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Abstract: The activity of osmotic organs is affected by the changes in the physico-chemical nature of the medium, which is altered by 
the extensive use of pesticides that affect osmotic balance. The present study is focused on the osmotic response of cortisol treated fresh 
water fish Oreochromis mossambicus, exposed to pesticides like lindane, nuvacrom and sevin. Membrane protein concentration of gill 
filaments shows mark increase when exposed to sub lethal concentration of pesticides due to histopathological alteration induced by 
pesticides. The Na+K+ATPase activity in gill filaments is enhanced by pesticide exposure. Pesticides induce stress which alters the ionic 
composition of external and internal milieu of fish. To recompense the change the fish responds by stimulating the osmotic organs like 
gills. It is reflected in the elevated rate of activity of branchial Na+K+ATPase. Cortisol treatment increases the membrane protein 
concentration and Na+K+ATPase activity; but the hike is not as great as that caused by pesticides. In vivo administration of cortisol to 
fishes, exposed to sub lethal concentration of pesticides, also stimulates the Na+K+ATPase activity. In this case it is very noteworthy that 
the Na+K+ATPase activity is brought to the normal level. The stress induced by pesticides is compensated by the hormone cortisol as 
evidenced in the attainment of normal activity of branchial Na+K+ATPase in hormone treated fishes exposed to pesticides. Pesticides 
polluting our water resources endanger the wonder-provoking biodiversity. This paper invites the attention of the public and the 
authorities concerned to expedite immediately legislative measures and effect public conscientisation against the indiscriminate use of 
pesticides. 
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1. Introduction 

Animals occupy diverse osmotic environment, in which the 
availability of salt and water varies. Water is indispensable 
for life. For the proper functioning of cells, certain healthy 
concentration of many dissolved substances, especially 
sodium and potassium should be maintained. Na+K+ATPase 
is associated with osmoregulation in fish because it indirectly 
energizes the branchial excretion of NaCl.[4], [11],[31] 
The aquatic medium in which the fish lives facilitate the free 
flow of water an ions in and out the body through the 
function of osmoregulatory organs. Activities of these organs 
are affected by any change in the physico-chemical nature of 
the medium, which is altered by extensive use of pesticides. 
This in turn alters the osmotic balance [21].  The regulation 
of  Na+K+ATPase activity is shown to be under endocrine 
control [24]. Cortisol therapy stimulates Na+ K+ ATPase 
activity in a variety of fish species and also increases 
tolerance to high salinities [20],[25], [29]. Cortisol plays a 
central osmoregulatory role during acclimation to both hyper 
and hyposaline environments in teleosts [3], [24],[26]. The 
activity of Na+K+ATPase in fish gill may be a useful 
nonspecific biomarker as it is easily quantified and affected 
by a variety of pollutants [9],[17],[27]. The present study is 
focused on the osmotic response of cortisol treated fresh 
water fish, Oreochromis mossambicus, exposed to pesticides 
like lindane, nuvacron and sevin. 

2. Materials and Method 

Healthy specimens of Oreochromus mossambicus were 

collected from Vattakayal, Kollam district. Fishes were 
acclimatized for 2 weeks in large storage tanks, supplied with 
fresh well water and were fed ad libitum with commercial 
fish feed. Fish ranging from 10-12 cm length and 18-20 g in 
body weight were selected for the study. They were starved 
for 24 hours before experimental analysis. Toxicants selected 
for the present study were lindane (organochlorine), sevin 
(carbonate), and nuvacron (organophosphorous). The sub 
lethal concentration value were calculated (0.5ppm for 
lindane, 0.2ppm for sevin and 0.2ppm for nuvacron), for the 
present study. 

2.1 Experimental procedure 

Two sets of experiments were conducted. The first set is 
treated with different pesticides to study the physiological 
effect of pesticides. The second set is subjected to hormonal 
and pesticidal treatment to study the osmoregulatory role of 
hormone. 

Set I: Four groups of 25 fishes each were kept in identical 
glass tanks containing dechlorinated tap water. Fishes of 
group 1, serve as a control and are not exposed to pesticides. 
Fishes of group 2, 3, and 4 were exposed to sub lethal 
concentration of lindane, nuvacron and sevin respectively. 
All the fishes were killed after 24 hours of exposure to the 
respective pesticides. Care was taken to ensure that the 
pesticide concentrations were maintained at their respective 
levels and oxygen availability does not act as a limiting 
factor. Fishes were starved for 24 hours prior to biochemical 
analysis. 
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Set II: Five groups of experiments were conducted. Each 
group contains 25 fishes and each group was transferred to 
identical glass tanks. The first group of fishes received no 
hormonal injection and was not exposed to any pesticides 
serve as a control. The fishes of group 2 were  given 
intraperitoneal hydrocortisone injection and were not 
exposed to any pesticides. Group 3, 4 and 5 fishes were given 
intraperitoneal hydrocortisone injection and exposed to sub 
lethal concentration of lindane, nuvacron and sevin 
respectively. The hormone hydrocortisone, diluted in fish 
saline was used for administration. 

Estimation of membrane protein: Membrane protein of gill 
filaments was estimated spectrophotometrically according to 
the method of Lowry et al [22], using bovine serum albumin 
as standard. The amount of Protein was expressed as mg/ml. 

Assay of enzyme activity: Na+K+ATPase activity was 
measured from the amount of inorganic phosphate (Pi) 
released, essentially according to the procedure of Bonting 
[28]. Data were collected from all the animals of each test 
and each set. Results are reported as mean  SD.  

