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Abstract: Copper oxide nanoparticles (CuO-NPs) are widely used in various industrial and commercial 
applications, but little is known about their potential hazard in freshwater ciliate. In this study we investigated 
the effects of CuO-NPs in an alternative model Paramecium sp. which is perfectly adapted with toxicological 
studies. Paramecium cells were exposed in triplicate to control, 30, 60, 90 and 120 mg CuO L-1, and the 
growth kinetics was followed for 120 hours, enzymatic activities of Superoxide Dismutase (SOD), Catalase 
(CAT), Glutathione-S-Transferase (GST) and Glutathione content (GSH) were investigated to evaluate 
antioxidative response to copper oxide nanoparticles. 
Our results showed a dose-dependent inhibition of cell growth, on another hand, the monitoring of 
biomarkers revealed induction of SOD, CAT, and GST activities, in parallel a significant decrease on GSH 
content compared to control. 
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INTRODUCTION 

Nanotechnology utilizes nanoparticles (NPs) that 

are unique not only due to their minute size (smaller 

than 100 nm) but also because of their size-dependent 

characteristics. NPs are being spotlighted as a center 

stage phenomenon for future industry (Arnaldi, 2014, 

Zhang et al., 2015). The production and number of 

applications of engineered NPs are increasing rapidly 

worldwide. Current applications include the use of NPs 

in consumer products, construction materials, medical 

and pharmaceutical industries, agriculture, and 

information technology (Karen et al., 2009). Metal 

oxide NPs are an important category of manufactured 

NPs, accounting for about one third of the consumer 

products nanotechnology market. For instance, copper 

oxide (CuO) NPs are used in a host of uses, such as gas 

sensors, catalysts, superconductors, and ceramic 

pigments (Zhu et al., 2004; Marino et al., 2007), 

antifouling agents in paints (Perreault et al., 2012) for 

ships and offshore oil platforms and applications in 

antimicrobial textiles (Ren et al., 2009; Dastjerdi, 

2010; Delgado et al., 2011). 

Nanoparticles are also found widely in nature, and 

natural sources include ash, desert dusts, aerosols and 

metal oxide particles. Some plants synthesize NPs that 

are used to reduce metal uptake in contaminated soils, 

and anaerobic bacteria may use them in respiration 

(Bernhardt et al., 2010) 

In recent years, a growing number of toxicity 

studies provide evidence about potential hazards to the 

human health or the environment of different 

nanomaterials, including metal oxides, fullerenes, and 

carbon nanotubes (Kahru and Dubourguier, 2010). 

Although the mechanisms of nanotoxicity are still 

poorly understood and numerous reports attribute the 

toxicity of NPs to their small size, other nanomaterial 

characteristics such as particle morphology, particle 

composition, surface area, and surface chemistry have 

also been implicated on (Handy et al., 2008; Fubini et 

al., 2010). 

Multiple organisms are used in ecotoxicology 

studies of NPs, including bacteria, fungi, algae, and 

crustaceans, among others (Kahru and Dubourguier, 

2010). Surprisingly, freshwater protist species provide 

a good model for study on how environmental toxicity 

differs among species because of their ubiquitous 

global distribution and special sensitivity to 

environmental contaminants. Protozoa are single cell 

organisms that do not possess a protective cell wall. As 

a consequence, NPs could enter protozoan cells more 

easily than bacterial and algal cells and interact directly 

with the cellular structures and organelles (Mortimer et 

al., 2014; Zou et al., 2013). The ciliated protists have 

been widely studied by eco-toxicologists not only 

because of their role in the regulation of microbial 

populations through the ingestion and digestion of 

bacteria but also because of their high sensitivity to 

chemical materials; hence, they are often used as 

indicator species of environmental pollution (Bick, 

1972). For all these reasons, ciliates, especially 

Paramecium species, have been exploited as excellent 

bioindicators of pollution or bioassays to evaluate the 

effects of toxic compounds. (Kozai et al., 2011; 

Amamra et al., 2015). 

The aim of the present study was to evaluate the 

cytotoxic effects of copper nanoparticles CuO-NPs at 

different sublethal concentrations on population growth 
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and some biomarkers of oxidative stress of the ciliate 

protozoan Paramecium sp. 

 

MATERIALS AND METHODS  
Test Organisms  

The biological model used in our study is a 

unicellular microorganism Paramecium sp. Cells were 

cultured in a synthetic culture medium (pH 6.5) and 

28±2°C as described previously by (Azzouz et al., 

2011) (Moumni et al., 2016). The culture was 

maintained into the oven (memmert 400) and the cells 

were transplanted each three days in a new medium for 

keeping the youthful state of the culture. 

Test Chemical  
CuO nanoparticles was obtained from Laboratory 

of Chemestry (LCMI) Badji Mokhtar University, 

Annaba, had an average size of 30 nm. 

Treatment  
Paramecium sp were incubated with the tested 

Copper NPs concentrations in aliquots of 10 ml of 

culture medium, the retained concentrations were 30, 

60, 90 and 120 mg/l. 

