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ABSTRACT

Cypermethrin is a synthetic pyrethroid pesticide (C H Cl NO ) that has shown effective impact of strong pesticidal 22 19 2 3

activity observed in Heteropneustes Fossils, a fresh water fish exposed to sublethal concentrations of cypermethrin in 
different tissues liver, gill,  and muscle for 4 and 7 seven days. The enzyme activity of Glutamate Dehydrogenase (GDH) 
was increased all the tissues especially in liver and gill. S ignificant change might be attr ibuted to tissue change under 
toxic stress in Heteropneustes fossils. The increased levels of Urea and Ammonia also noticed indicate remarkably the 
role as biomarkers of cypermethrin toxicity. And the raise in Ammonia as well as urea levels indicates the concentration 
and tissue dependent which in turn helps to assess the impact of synthetic pyrethroids on the fish. The changes in 
Ammonia and Urea levels is often be reflected in nitrogen metabolism and interdependent biochemical reactions. 

Review Paper

Received: 14.02.2021 Revised: 20.02.2021 Accepted: 26.02.2021

INTRODUCTION

Synthetic Pyrethroids considered to be an effective 
insecticides in Agriculture and Aquaculture due to their 
high insecticidal toxicity with low mammalian toxicity 
(Elliot et al., 1974) and easily biodegradable. These 
insecticides occur by ingestion of contaminated food 
uptake of waterborne residue and through the integument 
of observed material (Kerr & vas (1973). The uptake of 
insecticide in fish was reported to be usually, mostly 
through the gills (Holden, 1962; Addison, 1976). 
Fish–specific organs such as the gills and their late 
metabolic action against this type of pesticide make fish 
highly susceptible to the toxicity of pyrethroid pesticides. 
Oxidative stress plays an important role in the 
neurological, reproductive and developmental toxicity 
caused by pyrethroids. Moreover, changes in antioxidant 
enzyme activity following pyrethroid pesticide exposure 
make fish more susceptible to oxidative stress caused by 

environmental pollutants. In this an attempt was made to 
examine occurrence of pyrethroid pesticides in the aquatic 
environment and oxidative stress induced toxicity in fish 
exposed to pyrethroids.

MATERIALS AND METHODS

Heteropneustes fossils were collected from surrounding 
tanks of Kakinada, Andhra Pradesh and transferred to large 
drum and are maintained in spacious tanks and were 
acclimatized. They were fed daily with meat and liver of 
chicken. Afterwards the fish were exposed to according to 
their biomass ratio (Dondoroff et al., 1951) to different 
concentrations of cypermethrin.

The LC  was determined (65µg/l/48h) tenfold lower 50

concentration of the LC  was selected as sub lethal 50

concentration (0.52/65µg/L) and the fishes were exposed 
to 4 days and 7 days. Controls were maintained 
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RESULTS AND DISCUSSION
The present results show that cypermethrin induced 
alterations are tissue – specific and the activity of 
enzyme Glutamate Dehydrogenase, Ammonia and 
Urea levels have shown significant elevation in all 
tissues of fish exposed to  sublethal concentrations of 
cypermethrin for 4days and 7 days.

Glutamate Dehydrogenase:
GDH activity showed variations in different tissues of 
fish exposed to sublethal concentration of 
cypermethrin for 4days and 7 days (Table 1). Under the 
impact of cypermethrin the GDH activity showed 
significant (p<0.001) increase in all the tissues. The 
increase in GDH activity in the tissues provided 
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simultaneously. After the stipulated period, the fishes 
were sacrificed and the tissues namely liver, brain, 
muscle and gill were isolated in cold conditions to 
analyze various parameters.

Glutamate dehydrogense was assayed by the method 
of Lee and Hardy (1965). GDH activity was expressed 

as µm formozan formed/mg protein /h. The 
experiments were repeated for 6 times to get the 
concurrent values.  Ammonia content was estimated 
by the method given in Natelson (1971), urea content 
was estimated by diacetyl monoxime method 
recommended by Natelson (1971), was followed for 
the colorimetric assay of acid and alkaline phosphates. 

Table 1: Showing the Glutamatedehydrogenase, ammonia, urea levels in different tissues of control and 
cypermethrin exposed fish, Heteropneustes fossilis, values are Mean ± S.D of six individual observations. 
* ** ***Significant at P<0.001, Significant at P<0.05 Significant at P<0.01.

S. No. Name of the Parameter Name of the tissue Control 4 days 7 days

1 Glutamate Dehydrogenese Liver
± 0.003 ± 0.004 ± 0.003

(5.47) (31.42)
Muscle 0.175

± 0.001 0.210* 0.232*
± 0.002 ± 0.003
(20.00) (32.57)

Gill 0.130 0.254** 0.273***
± 0.003 ± 0.009 ± 0.010

(95.38) (110.0)

12.30 14.10** 19.32**
Liver ± 0.172 ± 0.135 ± 0.152

2. Ammonia (14.63) (57.07)

Gill 11.03 12.40*** 16.10*
± 0.127 ± 0.142 ± 0.17

(12.42) (45.96)

Muscle 6.93 7.210*** 7.950**
± 0.178 ± 0.145 ± 0.114

(4.040) (14.71)

Liver 7.601 9.601* 13.620*
± 0.230 ± 0.841 ± 0.670

(26.31) (79.18)

3. Urea Gill 3.015 4.121* 5.105*
± 0.42 ± 0.120 ± 0.266

5.360* 6.805*
Muscle 4.012 ± 0.201 ± 0.260

± 0.120 (36.68) (69.61)

0.420 0.443** 0.552***
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ketoglutarate and reduced nucleotides, which may 
fulfil the energy requirements during toxicity 
manifestations (Chandravathy and Reddy, 1994). 
GDH is also known to play a crucial role in Ammonia 
metabolism and is known to be affected by a variety of 
effectors (Shakori et al., 1976, David, 2004). 

