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 The influence of chemical pollution on aquatic ecosystem became a worrying topic 
because of damages caused by toxic substances. In paramecia, as in aquatic unicellular 
organisms, the cell membrane forms the first barrier of defence against various 
pollutions. Therefore, the membrane damages and malformations, caused by chemical 
agents, reflect the toxicity degree of these substances.  In this study, we recorded 
harmful effects when treating Paramecium tetraurelia by five increasing 
sublethal concentrations of Rophosate (60, 70, 80, 90 and 100 mg.l-1). This non-
selective herbicide induced growth inhibition, reduction of the generation time and 
significant morphological changes represented by the loss of symmetry and volume 
augmentation. On the other hand, the cytoplasm appears brighter in the middle and dark 
towards the periphery, the content seems more eccentric causing changes in cell shape 
that become more spherical with blunt ends. At the cell membrane, we recorded serious 
damages that concern buds formation and cytoskeleton breaks leading to cell death. 
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INTRODUCTION 

 
Because of their simple and fragile structure, the ciliate protozoan phylum includes very useful biologic 

models for the cell toxicology studies [23,11]. However, the growth constitutes an important criterion for the 
assessment of the inhibiting effects of chemical compounds on unicellular organisms [16,30,2]. But certain 
chemicals overtake this impact to grave malformations and sever modifications of cell organization [26,10]. 

In the paramecia case, the cell morphology results from the specific composition of the cortex. As all 
ciliated protozoa, this cortex contains a membrane skeleton whose main element is the epiplasm [15]. One of the 
most important roles of the cytoskeleton is to provide mechanical support to the cell. It is also responsible for 
the current travelling through which cytoplasmic vesicles. Indeed, membrane-cytoskeleton interaction 
contributes to the building and stabilization of cell morphology as it allows the cell to change shape. However, 
this interaction may be impaired as a result of some physical or chemical agents, suggesting structural damage 
to the membrane and the cytoskeleton [26]. These effects result in changes of form and appearance of budding 
at the membrane leading to cell death [10]. 

In the present study, we have used P. tetraurelia, as a unicellular model, to assess the capacity of 
Rophosate, which composed from a non selective herbicide named Glyphosate, to inhibit the growth and to 
evaluate the damage degree and malformations induced at the paramecia cells. 

 
MATERIAL AND METHODS 

 
Culture and growth monitoring: 

P. tetraurelia is a unicellular eukaryotic organism belonging to the ciliates (Protozoa, Ciliophora). Usual 
culture was performed in culture medium according to the method described by Azzouz et al. [2]. 

The culture of P. tetraurelia was done at 30°C in test tubes that contain 10 ml of the culture medium which 
we have added 10 paramecia. The growth kinetics was performed by daily counting of cells number after 
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fixation in 4% formalin. The counting was repeated at least five times for each tube. The growth evaluation was 
determined by the following formula: 

 

 

 

 
Where n is the generation number, Nt is the population number at time t, N0 is the initial number of cells, k 

is the generation velocity and g is the generation time. 
 
Chemical treatment: 

Glyphosate, active substance of Rophosate, is a systemic non-selective organophosphate herbicide [29]. It is 
used in post emergence to control undesirable vegetation during preparation of sites and to curb forest 
regeneration. Rophosate concentrations, used for treatment, were the result of several tests. The required 
concentrations were 60, 70, 80, 90 and 100 mg.l-1. Treatment with pesticide was performed during cells 
inoculation (t = 0). The impact of pesticide on paramecia was monitored until the fifth day (96h). 
 
Malformation rate: 

The malformation rate, for each concentration, was calculated by the following formula after 96h of 
treatment: 

 
Where,  is the malformation number and  is the total number of paramecia in the sample. 
Best observations of malformations and membrane damages, recorded after treatment with Rophosate, were 

taken as photos using an optical microscope (Leica DM 1000) fitted with camera (Leica EC3). 
 
