
 

5 IV April 2017

http://doi.org/10.22214/ijraset.2017.4067



www.ijraset.com                                                                                                                     Volume 5 Issue IV, April 2017 
IC Value: 45.98                                                                                                                      ISSN: 2321-9653 

International Journal for Research in Applied Science & Engineering 
Technology (IJRASET) 

©IJRASET: All Rights are Reserved     
373 

Effect of Organophosphate Pesticides Dichlorvos on 
Excretory Function of the Channel Cat Fish, 

Heteropneustes Fossilis (Bloch) 
Sanjoy Deka1, Rita Mahanta2 

1,2Dept. of Zoology, Cotton College, Gauhati University,  
Gopinath  Bordoloi  Nagar, Guwahati - 781014, Assam, India. 

Abstract: After the ban on Organochlorine pesticide during 1970s, organophosphate pesticide was introduced in the agricultural 
practices owing to its rapid biodegradability and less persistence properties in nature.  Present investigation is aimed to study the 
‘Effect of organophosphate pesticide dichlorvos on excretory function of the channel catfish, Heteropneustes fossilis (Bloch)’. A 
sub-lethal concentration of 2.5 ppm and 5 ppm dichlorvos were prepared and used in this investigation process. In this study, 
acclimatized fishes were divided into three groups, a control group (Group 1) and two experimental groups (Group 2). 
Experimental group 2.1 and 2.2 were treated with sub lethal doses of the pesticides dichlorvos whereas control group was being 
freed from the treatment of the pesticide. Level of Ammonia and Urea in Serum and GLDH and Arginase activity in liver tissues 
were estimated at the interval of 10, 20 and 30 days in the fishes under investigation. A dose and duration dependent alteration 
was observed in the level of serum ammonia, serum urea, serum creatinine, and GLDH activity in the liver tissue among the 
experimental group of fishes exposed to dichlorvos. 
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I. INTRODUCTION 
Pesticide as defined by United Nations Environment Programme is any substance or mixture of substances intended for preventing, 
destroying, repelling or mitigating any pest. Amongst others, organophosphorus pesticides (OPs) are the most commonly used 
pesticides in the world due to their rapid degradation ability. Unfortunately, OPs harm beyond their target and can contribute severe, 
long term population effects on terrestrial and aquatic non-target species, predominantly vertebrates1. 

Of all pesticides, the organophosphates have the highest level of toxicity in vertebrates and are all derived from phosphoric acid2. 
The main mechanism by which the organophosphates exert a toxic effect is the inhibition of cholinesterases (ChEs), an important 
group of enzymes of the nervous system of both vertebrates and invertebrates2, 3. Organophosphates are used on a large scale in the 
agricultural sector to control invertebrate pests associated with fruit and cotton production. 
The hazardous pesticide toxicants have been known to accumulate in tissues of fishes and other edible organisms have a chance to 
reach the predators like birds and man through food chain. Food organisms may be impacted either directly by the toxic effects of 
pesticides or marked as unsuitable for human consumption due to elevated level of these substances4. The harmful effects of 
pesticides on aquatic organisms are due to the indiscriminate use, careless handling, accidental spillage or discharge of untreated 
effluents into natural water ways. 
Pesticides are also well known for causing more toxic effects in teleost fishes5. The magnitude of pesticide pollution was studied in 
the Indian fishes by various workers6,7,8,9,10,11,12,13,14,15,16. 

Dichlorvos (DDVP) is an insecticide of the organophosphate (OP) group. It has been in use since about 1955 and is used in United 
Kingdom both professionally and in homes and gardens in a number of areas: in agriculture and horticulture16. Even though 
dichlorvos is reported to be a contact and stomach insecticide for variety of crop pests, it is also toxic to fish and other aquatic 
organisms17. 
Present investigation is aimed to carry out an empirical study on the effect of organophosphate pesticides dichlorvos on excretory 
function of the channel cat fish Heteropneustes fossilis (Bloch). 