For growth kinetics, the NPs treatment was 

performed before the transplantation of paramecium 

cells (at t=0). For the enzymatic essays, the treatment 

was carried at the end of the experimental growth 

phase (t=96H). (Wong, 1999., Amamra et al., 2015). 

Parameter measurement  
Growth kinetics  

The growth kinetics study was etablished by the 

daily cell counting during five days (120h), after 

fixation with a Lugol solution at 1% under optic 

microscope type LEICA DM 1000. (Azzouz et al., 

2011). 

Response Percentage  
The response percentage was calculated to evaluate 

the toxicity of xenobiotics via the inhibition of cell 

growth after 96H of exposure. Positive values indicate 

an inhibition of growth while values indicate a 

stimulation of growth. (Wong et al., 1999). 

The assessment of the response percentage is 

calculated according to the following formula:                                    

Response Percentage =(Nc-Ne) /Nc× 100  

Determination Of The Number, The Time And 
The Velocity Of Generation  

Based on the data, the number (n), the time (k) and 

the velocity of generation (g) were calculated by the 

following formula: 

N = (log Nt – log N0) / log2 

k = n/t 

g =1/k 

Determination Of Superoxide Dismutase (Sod)  
Superoxide Dismutase (SOD) activity was 

measured by the method described by Paoletti and 

Mocali (1990). The principle of the assay is based on 

the measurement of SOD activity using the auto-

oxidation of β-mercaptoethanol in the presence of 

EDTA / MnCl2 as a generator of superoxide anions 

(O2. -) during the reaction. 

These anions will cause the oxidation of NADH. 

The SOD then competes for the use of O2.-which tends 

to decrease in the medium thus causing the inhibition 

of the oxidation of NADH. It is estimated that 50% 

inhibition corresponds to one unit of enzyme. 

0.1 ml of the enzyme extract are added to 1.3 ml of 

a solution composed of 0.8 ml of NADH (7.5 mM), 0.5 

ml of a mixture (V / V) EDTA (200 mM) / MnCl2 

(100mM) and 1,6 ml of phosphate buffer pH 7.4. 

The reaction is triggered by the addition of 0.1 ml 

of β-mercaptoethanol (10 mM). Absorbance is 

measured for 5 min after 0 and 20-min incubation at 

340 nm (total SOD). The activity is expressed in Units 

/ mg of protein. 

Determination Of Catalase (Cat) Activity  
Measuring the Catalase activity (CAT) is performed 

according to the method of Clairborne (1985) based on 

the hydrolysis of H2O2 to H2O and O2. For the 

assessment of enzymatic activity of Catalase, the 

samples were homogenized in phosphate buffer 1 mL 

(0.1M, pH 7.5) using an ultrasonic crusher (SONICS, 

Vibra cell). The homogenate thus obtained was 

centrifuged at 15 000g for 10 minutes and the 

supernatant recovered serves as enzyme source. The 

reaction is initiated by the addition of hydrogen 

peroxide (500 mM, 30V). Reading is done against a 

blank prepared with hydrogen peroxide and phosphate 

buffer. The decrease in absorbance is measured every 

15 seconds for one minute at 240 nm in a 

spectrophotometer (Jenway, 6300). Catalase activity is 

expressed in μmol H2O2 per minute per mg of protein. 

Determination Of Glutathione-S-Transférase 
(Gst) Activity  

Determination of GST activity was performed by 

the method of Habig et al. (1974) by following the 

conjugation of GSH with CDNB. After 

homogenization of the sample in 1 ml of phosphate 

buffer (0.1M, Ph 6), homogenate was centrifugated at 

14000 rpm for 30 min. 1.2 ml of the mixture CDNB 

(1mM)/GSH (1mM) was added to 0.2 ml of 

supernatant to start the reaction. The formation of S-

2,4-dinitrophenyl glutathione conjugate was evaluated 

by recording the increase in absorbance at 340 nm for 5 

min after every 1 min interval. It was expressed as 

µmol/min/mg. 

Determination Of Glutathione Gsh Content 
The rate of GSH was quantified according to the 

method of Weckbeker and Cory (1988). Cells were 

homogenized in 1 ml of EDTA (0.02M) and 0.2 ml of 

sulfosalicylic acid (ASS) was added to 0.8 ml of 

homogenate. After agitation, the homogenate was 

centrifuged at 1000 rpm for 5 min. The reaction was 

initiated by adding to 0.05 ml of supernatant, 1 ml of 

tris/EDTA buffer (0.02 M, Ph 9.6) and 0.025 ml of 

5,5’-dithiobis-2-nitrobenzoic acid (DNTB). The 

absorbance was measured at 412 nm and the amount of 

GSH was expressed as µmol mg-1 of proteins. 

Statistical Analysis 
The obtained results are represented by the average 

± Standard Error. Statistical analysis of data is 

performed using Minitab student t test. 
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RESULTS  
Effect Of CuO-NPs On Growth Kinetic 

The acute toxicity test on Paramecium sp. with 

increasing concentrations was performed during five 

days. Fig. 1 represents the effect of CuO-NPs on the 

variation of paramecium cells number (control and 

treated) versus time.  