Statistics: 

Data were presented as mean ± SE. To study the effects of Rophosate on paramecia, we used a 
nonparametric statistical analysis based on "Mood's median test". We used linear regression analysis to 
characterize the relationship between the concentrations of pesticides and their effects. The mean inhibitory 
concentration (IC50) was estimated by the least squares method. The software used for statistical analysis was 
the Minitab 16.0. 

 
Results: 
Effects on growth: 

The Rophosate has inhibitory effects on the growth of paramecia (Figure 1). Thus, inhibition decreases with 
dose-dependent manner and was observed from concentration of 60 mg.l-1; on the other side, above 100 mg.l-1, 
the growth of paramecia is completely inhibited. Calculating the IC50 (Figure 2) has shown that the mean 
concentration which inhibits 50% of paramecia growth was of the order of 82.20 mg.l-1. The statistical analysis 
showed significant differences between the growth of control cells and those treated with different 
concentrations of Rophosate (Chi-Square = 18; P= 0,003).  

The generation time of paramecia in the control was estimated at about 9.63 h; however, in treated 
paramecia, generation time varies with dose-dependent processing (Figure 3). Thus, it may go beyond 13 h in 
paramecia treated with high concentrations of Rophosate (100 mg.l-1). Consequently, the velocity and the 
number of generation decrease inversely to the concentrations. For low concentrations (60 and 70 mg.l-1), 
effects of Rophosate on time, velocity and the number of generation seem lesser and similar to the control. 
 
Structural and morphological changes: 

Our work treated the potential morphological changes and cell membrane damages caused by the presence 
of Rophosate in the culture medium of paramecia. Thereby, we have considered the general shape of cells and 
their aspect seen by light microscopy. Firstly, the malformation rate increases with dose-dependent manner 
(Figure 4). It has proved that Rophosate, at a concentration of 100 mg.l-1, caused 19,67% of malformations and 
membrane damages in paramecia population. By cons, In the presence of low concentrations, the malformation 
rate was very low (0.2-2.6%). Statistical comparisons between concentrations effects were significant (Chi-
Square = 18.00; P= 0.003). The regression analysis shows that treatment with Rophosate explains at 73.4% the 
malformation rates.  

Furthermore, microscopic observations of treated paramecia revealed a large number of specimens with 
abnormal shape (Figure 5) and whose intensity increases with the concentrations rise. These malformations are 
characterized by asymmetrical shapes (Figure 5 a,c,d and e) and increasing volume (Figure 5 b). In some cases, 
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we observed the formation of a large bright spot in the middle of the cell, surrounded by a dense band at the 
periphery inducing a change in the cell form which becomes spherical with more pointed ends (Figure 6). We 
also observed, during the exponential growth phase, unequal divisions of paramecia noticed in treated paramecia 
but absent in control (Figure 7 b).  

At the level of membrane, Rophosate caused severe damages resulted ruptures causing the disintegration of 
the cell (Figure 8). Clear vesicles of varying sizes appeared around the cell membrane which can break off and 
float (Figure 9). The ectoplasm and the contents of the cell diffuse progressively causing the breakup of vesicles 
(Figure 9. c, e and f) to complete cytolysis (Figure 10).  
 

 
 
Fig. 1: Effects of Rophosate on P. tetraurelia growth (T°: 30; pH: 6.5). 

 

 
 
Fig. 2: Determination of the mean inhibitory concentration (IC50) of Rophosate affecting paramecia growth. 
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Fig. 3: Rophosate effects on the time (a), the number (b) and the velocity (c) of generation. 
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Fig. 4: Malformation rate induced by Rophosate on paramecia. 
 

   

   
 
Fig. 5: Morphological abnormalities induced by high concentrations of Rophosate (90 and 100 mg.l-1). 
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Fig. 6: Formation of clear spots in the middle of the cell. The cell content was pressed to the periphery. 
 

        
 
Fig. 7: Abnormalities in cell divisions. Normal division (a) and unequal division (b). 
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Fig. 8: Membrane damages after treatments by high concentrations of Rophosate (90 and 100 mg.l-1). 
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Fig. 9: Vesicles formation and budding at the cell membrane. 
 

