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ABSTRACT 

Cypermethrin (CYP) is used as a substitute to organophosphates and organochlorines 

for controlling pests on account of its low toxicity and less environmental persistence. The 

current study was conducted to evaluate the toxic impacts of CYP on biochemical indices of 

rohu, Labeo rohita (Hamilton, 1822) and the protective role of vitamin C on CYP induced 

toxicity. The acute toxicity of CYP was found out fIrst. Then, further study was undertaken 

for assessing the effect of LC50 of CYP on behaviour, total protein content and lipid 

peroxidation in different tissues, antioxidant defence system, protein metabolic enzymes, 

digestive enzymes and DNA damage induced in the peripheral blood erythrocytes. 

Furthermore, the ameliorative role of vitamin C at two dietary levels (100 and 200 mglKg 

diet) against CYP induced toxicity was also assessed. For fmding acute toxic concentration 

of CYP, fmgerlings of rohu were exposed for 96 hours to seven different concentrations of 

CYP ranging from 3 to 61lgIL in a static culture system. The LC50 for 96 hr was calculated by 

arithmetic method and verified by probit analysis and Dragstedt-Behren's equation and found 

to be 4.5 Ilg/ L. For toxicological study, fmgerlings ofrohu were distributed into four groups. 

Group }St served as a control, fed 35% protein basal diet and was not exposed to CYP, while 

Group 2nd was fed basal diet and exposed to CYP. Moreover, Group 3rd and Group 4th were 

fed diets supplemented with vitamin C at the rate of 100 and 200 mg/kg diet respectively and 

exposed to CYP. Fingerlings were reared on basal and Vitamin C supplemented diet for 28 

days prior exposure to CYP and then after exposure to pesticide at different time intervals, 

blood, brains, gills, liver, muscle and intestine tissues were collected from different group of 

fmgerlings for biochemical analysis. Results indicated the time dependent signifIcant 

decrease in total protein contents whereas a signifIcant increase in LPO level , activities of 

antioxidant enzymes [catalase (CAT), superoxide dismutase (SOD), peroxidase (POD), 

glutathione reductase (GR), reduced glutathione (GSH), glutathione peroxidase (GSH-Px) 

and glutathione-S-transferase (GST)], activity of digestive enzymes (protease, lipase and 

cellulase) and protein metabolic enzymes [alanine aminotransferase (ALT) , aspartate 

aminotransferase (AST) and glutamate dehydrogenase (GDH), and lactate dehydrogenase 

(LDH)] in the studied tissues after exposure to an acute concentration of CYP. Maximum 

reduction was observed in liver as compared to other studied tissues of rohu, suggesting the 

maximum defensive mechanisms of liver against oxidative stress. Moreover, a time 

dependent increase in DNA damage was also observed in terms of tail length, % DNA in tail, 

x 



tail movement and olive tail movement after exposure to LCso of CYP. However, statistically 

comparable results of all biochemical analysis in both Group 4th (fish fed high level of 

vitamin supplementation i.e. 200 mglKg diet before exposure to CYP and Group 1 SI (fish 

reared on basal diet and not exposed to CYP), indicating the protective role of vitamin C 

against CYP induced toxicity. Thus, the results of the present study revealed the effectiveness 

of vitamin C as a feed additive for countering CYP induced toxicity in L. rohita. Moreover, 

this study supports the view of using fish oxidative stress, antioxidant enzymes status and 

induced genetic damage as biomarkers in aquatic toxicological studies and diagnosing 

pollution. 
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Introduction 

INTRODUCTION 

The present era of green revolution that is witnessing a swift increase in human 

populations across the globe is apparently depicting humans' dependency on the available 

natural resources (Espinoza-Qutnones et aI., 2005 ; Ullah et aI., 2014a). The current scenario 

has led to efforts for technological advancements to cope with the need of societies. This in 

tum ensued by evolving ever increasing dissolution of different synthesized chemicals in the 

environment specifically aquatic bodies that are being used as dumping sites in thost parts of 

the world (Meitei et aI. , 2004; Jabeen et aI. , 2011 ; Ullah et ai. , 20 14b). Although the pollution 

phenomenon is very much complex but luckily its sources are as evident as bright day-light 

in almost all regions across the globe (Ullah et aI., 2014c). Pollution has been the key 

universal off-putting factor for men, which has been worsened by the hasty growth of human 

populaces and instantaneous industrialization (Ullah et aI. , 2014d; Sthanadar et aI., 2015). 

Water Pollution 

Pakistan is facing the continuously deteriorating problem of pollution, explicitly water 

pollution (Ali et aI., 2013). It has been defmed variously, usually comprises of degradation 

resultant of different anthropogenic activities consequently rendering water as unfeasible for 

various intended purposes (Agarwal, 2002). Although some natural marvels also evolve 

natural ecologies such as eruptions of volcanoes, mud sliding etc. but human activities is 

characteristically very rapid and insistent that surpass the evolutionary prospective of 

ecosystem, resulting in their deteriorated state (Ullah, 2014). 

Water beside an essential component of human life and existence, is also a key to 

sustainability of society and the nation (Deshpande and Aher, 2012). It is the central core of 

different human activities such as agriculture, industries, environmental and recreational 

activities, and domiciliary activities (Malik et aI., 2012; Ghorbani et aI. , 2013). It simply 

means that water is universal in almost all practices of human life (Prasad and Narayana, 

2004). Unfortunately due to increase in water pollution, it has been projected that 

approximately 2.7 billion populaces will face its shortage by 2025 (UN, 2003). Pollution of 

water is a serious threat to life existence on the planet therefore efforts should be made on 

priority basis for eliminating pollution sources and restoring the damaged ecosystems back 

(Yousaf et aI. , 2013). 
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Introduction 

Nowadays one of the main objectives and tasks for human beings is to secure relief of 

hunger by producing and growing more edibles which is the basic need of life. Currently 

Pakistan is affianced in the massive mission of feeding the gigantic popUlation of more than 

180 million individuals (USCB, 2015). At the same time controlling economically important 

or public health wise hazardous pests such as insects, fungi and weeds etc. is of prime 

importance and focus. This task was almost impossible, but 1960's green revolution resulted 

in making us self-sufficient in producing some basic life commodities and satisfactory food 

for nourishing Pakistan's teeming popUlation. On contrary pesticides use has seriously 

elevated some major issues regarding pollution (Gagnaire et aI., 2004; Jain et aI., 2005; 

Mustapha, 2008; Naeem et aI., 2010; Abu-Darwish et aI., 2011). 

Pesticides' Pollution 

Pesticide is a term used for a large number of compounds having varying biological 

activities and chemical natures that are clustered together because of their capability to 

abolish or eradicated pests (Gupta, 1989; Wood et aI., 2000). According to United States' 

pesticides control act, Pesticides are all those substances or their mixture used for prevention, 

destruction, repelling, deterring, resisting or mitigation of pests (Marigoudar, 2012). 

Water pollution due to pesticides may be due to directly apply these for controlling 

aquatic flora or seepage from agricultural lands through soil (Kosygin et aI. , 2007; Sarkar et 

aI., 2008). These may also lead to water bodies through agricultural runoffs, which may be 

due to surface water of transportation through air (Aprile and Bouvy, 2008; Arimoro and 

Ikomi, 2008; Shanbehzadeh et aI., 2014). In order to elevate yield with low labor and in less 

time, a huge quantity and variety of pesticides have been manufactured and still being under 

development (Ullah and Zorriehzahra, 2014). These are widely spread in both urban and 

agriculture landscapes (Fetoui et aI., 2010). This simply clarifies pesticides' residues or 

pesticides as a major contributor of water pollution (Murthy et aI., 2013). 

Across the globe different pesticides are used in different ratio such as insecticides 

account for 80% of the total pesticides, herbicides for 15% and fungicides for 1.46% 
:tt:~". . • ;;J; •.• 

(Marigoudar, 2012). Different types of insecticidal chemical ... .t" e ~; r~und the world, 
~~. . 

which are well documented (Johnson and Finely, 1980, ~' art and Pimentel, 2002; UK 
, ." .. :",~" t·:; ~~ : 

Pesticides Action Network, 2009). Of these insecticides, tI::l:€ mbsr cPrillnonly employed ones 
". 

are pyrethroids (Friberg-Jensen et aI., 2003; Kaviraj and Gupta, 2014). 
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Pyrethroids 

The Caucasian tribes used flowers of pyrethrum (Genus: Chrysanthemum) as a 

controlling agent for body lice in early the 18th century. The insecticidal potentials of 

pyrethrum flower (Chrysanthemum cinerariafolium) was recognized in the mid of last 

century while in 19th century introduced to United States, Europe, Africa and Japan. 

Currently Kenya ranks 1 st in pyrethroids production followed by Japan, Congo, Uganda and 

Tanzania (Marigoudar, 2012). Currently there are more than thousand potent and broad 

spectrum insecticides enlisted in this group of pesticides (Fetoui et aI., 2008). Many scientists 

have compiled different types of pyrethroids and have divided them into different major 

classes on account of their mode of action, persistence, severity of action and toxicity to non

target organisms such as Kaviraj and Gupta (2014) have comprehensively reviewed type II 

synthetic pyrethroids, Cypermethrin being one of these pyrethroids. Marigoudar (2012) 

comprehensively compiled various uses, chemistry and mode of action, toxicities, persistence 

and bioaccumulation factors of different pyrethroids. Ullah and Zorriehzahra (2014) 

systematically reviewed various types of toxicities caused by different pyrethroids pesticides 

in different species of fish. 

Cypermethrin (CYP) 

Cypermethrin [(RS)-cyano-(3-phenoxyphenyl) methyl-(IRS)-cis -Trans-3-(2, 2 

dichloroethenyl)-2, 2-dimethyl-cyclopropane carboxylate] is one of extensively used and 

highly effective synthetic cyanophenoxybenzyl pyrethroids (Saha and Kaviraj , 2009). It is 

synthetically derived from natural compounds, itself isolated from Chrysanthemum flower, 

Chrysanthemum cinerariaefolium (Roy, 2002). Cypermethrin (CYP) is extensively employed 

in almost all type of agriculture, buildings, forestry, gardens and farmyards for insects ' 

prevention (Khan et ai. 2006; Cas ida et aI., 1983). CYP is commercially used to prevent 

cotton pests and soyabean pest (WHO 1989; Carriquiriborde et ai. 2007). Its use for repelling 

and controlling mosquitos has proven to be very effective in preventing malarial parasites 

(Tananchai et aI. , 2012). But tragically CYP is misused and illegally employed in different 

parts of the world for fishing purpose, such as Pakistan (Nafees and Jan, 2009) while in some 

parts of the world, it is being utilized as a chemotherapatic agent by aquatculturists in order to 

control copepods' parasitic infections (Athanassopoulou et aI. , 2009; Medina et aI., 2002; 

Medina et aI., 2003). Therefore this large scale application of CYP is resulting in major 
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threats to aquatic ecology and aboding organisms such as fish (John and Prakash 2003; 

Oudou et a1. 2004). 

Cypermethrin as Toxicity Inducer in Fish 

Cypermethrin induces various types of toxicities in fish and in severe concentration it 

does lead to huge fish mortalities (US EPA, 2000; Narra et aI., 2015). Some of these toxic 

effects in · the form of changes in different behavioral, physiological, anatomical, 

hematological, biochemical, enzymatic, hormonal and molecular aspects are briefly reviewed 

here. 

Behavioral Changes 

Studies have revealed that CYP induces various types of behavioral changes in 

different fish species. Cypermethrin induced toxic effect on behavior of Labeo rohiia and led 

to sinking in bottom, hyper excitability, equilibrium loss, irregular and erratic swimming and 

movements and darting swimming movements (Marigoudar et al., 2009). Tor putitora in 

response to CYP showed different changes in behaviour such as adaptation of vertical 

position, motionlessness, sluggishness, abrupt swimming, loss of equilibrium, elevated air 

gulping, loss of balance, increased surface activity and jumping (Ullah et aI., 2014e). 

Cypermethrin in combination with Chlorpyriphos induced behavioural changes in Poecilia 

reticulate (Wast et aI., 2014). Cypermethrin changed behaviour of Rhamdia quelen such as 

balance loss, spiral movement, sudden swimming, upright swimming, dyspnoea and 

swimming alterations (Montanha et aI., 2014). 

Histopathological Changes 

Cypermethrin induced histopathological changes in brain (spongiosis and neuronal 

degeneration), kidney (pyknotic nuclei swollen and exfoliation), liver (necrosis and 

hepatocytes vacuolation) and gills (epithelial lifting, haemorrhage, cellular infiltration and 

filaments' cells proliferation) of Clarias gariepinus (Ayoola and Ajani, 2008). In Tor putitora 

it caused histopathological alterations of brain (severe spongiosis, infiltration, neuronal 

degeneration, and discolouration), gills (damaged gills, hetrophilic infiltration, swollen gill 

filament, congestion and cellular infiltration) and liver (hepatic necrosis, fatty infliteration, 

congestion, haemorrhage vacuolation and glycogen vacuolation) (Ullah et al., 2014f). 
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Haematological Changes 

Cypermethrin exposure decreased haemoglobin concentration, total erythrocyte, mean 

corpuscular haemoglobin concentration while increased mean corpuscular haemoglobin and 

mean corpuscular volume in Prochilodus lineatus (Parma et aI. , 2007). In Clarias gariepinus 

CYP significantly reduced Packed cell volume, Red blood cells, Haemoglobin, leucocytes, 

lymphocytes, eosinophils, monocytes, thrombocytes, mean corpuscular haemoglobin, mean 

corpuscular haemoglobin concentration, mean corpuscular volume while elevated white 

blood cells, neutrophils, and erythrocyte sedimentation rate (Akinrotimi et aI. , 201 2). CYP 

decreased RBCs count while WBCs count increased with time in Tor putitora (Ullah et al., 

2014e). CYP exposure caused elevation in white blood cells counts, mean corpuscular 

haemoglobin levels, haematocrit, Haemoglobin content, granulocytes, mean corpuscular 

volume and erythrocytes while reduced lymphocyte count, mean erythrocyte haemoglobin 

and mean erythrocyte volume in Catla catla (Kannan et aI., 2014). CYP also altered 

haematology of different other fish species such as Labeo rohita (Adhikari et al., 2004), 

Onchorhynchus mykiss (Atamanalp et aI., 2002), and Rhamdia quelen (Montanha et aI., 

2014), Cyprinus carpio (Masud and Singh, 2013). 

Changes in Enzymes Activities 

CYP inhibited acetylcholine esterase activity in Labeo rohita significantly, especially 

m brain, then in muscles, gill and liver (Marigoudar et al. , 2010). CYP inactivate 

Acetylcholine esterase (AChE), which led to acetylcholine accumulation in cholinergic 

synapses, [mally leading to hyperstimulation (Marigoudar et aI., 2009; Marigoudar et al. , 

2010). Cypermethrin significantly induces changes in AChE, lactic dehydrogenase and 

succinic dehydrogenases ' activities in nervouss tissues of Colisa fasciatus (Singh et aI., 

20lO). Cypermethrin exposure caused significant alterations in the activities of different 

enzymes including cytochrome oxidase, acetylcholinesterase, alkaline phosphateses, acid 

phosphatases, aspartate aminotransferase, alanine aminotransferase and protease in muscle 

and liver tissues of Labeo rohita (Tiwari et aI., 2012). CYP induces significant changes in 

oxidative system of fish. It induced very much alteration in antioxidant enzyme such as 

peroxidases, glutathione reductases, lipid peroxidases and catalases got increased in different 

tissues of Tor putitora including gills, liver, brain and muscles (Ullah et aI. , 2014e). It also 

induced changes in free amino acids, protein carbonyls, malondialdehyde, hydrogen peroxide 

and catalases in liver of Labeo rohita (Marigoudar et al., 2012). CYP increased the activities 
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of glumate dehydrogenases and transaminases (Begum, 2007). CYP changed alkaline 

phosphatase, gamma glutamyltransferase, aspartate aminotransferase and alanine 

transaminase activities in Rhamdia quelen (Montanha et aI. , 2014). CYP greatly reduced total 

magnesium adenosinetriphosphatase, sodium-potassium adenosinetriphosphatase, and 

adenosinetriphosphatase activities in the gill of Catla catla (Vani et aI. , 2012). CYP also 

showed greater reticence of total, sodium, potassium and magnesium ATPase enzymes while 

increase glycogen phosphorylase level in Clarias batrachus (Begum, 2009). CYP also 

decreased alkaline phosphatases activity in Heteropneustes fossilis (Saha and Kaviraj, 2009) 

and Labeo rohita (Das and Mukhetjee, 2003) while some studies reported increase of alkaline 

phosphatases after exposure to Cypermethrin (Jee et aI., 2005; Borges et aI., 2007; Loteste et 

aI.,2013). 

Molecular Changes 

Cypermethrin induced significant changes in nucleic acids (DNA and RNA) in 

gonads of Colisa fasciatus (Singh et al., 2010). CYP elevated p53 gene expressions and 

downregulated oggl as well as increased caspase-3 activity in embryos of zebrafish which 

resulted in apoptosis and oxidative stress (Shi et aI. , 2011). 

Protein Contents and Glucose 

Cypermethrin exposure led to significant reduction of proteins content in Labeo 

rohita (Veeraiah and Durga-Prasad, 1998), Colisa fasciatus (Singh et aI., 2010) and 

decreased protein contents in different tissues of Tor putitora (Ullah et al., 2014e). 