 

 

Fig. 1. Effect of CuO-NPs on the growth of Paramecium sp. 

 

The selected concentrations inhibited the 

population growth in a dose-dependent manner 

especially for the highest concentration (120 mg/l). 

In the fifth day of treatment, we denote a difference 

of nearly 1400 cells between the control and the 

highest concentration (120 mg/l).  

Response Percentage 
Response percentage measurement results are 

presented in Fig. 2. 

 

 

Fig. 2. Effect of CuO-NPs on the response percentage at 96H. 

 

Response percentage is positive in all tested 

concentrations, it varies from 19% to 68% for 30 mg/l 

and 120 mg/l. 

Therefore, the response percentage confirms the 

kinetics of growth of the paramecia previously 

observed. 

 
 Table 1.  

Effect of CuO-NPs on Paramecium sp. generation number, generation time and velocity of generation. 

CuO-NPs concentrations 
(mg/L) 

Generation Number 
(n) ± SE 

Generation Time 
(g) ± SE 

Velocity of generation 
(k) ± SE 

0 6.60 ± 0.08 10.90 ± 0.13 0.091 ± 0.01 

30 6.28 ± 0.06 11.45 ± 0.11 0.087 ± 0.08 

60 5.64 ± 0.03 12.76 ± 0.07 0.078 ± 0.04 

90 5.37 ± 0.07 13.39 ± 0.19 0.074 ± 0.01 

120 4.92 ± 0.1 14.64 ± 0.38 0.068 ± 0.01 

 

Table 1 illustrates the effect of copper nanoparticles 

on the number, the velocity and the time of generation. 

Exposure to increasing concentrations of CuO-NPs 

caused a decrease of number and velocity of generation 

in a dose dependant manner. 

However; the generation time gradually increased 

with increasing concentrations of CuO-NPs. 

Superoxide Dismutase (Sod) Activity 

The results concerning the variation of SOD 

activity are represented in Fig 6, exposure of 

Paramecium sp to CuO-NPs revealed a strong 

induction of the SOD activity appeared with 

concentrations (90 and 120 mg/L), which had 

significant (p≤ 0.05) and very highly significant 

(p≤0.001) increase when compared to the control.
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Fig. 3. Effects of CuO-NPs on the SOD activity in Paramecium sp. Each value is average ± standard error of three 

replicates (* P≤ 0.05   *** P ≤0.001). 

 

Catalase (Cat) Activity 
The results concerning the variation of CAT 

activity is represented in Fig 3. After 4 hours of 

treatment, a significant dose-dependent manner 

induction of Catalase activity compared with the 

control (p≤ 0.05), it increased from 5.5544 

µmol/min/mg proteins in control to 16.5522 

µmol/min/mg proteins for the highest concentration. 

 

Fig. 4. Effect of CuO-NPs on the CAT activity in Paramecium sp. Each value is average ± standard error of three 

replicates (* P≤ 0.05) 

 

Glutathion-S-Transférase Gst Activity  
The results indicated a strong induction of the GST 

activity (Fig 4), the greatest enzymatic activity 

appeared with the highest concentration of CuO-NPs 

(120 mg/l) which had significant increase (p≤0.05) 

when compared to the control.  

 

Fig. 5. Effects of CuO-NPs on the GST activity in Paramecium sp. Each value is average ± standard error of three 

replicates (* P≤ 0.05) 

 

Estimation Of Glutathione (Gsh) Content 
CuO-NPs exposure induced a significant dose 

dependent decrease in rate of glutathione reduced 

(p≤0.05). (Fig 5), it is of the order of 6.100±1.05 

µmol/mg of protein for the control while it is 

2.175±0.74 µmol/mg of protein for the highest 

concentration. 
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Fig. 6. Effects of CuO-NPs on the rate of GSH in Paramecium sp. Each value is average ± standard error of three 

replicates (* P< 0.05) 

 

DISCUSSION 
The production, use and commercialization of 

nanoparticles (NPs) has rapidly increased in recent 

years (Mwaanga et al., 2014). It is projected that this 

will inevitably lead to an increase of the release of NPs 

into aquatic systems (Keller et al., 2010). This will lead 

to concomitant increase in the expo-sure of aquatic 

organisms to NPs, which may result into adverse. 

effects on these biota (Lin et al., 2010). Several NPs 

have been shown to induce a variety of toxic effects in 

aquatic organisms (Aruoja et al., 2009). Exposure of 

organisms to sublethal concentrations of toxic NPs has 

been observed to result in changes at cellular and 

biochemical levels that manifested before any 

physiological effects were observed at the whole 

organism, these biochemical changes (biomarkers) can 

help explain the underlying mechanisms of toxicity 

(Klaper et al., 2009), and have potential for use as early 

warning signals for ecologically relevant effects 

(Forbes et al., 2006). 

