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① INTRODUCTION 

   Copper oxide nanoparticles (CuO NPs) are one type of nanoparticles that are widely 

used in various industrial and commercial applications, such as batteries, inks and heat 

transfer nanofluids.This dramatic incease in usage of CuO NPs will most likely lead to a 

potential increase in their release to the environment, particularly the marine 

environment since it is an ultimate sink for contaminants. However, the knowledge of 

the toxicity of CuO NPs is still limited compared to other metal oxides such as ZnO or 

TiO2. 

 

    Hence, it is essential to investigate CuO NPs exposure, uptake and effects on key 

organisms, such as marine benthic filter feeders since data in these systems and on 

these species are still lacking. So far, very few studies have determined the effect of 

CuO NPs on mussels, and these have concentrated solely on oxidative stress and lipid 

peroxidation, and no study has investigated the toxicity of the copper oxide 

nanoparticles (CuO NPs) on DNA damage and cell viability. 

② AIM 

           ③  MATERIALS   
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   The aim of this study was to assess the effects of CuO NPs (between 1-100 nm) in 

marine filter feeders. The test species used was M. edulis and the endpoints were DNA 

damage and cell viability. 
 

   DNA damage was assessed using the Comet assay following a protocol 

developed by Coughlan et al (2002) for clams and adapted for mussels by Hartl 

et al (2010). Cell viability of mussel haemocytes was determined using flow 

cytometry and validated using trypan blue assay. 

  Mussels were exposed to CuO NPs at concentrations ranging from 5, 10, 15 

to 20 µg/L  along with control for 72 hours (Fig. 4). Then, mussels were taken 

out and the haemocytes and gell cells were extrated and prepared for further 

processing. 

  

Figure 2: Transmission electron microscopy (TEM) images for CuO NPs in seawater  at the sam magnifiction  

1µm. (A) 5µg/L. (B) 15µg/L. (C) 20µg/L. (D) 50µg/L. 

④  METHODS 
Experimental chemical 
Copper oxide nanoparticles stock solution was prepared in Milli-Q water, sonicated for 30 

min(bath sonicator). The size of CuO NPs were characterised using Transmission 

Electron Microscopy (TEM) (Fig. 2) and Dynamic Light Scattering (DLS)(Fig. 3). 

Figure 1: The location for collecting mussels (Cramond beach) and the mussels at the aquarium. 

Cramond island 

Figure 3: CuO NPs aggregation (nm) in Milli-Q water using  Dynamic Light Scattering.  

D 

    Experimental animal 
The blue mussels (M. edulis) were collected from Cramond beach which is located in 

the city of Edinburgh (Fig. 1), and kept in the 45L plastic aquarium tanks at Heriot- Watt  

University, containing filtered and aerated seawater. Mussels were exposed in plastic 

buckets containing 2L of filtered and aerated seawater(salinity: 32-34; T: 14̊ ̊C ). 

           ③  MATERIALS              ③  MATERIALS   

Figure 4: Mussels under exposure condition.  
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    Copper oxide nanoparticles can cause a significant damage to the DNA of marine 

mussels even at low concentrations such as 5µg/L. In addition, these nanoparticles also 

show a substantial effect on mussel haemocyte cells leading to decreased cell viability, 

which is proportional to the nominal concentration of CuO NPs.  
 

⑥ CONCLUSION 

Figure 7:  Comparison of  hemocyte cell viability assessed via the two assays  (flow cytometry 

and trypan blue ). 

 

Figure 6: Percentage of live cells of mussel haemocytes which were measured  by both Flow 

cytometry. (A) Control(Negative treatment); (B) 20µg/L(Positive treatment). 

(A) (B) 

  No. of samples concentration  Live cells  Dead cells 

2 Control 96% 4% 

2 5 µg/L 87% 13% 

2 10 µg/L 80% 20% 

2 15 µg/L 75% 25% 

2 20 µg/L 73% 27% 

Table 1: Percentages of live and  dead cells of the mussel haemocytes  cells measured by trypan 

blue assay. 

(2) Cell viability result 

The results of the cell viability experiments were consistent with the comet assay results. 

The CuO NPs affected the viability to M. edulis haemocytes illustrated by a significant 

decrease of the percentage of live cells (Table1 & Fig.6). Cell viability was indirectly 

correlated with the concentration of CuO NPs using both flow cytometry and trypan blue 

experiments (Fig.7). 

 

Figure 5: Images of the DNA damage in the DNA tail of the mussel  cells caused by different 

concentrations of CuO NPs, using Zeiss Axiophot microscope ( the magnification was 40x/o.75) 

.(a) Control. (b) 5µg/L. (c) 20µg/L. 

(1) Comet assay results 

The results from the comet assay experiments show that there is a significantly 

(P<0.001; One way ANOVA, Tukey test) increased DNA damage in both gill and 

haemocytes cells of mussels exposed to 5, 10, 15 and 20µg/L nominal concentrations 

compared to the control (Fig. 4 and Fig. 5).  

⑤ RESULTS & DISCUSSION 

* 

Figure 4: . Average (±SD; n=5) percentage of DNA damage  in the haemocytes and gill cells of the 

mussels exposed to different concentrations of CuO NPs over 72 hours.  (*) significant difference 

compared to the control group and to all the other treatments (one-way ANOVA, P<0.001, followed 

by Tukey test).   (a) (b) 

* 

* * 
* * * 

(c) 

⑤ RESULTS & DISCUSSION        ⑤ RESULTS & DISCUSSION 

  Preliminary experiments have been carried out on different marine mussel species (M. 

modiolus) and the results to date indicate similar level of toxicity.  Furthermore, additional 

biochemical endpoints will be investigated and comparisons with exposures to CuO 

microparticles and copper salt will be made. 
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