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Abstract: Ecotoxicological studies that use histological techniques enjoy descriptive approach in 

explaining the damages to tissues. In the present study, a rank-based estimation for linear models was 

used to examine significant difference between levels of cypermethrin on histological changes of the 

liver in Aphanius sophiae. The toxicity of cypermethrin associated with certain environmental factors 

such as salinity and feeding frequency was studied in the Sophiae toothed carp (A. sophiae). Specimens 

were exposed to concentration of 0.02 μg L-1 cypermethrin, two levels of salinity (0 and 14 ppt) and 

feeding frequencies (two times a day and one time every three days) under laboratory conditions. After 

the end of 14 days period of the experiment, the liver tissues were removed and histological sections 

prepared. The results revealed that liver tissues alter significantly with the changes in salinity and diet 

frequency. The results also showed that sensitivity to cypermethrin increased with decreasing salinity 

and increasing feeding frequency. The results suggested using A. sophiae as an indicator for 

cypermethrin assessment in aquatic ecosystems and appropriateness of rank-based estimation for linear 

models, to evaluate the effect of toxins on histopathological alternations. 
 

Introduction 

Cypermethrin is one of widely used pesticides of 

pyrethroid (Jin et al., 2011). This toxin enters in 

natural water bodies mainly via runoff enters to 

watershed (Marino and Ronco, 2005). Cypermethrin 

in vertebrates and invertebrates mostly affects the 

nervous system, making increases the nerve 

impulses in sense organs (Vijverberg and Bercken, 

1990(. It is also shown that cypermethrin is ATP-ase 

enzyme’s inhibitor, functioning especially in fishes 

and aquatic insects and regarded as an inherently 

toxic in aquatic organisms (Siegfried, 1993). In 

toxicological studies the control groups are usually 

in optimum conditions (Holmstrup et al., 2009), 

whereas the organisms in their natural environments 

are rarely experienced under optimal conditions. 

Interactions between a natural and toxic stressor can 

sometimes be greater than the impact of a stressor 
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alone (Holmstrup et al., 2009). Hence, this study was 

conducted to study the interactions between natural 

stressors including salinity and feeding frequency 

with cypermethrin insecticide in Aphanius sophiae 

with emphasize on liver histopathological changes 

using rank-based estimation for linear models. 

 

Material and methods 

A total of 100 specimens of A. sophiae were 

captured from the Eshtehard River and transferred to 

the laboratory. After adoption to laboratory 

conditions, 80 healthy specimens were used for 

experiment. Two salinity levels (0 and 14 ppt), and 

two levels of feeding using biomar food (two times 

a day and one time every three days) were considered 

as main treatments. Cypermethrin was prepared in 

0.02 μg/L concentration and then introduced to four 

aquariums with the capacity of 10 liters, while the 
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four others were without cypermethrin exposure. 

After the end of 14 days period of experiment, fishes 

were anesthetized in clove solution and then their 

liver were removed and fixed into buin solution. The 

histological sections were prepared based on Banaee 

et al. (2013) in 5 μm thickness. Then the prepared 

sections were stained with hematoxylin-eosin and 

investigated using light microscope (Banaee et al., 

2013).  

A rank-based estimation for linear models (Kloke 

and McKean, 2012) in the Rfit package in R software 

3.0.1 (R Core Team, 2013) was used to examine the 

effects of cypermethrin on histological changes of 

the liver. In each interaction the difference between 

the two levels of each factors in a combination of 

other factors levels were examined (Underwood, 

1997). Finally, in order to show levels making 

significant differences, Mann-Whitney analysis was 

used and α error was adjusted using bonferroni 

adjustment (Quinn and Keough, 2002). 

Results 

Liver in the absence of toxin, feeding twice a day and 

14 ppt salinity had a normal mode, as hepatocytes 

and sinusoids did not show any alternations (Fig. 1-

I). After the end of 14 days, the normal structure of 

liver tissue in the absence of toxin, feeding twice a 

day and zero salinity showed minor changes in some 

parts, where the most important alternations included 

atrophy (Fig. 1-IV), pyknosis (Fig. 1-IV) and fat 

degeneration (Fig. 1-IV). In absence of poison, 

feeding one time every three days and 14 ppt salinity, 

the overlapped hepatocytes (Fig. 1-II), nucleous 

irregularity (Fig. 1-II) and cloudy swelling (Fig. 1-

II) were observed. The atrophy (Fig. 1-IV), fat 

degeneration (Fig. 1-IV) and pyknosis (Fig. 1-IV) 

were the most observed changes in the liver with the 

conditions included lack of toxin, feeding one time 

every three days and zero salinity. 