Fresh water protozoan ciliates like Paramecia are 

the most commonly used ciliated and they are 

considered as excellent bioindicators of toxicity stress 

and chemical pollution. (Djekoun et al., 2015) 

 It is also an advantageous eukaryotic model system 

for mechanistic studies, as it contains many genes 

conserved in several eukaryotes (including humans), 

differently from other widely used unicellular model 

organisms. Lastly, as protists have highly developed 

systems for internalisation of nanoscale (100 nm or 

less) particles (Frankel, 2000), they are very good 

model organisms for nanotoxicology (Holbrook et al., 

2008)  

In this work we used Paramecium sp as a model 

cell to study the impact of copper oxide nanoparticles 

on reproduction and stress antioxidant systems. 

In the first time, we were interested at the effect of 

CuO-NPs on population growth. Our result indicated 

an inhibition in the growth of paramecia especially for 

the highest concentration, this inhibition can be 

explained that the toxicity of metal oxide NPs to 

unicellular organisms (e.g., bacteria and ciliates) is 

ascribed, at least in part, to interactions between the 

NPs and the cell surface. Many studies reported that 

direct spatial contact between NPs and cell surface is 

necessary for manifestation of the cytotoxicity, and 

their interaction is central to the cytotoxicity of NPs. 

An apparent mechanism relies on direct damages, of 

NPs to cell surface (cell wall or cell membrane), which 

can result in death of the cell. Prolonged contact 

between the cell and the NPs likely alters the cellular 

surface properties or integrity. (Li et al., 2012). Similar 

result is reported in the study of Azzouz et al. (2011) 

and Benbouzid et al. (2012) that demonstrated an 

inhibition in cell growth and proliferation of paramecia 

exposed to increase concentrations of Amistar xtra and 

Phosphoramidate respectively. 

On the other hand, positive values of the response 

percentage confirm the toxic effects of the increasing 

concentrations of copper oxide nanoparticles. 

Moreover, the growth rate tests revealed that increasing 

concentrations provokes an important decrease in the 

number and velocity of generations by increasing the 

generation time, which mean that CuO-NPs has 

affected the multiplication of paramecia in a 

concentration dependent manner (Rao et al., 2007). 

Our results are in agreement with studies of Amamra et 

al. 2015 and Moumni et al. (2016) who reported the 

effects of Cypermethrin and Cycloxydim respectively 

on the growth of Paramecium tetraurelia. 

ROS are chemical species that are produced as by-

products of cellular oxygen metabolism, which occurs 

via mitochondrial respiration in eukaryotic cells. ROS 

include the superoxide anion, hydrogen peroxide and 

the hydroxyl radical. The abnormal accumulation of 

ROS is called oxidative stress and can lead to serious 

cellular damage. Environmental toxicants induce 

oxidative stress and alterations in the cellular redox 

balance. Oxidative stress in turn plays an important 

role in many types of cellular injury, some of which 

can result in DNA damage and apoptotic cell death. 

Eukaryotic organisms have evolved a comprehensive 

range of proteins to detoxify ROS and repair oxidative 

damage to DNA, lipids and proteins. These 

antioxidants include enzymatic scavengers such as 

superoxide dismutase (SOD), catalase, glutathione 

peroxidase (GPx), glutathione S-transferase (GST) and 

the peroxiredoxins, as well as non-enzymatic factors 

such as glutathione (GSH) and vitamins (Franco et al., 

2009; kim et al., 2012). 

Superoxide dismutase (SOD) is an essential 

metalloenzyme to the antioxidant defence system as it 

catalyzes the dismutation of the superoxide radical 

(O2  ) to form hydrogen peroxide (H2O2). (Disner et 

al., 2017). In our study, SOD activity is found to be 

* 
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increased in dose dependent manner especially for the 

two highest concentrations (90 and 120 mg/L)  

This observation is in agreement with the results 

obtained by Ashouri et al. (2015) who recorded an 

increase in SOD activity in common carp Cyprinus 

carpio intoxicated with selenium nanoparticles.  

Cherait (2014) and Khebbeb (2015) also elucidated a 

significant increase in SOD activity in Saccharomyces 

cerevisiae exposed to Nifedipine and ZnO-NPs 

respectively. 

CAT activity consists of a hydrogen peroxide 

(H2O2) transformation in water and molecular oxygen 

(O2) (Vander et al., 2003; Brown et al. 2004). Our 

results showed an increase in catalase activity in these 

ciliates at the presence of CuO-NPs, probably due to 

increased antioxidant activity in Paramecium cells. The 

same results are observed by Djekoun et al. (2015) and 

Khaldi et al. (2016) that presented an increase in CAT 

activity in Paramecium sp exposed to Thiram and 

ZnO-NPs respectively. Saddick et al. (2017) have also 

recorded induction in CAT activity in Oreochromis 

niloticus and Tilapia zillii treated with zinc 

nanoparticles 

It is known that GST is detoxifying enzyme that 

catalyse the conjugation of a variety of electrophilic 

substrates to the thiol group of GSH, producing fewer 

toxic forms (Hayes et al., 1995). The significant 

increase of GST activity may indicate a high rate of 

xenobiotic conjugation with glutathione (Madoni, 

2000). These results are in line with those of 

Benbouzid et al. (2014) recorded a significant increase 

of GST activity in Paramecium aurelia treated with 

Phosphoramidate, the same result was observed by 

Kim et al. (2010) in Daphnia magna exposed to TiO2-

NPs.  