II. MATERIALS AND METHODS 
A. Specimen 
Healthy and sexually mature specimen of Heteropneustes fossilis of equal size group (12 ± 3 cm) and average weight (12 to 15 gm) 
are procured from the local market and the fishes were kept for 15 days in glass aquarium containing 80 litres of fresh water in the 
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laboratory at about water temperature 25 ± 3º c for acclimatization. Fishes are starved for 24 hours prior to the experiment and are 
not fed during the period of experiment6. 

B. Pesticide 
The organophosphorus pesticide dichlorvos (76% E.C) was procured from the local market for present investigation purpose. 

C. Lc50 Calculation 
A pilot experiment was done to find out the LC50 value of dichlorvos by probit analysis 18 and LC50 for 96 hours is found to be 19 
ppm for dichlorvos. Sub-lethal concentrations of 2.5 ppm and 5 ppm for dichlorvos were prepared by using standard technique19.  

D. Design of the Experiment 
In this experiment, the specimens were kept mainly in two groups namely Control Group (Group I), Experimental Group (Group 2) 
as follows- 

Investigation 
group 

Sub group Sub-lethal dose 

Control Group Nil Free from the treatment of dichlorvos and malathion 

Experimental 
Group 2 

Group 2.1 Treated with sub-lethal concentration of 2.5 ppm dichlorvos 

Group 2.2 Treated with sub-lethal concentration of 5 ppm dichlorvos 

E. Collection of Sample 
Blood were collected from the fishes of both the groups and serum was separated by centrifugation technique. Tissue homogenate 
was prepared from the collected liver tissue and was centrifuged based on the protocol of the individual experiments.  

F. Methods of Estimation of Biochemical Parameters 
Ammonia in serum was estimated by the method of Anken and Schiphorst20 at the wavelength of 340 nm in spectrophotometer. 
Urea in Serum was estimated through Modified Berthelot Method by Fawcett and Scott21. GLDH activity in liver tissue was 
determined spectrophotometrically by adoption of the method of Doherty22. Arginase activity in liver tissue was estimated by the 
method of March et al23. and Creatinine was assayed spectrophotometrically using modified Jaffe Method24.   

G. Duration of Treatment 
The investigation parameters were studied in control and experimental groups after 10, 20 and 30 days of experimental period. 

III. RESULTS 
A. Serum Ammonia 
Changes in the mean ± SD values of serum ammonia in the Heteropneustes fossilis are shown in the table-1 and the percentage 
deviations of different experimental groups from the mean values of control group are presented in the fig-1. Serum ammonia was 
observed to be in decreasing trend significantly (p< 0.01) at sub-lethal dose of 2.5 ppm and 5 ppm dichlorvos from 10th day onwards 
to 30th day in comparison to control group of fishes.  

Table 1: Presenting the mean ± SD values of serum ammonia (mg/dl) in control and experimental group of Heteropneustes 
fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 

Investigation Group of fish 
n=20 

Sub-lethal Dose of 
Pesticide 

Mean ± SD Values 

10 days 20 days 30 days 

Control Group  Group I Nil 5.29±0.03 5.64±0.02 5.46±0.04 

Experimental 
Group 2 

Group 2.1 2.5 ppm dichlorvos 2.71±0.03 2.45±0.03 2.01±0.04 

Group 2.2 5 ppm dichlorvos 1.85±0.03 1.45±0.05 1.44±0.03 
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Figure 1: Presenting the % deviation values of serum ammonia (mg/dl) in control and experimental group of 

Heteropneustes fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 
 

B. Serum Urea 
Alterations in the mean ± SD values of Serum urea in the Heteropneustes fossilis are shown in the table 2 and the percentage 
deviations of different experimental groups from the mean values of control group are presented in the fig-2. A significant (p< 0.01) 
increase in the level of serum urea was recorded at sub-lethal dose of  2.5 ppm and 5 ppm for dichlorvos throughout the 
experimental period of 30 days in comparison to the control group of fishes. It was observed that level of urea was higher in the 
fishes exposed to 5 ppm dichlorvos than 2.5 ppm dichlorvos treated fishes.  

