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Abstract 

Copper oxide nanoparticles (CuO NPs) have a widespread use in industry, chemistry, in production of 
electronic devices and as an antimicrobial agent. Although copper is an important biogenic element, CuO NPs 
are toxic with the ability to induce oxidative stress, apoptosis, cell cycle arrest or DNA damage. For humans, 
the inhalation route is the most common way of exposure to CuO NPs. In the body, CuO NPs may be either 
deposited in the lungs, or transported to other organs. Their presence usually causes oxidative stress or 
inflammatory responses, consequently leading to DNA damage. In this study, we investigated the effect of 
CuO NPs inhalation on DNA damage in a group of researches conducting animal exposure experiments. The 
subjects were exposed to various metal oxide nanoparticles, including CuO NPs, by inhalation for an average 
of 4.9 ± 0.4 years. The average mass concentration of Cu in the air during the experiment was 7.3 ± 3.2 ng/m3. 
Subjects not exposed to nanoparticles served as a control group. We applied micronucleus assay using 
Human Pan Centromeric probes to detect DNA damage and to distinguish between the frequency of 
centromere positive (CEN+) and centromere negative (CEN−) micronuclei (MN) in the binucleated cells. We 
did not find differences between both groups for either mean MN frequency (10.38 ± 2.50 vs. 11.88 ± 3.01 
MN/1000 binucleated cells), or CEN+/CEN- ratio (58%/42% vs. 55%/45%), for the exposed and controls, 
respectively. In conclusion, inhalation of CuO NPs at this low-level exposure had no effect on chromosomal 
losses and/or breaks. 

Keywords: Copper oxide nanoparticles, inhalation, DNA damage 

1. INTRODUCTION 

Copper oxide (CuO) is commonly used in chemical industry for a production of various copper-containing 

materials (e.g. wood preservatives, dyes, ceramics), as well as in food industry and medicine as a dietary 

supplement. In its nano form, CuO is applied as an antimicrobial agent, in textile production or as a catalyst. 

Although copper is a biogenic element playing an important role as an enzyme cofactor, in the protection 

against infections, in tissue healing and bones development and growth, nano-CuO is potentially toxic and 

thus its interactions with biological systems should be investigated. Toxicity of CuO NPs is mostly related to 
reactive oxygen species (ROS) generation and resulting oxidative stress., although release of Cu ions from 

the surface of NPs also plays a role [1]. These processes may ultimately lead to cell death. While CuO NPs 

readily dissolve in culture media, particularly at the acidic environment, their solubility in water is limited. Thus, 

toxicity of CuO NPs is mostly mediated by the particles [2]. Compared to other metal-oxide NPs, toxicity of 

CuO is relatively high. This property is probably related to the ability of CuO NPs to overwhelm antioxidant 

defense systems of the organism [3]. 
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In vitro studies on toxicity of CuO NPs were conducted in several cell lines and the results mostly indicated 

oxidative stress-related effects, including increased ROS production, lipid peroxidation, changes of glutathione 

levels, induction of p38 and p53 expression and modulation of autophagic response [2,4-6]. Apoptosis, another 

process initiated by ROS production, was also observed, along with cell cycle arrest, DNA damage, IL-8 

production associated with induction of NF-κB pathway, selective membrane damage and interaction with 

proteins via hydrogen bonds potentially leading to changes in protein phosphorylation and ubiquitination [6-8]. 

CuO NPs have also been shown to affect histone methylation, expression of DNA repair proteins and 

interaction with cytoskeleton [6,9]. Whole genome gene expression analysis showed induction of genes 

involved in nucleic acids metabolic processes, response to stress, cell cycle, mitosis, cytokinesis, chromosome 

segregation, cellular component organization and morphogenesis. Cu ions alone induced expression of 

superoxide dismutase 2 and genes encoding metallothionein isomers [2]. 

In experimental animals, most of the studies focused on pulmonary effects of CuO NPs exposure usually 

finding inflammatory responses, changes in levels of antioxidants, acute cell death or cytotoxicity [3,10-13]. 

Effects of CuO NPs inhalation on whole genome transcriptional changes in rats revealed deregulation of 

hundreds of genes, but this number significantly dropped after a recovery period. The main processes affected 

by the exposure included cell proliferation/survival and inflammation; no effects on oxidative stress related 

pathways were found [14]. The current animal data further indicate neurotoxic effects of CuO NPs manifested 

by altered function of blood-brain barrier, damaged neurons and brain edema, chromatin congregation and 

mitochondria shrinkage in olfactory cells, or increase of endoplasmic reticulum and disassociation of ER 

ribosomes in hippocampus [1,15,16]. 

A number of studies investigating negative health effects of CuO NPs exposure in humans is very limited. In 

an in vitro study, lymphocytes obtained from blood of healthy volunteers were treated with CuO NPs. In the 

cells, increased ROS production along with mitochondrial and lysosomal damage was detected [17]. To study 

negative health effects of wood preservatives containing CuO NPs, quantitative (probabilistic) human health 

risk assessment was performed. The results revealed inhalation risks from CuO in workers handling dry 

powders and performing sanding operations. There were, however, substantial uncertainties in these results 

stemming mainly from the extrapolation from short to long-term exposure, which was necessary due to the 

lack of (sub)chronic in vivo studies [18]. 

