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INTRODUCTION 

 

Pesticides contaminating the water environment are 
a worldwide concern and are believed to be an 
important risk factor for aquatic organisms [29]. 
Organophosphorus pesticides (OPs) are the most 
efficient, highly toxic, and environmentally 
biodegradable insecticides commonly used throughout 
the world to protect crops against pests [37]. 
Additionally, they are persistent and have effective 
insecticidal activity, as well as nutritional benefits [18] 
and antibacterial activity [15, 16]. The large use of 
organophosphorus and its release into the aquatic 
environment can negatively affect the aquatic non-
target species, especially unicellular organisms [19]. 
The adverse effects of OPs on freshwater ciliates may 
result in the disruption of cell growth and induction of 
oxidative stress reactive oxygen species (ROS) leading 
to lipid peroxidation of the cell membrane, and 
alterations in the cell antioxidants [29]. Furthermore, 
chlorpyrifos ethyl is among the potent 
organophosphorus insecticides commonly applied to 
control foliage and soil-borne insect pests on a variety 
of crops including vegetables, fruits, cereals, and 
tomatoes [6, 32]. Nevertheless, the half-life of 
chlorpyrifos ethyl in water and sediment is between 14 
and 120 days but may last as 365 days depending on 
climatic conditions and other factors [14]. For instance, 
considerable amounts of chlorpyrifos ethyl were 
detected in various sediment samples in the tropical 
aquatic environment resulting into its inclusion in the 
different priority list of compounds to be analyzed in 
water [27, 30]. On the other hand, the large use of this 
chemical adjacent to water body surfaces can cause 
severe toxicity to aquatic organisms at concentrations 
between 0.035-1.1 µg∙L-1 [23, 25]. The primary actions 

of chlorpyriphos ethyl are the inhibition of 
acetylcholinesterase (ACHE) activity [24, 26, 35], the 
growth kinetics, and the antioxidant defense systems in 
non-target organisms [17, 21]. Among these, non-
target organisms, ciliate protists freshwater 
Paramecium tetraurelia are freshwater eukaryotic 
unicellular organisms of slipper-like shape with beating 
cilia [34], as well as feed on bacteria, algae, and yeasts. 
Furthermore, the changes in direction and frequency of 
the ciliary beating are the main response ways that 
paramecia exhibited to various stimuli [3]. Thus, 
paramecia are interesting aquatic organism models for 
the toxicological assessments of many environmentally 
hazardous chemicals. In this regard, the present study 
is the first to investigate the concentration-dependent 
toxicity of an organophosphorus insecticide 
(chlorpyrifos ethyl) on the physiological and 
antioxidant profiles of Paramecium tetraurelia 

 

MATERIALS AND METHODS 

 

Chemical material 

The pesticide chlorpyrifos-ethyl (CE) commercially 
named Pychlorex 48 EC was purchased from Sigma-
Aldrich (Saint Quentin Fallavier, France). 
Biological material 

Freshwater ciliated protozoa Paramecium tetraurelia 
provided by the team of cell toxicology laboratory of 
the Annaba University of Algeria were used in the 
present study [4]. 

Paramecia culture  

Paramecia cells were cultured in a medium 
prepared following the protocol of [4]. Ten gram (10g) 
of lettuce, 5 g of hay, 5 g of wheat, 5 g of cucumber, 5 
g of potato, and 2 g of peanuts were boiled for 1 h in 
1.5 L of distilled water. Once the mixture becomes 

Abstract. Paramecium tetraurelia is the most vulnerable freshwater ciliated protest to the pesticide-contaminated aquatic 
environment and is commonly used as a valuable biological model in studies investigating the monitoring of environmental quality. 
The present study was undertaken to screen the physiological, biochemical, and antioxidant responses of Paramecium tetraurelia. 
exposed to chlorpyrifos-ethyl (an insecticide). Paramecia received increasing concentrations of chlorpyrifos ethyl (0.04, 0.05, 0.06 
and 0.07 mg/L) for 24, 48, 72 and 96h. Results revealed concentration- and time-dependent variations in growth and response 
percentage in exposed cells. In addition, protein and malondialdehyde levels and catalase activity were significantly increased in a 
concentration-dependent manner in treated cells compared with controls. However, the enzymatic activity of acetylcholinesterase 
and glutathione level showed a concentration-dependent decrease in treated paramecium cells compared with controls. In 
conclusion, chlorpyrifos-ethyl, especially at higher concentrations, proved to induce marked changes in the physiological and 
antioxidant profiles of Paramecium tetraurelia. which are promised to be used as an efficient monitoring organism for 
environmental water pollutants.  
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cool, it was filtered and then sterilized by boiling at 
100°C for 30 min in a heat-resistant bottle. The pH of 
the resulting mixture was adjusted to a value of 6.5, 
and the mixture was afterward kept away from light at 
a temperature close to 25°C. The prepared medium was 
incubated in an oven (Memmert UM 400) at 
temperature ranges between 28 and 16°C. Paramecia 
can be well microscopically observed after adding a 
few short stems of hay with distilled water to the 
culture medium and left in a warm, dark, and well-
ventilated place. The paramecia cells were sub-cultured 
in the culture medium every three days to get a yellow 
culture. 
Experimental design 