Cypermethrin induced a dose and time dependent change in lactate level, pyruvate, glycogen, 

nucleic acids, amino acids and total protein in Labeo rohita (Tiwari et aI., 2012). CYP 

exposure increased liver glycogen, muscle glycogen level and plasma glucose while 

decreased plasma proteins in Catla catla (Kannan et aI., 2014). CYP increased ammonia 

content and free amino acid while decreased protein contents in Clarias batrachus (Begum, 

2007). CYP also changed plasmatic protein in Rhamdia quelen (Montanha et aI., 2014). CYP 

reduced hepatic glycogen accompanied by rise in blood glucose, thus induced 

hyperglycaemia in different fish species including Sebastes schlegeli (Jee et aI., 2005), 

Onchorhynchus mykiss (Velisek et aI., 2006), Labeo rohita (Das and Mukhetjee, 2003), and 

Heteropneustes fossilis (Saha and Kaviraj, 2009). CYP also resulted in reduction of hepatic 
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glycongen in Clarias batrachus (Begum, 2005) and Oreochromis mossambica (Reddy and 

Yellamma, 1991). 

Vitamin C (Ascorbic Acid, AA) for Amelioration against Cypermethrin 

As stated earlier regarding toxicities induced by Cypermethrin in different fish 

species, Vitamin C (Ascorbic Acid) in the present study is used as Amelioration feed 

ingredient against cypermethrin induced biochemical toxicities. Vitamin C is being employed 

in this study because of its direct correlation with fish health, fish immune system, fish 

growth and maintenance, capillary fragility, skeletal deformation, speedy wound healing, 

providing strong resistance to stress in fish specifically pesticides stress, oxidative damage 

and protection against DNA damage (Ortuno et aI., 1999; Datta and Kaviraj, 2003; Lin and 

Shi-Yen, 2005; Garcia et aI., 2007; Misra et aI., 2007; Vani et aI., 2011 ; Zhou et aI., 2012; 

Sram et aI., 201 2). The second reason of selecting Vitamin C for this study is the 

sensitiveness of fish towards an optimum level of Vitamin C as fish are unable of its de novo 

synthesis and its involvement in fish ' self-defense mechanism (Dabrowski, 1990; Ai et aI., 

2004; Saha and Kaviraj, 201 2). 

Vitamin C is having different potentials but one of the key functions is to quench, 

reduce and satiate oxygen radicals that are arising in result of cellular respiration. Beside this 

in phagosomes respiratory burst activities led to the production of hydrogen peroxide, 

hydroxyl radicals, and superoxide anions etc. (Hurst and Barrette, 1989). Production of these 

radicals (free) impose oxidative stress on proteins (sulphydryl groups), thus promoting 

destabilization oflipids in the membrane (Hardie et aI., 1991). There are other wide varieties 

of functions of Vit C such as cofactor for synthesis of collagen, hexose monphoshpate shunt 

modulator, water soluble redox reagent, steroid synthesis regulator, and also inactivates 

hepatic microsomal hydroxylases (Panush and Delafuente, 1985). 

Protective Role of Vitamin C 

Vitamin C is a strong non-enzymatic antioxidant and is the most significant scavenger 

of free radical specifically in extracellular fluids (Fetuoi et aI., 2009). Vitamin C uses to trap 

radicals in aqueous phases and protect bio-membrane from damage of peroxidation (Niki et 

aI. , 1995; Yavuz et aI., 2004; Sulak et aI., 2005). It is an election donor, thus protects the 

body from pollutants and radicals (Iqbal et aI. , 2004; Banetjee et aI. , 2001). Traber and 

Stevens (2011) have comprehensively reviewed the beneficial effects of Vitamin C and E 
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against certain disorders from mechanistic perspectives while Sram et ai. (201 2) 

systematically reviewed protective role of Vitamin C against DNA damage. Villacorta et ai. 

(2007) reviewed the antioxidant and non-antioxidant characteristics ofVit C in detail. A very 

rich and huge amount of literature is available on protective role of Vitamin C against 

different toxicants including heavy metals, pesticides and such type of other chemicals 

induced toxicities in different fish species (Durve and Lovell, 1982; Li and Lovell, 1985; 

Wahli et aI. , 1986; Liu et aI. , 1989; Navarre and Halver, 1989; Meier et aI. , 1991; Dunier et 

aI., 1995; Verlhac et aI. , 1998; Ortuno et aI., 1999; Montero et aI. , 1999; Ortuno et aI. , 2001). 

Scope of the Present Study 

Cypermethrin was selected as a toxicant for conducting this study on account of the 

accepted fact that it is a widely used pesticide across the world. Cypermethrin leads to aquatic 

bodies worldwide which were confirmed by a monitoring program in 1998, discovering that 

20% of the inquired sites were having cypermethrin in a concentration higher than 

permissible concentration and were falling in the range of 0.078 )lglLto 2.8 )lg/L(Pfeuffer, 

1999). The study conducted by Laabs et ai. (2002) revealed the presence of cypermethrin in 

rainwater at 0.376 )lglLconcentration. From the available literature it is widely known and 

confirmed that cypermetbrin concentration is higher than the permissible range in water 

bodies which can be harmful to all forms of aquatic life. 

In Pakistan, cypermethrin is used on a wider range of crops such as wheat, sugarcane, 

brinjal, okra, cabbage, cotton and sunflower. It is also thought that cypermethrin is an 

immobile and did not expect to be biomagnifying through food chain. On account of its 

property of higher lipophilicity, it is having a higher rate of absotption (Michelangeli et aI., 

1990; Fahmy and Abdallah, 2001; Celik et aI., 2003, 2005 ; Fetoui et aI. , 2008). This renders 

fish as the most subtle, penetrating and sensitive to cypermetbrin (Saba and Kaviraj , 2009). 

Labeo rohita commonly known as rohu inhibits freshwater bodies naturally but is of 

the most extensively cultured fish species in Pakistan. It is one of the greatly edible and 

highly cultured Indian major catps thus contributing to national economy. Despite being 

widely available in rivers, reservoirs, ponds and tanks, this teleostian species is vastly 

acquiescent to laboratory environment thus representing widespread prevalence of cyprinids. 

Fish is generally considered as sentries ofbio indication for water pollutants and vital 

investigational model in eco-toxicological experiments (Fazio et aI. , 20 14"r Tliere oGre owing 
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to this view, rohu (Labeo rohita, Hamilton) was selected and considered for the current study. 

Rohu belongs to pyhylum Chordate, sub phylum Vertebrata, division Gnathostomata, super 

class Pisces, class Osteichthyes, super order Teleostei, order Cyprioiformes and family 

Cyprinidae. 

Rationale of the Current Investigation 

In the present day sciences, it has been very necessary to interpolate the impacts of 

chemicals and pollutants on living organisms revealed by experiments in laboratory condition 

to community and population levels. There is a need for evaluating biochemical indicators of 

that organisms' health and ill effects of that toxicant. By studying these indicators the 

environmental glitches can be possibly identified and recovered before some senous 

alterations. For evaluating exposure as well as the impacts of a contaminant, biochemical 

alteration in the organism can serve as a key marker. In other words changes induced in 

biochemical system of the organisms will depict the ill effects of that chemical on ecosystem. 

Changes in biochemical system are considered as very sensitive pointers, even more sensitive 

than those at advanced side of biological complexities. These changes at molecular basis 

trigger alterations at organization level such as response can show the impact at organs' 

levels. 

Objective of the Current Study 

Ample studies regarding toxicological aspects of different regionally and locally used 

toxicants, pollutants or chemicals on indigenous species will not only aid protecting the 

environment but also reveal eco-toxicological data that can be employed for supervisory 

affairs of these toxicants in that specific zone or somewhere else. Keeping in mind the same 

very view, the present study was aimed: 

.:. To evaluate the toxic effects of cypermethrin in biochemical indices in rohu, Labeo 

rohita and the protective role of Vitamin C against these biochemical changes. 

The hypothesis for the current study was: 

~ Vitamin C ameliorates the biochemical changes induced by Cypermethrin in rohu, 

Labeo rohita. 
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To achieve the anticipated objective the following parameters were included in the 

study and were assessed . 

./ Toxicity evaluation of cypermethrin against rohu . 

./ Behavioral changes induced by cypermethrin in rohu and protection provided by 

Vitamin C. 

./ Cypermethrin induced changes in total protein contents in brain, gills, liver and 

muscles ofrohu and protective role of Vitamin C against these changes . 

./ Changes induced in activities of antioxidant enzymes including Catalase (CAT), 

Peroxidase (POD), Superoxide Dismutase (SOD), Glutathione Reductase (GSR), 

Lipid Peroxidase (LPO), Total Glutathione contents (GSH), Glutathione Peroxidase 

(GSH-Px) and Glutathione-S-Transferase (GST) in brain, gills, liver and muscles of 

rohu and protection provided by Vitamin C . 

./ Induced changes in enzymes of protein metabolism e.g., Aspartate Aminotransferase 

(AST), Alanine Aminotransferase (ALT) , Glutamate Dehydrogenase (GDH) and 

Lactate Dehydrogenase (LDH) in liver, muscles and gills of rohu and ameliorative 

role of Vitamin C against these changes . 

./ Changes induced in activity of Digestive enzymes 1.e. Protease, Cellulase and 

Amylase activity and Vitamin C provided protection . 

./ DNA damage caused by cypermethrin and ameliorative role of Vitamin C against 

cypermethrin for inducing DNA damage. 
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Materials and Methods 

MATERIALS AND METHODS 

This experiment was undertaken at Fisheries Research Station, Department of Animal 

sciences, Quaid-i-Azam University Islamabad. 

Test Animals' Transport and Acclimatization 

A total of 250 uniform sized, active and healthy fingerlings of rohu, Labeo rohita 

(average weight 6.55±1.01 g and average length of 8.17±0.794 cm) were collected from 

Faisalabad Fish Hatchery and were transported to Fisheries Research Station, Department of 

Animal Sciences, Quaid-i-Azam University Islamabad through close system live hauling 

method. Prior shifting fish to circular tanks (fiberglass) from oxygen bags, tempering was 

carried out by steady and regular mixing of water from circular tanks in polyethylene bags. In 

order to avoid any damage to the fish , on account of jumping due to journey stress, special 

care was taken . The tanks having dechlorinated and well oxygenated water were given 

protection with nets. Then after two days the fish Were shifted to aquaria (60 x 30 x 30 cm), 

previously washed with KMn04 in order to free its walls from growth of microbes. The fish 

were acclimatized for 15 days in these _g l~ssmad~ aquaria. 

During the experimental trial period, water was exchanged on regular basis dai ly and 

a 12: 12 hr of photoperiod was sustained during the test periods and acclimation. While 

acclimatizing fish , they were fed to satiation with 35% protein based diet (Table 1) at the rate 

of 5% of their body weight with small dried pellets twice a day. Remains of the feed and 

excretory waste were siphoned off daily to avoid stress on the fish . The aquarium was fit with 

air stones for continuous aeration . The water quality factors were assessed on regular basis to 

ensure their optimum range prevalence. To avoid water quality deterioration, dead fish were 

removed as quickly as possible. During the trials period ammonia was lying under 0.25 ppm 

whereas Temperature was 25.8±1.2°C, pH was 7.9±0.4 at 26°C, hardness was 300 mglL and 

dissolved Oxygen was ranging from 6.9 to 7.5 mglL. 

Experimental Toxicant - Cypermethrin 

Cypermethrin (Cyano (3-phenoxyphenyl) methyl 3-(2, 2-dichloroethenyl)-2, 2-

dimethyl-cyclopropane-carboxylate) of Sigma-Aldrich (100 mg/ 5 ml in solution form), 

purchased from AMS Traders, Islamabad Pakistan, was used for preparing stock solution. 
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CYP stock solution was prepared in acetone (80%), as it is non-toxic to fish. Required 

quantity ofCYP was used in preparing stock solutions. 

Table 1. Formulation of basal diet for robu, Labeo rohita (35% protein) 

Ingredients Amount (g kg-I) 

Soybean meal 212 

Sunflower meal 212 

Fish meal 105 

Gluten 30% 105 

Canola meal 212 

Rice polish 52 

Dicalcium phosphate (DCP) 10 

Carboxy methyl cellulose (CMC) 10 

Vitamin premix a 20 

Wheat bran 52 

Vegetable oil 10 

8 (Vitamin premix contains vitamins, amino acid and minerals premix kg_I) 

Vitamin AB.P 40,000,000 IU, Vitamin K3B.P 800 mg, Vitamin D3B.P 820,000 IU, Vitamin 

EB.P 6200 mg, Vitamin B3B.P 5100 mg, Vitamin B2B.P 2500 mg, Vitamin BI2B.P 1000 

mg, Vitamin PP B.P 10,500 mg, DL- Methionine B.P 50,500 mg, L. lysine B.P 10,500 mg, 

Manganese USP 30,000 mg 15,100 mg, Zinc USP 17,5 55 mg, Copper B.P 1000 mg, Choline 

chloride USP 125,500 mg, Cobalt B.P 50 mg, Iodine B.P 300 mg, Selenium B.P 80 mg. 

Preparation of CYP solution 

Stock solution ofCypermethrin was prepared by dissolving 0.5 ml pesticide in 9.5 ml 

of acetone (80%) to make 10 ml stock solution. As 5 ml solution form ofCYP contains 100 

mg CYP, so making the above mentioned solution mean 10 mg CYP in 10 ml or in other 

words 1 Ilg CYP in 1 Ill. The flask used for solution preparation was shaken weII to get 
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homogenous solution. This stock solution was used to make further concentrations used for 

toxicity tests/ evaluating toxic concentration of CYP to rohu, Labeo rohita. 

Toxicity Test for Acute Concentration of CYP 

Median tolerance limit (LCso) of the fish, rohu to CYP for 96 hr was determined in 

laboratory through semi-static method. The fish was distributed in glass aquaria, 10 

fmgerlings in approximately 20 liter water per aquaria for toxicity evaluation. For finding the 

concentration causing 50% motility, the fish were exposed to seven different concentration of 

CYP i.e.-3 JlglL, 3.5 JlglL, 4 JlglL, 4.5 Jl gIL , 5 JlglL, 5.5 JlglL and 6 JlglL based on available 

literature on different carps. For determining LCso, fish mortality was noticed every 24 hr up 

to 96 hr while removing dead fish to avoid water contamination. The LCso was estimated 

with a confidence limit of 95% for CYP for 96 hr through probit method (Finney, 1971), 

recommended as standard statistical method by OECD (1996) for data analysis regarding 

evaluation of pesticides ' toxicity . Further verification was done through Dragstedt-Behren 's 

equation/method followed by Vidyunmala et al. (2010). The concentration 4.5 Jlg/L was 

found as median lethal concentration (LCso), causing 50% mortality for 96 hr. Figure 1 IS 

showing % mortality conversion to probits' units. 

'l.'n.blc 3.2 'fl'a.nsformn.tioll of percentages to probits 

01 0 1 2 3 4 G 6 7 8 {) 10 

0 2.07 2.D5 3.12 3.20 3.30 3.46 3.62 3.69 3.00 
10 3.72 3.77 3.82 3.87 3.D2 3.D6 4.01 4.06 4.08 4.12 
20 4.10 4.1D 4.23 '.26 4.2D 4.33 4.36 4.39 4.42 4.45 
30 4.48 4.GO 4.63 4.60 '.69 4.01 . 4.04 4.07 4.09 4.72 
40 4.75 4.77 4.80 4.82 , 4.86 4.87 4.90 4.92 4.95 4.97 
60 6.00 6.03 6.05 6.08 5.10 6.13 lUIS 6.18 1S.20 5.23 
00 5.26 6.28 6.31 . ~.33 6.30 G.30 G.41 5.44 6.47 6.GO 
70 G.52 5.65 6.68 /).61 6.64 6.07 6.71 6.74 6.77 6.81 
80 5.84 6.88 6.92 6.96 6.99 6.04 0.08 6.13 6.18 0.23 
90 0.28 6.34 0.41 0.48 0.00 0.04 0.76 0.88 7.05 7.33 

0.0 " 0.1 0.2 0.3 0.4 0.6 0.0 0.7 0.8 0.9 
DD 7.33 7.37 7.41 7.40 7.61 7.G8 7.06 7.76 ' 7.88 8.0D 

Experimental Design 

Semi-static closed system was used for conducting this experiment. Healthy, active 

and uniform size fish irrespective of sex were chosen and equally distributed in twelve glass 
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aquaria having a size of 60 x 30 x 30 cm at a stocking density of 1.5 kg/m3. The experiment 

was carried out in replicates comprising of four groups, such as the first three aquaria served 

as control group whi le the rest nine aquaria were different experimental groups e.g. the 

second group feed with control feed and exposed to CYP, the third group fed with Vitamin C 

(l00 mg/kg diet) and exposed to CYP and the fourth group fed with Vitamin C (200 mg/kg 

diet) and exposed to CYP. 

After 28 days of feeding trials, the fish in the three groups except control were 

exposed to acute concentration, 4.5 IlglL of CYP while group first (control group) received 

80% acetone equal to CYP volume used in treatment groups. The water of all aquaria was 

changed after every 24 hr and CYP concentration was restored afresh. The experiment was 

undertaken for 96 hr (4 days). After every 24 hr such as 24, 48, 72 and 96 hr, 5 fish of each 

aquarium were captured before exchange of water. Blood was obtained from caudal vein of 

fish in EDTA tubes for evaluating DNA damage through comet assay and was stored at 4°C. 

