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ABSTRACT The acute toxicity of Chlorpyrifos to Heteropneustes fossilis was assessed for 96 hrs. LC50 value was computed 
using probit method and found to be 1.2 µl/L. During acute toxicity test fish showed several behavioural 

changes like- gulping of air at water surface, swimming at the water surface, hanging vertically in water, increased mucus 
secretion and staying motionless at the bottom of the test chamber. For chronic study a sub lethal concentration of 0.12 
µl/L (1/10th of LC50) was choosen and histopathological changes in the liver was studied. The liver of treated fish showed 
congestion of central vein, degeneration of hepatocytes, cytoplasmic vacuolization, hepatocytes with pyknotic nuclei, and 
thrombosis in hepatoportal blood vessel. Haemorrhage around the central vein, necrosis and haemosiderin was also ob-
served. These findings present the negative impact of the surrounding environment.

INTRODUCTION    
Pesticide is defined by United Nations Environment Pro-
gramme (UNEP, 2005) as any substance or mixture of sub-
stances intended for preventing, destroying, repelling or mit-
igating any pest. Pesticides are routinely employed to protect 
crops from various pathogens. Widespread use of pesticide 
is now a worldwide phenomenon (Omitoyin et al 2006). It has 
been estimated that only about one percent of applied pes-
ticides land on the target and that the rest contaminates the 
environment (Lawson et al 2011). Organophosphates are the 
most widely used class of insecticides. Exposure of aquatic 
ecosystems to these insecticides is difficult to assess because 
of their short persistence in water column due to low solubility 
and rapid degradation. However monitoring of these insec-
ticides is important, because they are highly toxic to aquatic 
organisms (Halappa and David, 2009). Bioassays are used to 
determine the toxicity of chemical and to indicate which or-
ganisms are the most sensitive to such chemicals (Ndimele 
and Jenyo-oni, 2009). These data are used to rank chemicals, 
determine their water quality criteria and set standards for ef-
fluent discharges (Finney, 1971).Fishes represent the largest 
and most diverse group of vertebrates.  They are excellent 
experimental models for toxicological research (Lacroix and 
Hontela, 2001; Law 2003 and Shiekh and Lee, 2008).Fishes 
are important component of the food chain. So any effect of 
toxicant may have adverse influence on the nutritive value of 
fish and on human being through their consumption (Gupta 
and Srivastava, 2006).Pesticides are widely applied in agricul-
tural fields and tea plantation in Cachar district. Considering 
the rainfall pattern and the topography of the region the en-
try of pesticides in aquatic bodies is significant. The present 
paper tries to determine the LC50 of a widely used pesticide 
Chlorpyrifos on Heteropneustes fossilis and also chronic ef-
fects of it through histopathological changes in liver.

MATERIALS AND METHODS 
Live specimens of Heteropneustes fossilis (10-12 cm in 
length & 4-6 gm in weight) were collected locally. Fishes 
were washed with 0.5% KMnO4 solution for five minutes to 
remove external infections and then acclimated for 15 days. 
The physico-chemical characteristics of water which was used 
for experiment were pH 6.4±.04, dissolved oxygen 7.8±0.32 
mg/l and temperature 29±0.470C.Commercial fish food was 
given to fishes but feeding was stopped 48 hrs before the 
acute test. 

Static toxicity (96 h) was performed using OECD (guideline 
no. 203, 1992) and APHA (1998) test method. Stock solution 

of the toxicant was made by adding requisite amount of the 
chemical. Initially a stock solution of 1000µL/L of Chlorpyrifos 
(20% EC) was prepared. A small quantity of acetone (5 ml) 
was used for the preparation of stock solution and acetone 
was reported to be nontoxic to fish (Pickering et al, 1962).
From this stock solution different concentrations were pre-
pared for the experiment. Since a small quantity of acetone 
was used in stock solution, so two sets of controls were main-
tained- one containing only water and the other containing 
the highest concentration of acetone used during the test 
(APHA 1998). LC 50 for Chlorpyrifos on H. fossilis was calcu-
lated by probit analysis with the help of SPSS 17 statistical 
softwere. For chronic study a sub lethal concentration of 
0.12  µl/L (1/10th of LC50) was taken and the experiment was 
continued for 21 days. Fish were fed once a day and water 
exchange was made at three day intervals with fresh test so-
lutions in each experimental aquarium. Ten fish were main-
tained in each aquarium. After 21 days both the control and 
test fish were sacrificed for histopathological study. Liver was 
dissected and kept in formaldehyde for 24 h. Then dehydrat-
ed, embedded in paraffin and sections cut at 5 µm thickness 
and stained with Haematoxylin and Eosin. Photographs were 
taken by  a Olympus CX41  microscope  

RESULTS AND DISCUSSION
LC50 OF CHLORPYRIFOS
With increasing concentrations of chlorpyrifos the number of 
mortality of fishes increases (Table 1). In this study the 96 hrs 
LC50 for Heteropneustes fossilis exposed to  chlorpyrifos  was  
1.2 µl/L (Table 2). The LC50 of  chlorpyrifos and other organo-
phosphates vary considerably when different reports are com-
pared. 96 hrs LC50 of Chlorpyrifos in Channa punctatus, Tilapia 
guineensis and Cyprinus carpio were 0.365ppm,0.002mg/L 
and 0.160mg/L as reported by Jaroli and Sharma (2005), Chin-
dah et al (2004) Halappa and David (2009)

