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ABSTRACT 
 

The Indian flying barb, Esomus danricus was exposed to three sub lethal concentrations of endosulfan EC 

35 (0.49, 0.049
 
and 0.0049 µg l

-1
) to determine changes in the oxygen consumption patterns and gill 

morphology. The rates of oxygen consumption declined, while the gills showed various histopathological 

changes including marked epithelial lifting, lamellar fusion, hyperplasia, hypertrophy, mucus secretion, 

mucous cell proliferation, vascular congestion and blood sinus constriction after 28 days of toxicant 

exposure. Higher doses of exposure had more severe effects.  
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INTRODUCTION 
 

A major part of the total pesticide application in 

the Assam state in the north eastern region of 

India is in its tea gardens (Gurusubramanian et 

al., 2008). The average consumption of 

pesticides in India is 0.5 kg/ha. Against this 

modest figure, pesticide use in tea is 11.5 kg/ha 

in Assam (including the Barak Valley), 16.75 kg 

ha
-1

 in Dooars and Terai, and 7.35 kg/ha in 

Darjeeling (North Bengal) (Gurusubramanian et 

al., 2008), thereby increasing the risk of 

pesticide pollution in tea-growing areas.
  

Endosulfan is a broad-spectrum organochlorine 

pesticide widely used in tea gardens and rice-

paddy fields throughout Assam for the control of 

arthropod pests. From an environmental 

perspective, endosulfan, a persistent organic 

pollutant, has high aquatic toxicity and may be 

toxic to fishes even at recommended levels 

(Romeo and Quijano, 2000). It is, therefore, very 

likely that this pesticide enters adjoining water 

bodies and causes harm to non-target aquatic 

organisms too. Several studies have indicated 

that pesticide pollution may occur at higher 

concentrations in small, shallow ponds (Berrill 

et al., 1994). 

 

The Indian flying barb, Esomus danricus 

inhabits shallow water bodies and is a cyprinid 

that is economically important both as an 

ornamental and a food fish. It has been identified 

as an important “small indigenous species (SIS)” 

that meets the protein requirements of large 

sections of economically marginalized rural 

consumers in Bangladesh as well as West Bengal 

and Assam (Samad et al., 2010). Toxicity 

assessments of pesticides like endosulfan in 

Indian cyprinids have mostly been conducted on 

larger commercially important species such as 

Labeo rohita (Rao et al., 1980), with very few 

studies on SIS representatives (Das and Gupta, 

2012; Vutukuru et al., 2005). Besides, being an 

IUCN „least concern‟ species (Devi and 

Boguskaya, 2009) its natural populations face no 

imminent threat of decimation or extinction, and 

can be maintained easily in the laboratory as it 

suffers low mortality and requires limited space. 

Effects of pollutants on fish have been assessed 

by many workers using a variety of different 

approaches including physiological (Capkin et 

al., 2005), behavioural (Shivakumar and David, 

2004), biochemical (Tripathi and Verma, 2004) 

or hormonal (Thangavel et al., 2010) as well as 

by gill histopathological (Schwaiger et al., 2004) 

studies. The rate of oxygen consumption is a 

common physiological parameter that is used in 

such experiments (Barbieri, 2007). Changes in 

gill morphology, subsequently leading to 

disruption in oxygen consumption, are found to 

be early warnings for endosulfan stress in fish 

(Altinok and Capkin, 2007). 

 

 

MATERIALS AND METHODS 
 

Fishes of similar length (Standard Length: 

46.77±4.30 mm) and weight (0.86±0.16 g) were 

collected from a freshwater pond near Assam 

University campus, Barak valley, South Assam, 
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India. The age of the fish was not known but 

mature fish were collected. They were 

acclimatized under laboratory conditions for 

seven days prior to experimentation in tap water 

that was stored overnight and aerated, and fed 

with commercially available fish food twice a 

day. Temperature, dissolved oxygen, hardness 

and pH of water were maintained under 

laboratory conditions at 29±0.13 
°
C, 5.5±0.24 

mgl
-1

, 30±0.5 mgl
-1 

and 6.8±0.03, respectively. A 

stock solution of commercial grade endosulfan 

(6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-

hexahydro-6,9-methano-2,3,4-

benzodioxathiepin-3-oxide) (Thiodan- 

endosulfan 35% EC, Bayer Crop Science, India) 

was prepared using double distilled water. Serial 

dilutions of the stock solution were prepared 

using previously aerated and stored tap water. 