Most observed alternations in the presence of toxin, 

feeding twice a day and 14 ppt salinity were 

Tissue Level damage  Histopathological changes 

1 Normal liver 

2 Cloudy swelling, Nucleous irregularity and Overlapped hepatocytes 

3  Pyknosis  , Fat degeneration  and Atrophy, 

4  Accumulation of kupffer cell and Karyolysis  

5 Necrosis and Bile stagnation   

 

Table 1. Ranking histopathological changes were observed in the liver of different treatments. 

Figure 1. Histological sections showing alternations in liver tissue of Aphanius sophiae after exposure to different treatment for 14 days. I. A: 

hepatocyte, B: sinusoid; II. A: cloudy swelling, B: overlapped hepatocytes, C: nucleous irregularity; III. A: karyolysis, B: accumulation of kupffer 

cell; IV. A: atrophy, B: fat degeneration, C: pyknosis; V. A: necrosis and VI. A: bile stagnation. 
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karyolysis (Fig. 1-III) and accumulation of kupffer 

cell (Fig. 1-III) in the liver. While the presence of 

toxin, feeding twice a day and zero salinity treatment 

showed greater alternations including necrosis (Fig. 

1-V) and bile stagnation (Fig. 1-VI). Changes in the 

toxic condition, feeding one time every three days 

after the end of 14 days included atrophy (Fig. 1-IV), 

karyolysis (Fig. 1-III) and accumulation of kupffer 

cell (Fig. 1-III). Most observed changes in presence 

of toxin, feeding one time every three days and zero 

salinity involved necrosis (Fig. 1-V), karyolysis 

(Fig. 1-III) and accumulation of kupffer cell (Fig. 1-

III).  

In this study, changes in liver tissues were ranked in 

five categories that each of them was involved 

specific injuries. The first status indicates little 

changes than normal condition and with increasing 

intensity of tissue damages, the higher ranking was 

accounted (Table 1). The results showed that poison 

(df=1, F=150.681, P<0.001), feeding frequency 

(df=1, F=9.719, P=0.003) and salinity (df=1, 

F=37.768, P<0.001) factors had a significant effect 

on extension of tissues damage. Among the two 

factors including toxin concentration and diet 

regime, the significant interactions were observed 

(df=1, F=11.620, P=0.001). Therefore, due to these 

significant interactions four analysis were carried 

out. The results revealed that between the two levels 

of poison (presence and absence of the toxin) in one 

time feeding every 3 days condition as well as twice 

feeding in a day condition, there were statistically 

significant differences. 

 

Discussion 

Findings indicate that increase of salinity levels 

significantly affects the toxicity of cypermethrin, as 

the fishes in 14 ppt of salinity less suffered. This 

results are in agreements with findings about the 

effects of environmental factors such as hardness, 

temperature, salinity and pH on the toxicity of 

cypermethrin in Poecilia reticulate (Gautam and 

Gupa, 2007). However, Evelyn et al. (2002) reported 

that the toxicity of organophosphate pesticides 

increases when salinity levels rise. Furthermore, 

Wang et al. (2001) showed that by increasing 

salinity, the toxicity of aldicarb pesticide clearly 

increases in Oncorhynchus mykiss. The results from 

present study indicate that the toxicity of 

cypermethrin in A. sophiae decreases with 

increasing the salinity levels. In presence of toxin, 

feeding twice a day was caused higher cypermethrin 

toxicity. It seems increasing of feeding frequency 

and food accumulation in the environment, the 

dissolved oxygen decreases in ecosystem. Therefore, 

the reduction of dissolved oxygen, the toxicity of 

toxin increases (Koskela, 2002). Hence, the 

eutrophic aquatic ecosystems can increase the 

toxicity of the cypermethrin for A. sophiae. 

