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ABSTRACT 

In the present study, specimens of Clarias gariepinus having mean weight and standard length of 

197.38 ± 2.34 g and 27.36 ± 0.23 cm respectively were exposed to an organophosphate pesticide, 

fenthion. The median lethal concentration value (LC50) of fenthion and the effects of sub-lethal 

concentrations of the pesticide on the oxidative stress biomarkers, haematological parameters 

and histopathological changes in the blood and tissues of Clarias gariepinus were determined. 

The 24, 48, 72 and 96 hour LC50 values (with 95% confidence limits) estimated by probit 

analysis were found to be 61.987, 50.318, 45.056 and 39.968 mg/L, respectively. Significant 

differences (p < 0.05) at different durations of LC50 were observed. A concentration-dependent 

increase and time-dependent decrease was observed in mortality rate. Behavioural responses 

such as hyperactivity, erratic swimming, skin discoloration, jerky movement, followed by 

exhaustion and death were observed during the acute toxicity test.  Fish were exposed to 2.0, 4.0 

and 8.0 mg/L corresponding to 1/20
th

, 1/10
th

 and 1/5
th 

respectively, of 96 hour LC50 of fenthion 

for 21 days and 7 days recovery to evaluate the haematological parameters, enzyme activities 

and histopathological changes. There was no significant difference between the condition factors 

of the treated fish and the control (p > 0.05) but values of hepatosomatic index of the treated 

groups were reduced compared to the control though the reduction was not significant (p > 0.05) 

except on day 21 of the exposure. The liver and gill tissues were sampled on day 1, 7, 21 and 

during the 7 days recovery for analysis of the different parameters. Induction of oxidative stress 

in the liver and gill tissues of Clarias gariepinus were evidenced by increased lipid peroxidation 

(LPO) levels (p < 0.05), such that increased LPO was higher in fish exposed to the highest 

concentration of fenthion. The values of glutathione (GSH) activities were not significant (p > 

0.05) except on day 1 of the exposure where there was significant increase (p < 0.05) in GSH 

activities in liver of fish exposed to the different concentrations of fenthion compared to the gills. 

Slight decrease in the activity of glutathione reductase (GR) was observed in the liver and gill 

tissues of the treated fish compared to the control but the reduction was not significant (p > 

0.05). Increase in GR activities was observed in post-exposure (7 days recovery). There was a 

general reduction in glutathione peroxidase (GPx) activities but not significant (p > 0.05) except 

on days 1 and 7 where liver tissues exposed to the highest concentration of fenthion differed 

significantly compared to the gill tissues (p < 0.05). Increase in catalase (CAT) activities was 

both time and concentration dependent in all the tissues. CAT activity increased significantly in 

the liver of fish exposed to the highest concentration compared to gill tissues (p < 0.05) except 

on day 7. Superoxide dismutase (SOD) activities in the liver decreased from day 1 of the 

exposure to day 7 (though not significant). SOD activity slightly increased from day 14 of the 

exposure to post exposure (though not significant) except on day 21 where the liver tissues 

significantly increased compared to the gill tissues (p < 0.05). The exposure of fish to fenthion 

revealed that the pesticide had adverse effects on various blood parameters. Red blood cell 

(RBC) counts of the treated fish were lower compared to the control (p < 0.05). Packed cell 

volume (PCV) of the treated fish were lower than that of the control but the difference was not 

significant (p > 0.05) except in fish exposed to 8.0 mg/L on day 1 of the exposure (p < 0.05). 
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Haemoglobin concentration (Hb) in fish decreased after the exposure though not significant (p > 

0.05) but fish exposed to the highest concentration had significant increase in Hb at days 1 and 

21 of the exposure. Significant increase in white blood cell (WBC) counts was also observed (p 

< 0.05). No significant difference (p > 0.05) in erythrocyte indices, mean corpuscular volume 

(MCV), mean corpuscular haemoglobin concentration (MCHC) and mean corpuscular 

haemoglobin (MCH) was observed in all the concentrations during the experiment. Changes in 

white blood cell differentials (neutrophils, lymphocytes, monocytes, eosinophils and basophils) 

revealed that no significant difference (p > 0.05) was observed in the parameters except in 

monocytes. The Histopathological effects of fenthion on the liver and gill tissues were also 

studied. The liver and gill tissues of the control exhibited quite a normal architecture. The main 

histopathological changes caused by fenthion in the liver of fish exposed to different 

concentrations were disarray of hepatic chords, vacuolation, sinusoid enlargement and necrosis. 

Liver suffered from toxicity as hypertrophy of hepatocytes and necrosis. These hepatic 

alterations were more evident in fish exposed to the highest concentration of fenthion. 

Alterations in gill structure exposed to the highest concentration were oedema, lifting of lamellar 

epithelia, destruction of gill architecture and lamellar fusion. Gill disorder and fusion of the 

secondary lamellar were pronounced in all treatments. The present study revealed that sub-lethal 

concentrations of fenthion resulted in the alterations of the studied parameters. Histopathogical 

changes observed during the period of the experiment as well as the recovery shows that 

fenthion-induced oxidative stress is irreversible.  
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CHAPTER ONE 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Introduction  

Living systems encounter a variety of stresses during their continuous interaction with the 

environment. Environmentally-induced stresses frequently activate the endogenous production of 

reactive oxygen species (ROS), most of which are generated as side products of tissue 

respiration. Hence, constant exposure to stressors may enhance ROS-mediated oxidative 

damage. Increased number of agricultural and industrial wastes enter aquatic environment and 

cause changes in aquatic organisms (Stoliar and Lushchak, 2012). Some of them directly 

enhance ROS formation whereas others act indirectly, for example, by binding with cellular 

thiols and reducing antioxidant potential.  

Fresh water fish diversity is threatened by a number of environmental stressors including 

contaminants and nutrient loading, overharvesting, habitat degradation and climate change 

(Dudgeon et al., 2006; Jelks et al., 2008). The discharge of pesticides into water bodies is of 

accelerating concern and is likely to continue and possibly increase in the near future (Lucero et 

al., 2000). The use of pesticides has been recognized as part of agricultural practices globally 

(Nwani et al., 2011). For centuries, pesticides have been used to enhance the production of food 

by controlling disease vectors (Amin and Hashem, 2012). Although the use of pesticides is of 

great importance, there are problems associated with it (Quinn, 2007). The aquatic organisms are 

vulnerable to contamination as run-offs from farms and industries end up in water bodies 

(Botelho et al., 2009) and accumulate as huge amount of residues in the environment, thereby 

causing a substantial hazard in the environment due to its uptake and accumulation in the food 

chain and drinking water. The washing of packaging materials and application equipments often 

carried out on the banks of water bodies help  in scaling up their contamination potential (Trovo 
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et al., 2005). Furthermore, residues from pesticides and associated human activities such as 

deforestation, release of domestic, hospital and industrial effluents may contribute to a large 

buildup and discharge into the aquatic environment (Nwani et al., 2014). In the water, the 

molecules of pesticides may bind to the materials in suspension, accumulate in the sediment or 

pose a considerable risk to non-target organisms (Miles and Pfeuffer, 1997). They could also be 

absorbed by these animals through inhalation, orally or skin absorption with attendant 

physiological responses that may have effect on behaviour, morphological, enzymological, 

biochemical and antioxidant responses (Jordan et al., 2013). 

 Fish are particularly threatened by water pollution even though they have antioxidant 

defense system. Upon exposure to pollutants, free radicals such as superoxide (O2
-
), hydroxyl 

radicals (OH 
⃰
 ) and hydrogen peroxide (H2O2) are generated (Nwani et al., 2014). Under normal 

circumstances, there is a balance between the amount of free radicals generated in the body and 

the antioxidant defence systems that are able to cater for these free radicals (Kiew and Don, 

2012). Problems would only arise when the amount of free radicals is beyond the normal 

physiological level induced by the environmental condition or produced within the body (Nose, 

2002). The free radicals at excess reacts with biological macromolecules to increase the level of 

lipid peroxidation, protein denaturation and alterations in the activities of antioxidant enzymes 

such as catalase (CAT), superoxide dismutase (SOD), Glutathione reductase (GR) and 

Glutathione Peroxidase (GPx). These antioxidant enzymes are involved to counteract the toxicity 

of ROS (Orbea et al., 2002) thereby preventing the cells and tissues from oxidative damage. 

Excessive ROS offset the antioxidant capacity and build up oxidative stress. Pesticide-induced 

oxidative stress has been a focus of toxicological research in the last decade as a possible 

mechanism of toxicity (Akhgari et al., 2003; Ciccheti and Argentin, 2003; Abdollahi et al., 
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2004). Several circumstances promote the antioxidant defence responses in fish (Trendazor et 

al., 2006). Factors intrinsic to the fish itself as well as environmental factors such as type of diet, 

daily or seasonal changes in temperature, dissolved oxygen, toxins present in the water, 

pathogens or parasites can fortify or weaken antioxidant defences (Felton, 1995; Martinez-

Alvarez, et al., 2005). 

Haematological alteration is a good method for rapid evaluation of the chronic toxicities 

of compounds (Jaya and Ajay, 2014). A thin epithelial membrane separates fish blood from the 

water and any unfavourable change in the water body is reflected in the blood (Kori-Siakpere 

and Ubogu, 2008). Therefore, observations of different haematological parameters would 

provide a better understanding in diagnosing the effect of environmental stress on an animal and 

in fact, would give an insight into changes induced in the circulating fluid thereby offering a 

valuable knowledge on the correct monitoring of fish health status (Lazar and Lazar, 2012).  

Histopathological studies could help to establish causal relations between contaminant 

exposure and various biological responses (Boran et al., 2012) and have proved to be a sensitive 

tool used in detecting direct effects of chemical compounds within target organs of fish in 

laboratory experiments (Altino and Capkin, 2007; Capkin et al., 2009). An organ can function 

normal only when its structure is normal but any structural damage to it is likely to affect the 

function of that organ (Muralidharan, 2014b). A study on histopathology would provide a very 

important and useful data concerning changes in cellular or sub cellular structure of an organ 

much earlier than external notification. One of the advantages of using histopathological 

biomarkers in environmental studies is that it allows the examination of target organs (Gernhofer 

et al., 2001). Also, the alterations found in these organs are easier to identify than functional ones 

(Fanta et al., 2003). These alterations serve as warning signs of damage to the well-being of an 
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organism. Studies have been conducted on histopathological changes in the gills, liver and 

kidney of fish exposed to pesticides which have been reported to cause pathological alterations in 

the exposed fish (Auta, 2001). Histopathological changes have been used as important 

biomarkers in environmental monitoring that allows examining specific target organs (Devi and 

Mishra, 2013) such as liver and the gills.  

 Fenthion is one of the most widely used organophosphate insecticides and avicide in 

agriculture and public health for controlling many sucking and biting pests (Cong et al., 2009; 

Sevgiler and Uner, 2010). While it is effective as an insecticide, it is moderately toxic to 

mammals and highly toxic to birds through dermal contact and inhalation (Vlastos and Ganidi, 

2004). Fenthion is characterized as a cholinesterase inhibitor as well as a lipophylic compound 

that is bioaccumulated in the fat tissues of animals (Vlastos and Ganidi, 2004). According to 

Environmental Protection Agency (2003) and Pest Management Regulatory Agency (2004), all 

Fenthion formulations have been banned in the United States and Canada. However, it is still 

produced in some countries such as China and India and the application of these insecticides is 

ongoing in Nigeria.  

 Biomarkers are key molecular or cellular events that link a specific environmental 

exposure to a health outcome (National Institute of Environmental Health, 2014). In other words, 

they are measurable indicators of some biological state or condition. The use of fish as 

biomarkers for assessing the effect of pollution is of increasing importance and permits early 

detection of aquatic environmental problems (Lorez-Barea, 1990; Van-Der Oost et al., 2003). 

Studies on pesticide-induced effects on various antioxidant enzymes in fish and other aquatic 

organisms can provide useful information about the ecological consequences of pesticide use 

(Kavitha Venkateswara-Rao, 2008). Gills are important in respiration, osmoregulation, acid-base 
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balance and excretion of nitrogenous wastes in fish and they serve as the first area of contact of 

the animal with the external environment (Deb and Das, 2013). The liver is the main organ of 

detoxification due to its lipophilicity (Ali et al., 2009). Therefore, these tissues can be used in 

determining biomarkers of oxidative stress such as changes in antioxidant enzymes activity or 

the degree of accumulation of damaged molecules. This can offer an early warning sign for 

exposure to redox-active xenobiotics. Enzyme analyses are becoming increasingly important in 

the determination of toxic effects of chemical pollutants in environmental toxicology 

(Muralidharan, 2014a) since alterations in enzyme activity with respect to environmental change 

are used as stress indicators. 

1.1.2 Statement of the problem                 

Aquatic environments are a home to a vast diversity of organisms ranging from 

prokaryotes to higher vertebrates. They are also of great importance to humans, providing 

essentials such as water and food as well as transportation, economic opportunities, recreation, 

etc.  Unfortunately, these environments also act as sinks for a great variety of anthropogenic 

pollutants, many of which are toxic.  Environmental pollution resulting from industrial effluents 

and agricultural activities has become a global issue due to the extent of damage caused to the 

aquatic organisms as the orderly balance in their physiological process is constantly under attack 

by the environmental adversities and the disruption in the natural food chain (Amin and Hashem, 

2012; Nwani et al., 2013a;  Muralidharan, 2014a).  Most of the studies on oxidative stress in fish 

focused on toxicological aspects, such as effects of xenobiotics on antioxidant-enzyme activities, 

induction of biotransformation processes as well as on the intensity of lipid peroxidation and 

other biomarkers of oxidative damage (Winston and Giulio, 1991). Despite these parameters 

having been used as biomarkers for contaminants, a review of related literature revealed no clear 
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trend since fish response depends on several variables such as the species, tissues, the antioxidant 

parameters itself, time of exposure and contaminant concentration, besides the other 

physiological and environmental changes mentioned above.  

Studies have demonstrated that fenthion induce DNA damage and should be considered 

potentially hazardous to humans (Wu et al., 2011). Recent research by Kanter and Celik (2012) 

revealed that exposure of frogs to fenthion induce an increase in melondialdehyde (MDA), and 

antioxidant defence systems (ADS). Israel and Sam (2012) reported biochemical changes in 

some tissues of Cirrhina mrigala (Hamilton) (Cyprinidae: Cypriniformes) exposed to fenthion. 

Altuntas and Delibas (2002) reported that fenthion caused liver damage in Wister albino rats and 

may be one of the molecular mechanisms involved in fenthion-induced toxicity. Extensive works 

on the effect of fenthion on liver function of Cyprinus carpio have been performed (Gopi, 1993; 

Kitamure et al., 2003). The pigments of Cyprinus carpio exposed to fenthion have been studied 

(Muralidharan and Pillai, 2012). However, basic research that provides evidence for the 

oxidative stress biomarkers, haematological parameters and histopathological changes in the 

African catfish, Clarias gariepinus exposed to fenthion is lacking. 

1.1.3 Justification of the study  

The need to improve agriculture and public health standards has necessitated the 

widespread use of pesticides but these pesticides are drained into the natural habitat of fishes. 

Many of the pesticides are not biodegradable and due to accumulation, can enter into food chain 

and ultimately affect human and animal health as some of them are toxic. It is believed that fish 

possess the same biochemical pathways to deal with the toxic effects of endogenous and 

exogenous agents as do mammalian species (Al-Akel et al., 2010; Alkahem et al., 2011). 

Therefore, it is important to study the toxic effects of pesticides on fish since they constitute an 
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important link in food chain and their contamination by pesticides affect the aquatic system. The 

study attempts to investigate the oxidative stress biomarkers, haematological parameters and 

histopathological changes in Clarias gariepinus exposed to fenthion as studies on oxidative 

stress in fish have opened a number of research lines on fish physiology in recent years. The 

study will provide information concerning the response of antioxidant defenses, haematological 

alterations and histopathological changes under different circumstances as well as regulatory 

mechanisms of these responses which will no doubt benefit aspects related to fish farming and 

production. The findings will also be beneficial as it will serve as a baseline for data assessment 

of health status of the catfish, Clarias gariepinus as well as provide governing bodies with 

information useful in management of aquatic ecosystems, information on which to base 

regulations concerning usage and handling of chemical compounds and essentially help to 

protect aquatic ecosystems from the negative effects of anthropogenic activities.  

1.1.4 Objectives of the study  

The objectives of this study are to; 

� determine the median lethal concentration (LC50); no observed effect concentration 

(NOEC) and lowest observed effect concentration (LOEC) of fenthion in Clarias 

gariepinus.  

� determine the safe levels of fenthion in C. gariepinus. 

� observe the behavioural responses of C. gariepinus associated with fenthion exposure. 

� investigate the effects of fenthion on lipid peroxidation in C. gariepinus. 

� investigate the effects of fenthion on the activities of some selected antioxidant enzymes 

as biomarkers of oxidative stress in different tissues of C. gariepinus. 
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� investigate the changes in haematological parameters in C. gariepinus exposed to 

fenthion. 

� evaluate the changes in condition factor and hepatosomatic index of Clarias gariepinus 

exposed to fenthion. 

� assess the changes in physico-chemical parameters of the test water. 

�  investigate the histopathological changes in the gill and liver tissues of Clarias 

gariepinus exposed to fenthion. 
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1.2 LITERATURE REVIEW 

1.2.1 Pesticides 

Pesticides are organic compounds manufactured and used for the control of pests (Ortiz-

Hermandez and Sanchez-Salines, 2010). Pesticides can be defined as any chemical substance or 

mixture of substances intended for preventing, destroying, repelling or mitigating effects of any 

pest of plants and animals (Agarry et al., 2013). The main groups of pesticides are fungicides, 

herbicides, weedicides, rodenticides and insecticides (Sharma et al., 2014). Among these classes 

of pesticides, insecticides are widely used in agriculture to control insect pests. Pesticides are 

categorized based on their chemical structures (Sternerson, 2004) and the various categories are 

often used against a number of pests (Quinn, 2007) or weeds in modern agriculture technology 

for high yield and management of public health (Yadav et al., 2010). Some of the categories 

include; organochlorine, organophosphate, carbamate, synthetic pyrethroids, among others 

(Natala and Ochoje, 2009; Naqvi et al., 2011; Nsikak and Aruwojoye, 2011). Pesticides enter 

water bodies directly or indirectly resulting in contamination of various aquatic ecosystems.  

The effects of insecticide pollution on non-target organisms in the environment can be 

studied by detecting changes in organisms at the physiological, biochemical or molecular levels, 

providing “early warning” signs in monitoring environment quality (Sharma et al., 2014). These 

sensitive early warning biomarkers measure interactions between environmental xenobiotics and 

biological effects. Inhibition and induction of these biomarkers is a reliable approach of 

measuring potential impacts of pollutants on environmental organisms (Rendo `n-von Osten et 

al., 2005). 

The number of pesticide in use has been on the increase since World War II (Alavi et al., 

2008). In Nigeria, the use of pesticide has been on the increase ever since its introduction in the 
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early fifties for cocoa production (Agarry et al., 2013). It has been estimated that about 125,000 

to 130,000 metric tons of pesticides are applied every year in Nigeria (Asogwa and Donga, 

2009). Many of these compounds will linger in the environment for many years to come due to 

their environmental persistence. Humans as well as animals are inevitably exposed to pesticides, 

through occupational use or environmental contamination. Pesticides act selectively against 

certain organisms without adversely affecting others. Absolute selectivity, however, is difficult 

to achieve (Bolognesi, 2003).  

1.2.2 Organophosphate (OP) insecticides  

OP compounds have largely been used as pesticides in many parts of the world. These 

chemicals are readily available because of insufficient regulations to control their sale 

(Jeyarathnam, 1990).  