In the present study we investigated the effect of CuO NPs exposure in researchers performing animal 

experiments in which these NPs were used for whole-body inhalation [19]. A group of researchers not working 

with NPs served as controls. We aimed to assess potential DNA damage associated with the exposure. 

2. METHODS 

2.1. Study groups 

The exposed group (N=8) consisted of researchers working with rodents exposed to 100% engineered 

nanoparticles (primarily to CuO in the last 13 weeks, preceded by exposures to MnO×Mn2O3, CdO, PbO, TiO2 

and ZnO). The average mass concentration of Cu in the air during experiments was 7.3 ± 3.2 ng/m3. The 

controls (N=8) were a matched group of researchers not exposed to NPs. 

2.2. Cytogenetic analysis 

Blood samples: Blood cell cultures were incubated at 37 °C for 72 h. Cytochalasin B was added to a final 

concentration of 5 µg/ml after 44 h. Cultures were harvested by centrifugation, treated with hypotonic solution 

of KCl and fixed with methanol/acetic acid. 
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Centromeric FISH technique: The protocol performed with FITC-labelled Human Pan Centromeric probes 

was adapted from the manufacturer protocol (Cambio, Cambridge, UK). Stained slides were counterstained 

with DAPI mixed with Vectashield mounting medium [20]. 

Microscopic analysis: One thousand binucleated cells (BNC) were analyzed for each subject under the 

fluorescence microscope (Axioskop - Zeiss) equipped with filters for DAPI (blue signal) and FITC (green 

signal). BNC with micronuclei (MN), centromere positive (CEN+) and centromere negative (CEN-), were 

recorded and analyzed by use of the ISIS software version 5.0 (MetaSystems). 

2.3. Statistical analysis 

Basic descriptive statistics [mean, standard deviation (SD), minimum and maximum], were calculated using 

Microsoft Excel 2013. T-test and the Wilcoxon signed-rank test were used for the comparison of the studied 

parameters (total MN/1000 BNC, CEN+ MN/1000 BNC and CEN- MN/1000 BNC). 

3. RESULTS AND DISCUSSION 

The characteristics of the studied groups are summarized in Table 1. The groups were matched by age and 

BMI, but there was a greater proportion of men than women in the exposed group. All study subjects were 

nonsmokers. The exposed subjects have been conducting animal experiments with NPs for 4.9 ± 0.4 years 

(mean ± SD). Before collection of blood samples, the researchers have worked solely with CuO NPs for 13 

weeks. The average total time ± SD of exposure to CuO NPs in this period was estimated to be 569.9 ± 316.5 

min. 

The results of cytogenetic analyses are reported in Table 2. The frequency of MN/1000 BNC (10.38 ± 2.50 vs. 

11.88 ± 3.01), percentage of aberrant cells (0.98 ± 0.23 vs. 1.08 ± 0.27) and proportion of CEN+/CEN- MN 

(58/42 vs. 55/45) did not differ between the exposed and controls subjects. These findings suggest that 

exposure of researchers to CuO NPs that occurs during animal experiments has no impact on DNA damage. 

This observation may be explained by very low concentrations of NPs in the working environment as well as 

by a short time of exposure distributed over a relatively long period (a maximum of 16 hours of exposure for 

13 weeks). These factors may contribute to possible elimination of DNA damage by repair processes. We 

should further mention that in the last 5 years the study subjects had been continuously exposed also to other 

NPs. This implies that: 1. The response of the organism can be attributed not only specifically to CuO NPs 

exposure, but also potentially to the effect of other compounds; 2. long-term exposure to NPs may have 

induced adaptation in the exposed subjects which was manifested by the lack of genotoxic effects [21]. Such 

adaptation was observed in our recent study of NPs-exposed workers [20]. Finally, we should mention a small 

sample size and unequal gender distribution between the exposed and control subjects which may have 

contributed to negative results in our study. A larger study group could yield possibly more reliable results with 

greater statistical power. 

Table 1 Characteristics of the studied groups [N or mean ± SD (min-max)] 

Characteristics Exposed Controls 

Number (N) 8 8 

Males/Females (N) 6/2 4/4 

Age (years) 43.0 ± 16.0 (28-67) 41.6 ± 12.6 (26-64) 

BMI (kg/m2) 25.2 ± 4.6 (19.5-33.3) 23.3 ± 3.1 (18.1-27.4) 

Smoking (N) 0 0 

Total exposure to CuO NPs (min) 569.9 ± 316.5 (70-961) 0 

Working with NPs (years) 4.9 ± 0.4 0 
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Table 2 The results of cytogenetic analyses in the subjects exposed to CuO NP and in the controls (mean ±  
              SD or %) 

 N MN/1000 BNC % AB.C. CEN+/CEN- (%) 

Exposed 8 10.38 ± 2.50 0.98 ± 0.23 58/42 

Controls 8 11.88 ± 3.01 1.08 ± 0.27 55/45 

4. CONCLUSION 

In our study, we did not find any genetic damage in researchers working with CuO and other nanoparticles. 

Our observations may be explained by low exposure levels over a long period of time, adaptation to NPs 

exposure and a small sample size. To confirm the results, a larger study is required.  
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