These fish were stunned to death and using sterilized instruments, their target tissues 

including brain, gill, liver, intestine and muscles tissues were dissected out. They were kept in 

Ziploc bags and frozen in liquid nitrogen. Then they were stored at -20°C for protein 

estimation, antioxidant enzymes assays and digestive enzyme analysis. The following tissues 

were selected for the giver parameters of the study. 

~ Protein estimation: Brain, Gills, Liver, Muscles 

~ Antioxidative enzymes: Brain, Gills, Liver, Muscles 

~ Digestive enzymes: Intestine 

~ Protein metabolism: Gills, Liver, Muscles 

~ DNA damage assessment through Comet Assay: Blood 

Behavioural Study 

After exposure to acute concentration of CYP, fish behaviour in treated groups were 

observed keenly and was compare with that to unexposed Control group. Every visible 

behaviour of fish was checked such as equilibrium state, beating of operculum, movement, 

jumping, aggression and hyper or hypo activeness etc. 

Assessment of Tissue Biochemical Studies 

Protein Estimation 

Total protein content in liver, brain, gills and muscle tissues were determined by 

Lowry's method (Lowry et ai., 1951). Tissues of each of organ, weight 90 mg, were taken 

14 



Materials and Methods 

and homogenized in phosphate buffer and were centrifuged at 10,000 rpm for 20 min at 4°C. 

Briefly, the standard bovine serum albumin (BSA) stock solution (1mg ml-1) was prepared by 

dissolving 15 mg BSA in 15 ml disti lled water. Then solution No. I was prepared by taking 

50 ml of 2% sodium carbonate (Na2C03) and mixed with 50 ml of 0.1 N NaOH solutions. 

After this solution No. 2 was prepared by mixing of 10 ml of 1.56 % copper sulphate solution 

with 10 ml of 2.37 % sodium potassium tartarate solution. Folin-Ciocalteau reagent solution 

was freshly prepared on the day of use by mixing 2 ml of commercial reagent with an equal 

volume of water. 

Alkaline solution was prepared by mixing 2 ml of solution No. 2 with 100 ml of 

solution No.I. The sample was thawed and 1ml of alkaline solution was mixed with O.lml 

sample. The mixture was incubated for 10 min. Then 1: 1 Folin-Ciocalteau phenol reagent 

was added to each tube and vertex to mix thoroughly. After 30 min of incubation optical 

density was noted at 595 nm by using spectrophotometer and concentration of soluble protein 

was calculated using bovine serum albumin standard curve. 

Extraction of antioxidant enzymes 

For determination of antioxidant enzymes concentration, brain, muscle, gills, liver 

tissues were homogenized in 100 mmol KH2P04 buffer containing 1 mmol EDT A. The 

homogenate was centrifuged at 12000 X g for 30 min at 4°C. The supernatant was collected 

and stored at -20°C until determination of antiox idant enzymes. 

Catalase Assay (CAT) 

The activity of CAT in the brain, gills, liver and muscle tissues of both control and 

CYP treated group of fishes after 24, 48, 72 and 96 hr was analyzed by following Chance 

and Maehly method (1955). 

Briefly, 2.5 ml of 50 mM phosphate buffer (PH 5.0), 0.4 ml of 5.9 mM H20 2 and 0.1 

ml enzyme extract were mixed. The spectrophotometer was set at 240 nm and change in 

absorbance of the reaction solution after one minute was recorded. The results of CAT 

specific activities were expressed as nmol! mini mg protein using molar coefficient of 43 .6/ 

Mcm. 
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Peroxidase assay (POD) 

The activity of POD in brain, gills, liver and muscle tissue of both control and CYP 

treated fish after 24, 48, 72 and 96 hr was checked. Chance and Maehly method (1955), 

followed by Bibi (2012) was adopted. Briefly, 2.5 ml of 50 mM phosphate buffer (pH 5.0), 

0.1 ml of 20 mM guaiacol, 0.3 ml of 40 mM H202 and 0.1 enzyme extract were mixed to 

make the reaction solution. A change in absorbance of the reaction solution at 470 nm was 

recorded after 1 min by spectrophotometer. POD activity was measured as nmol min-1mg-1 

protein using molar coefficient of 2.66x 104/ M cm. 

Superoxide Dismutase Assay (SOD) 

SOD activity was estimated by the method of Kakkar et al. (1984) with some 

modification. The reaction mixture contained 0.1 ml of phenazine methosulphate (186 J.lM), 

1.2 ml of sodium pyrophosphate buffer (0.052 mM, pH 7.0), and 0.3 ml of supernatant. 

Enzyme reaction was initiated by adding 0.2 ml ofNADH (780 J.lM) and stopped after 1 min 

by adding 1 ml of glacial acetic acid. Amount of chromogen formed was measured by 

recording colour intensity at 560 nm. One unit of SOD activity is defined as the amount of 

enzyme (per protein mill igram) that inhibits the quercetin oxidation reaction by 50 percent 

(of maximal inhibition). Results of SOD specific activities are expressed in J.lmoles/ mini mg 

protein using molar coefficient of 6.22x 1 03/ M cm. 

Glutathione Reductase Assay (GR) 

The activity of GR in brain, gills, liver and muscle tissue of both control and CYP 

exposed fishes after 24, 48, 72 and 96 hrs was measured. Carlberg and Mannervik (1975) 

method was used for the determination of GR activity in the respected tissues. To prepared 

reaction solution ,1.65 ml phosphate buffer (0.1 M, pH 7.6), 0.1 ml EDTA (0.5 mM), 0.1 ml 

NADPH (0.] mM) 0.05 ml oxidized glutathione (1 mM), and 0.1 ml of supernatant were 

mixed. A change in absorbance of the reaction solution at 340 nm was recorded after 1 min 

by spectrophotometer and GR activity was calculated as nM NADPH oxidized/ min/mg 

protein using molar extinction coefficient of 6.220 x l 03/ M cm. 
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Lipid Peroxidation Assay (LPO/ TBARS) 

The LPO activity in brain, gills, and liver and muscle tissues of both control and CYP 

treated fish after 24, 48, 72 and 96 hrs was analyzed by following the method of Wright et al. 

(1981). The 1.0 ml reaction mixtures was prepared by mixing 0.S8 ml phosphate buffer (0.1 

M, pH 7.4), 0.2 ml supernatant, 0.2 ml ascorbic acid (100 mM), and 0.02 ml ferric chloride 

(lOOmM). The solution was incubated in water bath for I hr at 37°C and the reaction was 

stopped by addition of 1.0 ml trichloroacetic acid (10%). After addition of 1.0 ml of 

thiobarbituric acid, all the tubes were boiled in a water bath for 20 min and were cooled in ice 

bath and were centrifuged at 2S00x g for 10 min. A changed in absorbance of the reaction 

solution at 53S run was recorded after I min by spectrophotometer. The result was expressed 

as nM TBARSI mini mg tissue at 37°C using molar extinction coefficient of 1.S6x 1051 M 

cm. 

Total Reduced Glutathione Assay (GSH) 

Reduced glutathione was estimated by the · method of lollow et a!. (1974). 1.0 ml 

sample of 10% homogenate was precipitated with 1.0 ml of (14%) sulfosalicyclic acid. The 

samples were kept at 4°C. The total volume of 3.0 ml assay mixture composed of 001 ml 

filtered aliquot, 2.7 ml phosphate buffer (O.1M, pH 7.4) and 0.2 ml DTNB (S,S-dithiobis-2-

nitrobenzoic acid) (100mM). The yellow color of the mixture was developed, read 

immediately at 412 nm on a Spectrophotometer and expressed as /lM GSHlg tissue. 

Glutathione Peroxidase Assay (GSH-Px) 

Glutathione peroxidase activity was assayed by the method of Mohand as et a!. (1984). 

The reaction mixture consisted of 1.49 ml phosphate buffer (0.1 M, pH 7.4), 0.1 ml sodium 

azide (1 mM), O.OS ml glutathione reductase (1 IU/ml), O.OS ml GSH (1 mM), 0.1 ml EDTA 

(1 mM), 0.1 ml NADPH (0.2 mM), 0.01 ml H202 (0.2S mM) and 0.1 ml 10% homogenate in 

a total volume of 2 m!. The disappearance of NADPH at 340 nm was recorded at 2S°C. 

Enzyme activity was calculated as nM NADPH oxidizedl mini mg protein using molar 

extinction coefficient of 6.22 x 1031 M cm. 
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Glutathione-S-Transferase Assay (GST) 

Glutath ione-S-transferase activity was assayed by fo llowing Habig et a!. (1974) . The 

reaction mixture consisted of 1.475 ml phosphate buffer (0 .1 M, pH 6.5), 0.025 ml CDNB 

(2,4-Dinitrochlorobenzene, ImM), 0.2 ml reduced glutathione (1 mM) and 0.3 ml of 10% 

homogenate in a total volume of 2.0 m!. the change in the absorbance was recorded at 340 

nm and enzyme activity was calculated as nM CDNB conjugate form ed/ mini mg protein 

using a molar extinction coeffi cient of9.6 x 103/ M cm. 

Digest ive Enzyme analysis 

After 28 days of feeding, with 35% basal protein diet and Vit C in two concentration 

I.e., 100 mglkg diet and 200 mg/kg diet, three fish from each aquarium were collected, 

anaesthetized immediately with buffered Clove oil and dissected on the ice pad and digestive 

tract were removed. Using hand held glass homogenizer (Model AHS 200), the intestinal 

contents (1 g) with 10 mL phosphate buffer (pH 7.5) was homogenized. The homogenate was 

then centrifuged atl5000 rpm (Model Eppendorf centrifuge 5417R) for 15 minutes at 4°C. 

The supernatant was collected and stored at 4°C unti l analysis. For calculating the values of 

the studied digestive enzymes, protein content of the tract was also evaluated through 

Lowry's method (Lowry et aI. , 1951). 

Determination of Protease Activity 

Protease activity was measured by preparing 5 mL of casein solution (0.65%). The 

solution was prepared by dissolving 0.65 gm casein in water and incubation for 5 minutes at 

37°C. Then 1 mL of enzyme solution was added and further incubated for 10 minutes at 

37°C. The reaction was stopped by the addition of 5 mL of 110 mM trichloroacetic acid 

solution (500 ml 110 mM trichloroacetic acid solution was prepared by taking 55 ml of 1 

molar stock solution and raised the volume up to 500 ml by the addition of 445 ml distilled 

water) and further incubated for 30 minutes at 37°C, cooled at room temperature and filtered 

by using Whatmann filter paper. Then 2 mL of filtered solution was taken in 10 mL test tube 

and added 1 mL ofFolin and Ciolcaltea' s reagent (0.5 mM) and 5mL of Na2C03 (500 mM), 

incubated again at 37°C for 30 minutes. After cooling, absorbance was measured at 660 nm 

with the help ofUV-Visible spectrophotometer. 
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Determination of Amylase Activity 

Amylase activity was evaluated by 3, 5-Dinitrosalicyl ic acid (DNS) method 

(Bemfeld, 1955) adopted by Areekijseree et al. (2004) with a few modifications. The method 

was based on the estimation of reducing sugars at 560 nm using maltose as the standard. 

About 0.5 mL of enzyme solution was incubated for 3-4 minutes at room temperature. Then 

500 ilL of 1 % starch (1 g starch / 100 mL distilled water) solution was added and kept at 

ambient temperature for 3 minutes, followed by the addition of 1 mL of DNS reagent (100 ml 

DNS reagent was prepared by dissolving 18.2g Na K Tartarate, Ig NaOH, 1 g DNS, 0.2 g 

phenol and 0.05 g Na2S04 in 100 ml distilled water) and incubated on boiling water bath for 

about 5 minutes. After cooling at room temperature] 0 mL of reagent grade water was added 

and absorbance was noted at 540 nm on spectrophotometer. 

One amylase unit was defined as the amount of enzyme/ mL filtrate that released one 

microgram reducing sugar/ minute. 

Determination of Cellulase Activity 

The activity of digestive enzyme, cellulase was measured by following the 

methodology of Denison and Kohen (1977) with few modifications. Briefly, citrate 

phosphate buffer of pH 5 was prepared by mixing 0.3708 g citric acid and 2.932 g of sodium 

phosphate in ] 00 mL H20 , with addition of] % carboxymethyl cellulase solution (1 g CMC/ 

100 mL of H20). Then reaction mixture containing 1 mL of appropriate enzyme solution in 

test tube, 1 mL of CMC solution and 1 mL of citrate buffer (0.1 M) was prepared and 

incubated at 50°C for about half an hr. 

After incubation, test tubes with 3 mL DNS reagent were boiled in water bath for] 5 

minutes. Then 1 mL of 40% sodium potassium tartarate was added in test tubes and allowed 

to cool at room temperature. After cooling, the production of reducing sugar (glucose) from 

CMC substrate resulted by cellulolytic activity was measured at 540 nm on UV - Visible 

spectrophotometer. 
, . 

One unit cellulase activity is defined as the amount of enzyme/ mL culture filtrate that 

released 1 mg glucose/ minutes. .- ..... ~:. 
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Enzymes of Nitrogen Metabolism/ Protein Metabolism 

Aspartate Aminotransferase (AST) 

The activity of aspartate aminotransferase (AST) was assayed by the method 

described by Bergmeyer (1965). 2 % w/v tissue homogenates of the selected tissues were 

prepared in 0.25 M ice cold sucrose solution. The homogenates were centrifuged at 1000xg 

for 15 minutes and supernatant was used for the enzyme assay. The incubation mixture of2.0 

ml contained 100 /.l moles of phosphate buffer (Na2HP04 + NaH2P04) (PH 7.4), 100/.lmoles 

of L-aspartatic acid, 2 /.l moles of a-keto glutarate and 0.5 ml of supernatant as enzyme 

source. After incubation for 30 minutes at 37°C, the reaction was stopped by the addition of 1 

ml of ketone reagent (0.001 M, 2,4-dinitrophenyl hydrazine solution in 1 N HCl) and the 

contents were allowed to stay at laboratory temperature for 20 minutes. After 20 minutes of 

10 ml of 0.4 N NaOH was added. The developed colour was read at 545 nm in a 

spectrophotometer against a reagent blank. 

Alanine Aminotransferase (AL T) 

The activity of alanine aminotransferase (ALT) was assayed by the method of 

described by Bergmeyer (1965) . The incubation mixture of 2 ml contained ] 00 /.l moles of 

DL-alanine, 100 /.l moles of phosphate buffer (pH 7.4), 2 /.l moles of a-ketoglutarate and 0.5 

ml of the supernatant of the homogenate 2% w/v prepared in 0.25 M ice-cold sucrose 

solution, as enzyme source. The reaction mixture was incubated at 37°C for 30 minutes. The 

reaction was stopped by the addition of 1.0 ml of 2, 4-dinitrophenyl hydrazine solution 

prepared in 1 N HCl (ketone reagent). The colour was developed by the addition ofNaOH as 

described above for AST. The optical density was measured at 545 nm in a 

spectrophotometer against a reagent blank. 

Glutamate Dehydrogenase (GDH) 

Glutamate dehydrogenase (GDH) was assayed using the method of Lee and Hardy 

(1965) and expressed as /.lM formozan/mg protein/hr. Glutamate dehydrogenase activity was 

assayed in a 2 ml volume containing phosphate buffer (100 /.lmol, pH 7.4) sodium glutamate 

(75 /.lmol), !NT (2,4-iodophenyl-3-( 4-nitrophenyl)-5-phenyltetrazolium chloride, 2 /.lmol) 

NAD (0.1 /.lmoJ) and enzyme source (0.5 ml) prepared in sucrose solution (0.25 M). The 2ml 
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volume of reaction mixture was incubated for 30 min. Measurements of enzyme activities 

were performed spectrophotometrically at 340 nm. 

Lactate Dehydrogenase (LDH) 

The activity of this enzyme (flM Pyruvate/ mg protein! hr) was determ ined by the 

formation of NADH by following Franciscato et al. (2011). The medium containing buffer 

200 mmollL pH 8.2, lactic acid 260 mmollL, sodium azide 7.7 mmoll L and 25 mL of plasma 

was incubated at 37 1 C for 2 min . After this period, the colour reactive (INT 0.64 mmollL, 

NAD+ 1.2 mmollL, phenazine 0.26 mmollL and sodium azide 1.23 mmollL) was added and 

the medium was incubated for another 5 min at 37°C. The reaction was stopped by adding 

HCl 200 mmollL and the tubes remained at room temperature for 5 min until the reading of 

the absorbance at 500 nm. 

Determination/Estimation/Computation/ Assessment of DNA damage 

DNA damage of was evaluated by using a modified neutral single cell electrophoresis 

(SCGE / comet assay) according to the method of Singh et al. (1988) as reviewed by Lee and 

Steinert (2003). The comet assay (SCGE) is a simple practice used for noticing single and 

double strand DNA breaks and alkali-labile sites in DNA. 

Single Cell Gel Electrophoresis (SCGE) / Comet assay 

This practice includes, embedding of single cell in agarose, lysing the cells and 

liberating out DNA by electrophoresis to form a corrfet tail cleaving the head of intact DNA. 