OP are phosphorus-containing insecticides whose insecticidal qualities were first 

observed in Germany during World War II in the study of the extremely toxic OP nerve gases 

(sarin, soman, and tabun) (Cabello et al., 2001). The use of OP increased not only in agricultural 

environments (Fensake et al., 2002; Koch et al., 2002) but also significantly in residential and 

urban settings (Lu et al., 2001; Berkowitz et al., 2003). OP insecticides have been considered as 

alternatives to organochlorine insecticides due to their broad-spectrum pesticidal properties and 

relatively shorter persistence after applications (Sharma et al., 2005). OP agents in addition to 

their intended effects like control of insects or other pests are sometimes found even to affect 

non-target organisms including humans (Chaudhuri et al., 1999; Burns et al., 2013).  
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The effects of various OP insecticides in humans and animals include cholinergic and 

non-cholinergic biological disturbances (Gordon and Mack, 2003; Jain et al., 2009). The 

widespread use of organophosphate insecticides (OPIs) has long been shown to exert deleterious 

effects on living organisms (Gultekin et al., 2001) as they are powerful inhibitors of 

acetylcholinesterase (AChE). AChE is an enzyme that breaks the neurotransmitter acetylcholine 

(ACh),  which activates choligenic neurons, the nerve cell that control the signals in the 

peripheral nervous system, brain and spinal cord (Bakry et al., 2006). If ACh is not inactivated 

immediately after it has done its job, the neuron becomes over stimulated leading to increased 

secretions, sensory and behavioural disturbances, uncoordination, depressed motor function, 

respiratory depression, convulsion and death (Reigart and Roberts, 1999). Recovery depends on 

the manufacture of more AChE. AChE is also involved in various clinical effects such as neck 

muscle weakness and diarrhoea which can occur due to organophosphate poisoning in humans 

(Serdar and Gibson, 1985; Grimsley et al., 1997).  Measurement of the activity of this enzyme in 

aquatic animals does not only offer a means of detecting serious pollution by AChE agents but 

has the potential for indicating the extent of poisoning the animals. Through inhibition of AChE, 

OP poisoning is characterized by the clinical picture of acute cholinergic crisis. Other 

manifestations are intermediate neurotoxic syndrome and delayed polyneuropathy (Aardema et 

al., 2008). At high doses, OPs are irreversible inhibitors of AChE, producing accumulation of 

acetylcholine in cholinergic nervous system. However, little is known regarding possible toxic 

effects of exposure to low doses of OP compounds (Ceh and Majdic, 2010). Thus, in addition to 

AChE inhibition being the principal mode of action of OP pesticides, increased LPO has also 

been implicated in mediating OP-induced toxicity in animals (Kaur and Dhanju, 2004). 
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1.2.3 History and composition of organophosphate (OP) compounds 

OP compounds were first developed by Schrader shortly before and during the Second 

World War. They were first used as an agricultural insecticide and later as potential chemical 

warfare agents (Taylor, 1996). In the late 1990 and 2000, with the advent of increased awareness 

of terrorism, nerve agents had gained prominence as weapons of mass destruction. In these 

compounds, the OPs are a group of both synthetic and biogenic OP compounds, characterized by 

the presence of the binding covalent, carbon to phosphorus (C-P) bond. In OPs, this carbon to 

phosphorus bond replaces one of the four carbon-to-oxygen-to-phosphorus bonds of the more 

common phosphate ester (Wanner and Metcalf, 1992). While the vast majority of phosphorus-

containing organic compounds contained the phosphate ester bond, both synthetic and naturally 

occurring phosphonates were still of importance (Blackburn, 1981). The direct C-P linkage is 

chemically and thermally inert, with the result that most of organophosphonate compounds are 

resistant to chemical hydrolysis, thermal decomposition and photolysis compared to analogous 

compounds containing the more reactive N-P, S-P or O-P linkages (Figure 1). The letter R 

represents either ethyl or methyl. Phosphonate contains an alkyl(R-) in place of one alkoxy group 

(RO-). X is called leaving group and is the principal metabolite for a specific identification 

(Kazemi et al., 2012). 
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Figure 1: General chemical composition of organophosphate pesticides 

Source: Kazemi et al., (2012). 
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1.2.4 Pesticide metabolism  

Presently, there are more of 900 pesticides and more of 600 active pesticide ingredients 

in the market (Hall et al., 2001). Millions of tons of pesticides are applied annually; however, 

less than 5% of these products are estimated to reach the target organisms, with the remainder 

being deposited on the soil and non-target organisms, as well as escaping into the atmosphere 

and water (Pimental and Levitan, 1986). The metabolic fate of pesticides is dependent on abiotic 

factors (temperature, moisture, soil pH, etc.), microbial community or plant species (or both), 

pesticide characteristics (hydrophilicity, pKa/b etc.), and biological and chemical reactions. 

Abiotic degradation is due to chemical and physical transformations of the pesticide by processes 

such as photolysis, hydrolysis, oxidation, reduction, and rearrangements. Further, pesticides may 

be biologically unavailable because of compartmentalization, which occurs as result of pesticide 

adsorption to soil and soil colloids without altering the chemical structure of the original 

molecule. However, enzymatic transformation, which is mainly the result of biotic processes 

mediated by plants and microorganisms, is by far the major route of detoxification. Metabolism 

of pesticides may involve a three-phase process (Shimabukuro, 1985; Hatzios, 1991) (Figure 2). 

In the first phase involving metabolism, the initial properties of a parent compound are 

transformed through oxidation, reduction, or hydrolysis to produce a more water-soluble and less 

toxic product than the parent. The second phase involves conjugation of a pesticide or pesticide 

metabolite to a sugar, amino acid, or glutathione, which increases further, the water solubility 

and reduces toxicity compared to the parent pesticide. Phase II metabolites were reported to have 

little or no phytotoxicity and may be stored in cellular organelles. The third phase involves 

conversion of Phase II metabolites into secondary conjugates, which are also nontoxic (Hatzios, 

1991). In leafy spurge (Euphorbia esula L.), examples of Phase III metabolism are the 
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conjugation of the N-glycoside metabolite of picloram with malonate and the formation of a 

gentibioside from the picloram glucose ester metabolite (Frear et al., 1989). McKellar et al. 

(1976) fed chlorpyrifos to dairy cattle for 2 weeks. The parent compound and two (oxidized and 

hydroxylated) metabolites were found at low levels in milk and cream (fat) and the 

concentrations of all three compounds decreased rapidly after cessation of administration. Hsu et 

al. (1995) recovered a maximum of 0.14% of intake via the eggs and depletion of residues from 

the body was rapid. Researchers had shown that pesticides have serious deleterious effects on the 

rumen fluid (Cook, 1969). Cook (1957) was perhaps the first to suggest that rumen liquor played 

an active role in hydrolyzing OPs, particularly parathion. Additional evidence by Cook (1957) 

indicated that metabolism of parathion by rumen microorganisms accounted for its apparent lack 

of toxicity to cattle. Certain OP pesticides were shown by Williams et al. (1963) to stimulate gas 

production In vitro by rumen holotrich protozoa, whereas these compounds had no appreciable 

effect when rumen bacteria served as the inoculums source.  
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Figure 2: Schematic metabolism of pesticides in body 

Source: Barr and Needham (2002). 
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1.2.5 Mechanism of action of OP pesticides 

OP pesticides avidly bind to acetyl cholinesterase (AChE) molecules and share a similar 

chemical structure (Figure 3). This leads to accumulation of acetylcholine and subsequent over-

activation of cholinergic receptors at the neuromuscular junctions and in the autonomic and 

central nervous systems (Paudyal, 2008). The rate and degree of AChE inhibition differs 

according to the structure of the OP compounds and the nature of their metabolites. After the 

initial formation of AChE-OP complex, two reactions take place; at the first reaction, 

spontaneous reactivation of the enzyme may occur at a slow pace, much slower than the enzyme 

inhibition and requiring hours to days to occur. The rate of this regenerative process solely 

depends on the type of OP compound: spontaneous reactivation half life that lasts 0.7 h for 

dimethyl and 31 h for diethyl compounds. In general, AChE-dimethyl OP complex 

spontaneously reactivate in less than one day whereas AChE-diethyl OP complex may take 

several days and reinhibition of the newly activated enzyme can occur significantly in such 

situation. The spontaneous reactivation can be hastened by adding nucleophilic reagents like 

oximes, liberating more active enzymes. These agents thereby act as an antidote in OP poisoning 

(Eddleston et al., 2002). At the second step, with time, the AChE enzyme-OP complex loses one 

alkyl group making it no longer responsive to reactivating agents. This progressive time 

dependent process is known as ageing. The rate of ageing depends on various factors like pH, 

temperature, and type of OP compound; dimethyls OPs have ageing half life of 3.7 h whereas it 

is 33 h for diethyl OP (Worek et al., 1999). The slower the spontaneous reactivation, the greater 

the quantity of inactive AChE available for ageing. Oximes, by catalyzing the regeneration of 

active AChE from enzyme-OP complex, reduce the quantity of inactive AChE available for 

ageing. Since ageing occurs more rapidly with dimethyl OPs, oximes are hypothetically useful 
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before 12 h in such poisoning. However, in diethyl OP intoxication, they may be useful for many 

days (Worek et al., 1999). 

 

 

 

 

Figure 3: Schematic inhibitory of AChE by organophosphate pesticides  

Source: Paudyal (2008) 
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1.2.6 Oxidative stress induced by pesticides  

Reactive oxygen species (ROS), which include all highly reactive, oxygen-containing 

molecules, are an important part of the defense mechanism against infection, but excessive 

generation of ROS may damage tissues. ROS formed under both physiological and pathological 

conditions in mammalian tissues are capable of reacting with membrane lipids, nucleic acids, 

proteins, and enzymes and other small molecules, resulting in cellular damage. When balance 

between ROS and antioxidant system is lost "oxidative stress" results. ROS were found to be 

involved in infertility as evidenced by defective sperm function and in cryptorchidism upon 

exposure to toxic chemicals. It was shown that the cytochrome P450 enzymes of the 

steroidogenic pathway use molecular oxygen and electrons transfer from nicotinamide adenine 

dinucleotide phosphate (NADPH) to hydroxylate the substrate. In this process, superoxide anion 

or other oxygen free radicals were produced as a result of electron leakage in normal reactions or 

due to interaction of steroid products or other pseudosubstrates with enzymes. The antioxidant 

system plays an effective role in protecting testes and other biological tissues below a critical 

threshold of ROS thus, preventing testicular dysfunction. Antioxidant enzymes constitute a 

mutually supportive team of defense against ROS (Oschsendorf, 1999).  

In living organisms, various ROS are generated in different ways, including normal 

aerobic respiration, stimulated polymorphonuclear leukocytes, and macrophages and per- . 

oxisomes. These appear to be the main endogenous sources of most of the oxidants produced by 

cells. Exogenous sources of free radicals include tobacco smoke, ionizing radiation, certain 

pollutants, organic solvents, and pesticides (Barlow et al., 2005). Pesticides have also been 

shown to initiate peroxidation of lipids in biological membranes (Koryagin et al., 2002; John et 

al., 2001). In erythrocytes, OP was found to produce morphological changes that are associated 
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with increased LPO (John et al., 2001; Thapar et al., 2002). The effect of lipid peroxidation 

(LPO) on membrane lipids, membrane receptors, and membrane-bound enzymes disturbs 

function, structure, and fluidity of membranes and may result in altered ion flux (Halliwell and 

Chirico 1993). Generation of oxidative stress and consequent LPO by pesticides was reported in 

rat and human brain (Ranjbar et al., 2002).  

Pesticides may irritate lung macrophages resulting in the generation of superoxide radi-

cal. Pesticides may be more reactive with an oxygen free radical that re-oxidizes to form 

superoxide. The pesticide may itself be a free radical, or may deplete antioxidant defenses. The 

overall effect is the production of more free radicals. The activities of superoxide dismutase 

(SOD), glutathione (GSH) peroxides, and glutathione reductase (GSH) are decreased owing to 

consumption of enzymes to neutralize free radicals generated by pesticides (Amer et al., 2002).  

Earlier studies in animals also showed that pesticides such as paraquat 2,4-D, and 

endosulfan inhibit the activity of erythrocyte-SOD and induce oxidative stress in hepatocytes as 

well as in the central nervous system (Julka et al., 1993). Moreover, current research indicates 

that many widely used agricultural chemicals induce oxidative damage in various systems of the 

body, such as in dopaminergic cells of the brain by modulating the antioxidant defense system 

(Barlow et al., 2005). Increased lipid peroxide levels owing to exposure of OP and carbamate 

pesticides were reported in several studies (Dave, 1998; Prakasam and Sethupathy, 2001; Patil et 

al., 2003).  

1.2.7 Organophosphate pesticdes, oxidative stress, and antioxidant status  

OP insecticides, apart from inhibition of AChE and presence of cholinergic effects 

(Ren~o'n-von Osten et al., 2005; Bajgar et al., 2009), hyperglycemia (Joshi and Rajini, 2009), 

and oxidative stress were reported as adverse effects in poisoning by OP in both humans and 
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animals. Oxidative stress induced by OP leads to disturbances in the function of different organs 

and tissues. In subchronic or chronic OP, exposure induction of oxidative stress was shown by 

various investigators as the predominant mechanism of toxicity (Giordano et al., 2007; 

Bűyűkokuroglu et al., 2008).  

A case control study was conducted to evaluate the existence of oxidative stress, balance 

between total antioxidant capacity and oxygen free radicals in patients following acute OP 

exposure. The results showed significant LPO accompanied with decreased levels of total 

antioxidant capacity, total thiols, and AChE activity. A significant correlation existed between 

AChE suppression and reduced total antioxidant capacity (Ranjbar et al., 2002).  

1.2.8 Fenthion 

Fenthion (O,O-Dimethyl O-[3-methyl-4-(methylsulfanyl)phenyl] phosphorothioate)  

(Figure 4) is a contact and stomach insecticide used against many sucking and  biting pests. It is 

particularly effective against fruit flies, leaf hoppers, cereal bugs, stem borers, mosquitoes, 

animal parasites, mites, aphids, codling moths, and weaver birds. It has been widely used in 

sugar cane, rice, field corn, beets, pome and stone fruit, citrus fruits, cotton, olives, coffee, cocoa, 

vegetables, and vines (Extension Toxicity Network, 2003). Based on its high toxicity on birds, 

fenthion has been used to control weaver birds and other pest-birds in many parts of the world. 

Fenthion is also used in cattle, swine, and dogs to control lice, fleas, ticks, flies, and other 

external parasites (United States Environmental Protection Agency, 2001; EXTOXNET, 2003; 

Australian Pesticides and Veterinary Medicines Authority, 2005).  

Amid concerns of harmful effects on environment, especially birds, Food and Drug 

Administration no longer approves uses of fenthion. However, fenthion has been extensively 

used in Florida to control adult mosquitoes. After preliminary risk assessments on human health 



 

and environment in 1998 and its revision in 1999, USEPA issued an Interim Reregistration 

Eligibility Decision (IRED) for fenthion in January 2001. The EPA has classified fenthion as 

Restricted Use Pesticide (RUP), and warrants special hand

for Toxic Substances and Disease Registry

Figure 4: Structure of fenthion 

Source: Royal Society of Chemistry (2015).
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Fenthion exposure to general population is quite limited based on its bioavailability. 

Common form of fenthion exposure is occupation related, and occurs through dermal contact or 

inhalation of dust and sprays (ATSDR, 2005). Another likely means of contamination is through 

ingestion of food, especially, if it has been applied quite recently with fenthion. So far, ingestion 

is the most likely severe poisoning case on humans and animals. To avoid this, crops applied 

with fenthion should be allowed enough degradation time before harvesting. Normally, 2 - 4 

weeks time is enough depending upon the type of crop. It is a moderately toxic compound in 

EPA toxicity class II (probable human carcinogen). It is classified by the U.S Environmental 

Protection Agency (EPA) as a restricted use pesticide due to the special handling warranted by 

its toxicity. The half life of fenthion in water under field conditions has been reported to range 

from 2.9 to 21.1 days for various ocean, river, swamp, lake waters (Vlastos and Ganidi, 2004). 

Very few studies have demonstrated the effect of fenthion on fish (Thomas and Murthy, 1976). 

1.2.9 Description of Clariidae 

The family Clariidae belongs to the order Siluriformes and contributes significantly to 

annual freshwater fish production in South and South-East Asia and Africa (Na Nakorn, 1999). 

This family is naturally distributed all over Africa, South and South-East Asia with the highest 

genetic diversity found in Africa (Ilaboya, 2011). Nearly one fifth of all known catfish species 

occur in Africa and South-East Asia, however, the highest diversity is found in Africa with 14 

genera and 92 species (Teugel, 1986), while only two genera with 17 species are presently 

known from Asia (Teugels, 1996).  

Generally, Clariidae catfishes are elongated, have long dorsal and anal fins, and four pairs 

of barbels. A remarkable characteristic of this family is the possession of suprabranchial organ, 

formed by folds of the second and fourth branchial arches. With this organ, they are able to 
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practice aerial respiration, implying that they can survive out of water for a long time. They are 

also known for walking on land over distances of several hundred meters, breathing atmospheric 

air and using their pectoral spines as a support (Teugels and Gourѐne, 1997).  

The genus Clarias is the most common and popular of the Clariidae containing 32 species in 

Africa (Teugels, 1986), one of which is Clarias gariepinus (Burchell, 1822). It is of great 

economic importance as it is the most cultured catfish in Africa and the third most cultured 

catfish species in the world (Garibaldi, 1996). In Nigeria, it is the most abundant culturable fish 

apart from Tilapia (Elliot, 1985). Clarias gariepinus was selected for this study because it is of 

commercial importance as well as an aquaculture candidate that can narrow the gap between 

demand and supply of animal protein in developing countries (Nwani et al., 2013a). The species 

serve as an attractive model for toxicity testing due to its availability throughout the season, wide 

distribution in the environment being open swimmers, food source for human (Amin and 

Hashem, 2012) and ability to acclimate easily to laboratory conditions (Nwani et al., 2013a). 

 Research has shown that Cyprinus carpio exposed to sub lethal concentrations (0.38, 

0.19, 0.96 mg/l) of fenthion suffered alterations in blood parameters. There was decrease in RBC 

count, hemoglobin concentration, ESR, and clothing time whereas WBCs count and platelet 

count were found to be increased (Muralidharan, 2012). The author concluded that fenthion is 

moderately toxic to C. carpio based on the 96 h LC50 recorded. Exposure to chronic sublethal 

concentrations of fenthion suggests that treated fish are faced with severe metabolic stress as a 

result of blood alterations thereby indicating that the use of this pesticide in the fields may be a 

threat to fishes as well as humans. Another study on the same species revealed that its exposure 

to fenthion destroyed melanophores of the exposed fish and the destructive changes observed is 

directly related to the strength of the dose induced (Muralidharan and Pillai, 2012). The result 
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showed that melanophores changes noted is a significant abnormality providing a symptomatic 

index of toxicity. 

 Previous studies showed that fenthion caused significant disturbances in glutathione 

(GSH) redox status in the liver and brain of Cyprinus carpio (Sevgiler et al., 2007; Uner et al., 

2009) and in the brain of Oreochromis niloticus. Research has also shown that fenthion affected 

the GSH redox cycle in a tissue-specific manner (Sevgiler and Uner, 2010). According to the 

authors, while GSH content decreased, GST activity increased in the liver and decreased in the 

kidney but the same concentration of fenthion did not affect the brain GSH contents and GST 

activity of the same fish. The studies above showed that fenthion altered the haematological 

parameters as well as antioxidant enzymes in humans, frogs, Cyprinus carpio but its effects on 

Clarias gariepinus is unknown hence, the need for the present study. 
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CHAPTER TWO 

MATERIALS AND METHODS 

2.1 Experimental Fish and Chemicals 

A total of 360 apparent healthy fish specimens of Clarias gariepinus (Burchell, 1822) 

(Family: Clariidae, Order: Siluriformes) of mean standard length 27.36 ± 0.23 cm and weight of 

197.39 ± 2.34 g were procured from Freedom Fisheries Ltd at No.4 University Market Road 

Nsukka, Enugu, Nigeria. They were transported to the Fisheries wet Laboratory, Department of 

Zoology and Environmental Biology, University of Nigeria Nsukka. The fish were treated with 

0.05% potassium permanganate (KMnO4) for two minutes to avoid any dermal infections and 

were later acclimated for three weeks in plastic tanks of 300 litre capacity. They were fed ad 

libitum daily with available food (Coppens commercial feed) containing 35% crude protein. To 

maintain hygienic condition and prevent pollution caused by food and faeces, fecal matter and 

other waste materials were siphoned off daily. Dead fish were also removed with plastic forceps 

to avoid possible deterioration of the water quality.  During the period of acclimation, the water 

in the tanks was renewed daily with well aerated tap water. The feeding was terminated 24 h 

prior to the range finding and acute toxicity tests to avoid interference of faeces. The acclimated 

fish were used for the experiments.  