Table 2: Presenting the mean ± SD values of Serum urea (mg/dl) in control and experimental group of Heteropneustes 
fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 

Investigation Group of fish 
n=20 

Sub-lethal Dose of 
Pesticide 

Mean ± SD Values 

10 days 20 days 30 days 

Control Group  Group I Nil 23.97±1.09 24±1.08 33.87±2.1 

Experimental 
Group 2 

Group 2.1 2.5 ppm dichlorvos 42.56±2.65 42.25±2.7 42.95±2.45 

Group 2.2 5 ppm dichlorvos 44.01±3.08 43.95±3.04 44.21±3.09 
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Figure 2: Presenting the % deviation values of Serum urea (mg/dl) in control and experimental group of 

Heteropneustes fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 
 

C. Creatinine 
Alterations in the mean ± SD values of creatinine in the Heteropneustes fossilis are shown in the table 3 and the percentage 
deviations of different experimental groups from the mean values of control group are presented in the fig-3. A significant 
increasing (p< 0.01) trend in the mean ± SD values serum creatinine was observed in the group of fishes administered with sub-
lethal dose of dichlorvos from 10th day onwards and reached maximum value on 30th day compared to control group of fishes.  

Table 3: Presenting the mean ± SD values of serum Creatinine (mg/dl) in control and experimental groups of 
Heteropneustes fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 
Investigation Group of fish 
n=20 

Sub-lethal Dose of 
Pesticide 

Mean ± SD Values 

10 days 20 days 30 days 

 Control Group Group I Nil 0.67±0.08 0.69±0.08 0.64±0.08 

Experimental Group 2 Group 2.1 2.5 ppm dichlorvos 0.91±0.02 1.55±0.12 1.89±0.06 

Group 2.2 5 ppm dichlorvos 1.05±0.06 1.70±0.12 2.1±0.08 

 
Figure 3: Presenting the % deviation of serum Creatinine (mg/dl) in control and experimental groups of 

Heteropneustes fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 

y = -23.86x2 + 70.066x + 31.349 
R² = 1 

y = -26.059x2 + 77.696x + 31.967 
R² = 1 

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

100.00

0 1 2 3 4 5

%
 D

ev
ia

tio
n 

 v
al

ue
s 

Days Interval 

2.5 ppm Dichlorvos

5 ppm Dichlorvos

y = -9.0706x2 + 115.71x - 69.648 
R² = 1 

y = -3.5469x2 + 99.726x - 38.359 
R² = 1 

0.00

50.00

100.00

150.00

200.00

250.00

10 days 20 days 30 days

%
 D

ev
ia

tio
n 

va
lu

es
 

Days Interval 

2.5 ppm Dichlorvos

5 ppm Dichlorvos



www.ijraset.com                                                                                                                     Volume 5 Issue IV, April 2017 
IC Value: 45.98                                                                                                                      ISSN: 2321-9653 

International Journal for Research in Applied Science & Engineering 
Technology (IJRASET) 

©IJRASET: All Rights are Reserved     
377 

D. Glutamate Dehydrogenase (GLDH) Activity 
Variations in the mean ± SD values of GLDH activity in the Heteropneustes fossilis are shown in the table 4 and the percentage 
deviations of different experimental groups from the mean values of control group are presented in the fig-4. GLDH activity in liver 
tissue of the fishes showed a significant increase (p< 0.01) at sub-lethal dose of 2.5 ppm Dichlorvos compared to control group of 
fishes and was observed to be maximum on 20th day of the treatment. A significant (p< 0.01)  increasing trend in the mean ± SD 
values of GLDH activity was noticed in the fishes of experimental group treated with sub-lethal concentration of 5 ppm dichlorvos 
from 10th day onwards up to 30th day with maximum level of GLDH activity on 30th day compared to any other investigating group.  

Table 4: Presenting the mean ± SD values of GLDH activity (U/mg) in control and experimental group of Heteropneustes 
fossilis (Bloch) treated with sub-lethal dose of dichlorvos. 