Intact and damaged DNA is pictured by fluorescence microscopy and computed by image 

analysis. Following are the basic steps of comet assay: 

.:. Microscope slides preparation layered with cells in agarose 

.:. Lysis of membranes to release DNA 

.:. Single strand DNA formed by contact to alkali (pH-13) 

.:. Neutral Electrophoresis 

.:. DNA staining and analysis 

.:. Comet scoring 

The whole procedure was performed under low light in order to avoid induced 

damage to DNA. The detail of each step is as follows. 
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Slide Preparation 

Frosted microscopic slides were moderately heated on slide warmer, sheltered with 

1 OO~L of 1 % regular melting point agarose (RMP A) prepared in distilled water at 40°C and 

straightaway covered with a large (22 x 50mm) coverslip. The slides were kept in a chilled 

tray and left at 4°C for at least 30 min to let the agarose to solidifY. The coverslips were then 

removed and second layer of 85 ~L was made on top of the first layer containing 20 ~L of 

blood suspension and 65~ of 1% low melting point agarose (LMPA) at 37°C. This cell 

suspension creates a layer on top of the first agarose layer, covered with a coverslip and 

permitted to solidifY. 

Lysis 

The cells were then lysed by eliminating the covers lips and immersing the slides in a 

histology jar containing freshly made cold lysis buffer (pH =10.3). The lysis buffer had 2.5 M 

NaCI, 100 mM EDTA, 10 mM Tris Base, (pH= 10.3), 1% (w/v) Triton X-IOO 

(Dithiothreitol). Triton X-I00 was added just afore commencing the lysis. EDTA was 

dissolve with the aid of NaOH pellets @ 0.2 g/ 10ml of solution. The slides were incubated 

with lysing solution for 24 hr at room temperature. After the incubation the slides were sweep 

away with distilled water three times at 20 min pauses by transferring the rack from one jar to 

another, to remove traces of salt and detergent. The jar was topped with aluminium foil to 

minimize light. 

Neutral Electrophoresis 

Slides were steadily placed in columns in the electrophoresis tray fronting towards 

anode containing a mixture of 1200 ml distilled water and 300 ml neutral electrophoresis 

buffer (54 gIL Tris base, 27.5 gIL boric acid, 0.5 M EDTA) at pH=8.0. Boric acid was 

dissolved at 45°C while stirring. Slides were then equilibrated with electrophoresis buffer for 

20 min. Electrophoresis was accomplished for 20 min at 25V (0.714 V/ cm).When 

electrophoresis was finished, the buffer was drained from the tank and the tray removed. 

Slides were covered with aluminium foil and air-dried overnight at 5°C. 

Analysis and Scoring of the Slides 

The slides were rehydrated with distilled water for 60 min stained with Acridine 

orange (300-400 ~L of 20~g/ml of distilled water) and examined under epifluorescent 

microscope (400X, Nikon AFX-l Optiphot) Digital images were taken for succeeding 

analyses/scoring with TRITEK software. For analysis, 120 cells were counted from four 

fields of each slide counting the intact DNAs and the number of comets. DNA comet 

parameters including Comet length (CL, ~m), Head length (HD, /lm), % DNA in head (%H), 
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Tail length (TL, ~m), Tail DNA (TDNA, %), Tail moment (TM, ~m) and Olive moment 

(OTM, ~m) were recorded. 

Statistical Analysis 

Data obtained from experiment were expressed as mean±SE. The result was analyzed 

by using one way analysis of variances (ANOV A) followed by LSD test using Statistix 

Version 8.1. Values of P <0.05 were considered statistically significant. 
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RESULTS 

Toxicity Evaluation 

An increase was observed in mortality w ith elevation in CYP concentration, shown in 

Table 1. Plotting percent mortalities against CYP log concentration resulted in a curve, 

showing log concentration number 4 (4.5 IlglL) that caused 50% mortality after 96 hr of 

exposure, shown in Fig 1. To clarify 96 hr LC5o, for CYP against rohu, Probit Analysis was 

carried out by plotting Probit mortality against CYP log concentration. This showed 50% 

mortality after 96 hr at Log concentration 0.653 (equal to 4.5 IlglL) , shown in Fig 2. Further 

statistical verification was done through Dragstedt-Behren ' s equation resulted in a value of 

4.49IlglL. The LC50 (4.497 IlglL, almost equal to 4.5 IlglL) was selected after taking the 

average of the above three methods, shown in Table 2. 

Behavioural Study 

Fish exposed to acute concentration of CYP showed different time relying 

behavioural changes (Table 3). During fi rst 24 hr of exposure fi sh showed jumping, erratic 

swimming, hyper activeness, hyperventi lation, aggression and equilibrium loss in fish of 

Group 2nd (fish fed basal diet) and Group 3rd (fish fed vitaminC supplemented diet at the rate 

of 100 mglKg diet) while fish in Group 4th (fish fed vitamin enriched diet at the rate of 200 

mglkg diet) only showed hyper activeness. Rest of the changes was not observed in Group 4th 

and these changes were completely absent in fish of Group 1 st (Control, fed basal diet and did 

not exposed to CYP). Till 48 hr fish in Group 2nd and Group 3rd showed hyper activeness 

while then onward showed hypo activeness and increased air gUlping. After 48-96 hr of the 

exposure the fish showed reflex loss, motionless state and adopting vertical position in Group 

2nd whereas these changes was not observed in fish of Group 1st, Group 3rd and Group 4th. 

Fish in Group 2nd showed aggregation at aquaria corner vertically after 72-96 hr of exposure 

to CYP. Fish in Group pt did not showed any of these changes whereas fish from Group 4th 

only showed hyper activeness initially, which was not observed after a few hr of exposure. 

Table 3 is showing different behavioural responses shown by Labeo rohita in different 

groups of fish. 
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Tissues' Biochemical Studies 

Protein Estimation 

Total protein content observed in various tissues of different groups of fish at various 

time intervals is presented in Fig 3. In brain, gills, liver and muscle tissues, CYP exposure 

caused highest time dependent gradual decrease in protein content in a group of fish fed basal 

diet (Group 2nd) , then followed by a group of fish fed diet supplemented with vitamin C at the 

rate of 100 mg/kg diet (Group 3rd). However, the total protein content in different tissues of 

fish in Group 1 st (Control), not exposed to CYP, and Group 4th fed vitamin C enriched diet 

(200 mglKg diet) before exposure to CYP was considerably similar but higher than observed 

in Group 2nd and Group 3rd . Tables 4 to 7 are respectively showing total protein content in 

brain, gills, liver and muscle tissues ofrohu after exposure to acute concentration ofCYP. 

Lipid Peroxidation Assay (LPO/ TBARS) 

Lipid peroxidation (LPO) level observed in various tissues of different groups of fish 

at various time intervals after CYP exposure is presented in Fig 4. In brain, gills, liver and 

muscle tissues, CYP exposure caused highest time dependent increase in LPO level in a 

group of fish fed basal diet (Group 2nd) fo llowed by fish fed diet supplemented with vitamin 

C at the rate of 100 mglKg diet (Group 3rd) . However, LPO in different tissues in Group 1 st 

(Control, not exposed to CYP) and Group 4 th fed vitamin C enriched diet (200 m glKg diet) 

was similar but higher than observed LPO in Group 2nd and Group 3rd • Tables 8 to 11 are 

showing LPO activity in brain, gills, liver and muscle tissues of rohu. 

Catalase Assay (CAT) 

Catalase (CAT) activity observed in different tissues of different groups of fish at 

various time intervals is presented in Fig 5. Exposure of acute concentration of CYP caused 

highest time dependent increase in catalase activity in fish fed basal diet (Group 2nd) followed 

by fish fed diet supplemented with vitamin C at the rate of 100 mglKg diet (Group yd) . 

However CAT activity in different tissues of fish in Group 1st (Control, not exposed to CYP) 

and Group 4th fed vitamin C enriched diet (200 mglKg diet) before exposure to CYP was 

considerably similar but higher than observed in Group 2nd and Group yd. Tables 12 to 15 are 

showing CAT activity in brain, gills, liver and muscle tissues of different groups of fish. 
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Peroxidase assay (POD) 

Peroxidase (POD) activity observed in different tissues of different groups of fish at 

various time intervals is presented in Fig 6. Exposure of acute concentration of CYP caused 

highest time dependent increase in catalase activity in fish fed basal diet (Group 2nd) followed 

by fish fed diet supplemented with vitamin C at the rate of 100 mglKg diet (Group 3rd). 

However CAT activity in different tissues of fish in Group 1st (Control, not exposed to CYP) 

and Group 4th fed vitamin C enriched diet (200 mglKg diet) before exposure to CYP was 

considerably similar but higher than observed in Group 2nd and Group 3rd• Tables 16 to 19 are 

showing CAT activity in brain, gills, liver and muscle tissues of different groups of fish. 

Superoxide Dismutase Assay (SOD) 

Superoxide dismutase activity was observed to be on increasing trend in different 

tissues of fish fed with ba~,~l. diet (Group 2nd) followed by fish fed diet supplemented with 

vitamin C at the rate of 100 mg/kg diet (Group 3rd) , shown in Fig 7. SOD activity in Group pt 

(Control, not exposed to CYP) and Group 4th fed vitamin C enrich diet (200 mglKg diet) 

before exposure to CYP was considerably similar but higher than observed in Group 2nd and 

Group yd. Tables 20 to 23 are showing SOD activity in brain, gills, liver and muscle tissue of 

different groups of fish. 

Glutathione Reductase Assay (GR) 

Activity of glutathione reductase observed in different tissue of different groups of 

fish at different time intervals is shown in Fig 8. Highest GR activity was observed in fish fed 

basal diet (Group 2nd) followed by fish fed diet supplemented with vitamin C at the rate of 

100 mglKg diet (Group 3rd). GR activity in studied tissues was observed to be considerably 

similar in Group 1 st (Control, not exposed to CYP) and fish fed diet supplemented with 

vitamin C at the rate of200 mglKg diet before exposure to CYP. Tables 24 to 27 are showing 

GR activity in brain, gills, liver and muscles tissues of different groups of fish at various time 

interval. 

Total Reduced Glutathione Assay (GSH) 

Total reduced glutathione observed in different tissues of different groups at different 

time intervals is presented in Fig 9. A highest increasing time dependent trend in GSH 

activity was observed in Group 2nd (Fish fed basal diet) followed by Group 3rd (fish fed diet 

supplemented with vitamin C at 100 mglKg diet) while no considerable difference was 

observed between Group 1 st (Control) and Group 4th (fish fed diet supplemented with vitamin 
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C at the rate of 200 mglKg diet) in GSH activity~ Tables 28 to 31 are showing GSH activity 

in brain, gills, liver and muscles of different groups of fish . 

Glutathione Peroxidase Assay (GSH-Px) 

Glutathione peroxidase activity observed in different tissues of different groups at 

different time intervals is shown in Fig 10. In brain, gills, liver and muscle tissues, CYP 

exposure caused highest time dependent gradual increase in GSH-Px activity in a group of 

fish fed basal diet (Group 2nd), followed by a group of fish fed diet supplemented with 

vitamin C at the rate of 100 mglKg diet (Group 3rd). However, the GSH-Px activity in 

different tissues of fish in Group 1 st (Control, not exposed to CYP) and Group 4th fed vitamin 

C enrich diet (200 mglKg diet) before exposure to CYP was considerably similar but higher 

than observed in Group 2nd and Group 3rd. Tables 32 to 35 are showing GSH-Px activity in 

brain, gills, liver and muscle tissues of different groups offish. 

Glutathione-S-Transferase Assay (GST) 

Glutathione-S-transferase activity observed in brain, gills, liver and muscles of rohu at 

different time intervals is given in Fig 11 . Exposure to CYP increased glutathione transferase 

(GST) activity in all four studied tissue in a group fed with basal diet (Group 2nd) followed by 

a group fed diet supplemented with vitamin C at the rate of 100 mglKg diet (Group Jrd). No 

considerable change was observed between Group 1 st (Control, not exposed to CYP) and fish 

fed vitamin C enrich diet at the rate of 200 mglKg diet (Group 4th). Tables 36 to 39 are 

presenting GST activity in brain, gills, liver and muscle of rohu in different groups of fish at 

different times intervals. 

Digestive Enzymes 

Exposure of CYP elevated the activities of digestive enzymes including Amylase, 

Cellulase and Protease in rohu, Labeo rohita. A statistically significant difference (P < 0.05) 

was observed in Group 1 st, Group 2nd and Group 3rd while no significant difference was 

observed between Group 1 st and Group 4th except at 24 and 48 hr in Amylase and Protease 

activities. Activities of digestive enzymes observed in different groups of fish at different 

time intervals are given in Fig 12. 

Amylase Activity 

Amylase activity (U/mg) was observed to be 0.219±0.03 and 0.215±0.02 in Group PI, 

0.377±0.06 and 0.481±0.04 in Group 2nd, 0.266±0.01 and 0.328±0.01 in Group 3rd, and 
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0.21 2±0.021 and 0.213±0.047 in Group 4th at 24 and 96 hr respectively. Table 40 is showing 

Amylase activity in rohu in different groups offish at different time intervals. 

Cellulase Activity 

Cellulase activity (U/mg) was observed to be 0.788±0.052 and 0.789±0.052 in Group 

pt, 0.947±O.l16 and 1.140±0.114 in Group 2nd, 0.859±0.018 and 0.947±0.03J in Group 3fd, 

and 0.787±0.038 and 0.786±O.023 in Group 4th at 24 and 96 hr ofCYP exposure respectively. 

Table 41 is showing Cellulase activity in different groups of rohu at 96 hr. 

Protease Activity 

Protease activity (U/mg) was observed to be O.052±0.006 and O.053±O.023 in Group 

P\ 0.101±0.064 and O.l95±0.041 in Group 2nd, 0.097±0.003 and 0.124±0.003 in Group yd, 

and 0.054±0.007 and 0.054±0.006 in Group 4th at 24 and 96 hr respectively. Table 42 is 

showing Protease activity in different groups of rohu at 96 hr. 

Enzymes of Nitrogen Metabolism/ Protein Metabolism 

CYP exposure caused highest increase in enzymes of protein metabolism in a group 

of fish fed basal diet (Group 2nd) , followed by fish fed diet supplemented with vitamin C at 

the rate of 100 mglKg diet (Group 3fd) . The activities of enzymes of nitrogen metabolism in 

Fish of Group 1 st (Control, not exposed to CYP) was considerably similar to fish fed enrich 

vitamin C supplemented diet, 200 mglKg diet (Group 4th) in activities of enzymes of nitrogen 

metabolism. Fig 13 to 16 is showing AST, AL T, GDH and LDH activities in different group 

offish. 

Aspartate Aminotransferase (AST) 

AST activity observed in liver, muscle and gills of different group of fish are 

presented in Tables 43 to 45. AST activity showed highest time dependent increasing trend in 

fish fed basal diet (Group 2nd) followed by fish fed diet supplemented with vitamin C at the 

rate of 100 mglkg diet (Group 3fd). AST activity in fish of Group 1 st (Control) and fish of 

Group 4th fed vitamin C enrich diet (200 mglKg diet) before exposure to CYP was 

considerably similar. 
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Alanine Aminotransferase (ALT) 

ALT activity observed in liver, muscles and gills of different groups of fish are 

presented in Tables 46 to 48 respectively. AL T activity was observed to be on highest time 

dependent increasing trend in fish fed basal diet (Group 2nd) followed by fish fed diet 

supplemented with vitamin C at the rate of 100 mglkg diet (Group 3rd). ALT activity in fish 

of Group 15t (Control) and fish of Group 4th fed vitamin C enriched diet (200 mglKg diet) was 

considerably similar. 

Glutamate Dehydrogenase (GDH) 

GDH activity observed in gills, liver and muscles tissues of different groups of fish 

are given in Tables 49 to 51. GDH activity at different time intervals showed similar trend as 

observed in AST and AL T in all the groups of fish. 

Lactate Dehydrogenase (LDH) 

LDH activity observed in liver, muscles and gills of different groups of fish are given 

in Tables 52 to 54. LDH activity was observed, statistically highest in fish fed basal diet 

(Group 2nd) followed by fish fed vitamin C supplemented diet at the rate of 100 mglKg diet 

(Group 3rd). LDH activity in fish of Group 15t (Control, not exposed to CYP) and fish of 

Group 4th fed enriched vitamin C diet (200 mglKg diet) was considerably similar. 

Evaluation of DNA damage through Comet Assay 

DNA damage was evaluated by Comet Assay from the peripheral blood erythrocyte 

of rohu, Labeo rohita. The damage was time dependent. Table 55 to 58 are showing DNA 

damage in different groups of fish at 24, 48, 72 and 96 hr respectively. Fig 25 is showing 

DNA damage observed in Group 2nd and Group 3rd while intact DNA in Group 15t and Group 

4th. 