   

  
 
Fig. 10: Complete dissolution and apoptosis of P. tetraurelia. 
 
Discussion: 

Ecotoxicological studies carried out on paramecia have demonstrated the sensitivity of these species to 
chemical pollution [8,32,20,24,2]. These authors showed that this type of pollution can affect the growth by 
prolonging the time of cell division which results in a reduction of time and the rate of generation. 

It has been prouved that different herbicides based on glyphosate decelerate the cell division cycle in the 
sea urchin embryo [19]. Several other studies have shown the ability of glyphosate to inhibit the growth and 
sexual reproduction of fungi [6,12,18,17]. 

According to a study conducted by Choquette [5], the effect on the threshold retained for the growth of soil 
microorganisms is 50 ppm. By cons, a threshold effect of 2 ppm was chosen for aquatic microorganisms 
[14,29]. 

Through the comparison of our data with those of the literature, it was found that glyphosate effects are 
paradoxical. According to Tooby [28], it is difficult to assess the risks on aquatic environment from laboratory 
experiments, because the sediment reduces the bioavailability of glyphosate. 
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On the other hand, our work treats the potential morphological changes and cell membrane damages caused 
by glyphosate. Thereby, we have considered the general shape of cells and their aspect seen by light 
microscopy. 

Firstly, the malformation rate, calculated after treatment of paramecia, increases with dose-dependent 
manner. It has proved that glyphosate, at a concentration of 100 mg/l, causes more than 19% of malformations 
and membrane damages in paramecia population. We noticed changes in the form of P. tetraurelia in high 
concentrations particularly at the cell membrane by budding formation and at the level of cytoplasm by the 
appearance of large bright spots. These results agree with those published by Venkateswara Rao et al., 
[31,32,33], these authors considered these phenomenon as a warning system preceding cytotoxic effects. 

Indeed, during apoptosis, vesicle formation and budding is a common phenomenon [9,3,21,10]. These 
authors suggest that these vesicles are initiated by a rupture of the plasma membrane at the cytoskeleton. 
Vesicles increase in volume due to the intracellular fluid flow inside them [7]. During the formation of buds, the 
cell volume remains constant. [4]. 

According to Harris [13], vesicle formation is a result of the detachment of the plasma membrane of the 
cortical actin layer. From the same author, budding in P. caudatum, is irreversible and the actin is focused on the 
basis of the vesicle. The detachment of vesicles can cause degradation of the cell membrane leading to cell 
death. Thus, this phenomenon has been demonstrated in our work and reports of a high toxicity of the pesticide. 

Our observations on the internal damage and the formation of large bright spots in the cell middle were 
explained by Venkateswara Rao et al., [33]. These authors show that treatment of paramecia by acephate 
(organophosphate insecticide) causes breaks in the membranes of contractile vacuoles and leads to the mixture 
of their content with protoplasm. According to these authors, the cell volume increases due to the disintegration 
of protoplasm that appears condensed at the periphery of the cell. Thereby, cytolysis that occurs is due to 
degradation of cellular organelles and rupture of the outer membrane. 

Concerning defects related to cell division, it is possible that some pesticides, under some conditions, like 
high concentrations of pesticides, become genotoxic and cause macronucleus abnormalities [22,1]. 
Conclusion: 

Harmful effects were recorded when treating Paramecium tetraurelia by Rhophosate. This non-selective 
herbicide induced growth inhibition and significant morphological changes represented by the loss of symmetry 
and volume augmentation. The cytoplasm appears brighter in the middle and dark towards the periphery, the 
content seems more eccentric causing changes in cell shape that become more spherical with blunt ends. At the 
cell membrane, we recorded serious membrane ruptures leading to the death of the cell. 