Commercial formulation of fenthion (600 g/ L) manufactured by Yufull Industry Co, 

Ltd., China was purchased from the local market and used for the study. 

 

2.2 Determination of Median Lethal Concentration (acute toxicity), NOEC and LOEC 

2.2.1 Determination of median lethal concentration (LC50) 

Determination of the LC24-96 h of fenthion was conducted by using a total of 210 fish 

specimens.  Briefly, triplicate sets of 10 fish were randomly exposed to fenthion at 
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concentrations of 12.0, 24.0, 36.0, 48.0, 60.0, and 72.0 mg/ L derived from a range finding test 

using plastic tanks of 25 litre capacity each. Ten litres of water was poured into each of the tanks. 

Another set of 10 fish was simultaneously maintained with equal amount of tap water but 

without the test insecticide and considered as the control. Fish were not fed throughout the 

experiment and lethality was the toxicity end point. Fish were visually examined daily and 

considered dead when no respiratory movements or sudden swimming in response to gentle 

touch were observed. Dead fish were removed and the mortality was recorded at intervals of 24, 

48, 72 and 96 h. The LC50-96 values of the test insecticide for the species at 24, 48, 72 and 96 h 

was determined by probit analysis (Finney, 1971).  

 

2.2.2 Determination of no observed effect concentration (NOEC) 

During the acute toxicity test, the NOEC was determined by the mortality data generated 

as the highest concentration in which no mortality was observed. 

 

2.2.3 Determination of lowest observed effect concentration (LOEC) 

LOEC was also determined using acute toxicity results. It is the highest concentration 

that low mortality was observed. 

2.3 Determination of Safe Levels 

The safe levels of the test pesticide was estimated by multiplying the 96 h LC50 with 

different application factors (AF) and were based on the methods of Hart et al. (1948), Sprague 

(1971), Committee on Water Quality Criteria (1972), National Academy of Sciences/National 

Academy of Engineering (1973), International Joint Commission (1977), and Canadian Council 

of Resources Environmental Ministry (1991).  
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2.4 Observation of Behavioral Responses 

The behavioral responses of C. gariepinus upon exposure to different concentrations of 

fenthion were observed from 24 h to 96 h of the exposure. 

2.5 Experimental Design for Chronic Exposure 

The experiment consisted of four treatments of 2.0 mg/L, 4.0 mg/L, 8.0 mg/L and the 

control, each with three replicates. Each tank that was used contained 10 litre dechlorinated tap 

water with 10 fish in each of the tanks. Fish maintained in dechlorinated tap water served as the 

control treatment while the three other treatments were exposed to water containing 2.0, 4.0 and 

8.0 mg/L of fenthion corresponding to 1/20, 1/10 and 1/5 of the 96 hour LC50 value that was 

determined after the acute toxicity assay. The exposure lasted a period of 21 days during which 

the fish were fed small quantity of feed approximately 1% of total body weight about an hour 

before the test solution was renewed daily. The feeding was to avoid catabolism and subsequent 

mortality. On each sampling day, (1, 7, 14, and 21), one fish from each of the treatment groups 

including the control was sacrificed after anesthetizing with tricaine methsnessulfonate (MS 222) 

to minimize stress. The blood samples were collected by piercing the caudal peduncle using 5ml 

sterile disposable syringe with a 22 gauge needle (Molnar, 1960). EDTA was used as anti 

coagulant. The blood was transferred to EDTA tubes and haematological parameters were 

analyzed while the liver and gill tissues were dissected and weighed separately. The tissues were 

quickly rinsed in cold 0.9% sodium chloride solution. Tissues from each triplicate were 

homogenized immediately in pre-chilled potassium phosphate buffer (1: 10 w/v, 0.1M, pH 7.0). 

One part of the homogenate was used for the estimation of lipid peroxidation while the other part 

was centrifuged for 20 minutes at 10, 500 rpm under 4
o
C to obtain the supernatant which was 

stored at 4 
o
C for enzyme assay.  
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After the duration of exposure, the fish in each of the concentrations were withdrawn 

from the exposure of the insecticide and placed in chemical-free water. They were then observed 

for 7 days after which the tissues were collected and assayed. 

 

2.6 Lipid Peroxidation (LPO) 

LPO was assayed by measuring malondialdehyde (MDA) formation as described by 

Sharma and Krishna Murti (1986) as follows: 

Procedure: 

1.0ml of homogenate prepared in KCL solution was incubated at 37
0
C for 30 minutes. 

Proteins were precipitated by adding 1ml of 10% trichloroacetic acid (TCA) and then centrifuged 

at 2,000 rpm for 15 minutes. 1ml of supernatant was taken as aliquot in a separate tube to which 

1ml of thiobarbituric acid (TBA) reacting substance solution was added. The tubes were kept in 

boiling water bath for 10 minutes. After cooling the tubes, the optical density was read at 535nm. 

MDA activity was expressed as nmol/protein. 

Calculation:  

          LPO = 
proteinmgx

xOD

156

1000
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2.7 Changes in Activities of Antioxidant Enzymes. 

2.7.1. Catalase activity (CAT) 

Catalase activity was assayed as described by Aebi (1984) as follows:  

Procedure: 

10% homogenate was prepared in 0.9% NaCl and centrifuged at 2500 rpm for 15 

minutes. The supernatant was used for assay. A typical reaction mixture containing 1 ml 50nM 

potassium phosphate buffer (pH 7.4) and 25μl sample was added to the mixture. The reaction 

was initiated by the addition of dichromate acetic acid and 1 ml of H2O2 . The amount of H2O2 

that was consumed was determined by recording absorbance of solution at λ 240nm. CAT 

activity was expressed as U/mg protein. 

Calculation:  

                     
proteinmgxsamplemlx

xvolumetotalxTestofOD
CAT

05.06.43

1000∆
=   

2.7.2 Superoxide dismutase (SOD) 

SOD activity was determined by measuring the inhibition of autoxidation of adrenaline at pH 

10.2 at 30
0
C as described by Misra and Fridovich (1972).  

Procedure:  

Assay mixture contained 0.5 ml bicarbonate buffer, 0.5 ml EDTA, 50μ1 sample, 1ml dH20 and 

was incubated for 5 minutes at room temperature. The reaction was started by the addition of 0.3 

ml Epinephrine and absorbance was recorded at λ480nm for 3 minutes. SOD activity was 

expressed in U/mg protein. 

Calculation:  

                        100x
proteinmgxcontrolofOD

testofODcontrolofOD
SOD

∆

∆−∆
=  
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2.7.3 Reduced glutathione (GSH):  

Activity of GSH was measured according to Brehe and Burch (1976). 

Procedure: 

0.1 ml of homogenate was put in a tube to which 0.9 ml of distilled water and 1.0 ml 

sulphosalicylic acid were added. The contents were mixed thoroughly and then centrifuged at 

5,000 rpm for 10 minutes. Now, 0.5ml supernatant was put in a tube and similarly, blank and 

standards were prepared by adding 0.5 ml of distilled water and 0.5 ml of GSH standard 

respectively. To all the tubes, 4.5 ml of tris buffer and 0.5 ml of DTNB solution were added. 

After 6 minutes OD was read at λ 412 nm. 

Calculation:  

                         
knownofOD

xunknownofOD
eglutathionduced

20
Re =  

2.7.4 Glutathione reductase (GR) 

GR was estimated by measuring the rate of conversion of NADPH using the method of 

Tayarani et al. (1989). 

Procedure: 

Glutathione reductase was estimated by measuring the rate of conversion of NADPH to 

NADP
+
. 10% homogenate was prepared in 1.15% KCl and centrifuged at 10,000 rpm for 10 

minutes and the supernatant was used for the assay. A typical reaction mixture containing 0.7 ml 

phosphate buffer, 0.1 ml oxidized glutathione (GSSG) and 0.1 ml suitably diluted homogenate 

was incubated at room temperature for 10 minutes. The reaction was initiated by the addition of 

0.1 ml NADPH and absorbance change was recorded for 5 minutes at λ 340 nm. Specific activity 

was expressed as μmol NADPH oxidized min
-1

mg
-1

 protein, taking motor extinction coefficient 

of NADPH as 6300 m
-1

 cm
-1

. 
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Calculation:  

 

      GR= 

                                proteinofmg

xxchangeOD 10003.6min/∆

      

2.7.5 Glutathione peroxidase (GPx) 

The activity of GPx was determined by monitoring the rate of NADPH oxidation at 340nm 

by the coupled reaction with glutathione reductase. The specific activity was determined using 

the extinction coefficient 6.22mMcm
-1

 (Lawrence and Burk, 1976).  

 

2.8 Haematological Parameters.  

2.8.1 Determination of packed cell volume (PCV) 

PCV was determined using the microhematocrit method of Nelson and Morris (1989) as 

follows; 

 

Procedure: 

The capillary tubes were filled with blood and centrifuged for 5 minutes at 14 000 rpm 

using a microhematocrit centrifuge (Hawkesley & Sons, Ltd, Lancing, UK) at room temperature. 

Soon after centrifuging, the hematocrit was read using the microhematocrit reader. The result 

was expressed as the percentage of whole blood. 

2.8.2 Determination of haemoglobin (Hb)  

Hb determination was done using the cyanmethemoglobin method (Blaxhall and Daisley, 

1973). 
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Procedure: 

  0.02mL of blood was mixed with 4.0 mL of Drabkin’s solution. This was allowed to 

stand for 10 minutes for full colour development to occur. Absorbance was read at 540 nm with a 

unican spectrophotometer against the blank 

 

2.8.3 Determination of red blood cell count (RBC) 

RBC counts were estimated using a Neubauer hemocytometer as described by Rusia and 

Sood (1992).  

 

Procedure: 

0.02 mL of blood was pipetted from the blood sample and added to 4mL of the RBC 

diluting fluid (Toisson’s solution) in a clean test tube to make a 1:200 dilution of the blood 

sample. The diluted blood sample was loaded onto a Neubauer counting chamber, and all RBCs 

in the five groups of 16 small squares in the central area of the Neubauer chamber was counted 

using a light microscope at 40×objective. The number of cells counted for each sample was 

multiplied by 10 000 to obtain the RBC count per microliter of blood.  

. 

2.8.4 Determination of white blood cell count (WBC) 

For determination of leucocytes, 0.02mL of blood was pipetted into a small test tube 

containing 0.38mL of WBC diluting fluid (Turk’s solution).to make a 1:20 dilution of the blood 

sample. The diluted sample was loaded on to the Neubauer counting chamber, and all cells on 

the four corner squares were counted using a light microscope at 10× objective. The total number 

of WBCs was calculated in mm
3
×10

4
.  
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While counting, the numbers of different types of leucocytes (neutrophils, monocytes, 

lymphocytes, eosinophils and basophils) in the blood smears were identified as described by 

Hibiya (1982) and Chinabut et al. (1991). The number of each type of leukocytes was calculated 

as a percentage.  

Erythrocyte indices, such as the mean corpuscular haemoglobin concentration (MCHC), 

mean corpuscular haemoglobin (MCH) and mean corpuscular volume (MCV), were calculated 

from the results of RBC count, WBC count, Hb and PCV (Dacie and Lewis, 2001) according to 

standard formulae: 

 

MCHC (g/dl) = 
�� (�/�	)

��
  (%)
 × 100  

 

MCH (pg/cell) = 
��  (�/�	)×��

��� ����� �� ��		��� /���
  

 

MCV (fl/cell)=  
��  (�/�	)×��

��� ����� �� ��		��� /���
 

 

2.9 Condition Factor (CF) 

 On each sampling day (1, 7, 14, 21 and 7 days recovery), the condition factors of the 

treated fish as well as the control were calculated using the method of Anderson et al. (1988) 

after weighing the fish and measuring the standard length.  

Calculation:       

                                K = 3

100

L

W ×
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Where K= condition factor, W= weight of the fish (g), L= standard length of the fish (cm). 

2.10  Hepatosomatic index (HSI) 

The weight of a fish from control and each treatment (triplicate) was sampled on day 1, 7, 

14, 21 and 7 days recovery test of the experiment and recorded. After collecting blood for 

haematological parameters, the abdominal cavity was incised from the anus to the isthmus and 

the liver was dissected out using a sharp safety razor. This was weighed and hepatosomatic index 

(HSI) was calculated (Khallaf and Authman, 1991) as follows: 

HSI = Liver weight (g) ÷ Body weight (g) × 100 

2.11 Physico-Chemical Parameters of the Test Water 

On each sampling day, water samples were collected in triplicate from each of the test 

water as well as the control using oxygen, and Biological Oxygen Demand (BOD) bottles and 

small plastic bottles of 50ml.  The sampling bottles were labelled with dates and treatment 

groups. Until analysis, the collected water samples were kept in a cool container.  

2.11.1 Measurement of water temperature 

Water temperature was measured at the laboratory using a mercury-in-glass thermometer 

graduated in degree Celsius (0-100
0
C).  

2.11.2 Determination of dissolved oxygen 

Dissolved Oxygen (DO) was determined by Winkler’s method (Welch, 1948) as follows; 

Procedure: 

The samples were collected in BOD bottles to which 2 ml of manganous sulphate and 2 

ml of potassium iodide were added and sealed. It was then mixed well and the precipitate was 

allowed to settle down. After settling down, 2 ml of concentrated sulphuric acid was added and 

mixed well until all the precipitate dissolved. 203 ml of the sample was then measured into a 
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conical flask and titrated against 0.025N sodium thiosulphate using starch as indicator. The end 

point was the change of colour from blue to colourless.  

 Calculation: 

203 ml because (200) (300)/ (200-4) = 203 ml 

 1 ml of 0.025N Na2S2O3 = 0.2 mg of oxygen 

 D.O. as mg/L = (0.2) x 1000 ml of thiosulphate/200 

 

2.11.3 Determination of pH 

Hydrogen ion concentration (pH) was measured using pH meter according to APHA 

(1992) as follows; 

Procedure: 

The probe and pH meter were calibrated according to manufacturer’s specifications. The 

test water of each of the concentrations in plastic containers was deep enough to cover the tip of 

the probe. Care was taken to ensure that the water do not splash to avoid inaccuracy of the 

reading. The probe was rinsed with water from the sample before placing it in the sample 

container. After rinsing the probe, it was put into the sample. The meter was adjusted for 

temperature according to manufacturer’s specifications. The meter was allowed to be in 

equilibrium when the measurement was steady. The pH measurement of the sample was read 

from the probe according to manufacturer’s specification. 
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2.11.4 Determination of turbidity 

 Turbidity of samples was analyzed using a Hach ratio Turbidimeter as in APHA (1992). 

Principle:  

Nephelometric measurement is based on comparison of the intensity of scattered light of 

the sample with the intensity of light scattered by a standard reference suspension (Formazin 

polymer) under similar conditions. 

Procedure: 

1.0 g of Hydrazine sulphate was dissolved in 100 ml of distilled water. 10.0 g of 

Hexamethylenetetramine was dissolved in distilled water and made up to 100 ml in a volumetric 

flask. 5 ml of the Hydrazine sulphate solution and Hexamethylenetetramine were mixed in a 

volumetric flask and allowed to stand for 24 hours at about 25
0
C and diluted to 1000 ml with 

distilled water to give 400 NTU. 10 ml of the stock solution was diluted to 100 ml with distilled 

water to give a standard solution of 40NTU. The nephelometer was calibrated using distilled 

water (zero NTU) and a standard turbidity suspension of 40 NTU. The sample was thoroughly 

shaken and was put in the nephelometric tube and the value was recorded. 

Calculation:  

              Turbidity (NTU) = Nephelometer reading× Dilution factor 

2.11.5 Ammonia 

Ammonia concentration was determined using the method of APHA (1992). 

Procedure: 

10 ml of the sample was pipetted into 100 ml of conical flask. 1 cm
3 

of ZnSO4 and 0.5 

cm
3 

of NaOH were added into the conical flask. The mixture was diluted to volume with distilled 

water and allowed to stand for 5 minutes. It was then centrifuged for 10 minutes. The supernatant 
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was collected into 125 cm
3
 of conical flask. 2 drops of Rochelle salt solution was added into the 

conical flask. 1cm
3 

of Nesslers reagent was added. It was then thoroughly mixed and allowed to 

stand for 15 minutes. The absorbance was measured at 425nm. 

2.11.6 Nitrate 

The concentration of nitrate in the test water was determined using the method of APHA 

(1992). 

Procedure: 

0.722 g of AR potassium nitrate was dissolved in distilled water and made up 100 ml of 

the stock solution. The standard nitrate solution was prepared by evaporating 50 ml of the stock 

solution to dryness in the water bath. The obtained residue was dissolved in 2 ml of phenol 

disulfonic acid and diluted to 500 ml to give 1 ml = 10μg. The solution of various strengths 

ranging from 0.0 (blank) to 1.0 mg/L was prepared by diluting stock solution with water.  A 

known volume of the sample (50 ml) was pipetted into a porcelain dish and evaporated to 

dryness on a hot water bath. 2 ml of phenol disulphuric was added to dissolve the residue by 

constant stirring with a glass rod. Concentrated solution of NaOH and distilled water was added 

as it was being stirred to make it alkaline. This was filtered into Nessler’s tube and made up to 50 

ml with distilled water. The absorbance was read at 410 nm using a spectrophotometer after the 

development of colour.  

Calculation: 

                     Nitrate (mg/L) = 
0�1�2�3��4 �5 13�6	4 × ����.�5 8��.× ����

0�1�2�3��4  �5 8��.  × 13�6	4 �394�
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2.11.7 Phosphates 

The amount of phosphate was determined using the method of APHA (1992) as follows; 

Procedure: 

 25 g ammonium molybdate was dissolved in 175 ml of distilled water. 280 ml 

concentrated sulphuric acid was added to 400 ml distilled water and cooled. Molybdate solution 

was added and the mixture was diluted to 1000 ml. 2.5 g fresh stannous chloride was dissolved 

in 100 ml glycerol, heated on water bath and stirred with a glass rod to hasten dissolution. 219.5 

mg of dried AR potassium hydrogen phosphate was dissolved in distilled water and made up to 

1000 ml, where 1 ml = 50.0 μg of phosphate. 10 ml of the stock solution was made up to give 1 

ml = 0.05 mg. Standards of strength ranging from 0.0 (blank) to 0.005 mg/L at intervals of 

0.01mg was prepared by diluting the stock with distilled water. 

 To 50 ml of the filtered sample, 4mg of ammonium molybdate reagent and about 4-5 

drops of stannous chloride reagent was added. After about 10 minute but before 12 minutes, the 

colour that was developed was measured photometrically at 690 nm and calibration curve was 

prepared. A reagent blank was always run with same treatment with distilled water as sample. 

The value of phosphate was obtained by comparing absorbance of samples with the standard 

curve and expressed as mg/L. 