Paramecium cells were treated with increasing 
concentrations of chlorpyrifos-ethyl (CE) (0.04, 0.05, 
0.06, and 0.07 mg/L), including untreated control cells 
prepared in an appropriate volume of distilled water. 
These concentrations were chosen based on the median 
lethal concentration (LC50) previously found to be 
0.154 mg/L after 24 h in insecticide- exposed 
Paramecium caudatum [22]. All experiments were 
performed in three replicates. 
Physiological evaluations 

Determination of Percentage of Response (PR) 

The growth inhibition of paramecium cells after 72 
h of exposure to the test chemical was calculated by the 
estimation of the cell percentage of response (PR), 
where the positive values and negative values of 
percentage response indicate respectively inhibition 
and stimulation of cell growth [38]. The PR is 
calculated according to the following equation: 

Cn

EnCn
PR


100  

where: PR  is the protozoa percentage of response (%), 
Cn is the cell control number (cell/mL), and En is the 
treated cells number (cell/mL).  

Growth kinetic study 

The growth kinetics of the treated paramecia cells 
was determined daily for one week by counting the 
number of living cells in a culture medium using an 
optic microscope (OPTICA Axiom 2000), and then  
few drops of Lugol were added to microscope slides 
containing paramecia [31].  

Biochemical evaluation 

 Protein levels in purified paramecium tetraurelia 
were calorimetrically quantified at 620 nm using 

Coomassie Blue G-250 dye as previously described 
[5]. Acetylcholinesterase activity was determined using 
Ellman's colorimetric method [10], with slight 
modifications [36] where the kinetics of 
acetylthiocholine iodide hydrolysis by 
acetylcholinesterase were spectrophotometrically 
determined.  

Antioxidant evaluation 
The reduced GSH content was determined as 

previously determined using the color indicator, 5,5´-
dithiobis-(2-nitrobenzoicacid) (DTNB), and the 
absorbance was read at 412 nm on a spectrophotometer 
(UV-1601 PC; Shimadzu, Japan). GSH content was 
expressed as nanomol per liter (nmol‧L-1). Catalase 
activity was assayed spectrophotometrically as 
previously  described [1] based on the measurement of 
the light absorption at 240 nm of the decomposed H2O2 
and expressed as µmol of H2O2 / min. / mg protein. 
Malondialdehyde (MDA), a lipid peroxidation marker, 
was measured as previously reported [11] with 2-
thiobarbituric acid by a colorimetric method at 532 nm. 
Statistical analysis 

Experiments were performed three times, and 
results were displayed as mean ± SE of the mean. 
Comparisons between multiple groups were tested by 
one-way ANOVA using GraphPad Prism. P<0.05 was 
considered significant. 

 
RESULTS 

 

Growth kinetic of Paramecium tetraurelia  

Between 0h and 72h, the growth rate in the form of 
increasing cell number in treated cells increased 
progressively (about up to 15.000 cells/mL) in a time-
dependent manner, but lesser and slower than that of 
control, showing high cell number and quick growth 
rate (about up to 50.000 cells/mL). Whilst, the cells 
number was decreased between 72 h and 96 h in 
control cells to reach about 23.000 cells/mL, in 
chlorpyrifos-ethyl treated cells at 0.04-0.06 mg/L 
(about 8000 cells/mL), and chlorpyrifos-ethyl treated 
cells at 0.07 mg/mL (about 2000 cells/mL). Moreover, 
the cells number between treatment groups were 
significantly decreased in increasing chlorpyriphos-
ethyl concentrations (Fig. 1). 

