in impaired p53 functions such 
as conformational changes, loss of DNA binding activity, down-regulation 
of transcriptional activity and inhibition of gamma-radiation induced 
DNA damage responses [21].
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