GSH plays an important role in non-enzymatic 

antioxidant system, since it acts as a reductant in 

conjugation with xenobiotics (Kanak et al., 2014; Amr 

et al., 2015). In the present study, the concentration of 

GSH in Paramecium sp decreased significatively 

compared to control. GSH may be used by GST for 

conjugation of electrophilic compounds during 

exposure (Salazar-Medina et al., 2010; Mwaanga et al., 

2014). In addition, some GSH may be used directly in 

the formation of specific thiol complexes with metal 

ions released from the NPs (Radwan et al., 2010). 

These results confirmed by Wang et al. (2015) who 

recorded a depletion of the GSH content in the 

intestines of juvenile Epinephelus coioides treated with 

copper nanoparticles, Ali et al. (2012) also recorded a 

decrease in GSH content in freshwater snail Lymnaea 

luteola L treated with zinc oxide nanoparticles. 

Similary, GSH was significantly decreased In Helix 

aspersa exposed to TiO2 microparticles (Khene et al., 

2017). 

 
CONCLUSION 

In toxicological studies, a single bioassay cannot 

provide the full picture of the effects in an organism. 

Physiological and biochemical assays were used to 

provide information for nanoparticles cytotoxicity. The 

results obtained in this work revealed that CuO-NPs 

tested caused perturbations in the physiological and 

biochemical state of Paramecium sp. The effects are 

manifested by the inhibition of growth accompanied 

with the induction of oxidative damage supported by 

the increase of the antioxidant enzymes such as SOD, 

CAT and GST and depletion in GSH content.  

 

AUTHOR CONTRIBUTIONS 
Conceptualization: Chiraz BOURAIOU; Houria 

BERREBAH; Mohamed Réda DJEBAR.. 

Methodology: Myriam DJEKOUN; Tayeb 

BOUARROUDJ. Data collection: BOURAIOU Chiraz. 

Data validation and processing: Houria BERREBAH. 

Writing—original draft preparation: Chiraz 

BOURAIOU; Lyes KHENE; Amina YAHYAOUI; 

Houssem KAHLI. Writing—review and editing: 

Chiraz BOURAIOU; Houria BERREBAH; Mohamed 

Réda DJEBAR. 

 

FUNDING 
This work was carried out as part of a doctorate in 

the Cellular Toxicology Laboratory University Badji 

Mokhtar Annaba Algeria and which was funded by the 

Ministry of Higher Education and Scientific Research-

Algeria. 

CONFLICT OF INTEREST 
We wish to confirm that there are no known 

conflicts of interest associated with this publication and 

there has been no significant financial support for this 

work that could have influenced its outcome. 

REFERENCES 
Ali D, Alarifi S, Kumar S, Ahamed M, Siddiqui M, 

Oxidative stress and genotoxic effect of zinc 

oxide nanoparticles in freshwater snail Lymnaea 

luteola L. Aquatic Toxicology, 124- 125, 83- 

90, 2012. 

Amamra R, Djebar MR, Grara N, Moumeni O, Otmani 

H, Alayat A, and Berrebbah H, Cypermethrin-

Induces Oxidative Stress to the Freshwater 

Ciliate Model: Paramecium tetraurelia. Ann. 

Res. & Rev. Biol. 5(5), 385-399, 2015.   

Amr A. Abdel-Khalek, Mohamed AM, Kadry, Shereen 

R. Badran, Mohamed-Assem S. Marie, 

Comparative toxicity of copper oxide bulk and 

nano particles in Nile Tilapia: Oreochromis 

niloticus: Biochemical and oxidative stress. The 

Journal of Basic & Applied Zoology, 72, 43-57, 

2015. 

Arnaldi S, Exploring imaginative geographies of 

nanotechnologies in news media images of 

Italian nanoscientists. Technol Soc, 37, 49-58, 

2014. 

Aruoja V, Dubourguier HC, Kasemets K, Kahru A, 

Toxicity of nanoparticles of CuO, ZnO and 

TiO2 to microalgae Pseudokirchneriella 

subcapitata. Sci. Total Environ., 1461–1468, 

2009. 

 Ashouri S, Keyvanshokooh S, Salati AP, Johari SA, 

Zanoosi HP, Effects of different levels of 

dietary selenium nanoparticles on growth 

performance, muscle composition, blood 

biochemical profiles and antioxidant status of 

87 



Growth inhibition and oxidative stress in the freshwater ciliate Paramecium sp. exposed to copper  oxide nanoparticles 

 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 29, issue 2, 2019, pp. 82-90  
© 2019 Vasile Goldis University Press (www.studiauniversitatis.ro) 

common carp (Cyprinus carpio). Aquaculture, 

446, 25-29, 2015. 