Calculation:  

 Phosphates (mg/L) = 
0�1�2�3��4 �5 13�6	4 × ����.�5 8��.× ����

0�1�2�3��4  �5 8��.  × 13�6	4 �394�
 

2.12 Histopathological Examination 

On day 1, 7, 14, 21 and 7 days recovery of the research, parts of liver and gill tissues 

from control and each treatment were removed and preserved in 10 % phosphate buffered 

formalin for 24 hours, and then dehydrated by a series of upgraded ethanol solution, embedded 
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in paraffin, and sectioned at 5 μm thick. Tissue sections were routinely processed and stained 

with Hematoxylin and Eosin (H & E) and examined by light microscopy according to Roberts 

(2001). 

Histological Procedures: 

Samples of fish from both control and experimental groups were excised, rinsed  in 

physiological saline and fixed in aqueous Boulin’s fluid for 6, 12 and 8 hours respectively. The 

gills and liver tissues were subjected to micro techniques using the method of Bucke (1989). The 

tissues were dehydrated in an ethyl alcohol series of ascending concentrations, embedded in 

paraffin and sectioned at 5μm thickness. The tissues sectioned were then stained with 

haematoxilin-eosin (HE). Stained slides were cleared in xylene and mounted in synthentic resin 

medium. The slides were examined under low power (x4) objective and high power (x10) 

objective with Tension Binocular microscope. Under extreme low power, the condenser was 

moved into a very low position to prevent the image of the lamp bulb from obscuring the image 

of the micrographs. Photomicrographs were then taken at (x100) objective with Samsung ES25 

4X Zoom lens digital camera. Photomicrographs of control groups were compared with those of 

exposed groups under the guidance of a pathologist. 

2.13  Statistical Analysis 

The data obtained were statistically analyzed by using SPSS 21.0 software (SPSS, Inc., 

Chicago, IL). Data were subjected to three-way analysis of variance and Duncan’s multiple 

range tests to determine the significant difference at the 5% probability level. Results were 

expressed as means ± standard error. 

 

 



41 

 

CHAPTER THREE 

RESULTS 

3.1 Median Lethal Concentration (LC50), NOEC and LOEC 

3.1.1 Median lethal concentration (LC50) 

The number of dead C. gariepinus exposed to different concentrations of fenthion is 

given in Table 1. Fish mortality increased as the concentration of fenthion increased. At 96 h 

exposure duration, the control group had 0% mortality while the group that had the highest 

concentration (72.0 mg/L) had 100% mortality. However, the experimental group exposed to 

12.0 mg/L of fenthion had 0% mortalities as the control. The highest and most rapid fish 

mortality was observed in fish exposed to the highest concentration of fenthion. During acute 

toxicity assay, no mortality was recorded in the control group. 
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Table 1: Cumulative mortality of Clarias gariepinus exposed to various concentrations of 

fenthion. 

  Number of deaths   

Concentration 

(mg l
-1

) 

Number of 

fish exposed 

24h 48h 72h 96h Mortality 

(%) 

Survival 

(%) 

Control 30 0 0 0 0 0 100 

12 30 0 0 0 0 0 100 

24 30 2 2 2 4 13 87 

36 30 2 6 10 12 40 60 

48 30 4 10 12 18 53 47 

60 30 12 16 22 24 80 20 

72 30 24 30 30 30 100  0 
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3.1.2 Statistical endpoints of acute toxicity test 

The statistical end points results of acute toxicity test are shown in Figure 5. NOEC is the 

highest concentration that no mortality was observed while LOEC is the highest concentration 

that has the lowest observed effect. NOEC was not significantly different during acute toxicity 

test (p > 0.05). LOEC of the exposure duration was not significant (p > 0.05) except at day 24 of 

the exposure where it was significant (p < 0.05).  The LC50 values (with 95% confidence limits) 

of different concentrations (Table 2) of fenthion for C. gariepinus were found to be 61.99mg/L, 

50.32mg/L, 45.06mg/L, and 39.97mg/L for 24 hours, 48 hours, 72 hours and 96 hours 

respectively following Finney’s (1971) method and using statistical package for social sciences 

(SPSS) version 21. The LC50 was found to be significant throughout the duration of acute 

toxicity (p < 0.05).  A dose-dependent increase and time dependent decrease were observed in 

mortality rate (LC50) such that as the exposure time increases from 24 to 96 hours, the median 

lethal concentration required to kill the fish was reduced. 
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Figure 5: Statistical end points of acute toxicity testing in Clarias gariepinus exposed to 

fenthion for different durations (24, 48, 72 and 96 hours) 
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Table 2: Lethal concentration of fenthion (mg/L) (95% confidence interval) depending on 

exposure time for Clarias gariepinus (n=10 in three replicates). 

 

Lethal 

conc. 

(mg/L) 

Exposure time (h) 

24 48 72 96 

LC10 36.14 (0.592-48.163) 30.90 (8.026-40.364) 28.04 (14.078-35.389) 23.97 (18.840-27.852) 

LC20 43.49 (4.730-58.259) 36.53 (14.623-46.073) 33.00 (19.957-40.116) 28.57 (23.734-32.273) 

LC30 49.70 (17.789-79.514) 41.22 (21.941-52.063) 37.11 (25.372-44-425) 32.42 (27.919-36.037) 

LC40 55.71 (35.336-161-943) 45.69 (29.749-60.291) 41.02 (30.675-49.219) 36.12 (31.920-39.793) 

LC50 61.99 (45.761-461.744) 50.32 (37.152-73.600) 45.06 (35.869-55.316) 39.97 (35.949-43.932) 

LC60 68.96 (52.311-1491.500) 55.41 (43.432-95.981) 49.49 (40.865-63.422) 44.22 (40.163-48.892) 

LC70 77.30 (57.828-5458.200) 61.43 (48-884-133.893) 54.71 (45.753-76.337) 49.27 (44.801-55.334) 

LC80 88.35 (63.651-25453.083) 69.31 (54.389-204-.045) 61.52 (51.024-96.370) 55.91 (50.413-64.594) 

LC90 106.33 (71.562-218778.349) 81.94 (61.549-374.994) 72.40 (58.104-136-001) 66.64 (58.744-80.917) 
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3.2 Estimation of Safe Levels 

The results of estimated safe levels of fenthion as calculated by multiplying the 96 hour 

LC50 with different application factors are given in Table 3. The estimated safe levels of fenthion 

in C. gariepinus varied from 3.997 to 3.99 x 10
-4
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Table 3: Estimate of safe levels of fenthion at 96 hour exposure time in Clarias gariepinus.  

Pesticide  96h LC50 (mgl
-1

) Method  AF  Safe level (mgl
-1

) 

 

Fenthion  

 

39.968 

 

Hart et al., (1948)* 

 

- 

 

9.96 x 10
-1

 

  
 

 

Sprague (1971) 

 

0.1 

 

3.9968 

  CWQC (1972) 0.01 3.99 x 10
-1

 

  NAS/NAE (1973) 0.01-0.00001 3.99 x 10
-1

 – 3.99 x 10
-4 

  CCREM (1991)  0.05 1.9984 

  IJC (1977) 5% of 96h LC50 1.9984 

*C = 48 h LC50 × 0.03/S2, where C = presumable harmless concentration and S = 24 h LC50/48 h LC50 
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3.3 Behavioural Responses of Clarias gariepinus Exposed to Fenthion 

Behavioural characteristics results of C. gariepinus exposed to fenthion at different 

exposure durations are presented in Table 4. Fenthion affected the behavioural characteristics of 

the fish. The behavioural responses of the test fish were observed from 24 h of the exposure to 

96 h (4 days). In the control group, no mortality was observed throughout the experimental 

period and normal behavioural responses such as non hyperactivity, normal swimming patterns 

and fin movements were observed.  Fish exposed to different concentrations of fenthion 

displayed behavioural abnormalities in response to the test chemical. At the initial exposure, fish 

that were alert stopped swimming and remained static in position in response to the sudden 

changes in the surrounding environment. After a few seconds, fish in the experimental group 

tried to avoid the test water by swimming rapidly and trying to jump out of the water. Faster 

opercula movement, gulping of air, repeated closing and opening of the mouth and secretion of 

mucus were also observed. The mucus secreted were deposited on the buccal cavity and gills. 

With increasing fenthion concentrations and exposure durations, hyperactivity and jerky 

movement increased but swimming rate, fin movement and equilibrium status were slowed 

down. Fish in tanks with higher concentrations of the pesticide showed abnormal behaviour such 

as jumping and displaying erratic with vigorous jerky movements and gulping of air. Skin 

discoloration was mostly observed in fish that were exposed to the highest concentration of 

fenthion while it was least in the lowest concentration. After sometime, the fish lost their balance 

and became exhausted owing to respiratory difficulty. They settled down passively at the bottom 

of the tanks and died. 
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Table 4:  Behavioural characteristics of Clarias gariepinus exposed to fenthion at different 

exposure durations 

Concentration 

(mg/L). 

Equilibrium 

Status 

Fin movement Hyperactivity Jerky 

movement 

Swimming 

rate 

24 h 

Control 

12 

24 

36 

48 

60 

72 

48 h 

Control 

12 

24 

36 

48 

60 

72 

72 h 

Control 

12 

24 

36 

48 

60 

72 

96 h 

Control 

12 

24 

36 

48 

60 

72 
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3.4 Effects of Fenthion on Lipid Peroxidation (MDA) in the Liver and Gill Tissues of 

Clarias gariepinus 

The results of changes in lipid peroxidation (MDA) in the liver and gills of C. gariepinus 

exposed to three sub-lethal concentrations of fenthion are presented in Table 5. The induction of 

lipid peroxidation (MDA) was both time and concentration dependent in both tissues with the 

lowest MDA formation observed on day 1 of the exposure. The values gradually increased as the 

experiment progressed with the highest formation recorded on 7 days recovery. At the 8mg/L 

concentration of fenthion, MDA formation in the exposed fish increased from 24.68% and 

27.94% on day 1 to 75.32% and 71.17% on day 28 in the liver and gill tissues of Clarias 

gariepinus, respectively. Induction of LPO was significantly increased in fish exposed to the 

highest concentration throughout the duration of exposure (p < 0.05). No significant difference 

was observed in MDA of the liver and gills of fish exposed to 2.0 mg/L of fenthion throughout 

the experiment (p > 0.05).   
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Table 5:  Effects of fenthion on lipid peroxidation (MDA, nmol/protein) in the liver and gill    

tissues of Clarias gariepinus 

Tissue Conc. 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Liver control 14.65 ± 3.97
a2A

 26.81 ± 5.16
c3B

 19.33 ±1.72
b1A

 33.16 ± 1.00
c2B

 46.57 ± 0.80
d2B

 

 2.0 7.88 ± 0.91
a1A

 12.45 ±1.60
b1A

 16.68 ±1.44
b1A

 24.31 ±2.16
c1A

 25.52 ± 2.30
c1A

 

 4.0 11.15 ± 0.92
a1A

 15.97 ± 1.88
a1A

 19.70 ± 0.94
a1A

 32.78 ± 0.88
b2B

 41.44 ± 5.57
c2B

 

 8.0 17.81 ± 0.95
a2B

 24.57 ± 1.38
b2B

 30.63 ± 1.20
c2B

 34.47 ± 1.26
c2B

 54.35 ± 1.43
d3B 

Gill control 14.43  ± 0.50
a3A

 11.46 ± 1.20
a1A

 17.77 ± 1.62
b1A

 26.23 ± 0.62
c2A

 27.56 ± 1.42
c1A

 

 2.0 6.32 ± 0.70
a1A

 11.30 ± 0.56
b1A

 16.57 ± 0.55
c1A

 24.96 ± 0.72
d1A

 31.67 ± 0.80
e1A

 

 4.0 10.35 ± 0.45
a2A

 13.61 ± 1.33
a1A

 17.61 ± 1.55
b1A

 28.52 ± 1.15
c2A

 28.58 ± 0.45
c1A

 

 8.0 11.92 ± 1.98
a2A

 15.37 ± 0.43
a2A

 25.70 ± 1.25
b2A

 25.37 ± 1.06
b1A

 30.75 ± 1.67
c1A

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between exposure durations. Values with 

different numeric superscripts differ significantly (p < 0.05) between concentrations within exposure durations and tissue. Values 

with different alphabetic (upper case) superscripts differ significantly (p < 0.05) for each concentration between tissues within 

exposure durations. 
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3.5 Effects of Different Concentrations of Fenthion on Antioxidant Enzymes in Clarias 

gariepinus 

3.5.1 Effects of fenthion on catalase (CAT) activity in the liver and gill tissues of Clarias 

gariepinus 

Results of changes in CAT activity are presented in Table 6. The increase in CAT activity 

was both time and concentration dependent in all the tissues. The activity of CAT in the liver of 

the exposed fish increased significantly (p < 0.05) to the highest concentration of fenthion 

compared to the gills throughout the exposure except on day 7 where there was no significant 

difference (p > 0.05).  
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Table 6: Activity of catalase (CAT, unit/mg protein) in the liver and gill tissues of Clarias 

gariepinus 

Tissue Conc. 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Liver control 1.80 ± 0.39
a1A

 1.07 ± 0.18
a1A

 2.71 ± 1.89
a1A

 1.30 ± 0.23
a1A

 0.97 ± 0.33
a1A

 

 2.0 3.77 ±0.74
b1A

 1.20 ± 0.30
a1A

 2.34 ± 0.65
ab1A

 1.30 ± 0.41
a1A

 1.69 ± 0.40
a1A

 

 4.0 4.18 ± 0.24
b1B

 4.55 ± 0.55
b2B

 7.07 ± 0.89
c2B

 1.76 ± 0.12
a1B

 0.68 ± 0.34
a1A

 

 8.0 7.39 ± 1.41
b2B

 7.72 ± 1.00
b3A

 7.13 ± 1.09
b2B

 2.50 ± 0.60
a1B

 2.64 ± 0.15
a2A

 

Gill control 2.68 ± 0.25
a1A

 2.47 ± 0.29
a2A

 3.03 ± 0.32
b2A

 2.12 ± 0.43
a2B

 4.73 ± 0.15
c2B

 

 2.0 2.50 ± 0.14
b1A

 5.67 ± 0.18
d2B

 4.21 ± 1.12
c2A

 0.68 ± 0.10
a1A

 3.25 ± 0.10
b1B

 

 4.0 3.53 ± 0.07
b1A

 0.87 ± 0.38
a1A

 0.92 ± 0.27
a1A

 1.66 ± 0.06
a2A

 4.77 ± 0.34
c2B

 

 8.0 3.93 ± 0.77
b1A

 7.97 ± 0.16
c3A

 4.78 ± 1.09
b2A

 1.33 ± 0.18
a1A

 4.72 ± 0.08
b2B

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between exposure durations. Values with 

different numeric superscripts differ significantly (p < 0.05) between concentrations within exposure durations and tissue. Values 

with different alphabetic (upper case) superscripts differ significantly (p < 0.05) for each concentration between tissues within 

exposure durations. 
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3.5.2 Effects of fenthion on superoxide dismutase (SOD) activity in the liver and gill tissues 

of Clarias gariepinus 

Results of SOD activity are presented in Table 7. SOD activity in the liver decreased 

from day 1 of the exposure to day 7 in all the concentrations compared to the control but the 

decrease was not significant (p > 0.05). Activity of SOD slightly increased from day 14 of the 

exposure to post exposure (7 days recovery). Fluctuations were observed in SOD activity in gill 

tissues as both increase and decrease were observed. The increase was not significant between 

the gills and the liver tissues (p > 0.05) except on day 21 where there was significant increase in 

the liver of fish exposed to 8.0 mg/L of fenthion compared to the gill tissues (p < 0.05). Fish 

exposed to 2.0 mg/L and 4.0 mg/L recorded significant difference at day 14 of the exposure 

compared to the remaining days (p < 0.05).   
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Table 7: Activity of superoxide dismutase (SOD, unit/mg protein) in the liver and gill 

tissues of Clarias gariepinus 

Tissue Conc. 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Liver control 1.01 ± 0.02
a1A

 1.01 ± 0.02
a1A

 0.94 ± 0.01
a1A

 1.12 ± 0.00
a1A

 0.69 ± 0.34
a1A

 

 2.0 1.00 ± 0.01
b1A

 0.94 ± 0.01
a1A

 1.02 ± 0.01
b2A

 1.10 ± 0.02
c1A

 0.95 ± 0.02
a1A

 

 4.0 0.95 ± 0.03
a1A

 0.88 ± 0.04
a1A

 1.05 ± 0.01
b2A

 1.14 ± 0.00
c1A

 0.98 ± 0.03
a1A

 

 8.0 0.98 ± 0.01
ab1A

 0.63 ± 0.26
a1A

 1.05 ± 0.02
ab2A

 1.41 ± 0.31
b1B

 0.98 ± 0.02
ab1A

 

Gill control 0.85 ± 0.15
a1A

 0.96 ± 0.05
a2A

 0.96 ± 0.01
a1A

 1.13 ± 0.01
b2A

 0.91 ± 0.01
a1A

 

 2.0 0.99 ± 0.01
a1A

 0.94 ± 0.01
a2A

 1.04 ± 0.10
a1A

 0.90 ± 0.04
a1A

 0.98 ± 0.05
a1A

 

 4.0 0.98 ± 0.01
b1A

 0.83 ± 0.01
a1A

 1.00 ± 0.03
b1A

 1.14 ± 0.00
c2A 

0.95 ± 0.01
b1A

 

 8.0 0.95 ± 0.03
a1A

 0.91 ± 0.01
a2A

 0.93 ± 0.09
a1A

 0.89 ±  0.00
a1A

 0.95 ± 0.04
a1A

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between exposure durations. Values with 

different numeric superscripts differ significantly (p < 0.05) between concentrations within exposure durations and tissue. Values 

with different alphabetic (upper case) superscripts differ significantly (p < 0.05) for each concentration between tissues within 

exposure durations. 
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3.5.3 Effects of fenthion on reducedglutathione (GSH) activity in Clarias gariepinus 

Table 8 shows the results of the effects of different concentrations of fenthion on the 

activity of GSH. There was decrease in GSH activity throughout the experiment in the liver and 

gill tissues compared to the control. Significant difference was observed in GSH activity in the 

liver of fish exposed to different concentrations of fenthion compared to the control on day 1 of 

the exposure (p < 0.05).  In the gill tissues, fish exposed to 8.0 mg/L showed significant 

difference in GSH activity compared to the control on day one of the exposure (p < 0.05). In the 

findings, the difference in GSH activity was not significant (p > 0.05) between the tissues except 

on day 1 of the experiment where there was significant increase in GSH activity in the liver 

compared to the gills (p < 0.05). 
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Table 8: Effects of fenthion on reduced glutathione (GSH, mg/protein) activity in the liver 

and gill tissues of Clarias gariepinus 

Tissue Conc. 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Liver control 9.89 ± 0.42
c2A

 7.52 ± 0.64
b1A

 4.77 ± 0.43
a1A

 5.27 ± 0.50
a1A

 5.77 ± 0.51
a2B

 

 2.0 7.96 ± 1.33
b3A

 8.33 ± 0.30
b1A

 4.59 ± 0.30
a1A

 4.93 ± 0.43
a1A

 4.99 ± 0.15
a1B

 

 4.0 7.78 ± 0.16
b1A

 7.80 ± 0.37
b1A

 4.54 ± 0.27
a1A

 4.34 ± 0.25
a1A

 4.48 ± 0.10
a1A

 

 8.0 7.43 ± 0.11
b1B

 7.75 ± 0.66
b1A

 4.22 ± 0.19
a1A

 4.22 ± 0.38
a1A

 4.20 ± 0.15
a1A

 

Gill control 7.29 ± 0.10
b2A

 7.97 ± 0.16
c1A

 4.30 ± 0.31
a1A

 5.47 ± 0.35
b1A

 4.60 ± 0.29
a1A

 

 2.0 7.70 ± 0.05
b2A

 8.13 ± 0.26
d1A

 4.09 ± 0.23
a1A

 4.80 ± 0.19
b1A

 3.63 ± 0.60
a1A

 

 4.0 7.28 ± 0.12
c2A

 8.07 ± 0.03
b1A 

4.01 ± 0.01
a1A

 4.60 ± 0.15
b1A

 4.02 ± 0.11
a1A

 

 8.0 6.51 ± 0.14
b1A

  7.71 ± 0.18
c1A

 4.00 ± 0.12
a2A

 4.46 ± 0.54
a1A

 4.58 ± 0.10
a1A

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between exposure durations. Values with 

different numeric superscripts differ significantly (p < 0.05) between concentrations within exposure durations and tissue. Values 

with different alphabetic (upper case) superscripts differ significantly (p < 0.05) for each concentration between tissues within 

exposure durations. 
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3.5.4 Effects of fenthion on glutathione reductase (GR) activity in the liver and gill tissues 

of Clarias gariepinus 

The results of the effects of fenthion on GR activity in the liver and gill tissues of 

exposed fish are presented in Table 9. Slight decrease in GR activity was observed throughout 

the experiment in the liver and gill tissues compared to the control. Significant difference was 

observed between the liver and the gill tissues (p < 0.05). There was increase in GR activity in 

the post-exposure (7 days recovery) compared to the exposure days.  
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Table 9:  Effects of fenthion on glutathione reductase (GR, nmol/mg protein) activity in the 

liver and gill tissues of Clarias gariepinus 

Tissue Conc.  