Investigation Group of fish 
n=20 

Sub-lethal Dose of Pesticide Mean ± SD Values 

10 days 20 days 30 days 

Control Group  Group I Nil 1.2±0.05 1.23±0.02 1.24±0.02 

Experimental 
Group 2 

Group 2.1 2.5 ppm dichlorvos 1.33±0.06 1.56±0.06 1.41±0.05 

Group 2.2 5 ppm dichlorvos 1.31±0.03 1.39±0.04 1.65±0.05 

 
Figure 4: Presenting the % deviation values of GLDH activity (U/mg) in control and experimental group of 

Heteropneustes fossilis (Bloch) treated with sub-lethal dose of dichlorvos 
 

IV. DISCUSSION 
The freshwater fish, Heteropneustes fossilis prefer to live in aquatic muddy habitat and are very resilient in nature. Present 
investigation finds a significant (p< 0.01) decrease in the level of serum ammonia in the fishes exposed to dichlorvos. On the 
contrary, a significant increase (p< 0.01) in the level of serum urea, serum creatinine and GLDH activity was observed in the 
Heteropneustes fossilis. According to Campbell (1991), fishes, like any other animals cannot store excess amino acids. As a result, 
excess amount of dietary amino acids after the assimilation of the amounts needed for growth and maintenance of protein turnover 
are preferably degraded in the liver25. Decrease in ammonia in serum and increase in urea and GLDH activity in the present study 
supports the earlier findings which are indicative of activation of a second mechanism of ammonia detoxification, that is, 
ureogenesis by the fishes under pesticide-induced stress26. This ureogenesis may be due to sufficient production of ammonia in 
mitochondrial matrix which could not permeate mitochondria, instead, formed carbamoyl phosphate and entered ornithine cycle to 
liberate urea in liver. GLDH activity also increases with hepatocellular damage27. 

In teleost fish, ammonia excretion accounts for 55 to 80 % of total nitrogen excretion, while urea excretion is about 6 to 8 %28. 
Common cause for increase in blood urea is atypical nitrogen excretion usually due to kidney damage and urinary obstruction29. 
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However, under some circumstances as stress or enhanced ammonia level in the surrounding, fishes are reported to change their 
nitrogen excretion mechanism by forming urea as the end product for nitrogen excretion. Increased urea in the experimental fish 
was also reported to be due to the inability of the damaged kidney to filter the urea up to the normal levels1,30. 

Methyl guanidine-acetic acid or commonly called Creatine is an endogenously formed molecule that is stored largely in skeletal 
muscle, in both free creatine and phosphocreatine or creatine phosphate (phosphorylated form). Fish muscles have higher creatine 
contents than mammalian muscles31. Creatinine is solely considered a waste product and is then diffuses into the bloodstream from 
the muscle and enters to the renal parenchyma where it is filtered by the glomerulus and excreted in the urine. Creatinine is found to 
be high in blood when it is not reabsorbed by the renal tubules. Since its daily production is directly proportional to the creatine 
content of the body, the concentration  of Serum Creatinine is more or less  constant than that of any of the common excretory 
products. The constancy of creatinine formation and excretion makes creatinine a useful index of renal function, primarily 
glomerular filtration32. In this study, Creatinine was found to increase significantly in H. fossilis exposed to different sub-lethal dose 
of dichlorvos, which may indicate glomerular insufficiency and cellular damage and also to some changes in the muscular activity. 
Increased level of creatinine also reveals the malfunctioning of kidney under stress after pesticide exposure33. 

V. CONCLUSION 
A significant (p< 0.01) decrease in the level of serum ammonia in Heteropneustes fossilis (Bloch) exposed to sub-lethal doses of 
dichlorvos were observed in the present investigation. On the other hand, a significant increase (p< 0.01) in the level of serum urea, 
serum creatinine and GLDH activity were observed in Heteropneustes fossilis (Bloch) administered with sub-lethal doses of 
dichlorvos.  
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