Observed number of cometsl120 cells, comet lengths, tail length, head length, %Head 

DNA, %Tail DNA, Tail movement and Olive tail movement in all groups are given in Fig 17 

to 24 respectively. 
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Table I: Determination of LCso value of CYP for 96 h r 

S. Concentration Log 
Number No. of 
offish alive 

No CYP (llglL) Concentration 
exposed fish 

3.0 0.477121255 10 10 

2 3.5 0.544068044 10 9 

" 4.0 0.602059991 10 7 ;) 

4 4.5 0.653212514 10 5 

5 5.0 0.698970004 10 3 

6 5.5 0.740362689 10 1 

7 6.0 0.778151250 10 0 

Table 2: Average LCso value ofCYP for Labeo rohita 

S. No 

2 

3 

Method Name 

Percent Mortality 

Probit Morality 

Dragstedt -Behren ' s MethodlEquation 

Mean 

Standard Deviation 

Standard Error 

Results 

No. of Percent 
Probit 

dead mortality 

fish (%) 
Mortality 

0 0 0.00 

1 10 3.72 

3 30 4.48 

5 50 5.00 

7 70 5.52 

9 90 6.28 

10 100 8.09 

LCso Value in IlglL 

4.5 IlglL 

4.5 11 gIL 

4.49 IlglL 

4.497 1lglL 

0.0058 

0.0033 
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Table 3: Behavioral response of L. rohita exposed to LCso CYP 

Behavior 

24 hr 

Jumping 

Erratic swimming 

Equilibrium Loss 

Air gulfing 

Hyperventilation 

Hyper activeness 

48-96 hr 

Hypo activeness 

Reflex loss 

Discoloration 

Vertical position 

Motionless state 

+ = Present; - = Absent 

Control 

Treatment groups 

CVP CYP+Vit CIOO CYP+Vit C200 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Table 4: Total Protein Content (mg/ g) in brain of different groups of fish at various time 
intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 
24 9.82±0.53a 9.12±0.38e 9.55±0.26c 9.72±0.23ab 

48 9.69±0.56abc 8A2±0.64f 9.22±OA8d 9.65±0.36abc 

72 9.85±0.36a 8.12±OA4g 8.65±OA8f 9.82±0.19a 

96 9.69±0.56abc 7.65±OA8h 7.95±OA3g 9.63±0.76abc 

Data are represented as Mean±SE (n · = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 5: Total Protein Content (mg/ g) in gill s of different groups of fish at various time 
intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 7.69±0.56b 7.25±OA5e 7A2±0.42d 7.68±0.38b 

48 7.82±0.69a 6.82±0.38h 7.02±0.48f 7.85±0.37a 

72 7.65±0.57c 6. 12±0.45j 6.92±0.45g 7.59±0.35c 

96 7.75±0.52b 5.82±0.48k 6.45±0.33i 7.69±0.29b 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 6: Total Protein Content (mg/ g) in liver of different groups of fish at various time 
intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 16.092±0.13d 13.157±0.73i 15.558±0.6ge 16.025±0.19d 

48 16.191±0.50d 13 . 123±0.4~ 14.957±0.39f 15.891±0.39d 

72 16.958±0.24a 10.445±0.57k 13.457±0.46h 16.225±0.25c 

96 16.858±0. 1l b 9.755±0.651 13 .824±0.60g 16.891 ±0.65b 

Data are represented as Mean±SE (n = 3). Means fo llowed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test) . 

Table 7: Total Protein Content (mg/ g) in muscles tissues of different groups of fish at various 
time intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 12.490±0.48d 11.689±0.48h 11.989±OAOf 12.423±0.53d 

48 12.423±0.39d 10.889±0.34i 11.789±0.50g 12.456±0.45d 

72 12.723±0.28c 10.188±0.55j 10.889±0.48i 12.923±0.28a 

96 12.756±0.61b 9.195±0.391 10.022±0.58k 12.089±0.2ge 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05) . (ANOVA followed by HSD Tukey test) . 
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Table 8: Activity of LPO (J.lmoll mini mg protein) in Brain of different groups of fish at 
various time intervals 

Time 
(hr) Control 

24 ] 6Al1±0.877h 

48 ] 6.724±0.886g 

72 16.731±OA76g 

96 ] 6.709±0.80I g 

Treatment groups 

Cyp CYP + Vit ClOO 

29A ll±1.198de 22.267±OA02f 

39.596±2.709c 

49.125±2.329b 

63. I 88±3. 712a 

27.1 96±1.465e 

32.848±1.759d 

35.299±] .81Ocd 

CYP + Vit C200 

16.396±0.607h 

16.689±0.84g 

] 6.695±0.299g 

16.689±] .309g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05) . (ANOVA followed by HSD Tukey test). 

Table 9: Activity of LPO (J.lmoll mini mg protein) in Gills of different groups of fish at 
various time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOO CYP + Vit C200 

24 11.102±0.741h 16.246±1.272f 12.076±0.698g 10.997±0.326h 

48 I] .684±0.844h 23.387±1.20Id 19.05]±1.10ge 11.677±0.291h 

72 11.8] 3±0.706h 29.536±1.949b 25.962±1.801 c 11.781±0.681 h 

96 ] 1.643±0.654h 36.091±2.753a 28.09]±] .308bc I] .666±OA99h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test) . 

Table 10: Activity of LPO (J.lmoll mini mg protein) in Liver of different groups of fish at 
various time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOO CYP + Vit C200 

24 ] 8.745±0.168g 32.] 04±] .714e 19.533±0.2 ] ]g 18.837±0.211g 

48 ] 8.788±OA94g 46.35 ]±1.608c 26.823±0.557f ] 8.646±OA52g 

72 18.322±0.287g 69.173±3A09b 32A62±1.071g ] 8.313±0.32] g 

96 18. 729±0.021 g 90.037±5.858a 40.362±1 .808d ]8.715±0.78]g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table II: Activity of LPO (J.lmoll mini mg protein) in Muscles of different groups of fish at 

various time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOO CYP + Vit C200 

24 16.533±0.542h 22A09±0.689 f 19.542±0.299g ] 6.543±0.692h 

48 16.917±OA86h 3] .794±0.908d 23 .0 ] 7±1.1 09f 16.849±0.568h 

72 16.661±0.329h 41.206±2.299b 26A91±1.1 07e ] 6.597±OA27h 

96 16.697±0.667h 45.873±1.825a 33.276±1.814c 16.703±OA4lh 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05) . (ANOVA followed by HSD Tukey test). 
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Table 12: Activity of Catalase (Ilmoll mini mg protein) in Brain of different groups of fish at 
different time intervals 

Time Treatment groups 

(hr) Control CYP Cyp + Vit C IOO CYP + Vit C200 

24 128.931±20.53g 138.879±1 2.247de 130.968±4.499f 128.989±1 .395g 

48 129.l03±6.32g 146.418± 12. 729c 133 .685±6.628ef 128.985±3.824g 

72 128.498±11.52g 156.866±8.078b 137.725±10.284e 128.273±2.309g 

96 128.125±7.34g 161.816±9.997a 141.082±7.869d 128.054±9.363g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 13 : Activity of Catalase (Ilmol/ mini mg protein) in Gills of different groups of fish at 
different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 173.079±12.1 0 1 f 185.357±8.391d 177.l47±7.114e 172.926± 11 .085f 

48 172.896±13.623f 192.762±9.999c 184.213±8.778d 172.228± 14.135f 

72 172.449±18.908f 198.727±14.312b 186.873±11.724d 172.545± 12.188f 

96 172.708±11.068f 205.535±10.996a 192.205±5.538c 172.541 ±6.41 Of 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 14: Activity of Catalase (Ilmoll mini mg protein) in Liver of different groups of fi sh at 
different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 244.936±12.1 0 1 g 263.746±13.901 d 250.861±19.999f 243.841±12.161 g 

48 244.509±19.249g 273.815±15.052c 258.586±16.752e 244.009±14.912g 

72 244.893±13.4 71 g 292. 728± 14.648b 265 .167±16.297d 244.551±14.6554g 

96 245.111±12.066g 304. 755±20.0 19a 272.307±11.847c 244.890±10.339g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 15: Activity of Catalase (Ilmol/ mini mg protein) in Muscles of different groups of fish 
at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C20D 

24 222.061±7.906g 233 .314±8.032e 229.855±7.519f 222.729±9.645g 

48 222.727±7.072g 248.869±8.230c 234.032±9.747e 223.114±8.719g 

72 223.455±5.360g 266.599± 11.454b 239.899±11.892de 223 .182±9.809g 

96 223.105±12.574g 275.045±10.454a 245.443±14.367d 223.622±4.421 g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOVA followed by HSD Tukey test). 
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Table 16: Activity of POD (!J.moll mini mg protein) in Brain of different groups of fish at 
different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit C lOD CYP + Vit C200 

24 43.943±5.374h 63.945±4.08ge 47.454±2.014g 44.325±1.808h 

48 44.694±4.218h 80.249±9.359c 53 .267±4.577f 44.715±2.965h 

72 45.022±2.679h 98.452±6.991 b 65.289±5.736de 44.929±2.257h 

96 45.086±3.996h 114.894±8.522a 67.718±6.156d 44.925±5.397h 

Data are represented as Mean±SE (n = 3). Means followed by different letters ' are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 17: Activity of POD (!J.mol mini mg protein) in Gills of different groups of fish at 
different time intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 70.815±7.685h 122.757±12.487d 76.10 1±6. 759g 70.944±5.299h 

48 71.043±3.796h 162.187±18.036c 80.791±5.358f 71.044±11.486h 

72 72.132±7.809h 212.672±24.172b 85.321±10.301ef 71.982±5.940h 

96 72.152±8.042h 258.733±45.925a 89.016±8.636e 72.245±4.745h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 18: Activity of POD (!J.moll mini mg protein) in Liver of different groups of fish at 
different time intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 56.184±0.872i 93.948±6.218d 62.422±4.544h 55.959±2.557i 

48 57.789±2.696i 128.918±13. 7001 c 71.861±4.479g 56.579±1.759i 

72 57.789±2.723 i 148.645±32.042b 81.535±7.618f 57.655±3.364i 

96 57.337±0.645i 183 .632±3 .659a 88.472±14.698e 57.650±3.801 i 

Data are represented as Mean±SE (n = 3) . Means followed by different letters are 
significantly different (P < 0.05) . (ANOV A followed by HSD Tukey test). 

Table 19: Activity of POD (!J.moll mini mg protein) in Muscles of different groups of fish at 
different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 28.528±1.l91 f 36.153±3.154d 30.847±7.90ge 28.454±9.249f 

48 29.009±10.511 f 43 .672±9 .884c 33 .495± 12.333de 28.485±10.713f 

72 28.497±1.058f 53.445±4.033b 37.343±8.197d 28.412±9.015f 

96 28.638±2.118f 67.097±5.406a 48.929±6.308bc 28.516±9.314f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05) . (ANOV A followed by HSD Tukey test). 
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Table 20: Activity of SOD (~lmo1/ mini mg protein) in Brain of different groups of fish at 
different time intervals 

Time Treatment groups 

(hr) Control CYP Cyp + Vit ClOD CYP + Vit C200 

24 125 .006±7.277g 145 .590±5 .21 1d 132.525±3 .817f 124.974±2.834g 

48 125.665±7.453g 156.833±9.849c 137.797±7.] 85e 125.791±4.469g 

72 125.315±4.777g 167.128±8.496b 142.536± 7.405de 125.109±2.809g 

96 126.]71±7.266g 178.173±10.998a . 149.797±7.479cd 125.816±9.714g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOVA followed by HSD Tukey test). 

Table 2]: Activity of SOD (~moll mini mg protein) in Gills of different groups of fish at 
different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 143 .996±4.537h 165.872±9.201f 153.789±8.808g 143 .949±6.867h 

48 143 .159± 12.836h 196.309±0.228c 167.083± 1 0.09gef 143.343±7.287h 

72 144.226±9.927h 199.771±14.283b 168.538±8.888e 144.178±6.798h 

96 144.233±7.664h 22] .269±17.742a 181.517±8.769d 144.199±8.227h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test) . 

Table 22: Activity of SOD (~moll mini mg protein) in Liver at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 162.369±4.888g 173 .299±9.033de ] 69.993±6.035 f 162.462±2.197g 

48 162.011±3.456g 184.094±6.671c 172.461 ±6.517e 162.517±3.979g 

72 162.876±2.988g 198.l69±9.373b 174.1l5±5.129d 162.903±2.858g 

96 163.067±0.605g 208 .041±14.298a 179.028±6.049cd 162.959±7.974g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOVA followed by HSD Tukey test) . 

Table 23: Activity of SOD (~moll mini mg protein) in Muscles at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 136.891±3.836h 147.558±7.70 1 f 141.l78±8.635g 136.250±9.718h 

48 137.014±6.397h 167 .308±4. 96 JC 149.248±5.363f 136.466±5.455h 

72 136.686±3.724h 174.341±10.947b 158.777±7.273e 136.619±4.319h 

96 136.264± 7 .085h 193 .494±9. 787a 162.977±8.679d 136.092±3.l97h 

Data are represented as Mean±SE (n = 3). Means fo llowed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 
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Table 24: Activity of GR ()lmol NADPH oxidized/ mini mg protein) in Brain of different 

groups of fish at different time intervals 

Time Treatment groups 

(hr) Control Cyp CYP + Vit ClOD CYP + Vit C200 

24 1216.993±64.182i 1702.538±41.514d 1443. 798±23 .005g 1218.277±20.734i 

48 1220.082±67.216 i 2160.344±159A92c 1496.672± 71.130f 1218.984±21.288i 

72 1226A59±40.508h 2471.882±113.918b 1593.266±87.261 e 1227.029±23.739h 

96 1227.505±67.102h 2982.9001 ± 183.865a 1699.581 ±90.545d 1226.249±92.965h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 25: Activity of GR ()lmol NADPH oxidized/ mini mg protein) in Gills of different 
groups of fish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 421.254±28A88g 492.l11±25.161 e 482.693±48AI8f 421.322±28A62g 

48 424.992±34.572g 523.l1 1±61.518d 493 .174±55.915e 421.673±7.726g 

72 423 .355±24A87g 613.504±62.579b 529.683±36.655cd 421 .565±58.822g 

96 424.901±37.291 g 695.154±41.396a 531.671±23.248c 424.0 19±6. 946g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 26: Activity of GR ()lmol NADPH oxidized/ mini mg protein) in Liver of different 
groups of fish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C20D 

24 1430.915±40.758g 1694.264±87.026f 1513.934±64.769g 1432.505±18.759g 

48 1430.758±46A04g 2181.937±80.778d 1825.135±47.99ge 1432.172±29 A64g 

72 1439.004±20A02g 2865 .734±150.734b 2150.681±73 .735d 1432.837±21.556g 

96 1431.463±23.091 g 3321 .738±215.688a 2238A71±94.996c 1434.897±59.169g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOVA followed by HSD Tukey test). 

Table 27: Activity of GR ()lmol NADPH oxidized/ mini mg protein) in Muscles of different 
groups offish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 1153.l20±48.386h 1582A99±67.558d 1232.008±39.521g 1155.063±50.745h 

48 1157.976±37A66h 1943.314±56.202c 1421.163±57A67f 1154.845±41.637h 

72 1151.783±23.901 h 2218.761±114.169b 1503 .776±65A48e 1159.297±29.503h 

96 1156.653±67A36h 2461 .887±1 00.081 a lS99.887±80.568d 1154.521±30.841 h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOVA followed by HSD Tukey test). 
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Table 28: Activity of GSH (Ilmoll g tissue) in Brain of different groups of fish at different 
time intervals 

Time Treatment groups 

(hr) Control Cyp Cyp + Vit C IOO CYP + Vit C200 

24 1.227±0.068h 2.903±0.142d 1.606±0 .24 7g 1.246±0.041 h 

48 1.264±0.055h 3.01±O.l66c 1.891±0.100f 1.256±0.056h 

72 1.241±0.058h 3.456±0.673b 1.937±0.08gef 1.233±0.059h 

96 1.282±0.064h 3.822±0.249a 2.152±0.133e 1.254±0.141h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (AN OVA followed by HSD Tukey test). 

Table 29: Activity of GSH (Ilmoll g tissue) in Gills of different groups of fish at different 
time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 1.076±0.455g 1.333±0.295d 1.157±0.161f 1.072±0.298g 

48 1.076±0.129g 1.499±0.231 c 1.195±0.098ef 1.078±0.1l1 g 

72 1.076±0.121 g 1.584±0.203 b 1.239±0.137e 1.077±O.l12g 

96 1.071±0.123g 1.644±0.149a 1.336±O.l29d ] .073±0.1 06g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 30: Activity of GSH (Ilmol/ g tissue) in Liver of different groups of fish at different 
time intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 1.274±0.017g 3.307±0.215cd 2.068±0.04Jf 1.259±0.0 l6g 

48 1.274±0.049g 3.675±0.113c 2.269±O.l21ef 1.286±0.031 g 

72 1.261±0.038g 3. 925±0 .23 7b 2.572±0.147e 1.258±0.037g 
96 1.306±0.022g 4.1 73±0.326a 3.214±0.104d ] .279±0.054g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 31: Activity of GSH (Ilmol/ g tissue) in Muscles of different groups of fish at different 
time intervals 

Time Treatment groups 
(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 1.159±0.053f 2.l67±0.071 c 1.441±0.057e 1.156±0.053f 

48 1.157±0.032f 2.578±0.059b 1.494±0.058e 1.154±0.059 f 

72 1.1 53±0.048f 2. 774±0.141 ab ] .578±0.071 de 1.153±0.029f 

96 1.151±0.045f 2.959±0.122a 1.615±0.077d 1. 154±0.029f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 
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Table 32: Activity of GSH-Px (nmol of GSH oxidized/ mini mg protein) in Brain of different 
groups offish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C20D 

24 1.237±0.045g 2 .1 59±0.021d 1.59J±0.039f 1.234±0.0 1 03g 

48 1.25 8±0.052g 2.243±0.090c 1.891 ±0.164e 1.255±0.0282g 

72 1.253±0.033g 2.439±0.075b 2.005±0.072de 1.254±0.022g 

96 1.297±0.056g 2.603±0.061 a 2.247±0.107c 1.284±0.089g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 33: Activity ofGSH-Px (nmol ofGSH oxidized/ mini mg protein) in Gills of different 
groups offish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 1.657±O.l 07i 2.635±0.151 d 1.798±0.061 h 1.659±0.062i 

48 1.667±0.126i 3.186±0.179C 1.951±0.117g 1.669±0.074i 

72 1.679±O.l12i 3.560±0.196b 2.171±0.134f 1.671±0.715i 

96 1.678±0.099i 3.934±0.301 a 2.376±0.096e 1.679±0.063 i 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05) . (ANOVA followed by HSD Tukey test). 