Azzouz Z, Berrebah H and Djebar MR, Optimization 

of Paramecium tetraurelia growth kinetics and 

its sensivity to combined effects of azoxystrobin 

and cyproconazole, Afr. J. Microbiol. Res, 

5,3243-3250, 2011. 

Benbouzid H, Berrebbah H, Berredjem M, Djebar MR, 

Induction of oxidative stress in Paramecium 

aurelia exposed to a novel Phosphoramidate. 

Fresenius Environmental Bulletin, 23, 3303-

3307, 2014. 

Benbouzid H, Berrebbah H, Berredjem M, Djebar MR, 

Toxic effects of phophoramidate on 

Paramecium sp with special emphasis on 

respiratory metabolism, growth and generation 

time. Toxicological and environmental 

chemistry,94(3), 557-565, 2012. 

Bernhardt ES, Colman BP, Hochella MF, Cardinale BJ, 

Nisbet RM, Richardson CJ, Yin L, An 

ecological perspective on nanomaterial impacts 

in the environment. J Environ Qual. 39, 1954, 

2010. 

Bick H, Ciliated protozoa: An Illustrated Guide to the 

Species Used as Biological Indicators in 

Freshwater Biology. World Health 

Organization, Geneva, p 198, 1972. 

Brown PJ, Long SM, Spurgeon DJ, Toxicological and 

biochemical responses of the earth worm 

Lumbricus rubellus to pyrene a non-

carcinogenic polycyclic aromatic hydrocarbon. 

Chemosphere, 57, 1675-1681, 2004. 

Buffet P, Tankoua O, Pan J, Berhanou D, Herrenknecht 

C, Poirier L, Amiard-Triquet C, Amiard JC, 

Bérard JB, Risso C, Guibbolini M, Roméo M, 

Reip P, Valsami-Jones E, Mouneyrac C, 

Behavioural and biochemical responses of two 

marine invertebrates Scrobicularia plana and 

Hediste diversicolor to copper oxide 

nanoparticles. Archimer, 84(1), 166-174, 2011. 

Cherait A, Evaluation à l’échelle cellulaire et 

subcellulaire de la toxicité d’un composé de la 

famille des dihydropyridines sur un modèle 

expérimental bioindicateur de stress. PhD 

Thesis. Badji Mokhtar University, Annaba, 

Algeria, 2014. 

Clairborne A, Catalase Activity. In: CRC Handbook of 

Methods for Oxygen Radical Research. 

Greenwald, R.A. (ed). 3rd Edn., CRC Press, 

Boca Raton, FL., USA., ISBN-13 

:97808849329364 pp: 283-284, 1985. 

Dastjerdi R, Montazer M, A review on the application 

of inorganic nano-structured materials in the 

modification of textiles: focus on anti-microbial 

properties. Colloids Surf B Biointerfaces, 79(1), 

5-18, 2010. 

Delgado K, Quijada R, Palma R, Palza H, 

Polypropylene with embedded copper metal or 

copper oxide nanoparticles as a novel plastic 

antimicrobial agent. Lett Appl Microbiol, 53(1), 

50-4, 2011. 

Disner GR, Guiloski IC, Klingelfus T, Oya Silva LF, 

Lirola JR, Silva de Assis HC, Cestari MM, Co-

exposure effects of Titanium Dioxide 

Nanoparticles and Metals on antioxidant 

systems and DNA in the fish Hoplias 

intermedius. Ecotoxicol Environ Contam, 12, 

75-84, 2017. 

Djekoun M, Berrebah H, Djebar MR, In vivo 

Cytotoxicity Assessment of Thiram: 

Physiological and Biochemical Changes in 

Paramecium sp. Science and technology, 320-

326, 2015. 

Forbes VE, Palmqvist A, Bach L, The use and misuse 

of biomarkers inecotoxicology. Environ Toxicol 

Chem, 25 (1), 272-280, 2006. 

Franco R, Sánchez-Olea R, Reyes-Reyes EM, 

Panayiotidis MI, Environmental toxicity, 

oxidative stress and apoptosis. Ménage à Trois 

Mutat Res, 674 : 3-22, 2009. 

Frankel J, Cell biology of Tetrahymena thermophila. 

In: Asai DJ, Forney JD, (Eds.). Methods Cell 

Biol, 62, 27–125, 2000. 

Fubini B, Ghiazza M, Fenoglio I, Physicochemical 

features of engineered nanoparticles relevant to 

their toxicity. Nanotoxicology (4), 347–36, 

2010. 

Habig WH, Pabst MJ, Jakoby WB, Glutathione S-

transferases: The first enzymatic step in 

mercapturic acid formation. Journal of 

Biological chemistry, 249,7130-7139, 1974. 