The percentage of response (PR) showed a highly 
significant concentration-dependent increase (P<0.01)
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Figure 1. Kinetics of growth of the control paramecia, and those treated with chlorpyriphos-ethyl (Ch.Eth) at increasing concentrations; 0.04; 0.05; 

0.06, and 0.07 mg/L, and exposure time of 24, 48, 72, and 96 hours. 
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in cells treated with chlorpyrifos-ethyl at 
concentrations; 0.05; 0.06 and 0.07 mg/L as compared 
with those of 0.04 chlorpyrifos-ethyl treated cells after 
24 and 48 hours, and significant concentration-
dependent increase (P<0.05) after 72 and 96 hours, 
since the RP of cells treated chlorpyrifos-ethyl at 0.07 
mg/L was highly significantly increased (P<0.01) 
compared with 0.04 mg/L chlorpyrifos-ethyl treated 
cells after 96 hours (Fig. 2). 
Results of morphological abnormalities  

The control paramecia showed a normal 
morphological structure evidenced by normal cell 
shape with an intact plasma membrane (Fig. 3a). 
Whilst, chlorpyriphos-ethyl dose depedent histological 
changes were observed compared with controls. These 
morphological changes are shown by round and oval-
shaped cells, and swelling (Fig. 3b, 3c), in addition to 
the the cell membrane distruction as a result of cell 
necrosis (Fig. 3d, 3e).  

Protein levels in purified paramecia cells 

As displayed in Figure 4, protein levels in 
paramecia cells were concentration dependent 
significantly increased (P<0.05) in chlorpyrifos-ethyl at 
0.04 and 0.05 mg/L, and highly significantly increased 

(P<0.01) in a concentration-dependent manner in 
chlorpyrifos-ethyl at 0.06 and 0.07 mg/L as compared 
with untreated control cells. 
Chlorpyriphos-ethyl-induced acetylcholinesterase 

inhibition  

Figure 5 displays concentration dependent 
significantly decreased (P<0.05) in chlorpyrifos-ethyl 
at 0.04 and 0.05 mg/L, and highly significantly 
decreased (P<0.01) in a concentration-dependent 
manner in chlorpyrifos-ethyl at 0.06 and 0.07 mg/L as 
compared with untreated control cells. 
Antioxidant results 

The content of MDA in purified paramecium 
tetraurelia was highly significantly concentration
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Figure 2. Evolution of the percentage of response of  paramecium tetraurelia of the control paramecia, and those treated with chlorpyriphos-ethyl 

(Ch. Eth) at increasing concentrations; 0.04; 0.05; 0.06, and 0.07 mg/L, and exposure time of 24, 48, 72, and 96 hours. Data are given as 
mean ± SD. Values with superscripts are statistically different p values.  * P<0.05 and ** P<0.01 are statistically different from control of 
each exposure time. 

 
 

 
 

 

Figure 3. Light microscopic (Gr x40) showing altered morphological structures  in control paramecia (a) and those exposed to chlorpyriphos-ethyl 
(Ch.Eth) at increasing concentrations; 0.04  (b) ;  0.05 (c)  ; 0.06 (d) , and 0.07 (e)  mg/L. Arrows indicate plasma membrane destruction. 
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Figure 4. Levels of protein in control and treated paramecium tetraurelia with chlorpyriphos-ethyl at increasing concentrations; 0.04; 0.05; 0.06 and 

0.07 mg/L. Data are given as mean ± SD. Values with superscripts are statistically different p values. * P<0.05 and ** P<0.01 are 

statistically different from control. 
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dependent increased (P<0.01) in chlorpyrifos-ethyl 
treated cells compared with control cells (Fig. 6). In 
contrast, the results revealed a highly significant 
(P<0.01) concentration-dependent decrease in GSH 
content in 0.04 and 0.05 mg/L, and a very highly 

significant decrease (P<0.001) in 0.06 and 0.07 mg/L 
chlorpyrifos-ethyl treated cells when compared with 
controls (Fig. 7). In addition, the enzymatic activity of 
catalase in paramecium tetraurelia showed a marked 
concentration-dependent increase in chlorpyrifos-ethyl  
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Figure 5. Acetylcholinesterase activity in control, and treated paramecium tetraurelia with chlorpyriphos-ethyl at increasing concentrations; 0.04; 

0.05; 0.06, and 0.07 mg/L. Data are given as mean ± SD. Values with superscripts are statistically different p values. * P<0.05 and ** 
P<0.01 are statistically different from control. 
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Figure 6. MDA content in control, and treated paramecium tetraurelia with chlorpyriphos-ethyl at increasing concentrations; 0.04; 0.05; 0.06, and 

0.07 mg/L. Data are given as mean ± SD. Values with superscripts are statistically different p values. ** P<0.01 are statistically different 
from control. 
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Figure 7. GSH content in control, and treated paramecium tetraurelia with chlorpyriphos-ethyl at increasing concentrations; 0.04; 0.05; 0.06, and 

0.07 mg/L. Data are given as mean ± SD. Values with superscripts are statistically different p values. ** P<0.01 and *** P<0.001 are 

statistically different from control. 
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Figure 8. Catalase activity in control, and treated paramecium tetraurelia with chlorpyriphos-ethyl at increasing concentrations; 0.04; 0.05; 0.06, and 

0.07 mg/L. Data are given as mean ± SD. Values with superscripts are statistically different p values. * P<0.05,  ** P<0.01 and *** 
P<0.001 are statistically different from control. 
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treated cells as compared with control cells. This 
increase was significant in 0.04 mg/L (P<0.05), highly 
significant (P<0.01) in 0.05 mg/L, and very highly 
significant in (P<0.001) in 0.06 and 0.07 mg/L 
chlorpyrifos-ethyl treated cells (Fig. 8). 
 