Table 34: Activity of GSH-Px (nmol of GSH oxidized/ mini mg protein) in Liver of different 
groups of fish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 2.187±0.055e 4.084±0.231 bc 3.493±O.l05d 2.144±0.047e 

48 2.1 56±0.065e 4.583±0.143b 3.519±0.069d 2.l51±0.031 e 

72 2.l56±O.066e 4.773±0.193ab 3.789±0.065cd 2.1 53±0.031 e 

96 2.160±0.062e 4.892±0.298a 3.983±0.117c 2.161±0.07ge 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test) . 

Table 35: Activity of GSH-Px (nmol of GSH oxidized/ mini mg protein) in Muscles of 
different groups offish at different time intervals 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 1.656±0.061 f 3.1 75±0.J08c 1.985±0.05ge 1.651±0.065 f 

48 1.667±0.052f 3.618±0.104b 1.997±0.053e 1.671 ±0.035f 

72 1.701±0.034f 3.929±0.197ab 2.162±0.069de 1.704±0.009f 

96 1.711±0.076f 4.261±0.155a 2.369±0.087d 1.687±0.067f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 
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Table 36: Activity of Glutathione-S-Transferase (~mol of chloro-2,4-dinitrobenzyne 

conjugated formed/ mini mg protein) in Brain 
Time Treatment groups 

(hr) Control CYP Cyp + Vit C IOO CYP + Vit C200 

24 1480.320±78.517g 1903 .082± 73 .457de 1628.579±43.268 f 1479 .072±34.0 16g 

48 1483.687±109.638g 2227.368± 161.1 0 1 c 1856.692±91.89ge 1482.099±55.021 g 

72 1483 .968± 72.258g 2655.469±136.538b 2030.650± 109 .608d 1485.372±21.208g 

96 1491.776± 102.259g 2964.307± 122.388" 2181.288±112.845cd 1486.612± 111.808g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 37: Activity of Glutathione-S-Transferase (~mol of chloro-2,4-dinitrobenzyne 
conjugated formed/ mini mg protein) in Gills 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 987.659±65.974f 1083.908±64.562e 1008.974±54.71ge 983.805±47.636f 

48 984.190± 78.128f 1232.029±64.989c 1 085.436±68.0 1ge 983.152±48.561 f 

72 987.166±67.484f 1492.620±98.009b 1178.818±73.111d 984.7] 6±43.168 f 

96 988.360±62.] 71f 1752.029± 133 .623a 1260.237±6] .852c 986.01] ±34.859f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 

Table 38: Activity of Glutathione-S-Transferase (~mol of chloro-2,4-dinitrobenzyne 

conjugated formed/ mini mg protein) in Liver 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP ;t V it C200 

24 1756.2]3±13.165 i 3135.194±175.147d 2136.962±95.798h 1758.238±23.401 i 

48 1753.322±52.619 i 4076.190± 136.520c 2427.575±73.034g 1756.41 0±43 .075 i 

72 1761.250±24.811 i 4910.765±267.073b 2643.039±85.616f 1757.307±32.307i 

96 1763.931±11.794i 5489.824±455.794a 2948.2 13±123.107e 1752.207±78.068 i 

Data are represented as Mean±SE (n = 3). Means fo llowed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test) . 

Table 39: Activity of Glutathione-S-Transferase (~mol of chloro-2,4-dinitrobenzyne 

conjugated formed/ mini mg protein) in Muscles 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 1377.592±50.221 g 2534.021±103.904d 2] 18.819±68.924f 1376.844±58.635g 

48 13 79.386±43. 719g 2920.042±100.995c 2268.796±97.633ef 1372.667±60.119g 

72 1373.279±36.834g 35] 0.282±189.099b 2358.732±1 03.460e 1372.827±34.038g 

96 ] 376.002±71.679g 4163.513±181.165a 2581.583± 149.859d 1373.981±33.593g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 



Results 

Table 40: Comparative Specific Activity of Amylase (U/mg) in different groups offish after 

Time Treatment groups 

(hr) Control CYP Vit CIOO Vit C200 

24 0.2 19±0.03 h 0.3 77±0.06d 0.266±0.0 1 g 0.212±0.02 1 h 

48 0.218±0.02h 0.405±0.04c 0.301±0.0If 0.214±0.0 17h 

72 0.214±0.02h 0.443±0.05b 0.311±0.0 1 ef 0.216±0.0 14h 

96 0.215±0.02h 0.481±0.043 0.328±0.0Ie 0.213±0.047h 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOVA followed by HSD Tukey test). 

Table 41: Comparative Specific Activity of Cellulase (U/mg) in different groups of fish after 

Time Treatment groups 

(hr) Control CYP Vit CIOO Vit C200 

24 0.788±0.052e 0.947±0.1l6c 0.859±0.018d 0.787±0.038e 

48 0.784±0.053e 0.964±0.114c O.866±O.069d 0.788±0.033e 

72 0.782±0.054e 1.027±0.136b O.939±0.021 cd O.783±0.032e 

96 0.789±0.052e 1.140±0.1143 0.94 7±O.031 c 0.786±0.023e 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < 0.05). (ANOV A followed by HSD Tukey test) . 

Table 42: Comparative Specific Activity of Protease (U/mg) in different groups offish 

Time Treatment groups 

(hr) Control CYP Vit CIOO Vit C200 

24 0.052±0.006f 0.1 01±0.064de 0.097±0.003e 0.054±0.007f 

48 0.052±0.008f 0. 1l5±0.042d 0.1 07±0.00 1 de 0.053±0.006f 

72 0.052±0.006f 0.142±O.017b 0.1 13±0.002d 0.053±0.005f 

96 0.053±0.023f O.l95±0.041 3 0.124±0.003C 0.054±0.006f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 
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Results 

Table 43 : AST activity (mg protein! h) in Liver of different groups of fi sh 

Time Treatment groups 

(hr) Control Cyp Cyp + Yit ClOD CYP + Yit C200 

24 1.556±0.004f 2. 149±0.059c 1. 779±0.001 e 1.556±0.008f 

48 1.557±0.00 1 f 2.425±0.078b 1.833±0.167de 1.556±0.1 03bf 

72 1.557±0.00 1 f 2.636±0.1 24ab 1.987±0.002d 1.556±0.052f 

96 . 1.556±0.004f 2 .961 ±0.032a 2.092±0.008cd 1.555±0.054f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOY A followed by HSD Tukey test). 

Table 44: AST activity (mg protein! h) in Muscles of different groups of fish 

Time Treatment groups 

(hr) Control CYP CYP + Yit C lOD CYP + Yit C200 

24 1.321±0.005e 1. 782±0.2 18c 1.611±0.064d 1.339±0.078e 

48 1.339±0.001 e 1.954±0.01l b 1.654±0.089cd 1.337±0.037e 

72 1.343±0.005e 1.994±0.002ab 1.852±0.057bc 1.337±0.007e 

96 1.338±0.00 I e 2 .129±0.1 2 J3 1.929±0.017b 1.338±0.140e 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOY A followed by HSD Tukey test). 

Table 45: AST activity (mg protein! h) in Gills of different groups offish 

Time Treatment groups 

(hr) Control CYP CYP + Yit CIOO CYP + Yit C200 

24 0.909±0.01 5f 1.1 17±0.003de 0.952±0.0204f 0.907±0.009f 

48 0.907±0.0203f 1.809±0.085c 1.097±0.027e 0.904±0.027f 

72 0.904±0.007f 1.943±0.023b 1.1 03±0 .24 7de 0.907±0.013f 

96 0.907±0.012f 1.987±0.0035a 1.261±0.0404d 0.901±0.016f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < 0.05). (ANOY A followed by HSD Tukey test). 
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Results 

Table 46: ALT activity (mg protein/ h) in Liver of different groups of fish 

Time Treatment groups 

(hr) Control CYP Cyp + Vit ClOD CYP + Vit C200 

24 4.61 ±0.023g 6.317±0.024d S.487±0.1l 2f 4 .61 ±0.046g 

48 4.66±0.011Sg 7.882±0.0173c S.67l±0.09Sef 4.69±O.046g 

72 4.69±0.032g 8.341±0.314b S.817±0.01le 4.68±0.017g 

96 4.6S±0.048g 8.847±0.824a 6.297±0.23Sde 4.63±0.082g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < O.OS). (AN OVA followed by HSD Tukey test). 

Table 47: ALT activity (mg protein! h) in Muscles of different groups offish 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 3.36±O.00Sf 4.28±0.0 11scd , 3.S73±0.0671 e 3.31±0.01f 

48 3.32±0.006f 4.87±0.0231 c 3.973±0.023d 3.32±0.029f 

72 3.39±O.01l f S.S8±O.012b 4.44±0.023C 3.40±0.029f 

96 3.34±0.006f 6.69±0.00sa S.S2±0.0289b 3.34±0.011Sf 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < O.OS). (ANOV A followed by HSD Tukey test). 

Table 48: ALT activity (mg protein/ h) in Gills of different groups of fish 

Time Treatment groups 

(hr) Control CYP CYP + Vit ClOD CYP + Vit C200 

24 1.78±0.067f 2.43±0.03scd 2.077±0.088e 1.77±0.029f 

48 1.7S±0.14Sf 2.91±0.078bc 2.l33±0.034de 1.71±0.009f 

72 1.79±0.064f 3 .63±0. 1l1 b 2.287±0.177d 1.77±0.018f 

96 1.76±0.031 f 3.97±0.023a 2.697±0.lS7c 1.78±0.091 f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < O.OS). (AN OVA fo llowed by HSD Tukey test) . 
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Results 

Table 49: GDH activity (mg protein/ h) in Liver of different groups offish 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 0.76±0.012e 0.837±0.068cd 0.81 ±0.046d 0.76±0.02ge 

48 O.77±O.Olle 0.921±0.029bc 0.83±0.046cd 0.76±0.006e 

72 O.77±O.03Se 0.973±0.0 11 b 0.89±0.04F 0.76±0.046e 

96 0.77±0.OS8e 1.033±0.03Ia 0.89±0.OS2C 0.76±0.006e 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < O.OS). (ANOV A followed by HSD Tukey test). 

Table SO: GDH activity (mg protein! h) in Muscles of different groups of fish 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 0.43±0.011 f 0.49±0.023de 0.4S±0.02gef 0.43±0.017f 

48 0.44±0.029f O.SO±O.017d 0.47±0.03Se 0.43±0.0IIf 

72 0.44±0.006f 0.64±0.OIlb 0.S8±0.023c 0.43±0.OI7f 

96 0.44±0.017f 0.69±0.0IIa 0.6I±0.07Sbc 0.44±0.069f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < O.OS). (ANOVA followed by HSD Tukey test). 

Table SI: GDH activity (mg protein! h) in Gills of different groups of fish 

Time Treatment groups 

(hr) Control CYP CYP + Vit CIOO CYP + Vit C200 

24 0.37±0.01lf 0.43±0.03Sde O.4I±O.O 17e 0.36±0.017f 

48 0.37±0.012f 0.49±0.041c 0.43±0.017de 0.37±0.OI04f 

72 0.37±0.011f 0.S6±0.OI73b 0.4S±0.023d 0.37±0.0321f 

96 0.37±0.017f 0.63±0.0289a 0.49±0.03Sc 0.37±0.023I f 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < O.OS). (ANOVA followed by HSD Tukey test). 
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Results 

Table S2: LDH activity (mg protein/ h) in Liver of different groups offish 

Time Treatment groups 

(hr) Control CYP Cyp + Vit ClOD CYP + Vit C200 

24 0.22 1±0.013g 0.449±0.002e 0.398±0.002f 0.223±0.004g 

48 0.2 19±0.00I g 0.622±0.012c 0.433±0.002ef 0.2 18±0.0I Sg 

72 0.220±0.00sg 0.821±0.009b 0.489±0.00 1 de 0.22 1±0.009g 

96 0.223±0.006g 0.946±0.01 P 0.S08±0.004d 0.22 1±0.007g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 

significantly different (P < O.OS). (ANOV A followed by HSD Tukey test) . 

Table S3: LDH activity (mg protein/ h) in Muscles of different groups offish 

Time Treatment groups 

(hr) Control CVP CYP + Vit ClOD CYP + Vit C200 

24 0.191±0.00I e 0.207±0.002d O.l99±0.001 de 0.191±0.00I e 

48 0.191 ±O . 00 1 e 0.22 1±0.002c 0.2 11±0.003d O.l91±0.00se 

72 0.190±0.002e 0.239±0.00Ib 0.223±0.004c O.l91±0.00I e 

96 O.l91±0.00 1 e 0.268±0.003a 0.241±0.00 Ib 0.19 1±0.004e 

Data are represented as Mean±SE (n = 3). Means fo llowed by different letters are 
significant ly different (P < O.OS). (ANOV A followed by HSD Tukey test). 

Table S4:LDH activity (mg protein/ h) in Gills of different groups offish 

Time Treatment groups 

(hr) Control CVP CYP + Vit ClOD CYP + Vit C200 

24 0.1 19±0.003g 0.1 37±0.004e 0.1 24±0.003f 0.120±0.00sg 

48 0.121±0.00Sg 0.149±0.004d O.l37±0.001e 0.1 19±0.002g 

72 0.120±0.004g 0.171±0.00Sb 0.1 S1±0.002d 0.120±0.009g 

96 0.120±0.007g 0.201±0.006a O.lS9±0.002c O.l20±0.002g 

Data are represented as Mean±SE (n = 3). Means followed by different letters are 
significantly different (P < O.OS). (ANOV A followed by HSD Tukey test). 
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Results 

Table 55: Genotoxic damage in peripheral erythrocyte of different groups of rohu after 24 hr 

Parameters 
Treatment groups 

Control CYP CYP+Vit CIOO CYP+Vit C200 

Comets/120cell s 20.01±0.13c 27.78±0.25a 25 .78±0.32b 20.11±0.41c 

Comet Length 42.0±4.41 b 47.13±3.38a 46.57±3.63a 41.60±5.04b 

Tail Length 7.73±1.16b 15.63±1.81a 9.33±1 .05b 8.20±1.44b 

Head Length 34.10±3.72b 32.40±2.55c 37.60±3.l78 34.80±4.43b 

% DNA in Head 91.22±0.55a 80.45±3.09c 85 .82±0.93b 92.89±0.78aa 

% DNA in Tail 8.78±0.57c 19.19±3.12a 14.11±0.97b 7.11±0.81c 

Tail Movement 0.85±0.11c 1.88±0.59a 1.02±0.14b 0.79±0.lOc 

OTM* 0.89±0.17c 2 .52±0.24a 1.13±0.16b 0.88±0.17c 

Data are represented as Mean±SE (n = 3). Means followed by different letters within the row 

are significantly different (P < 0.05) . (ANOV A followed by HSD Tukey test) . 

Table 56: Genotoxic damage in peripheral erythrocyte of different groups ofrohu after 48 hr 

Parameters 
Treatment groups 

Control CYP CYP+Vit CIOO CYP+Vit C200 

Comets/120cel ls 19.91±0.22c 33.l8±0.43a 28.78±0.92b 20.45±0.32c 

Comet Length 44.70±4.96b 48.97±3.79a 48.27±4.55a 43 .67±3.71 b 

Tail Length 5.73±0.48c 23.87±2.79a 10.40±1 .58b 5.l0±1.04c 

Head Length 38.97±4.48b 25.l0±2.79c 39.27±3 .97a 38.57±2.67b 

% DNA in Head 89.89±0.55a 70.58±4.13C 83.46±1.49b 90.98±0.64a 

% DNA in Tail 10.ll±O.52c 29.46±4.12a 16.09±1.55b 9.12±0.69c 

Tail Movement 0.93±0.13c 1.98±0.16a 1.26±0.15b 0.86±0.11 c 

OTM* 0.89±0.17c 2 .92±0.26a 1.25±0. 19b 0.91±0.17c 

Data are represented as Mean±SE (n = 3). Means followed by different letters within the row 

are significantly different (P < 0.05). (ANOV A followed by HSD Tukey test). 
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Results 

Table 57: Genotoxic damage in peripheral erythrocyte of different groups of rohu after 72 hr 

Parameters 
Treatment groups 

Control CYP CYP+Vit ClOD CYP+Vit C200 

Comets/120cells 20.97±O.51c 38.47±O.74a 32.61±0.57 b 21.13±0.29c 

. Comet Length 42.60±5.04c 52.53±3.80a 49.50±2.54b 43.83±3.73c 

Tail Length 7.30±1.33C 25.4 7±2.5 8a 13.36±1.52b 8.83±0.85c 

Head Length 36.27±4.63a 27.07±3.l1 C 34.93±2.97b 36.63±2.50a 

% DNA in Head 91.32±0.S6a 6S.7S±3.92C 82.92± 1.19b 92.89±0.63a 

% DNA in Tail 8.61±.S7c 34.32±3.9Ia 17.08±1.34b 7.10±0.63c 

Tail Movement 0.89±O.10c 2.01±0.lOa 1.46±0.19b 0.93±0.11c 

OTM* 0.88±0.17c 3.04±0.2sa 1.41±0.21b 0.91±0.17c 

Data are represented as Mean±SE (n = 3). Means followed by different letters within the row 

are significantly different (P < O.OS) . (AN OVA followed by HSD Tukey test). 