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Liver control 15.14 ± 0.60
b3A

 11.39 ± 0.88
a1A

 12.01 ± 1.16
ab2A

 11.08 ± 0.33
a1A

 25.23 ± 1.67
c3B

 

 2.0 10.02 ± 0.01
a1A

 11.43 ± 0.90
a1B

 13.38 ± 0.68
b2A

  11.65 ± 0.99
a1A

 16.03 ± 1.12
c2A

 

 4.0 12.48 ± 0.88
b2A

 12.40 ± 1.18
b1A

  10.35 ± 0.89
a1A

 12.92 ± 1.40
b1B

 16.94 ± 0.69
c2A

 

 8.0 9.04 ± 0.60
ab1A

 9.13 ± 1.17
ab1A

 8.35 ± 0.67
a3A

 1 10.13 ± 0.72
b1A

 20.60 ± 1.10
c2B

 

Gill control 14.48 ± 1.82
a1B

 12.58 ± 1.30
a2B

 14.34 ± 0.34
a2B

 14.46 ± 0.64
a2B

 14.99 ± 0.85
a1A

 

 2.0 10.02 ± 0.58
b1A

 6.40 ± 0.33
a1A

 10.02 ± 0.59
b1A

 12.12 ± 0.93
b2A

 15.13 ± 0.87
c1A

 

 4.0 12.13 ± 1.57
ab1A

 11.79 ± 0.89
ab2A

 14.35 ± 0.34
b2B

 9.62 ± 1.16
a1A

 14.67 ± 0.49
b1A

 

 8.0 10.07 ± 1.56
a1A

 12.14 ± 1.02
a2B

  9.01 ± 0.00
a1A

 10.93 ± 0.53
a1A

 16.86 ± 1.46
b1A

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between exposure durations. Values with 

different numeric superscripts differ significantly (p < 0.05) between concentrations within exposure durations and tissue. Values 

with different alphabetic (upper case) superscripts differ significantly (p < 0.05) for each concentration between tissues within 

exposure durations. 
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3.5.5 Effects of fenthion on glutathione peroxidase (GPx) activity in the liver and gill tissues 

of Clarias gariepinus 

The results of changes in GPx activity are shown in Table 10. There was a general 

reduction in GPx activity throughout the duration of the experiment but no significant difference 

(p > 0.05) was observed except on days 1 and 7 where liver tissues exposed to the highest 

concentration differed significantly compared to the gill tissues (p < 0.05). Post exposure test (7 

days recovery) showed no significant difference in GPx activity between the liver and gill tissues 

(p > 0.05).  
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Table 10: Activity of glutathione peroxidase (GPx, nmol /mg protein) in the liver and gill 

tissues of Clarias gariepinus exposed to sub-lethal concentrations of fenthion. 

Tissue Conc. 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Liver control 0.28 ± 0.07
a2A

 0.24 ± 0.06
a2B

 0.39 ± 0.34
a1A

 0.06 ± 0.03
a1A

 0.04 ± 0.04
a1A

 

 2.0 0.20 ± 0.09
b2A

 0.13 ± 0.05
ab2A

 0.09 ± 0.03
ab1A

 0.02 ± 0.01
a1A

 0.02 ± 0.00
a1A

 

 4.0 0.16 ± 0.03
b2A

 0.02 ± 0.00
a1A

 0.08 ± 0.02
a1A

 0.01 ± 0.00
a1A

 0.01 ± 0.00
a1A

 

 8.0 0.02 ± 0.00
a1A

 0.01 ± 0.07
a1A

 0.07 ± 0.02
a1A

 0.01 ± 0.00
a1A

 0.01 ± 0.10
a1A

 

Gill control 0.27 ± 0.06
a1A

 0.16 ± 0.05
a1A

 0.33 ± 0.30
a1A

 0.03 ± 0.02
a1A

 0.01 ± 0.01
a1A

 

 2.0 0.20 ± 0.05
b1A

 0.16 ± 0.03
b1A

 0.06 ± 0.02
a1A

 0.01 ± 0.00
a1A

 0.01 ± 0.00
a1A

 

 4.0 0.16 ± 0.00
b1A

 0.20 ± 0.05
b1B

 0.03 ± 0.00
a1A

 0.02 ± 0.01
a1A

 0.05 ± 0.03
a1A

 

 8.0 0.14 ± 0.05
b1B

 0.17 ± 0.02
b1B

 0.05 ± 0.01
a1A

 0.01 ± 0.00
a1A

 0.01 ± 0.01
a1A

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between exposure durations. Values with 

different numeric superscripts differ significantly (p < 0.05) between concentrations within exposure durations and tissue. Values 

with different alphabetic (upper case) superscripts differ significantly (p < 0.05) for each concentration between tissues within 

exposure durations. 
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3.6 Haematological Parameters. 

3.6.1 Effects of exposure to sub-lethal concentrations of fenthion on Packed cell volume 

(PCV) in Clarias gariepinus.  

The results of changes in PCV are presented in Table 11. PCV of the treated fish were 

generally lower between the treated groups and the control throughout the experiment but the 

difference was not significant (p > 0.05). However, fish exposed to 8.0 mg/L of the concentration 

differed significantly in PCV compared to the control on day 1 of the exposure (p < 0.05). There 

was a progressive increase in PCV in fish exposed to the highest concentration across the 

duration of the experiment and the increase was significant (p < 0.05). Significant increase was 

also observed in other concentrations across the duration (p < 0.05).  
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Table 11: Effects of exposure to sub-lethal fenthion concentrations on packed cell volume 

(PCV, %) in Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control              28.33 ± 1.76
b2

 21.00 ± 2.31
a1

 30.67 ± 3.71
a2

 34.00 ± 1.73
a2

 40.67 ± 4.06
a3

 

2.0 27.33 ± 2.91
b2

 20.33 ± 0.88
a1

 26.00 ± 4.93
a2

 33.67 ± 2.96
a2

 42.67 ± 4.37
a3

 

4.0 27.33 ± 2.85
b2

 20.00 ± 2.08
a1

 26.33 ± 0.88
a2

 29.00 ± 2.08
a2

 42.33 ± 2.19
a3

 

8.0 15.67 ± 2.40
a1

 17.00 ± 3.61
a1

 22.00 ± 4.16
a2

 26.33 ± 1.86
a2

 36.00 ± 2.65
a3

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.2 Haemoglobin (Hb) changes in Clarias gariepinus exposed to sub-lethal concentrations 

of fenthion. 

The results of the effects of exposure to sub-lethal concentrations of fenthion on 

haemoglobin are shown in Table 12. Compared to the control, haemoglobin was lower in the 

treated fish throughout the experiment. Significant decrease was observed in fish exposed to the 

highest concentration on day 1 and 21 of the exposure as well as in fish exposed to 4.0 mg/L at 

the post exposure (p < 0.05). 
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Table 12: Effect of exposure to sub-lethal fenthion concentrations on haemoglobin (Hb, 

g/dL) in Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 9.43 ± 0.59
b1

 7.00 ± 0.75
a1

 10.23 ± 1.25
a2

 11.30 ± 0.78
a2

 13.53 ± 1.36
a3

 

2.0 9.10 ± 0.99
b2

 6.77 ± 0.29
a1

   8.67 ± 1.66
a1

 11.23 ±1.01
a2

 14.20 ± 1.46
a3

 

4.0 9.10 ± 0.99
b2

 6.67 ± 0.71
a1

   8.77 ± 0.29
a2

   9.67 ± 0.71
a2

 14.13 ± 0.72
a3

 

8.0 5.23 ± 0.79
a1

 5.67 ± 1.20
a1

   7.33 ± 1.37
a2

   5.77 ± 0.62
b1

 8.03 ± 0.88
b2

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.3 Effects of exposure to sub-lethal fenthion concentrations on red blood cells in Clarias 

gariepinus.  

The results of changes in red blood cell counts are presented in Table 13. Within the 

duration of exposure, a concentration dependent decrease was observed on day 1, 7 and 21 of the 

experiment. However, across durations within the same concentrations, there was slight increase 

in RBCs counts in all the concentrations from day 1 of the exposure to day 7, a drop in day 14 of 

the experiment and an increase from day 21 of the exposure to recovery but none of increase was 

significant (p > 0.05).  
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Table 13: Effect of exposure to sub-lethal fenthion concentrations on red blood cells (RBC, 

×10
6
 cells/mm

3
) in Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 146.67 ± 17.64
b1

 130.00 ± 11.55
b1

 108.33 ± 4.41
c1

126.67 ± 21.86
b1

121.67 ± 1.67
b1

 

2.0 123.33 ± 33.33
b1

 126.67 ± 20.28
b1

 88.33 ± 22.05
b1

129.00 ± 15.28
b1

   98.33 ± 6.01
a1

 

4.0 108.33 ± 50.87
a1

 110.00 ± 15.28
a1

 88.33 ± 25.87
b1

130.00 ± 15.28
b1

106.67 ± 12.02
a1

 

8.0 98.33 ± 24.55
a1

 100.00 ± 11.55
a1

 66.67 ± 8.82
a1

 100.00 ± 7.64
a1

 100.00 ± 35.12
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.4 Effects of exposure to sub-lethal concentrations of fenthion on white blood cells in 

Clarias gariepinus  

Results of white blood cells counts are presented in Table 14. The WBCs in the treated 

fish were generally higher than that of control in all the days except at day 7 where they were 

lower. During recovery, the WBCs of exposed fish were higher than the control. 
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Table 14: Effect of exposure to sub-lethal fenthion concentrations on white blood cells 

(WBC, ×10
3
 cells/mm

3
) in Clarias gariepinus 

Conc. 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 2766.67±290.59
a1

 2633.33±272.85
31

 2600.00 ± 115.47
a1

  2753.33 ± 120.19
a1

 2666.67±66.67
a1

 

2.0 4166.67±578.31
b3

 2766.667±240.37
a1

 2750.00 ± 251.66
a1

 2866.67±66.67
ab2

 2803.33±347.87
ab2

 

4.0 4200.00±721.11
b3

 2953.33±371.18
b2

 2833.33 ± 266.67
ab1

 2873.33±185.59
ab1

 2933.33±284.80
b1

 

8.0 4800.00±702.38
c3

 3566.67±240.37
c2

 2966.67 ± 176.38
b1

 3066.67±266.67
b1

 3400±115.47
c2

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.5 Effect of exposure to sub-lethal fenthion concentrations on MCHC (%) in Clarias 

gariepinus 

Results of haematological index (MCHC) are presented in Table 15. There was no 

significant difference in MCHC (p > 0.05) between the treated fish and the control throughout 

the duration of exposure.  
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Table 15:  Effect of exposure to sub-lethal fenthion concentrations on mean corpuscular 

haemoglobin concentration (MCHC, %) in Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 33.29 ± 0.08
a1

 33.35 ± 0.10
a1

 33.36 ± 0.08
a1

 33.24 ± 0.00
a1

 33.27 ± 0.03
a1

 

2.0 33.28 ± 0.08
a1

 33.28 ± 0.11
a1

 33.32 ± 0.07
a1

 33.35 ± 0.07
a1

 33.28 ± 0.03
a1

 

4.0 33.29 ± 0.04
a1

 33.31 ± 0.10
a1

 33.29 ± 0.09
a1

 33.32 ± 0.07
a1

 33.39 ± 0.03
a1

 

8.0 33.44 ± 0.15
a1

 33.33 ± 0.00
a1

 33.37 ± 0.10
a1

 33.29 ± 0.04
a1

 32.77 ± 0.65
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.6 Effect of exposure to sub-lethal fenthion concentrations on MCH (pg/cell) in Clarias 

gariepinus 

 The results of the effects of fenthion on MCH in C. gariepinus are shown in Table 

16. There was no significant difference in MCH (p > 0.05) between the control and the treated 

groups throughout the experiment.  
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Table 16: Effect of exposure to sub-lethal fenthion concentrations on mean corpuscular 

haemoglobin (MCH, pg/cell) in Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 0.65 ± 0.04
a1

 0.54 ± 0.01
a1

 0.96 ± 0.16
a2

 0.94 ± 0.16
a2

 1.11 ± 0.12
a3

 

2.0 0.80 ± 0.14
a1

 0.56 ± 0.10
a1

 1.01 ± 0.06
a1

 0.78 ± 0.15
a1

 1.47 ± 0.22
a2

 

4.0 1.12 ± 0.30
a1

 0.65 ± 0.16
a1

 1.13 ± 0.23
a1

 0.77 ± 0.13
a1

 1.34 ± 0.17
a1

 

8.0 0.58 ± 0.09
a1

 0.57 ± 0.08
a1

 0.74 ± 0.32
a1

 0.89 ± 0.12
a1

 1.42 ± 0.31
a2

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.7 Effect of exposure to sub-lethal fenthion concentrations on MCV (fL/cell) in Clarias 

gariepinus 

 The fish exposed to different concentrations of fenthion were not significantly 

different (p > 0.05) in mean corpuscular volume (MCV) results compared to control throughout 

the duration of the experiment (Table 17) (p > 0.05).  
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Table 17: Effect of exposure to sub-lethal fenthion concentrations on mean corpuscular 

volume (MCV, fL/cell) in Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 1.96 ± 0.12
a1

 1.61 ± 0.03
a1

 2.87 ± 0.47
a2

 2.84 ± 0.49
a2

 3.34 ± 0.35
a3

 

2.0 2.41 ± 0.41
a1

 1.70 ± 0.30
a1

 3.03 ± 0.17
a1

 2.34 ± 0.44
a1

 4.42 ± 0.66
a2

 

4.0 3.37 ± 0.90
a1

 1.95 ± 0.49
a1

 3.39 ± 0.70
a1

 2.32 ± 0.40
a1

 3.93 ± 0.54
a1

 

8.0 1.72 ± 0.26
a1

 1.61 ± 0.21
a1

 3.24 ± 0.22
a2

 2.68 ± 0.36
a2

 4.25 ± 0.92
a3

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration.  
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3.6.8 Effect of exposure to sub-lethal fenthion concentrations on neutrophils in Clarias 

gariepinus 

 The results of effect of exposure to sub-lethal concentration of fenthion on 

neutrophil counts in C. gariepinus are presented in Table 18. Compared to the control, there was 

significant difference in fish exposed to all the concentrations on day 1 of the exposure (p < 

0.05). On day 21 of the exposure, significant difference was observed in fish exposed to the 

highest concentration compared to the control (p < 0.05). During the 7 days recovery, neutrophil 

values in initially exposed fish decreased in all the concentrations of fenthion compared to the 

control. 
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Table 18: Effect of exposure to sub-lethal fenthion concentrations on neutrophils (%) in 

Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 70.00 ± 0.00
b2

 70.00 ± 1.15
b2

 64.67 ± 4.37
a1

 64.00 ± 5.03
a1

 70.67 ± 0.67
b2

 

2.0 64.67 ± 3.33
a1

 66.33 ± 4.81
a1

 65.67 ± 1.76
a1

 64.00 ± 2.31
a1

 65.33 ± 3.71
a1

 

4.0 67.33 ± 2.40
a1

 72.00 ± 1.16
b2

 66.00 ± 3.06
a1

 65.33 ± 5.70
a1

 67.33 ± 2.40
b1

 

8.0 62.67 ± 3.71
a1

 73.33 ± 4.81
b2

 68.67 ± 2.40
a2

 70.00 ± 1.16
b2

 68.67 ± 3.33
a2

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.9 Effects of exposure to sub-lethal fenthion concentrations on lymphocytes in Clarias 

gariepinus 

The results of changes in lymphocytes are presented in Table 19. The lymphocytes values 

of the treated fish were higher compared to the control throughout the duration of exposure but 

the increases were not significantly different (p > 0.05). 
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Table 19: Effect of exposure to sub-lethal fenthion concentrations on lymphocytes (%) in 

Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 27.33 ± 0.67
a1

 26.33 ± 2.10
a1

 32.00 ± 5.13
a1

 32.67 ± 4.67
a1

   27.33 ± 0.67
a1

 

2.0 34.00 ± 3.06
a2

 35.67 ± 4.63
a2

 24.00 ± 1.73
a1

 34.00 ± 2.08
a2

 33.67 ± 3.67
a,2

 

4.0 31.33 ± 1.76
a1

 26.33 ± 1.33
a1

 32.00 ± 3.00
a1

 36.00 ± 9.08
a1

 31.33 ± 1.76
a1

 

8.0 33.67 ± 3.67
a1

 35.67 ± 4.63
a1

 34.00 ± 1.53
a1

 28.33 ± 0.88
a1

 34.00 ± 3.06
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.10 Effects of exposure to sub-lethal fenthion concentrations on monocytes in Clarias 

gariepinus 

The results of the effects of fenthion on monocytes in C. gariepinus are presented in 

Table 20. There was no overall significant difference (p > 0.05) in monocytes of the treated fish 

compared to the control during the course of the research but lower counts was observed in 

monocytes of the fish exposed to all the concentrations. No significant difference was observed 

in monocyte values in 7 days recovery test (p > 0.05). 
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Table 20: Effect of exposure to sub-lethal fenthion concentrations on monocytes (%) in 

Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 2.00 ± 0.00
a2

 2.00 ± 0.00
a2

 1.67 ± 0.33
b2

 1.33 ± 0.33
a2

 0.50 ± 0.00
a1

 

2.0 0.67 ± 0.33
a1

 1.67 ± 0.33
a1

 1.33 ± 0.33
b1

 1.33 ± 0.67
a1

 0.33 ± 0.33
a1

 

4.0 1.33 ± 0.33
a1

 1.33 ± 0.88
a1

 0.30 ± 0.00
a1

 0.33 ± 0.33
a1

 0.67 ± 0.33
a1

 

8.0 0.67 ± 0.67
a1

 1.67 ± 0.33
a1

 0.33 ± 0.33
a1

 1.00 ± 0.58
a1

 0.33 ± 0.33
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.11 Effect of exposure to sub-lethal fenthion concentrations on eosinophils in Clarias 

gariepinus 

The results of analysis of eosinophils are shown in Table 21. There was no significant 

difference in eosinophil values between the treated fish and the control throughout the 

experiment (p > 0.05). 
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Table 21: Effect of exposure to sub-lethal fenthion concentrations on eosinophils (%) in 

Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 0.40 ± 0.00
a1

 1.33 ± 0.33
a1

 1.33 ± 0.33
a1

 0.33 ± 0.33
a1

 1.33 ± 0.67
a1

 

2.0 0.33 ± 0.33
a1

 2.00 ± 0.00
a2

 2.00 ± 0.00
a2

 0.33 ± 0.33
a1

 0.67 ± 0.67
a1

 

4.0 0.33 ± 0.33
a1

 1.33 ± 0.88
a1

 2.00 ± 0.58
a2

 0.00 ± 0.00
a1

 0.67 ± 0.33
a1

 