Handy RD, Owen R, Valsami-Jones E, The 

ecotoxicology of nanoparticles and 

nanomaterials: current status, knowledge gaps, 

challenges, and future needs. Ecotoxicology 17, 

315-325, 2008. 

Hayes JD, Pulford D, The glutathione S-transferase 

supergene family: regulation of GST and the 

contribution of the isoenzymes to cancer 

chemoprotection and drug resistance. Crit Rev 

Biochem Mol Biol, 30, 445-600, 1995. 

Holbrook RD, Murphy KE, Morrow JB, Cole KD, 

Trophic transfer of nanoparticles in a simplified 

invertebrate food web. Nat Nanotechnol, 3, 352-

355, 2008.  

Kahru A, Dubourguier HC, From ecotoxicology to 

nanoecotoxicology. Toxicology (269), 105-119, 

2010. 

Kanak EG, Dogan Z, Eroglu A, Atli G, Canli M, 

Effects of fish size on the response of 

antioxidant systems of Oreochromis niloticus 

following metal exposures. Fish Physiol 

Biochem, 40, 1083-1091, 2014. 

Karen VH, Joris TKQ, Joanna MB, Karel ACDS, 

Andreas E, Paul VM, Clifford B, George 

MCVH, Dik VM, Konrad R, Kenneth, AD, 

Anna S, Anna L, Iseult L, Geert S, Bjorn DS, 

Laszlo V, Colin RJ, Fate and effects of CeO2 

nanoparticles in aquatic ecotoxicity tests. 

Environ Sci Technol, 43, 4537-4546, 2009. 

Keller AA, Wang H, Zhou D, Lenihan HS, Cherr G, 

Cardinale BJ, Miller R, Ji Z, Stability and 

aggregation of metal oxide nanoparticles in 

natural aqueous matrices. Environ. Sci. Technol, 

44, 1962-1967, 2010. 

88 



Bouraiou C., Berrebbah H., Djekoun M., Bouarroudj T., Yahyaoui A., Khene L., Kahli H., Djebar M. R  

 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 29, issue 2, 2019, pp. 82-90  

© 2019 Vasile Goldis University Press (www.studiauniversitatis.ro) 

Khaldi F, Grara N, Anti-oxidant activity research of 

enzymatic biomarkers in protozoa Paramecium 

sp under stress by manufactured nanoparticles. 

Bulletin de l’Institut Scientifique, Rabat, 

Section Sciences de la Vie, 38, 51-57, 2016. 

Khebbeb N, Evaluation d’une toxicité induite par des 

nanoparticules (ZnO) sur deux modéles 

biologiques unicellulaires (Saccharomyces 

cerevisiae et Paramecium sp). phD Thesis.Badji 

Mokhtar University, Annaba, Algeria, 2015. 

Khene L, Berrebah H, Yahyaoui A, Bouarroudj T, 

Zouainia S, Kahli H, Bouraiou C, Biomarquers 

of oxidative stress, lipid peroxidation and ROS 

production induces by TiO2 microparticles on 

snails Helix aspersa. Studia Universitatis 

“Vasile Goldis”, Seria Stiintele Vietii, 27 (2), 

127-133, 2017.  

Kim KT, Stephen J. Klaine b, Jaeweon C, Kim S, Sang 

D. Kim, Oxidative stress responses of Daphnia 

magna exposed to TiO2 nanoparticles according 

to size fraction. Science of the Total 

Environment 408, 2268-2272, 2010. 

Kim S, Young Ryu D, Silver nanoparticle-induced 

oxidative stress, genotoxicity and apoptosis in 

cultured cells and animal tissues. Journal if 

Applied Toxicology, 33,78–89, 2012. 

Klaper R, Crago S, Barr J, Arndt D, Setyowati K, Chen 

J, Toxicity biomarker expression in daphnids 

exposed to manufactured nanoparticles: changes 

in toxicity with functionalization. Environnment 

Pollution, 157, 1152-1156, 2009. 

Kozai N, Ohnuk T, Koka M, Satoli T, Kamiya T, 

Behavioral of Paramecium sp in solutions 

containing Sr and Bp: Do Paramecium sp, Alter 

chemical forms of those metals? Nuclear 

Instruments and Methods in Physics Research, 

(B269),2391-2398, DOI: 

10.1016/j.nimb,02.052, 2011. 

Li K, Chen Y, Zhang W, Pu Z, Jiang L, Chen Y, 

Surface interaction Affect the Toxicity of 

Engineered Metal Oxide Nanoparticles toward 

Paramecium. Chemical Rerearch in Toxicology 

(25), 1675-1681, 2012. 

Lin D, Tin X, Wu F, Xing B, Fate and transport of 

engineered nanomaterials in the environment. J 

Environ Qual 39, 1896-1908, 2010.  

Madoni P, The acute toxicity of nickel to freshwater 

ciliates. Environmental Pollution 109, 53-59, 

2000.   

Marino E, Huijser T, Cerghton Y, van der Heijden A, 

Synthesis and coating of copper oxide 

nanoparticles using atmospheric pressure 

plasmas. Surf Coat Technol, 201, 9205-9208, 

2007. 