During the metabolic functions with great 
physiological significance are known to be closely 
associated with the detoxification mechanisms of 
tissues. GDH in extra hepatic tissue could be utilized 
for its ultimate detoxification to Urea in the liver. The 
increase in GDH indicates response to toxic stress. 
This shows that oxidative deamination contributes to 
higher Ammonia production. The high levels of 
Ammonia produced is  not eliminated but salvaged 
through GDH activity. The GDH activity increases in 
all tissues suggest the possibility of a need for α-
Ketoglutarate to TCA cycle for the liberation of energy. 

In this present study, the GDH activity showed a 
progressive enhancement in all tissues (gill, muscle 
and liver) throughout the exposure suggesting a need 
for α-Ketoglutarate. GDH catalyzes the reversible 
reaction of oxidative deamination of glutamate to    α-
Ketoglutarate and Ammonia (Prasad T.A, T. Srinivas 
and C. Reddy 1991) plays an important role in the 
Catabolism and biosynthesis of amino acid. GDH 
activity was increased in muscle and liver tissues for 7 
days under Cypermethrin toxicity, which indicates 
increased deamination of glutamate and formation of 
Ammonia. It has been observed that the sublethal 
exposure of cypermethrin produced less change in the 
protein metabolism. It has also been noticed that the 
liver, gill and muscle were affected and the 
disturbances were found to be more in those tissues 
than that of muscle tissue.

Ammonia
Ammonia is a toxic product in the nitrogen metabolism 
for which the living cells are quite sensitive. Increased 
Ammonia formation leads to depletion of α-
Ketoglutarate resulting in the impairment of TCA 
cycle and subsequent decrease in the energy synthesis 
(Bessaman and Bessaman, 1955). The increased levels 
of Ammonia are obtained in different tissues like gill, 
liver and muscle exposed to sublethal concentrations 
of cypermethrin (Table 1). In control fish the more 
ammonia content was noticed in liver followed by 
muscle and gill., which suggests that liver is the target 

organ for detoxification of Ammonia and the other 
tissues showed less involvement in nitrogen 
metabolism. The increased levels of Ammonia showed 
significant levels in different tissues of fish expose to 
cypermethrin for 4 days and 7 days .

The elevation in the levels of Ammonia increases the 
levels of protein hydrolysis, as Ammonia is the main 
product of protein catabolism (Campbell, 1973). Both 
transamination and deamination are boosted up adding 
more Ammonia to the existing level. Elevation in  
Ammonia   levels  is the reaction of the transamination 
under pesticidal impact (Kabeer, 1979) was reported to 
augmental energy demand which was met by feeding 
ketoacids into glycolysis and TCA cycle.

The measured level of Ammonia also in turn signifies 
the decreased level of  Glycogen might promote 
breakdown of Glycogen. The decreased Oxygen 
uptake and increased Lactic acid production in fish 
also support this condition. It was observed that the 
elevation of Ammonia content was noticed when T. 
mossambica was treated with cypermethrin.

Urea
The acute toxicity of the pesticide cypermethrin shows 
increase in urea content in the tissues of 
Heteropneustes fossils indicates active promotion of 
Nitrogen metabolism under cypermethrin stress. Urea 
production in tissues constitutes a physiological 
mechanism with an important role in detoxification to 
cope with stress situation. urea levels in Liver, muscle 
and gill tissues exposed to cypermethrin showed 
significant increased trend suggests that liver plays a 
major role in Nitrogen metabolism.

The urea cycle enzymes were present in liver where as 
the other tissues may not synthesize urea as the 
existence of urea cycle enzymes is doubtful in these 
tissues. (Campbell, 1961). Hence the urea content in 
other tissues is a result of vascular mobilization from 
the liver as urea has high solubility and is known to 
pass readily through most of internal biological 
membranes (Watts and Watts, 1974). It was reported an 
increase in the urea content in T.mossambica also 
noticed when treated with pyrethroids (Radhaiah, 
1988). It also signifies the increase in urea level in turn 
shows the conversion of toxic Ammonia into non toxic 
urea. The promotion of proteolysis indicates enhanced 
transamination i.e., elevated Ammonia levels may be 
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the reason for increase in the urea content in liver and 
muscle tissues as alternative for detoxification 
process.

The author is grateful to University Grants 
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Project (MRP- 7095/16, Dt. 14-9-2018) to carry out 
the Research Project Work.
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