Three sub-lethal test concentrations viz., 0.49, 

0.049 and 0.0049 µgl
-1 

were selected (1/10th, 

1/100
th

 and 1/1000
th

 of 96 h LC50 value) for 

studying the effects on rates of oxygen 

consumption and gill morphology. Ethical 

guidelines from the Canadian Council on Animal 

Care were followed that include the following: 

fishes were maintained in properly aerated 

aquaria in a quiet and well-ventilated room, 

crowding was avoided; an adequate amount of 

nutritious food was provided; fishes were 

handled gently and only when necessary; aquaria 

were covered with nets as E. danricus has the 

habit of jumping out and suffer mortality 

(CCAC, 2005).    

 

Three test chambers (each of 3 litre in capacity) 

were marked A, B and C containing 0.49, 0.049
 

and 0.0049 µg l
-1 

of endosulfan respectively. 

Each test chamber contained ten fish. At the end 

of exposure for 7 days, each fish of test chamber 

A was transferred to the respiratory chamber, 

which was also numbered in accordance with the 

test chamber and the experiment was run for a 

period of one hour (modified after Susan and 

Sobha, 2010). After the experiment, each fish 

was weighed and placed in its respective test 

chamber. The same process was repeated for 

other fishes of the test chamber A (ten replicates) 

and for 14, 21 and 28 days. The test water 

containing pesticide was renewed every 24 hours 

during the study period. Controls were also run 

simultaneously in tap water to obtain 

information on the normal rates of oxygen 

consumption of the fish. Similarly, the process 

was repeated for the fish in test chambers B and 

C. Respiratory measurements were made using a 

closed chamber method (Fitch, 1975) and the 

dissolved oxygen was estimated by the Winkler 

method (Hoar and Hickman, 1967). The amount 

of oxygen consumed by the fish was expressed 

in ml/hr/100 g of tissue.  

 

Statistical significance of the differences in 

oxygen consumption between control and 

exposed fish at different endosulfan 

concentrations were made by 2-way ANOVA at 

p<0.05 and dose-response dependency was 

tested by the Pearson correlation co-efficient (r) 

using SYSTAT 13 software for Windows. 

 

Histological examinations 
Ten fishes were kept for 28 days in three litres of 

test solution containing sub-lethal test 

concentrations of 0.49, 0.049
 
and 0.0049 µgl

-1
 

endosulfan. Fish were fed twice a day during the 

study period. Water was renewed every 24 

hours. After 28 days of exposure, fish were 

scarified and, gills were removed immediately 

and fixed in 10% formalin for 24 hours, 

dehydrated and embedded in paraffin. Sections 

of 5 µm thickness were taken and stained with 

Harris haematoxylin and Eosin. Changes 

induced by endosulfan in the gill as well as 

control gills were photographed and examined 

under a light microscope at a magnification of 

10×40 (Olympus model U-CMAD3 with camera 

attachment Samsung model SDC-313B). 

    

 

RESULTS  
 

The average rate of oxygen consumption in 

control fish after 28 days was found to be 

39.06±0.146 ml/hr/100 g tissue). Rates of 

oxygen consumption after exposure to 0.49, 

0.049 and 0.0049 µg l
-1

 of endosulfan after 28 

days were 10.95, 14.85 and 19.67 ml/hr/100 g 

tissue, respectively. A significant negative dose-

response of endosulfan was obtained. With 

increasing exposure duration, there was a 

corresponding decrease in the oxygen 

consumption up to day 28 (Table 1).  

 

The gill of the Indian flying barb is made up of 

double rows of filaments from which lamellae 

arise perpendicularly (Fig. 1a). Endosulfan 

exposure caused mucus secretion, epithelial 

lifting, lamellar fusion and hypertrophy (Figs. 

1b, 1c and 1d), and the degree of damage ranged 

from mild to severe with increasing exposure. In 

addition, lamellar blood sinus constriction was 

observed only in 0.049 and 0.49 µg l
-1

 of 

endosulfan exposure (Figs. 1c and 1d), while the 

highest sublethal dose (0.49 µg l
-1

) of endosulfan 

showed profuse mucous cell proliferation and 

vascular congestion (Fig. 1d).  
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Figure 1. T.S of gills of fish (10x40 magnification) (a) in the control group, showing normal gill 

architecture (b) fish exposed to 0.0049 μgL
-1

endosulfan for 28 days, showing lamellar fusion, mucus 

secretion, hyperplasia and hypertrophy (c) fish exposed to 0.049 μgL
-1

 endosulfan for 28 days showing 

lifting of epithelium, mucus secretion, lamellar fusion, hyperplasia vascular constriction and congestion 

and (d) fish exposed to 0.49 μgL
-1

endosulfan for 28 days, showing lifting of epithelium, mucus secretion, 

lamellar fusion, vascular congestion and lamellar sinus constriction. 