3. Result

 Effect of pesticides: Exposure of Oreochromis 
mossambicus to sub lethal concentrations of lindane, 
nuvacron and sevin increases the membrane protein 
content of gills and its osmoregulatory enzyme 
Na+K+ATPase activity. This is clearly shown in the table 
I and III and fig. I and III. 

 Effect of hormone hydrocortisone: Membrane protein 
content and Na+K+ATPase activity in the gill filaments is 
enhanced by hydrocortisone treatment. The activity of the 
enzyme was not as high as that found in the fishes that 
were exposed to pesticides. Na+K+ATPase activity was 
almost close to that found in control group (table II and 
IV, fig. II and IV). 

 Effect of hormone hydrocortisone and pesticides: Protein 
content was enhanced in fishes that were treated with 
pesticide and hydrocortisone. The activity of 
Na+K+ATPase was brought close to the level of activity 
as that of normal untreated fishse seen in control group 
(table II, IV and fig II, IV). 
From the above results we confirm that cortisol has 
nullified the effect of pesticides on Na+K+ATPase as 
osmoregulatory enzyme found in the gill of fish. 

Table  1: Membrane protein concentration in the gill of 
Oreochromis mossambicus exposed to pesticides (each value 

represents mean   SD of 25 fishes). 
Control mg/ml Lindane Nuvacron Sevin

7.18 1.05 7.28 .70 8.74 0.61 8.15 0.97

Figure 1: Membrane protein concentration in the gill of 
Oreochromis mossambicus exposed to pesticides 

Table 2: Membrane protein concentration in the gill of 
Oreochromis mossambicus treated with HC and exposed to 
pesticides (each value represents mean   SD of 25 fishes). 

Control 
mg/ml HC Lindane +

HC
Nuvacron +

HC Sevin + HC

7.18  1.05 9.33  2.52 8.45  0.76 10.45 

1.52
8.62  0.94

Figure 2: Membrane protein concentration in the gill of 
Oreochromis mossambicus treated with HC and exposed to 

pesticides 

Table 3: Na+K+ATPase  activity in the gill of Oreochromis 
mossambicus exposed to pesticides (each value represents 

mean   SD of 25 fishes). 
Control mg/ml Lindane Nuvacron Sevin
127.18  2.08 187.54  3.59 181.44  2.76 175.45  2.39

Figure 3: Na+K+ATPase activity in the gill of Oreochromis 
mossambicus exposed to pesticides 
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Table 4: Na+K+ATPase activity in the gill of Oreochromis 
mossambicus treated with HC and exposed to pesticides 

(each value represents mean   SD of 25 fishes). 
Control 
mg/ml HC Lindane + 

HC
Nuvacron 

+ HC Sevin + HC

127.48 

2.08
132.895 

2.57
130.08 

1.81
129.11 

1.70 130.89  1.940

Figure 4: Na+K+ATPase activity in the gill of Oreochromis 
mossambicus treated with HC and exposed to pesticides 

4. Discussion 

Indiscriminate use of pesticides contaminates the natural 
piscine habitat. Pesticide residues reach the piscine body 
through branchial and oral surface and this change the ionic 
composition of body fluids. This induces stress in fish by 
altering both its internal and external milieu. As a result the 
activity of the osmotic organs such as gills show marked 
variation in their function, which is reflected in stimulated 
rate of activity of branchial osmoregulatory enzymes. 
Osmotic gradient between body and environmental fluid is 
mainly balanced by Na+K+ATPase enzymatic pump located 
in the key osmoregulatory tissues like the intestinal mucosa 
and gill epithelium [3], [7], [16], [19]. ATPase require Na+

K+ Mg2+ and Ca2+ ions for their activity and are involved in 
the cleavage of ATP to ADP/ AMP and inorganic phosphate 
with the liberation of energy [10]. ATPase could be used as 
an indicator of Physiological changes [17].  The present 
study indicates that the hormone cortisol modulates the 
activity of membrane protein Na+K+ATPase in the gills. 
Na+K+ATPase activity is associated with cellular Na turnover 
and is increased in teleost gills when treated with cortisol. 
This enzyme can be taken as meaningful index of cellular 
activity and represents a useful toxicology tool since the toxic 
effect of various modulators on Na+K+ATPase activity has 
been elucidated [6], [31]. 

The active absorption and extrusion of ions across the gills is 
related to the presence of Na+K+ATPase. Maintenance of 
adequeate Na+K+ATPase in the gills depends on the action of 
cortisol [8], [12], [23]. Administration of cortisol could 
augment the decline of the plasma Na in the 
adrenalectomised fish [2],[5]. The stress release of cortisol 
increases the gill Na+K+ATPase activity In A. rostrate and A.
japonica [15], [18]. Cortisol may function in both high and 
low salinities. Growth hormones and insulin like growth 
factor appear to act synergistically to affect ion regulation in 

sea water fishes stimulating both Na- K- activated ATP ase 
and Na-K-2Cl- cotransporter activity and chloride cell size, 
independent of their effects on growth [3], [26]. 

From the reports available from the other piscine species and 
the present findings, following conclusions can be drawn. 
Both pesticides and hormone cortisol affect osmoregulation 
in Oreochromis mossambicus. Pesticides increase the activity 
of osmoregulatory enzyme Na+K+ATPase drastically. 
Whereas the osmoregulatory hormone, hydrocortisone 
nullifies the effect of pesticides. Cortisol modulates the 
activity of membrane protein Na+K+ATPase in the gills. 

Pesticides polluting our water resources endanger the 
wonder-provoking biodiversity. This paper invites the 
attention of the public and the authorities to expedite 
immediately legislative measures and effect public 
conscientisation against the indiscriminate use of pesticides. 
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