Finally, the results revealed that presence of 

cypermethrin, decreasing salinity and increasing 

feeding frequency can impose dangerous and risky 

condition on A. sophiae. Hence, due to no even 

functional responses in different environmental 

conditions, Sophiae toothed carp (A. sophiae) could 

not be considered as a suitable candidate to be an 

indicator in monitoring scheme. Nevertheless, due to 

observed responses of A. sophiae to lower levels of 

cypermethrin pollutant, it is suggested that A. 

sophiae could be regarded as a suitable biological 

indicator. Therefore, this species can be a promising 

candidate for assessment of cypermethrin effects in 

aquatic ecosystems. 

In conclusion, the results revealed the 

appropriateness of applied method i.e. rank-based 

estimation for linear models, to evaluation the effect 

of toxins on histopathological alternations in 

A. sophiae in difference environmental condition 

and therefore this method is proposed for 

histopathological studies. 

 

Refrences 
Banaee M., Sureda A., Mirvagefei A.R., Ahmadi K. 

(2013). Biochemical and histological changes in the 

liver tissue of Rainbow trout (Oncorhynchus mykiss) 

exposed to sub-lethal concentrations of diazinon. Fish 

Physiology and Biochemistry, 39(3): 489-501 

Evelyn H., Heugens W., Hendricks A.J., Dekkor T., 

Straalen N.M., Admiraal W. (2002). A review of the 

effects of multiple stressors on aquatic organisms and 



187 
 

Nasrolah Pourmoghadam et al./ Effects of cypermethrin on liver of Aphanius sophiae 

analysis of uncertainty factors for use in risk 

assessment. Critical Reviews in Toxicology, 31: 247-

284. 

Gautam P.P., Gupta A.K. (2007). Toxicity of 

cypermethrin to the juveniles of freshwater fish 

Poecilia reticulata (Peters) in relation to selected 

environmental variables. Natural Product Radiance, 

7(4): 314-319. 

Holmstrup M., Bindesbol A.M., Oostingh G.J., Duschi 

A., Scheil V., Kohler H.R., Loureiro S., Soares 

A.M.V.M., Ferreira A.L.G., Kienle C., Gerhardt A., 

Laskowski R., Kramarz P.E., Bayley M., Svendsen C., 

Spurgeon D.J. (2009). Interactions between effects of 

environmental chemicals and natural stressors: A 

review. Science of the Total Environment, 408: 3746-

3762. 

Jin Y., Zheng Sh., Pu Y., Shu L., Sun L., Liu W., Fu Z. 

(2011). Cypermethrin has the potential to induce 

hepatic oxidative stress, DNA damage and apoptosis 

in adult zebrafish (Danio rerio). Chemosphere, 82: 

398-404. 

Kloke J.D., McKean J.W. (2012). Rfit: rank-based 

estimation for linear models. The R Journal, 4(2): 57-

64. 

Koskela, J., Pirhonen, J., Jobling, M. (1997). Effect of 

low temperature on feed intake, growth rate and body 

composition of juvenile Baltic salmon. Aquaculture 

International, 5: 479-487. 

Marino D., Ronco A. (2005). Cypermethrin and 

chlorpyrifos concentration levels in surface water 

bodies of the Pampa Ondulada. Argentina. Bulletion 

Environmental Contamination and Toxicology, 75: 

820-826. 

Quinn G.P., Keough M.J. (2002). Experimental design 

and data analysis for biologists. Cambridge University 

Press, Cambridge 537 p. 

R Core Team. (2013). R: A language and environment for 

statistical computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL http://www.R-

project.org. 

Siegfried B.D. (1993). Comparative toxicity of pyrethroid 

insecticides to terrestrial and aquatic insects. 

Environmental Toxicology and Chemistry, 12: 1683-

1689. 

Underwood A.J. (1997). Experiments in ecology: their 

logical design and interpretation using analysis of 

variance. Cambridge University Press, Cambridge, 

504 p. 

Vijverberg H.P.M., Bercken J. (1990). 

Neurotoxicological effects and the mode of action of 

pyrethroid insecticides. Critical Reviews in 

Toxicology, 21(2): 105-126. 

Wang J., Girsle S., Schlenk D. (2001). Effect of a salinity 

on aldicarb toxicity in juvenile rainbow trout 

(Oncorhynchus mykiss) and striped bass (Morone 
saxatilisx chrysops). Science, 64: 200-207. 


