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Abstract: Aims. To study the effect of CuO, ZnO and MoO3 nanoparticles on the vital functions of the single 

cell organism Paramecium caudatum; to analyse the activity of antioxidant cellular enzymes: SOD and CAT, 

as well as to evaluate the possibility of cells protection against oxidative stress by endogenous antioxidants. 

Methods. Paramecium caudatum cells were cultured under standard conditions for this test subject [3-4]. The 

toxicity of metal nanoparticles, PMСO (20-60 nm), PM ZnO (40-80 nm) and PM MoO3 (5-20 nm) (Labora-

tory of Physical Modelling of Two-Phase Flows, United Institute of High Temperatures, Russian Academy 

of Sciences) - was evaluated by determining the LC50 lethality index of the concentration at which 50% of 

Paramecium caudatum population was killed. Free-floating cells were then exposed for 48 h to sublethal 

concentrations of NPs metal oxides in moderately hard water with dissolved antioxidant. The efficacy of 

emoxipine (10 mg/ml), mexidol (50 mg/ml) ascorbic acid AA (25 mg/ml) and nicotinic acid NA (10 mg/ml) 

was investigated; for this purpose cell number, cell membrane condition, changes of intracellular organelle 

shape were recorded (Levenhuk C310 digital camera microscope, 3.1 Mpixel). Results. We found that the pres-

ence of metal oxides induced a significant decrease (p < 0.05) in the number of viable Paramecium caudatum 

cells, in 24 h there were 58 % deaths from CuO, 43 % deaths from ZnO and 40 % deaths from MoO3, but in 

48 h - 92 %, 88 % and 75 %, respectively. Copper oxide PM were the most toxic to cells, with an LC50 of 25 

mg/l; for ZnO PM and MoO3 PM, the lethal concentration was equal and higher than 50 mg/l. negative pres-

sure of metal-containing NPs led to osmotic disorganization, which was accompanied by an increase in vac-

uoles, abnormal bending and membrane rupture. Conclusions. Our results demonstrated that oxidative stress 

is one of the leading mechanisms of toxicity of PM oxides of transition metals such as copper, zinc and mo-

lybdenum. When the single-celled organism Paramecium caudatum was exposed to the studied NPs, de-

structive damages of membrane structures, changes in functions and morphology of organelles leading to cell 

death were observed. It should be noted that under such abiotic stress, the viability of Paramecium caudatum 

in general is the result of a complex interaction of the cells' own antioxidant system as well as the specific 

characteristics of NPs (size and solubility) and additional environmental factors, such as the presence of 

compounds with antioxidant activity in it. 
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1. Introduction 

The modern application of nanotechnology is accompanied by problems of nanosafety and the 
assessment of the impact of nanomaterials on human health and the environment. Among the 
various biological reactions used to assess the potential effects of nanoobjects on biota, the 
generation of reactive oxygen species (ROS), which disrupts the pro- and antioxidant equilibrium 
in cells and thus causes oxidative stress (OS), is currently the most accepted paradigm for the 
toxicity of various nanoparticles (NPs) to humans and the environment [1-2; 5]. Metal-containing 
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nanoparticles are used in various fields from technical to medical, for example, copper and zinc 
nanoparticles are widely used biocides and molybdenum nanomaterials also have antibacterial 
properties. It should be noted that molybdenum, zinc and copper are essential trace elements for 
living organisms and each of them has a specific function in the redox state of the cell. For example, 
molybdenum is a promoter of antioxidants, particularly ascorbic acid (AA). Copper and zinc are 
found in the cellular enzyme superoxide dismutase (SOD), a catalyst for the dismutation of the 
aggressive AFC superoxide. But in excess, these transition metal ions have a serious toxic effect on 
cells, primarily caused by OS.  

To evaluate the ability of NM of these transition metals to cause OS in various ecologically 
relevant organisms, this work used biomarkers such as increased activity (SOD) and catalase 
(CAT), the most sensitive elements of the antioxidant system, the so-called first-line defense 
against AOS damage. In addition, since lipid molecules constitute approximately 30-80% of 
biological membranes by mass, lipid peroxidation in response to reactive oxygen species is a very 
likely scenario of OS, therefore, we additionally evaluated the condition of cell membranes by 
accounting for the secondary product of peroxidation, malondialdehyde MDA.  

Our study was undertaken to better characterize the mechanism of action of metal-containing 
NPs at different levels of organization of living matter. The free-living freshwater infusoria 
Paramecium caudatum was chosen as a test object in this work, as this cell-organism provides an 
opportunity to study both cellular and organismal forms of response to chemical stressors 
simultaneously. 

 
Aims. To study the effect of CuO, ZnO and MoO3 nanoparticles on the vital functions of the single 
cell organism Paramecium caudatum; to analyse the activity of antioxidant cellular enzymes: SOD 
and CAT, as well as to evaluate the possibility of cells protection against oxidative stress by 
endogenous antioxidants. 