Table S8: Genotoxic damage in peripheral erythrocyte of different groups ofrohu after 96 hr 

Parameters 
Treatment groups 

Control CYP CYP+Vit ClOD CYP+Vit C200 

Comets/120cells 20.78±0.43c 41.47±0.87a 36.61±1.01 b 21.43±0.38c 

Comet Length 44.83±3.72c S7.30±4.00a Sl.30±4.09b 44.67±3.69C 

Tail Length 9.66±0.79c 29.07±2.87a 16.87±2.67b 9.33±1.1I c 

Head Length 3S.17±3.0Sb 28.23±3.42C 37.60±4.22a 3S.34±3.17b 

% DNA in Head 90.8S±0.S6a 63.2S±4.03c 79.72±1.42b 91.82±0.93a 

% DNA in Tail 9.1S±0.S7c 36.81±4.02a 20.42±1.SSb 8.l2±0.97c 

Tail Movement 0.86±O.l )C 2.l9±0.2P 1.42±0.14b 0.79±0.10c 

OTM* 1.09±0.17c 3.12±0.23a 1.88±0.17b 1.13±0.16c 

Data are represented as Mean±SE (n = 3). Means followed by different letters within the row 

are significantly different (P < O.OS) . (ANOV A followed by HSD Tukey test). 
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Fig 3: Total proteins content (mg/ g) in brain, gills, liver and muscles tissues of rohu, Labeo 

rohita, after exposure to acute concentration of CYP and prior feeding of Vit C. Data are 

mean ± S.E. (n=3). Means with different letters are significantly different (P<O.05). 
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Fig 4: Lipid peroxidation (LPO) Level (Ilmol/ mini mg protein) in brain, gills, liver and 

muscles tissues of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior 

feeding of Vit C. Data are mean ± S.E. (n=3). Means with different letters are significantly 

different (P<0.05). 
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Fig 5: Catalase (CAT) activity (/lmol/ mini mg protein) in brain, gills, liver and muscles 

tissues of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior feeding 

ofVit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly different 

(P<0.05). 
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Fig 6: Peroxidase (POD) activity (Jlmoll mini mg protein) in brain, gills, liver and muscle of 
rohu, Labeo rohita, after exposure to acute concentratioQ of CYP and prior feeding of Vit C. 

Data are mean ± S.E. (n = 3). Means with different letters are significantly different (P<0.05). 
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Fig 7: Superoxide Dismutase (SOD) activity (Jlmol/ mini mg protein) in brain, gills, liver and 
muscle of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior feeding 

ofVit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly different 

(P<0.05). 
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Fig 8: Glutathione Reductase (GR) activity (~moV mini mg protein) in brain, gills, liver and 
muscles of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior 

feeding of Vit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly 

different (P<0.05) . 
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Fig 9: Reduced Glutathione Contents (GSH) activity (/lmoll g tissue) in brain, gills, liver and 

muscles tissues of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior 

feeding ofVit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly 

different (P<0.05). 
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Fig 10: Glutathione Peroxidase (GSH-Px) activity (nmol GSH oxidized/ mini mg protein) in 
liver, muscles and gills tissues of rohu, Labeo rohita, after exposure to acute concentration of 

CYP and prior feeding of Vit C. Data are mean ± S.E. (n = 3). Means with different letters 

are significantly different (P<0.05). 
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Fig II: Glutathione-S-transferase (GST) activity (flmol CDNB conjugate formed/ mini mg 
protein) in brain, gills, liver and muscles tissues of rohu, Labeo rohita, after exposure to acute 

concentration of CYP and prior feeding of Vit C. Data are mean ± S.E. (n = 3). Means w ith 

different letters are significantly different (P<0.05) . 
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Fig 12: Activity (U/mg) of Digestive enzymes (Amylase, Cellulase and Protease) after 

exposure to acute concentration ofCYP and prior feeding ofVit C. Data are mean ± S.E. (n = 
3). Means with different letters are significantly different (P<0.05). 
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Fig 13: Activity (mg protein! hr) of Aspartate Aminotransferase (AST) in liver, muscles and 

gills tissues of rohu, Labeo roh ita , after exposure to acute concentration of CYP and prior 

feeding ofVit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly 

different (P<0.05). 
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Fig 14: Activity (mg protein! hr) of Alanine Aminotransferase (AL T) in liver, muscles and 

gills tissues of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior 

feeding of Vit C. Data are mean ± S.E. (n=3). Means with different letters are significantly 

different (P<O.05). 
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Fig 15: Activity (mg protein/ hr) of Glutamate Dehydrogenase (GDH) in liver, muscles and 

gills tissues of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior 

feeding ofVit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly 
different (P<0.05). 
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Fig 16: Activity (mg protein! hr) of Lactate Dehydrogenase (LDH) in liver, muscles and gills 

tissues of rohu, Labeo rohita, after exposure to acute concentration of CYP and prior feeding 

ofVit C. Data are mean ± S.E. (n = 3). Means with different letters are significantly different 

(P<0.05) . 
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Fig 17. Number of comets per 120 cells observed in peripheral erythrocytes of rohu at 
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presented as mean ± S.E. (n = 3). Means with different letters are significantly different 
(P<0.05). 
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Fig 18: Length of comets (J..lm) formed in peripheral erythrocytes of rohu at different time 

intervals after exposure of LC50 of CYP and ameliorative role of Vit C. Data are presented as 

mean ± S.E. (n = 3). Means with different letters are significantly different (P<0.05). 
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Fig 19: Tail length (Jlm) formed in peripheral erythrocytes of rohu at different time intervals 

after exposure of LCso of CYP and at:P.~liorative role of Vit C. Data are presented as mean ± 

S.E. (n = 3). Means with different letters are significantly different (P<0 .05). 
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Fig 20: Head length (Jlm) of comets in peripheral erythrocytes of rohu at different time 

intervals after exposure of LCso ofCYP and ameliorative role ofVit C. Data are presented as 

mean ± S.E. (n = 3). Means with different letters are significantly different (P<0 .05) . 
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Fig 21: Percent DNA in head (%) of comets in peripheral erythrocytes of rohu at different 

time intervals after exposure of LCso of CYP and ameliorative role of Vit C. Data are 
presented as mean ± S.E. (n = 3). Means with different letters are significantly different 
(P<0 .05). 
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Fig 22: Percent DNA in tail (%) of comets in peripheral erythrocytes of rohu at different time 

intervals after exposure of LCso of CVP and ameliorative role of Vit C. Data are presented as 
mean ± S.E. (n = 3). Means with different letters are significantly different (P<0.05) . 
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Fig 23: Tail movement of comets in peripheral erythrocytes of rohu at different time intervals 

after exposure of LCso of CYP and ameliorative role of Vit C. Data are presented as mean ± 

S.E. (n = 3). Means with different letters are significantly different (P<O.OS). 
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Fig 24: Olive tail movement of comets in peripheral erythrocytes of rohu at different time 

intervals after exposure of LCso of CYP and ameliorative role of Vit C. Data are presented as 

mean ± S.E. (n = 3). Means with different letters are significantly different (P<O.OS). 
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Fig 25: Fluorescent photomicrograph (40x) of peripheral blood erythrocytes after 96 hr of 

exposure ofrohu to LC50 ofCYP using comet assay (stain: Acridine orange). A) Intact DNA 

in Group pI (Control). B) Comets with longer tail formed in Group 2nd (CYP alone). C) 

Comets with short tail and Intact DNA in Group 3rd (CYP+Vit CIOO mg/kg diet). D) Intact 

DNA in rohu in Group 4th (CYP+Vit C200 mg/kg diet). 
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DISCUSSION 

Toxicity Evaluation 

In the current study the acute concentration of CYP causing 50% mortalities at 96 hr 

was found to be 4.5 ~glL for Labeo rohita. This value was greater than 4.0 ~glL reported by 

Marigoudar et a!. (2009) for rohu but lower than 5.0 ~glL reported by Sridevi (1991) and 6.0 

~glL reported by Reddy and Bashamonideen (1989) for the same species. Somehow greater 

LCso values of CYP was observed for different fish species such as 7.5 ~glL for rainbow trout 

(Coats and O.Donnel-Jeffery, 1979), 8.0 ~glL for rainbow trout (Chapman et a!., 1981), 7.0 

~glL for Salmo gairdeneri (Edwards et a!. , 1986), 10.075 ~glL for Cyprinus carpio (Reddy, 

1987), 9.00 ~glL for Tilapia mossambica (Reddy and Yellamma, 1991), 65.00 ~glL for 

Cyprinus carpio (Reddy et aI., 1995), 5.13 ~glL for Cirrhinus mrigala (Prashanth and David, 

2010) and 63 .00 ~glL for Tor putitora (Ullah et a!. , 2014e). Changes in LC50 values for 

different fish species or even for the same species might be due the pesticides' formulation as 

well as stereochemistry of their molecules (FMC Corporation, 1989). In the present study and 

Marigoudar et a!. (2009) used the same CYP type (PEST ANAL ®, analytical standard) but a 

little difference might be due to fish size, as they used smaller (2±0.2 g, 4±0.25 cm) fish as 

compared to the ones used in our study (6.55±1.01 g, 8.17±0.794 cm). 

Pyrethroids' toxicity is also dependent on the stereochemistry of their molecules as 

isomers in pesticides' formulations vary in their precise toxicity. A pesticide using a single 

isomer base is relatively more toxic as compare to the one using various isomers 

combinations in their formulation (Bradbury and Coats, 1989). Beside this pesticide toxicity 

is also correlated on the carriers of inert ingredients, contaminants and active ingredients 

(FMC Corporation, 1989). Moreover toxicity of a chemical to fish is also dependent on 

various other factors such as size, age and health of the fish, and prevailing temperature 

(Abdul-Farah et aI., 2004). Temperature observed in the present study was 25 .8±] .2°C and no 

correlation between LCso value and temperature was observed, but some previous existing 

studies suggested an inverse relation between temperature and LCso of pesticides 

(Kumaragura and Beamish, 1981). According to Singh et a!. (2010) pyrethroids are more 

toxic in winter as compare to summer season and observed approximately tenfold difference 

in LC50 values for 96 hr at 10, 15 and 20°C. Similarly an inverse relationship was observed 

concerning toxicity of pesticides and body weight of the fish (WHO, 1992). 
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Behavioral Toxicity 

In the current study a time dependent behavioral response was observed after 

exposure of rohu to LCso of CYP. While evaluating CYP toxicity for finding LCso, it was 

observed that there was a direct relationship between CVP concentration and behavioral 

changes of rohu. CYP LCso concentration led to different symptoms of poisoning such as 

fishes in Group 151 (Control, not exposed to CYP) and Group 41h (fish fed Vitamin C enriched 

diet at the rate of 200 mglKg diet) were active enough and well-coordinated. Fish in Group 

2nd (fish fed basal diet) and Group yd (fish fed diet supplemented with vitamin C at the rate 

of 100 mglKg diet) showed time dependant behavioral responses like initially became hyper 

excited and irritable, then jumping, restlessness, mucus secretion, equilibrium loss and 

turning upside down were observed. With the passage of time, fish in Group 2nd and 3rd 

became lethargic with erratic movement. They were observed to gulp air with jerky globular 

movements and come to surface. These fish settled down with equilibrium loss, rolled their 

bodies and tremored before death. These fish also used to rise to the water surface for 

avoiding toxic surroundings. After death, gills of the deceased fish were turned brown from 

red. Fish in Group 151 and Group 4th did not show any of these changed behaviors indicating 

CYP stress account for these changes whi le vitamin C at the rate of 200 mglKg diet provided 

protection against CYP induced stress. 

Similar alterations in behavioral responses were also observed in previous studies on 

pyrethroids toxicity in various species of fish such as Oryzias latipes (Rice et aI. , 1997), 

Labeo rohita (Marigoudar et aI. , 2009), Cyprinus carpio (Chebbi and David, 2009), Silurus 

glanis (K6prticti et aI., 2006) and Tor putitora (Ullah et aI., 20 14e). These all investigators 

reported time and concentration dependent responses. Sandhu and Brar (2000) used high dose 

of CVP and reported coma due to respiratory depression, weakness and convulsions which 

eventually led to death. The very similar signs were observed during our study, but sampling 

offish was carried out before mortality. 

The abnormal behavioral responses observed and earlier reported might be due to 

pyrethroids' interaction with Ach (cholinergic neurotransmitter acetylcholine) (Chandra, 

2008; Sharbidre et aI., 2011). Usually in regular muscular function and behavior under no 

stress, ACh is released to synaptic cleft. After release AChE (acetylcholinesterase) enzyme 

hydrolyzes ACh and terminate synaptic transmission (Kopecka et aI. , 2004) but CYP caused 

neurotoxicity and inhibited action of AChE (Bibi et aI., 2014). Thus, CYP presence leads to 
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ACh accumulation in nerve ending and consequently results in disturbance of nervous 

activities by over stimulation (Sharbidre et aI. , 201 1). Eventually the prolonged muscle fi bers 

stimulation causes paralysis and ultimately death (Purves et aI. , 2008). Moreover the time 

dependent abrupt fast swimm ing and lethargy due to muscle spasm might be associated with 

suffocation, respiratory dysfunction and neurological disruption of nerves' functions (Ullah et 

aI., 20 14e). 

Protein Content 

Results of the current study revealed a significant decrease of total protein content in 

brain, gills, liver and muscles of rohu after exposure to LC50 of CYP. The decrease was 

observed in a time dependent manner. Protein plays a vital role in the function and structure 

of the cells and occupies a key position in cell metabolism (Murray et aI. , 2007). The 

physiological activities of an animal are indicated by its proteins' metabolic status (Nelson et 

aI., 2005). There is a rich literature documenting changes in protein content in fish tissues 

after exposure to different pesticides (Ahmad et aI., 201 2). A significant decrease was 

observed in total protein content of CoUsa fasciatus after exposure to 40 and 60%, 24 hr LCso 

CYP (Singh et aI., 20 10). A simi lar time dependent decrease was observed in Danio rerio 

after exposure to A-cyhalothrin by Ahmad et al. (201 2). Dimethoate and carbaryl pesticide 

also caused time dependent reduction in total protein contents in muscle and liver of Lymnaea 

acuminate (Tripathi and Singh, 2003). The current study also revealed time dependent 

decline in protein contents in brain, gills, liver and muscle of Labeo rohita after exposure to 

LCso of CYP at different time intervals for 96 hr. Higher protein inhibition was observed in 

liver. Reduction in total protein contents might be due to low feeding under stress condition. 

It might also be due to protein catabolism or other metabolic processes for fulfilling energy 

demand. According to Mommsen and Walsh (1992), fish gets their energy by catabolizing 

protein under stress. David et al. (2005) also observed similar trend of protein decline in 

Cyprinus carpio after exposure to CYP. 

Some other studies also reported protein depletion in fish tissues after exposure to 

different pesticides such as Channa striatus (Tantarpale, 2011) and Oreochromis niloticus 

(Korkmaz et aI., 2009) exposed to CYP and Labeo rohita exposed to deltamethrin (Neeraja 

and Giridhar, 2014). According to Ray and Banerjee (1998) pesticid s,:s,tr.ell~ 'w,f]uence tissue 
, \~'" . ", , . 

protein conversion into soluble fractions that use to move in blood for 'utilization. ,.· 
I 
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Lipid Peroxidation 

In the current study a time dependent increase in lipid peroxidation (LPO) was 

observed after exposure to LC50 of CYP, indicated by time course increase in TBARS level. 

The inability of an animal's defense system to completely neutralize reactive oxygen species 

(ROS), leads to oxidative damage of membrane lipids by ROS (Ahmad et a!., 2000b). 

Therefore LPO is considered as a key outcome of oxidative stress (Hermes Lima, 2004). Like 

current result, many other studies reported LPO induction after pesticides exposure. Bibi 

(20 II) observed increase MDA level in Cyprinus carpio whereas Parthasarathy and Joseph 

observed increase LPO in Oreochromis mossambicus after exposure to y- cyhalothrin and 

CYP respectively. Atif et a!. (2005) and KopriicO et a!. (2008) observed an elevated level of 

MDA in Channa punctatus and Unio elongatulus euchres respectively after deltamethrin 

exposure. Similarly other investigators observed increase level of LPO in other fish species 

such as Poecilia reticulate (Sharbidre et a!. , 20 II) and Clarias gariepinus (Adeyemi et aI., 

2013) after exposure to Diazinon and CYP respectively. 

LPO is a complex process . It displays higher activity in membranes richer in 

polyunsaturated fatty acids. It causes oxidative damage to specific tissues (Adeyemi et aI., 

2013) by destroying its membranous structure by decomposing double bond present in 

unsaturated fatty acids (El-Beltagi and Mohamed, 201 3). The LPO level in rohu after 

exposure to CYP showed time dependent and tissue specific pattern as LPO induction was 

higher in liver followed by brain. The result of the current study is in accordance to the 

previous studies where CYP induced higher LPO in liver in Clarias gariepinus (Adeyemi et 

a!., 2013) and Tor putitora (Ullah et a!., 20 14e) while in liver of Channa punctatus (Kaur et 

a!., 2011) after exposure to Deltamethrin. Highest lipid peroxidation activity in liver might be 

due to numerous redox cycling and excessive ROS production in liver (Reinke, 1995). 