 

Table 1. Mean  rate of oxygen consumption in Esomus danricus at different endosulfan (EC 35) 

concentrations and at different time periods with standard error of mean values 

  

 

Endosulfan (µ gl
-1

)             Oxygen consumption (ml/hr/100g tissue)  

                                  0 day                    7 days                    14 days                21 days                  28 days          

0 (Control) 

0.0049 

0.049 

0.49 

r 

38.57±0.051 

38.51±0.12 

38.65±0.541 

38.6±0.153 

38.94±0.146                

32.69±0.764*                 

27.75±0.849* 

20.85±0.86* 

 -0.805 

 

39.19±0.094                  

28.74±0.91*                 

21.81±1.09* 

17.96±0.696* 

 -0.671 

 

39.03±0.077                    

24.51±0.91*                  

17.91±1.03* 

15.85±0.607* 

 -0.581 

39.06±0.049    

19.67±0.879* 

14.85±1.05* 

10.95±0.725* 

 -0.584 

* Significance at p<0.05; „r‟ = Correlation Co-efficient 
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DISCUSSION 

 
Respiratory distress is one of the early 

symptoms of pesticide poisoning (Murthy, 

1986). The depression in respiratory rates is 

possibly by alteration of energy metabolism 

(Olsen et al., 2005). The experimental data of 

the present study reveals that oxygen 

consumption decreases with the time of 

exposure to the tested toxicant and is well 

supported by Pillai and Diwan (2002). Rao 

(1991) studied the oxygen consumption rate of 

the bivalve mollusc Mytilopsis sallei to 

endosulfan at different concentrations of sea 

water for exposure periods of 24, 48, 72 and 96 

hours. He reported an increase in oxygen 

consumption up to 24 hours, which later 

declined gradually at 48, 72 and 96 hours. This 

initial increase is probably a response to the 

sudden onset of toxicity that led to acceleration 

of oxidative metabolism. However, prolonged 

exposure to toxicants, as was done in the present 

study, had altered gill morphology, which in turn 

depressed the oxygen consumption resulting in 

asphyxia (Barbieri et al., 2002).  The decreased 

oxygen consumption in endosulfan-exposed fish 

is likely due to the absorbance of a greater 

amount of pesticide through the gills which are 

in direct contact with the toxic test medium. A 

similar reduction in oxygen consumption due to 

endosulfan has been reported in the freshwater 

crab Trichodactylus borellianus (Montagna and 

Collins, 2008) and the teleost fish Macrognathus 

aculeatum (Rao et al., 1981). 

 

Changes in fish gills are among the most 

commonly recognized responses to 

environmental pollutants (Au, 2004). The teleost 

fish gill is covered by a complex epithelium. The 

gill epithelium is the dominant site of gas 

exchange, ionic regulation, acid-base balance, 

and nitrogenous waste excretion (Hoar and 

Randall, 1984). In the present study, 

histopathology revealed marked alterations in 

gill structure of the fishes exposed to endosulfan, 

including hyperplasia with lamellar fusion, 

epithelial hypertrophy, epithelial lifting, mucous 

secretion, mucous cell proliferation, vascular 

congestion and blood sinus constriction. The 

lifting of the lamellar epithelium of the gill in E. 

danricus, observed in the present investigation, 

serves as a mechanism of defence, because 

separation of epithelia from the lamellae 

increases the distance across which waterborne 

pollutants must diffuse to reach the bloodstream 

(Pane et al., 2004). Cell proliferation with 

thickening of the gill filament epithelium is 

another histological change seen in the present 

study. The proliferated thickening (hyperplasia) 

of the gill epithelium, observed when exposed to 

0.049 µgl
-1 

of endosulfan, appears to be a 

general response to irritation by toxicants. Such 

types of thickening of gill filament epithelium 

may lead to lamellar fusion on exposure to all 

the sublethal doses of endosulfan. Lamellar 

fusion is a defence mechanism that reduces the 

branchial superficial area in contact with the 

external milieu and increases the diffusion 

barrier to the pollutant (De Boeck et al., 2001). 

Similar information of thickening of gill 

filament epithelium in fish was reported by 

several authors including Cengiz and Unlu, 

(2002), Van den Heuvel et al., (2000), Van 

Heerden et al., (2004) and Rosety-Rodríguez et 

al., (2002). In this study, all the sublethal doses 

of endosulfan induced excessive mucus secretion 

in gills. This phenomenon of mucus secretion 

can also impair gas exchange across the 

secondary lamellae epithelium, also seen in 

endosulfan exposed rainbow trout by Altinok 

and Capkin (2007) and disrupt the 

osmoregulatory function of fish (Saravana and 

Geraldine, 2000). Thus, it is clear from this 

study that endosulfan, even at sublethal doses, 

injures gills, reducing the rate of oxygen 

consumption in the Indian flying barb. 
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