Mortimer M, Kahru A, Slaveykova VI, Uptake, 

localization and clearance of quantum dots in 

ciliated protozoa Tetrahymena thermophila. 

Environnment Pollution, 190, 58-64, 2014. 

Moumni O, Berrebah H, Azzouz Z, Amamra R, 

Otmani H, Alayat A, Benosmane S and Djebar 

MR, Effects of Cycloxydim on population 

Growth, Phagocytosis, Contractile Vacuole 

Activity and Antioxidant Responses in the fresh 

water Paramecium tetraurelia. Research Journal 

of Environmrntal Toxicology,10 (2), 115-125, 

2016. 

Mwaanga P, Elizabeth R, Carraway, Van Den Hurk P, 

The induction of biochemical changes in 

Daphnia magna by CuO and ZnO nanoparticles. 

Journal of aquatic toxicology,150, 201-209, 

2014. 

Mwaangaa P, Carraway E, Hurk, The induction of 

biochemical changes in Daphnia magna by CuO 

and ZnO nanoparticles. Aquatic Toxicology 

150; 201–209, 2014. 

Paoletti F, Mocali A, Caprrini A, A Sensitive 

Spectrophotometric Method for the 

Determination of Superoxide Dismutase 

Activity in Tissue Extracts. analytical 

biochtmistry, 153, 536-541, 1986. 

Perreault F, Oukarroum A, Melegari SP, Matias WG, 

Popovic R, Polymer coating of copper oxide 

nanoparticles increases nanoparticles uptake and 

toxicity in the green alga Chlamydomonas 

reinhardtii, Chemosphere, 87(11), 1388-94, 

2012. 

Radwan MA, El-Gendy KS, Gad AF, Oxidative stress 

biomarkers in the digestive gland of Theba 

pisana exposed to heavy metals. Arch Environ 

Contam Toxicol, 58, 828-835, 2010. 

Rao J, Venkateswara, Gunda VG, Srikanth K, Arepalli 

SK. Acute toxicity bioassay using Paramecium 

caudatum, a key member to study the effects of 

monocrotophos on swimming behaviour, 

morphology and reproduction. Toxicological & 

Environmental Chemistry, 89(2), 307-317, 

2007. 

Ren G, Hu D, Cheng EWC, Vargas-Reus MA, Reip P, 

Allaker RP, Characterisation of copper oxide 

nanoparticles for antimicrobial applications. Int 

J Antimicrob Agents, 33(6), 587-890, 2009. 

Saddick S, Afifi M, Abu Zinada O, Effect of Zinc 

nanoparticles on oxidative stress-related genes 

and antioxidant enzymes activity in the brain of 

Oreochromis niloticus and Tilapia zillii. Saudi 

Journal of Biological Sciences, 24, 1672-1678, 

2017. 

Salazar-Medina AS, Garcia-Rico L, Garcia-Orozco 

KD, Valenzuel-Sot E, Contrera-Vergara CC, 

Arreola R, Arvizu-Flores A, Sotelo-Mundo RR, 

Inhibition by Cu2+and Cd2+of a Mu-class 

glutathione S-transferase from shrimp 

Litopenaeus vannamei. J Biochem Mol Toxicol, 

24 (4), 218-222, 2010.  

Vander Oost R, Beyer J. Vermeulen NP, Fish 

bioaccumulation and biomarkers in 

environmental risk assessment: a review. 

Environment Toxicology and Pharmacology, 

13, 57-149, 2003. 

Wechbeker G, Cory, Ribonucleotide reductase activity 

and growth of glutathione depleted mouse 

leukemia L1210 cells in vitro. Cancer letters, 

40, 257-264, 1988. 

Wong CK, Cheung MHY, Toxicological assessment of 

coastal sediments in Hong Kong using a 

89 



Growth inhibition and oxidative stress in the freshwater ciliate Paramecium sp. exposed to copper  oxide nanoparticles 

 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 29, issue 2, 2019, pp. 82-90  
© 2019 Vasile Goldis University Press (www.studiauniversitatis.ro) 

flagellate Dunalliella tertiolecta. Environmental 

pollution, 105,175-83, 1999. 

Zhang W, Zhichao Pu, Songyan Du, Yongsheng Ch, 

Jiang L, Fate of engineered Cerum Oxide 

nanoparticles in an aquatic environmrnt and 

their toxicity toward 14 ciliated protist species. 

Journal of environmental pollution, 212, 584-

591, 2015. 

Zhu J, Li D, Chen H, Yang X, Lu L, Wang X, highly 

dispersed CuO nanoparticles prepared by a 

novel quick precipitation method. Mater Lett, 

26, 3324-3327, 2004. 

Zou XY, Xu B, Yu CP, Zhang HW, Combined toxicity 

of ferroferric oxide nanoparticles and arsenic to 

the ciliated protozoa Tetrahymena pyriformis. 

Aquatic Toxicology, 134-135, 66-73. 2013. 

 

 

90 