Antioxidant Enzymes 

The present study revealed induction of anti oxidative stress in rohu after exposure to 

CYP in time dependent manner, which is in accordance with earlier studies on Labeo rohita 

(Marigoudar et a!., 2012; Sivaperumal and Sankar, 2011), Lepomis macrochirus (Elia et aI., 

2002)Cyprinus carpio (Bibi, 2011), Geophagus brasiliensis (Filho et a!. , 2001), Prochilodus 

lineatus (Langiano and Martinez, 2008) and Tor putitora (Atika, 2011; Ullah et a!., 20l4e). 

Pyrethroids are rapidly absorbed and efficiently distributed in various organs of fish due to 
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their disposal mechanisms (Mahaboob et aL, 2005). The current results clearly indicated the 

failure of antioxidant defense system of Labeo rohita against oxidative stress induced by 

CYP. This might also be the reason of imbalance in cellular oxidative status due to oxidative 

damage. Previous studies correlated oxidative stress with pyrethroids induced toxicity (Kale 

et aL, 1999; Giray et aL, 200 1), though studies concerning in vivo susceptibility of fish to 

CYP nducedoxidative stress by are limited. 

Increase in antioxidant activity may be due to the presence of xenobiotics, which 

suggest adaptation of organism to the appeared condition (Doyotte et aL, 1997). Different fish 

species showed different response level to various toxicants which might be due to variation 

in their antioxidant potentiality (Ahmad et aL , 2000a). The current study revealed that 

oxidative damage may be associated with the subcellular effect of CYP in fish as previous 

studies showed the putative role of CYP in generating free radicals (Altuntas et aL, 2002). 

CYP has also been concluded as a degrading agent for renal cells and hepatocytes (Sohn et 

aL, 2004). Higher elevation in antioxidant activities was observed in liver ofrohu, suggesting 

liver as a central organ in detoxification processes thus facing maximum xenobiotic exposure 

as well as its metabolites (Marigoudar, 201 2). Antioxidant enzymes activities (AOA) are 

considered as an alarming sign for the presence of toxicant or environmental pollutant 

(Rosety et aL, 2005). There is a rich literature documenting pyrethroids as potent inducer of 

oxidative stress and modulators of antioxidant system of fish (Oner et aL, 200 1; Sankar et aL, 

2012). In antioxidant enzymes system, CAT/SOD systems provide a first line of defense 

against ROS. CAT is responsible for the detoxification of H202 to water while SOD help to 

dismutase superoxide radical 0 2- to hydrogen peroxide (H202). Glutathione peroxidase 

(GSH-Px) reduces organic peroxides through glutathione depending reaction and H20 2. 

Glutathione reductases (GR) catalyze NADPH depending regeneration of glutathione for 

oxidized glutathione produced by glutathione peroxidase. 

Elevation of catalase activity was observed in all the four studied tissues of rohu, L. 

rohita. Catalase enzyme has a vital role in detoxifying toxicants and its metabolites. Higher 

CAT activity in liver suggested its major role in detoxification of CYP as concluded by 

Akhtar et aL (1994) and Sayeed et aL (2003). The current study thus suggested detoxification 

of CYP and its metabolites in liver, which might be mainly due to its exposure route and 

characters. According to Edwards and Millburn (1985) main route for CYP detoxification is 

hydroxylation and is removed as conjugates of glucuronide. It was observed that liver showed 
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stronger against oxidative stress as compare to other tissues which might be due to the fact 

that it is main spot for generation of maximum free radicals and several oxidative reactions 

(Avci et ai., 2005 ; Gill , et. ai, 2004). Furthermore increase in CAT activity observed in the 

present study might be due to slow eliminating process of CYP from the studied organs. 

Elevation in CAT activities in response to pesticides was also observed in previous studies 

conducted on Tor putitora (Atika, 20 11; Ullah et ai., 20 14e), Cyprinus carpio (B ibi, 20 11), 

Prochilodus lineatus (Langiano and Martinez, 2008), Lepomis macrochirus (Elia et al., 2002) 

and Geophagus brasiliensis (Filho et ai., 2001). 

Increase in glutathione reductase (GR) activity in the current study is in accordance 

with many other studies conducted in the past (Ullah et ai., 2014e; Marigoudar, 2012). 

Elevation of GR activity might be due to the ameliorative role of GR pathway in different 

fish organs that proficiently regulates ROS formation under oxidative stress. This compensate 

response of GR and other enzymes including POD, SOD and CAT in fish, clearly prevent 

free radicals and byproducts accumulation in stressed condition (Ullah et ai., 2014e). It is 

well documented that pesticides or herbicides are transformed into their respective 

metabolites in water. These are having higher or similar toxicity as compare to their parental 

product (Tchounwou et ai., 2000). 

In the current study the time dependent induction of Glutathione peroxidase (GSH

Px) activity does demonstrate a possible defense provided against the increased LPO levels at 

different time intervals after the exposure of rohu to LCso of CYP. GSH-Px is mainly 

involved in removing hydrogen peroxides and organic compounds, consequently plays a key 

role against LPO. It is considered to be very much important for protection of membranes 

against LPO induced damage, suggesting the key detoxifYing function of GSH-Px in 

terminating the propagation of radical chain (Oost et ai., 2003). The result of the current 

study is in accordance with the previous studies on Oreochromis niloticus (Almeida et ai., 

2002), Channa punctatus (Sayeed et ai., 2003) and Carassius auratus (Zhang et ai., 2004). 

The considerable increase in total reduced glutathione (GSH) level in all tissues at 

different time intervals after CYP exposure might be due to supplying an increase level of 

GSH, leading to oxidized glutathione formation as well as efficient regeneration of GSH. 

GSH detoxifY electrophiles and prevents cellular oxidative stress (Sies, 1999; Hasspieler et 

ai., 1994). During oxidative stress GSH level may elevate as a result of increased synthesis. 

For removing xenobiotics through direct conjugations either with glutathione or through 
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glutathione-S-transferase, GSH level get decrease. Therefore increase in GSH level might be 

for fulfilling the demand of the antioxidant defense system. Furthermore the steady increase 

in GSH level might also be an indication of exhaustion in biotransformation (phase 2nd
) , 

which is also established by elevation in glutathione-s-transferase activity at different time 

interval in brain, gills, liver and muscles after exposure to acute concentration of CYP 

(Sivaperumal,2008). 

Time dependent increase in Glutathione-S-transferase (GST) activity was also 

observed in all the tissues at different time intervals which might be related to developing 

defensive mechanism for counteracting CYP induced effects. GST is responsible for 

detoxifying and excreting xenobiotics as well as their metabolic products (Jokanovic, 2001). 

GST got elevated during the current study as it plays the key role of tissue protection from 

oxidative stress (Banerjee et aI., 1999; Fournier et aI., 1992) and removes highly reactive 

electrophiles before binding with nucleophilic compounds in tissues (Sivaperumal, 2008). 

Increase in GST activity in the present study is in accordance with the study conducted on 

freshwater characid fish (FoMonterio et aI., 2006) and Labeo rohita (Sivaperumal and 

Sankar, 2011). 

Enzymes of Protein Metabolism 

The significant elevation of GDH, AL T, AST and LDH in the studied tissues after 

CYP exposure revealed greater relation of oligomers of these enzymes to stress. The results 

also indicated contribution of oxidative deamination to higher ammonia production. 

Ammonia in greater amount is produced which is not eliminated but are released through the 

activity of glutamate dehydrogenase. This is then utilized for the synthesis of amino acid via 

transaminases (Prashant, 2003). Increase in GDH in all tissues suggested the probability of 

needing a-ketoglutarate in Krebs cycle for energy liberation. This in turn depicts an 

increasing requirement for a-ketoglutarate. The regulatory role of GDH in deamination 

processes is documented from previous studies (Shobha et aI., 2001; Reddy and Yellama, 

1991). GDH plays a basic role in biosynthesis and catabolism of amino acids and can 

catalyze oxidative deamination in reversible reaction such as transforming glutamate to 

ammonia and a-ketoglutarate (Begum and Vijayaraghavan, 1998). Thus, the increased GDH 

activity demonstrated elevated glutamate deamination and ammonia formation (prashanth 

and Neelagund, 2008). 
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Increase activities of ALT and AST observed in the present study might be due to 

active transamination of amino acids. This is for providing keto acid in the citric acid cycle 

(AI-Ghanim, 2014). Increase activities of AST and ALT might be on account of production 

of these enzymes due to CYP induced stress. This elevation might be helpful to fish for 

structural reorganization of proteins and incorporating keto acid into citric acid cycle in order 

to facilitate gluconeogenesis or production of energy. Elevation in transaminases may also be 

associated with urea formation (Ramna and Ramamurthi, 1983). 

The observed time dependant increase in LDH activity in the present study might be 

due to necrosis and subsequent leakage into blood stream (EI-Sayed and Saad, 2008). The 

same results in LDH activity was observed by Kumar et al. (2012) in Channa punctatus after 

exposure to CYP and iI.-cyhalothrin. The steady rise in the activities of these enzymes might 

lead to metabolic compensation and allowing fish to acclimate to the induced stress 

conditions or may also be linked with elimination of ammonia of the body by producing more 

glutamate (Prashanth and Neelagund, 2008). 

Digestive Enzymes 

In the present study increase in the activities of amylase, cellulase and protease was 

observed at different time intervals after exposure to LCso of CYP. Increase in the activity of 

amylase was also observed in Cyprinus carpio after exposure to two different pesticides, 

Terbutryn and Simazine (Velisek et aI., 2011, 2012). Increase in the activities of protease and 

cellulase was also observed by many researchers such as Reddy and Bashamohideen (1995), 

Smet and Blust (2001), David et al. (2005) and Manjunatha et al. (2014) etc. Increase in the 

activities of digestive enzymes might be due to increase demand for higher level energy 

requirement and low feeding activity in response to CYP stress. It might also be due to 

increase in catabolic activities in order to provide as much enery as required to fish under 

stress condition. 

DNA Damage Induction 

The result of the current study revealed induced DNA damage in blood erythrocytes 

of rohu after exposure to LCso of CYP. The DNA damage occurred was in the form of 

number of comets observed per 120 cells, comet length, tail length and head length, % DNA 

in head, % in tail, tail movement and olive tail movement. The results of the current study 

clearly demonstrated the genotoxic effect of CYP in rohu by inducing a significant increase 
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in number of comets, % DNA in tail, tail length and olive tail movement in the group fed 

with basal diet (Group 2nd) fo llowed by the group fed basal diet supplement with vitamin C at 

the rate of 100 mglKg diet. No significant difference observed in fish of Group 151 (Control) 

and fish of Group 4th fed vitami n C enrich diet at the rate of 200 mglKg diet suggest the 

strong antioxidant potential of vitamin C against ROS, which is mainly responsible for 

disturbing biochemical parameters of fish (Sies, 1986, 1988; Anderson et aI., 1994; Ali et aI., 

20 15). DNA is of the most vulnerable among these biomolecules that undergo severe damage 

in a shorter time period (Halliwell and Arouma, 1991). 

DNA damage has been observed in a number of mammalian cells after induction of 

oxidative stress, reviewed in detail by Halliwell and Arouma (1991). In vertebrate, including 

fish DNA damage involves the conversion of double stranded DNA to single strand or 

chromosomal aberrations and it can be measured by using comet assay (Cortes-Gutierrez et 

aI., 2014) or Fluorimetric method (Bhusate et aI. , 1992). Schraufstatter et al. (1988) reported 

the direct relationship between ROS, ROS generating enzymes and DNA damage while 

other indicating the relation of ROS like 02-, H20 2, HOCI and 0 3 with induction of DNA 

damage (Arouma et aI., 1989; Brawn and Fridovich, 1981 ; Lesko et aI., 1980; Rowley and 

Halliwell, 1983). 

Moreover, Mello Filho et al.(1984) discussed the possibility of the involvement of 

H20 2 in DNA damage to. H202 can cross membranes easily, thus penetrating nucleus and 

reacts with iron or copper ions present in chromosome (Prutz et aI. , 1990) and promote H202 

dependent damage to isolated DNA (Arouma et aI. , 1991 ; Sagripanti and Kraemer, 1989) and 

DNA within chromatin (Dizdaroglu et aI. , 1991) by forming OH (Halliwell and Arouma, 

1991), which is highly reactive and unable to diffuse significant distances within the cells. 

DNA damage might also be due the fact that metal ions released within the cell as a result of 

oxidative stress bind to the DNA (Halliwell, 1987). Thus, just as oxidative stress causes rise 

in intracellular free Ca2+, it might cause a rise in intracellular free iron and/or copper ions that 

could bind to DNA and make it a target for oxidative damage (Halliwell, 1987; Sakaida et aI., 

1990). 

The genotoxicity observed in current study confirmed the previous conducted studies 

on DNA damage induction in various fish species in response to different toxicants such as 

Clarias gariepinus (Farombi et aI., 2007), Carrasius auratus (Toyoizumi et al., 2008), 

Hyphssobrycon luetkenii (Scalon et aI., 2010), Oreochromis mossabicus (Ahmed et aI., 
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2011), Channa punctatus (Kumar et a1., 2013) and by Kousar and Javed (2015) in Labeo 

rohita, Ctenopharyngodon idella, Catla catla and Cirrhina rnrigala. 

Protective role of Vitamin C 

Highest level of oxidative stress resulted in low protein content, higher antioxidative 

enzymes' activities, increase in protein metabolic enzymes' activities and DNA damage was 

observed in fish fed with basal protein diet (Group 2nd) followed by fish fed supplemented 

with vitamin C at the rate of 100 mglKg diet (Group 3rd). No significant different observed in 

Group 1 st (Control, not exposed to CYP) and Group 4th (Fish fed with Vitamin C at the rate of 

200 mglKg diet) suggesting strong ameliorative role of Vitamin C against CYP induced 

biochemical toxicity in rohu at the rate of 200 mglkg diet but did not provide protective role 

at the rate of 100 mglkg diet. This might be due to the strong antioxidant potential of Vitamin 

C boosting the antioxidant defense system of fish and immunity. Thus the present studies 

confirm the previous conducted studies on ameliorative, modulating, immunizing and 

protective role of vitamin C in different fish species such as Salrno salar (Hardie et a1. , 1991; 

Thompson et a1., 1993) Sparus aurata (Ortuno et al. , 1999,2001 ; Cuesta et a1. , 2002), Labeo 

rohita (Nayak et a1. , 2007), Heteropneustes fossilis (Saha and Kaviraj , 2012), and Clarias 

batrachus (Narra et a1. , 2015). DNA damage is associated with oxidative stress, therefore 

protecting from oxidative stress resulted DNA protection against CYP. Sram et a1. (2012) 

comprehensively reviewed the protective role of vitamin C in DNA damage prevention in 

different species. 

It is well established from various previous studies that DNA damage is directly 

correlated with ROS and elevated level of LPO (Walz et al. , 2000; Freitas et a1. , 2004). 

Vitamin C has many non-enzymatic actions and is a powerful water-soluble antioxidant. It 

protects low density lipoprotein from oxidation and reduces harmful oxidant (Santos et a1., 

2009). Due to higher integrity of lipoprotein, H202 cannot easily penetrate biological 

membranes, thus cannot approach nucleus and consequently cannot react with free copper or 

iron ions (Halliwell and Arouma, 1991). This inhibits OH formation which reacts with metal 

ions bound upon or very close to the DNA, thus resulting in DNA damage (Halliwell and 

Gutteridge, 1989). The effective role of Vitamin C against ROS degradation and protector as 

a strong antioxidant is well established (Jakeman and Maxwell, 1993). Moreov r rail) et a1. 

(2012) also comprehensively reviewed the protective role of vitamin 'C/ in DNA damage 

prevention in terms of chromosomal aberration, damage induced in ~icrornic1ei~ and DNA 
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strand breakage. Thus, it appears that in present study, CYP induced oxidative stress and 

generation of ROS while vitamin C provides protection against the deleterious effects CYP 

by inhibiting the formation of ROS. Therefore, in the current study vitamin C might have 

protected DNA from oxidative stress due to CYP exposure. 

Conclusion 

The present study showed that CYP is distinctly toxic to rohu. Moreover, locality 

based species should be selected for toxicological studies because expressions or responses to 

toxicants vary from species to species and condition to condition. This research also warrants 

a vital need to assess further eco-toxicological studies for gathering wider ranges of data 

regarding fish and other animals as well to know about the far-reaching spectrum of CYP as 

well as other available pesticides. This will not only help to establish permissible limits and 

safer level for different toxic chemicals for bio-organisms but also to protect imbalance of 

residues in aquatic ecological cycle. This type of study might be very handy to make 

comparison of various aquatic species regarding their sensitivity as well as influence of 

different chemicals by finding their LCso values which will help to derive safer and 

environment friend ly concentrations. 

Moreover results of the present study revealed that oxidative stress contribute to CYP 

induced biochemical toxicity in term of protein content, protein metabolic enzymes and DNA 

damage. The current results are indicating aquatic pollution load of CYP in effected rohu 

populations, so it might provide help in pollution diagnosis. Our results also indicated the 

modulating role of vitamin C in indigenous culturable species rohu Labeo rohita at the rate of 

200 mg/Kg diet but not at the rate of 100 mg/Kg diet. It was observed that vitamin C can 

compensate the consequences of CYP induced toxicity to biochemical parameters including 

protein, antioxidant enzymes, protein metabolic enzymes and DNA in rohu, Labeo rohita. 
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