8.0 0.00 ± 0.00
a1

 2.00 ± 0.00
a2

 1.00 ± 0.58
a1

 0.00 ± 0.00
a1

 0.67 ± 0.33
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.6.12 Effect of exposure to sub-lethal fenthion concentrations on basophils in Clarias 

gariepinus 

The results of changes in basophils are presented in Table 22. There was no significant 

difference in basophil values between fenthion exposed fish and the control throughout the 

duration of the experiment (p > 0.05). 
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Table 22: Effect of exposure to sub-lethal fenthion concentrations on basophils (%) in 

Clarias gariepinus 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

Control 0.00 ± 0.00
a1

 0.00 ± 0.00
1
 0.33 ± 0.33

a1
 1.00 ± 1.00

a1
 0.00 ± 0.00

a1
 

2.0 0.33 ± 0.33
a1

 0.00 ± 0.00
1
 0.00 ± 0.00

a1
 0.33 ± 0.33

a1
 0.00 ± 0.00

a1
 

4.0 0.67 ± 0.33
a1

 0.00 ± 0.00
1
 0.00 ± 0.00

a1
 1.00 ± 0.58

a1
 0.00 ± 0.00

a1
 

8.0 0.33 ± 0.33
a1

 0.00 ± 0.00
1
 0.00 ± 0.00

a1
 0.67 ± 0.67

a1
 0.33 ± 0.33

a1
 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.7 Effects of Exposure to Sub-lethal Fenthion Concentrations on Condition Factor in 

Clarias gariepinus 

The results of the effects of exposure to sub-lethal fenthion concentrations on condition 

factor (CF) in C. gariepinus during the experimental period are presented in Figure 6. There was 

no significant difference (p > 0.05) in the condition factor between the treated groups and the 

control during the experiment  though the condition factor of the treatment groups were lower 

than the control. However, increases in the condition factor of the treatment groups were 

observed at the post exposure (7 days recovery) compared to the control but the increase was not 

significant (p > 0.05). A significant increase was observed in fish exposed to 4mg/L on the 7
th

 

day of post exposure (p < 0.05). 
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Figure 6: Effect of exposure to sublethal fenthion concentrations on the condition factor in 

Clarias gariepinus 
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3.8 Effects of Exposure to Sub-lethal Fenthion Concentrations on Hepatosomatic Index 

(HSI) in Clarias gariepinus 

The hepatosomatic index results of C. gariepinus exposed to fenthion are presented in 

Figure 7. There was no significant difference in hepatosomatic index of the treated fish 

compared to the control (p > 0.05). However, significant increase was observed in fish exposed 

to all the concentrations compared to the control on day 21 of the exposure (p < 0.05). There was 

no significant difference in HSI between the control and the initially treated fish during the 7 

days recovery (p > 0.05).  
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Figure 7: Effect of exposure to sub-lethal fenthion concentrations on the hepatosomatic 

index in Clarias gariepinus 
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3.9 Physico-chemical Parameters of the Test Water 

3.9.1 Effect of exposure to sub-lethal fenthion concentrations on temperature of the test 

water 

The results of the effect of exposure to sub-lethal concentrations of fenthion on 

temperature of the test water are presented in Table 23. The temperature of the control and that 

of the exposed fish were not significantly different in all the concentrations during the exposure 

period (p > 0.05). No significant difference in temperature was observed in the recovery test (p > 

0.05). 
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Table 23: Mean values of temperature (
ᴼ
C) for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

control 25.50 ± 0.50
a1

 23.50 ± 0.50
a1

 24.50 ± 0.50
a1

 24.95 ± 1.55
a1

 26.95 ± 0.05
a1

 

2.0 25.50 ± 0.50
a1

 23.40 ± 0.40
a1

 24.50 ± 0.60
a1

 25.00 ± 0.70
a1

 26.75 ± 0.75
a1

 

4.0 25.60 ± 0.80
a1

 23.51 ± 0.51
a1

 24.50 ± 0.70
a1

 25.00 ± 0.50
a1

 26.60 ± 0.10
a1

 

8.0 25.50 ± 0.50
a1

 23.50 ± 0.60
a1

 24.50 ± 0.80
a1

 25.50 ± 0.50
a1

 26.70 ± 1.00
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.9.2 Effect of exposure to sub-lethal concentrations of fenthion on dissolved oxygen of the 

test water 

Results of the effects of exposure of fenthion concentrations on dissolved oxygen are 

presented in Table 24. There was no significant difference in dissolved oxygen concentration 

between the treated groups and the control throughout the duration of the exposure (p > 0.05). 

No significant difference in dissolved oxygen was observed in the recovery test (p > 0.05). 
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Table 24: Mean values of dissolved oxygen (mg/L) for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

1       7      14     21 7 days recovery 

control  5.70 ± 0.30
a1

 7.60 ± 0.60
a1

 6.90 ± 0.90
a1

 5.50 ± 0.50
a1

 6.35 ± 0.55
a1

 

2.0 5.30 ± 0.70
a1

 8.20 ± 0.20
a2

 6.40 ± 0.50
a1

 5.51 ± 0.20
a 1

 6.20 ± 0.80
a1

 

4.0 5.30 ± 0.30
a1

 8.00 ± 0.60
a2

 6.40 ± 0.70
a1

 6.40 ± 0.70
a1

 6.20 ± 0.10
a1

 

8.0 5.25 ± 0.20
a1

 7.10 ± 0.20
a2

 5.90 ± 0.30
a1

 6.50 ± 0.70
a1

 5.80 ± 0.30
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.9.3 Effect of exposure to sub-lethal fenthion concentrations on pH of the test water 

Results of the changes in pH of the test water after fish exposure are shown in Table 25. 

No significant difference was observed in all the treated groups compared to the control 

throughout the duration of the exposure (p > 0.05). Significant difference was not observed in pH 

of the initially exposed fish in the recovery test (p > 0.05). 
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Table 25: Mean values of pH for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

      1       7      14      21 7 days recovery 

control 7.40 ± 0.10
a1

 7.40 ± 0.40
a1

 7.40 ± 0.40
a1

 7.70 ± 070
a1

 7.04 ± 0.86
a1

 

2.0 7.60 ± 0.70
a1

 7.20 ± 0.57
a1

 7.10 ± 0.57
a1

 7.50 ± 0.60
a1

 7.00 ± 0.80
a1

 

4.0 7.50 ± 0.40
a1

 6.70 ± 0.70
a1

 6.80 ± 0.70
a1

 7.50 ± 0.60
a1

 7.45 ± 0.45
a1

 

8.0 7.70 ± 0.70
a1

 6.60 ± 0.60
a1

 6.60 ± 0.60
a1

 7.70 ± 0.80
a1

 7.75 ± 0.75
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.9.4 Effect of exposure to sub-lethal concentrations of fenthion on turbidity of the test 

water 

Table 26 shows the results of mean values of turbidity for the different concentrations of 

fenthion. Turbidity was significantly low in the control compared to the treated groups 

throughout the experiment (p < 0.05). On post exposure (7 days recovery) however, there was 

significant difference in turbidity between the control and the exposed fish (p < 0.05). Turbidity 

was observed to be concentration dependent on day 7 of the exposure. 
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Table 26: Mean values of turbidity (mg/L) for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

control 23.40 ± 0.20
a1

 19.01 ± 0.01
a2

 21.50 ± 0.10
a1

 10.10 ± 0.20
a1

 30.50 ± 4.50
a3

 

2.0 30.50 ± 3.50
b2

 23.50 ± 0.50
b2

 28.60 ± 5.36
b2

 12.78 ± 0.82
b1

 21.25 ± 0.25
a2

 

4.0 35.50 ± 0.60
b3

 23.50 ± 0.60
b2

 31.13 ± 3.63
b3

 12.57 ± 0.50
b1

 22.00 ± 2.00
a2

 

8.0 35.72 ± 0.90
b3

 25.00 ± 0.10
b2

 37.50 ± 3.50
b3

 18.50 ± 0.50
c1

 23.90 ± 0.90
a2

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration 
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3.9.5 Effect of exposure to sub-lethal concentrations of fenthion on ammonia concentration 

of the test water 

The effects of exposure to sub-lethal concentration of fenthion on ammonia are shown in 

Table 27. Ammonia was significantly lower in fish exposed to 4mg/L of the toxicant compared 

to control on day 14 of the exposure period (p < 0.05). No significant difference was observed in 

ammonia concentration of the initially treated fish in the recovery test (p > 0.05). 
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Table 27: Mean values of Ammonia (mg/L) for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

control 1.03 ± 0.03
a1

 2.12 ± 0.12
a1

 2.01 ± 0.20
b1

 2.15 ± 0.15
a1

 1.84 ± 0.84
a1

 

2.0 2.16 ± 0.49
a1

 2.03 ± 0.05
a1

 2.20 ± 0.10
b1

 2.17 ± 0.10
a1

 2.34 ± 0.45
a1

 

4.0 2.08 ± 0.60
a2

 2.65 ± 0.60
a2

 0.29 ± 0.19
a1

 2.02 ± 0.50
a2

 1.95 ± 0.60
a2

 

8.0 2.48 ± 0.60
a1

 2.58 ± 0.60
a1

 2.23 ± 0.35
b1

 1.67 ± 0.10
a1

 2.41 ± 0.09
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.9.6 Effect of exposure to sub-lethal fenthion concentrations in nitrate of the test water 

Table 28 shows the results of changes in nitrate of the test water. There was no 

significant difference in nitrate concentration in fish treated with fenthion compared to the 

control throughout the duration of the exposure and the recovery test (p > 0.05).  
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Table 28: Mean values of nitrate (mg/L) for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

control 0.33 ± 0.00
a1

 0.35 ± 0.20
a1

 0.29 ± 0.10
a1

 0.21 ± 0.10
a1

 0.65 ± 0.48
a1

 

2.0 0.35 ± 0.05
a1

 0.36 ± 0.20
a1

 0.21 ± 0.01
a1

 0.28 ± 0.10
a1

 0.20 ± 0.07
a1

 

4.0 0.27 ± 0.10
a1

 0.43 ± 0.10
a1

 0.26 ± 0.16
a1

 0.25 ± 0.10
a1

 0.24 ± 0.06
a1

 

8.0 0.33 ± 0.20
a1

 0.33 ± 0.20
a1

 0.28 ± 0.10
a1

 0.28 ± 0.18
a1

 0.21 ± 0.80
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.9.7 Effect of exposure to sub-lethal fenthion concentrations in phosphate of the test water 

The results of exposure to sub-lethal concentrations of fenthion on phosphate of the test 

water are presented in Table 29. No significant difference was observed in phosphate of the 

treated groups in all the concentrations compared to the control (p > 0.05). However, there was 

significant difference in all the concentrations compared to the control on day 21 of the exposure 

(p < 0.05). During the recovery, no significant difference was observed (p > 0.05). 
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Table 29: Mean values of Phosphate (mg/L) for the different concentrations of fenthion 

Concentration 

(mg/L) 

Exposure duration (days) 

1 7 14 21 7 days recovery 

control 5.00 ± 0.01
a2

 5.43 ± 0.50
a2

 2.13 ± 0.10
a3

 2.26 ± 0.30
a1

 6.02 ± 0.11
a3

 

2.0 4.10 ± 0.20
a1

 5.50 ± 0.50
a1

 5.28 ± 0.20
a1

 5.27 ± 0.50
b1

 4.75 ± 1.25
a1

 

4.0 4.70 ± 0.70
a1

 4.96 ± 0.60
a1

 5.56 ± 0.50
a1

 5.58 ± 0.60
b1

 5.20 ± 0.20
a1

 

8.0 5.43 ± 0.60
a1

 5.01 ± 0.30
a1

 5.58 ± 0.50
a1

 5.56 ± 0.90
b1

 4.30 ± 1.20
a1

 

Values with different alphabetic (lower case) superscripts differ significantly (p < 0.05) between concentrations within the same 

exposure duration. Values with different numeric superscripts differ significantly (p < 0.05) between exposure periods within the 

same concentration. 
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3.10 Histopathological Results 

3.10.1 Histopathological observations in gills of Clarias gariepinus exposed to fenthion 

Histopathological changes in C. gariepinus were observed during the experiment. No 

alterations were observed in the gills of the control (Plate 1). The severity and frequency of gill 

lesions were found to be more pronounced in gills of fish exposed to the highest concentration of 

fenthion (plates 2 to 10). Histopathological alterations were concentration and duration 

dependent. The most common pathological changes in the gills of the exposed fish species were 

fusion of the tip of lamella, deformed lamella, congestion of blood spaces, epithelial lifting, 

intercellular space variation and hypertrophy of lamella. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         Plate 1: Photomicrograph of a section of the gill from a control 

         adipose tissue (AT), efferent branchial artery (EBA), cartilage (C), primary gill lamella (PGL). H&E mag x100

 

 

 

 

 

 

 

 

 

 

 

 

 

Photomicrograph of a section of the gill from a control Clarias gariepinus showing normal 

tissue (AT), efferent branchial artery (EBA), cartilage (C), primary gill lamella (PGL). H&E mag x100

105 

showing normal  

tissue (AT), efferent branchial artery (EBA), cartilage (C), primary gill lamella (PGL). H&E mag x100 
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             Plate 2: Photomicrograph of sections of the gills of Clarias gariepinus exposed to 2.0mg/L of  

fenthion showing variation in intercellular spaces (IS), fusion of the tip of secondary lamella (SL),  

deformed lamella  (DL) and destruction of the curved tip of secondary lamella (CTSL) at day 1  

of the exposure. H&E mag x100 
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  Plate 3: Photomicrograph of sections of the gills of Clarias gariepinus exposed to 2.0mg/L of  

         fenthion showing epithelial lifting (EL), destruction of the tips of lamella (TL) and congestion of  

            blood spaces (CBS) at day 14 of the experiment. H&E mag x100 
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            Plate 4: Photomicrograph of sections of the gills of Clarias gariepinus exposed to 2.0mg/L of  

       fenthion showing extensive epithelial lifting (EEL), fusion of the tips of lamella (FTL) and deformed  

       lamella (DL) at post exposure. H&E mag x100 

  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

       Plate 5: Photomicrographs of sections of gills

       fenthion showing severe lamella fusion (LF) and severe destru

       day 1 exposure. 

 

 

 

 

 

 

 

 

 

 

 

SL

phs of sections of gills of Clarias gariepinus exposed to 4.0mg/L of

fenthion showing severe lamella fusion (LF) and severe destruction of secondary lamella (SL) 

LF 

SL 
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exposed to 4.0mg/L of 

ction of secondary lamella (SL) at  
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  Plate 6: Photomicrograph of sections of the gills in Clarias gariepinus exposed to 4.0mg/L of  

  fenthion showing .proliferation of blood cells (PBCs), epithelial lifting (EL) and congestion of  

  blood vessels (CBV) at day 14 of the exposure. 
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            Plate 7: Photomicrograph of sections of the gills

                        showing congestion (C), oedema (O) and destruction of primary lamella (PL) at post exposure.

 

 

 

  

 

 

 

Photomicrograph of sections of the gills of Clarias gariepinus exposed to 4.0mg/L 

showing congestion (C), oedema (O) and destruction of primary lamella (PL) at post exposure.

PL 

O 
C 
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exposed to 4.0mg/L of fenthion  

showing congestion (C), oedema (O) and destruction of primary lamella (PL) at post exposure. 



 

             Plate 8: Photomicrograph of sections of gills in 

   congestion of blood spaces (CBS),

   erosion of part of the secondary lamella (ESL)

 

 

CBS 

PEL

Photomicrograph of sections of gills in Clarias gariepinus exposed to 8.0mg/L showing 

congestion of blood spaces (CBS), partial epithelial lifting (PEL), clogged blood vessel (CBV) and 

erosion of part of the secondary lamella (ESL)at day 1 of the exposure. H&E. mag x100 

ESL 
CBV 

PEL 
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g/L showing  

(PEL), clogged blood vessel (CBV) and  
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  Plate 9: Photomicrograph of the gill sections of Clarias gariepinus exposed to 8.0mg/L of fenthion  

         showing hypertrophy of the tip of lamella (HL), epithelial lifting (EL), erosion of the secondary  

  lamella (ESL) and congestion of blood spaces (CBS) at day 14 of the exposure. H& E mag x100. 
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                        Plate 10: Photomicrograph of sections of the gills of 

                        showing destroyed secondary lamella

                        at post exposure. H&E. mag x100.

 

 

 

 

 

 

 

 

 

 

 

 

 

Photomicrograph of sections of the gills of Clarias gariepinus exposed to 8.0mg/L of fenthion 

showing destroyed secondary lamella (SL), congestion of blood spaces (CBS), and epithelial lifting

H&E. mag x100. 

EL 

SL

CBS 
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exposed to 8.0mg/L of fenthion  

, and epithelial lifting (EL)  
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3.10.2 Histopathological observations of liver in Clarias gariepinus exposed to fenthion 

Histopathological changes observed in the liver of C. gariepinus exposed to fenthion are 

presented in Plates 11 to 19. No alterations were observed in the liver of the control (Plate 11) as 

cellular architecture with distinct hepatic cells and sinusoid spaces were observed to be intact. 

The sinusoids have irregular boundaries composed of only signal layer of fenestrated endothelial 

cells and large irregular phagocyte cells which are known as kuffer cells and a central vein. 

During the period of exposure as well as post- exposure, the microscopical examination of liver 

cells revealed loss of their normal morphology. Fenthion treated groups showed several signs of 

toxicity as necrotic cells.  The severity and frequency of liver lesions were found to be more 

pronounced in fish exposed to the highest concentration of fenthion. The liver alterations were 

concentration and duration dependent. The most common pathological changes observed in the 

liver of the exposed fish species were cytoplasmic vacuolation in the cytoplasm of the liver cells, 

congestion of blood, necrosis, disarray of hepatic chords and sinusoids enlargement.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

                Plate 11: Microphotograph of sections of liver (control) showing  kuffer cells

                hepatocytes (H) and sinusoids (S)

 

 

 

 

 

 

 

 

 

 

KC 

Microphotograph of sections of liver (control) showing  kuffer cells (KC), central vein 

(S). H&E. mag. X100. 

CV 

H 
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 (CV),  

S 



 

 

 

 

Plate 12: Photomicrograph of liver section of 

fenthion showing central vein 

 

 

 

 

 

 

 

 

 

CV 

Photomicrograph of liver section of Clarias gariepinus exposed to 2.0mg/L of 

fenthion showing central vein (VC) at day 1 of the exposure. H&E mag x100 
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exposed to 2.0mg/L of  



 

 

 

 

    Plate 13: Microphotograph of section of the liver exposed to 2.0mg/L of fenthion in 

Clarias gariepinus showing the onset of 

H&E mag. X100. 

 

 

 

 

 

 

 

 

 

O

Microphotograph of section of the liver exposed to 2.0mg/L of fenthion in  

showing the onset of  sinusoid enlargement (OSE) at day 14 of exposure. 

OSE 

CV 
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at day 14 of exposure.  



 

 

 

 

 

 Plate 14: Microphotograph of section of the liver exposed to 2.0mg/L of fenthion at post 

 exposure showing   necrosis

 

 

 

 

 

 

Microphotograph of section of the liver exposed to 2.0mg/L of fenthion at post  

necrosis (N). H&E mag. X100. 

N 
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Plate 15: Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at day 1 

of the exposure showing necrosis

 

 

 

 

 

 

 

 

 

N 

Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at day 1 

the exposure showing necrosis (N) and vacuolation (V). H&E mag. X100. 

V 
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Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at day 1  



 

 

 

 

 

Plate 16: Microphotograph of section of the liver exposed t

of the exposure showing necrosis

of hepatic chords (DHC)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N 

Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at day 14

of the exposure showing necrosis (N), extravasated sinusoid (ES) and disarrangement  

(DHC). H&E mag. X100. 