DISCUSSION 

 

Microorganisms are the most sensitive to hazardous 
chemicals in water environments since paramecia were 
reported to be more resistant to elevated concentrations 
of contaminants [33]. In addition, paramecia are considered 

valuable organisms in monitoring the pesticides 
contaminated aquatic environment [19]. Thus, to assess 
the individual chemicals at laboratory conditions, 
paramecia would be an effective specie model able to 
exhibit the stress and toxicity on aquatic biota. To our 
knowledge, the present study is the first to investigate 
the toxicological effects of chlorpyrifos-ethyl on the 
physiological, biochemical and antioxidant profiles in 
paramecium tetraurelia. Here, the test chemical 
induced inhibitory cell growth kinetics in accordance 
with marked time and concertation-dependent increase 
in percentage of response as compared with control 
untreated cells, showing no effect either on cell growth 
or percentage of response. This concords with previous 
studies reporting the effect of organophosphorus on 
paramecium physiology and behavior [2, 21]. 
According to our data, the decreased cell growth of 
control cells after 72h is likely explained by the change 
in some external factors, including food and 
temperature, while the drop in cell growth in treated 
cells after 72h may explain the increased number of 
dead cells following the long exposure time. Overall, 
the impairment in cell division results in cell growth 
inhibition and induction of cell death processes [2], and 
hence, chlorpyrifos-ethyl used in our study, is believed 
to act as a potent genotoxic chemical to ciliate models, 
especially at concentrations higher than 0.05 mg/L. It 
was reported that the induction of oxidative stress-
mediated generation of reactive oxygen species (ROS) 
is the main toxic action of organophosphorus on ciliate 
paramecium [29]. In addition, results showed a 
significant increase in protein and MDA contents in 
treated cells compared with controls. This finding was 
similarly reported in organophosphorus-exposed fishes 
[7, 32]. The increased protein level in paramecia cells 
can be explained by the induction of oxidative cell 
injury resulting in cell lysis evidenced by rupture of 
cell membranes, and mixing up of the cell contents 
with protoplasm, appearing thus as coagulation of 
proteins [37]. Whilst, the high MDA content is referred 
to as increased free radical production and membrane 
lipid peroxidation [19]. Further, the marked inhibition 
in AChE activity found in our results was similarly 
reported in previous studies [12, 19], suggesting AChE 
as the main OPs target enzyme, where they irreversibly 
link the AChE molecule by the phosphate group [37]. 
The ChE activities found in paramecium tetraurelia 
may contribute to regulating cell-to-cell communica-

tion culminating in cell-to-cell adhesion [18]. 
Moreover, cells protect themselves against chemicals-
induced oxidative cell injuries by developing their 
powerful antioxidant defense system against oxidative 
stress-induced cellular damage [9]. Accordingly, in this 
study, the marked decrease in GSH level, an abundant 
peptide whose oxidation is ensured by glutathione 
peroxidase, in chlorpyrifos-ethyl treated cells as 
compared with controls, proves the involvement of 
GSH in chemicals-induced oxidative stress by 
scavenging free radicals leading to cellular oxidative 
injuries [8]. Additionally, our result of increased 
enzymatic activity of CAT in chlorpyrifos-ethyl treated 
paramecia is consistent with some previously reported 
findings of fishes exposed to organophosphorus 
compounds [20, 28]. The increased catalase activity is 
an antioxidant protection mechanism against ROS [13], 
as well as is attributed to increased levels of 
endogenous hydrogen peroxide (H2O2), known as the 
main cellular precursor of the hydroxyl radical (HO− ), 
the highly reactive and toxic form of ROS [14]. This 
increase in CAT activity was not enough to reduce 
ROS-induced oxidative damage to paramecia cells. In 
contrast, other studies have reported that the increased 
activity of CAT can explain the reduction of its 
synthesis, as well as consumption during detoxifying 
process against reactive oxygen species (ROS) 
production in the cell [29]. 

Paramecia sp proved to be a highly sensitive 
aquatic unicellular organism to chlorpyrifos-ethyl 
toxicity as evidenced by inhibition of cell growth 
associated with an increase in percentage of response, 
increased protein, and MDA levels, inhibition of AChE 
activity, and increased enzymatic activity of catalase in 
purified paramecium cells.  
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