 
REFERENCES 

 
[1] Amanchi, N. and H. Mohd Masood, 2010. Cytotoxicity assessment of monocrotophos in Paramecium 

caudatum and Oxytricha fallax. Journal of Environmental Biology, 31(5): 603-607. 
[2] Azzouz, Z., H. Berrebah, and M.R. Djebar, 2011. Optimization of Paramecium tetraurelia growth kinetics 

and its sensitivity to combined effects of azoxystrobine and cyproconazole. African Journal of 
Microbiology Research, 5(20): 3243-3250. 

[3] Burton, K., and D.L. Taylor, 1997. Traction forces of cytokinesis measured with optically modified elastic 
substrata. Nature, 385: 450-454. 

[4] Charras, G.T., J. Yarrow, M.A. Horton, L. Mahadevan, and T.J. Mitchison, 2005. Nonequilibration of 
hydrostatic pressure in blebbing cells. Nature, 435: 365-369. 

[5] Choquette, L., 1987. Toxicité du glyphosate sur les composantes vivantes du milieu. Québec : Ministère de 
l'Énergie et des Ressources, Service des études environnementales, 64 p. 

[6] Coupland, D., and J.C. Caseley, 1979. Presence of 14C activity in root exudates and guttation fluid from 
Agropyron repens treated with 14C labelled glyphosate. New Phytologist., 83: 17-22. 

[7] Cunningham, C.C., 1995. Actin polymerization and intracellular solvent flow in cell surface blebbing.  
Journal of Cell Biology, 129: 1589-1599. 

[8] Dufour, P., A.M. Kouassi, and A. Lanusse, 1994. Les pollutions. (In J.R. Durand, P. Dufour, D. Guirad & 
S.G. Zabi (Eds), Les milieux lagunaires. Environnement et ressources aquatiques de Côte d'Ivoire (pp. 306-
334). Paris: ORSTOM Ed.). 

[9] Fishkind, D.J., L.G. Cao and Y.L.Wang, 1991. Microinjection of the catalytic fragment of myosin light 
chain kinase into dividing cells: effects on mitosis and cytokinesis. Journal of Cell Biology, 114: 967-975. 

[10] Friedl, P., and K.Wolf, 2003. Tumour-cell invasion and migration: diversity and escape mechanisms. 
Nature Reviews Cancer, 3: 362-374. 

[11] Gomiero, A., A. Dagnino, C. Nasci, and A. Viarengo, 2013. The use of protozoa in ecotoxicology: 
application of multiple endpoint tests of the ciliate E. crassus for the evaluation of sediment quality in 
coastal marine ecosystems. Science of the Total Environment, 442: 534-44. 



430                                                                  AZZOUZ Zoubir et al, 2015 
Advances inEnvironmental Biology, 9(24) November 2015, Pages: 421-430 

 

[12] Gossbard, E., 1985. Effects of glyphosate on the microflora with reference to the decomposition of treated 
vegetation and interaction with some plant pathogens. (In E. Grossbard, & D.Atkinson (eds.), the herbicides 
glyphosate (pp.159-185). London.). 

[13] Harris, A.K., 1990. Protrusive activity of the cell surface and the movements of tissue cells. (In N. Akkas, 
(ed.), Biomechanics of active movement and division of cells (pp. 249-291). NATO ASI Series, Berlin: 
Heidelberg.). 

[14] Hutber, G.N., L.J. Rogers, and A.J. Smith, 1979. Influence of pesticides on the growth of cyanobacteria. 
Zeitschrift für allgemeine Mikrobiologie, 19: 397-402. 

[15] Huttenlauch, I., and R. Stick, 2003. Occurrence of articulins and epiplasmins in protists. Journal of 
Eukaryotic Microbiology, 50(1): 15-18. 

[16] Janssen, M.P., C. Oosterhoff, G.J. Heijmans, and H. Van der Voet, 1995. The toxicity of metal salts and the 
population growth of the ciliate Colpoda cucculus.  Bulletin of Environmental Contamination and 
Toxicology, 54(4): 597-605. 