Table 1:  Mortality of Heteropneustes fossilis (n=10) in dif-
ferent concentrations of Chlorpyrifos and LC50 value for 
three replicates

Conc 
(µl/L)

Mortality after 96 hrs
1st replicate 2nd replicate 3rd replicate

1 1 1 2
1.1 2 3 3
1.2 5 5 6
1.3 6 7 8
1.4 9 9 10
LC50 1.2 1.2 1.1
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Table 2: LC50 value with 95% confidence limit as estimated 
by probit analysis 

LC50(µl/L)
95% CL

lower upper

1.2 1.1 1.3

 
respectively. Ramesh and Saravanan (2008) reported that 
24 hrs LC50 of Chlorpyrifos in Cyprinus carpio is 5.28ppm. 
Different LC50 values were reported in previous studies 
for different organophosphate pesticides. Patil and David 
(2008) found 9µl/L  as LC50 for  malathion against Labeo 
rohita. Pugazhvendan et al (2009) reported that LC50 for 
malathion is 16µL/L for Ophiocephalus punctatus. 96 hrs 
LC50 of different organophosphate pesticides- monocro-
tophos, diazinon, nuvan and dimethoate in Channa punc-
tatus, Silurus glanis, Ctenopharyngodon idella and Het-
eropneustes fossilis are 18.56ppm (Agrahari et al 2006), 
4.142mg/L (Kopriicii et al 2006), 6.5mg/L (Tilak and Kumar 
2009) and 11.34mg/L (Srivastava et al 2010) respectively.
During acute toxicity study fish showed different behav-
ioural changes like gulping of air at water surface, swimim-
ming at water surface, hanging vertically in water and in-
creased mucus secretion. Before death fishes were often 
found lying motionless at the bottom of the aquarium. The 
behavioural changes showed by the fishes are similar to 
those observed in other fishes exposed to organophos-
phate pesticides. Gulping of air at water surface, swim-
ming at the water surface and increased mucus secretion 
were observed in Labeo rohita treated with malathion 
which has been reported by Patil and David (2008). In this 
study fishes were often found hanging vertically in toxic 
medium. Similar behavioural changes were observed by 
Halappa and David (2009) in Chlorpyrifos treated Cyprinus 
carpio. They also found increased secretion of mucus in 
Chlorpyrifos treated fishes. Kopriicii et al (2006) reported 
the behaviour- staying motionless on the aquarium bottom 
in fingerlings of Silubus glanis exposed to diazinon. Similar 
observation was also found in this study.

HISTOPATHOLOGY OF LIVER
Liver is the organ which is most associated with the detoxi-
fication and biomarker process. Due to its function, posi-
tion and blood supply it is also one of the most affected 
organ by contaminants in water (Camargo and Martinez, 
2007). Histological observation of liver from control fish 
in the present study showed normal homogenous mass of 
hepatocytes with no abnormalities. Sinusoids and central 
vein were systimetically arranged. After 21 days of experi-
ment liver of Heteropneustes fossilis showed congestion 
of central vein, degeneration of hepatocytes , cytoplasmic 
vaculaization and a large number of hepatocytes appeared 
with pyknotic nuclei. Thrombosis was also observed in 
hepatoportal blood vessel. Haemorrhage around the cen-
tral vein, necrosis and haemosiderin were also visible in 
Chlorpyrifos treated liver. Different authors noticed differ-
ent toxicological changes in the liver of fish after expos-
ing to different toxicants. Congestion of central vein in  
fish liver was reported by Ramesh(2009) and Kaoud et al 
(2010).Velisek et al (2009) and Hameid (2009) studied the 
impact of different toxicants on fish liver and they found 
degeneration of many hepatocytes. In this experiment 
cytoplasmic vaculaization was observed. This finding is in 
agreement with Indirabai et al (2010), Pugazhvendan et al 
(2009) and Sakr and lail (2005). Hepatocytes with pyknotic 
nuclei in liver were studied by Loganathan et al (2006) and 
Indirabai et al (2010) in Labeo rohita. Deka and Mahanta 
(2012) also observed pyknotic nuclei in malathion treated 
Heteropneustes fossilis. In our experiment thrombosis, 
haemorrhage, necrosis and haemosiderin were found in 
liver. These results are supported by the findings of Mo-
hamed (2008), Kaoud et al (2010), Singh (2013), Kadry et al 
(2012), Parikh et al (2010) Sakr and Lail (2005) Loganathan 
et al (2006) and Indirabai et al (2010).

Fig 1.  control liver showing central vein

Fig 2.  control liver showing hepatocytes and sinusoids 
(purple arrow)

Fig 3. Treated liver showing congestion of central vein and 
degeneration of hepatocytes (purple arrow)
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Fig 4. Treated liver showing cytoplasmic  vaculaization 
and hepatocytes with pyknotic nuclei (purple arrow).

Fig 5. Treated liver showing thrombosis formation in 
hepatoportal blood vessel.

Fig 6. Treated liver showing haemorrhage around the cen-
tral vein. 

 

Fig 7. Treated liver showing necrosis.

Fig 8. Treated liver showing haemosiderin.

CONCLUSION
From the present study it can be concluded that Chlorpyrifos 
is toxic even at very low concentration. Acute exposure of 
Chlorpyrifos to Heteropneustes fossilis adversely affects the 
behaviour. Chronic exposure causes significant histopatho-
logical changes in liver. So the use of this pesticide near the 
aquatic environment should be discouraged.
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