2. Methods 

Paramecium caudatum cells were cultured under standard conditions for this test subject [3-
4]. The toxicity of metal nanoparticles, PMСO (20-60 nm), PM ZnO (40-80 nm) and PM MoO3 (5-
20 nm) (Laboratory of Physical Modelling of Two-Phase Flows, United Institute of High 
Temperatures, Russian Academy of Sciences) - was evaluated by determining the LC50 lethality 
index of the concentration at which 50% of Paramecium caudatum population was killed. Free-
floating cells were then exposed for 48 h to sublethal concentrations of NPs metal oxides in 
moderately hard water with dissolved antioxidant. The efficacy of emoxipine (10 mg/ml), mexidol 
(50 mg/ml) ascorbic acid AA (25 mg/ml) and nicotinic acid NA (10 mg/ml) was investigated; for 
this purpose cell number, cell membrane condition, changes of intracellular organelle shape were 
recorded (Levenhuk C310 digital camera microscope, 3.1 Mpixel).  

Activity of biomarkers SOD (by reduction of tetrazolium blue), CAT (by hydrogen peroxide 
reduction rate) and MDA (by Uchiyama-Michara method) was determined by spectrophotometric 
methods (SPECORD 50 plus). All data were statistically processed and valid (Statistica 12.6). 

3. Results 

We found that the presence of metal oxides induced a significant decrease (p < 0.05) in the 
number of viable Paramecium caudatum cells, in 24 h there were 58 % deaths from CuO, 43 % 
deaths from ZnO and 40 % deaths from MoO3, but in 48 h - 92 %, 88 % and 75 %, respectively. 
Copper oxide PM were the most toxic to cells, with an LC50 of 25 mg/l; for ZnO PM and MoO3 
PM, the lethal concentration was equal and higher than 50 mg/l. It was shown in a number of works 
[1-2; 5] that metal oxide particles may deposit on cell wall causing mechanical damage; change of 
cell morphology, deformation of membranes and intracellular structures. In our experiments on 
Paramecium caudatum infusoria, negative pressure of metal-containing NPs led to osmotic 
disorganization, which was accompanied by an increase in vacuoles, abnormal bending and 
membrane rupture (Fig.). These results were consistent with the experimental literature [2; 5], 
which reported that in unicellular organisms, ZnO NPs increase membrane permeability, 
depolarize cells and/or perforate cell walls, allowing NPs to penetrate into the cytoplasm. The 
survival of Paramecium caudatum cells was dependent on the amount of NPs and their degree of 
aggregation within the cells. NPs were detected in the food vacuoles and cytoplasm but their 
accumulation varied depending on the size, concentration of NPs and time of exposure. The amount 
of accumulated PM in the cell was higher after 2 h of exposure than after 24 and 48 h. It is shown 
that the increase of CAT activity in the cells was observed after 2 h of incubation of Paramecium 
caudatum with metal-containing PM. This is due to the fact that catalase is considered a first-line 
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defense enzyme against the damaging effects of AFC. Indeed, catalase activity is the conversion of 
hydrogen peroxide (H2O2) into water and molecular oxygen (O2) initiated by the presence of 
exogenous components such as metal ions in the body. 

 

a) b) c) 

Figure. Changes in Paramecium caudatum cell shape: a - cell in normal condition; b - disruption of the outer 
cell membrane by ZnO NPs; c - cell condition in the presence of the antioxidant emoxipine 

 

Increased concentrations of NPs metal oxides ( 50 mg/l) in the environment contributed to 
the development of OS. At the same time, the level of MDA increased, while the levels of SOD and 
CAT activity decreased by about half. This indicates an intensive process of free oxygen radical 
formation and related cell damage.  

The addition of the synthetic antioxidant emoxypine to the experimental medium with a 
population of Paramecium cauda tum (Fig.) reduced the toxic effect of NPs metal oxides, and the 
same positive effect on cells was exerted by mexidol. It is indicative that the effect of PM on cells 
cultured in medium with emoxipin or mexidol, which was evaluated by MDA level, was 3.5 times 
lower than that of cells that were in medium with metal-containing PM only. Nicotinic acid in our 
experiments proved to be ineffective in protecting the cells from exposure to the metal oxide NPs 
under study.  

Earlier by us [3-4] on cells of Paramecium caudatum in model of OS was determined a strict 
concentration dependence of pro/antioxidant effect of AA. It was found that AA in the presence of 
Cu+2 and Zn+2 inhibited the activity of infusoria and promoted the development of OS resulting 
in cell death. The results of experiments with nanosized particles of copper, zinc, and molybdenum 
were similar to those obtained earlier [3-4]. 

5. Conclusions 

Our results demonstrated that oxidative stress is one of the leading mechanisms of toxicity of 
PM oxides of transition metals such as copper, zinc and molybdenum. When the single-celled 
organism Paramecium caudatum was exposed to the studied NPs, destructive damages of 
membrane structures, changes in functions and morphology of organelles leading to cell death were 
observed. It should be noted that under such abiotic stress, the viability of Paramecium caudatum 
in general is the result of a complex interaction of the cells' own antioxidant system as well as the 
specific characteristics of NPs (size and solubility) and additional environmental factors, such as 
the presence of compounds with antioxidant activity in it. 

We have developed an approach to assess the impact of nanomaterials on the living organism 
by monitoring the most sensitive biomarkers of oxidative stress such as superoxide dismutase, 
catalase and malondialdehyde - characteristic indicators of chemical pollution.  

The research was carried out within the framework of a scientific project under the state 
assignment of Lomonosov Moscow State University (subject No. 121032500080-8). 
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