[17] Kawate, M.K., S.C. Kawate, , A.G. Ogg, and J.M. Kraft, 1992. Response of Fusarium solani f. sp. Pisi and 
Pythium ultimum to glyphosate. Weed Science, 40: 497-502. 

[18] Lévesque, C.A., and J.E. Rahe, 1987. Effects of glyphosate on Fusarium spp: its influence on root 
colonization of weeds, propagule density in the soil, and crop emergence. Canadian Journal of 
Microbiology, 33: 321-324. 

[19] Marc, J., O. Mulner-Lorillon, and R. Bellé, 2004. Rophosate-based pesticides affect cell cycle regulation.  
Biology of the Cell, 96: 245-249. 

[20] Matsubara, E., K. Harada, K. Inoue, and A. Koizumi, 2006. Effects of perfluorinated amphiphiles on 
backward swimming in Paramecium caudatum. Biochemical and Biophysical Research Communications, 
339: 554-561. 

[21] Mills, J.C., N.L. Stone, J. Erhardt, and R.N. Pittman, 1998. Apoptotic membrane blebbing is regulated by 
myosin light chain phosphorylation. Journal of Cell Biology, 140: 627-636. 

[22] Mohd Masood, H., N.R. Aamnachi, V.R. Solanki, and M. Bhagavathi, 2008. Low cost microbioassay test 
for assessing cytopathological and physiological responses of ciliate model Paramecium caudatum to 
carbofuran pesticide. Pesticide Biochemistry and Physiology, 90: 66-70. 

[23] Montagnes, D., E. Roberts, J. Lukes, and C. Lowe, 2012. The rise of model protozoa. Trends in 
Microbiology, 20(4): 184-191. 

[24] Mortuza, M.G., T. Takahashi, T. Kosaka, and H. Hosoya, 2010. Effect of industrial sludge toxicity on the 
cell growth of green Paramecium, Paramecium bursaria. Global Journal of Environmental Research, 4(2): 
101-105. 

[25] Nelson, W. J., Kleinzeller, A., Benos, D. J. 1996. Membrane Protein-Cytoskeleton Interactions. Current 
Topics in Membranes, Academic Press editions, Vol. 43., 427 pp. 

[26] Stevens, A., Lowe, J. 1997. Anatomie pathologique générale et spéciale. De Boeck Université. 536 pp. 
[27] Tomlin, C. D. S. (ed.). 2000. The Pesticide Manual. A World Compendium, 12th ed., Hardback, British 

Crop Protection Council, Farnham. 471 pp. 
[28] Tooby, T. E. 1985. Fate and biological consequences of glyphosate in the Aquatic environment. In E. 

Grossbard, D. Atkinson (Eds). The herbicide glyphosate. Toronto, Atkinson. 206-217.  
[29] Trotter, D. M., Wong, M. P., Kent, R. A. 1990. Canadian water quality guidelines for glyphosate. (Ottawa: 

Environment Canada). 
[30] Ud-Daula, A., Pfister, G., Schramm, K. W. 2008. Growth inhibition and biodegradation of catecholamines 

in the ciliated protozoan Tetrahymena pyriformis. J.Environ. Sci. Heal. A., 43, 1610-1617. 
[31] Venkateswara, J. R., Arepalli, S. K.,  Gunda, V. G., Kumar, B. J. R. 2008. Assessment of cytoskeletal 

damage in Paramecium caudatum: An early warning system for apoptotic studies. Pestic. Biochem. Phys., 
91, 75-80. 

[32] Venkateswara, J. R., Gunda, V. G., Srikanth, K., Arepalli, S. K. 2007. Acute toxicity bioassay using 
Paramecium caudatum, a key member to study the effects of monocrotophos on swimming behaviour, 
morphology and reproduction. Toxicol. Environ. Chem., 89, 307-317. 

[33] Venkateswara, J. R., Srikanth, K., Arepalli, S. K., Gunda V. G. 2006. Toxic effects of acephate on 
Paramecium caudatum with special emphasis on morphology, behaviour, and generation time. Pestic. 
Biochem. Phys., 86, 131-137. 