ES 

DHC 
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o 4.0mg/L of fenthion at day 14 

 



 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
      Plate 17: Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at the post 

      exposure showing onset of congestion of central vein

      (KC) and disarray of hepatic chords

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at the post 

exposure showing onset of congestion of central vein (CCV), accumulation of kuffer cells 

and disarray of hepatic chords (DHC). H&E mag. X100. 

KC 
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DHC 
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Microphotograph of section of the liver exposed to 4.0mg/L of fenthion at the post  

, accumulation of kuffer cells  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 18: Microphotograph of section of the liver exposed to 8.0mg/L of fenthion during the 

experiment showing the onset of micro and macro fatty change

triad  (CPT) and the portal vein

 

 

Microphotograph of section of the liver exposed to 8.0mg/L of fenthion during the 

experiment showing the onset of micro and macro fatty change (MFC), congestion of the portal 

and the portal vein (PV). H&E mag. X100. 

MFC 

MFC 

PV 
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Microphotograph of section of the liver exposed to 8.0mg/L of fenthion during the  

, congestion of the portal  

CPT 



 

         Plate 19: Microphotograph of section of the liver exposed to 8.0mg/L of fenthion at day 14 of the exposure showing 

clogged blood vessel (CBV), extenstive extravasated sinusoids 

H&E mag. X100. 

 

 

 

 

 

 

 

 

 

 

CBV 

RH 

Microphotograph of section of the liver exposed to 8.0mg/L of fenthion at day 14 of the exposure showing 

, extenstive extravasated sinusoids (ES) and ruptured hepatocytes (RH) around necrotic region. 

DHC 
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Microphotograph of section of the liver exposed to 8.0mg/L of fenthion at day 14 of the exposure showing 

around necrotic region. 

ES 
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CHAPTER FOUR 

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

4.1 Discussion 

Organic insecticide poisoning remains one of the major health issues in both developing 

and developed communities (Peter and Cherian, 2000). A great proportion of acute poisoning 

cases are caused by exposure to pesticides, especially organophosphate (OP) compounds. The 

primary mechanism of action of OP pesticides is based on inhibition of the acetylcholinesterase 

(AChE) enzyme (Eto, 1979). Like all organophosphate insecticides, fenthion acts on the nervous 

system as inhibitor of acetylcholinesterase (AChE), an enzyme that hydrolyzes acetylcholine 

(ACh). Ach is a molecule that is involved in the transmission of nervous signals from nerves to 

muscles and between neurons in the brain (Junquera, 2014). 

Acute and chronic toxicity tests are mostly used to assess the toxicity of chemicals on 

non-target organisms (Santos et al., 2010). The 96 hour LC50 is one of the most important 

parameters for evaluating the toxic effects of pollutants (Nwani et al., 2015a). In the present 

study, the 96 hour LC50 values of fenthion for the African catfish, C. gariepinus was found to be 

39.97mg/L. This suggests that fenthion is toxic to fish. There was dose-dependent increase and 

time-dependent decrease in mortality such that as the exposure time increased from 24 hour to 96 

hour, the median lethal concentration required to kill the fish was reduced. This agreed with 

Muralidharan (2014a) who reported that acute toxicity of fenthion does not increase with time. In 

the present study, there was 100% mortality in C. gariepinus exposed to 72.0 mg/L at the end of 

96 h.  

The 96 hour LC50 value of the present investigation was higher than the 96 hour LC50 

value of fenthion previously reported in Cyprinus carpio (1.5 mg/L) by Muralidharan (2012). 
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The disparity in the toxic potential of the pesticide may be attributed to differences in hardiness 

of the test species and water quality parameters. According to Johnson and Toledo (1993), the 

difference in the toxic potential of fenthion can be related to its accumulation, biotransformation 

and excretion. Differences in metabolic pathways among species may result in varied patterns of 

biotransformation leading to more or less toxic metabolites. In general, toxicity of chemicals to 

aquatic organisms has been reported to be affected by temperature, pH, dissolved oxygen, size 

and age, strain of species, water quality, concentration and formulation of test chemicals (Pandey 

et al., 2005; Nwani et al., 2010; Rauf and Arain, 2013). The magnitude of toxic effects of 

pesticides also depends on the length and weight, corporal surface/body weight ratio and 

breathing rate (Singh and Narain, 1982; Murty, 1986). Varied inhibition of acetylcholinesterase, 

detoxification and absorption are factors causing the selective toxicity of pesticides for various 

species of fish (Oh et al., 1991).  

The safe levels obtained for fenthion in the present study varied from 3.99 x 10
-1

 to 

1.9984. However, the large variation in safe levels determined by various methods has resulted 

in controversy over its acceptability (Buikema et al., 1982; Pandey et al., 2005). According to 

Kennega (1979), the major weakness in calculation of application factor (AF) is its dependence 

on LC50 values. Pandey et al., (2005) observed that the extrapolation of laboratory data to field 

data was not always meaningful hence, the difficulty in deciding the acceptable concentration 

that may be considered ‘safe’ based on laboratory experiments. 

Behavioural changes in fish are the most sensitive indicators of potential toxic effects of 

pesticide exposure (Banaee et al., 2011; Rauf and Arain, 2013). Erratic swimming indicates loss 

of equilibrium which shows that the region of the brain which is associated with the maintenance 

of equilibrium must have been affected. The abnormal behaviour  exhibited by the experimental 
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groups such as abnormal swimming behaviour are due to inhibition of AChE activity leading to 

accumulation of acetylcholine in choligenic synapses with ensuing hyper stimulation. Fenthion 

may inhibit AChE activity due to its accumulation in the brain tissues or due to intake of 

fenthion with ChE group. This may lead to impairment of the normal functioning of nerve 

impulse causing physiological and behavioural modifications that could lead to reduction in 

survival ability (Muralidharan, 2014a).  

It has been documented that under stress condition, fish become hyperactive, perhaps to 

get out of the stressful medium and would require an increased amount of oxygen to meet their 

energy demand (Alkahem et al., 2011). According to Muralidharan (2012), hyperactivity of fish 

as a result of exposure to pollutants could also be attributed to impaired gill function. Also, fish 

secrete increased amount of mucus to coat the body especially the gills to get relief from the 

irritating pollutants (Muralidharan, 2012). The secretion of copious mucus by fish could be a 

defense mechanism to neutralize the effect of pesticides which gradually covers the body, gills, 

and buccal cavity. Repeated opening and closing of the mouth and opercula covering 

accompanied by partially extended fin (coughing) as was observed in the present study could be 

due to clearance of the accumulated mucus debris in the gill region for proper breathing. The 

behavioural alterations observed during exposure of C. gariepinus to fenthion in this study 

agreed with to observations by other researchers who studied the responses of other fishes 

exposed to organophosphate pesticides. Nwani et al. (2013a) reported similar behavioural 

changes in C. gariepinus exposed to termifos. Rauf and Arain (2013) also reported similar 

behavioural changes in Cirrhinus mrigala exposed to diazinon. The observed behavioural 

alterations of fish in this study are also consistent with the findings of Nwani et al. (2010; 2013b) 
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who observed similar behavioural changes in Channa punctatus and Clarias gariepinus exposed 

to atrazine and chlorpyrifos respectively.  

LPO is one of the main manifestations of oxidative damage induced by various 

compounds including pesticides hence; it has been used as an indication of pollution. MDA are 

produced by lipid peroxidation and considered as indicators of oxidative stress, which results 

from the free radical damage to membrane components of cells. Even in the absence of any 

pollutants, generation of free radicals occurs in the living system since they have been identified 

as by-products of a subset of enzymes that engage in electron transfer. The results of the present 

study revealed the presence of free radical activity because of the significant increase in the level 

of malondialdehyde (MDA). Increase in MDA level is usually associated with loss of membrane 

integrity, as well as disintegration of polyunsaturated fatty acids in the membrane bilayer, which 

exerts unfavourable effects on the susceptible organ structure and function. Exposure to sub-

lethal fenthion concentrations significantly increased in a time and concentration dependent 

manner in LPO in both tissues thus reflecting increased oxidative stress and lipoperoxidation. 

Exposure of C. gariepinus to the highest concentration of fenthion showed a marked increase in 

MDA in the liver and gill. This marked increase could be attributed to the ability of fenthion to 

produce free radicals. High level of LPO may differ among species (Dar et al., 2014). According 

to Marigoudar et al. (2009), differences observed in MDA could reflect variation in the 

antioxidant mechanisms of fish, duration of exposure and the pesticide tested. The elevated 

values of LPO obtained in this study are in agreement with previous reports. Altuntas and 

Delibas, (2002) reported that fenthion caused a significant increase in LPO in wister rats 

weighing between 200 and 230g. Nwani et al. (2014c) reported elevated level of LPO in Clarias 

gariepinus exposed to premextra herbicide. Dar et al. (2014) also reported that the LPO in blood 
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of Carassius carassius increased significantly upon chronic exposure to endosulfan and it was 

also found to be time and concentration dependent. The authors also stated that the level of LPO 

may differ among species. Exposure to sublethal concentrations of deltamethrin in tissues of 

Clarias gariepinus also resulted to elevated levels of MDA in liver, gill and kidney tissues 

(Amin and Hashem, 2012). 

Antioxidant levels, enzymological activity, biochemical parameters and haematological 

profiles are widely used as indicators to assess toxic stress, functional status and homeostasis in 

animals (Saravanan et al., 2012; Gecit et al., 2014). The activities of enzymes have been reported 

to be an indicator of the ability of tissues to cope with oxidative stress. However, when there is a 

high increase in oxidative stress, the defense mechanisms against ROS collapse (Nwani et al., 

2015b). ROS then affects the antioxidant defense mechanisms thereby reducing intercellular 

GSH and decreasing SOD and CAT activities. Pesticides have been reported to induce oxidative 

stress and suppress cellular activities in animals (Dhasarathan et al., 2010). The gills are 

important for respiration, osmoregulation, acid-base balance and excretion of nitrogenous wastes 

in fish (Heath, 1995) and represents the greatest surface area of the fish in contact with external 

environment (Nahed, 2011). The liver in fish is an organ that performs numerous functions 

associated with metabolism of xenobiotics. Liver cells are dependent on antioxidant enzymes for 

protection against ROS produced during biotransformation of xenobiotics (Londis and Yu, 

1995). Liver and gill antioxidant enzymes are used to determine if the tissues are functioning 

normally or if they have an injury or disease. Among the enzymes involved in defense system 

are superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione 

(GSH) and glutathione reductase (GR). SOD is responsible for the removal of hydrogen peroxide 

which is metabolized to oxygen and water (Vander Oost et al., 2003). It also metabolizes 
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superoxide radical (Nahed, 2011). CAT degrades hydrogen peroxides, which results from the 

degradation of the anion superoxide by SOD (Nwani et al., 2014c). GPx is known to be 

protective antioxidant that acts cooperatively with CAT in scavenging out H2O2 and other 

peroxides to ensure optimum protection against oxidative stress and tissue-specific damage (Gate 

et al., 1999). The major regulator of the intercellular thiol redox status is glutathione GSH, with 

its active –SH group having reducing necleophilic properties (Sevgiller and Uner, 2010). The 

most widely recognized function of GSH is its defense against toxic compounds, whether 

exogenous, such as electrophilic xenobiotics or endogenous, such as ROS generated during 

oxidative metabolism and/or stress (Estrela et al., 2006). It can directly scavenge ROS or act as a 

substrate for glutathione peroxidase (GPx) (Sevgiller and Uner, 2010).  

Toxicants may induce different antioxidant/prooxidant responses depending on their 

ability to produce reactive oxygen species (ROS) (Barata et al., 2005). Under normal 

physiological status, the antioxidant defense systems can be induced by a slight oxidative stress 

as a compensatory response and thus, the reactive oxygen species (ROS) can be removed to 

protect the organisms from oxidative damage (Livingstone, 2001). The activity of the antioxidant 

enzymes may be increased or inhibited under chemical stress depending on the intensity and 

duration of stress applied as well as the susceptibility of the exposure species (Nahed, 2011). 

Experimental factors such as time of exposure and dose or environmental factors such as 

water quality should also be taken into account for possible antioxidant system responses to 

oxidative stress caused by pollutants (Monserat et al., 2007; Baysoy et al., 2012; Alak et al., 

2013). The present study shows the usefulness of liver and gill enzymes (SOD, CAT, GPx, GR, 

and GSH) to evaluate fenthion toxicity on fish in the aquatic environment. 
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Induction of SOD/CAT system provides a first line of protection against ROS.  Increase 

in CAT activity may be to cope with increase in oxidative stress caused by fenthion. The results 

of CAT activity in this study also agreed with earlier reports of increased CAT activity in the 

liver of rainbow trout exposed to carbonsulfan (Capkin and Altinok, 2013).The increase in CAT 

activity may be in response to H2O2 produced by SOD activity since CAT is responsible for the 

conversion of H2O2 to water (Dar et al., 2014). The reduction in CAT activity in fish gills 

exposed to 8.0 mg/L on day 21 of the exposure could be justified by the instability of superoxide 

radicals which have been reported to inhibit CAT activity. It could also be as a result of decrease 

in the rate of chemical reaction as a result of excess production of H2O2. CAT activity was also 

reported to be significantly reduced in C. gariepinus exposed to deltamethrin (Amin and 

Hashem, 2012). According to the authors, the significant reduction could be attributed to the 

influx of superoxide radicals which have been reported to decrease in CAT activity. Decreased 

CAT activity suggests that fenthion produces hepatic dysfunction.  

In the present study, fluctuations were observed in SOD activity during the duration of 

the experiment as both increase and decrease in SOD activity were observed. Increased SOD 

activity could be as a result of oxidative stress. The increase in SOD was to remove the 

superoxide radical but increased SOD activity might not be able to cope with increased ROS. If 

the ROS generated is more than SOD production, there will be depletion in SOD production so; 

activity of SOD will decrease via direct oxidative damage. Canada and Calabrese (1989) 

reported that the activity of SOD in fish can increase or decrease after exposure to various 

xenobiotics. In Ictalurus punctatus exposed to pollutants, CAT activity increased but not SOD or 

GPx, whereas in trout, the same pollutants increased SOD as well as CAT activity (Marther and 
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Di, 1991). Chlorpyrifos exposure increased SOD activity in Oreochromis niloticus (Oruc, 2010). 

The present research revealed similar results with the above reports.  

GSH form the main non-protein thiol and is one of the main reductants found in the cell 

(Nwani et al., 2015b). GSH depletion leads to oxidative damage and greater LPO levels which in 

turn promote cell damage (Dabas et al., 2012). In the present study, the liver and gills showed 

similar pattern in the decrease in GSH activity (though not significantly different from the 

control). Highest decrease in GSH activity was recorded in fish exposed to the highest 

concentration. The decreased GSH levels in gill and liver tissues of C. gariepinus exposed to 

fenthion might be related to the increased use of GSH to stabilize fenthion in its oxidative stress 

for preventing the redox cycling and free radical generation. These results are similar to that of 

Nwani et al. (2015b) who recorded decrease in GSH activity in rats exposed to carbosulfan. 

Oxidative stress is known to rapidly consume glutathione. According to Nwani et al. (2010), 

oxidative stress may also be due to depletion of cellular GSH content below the critical level 

which prevents the conjugation of xenobiotics like atrazine to GSH and thus enables them to 

freely combine covalently with cell protein. The biochemical function of GPx is to reduce lipid 

hydroperoxides to their corresponding alcohols and to reduce free hydrogen peroxide to water. 

The activity of GPx in the treated fish were generally lower compared to the control and could be 

as a result of the inability to detoxify H2O2 effectively. These results are consistent with the 

findings of Kanchan et al. (2002) who evaluated enzymatic and antioxidant activity in the liver 

and kidney of pregnant rats. There were fluctuations in GR activities in the present study as both 

increase and decrease were observed. 

Liver tissues of C. gariepinus exposed to fenthion showed higher levels of LPO, CAT, 

SOD, GPx, GR and GSH compared to the gill tissues throughout the duration of the experiment 
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which suggests that the rate of production of ROS was higher in the liver compared to the gills 

thereby causing the liver to be at risk of exposure to fenthion compared to the gills. The higher 

values of these parameters in the liver may also be associated with its high metabolic reactions 

and free radical generation in the liver that requires the presence of antioxidants for possible 

protection against oxidative stress induced by ROS (Pereira et al., 2013). 

Haematological indices are good pointers of physiological changes to evaluate the toxic 

stress, health functional status and internal environment of an organism (Saravanan et al., 2012). 

In the present study, reduction was observed in PCV, RBCs and Hb compared to the control and 

might be due to failure in the formation of red blood cells in red blood cell forming tissues of the 

body caused by fenthion.  Significant reduction in PCV in the highest concentration of fenthion 

on day 1 of the exposure is in accordance with the reports of Ahmed (2012) who studied the 

effects of malathion (organophosphate) pesticide in C. gariepinus. Similar to the present results, 

decrease in PCV, RBC counts and haemoglobin of diazinon exposed fish was reported by Barnee 

et al. (2011) and related it to the destruction of cells and/or decrease in size of cells due to 

adverse effects of pesticides. Generally, toxicant exposure exerts an adverse effect on the 

hemopoietic organs which in turn alters blood parameters.  

The results of this study showed that haemoglobin was lower in the treated fish compared 

to the control. Similar results were reported in Cyprinus carpio treated with fenthion 

(Muralidharan, 2012). The decrease in haemoglobin may be associated with either an increase in 

the rate at which Hb is destroyed or to a decrease in the rate of Hb synthesis. The decrease in 

haemoglobin may also be attributed to iron synthesis machinery caused by the inhibition of 

aerobic glycolysis in fish exposed to fenthion. Haemoglobin decrease after exposure to sub-lethal 

concentrations of toxicants may impair oxygen supply to various tissues, thus resulting in a slow 
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metabolic rate and low energy production (Ahmed et al., 1995). Toxicants may also cause 

undesirable effects on the haematopoietic organs which reduce the supply of RBCs either due to 

less production and/or increased rate of removal from circulation (Khalid, 2012). Poisoning from 

pesticide residues may also led to the development of anaemia due to interference of the Hb 

biosynthesis and shortening of the life span of the circulating erythrocytes (Jyostana et al., 2003). 

Nwani et al. (2015b) attributed decreased Hb to intravascular hemolysis, anaemia or suppression 

of hemopoiesis. Reduction in the level of haemoglobin may be the consequence of toxic effects 

of fenthion on the synthesis of this molecule. The insecticide may disrupt the synthetic pathway 

by affecting the activity enzymes involved in the synthesis of haemoglobin, consequently 

reducing the level of Hb of the exposed fish.  

Generally, leucocytes (WBCs) alter immunological functions in animals, including fish 

(Nwani et al., 2015). The increase in WBC counts in the treated fish compared to the control in 

the present study indicates the occurrence of leukocytosis (WBC increase). The observed 

leukocytosis in the present study was perhaps a normal immune defensive response of the fish 

against a toxic invasion. Secondly, it also suggested that fenthion stimulated the immune system 

with a simultaneous release of lymphocytes from the lymphomyeloid tissue as a defense 

response. These resulted in leukocytosis and/or lymphocytosis which altered body physiology. 

Leukocytosis was also reported in Cyprinus carpio exposed to lindane (Saravanan et al., 2011) 

and in Oreochromis niloticus exposed to deltamethrin (El-sayed et al., 2007). Increase in WBC 

counts might be due to leukaemia or blood cancer during which the numbers of WBCs increase. 

The results of this work are similar to that of Muralidharan (2014a) who also observed increase 

in WBCs in Cyprinus carpio exposed to fenthion. The increase in WBCs was attributed to the 

interference with development of erythrocytes in the haemopoietic tissues thereby creating 
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leukomogenic condition which could be an adaptive response towards the stress induced by the 

pollutant. The results of the present study are consistent with the findings of some other authors 

studying the response of other fishes exposed to organophosphate pesticides.  This regards 

changes in WBCs after acute exposure to malathion in Oreochromis niloticus (Khalid, 2012). 

The author stated that changes in leukocyte system manifests in the form of leukocytosis with 

heterophilia and lymphopenia, which are characteristics of leukocytosis in animals exhibiting 

stress. Significant reductions in RBCs, PCV and WBCs have been reported following the 

exposure of Onchorrhynchus mykiss (Dogan and Can, 2011), Clarias gariepinus (Ahmad 2012) 

to dimethoate and  Rutilus frisil (Mohammed et al., 2012) exposed to different concentrations of 

diazinon. In another study however, Lohna et al. (2001) recorded leucopenia (reduced WBC 

counts) in sunfish inhabiting selenium laden coal ash effluents and associated it with increasing 

metal concentrations. This is in agreement with the findings of Sampath et al. (1993) after 

exposing Oreochromis niloticus to a toxic environment.  

Significant decrease in RBCs observed in the study is in accordance with the results of 

Muralidharan (2012) who studied the haematological alterations in C. carpio exposed to 

fenthion. The reduction in RBC counts and Hb are often accompanied by a decrease in packed 

cell volume and demonstrates the physiological dysfunction of the haemopoietic system. The 

decreased RBC counts may be due to inhibited RBC production and/or due to haemoglobin 

synthesis. Surrounding toxicants might have caused reduction in RBCs, which in turn have 

caused reduction in haemoglobin and packed cell volume (Jaya and Ajar, 2014). Blood cell 

indices like mean corpuscular haemoglobin concentration (MCHC), mean corpuscular 

haemoglobin (MCH) and mean corpuscular volume (MCV) seem to cause changes that are more 

sensitive and can cause reversible changes in the homeostatic system of fish. In order to 
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overcome the hypoxic conditions in stressful media, fish usually responds by increasing the 

MCV and MCH of erythrocytes. In the present studies, slight increase was observed in MCH and 

MCV in fish exposed to fenthion. Similar results were observed by Muralidharan (2012) in MCH 

and MCV. MCV and MCH values depend upon RBC counts hence their variation determined the 

anaemic condition of the exposed fish. Changes in white blood cell differentials have been used 

as good pointers of stress (Cole et al., 2001). Neutrophils and lymphocytes make up the majority 

of WBC and proliferate in circulation in response to stress (Jain, 1993; Thrall, 2004). The 

observed significance in neutrophils and lymphocytes might have been provoked by the stress 

imposed by fenthion in C. gariepinus. Stress-induced lymphopenia and neutrophilia have been 

shown to be linked to elevated glucocorticoids secretion which acts to increase their percentage 

levels (Davies et al., 2008). Similar results have been reported in fishes exposed to different 

toxicants (Li et al., 2011; Nwani et al., 2014b). Changes in blood parameters suggest that there 

were osmotic disturbances and change in oxygen carrying capacity during the exposure to 

pesticides. 

Condition factor and hepatosomatic index have been proposed as indices of 

environmental contamination (Nwani et al., 2015a). According to the authors, condition factor is 

a measure of fish fitness for a given length. For instance, a heavier fish is a better condition 

factor (Li et al., 2011). The condition factor is also an organism-level response, to factors such as 

nutritional status, pathogen effects and toxic chemical exposure, causing greater-than normal and 

less-than-normal weights (Andu and Kangur, 1996; Azmat et al., 2007). The condition factors 

are used as indicator of the well being of individual organism, because it integrates many levels 

of the organizational processes. For example, a decrease in condition factor is considered a 

reflection of depletion in energy reserves because these indices are positively related to muscle 
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and livers energy content (Lizama et al., 2002; Hasan and Seces, 2003; Ensibi et al., 2013). 

Recently, organosomatic indices and fish condition factor have been used to determine the sub 

lethal effects of these pollutants during the clinic diagnosis of fish physiology (Yi et al., 2007; 

Ozer et al., 2008; Nwani et al., 2015a).  

The use of various organosomatic indices is based on the assumption that there is 

proportional relationship between fish size and the particular ratio in assessing fish stress by 

pollutant (Ronald and Bruce, 1990).  In the present study, the non-significant decrease in 

condition factor of the treated group compared to the control indicates that fenthion had no direct 

effects on the CF in C. gariepinus. Similar decrease in condition factor was reported by other 

authors studying the effects of other environmental pollutants on the condition factors. Arellano 

et al. (1999) exposed Solea senegalensis to cypermethrin pesticide and observed a decrease in 

condition factor which depicted a reduction in growth rate which may be due to a reduction in 

oxygen carrying protein levels and red blood cells, while increase occurred in the number of 

white blood cells. Anderson et al. (1988) also observed a decrease in condition factor when 

Indian shad was exposed to bleached kraft mill effluent. However, an increased condition factor 

was observed by Memaster et al. (1991) in the white sucker (Astostomes commessomi) and 

suggested a disruption in metabolic capability and altered energy allocation. The decrease in 

condition factor may be due to the impairment of the olfactory systems which might have 

affected feeding, resulting in alterations of metabolic activities and energy allocation of the fish 

systems. 

Hepatosomatic index refers to the relative liver size and relates to the hepatic enzyme 

activity for chemical detoxification (Fang et al., 2009).  Hepatosomatic index (HSI) can also be 

referred to as the general measurement of the overall condition of fish or the growth status of 
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liver (West, 1990) and can be an excellent predictor of adverse health in fish (Adams and 

McLean, 1985). In the present study, decrease in HSI of the treated fish compared to the control 

(though not significant) except on day 21 of the exposure can be attributed to the damage caused 

to liver cells in response to stress induced by Fenthion. This is consistent with the findings of 

Muralidharan (2014c). On the other hand, Abdelmeguid et al. (1999) reported that hepatosomatic 

index of Oreochromis niloticus exposed to lead acetate was increased as a result of change in 

quantity of fat in liver. Munshi and Dutta (1996) stated that the HSI of Osteichthyes is normally 

between 1% and 2%.  Although hepatosomatic indices can vary with nutrition, season, fish 

condition and disease, a relationship between hepatosomatic index and levels of contamination 

was reported by Sloof et al. (1983).  

The water used for the cultivation of fish will not give maximum production if the 

physico-chemical parameters are not optimal for fish and other aquatic organisms (Keremi et al., 

2014). Water temperature observed in this study corroborated the report of Keremi et al.  (2014) 

who analyzed the physic-chemical parameters of fish pond water in freshwater areas of Bayelsa 

state, Nigeria. Water pH affects metabolism and physiological processes of fish and also exerts 

considerable influence on toxicity of ammonia (Indian Council of Agricultural Research, 2006). 

The values of pH observed in the present study range between 6.60 and 7.75. This is within 

desirable range according to Boyd (1990). Huet (1972) also observed that pH values of 6.5 to 9.0 

are good for fish production. Ammonia is introduced into the pond through dead phytoplankton, 

uneaten feeds, dead and decaying organic matter (Keremi et al., 2014). Fish are very sensitive to 

un-ionized ammonia and needs an optimum range of 0.02-0.05mg/l (ICAR, 2006). Robinette 

(1976) reported that 0.12mg/l NH3 caused reduced growth and gill damage in Channel Catfish. 

All the observed values in this study were higher than desired range and limits and this may 



139 

 

affect the growth of fish. Keremi et al. (2014) also reported similar findings to that of this study. 

Dissolved oxygen is a measure of the amount of gaseous oxygen dissolved in an aqueous 

solution that plays a vital role in the biology of cultural organisms (Ehiagbonare and Ogundiran, 

2010). The mean DO values obtained in this study ranged between 5.25 mg/L and 8.20 mg/L. 

These values agreed with the minimum DO of 5.0 mg/l reported for tropical fishes by Saloom 

and Duncan (2005). Turbidities in waters rarely exceed 20,000mg/l (Irwin, 1945). This value is 

within the range obtained in the present study. The turbidity values obtained in ponds though, are 

within the desirable range are above the lower limit as reported by Boyd (1990). 

Alterations in liver structure can be significant in evaluation of fish health (Kolbasi et al., 

2009). The liver also plays an important role in fish physiology, both in anabolism and 

catabolism and it acts as storage centre for many substances, mainly glycogen. The changes 

observed in the liver could be attributed to direct effects of pollutants on the hepatocytes as 

found in pesticide toxicity (Mohammed, 2009), because it is the site for detoxification of 

toxicants. The vacuolation of the hepatocytes could probably be due to metabolic damage related 

to the exposure with fenthion contaminated water. Alterations observed in liver parenchyma such 

as necrosis and vacuolation are known to be often associated with degenerative necrotic 

condition (Myers et al., 1987). Gills are among the most sensitive organs which react first in the 

environment (Devi and Mishra, 2013) as functions such as respiration, osmoregulation and 

excretion are performed through the gills (Lease et al., 2003; Ramah, 2011).  

The histological results observed in the liver and gill tissues of C. gariepinus in the 

present study indicate that sub-lethal concentrations of fenthion caused moderate to severe 

alterations in gill and liver architecture which are important organs performing vital structures as 

stated above.  The exposure of organisms to sub-lethal concentrations of pesticides in their 
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environment has been reported to result in various biochemical, physiological and 

histopathological alteration in vital tissues (Anbu and Ramaswamy, 1991). The different 

concentrations of fenthion used in the present study as well as the different exposure periods 

showed different degrees of pathological changes.  

 Histopathological lesions observed in the liver and gill tissues of C. gariepinus exposed 

to fenthion in the present study are similar to reports in Cyprinus carpio exposed to fenthion and 

the extent of damage to the organs tested were also dose dependent (Muralidharan, 2014b). 

Cengiz and Unlu (2006) documented similar findings in Puntius gonionotus exposed to paraquat. 

Elezaby et al. (2001) recorded similar results in Oreochromis niloticus exposed to dimethoate. 

Muralidharan (2014b) attributed the damage done to the liver to the accumulation of fenthion 

since the liver is an important detoxifying organ.  

Changes in gill structure might have been responsible for changes in the activities of 

enzymes. Epithelial hypertrophy could be as a result of epithelial detachment as stated by 

Machado and Fanta (2003). Epithelial lifting (chloride cells, pavement cells) increases the 

distance through which the toxicant reach the blood stream thereby causing impaired oxygen 

uptake (Kumar et al., 2010) and lamella fusion could be a protective mechanism as it reduces the 

amount of vulnerable gill surface area. The epithelial lifting could result in dysfunction or even 

non-functional gills and eventually suffocate the fish. Hypertrophy, fusion of the secondary 

lamella and epithelial lifting observed in the present study were considered to be of the first 

degree of gill lesions. According to Olurin et al. (2006) these pathological changes may be a 

reaction to toxicant intake or an adaptive response to prevent the entry of the pollutants through 

the gill surface and probably increased capillary permeability. The oedema observed in fish gills 

exposed to fenthion could be due to acute inflammatory nature of the lesion induced by fenthion. 
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Oedema with epithelial separation was reported by Eller, (1971) and Van valin et al. (1968) as 

additional change in fish gills exposed to toxicants. 

 Though the histological changes observed in the present study and that of Muralidharan, 

(2014b) revealed that the changes were concentration dependent, some authors reported that such 

structural changes are non toxicant specific (Meyers and Hendricks, 1985), which could be mere 

stress response of fish to toxicant exposures (Gabriel et al., 2007). The structural changes 

observed in the liver and gill tissues during the duration of exposure were expected to normalize 

as reported by Myers et al. (1992) who stated that it is possible for the gill to regenerate and 

recover from the alterations but no such generation and recovery were observed at the post 

exposure of the experiment which shows that the changes observed were permanent.  

 The histopathological results of this study clearly indicate that in the liver and gill tissues, 

sub-lethal concentrations of fenthion had destructive effects in C. gariepinus and were related to 

the concentration as well as the duration of exposure. Gills were found to be the most seriously 

affected tissues as they were in contact with fenthion in water thus, serving as major path of 

entry of the pollutant in the fish. The liver tissues were also damaged possibly due to its role in 

detoxifying fenthion as may lead to impairment of metabolic activities.  

 

4.2 Conclusion 

Based on the major findings of this study, it can be concluded that fenthion has the potential 

to damage the physiology of fish leading to observed changes in behavioural pattern with 

resultant dose dependent mortality. The study shows the significance of behavioural parameters 

in assessing the risk associated with pesticide exposure to fish. Higher concentrations of fenthion 

induced oxidative stress in C. gariepinus as evidenced by the induction of lipid peroxidation and 
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subsequent changes in antioxidant enzymes. Sub-lethal exposure to the organophosphate 

pesticide fenthion, altered the haematological parameters in C. gariepinus. Histopathological 

results clearly indicated that sub-lethal concentrations of fenthion had destructive effects on the 

liver and gill tissues of C. gariepinus and the effects are irreversible as no positive response was 

observed at the post exposure experiment (7 days recovery). All effects that were observed in the 

liver and gill tissues reduced the general state of health of C. gariepinus at sub-lethal 

concentrations of the toxicants.  
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4.3 Recommendations  

The following are the recommendations; 

1. The activities of antioxidant enzymes and oxidative stress can be used as a biological 

indicator to monitor unacceptable levels of environmental contamination.  

2. Environmental monitoring programs for the pesticide is necessary in view of the hazard 

and side effects that might be associated with excessive use on non-target organisms 

especially fish.  

3. Further studies to investigate the underlying mechanisms of action of fenthion in 

freshwater would be a promising research. 

 

 

 

  



144 

 

REFERENCES 

Aardema, H., Meertens, J. H., Ligtenberg, J. J., Peters-Polman, O. M., Tulleken, J. E. and   

Zijlstra, J. G. (2008). Organophosphrous pesticide poisoning: Cases and developments.     

Netherlands Journal of Medicine, 66: 149-153. 

Abdelmeguid, N. E., Khallaf, E. A., Alne-na-ei, A. A. and Yossif, G. A. (1999). Electron 

microscopic study on the effect of lead acetate on the liver of cichlid fish Oreochromis 

niloticus (Linnaeus). Journal of Egyptian German Society of Zoology, 29: 49-69. 

 

Abdollahi, M., Ranjbar, A., Shadnia, S., Nikfar, S. and Rezaie, A. (2004). Pesticides and 

oxidative stress: a review. Medical Science Monitor, 6: 141-147. 

Adams, S. M. and McLean, R. B. (1985). Estimation of largemouth bass, Micropterus salmoides 

(Lacepede), growth using the liver somatic index and physiological variables. Journal of 

Fish Biology, 26: 111-126. 

 

Aebi, H. (1984). Catalase in vitro. Methods in Enzymology, 105: 121–126. 

Agarry, S. E., Olu-Arotiowa, O. A., Aremu, M. O. and Jimoda, L. A. (2013). Biodegradation of 

dichlorovos (Organophosphate pesticide) in soil by bacterial isolates. Journal of Natural 

Sciences Research, 3 (8): 224 – 318. 

 

Agency for Toxic Substances and Disease Registry (2005). Toxicologic Information about 

Insecticides Used for Eradicating Mosquitoes (West Nile Virus Control). Department of 

Health and Human Services: ATSDR. 

http://www.atsdr.cdc.gov/consultations/west_nile_virus/fenthion.html. Accessed: June 

25th, 2014. 

 

Ahmed, F., Ali, S. S. and Shakoori, A. R. (1995). Sublethal effects of dianitol (fenpropathrin), a 

synthetic pyrethroid on freshwater Chinese grass carp, Ctenopharyngodon idella. Folia 

Biology (Krakow), 62: 254-258. 

 

Ahmed, Z. (2012). Toxicity bioassay and effects of sub-lethal exposure of malathion on 

biochemical composition and haematological parameters of Clarias gariepinus. African 

Journal of Biotechnology, 11(34): 8578-8585. 

 

Akhgari, M., Abdollahi, M., Kebryaeezadeh, A., Hosseini, R. and Sabzevari, O. (2003). 

Biochemical evidence for free-radical induced lipid peroxidation as a mechanism for 

subchronic toxicity of malathion in blood and liver of rats. Journal of Human 

Experimental Toxicology, 22: 205-211. 

 

Alak, G., Atamanalp, M., Topal, A., Arslan, H., Oruç, E. and Altun, S. (2013). Histopathological 

and biochemical effects of humic acid against cadmium toxicity in brown trout gills and 

muscles. Turkish Journal of Fisheries and Aquatic Sciences, 13: 315 - 320. 

 

Al-Akel, A. S., Alkahem-Al-Balawi, H. F., Al-Misned, F., Mahboob, S., Ahmad, Z. and 

Suliman, E. M. (2010). Effects of dietary copper exposure on accumulation, growth and 

haematological parameters in Cyprinus carpio. Toxicology and Environmental 

Chemistry, 92: 1865-1878. 



145 

 

Alavi, S. M. H., Cosson, J. J., Coward, K. and Rafiee, R. (2008). Fish Spermatology. Alpha 

Science International Ltd. 

 

Ali, D., Nagpure, N. S., Kumar, R., Kushwaha, B. and Lakra, W. S. (2009). Assessment of the 

genotoxic and mutagenic effects of chlorpyrifos in the freshwater fish Channa punctatus 

(Bloch) using micronucleus assay and alkalinesingle-cell electrophoresis. Food and 

Chemical Toxicology, 47: 650-656. 

 

Alkahem-Al-Balawi, H. F., Ahmad, Z., Al-Akel, A. S., Al-Misned, F., Suliman, E. M. and Al-

Ghanim, K. A. (2011). Toxicity bioassay of lead acetate and effects of sublethal exposure 

on growth, haematological parameters and reproduction in Clarias gariepinus. African 

Journal of Biotechnology, 10: 11039-11047. 

Altinok, I. and Capkin, E. (2007). Histopathology of rainbow trout exposed to sublethal 

concentrations of methiocarb, a carbamate pesticide, to rainbow trout. Toxicologic 

Pathology, 35: 405-410. 

Altuntas, I. and Delibas, N. (2002). The effects of fenthion on lipid peroxidation and some liver 

enzymes: The possible protective role of vitamins E and C.  Tubitak, 32: 293-297. 

 

Amer, M., Metwalli, M. and Abu el-Magd, Y. (2002). Skin disease and enzymatic antioxidants 

activity among workers exposed to pesticides. Eastern Mediterranean Heath Journal, 8: 

363-373. 

 

Amin, K. A. and Hashem, K. S. (2012). Deltamethrin- induced oxidative stress and biochemical 

changes in tissues and blood of catfish (Clarias gariepinus): Antioxidant defense and role 

of alpha-tocopherol. BMC Veterinary Research, 8: 45. 

 

Anbu, R. B. and Ramaswamy, M. (1991). Adaptive changes in respiratory movements of an air 

breathing fish, Channa striatus (Bleeker) exposed to carbamate pesticide, sevin. Journal 

of Ecobiology, 3: 11-16. 

Anderson, T., Forlin, L, Hardig, J. and Larsson A. (1988). A physiological disturbance in fish 

living in coastal water polluted with bleached Kraft pulp mill effluents. Canadian 

Journal of Fisheries and Aquatic Sciences. 45: 1525-1536. 

Andu, A. K. and Kangur, P. (1996). The condition, length and age distribution of pikeperch. 

Hydrobiologica, 338: 179-183. 

 

American Public Health Association (1992). Standard Methods for the Examination of Waste 

Water. 18th Edition. APHA, Washington D.C. 

 

Australian Pesticides and Veterinary Medicines Authority (2005). Fenthion Review - Frequently 

asked questions. APVMA. http://www.apvma.gov.au/chemrev/fenthion_faq.shtml. 

Accessed: 18th July, 2014. 

 

Arellano, J., Storch, V. and Saraquete, C. (1999). Histological changes and copper accumulation 

in liver and gills of Senegalese sole (Solea senegalensis). Ecotoxicology and 

Environmental Safety, 44: 62-67. 

 



146 

 

Asogwa, E. U. and Donga, L. N. (2009). Problems associated with pesticide usage in Nigerian 

Cocoa production: A review. African Journal Agricultural Research, 4(8): 675-683. 

 

Auta, J.  (2001). Toxicity of Dimethoate to Juveniles of Oreochromis niloticus (Trewavas) and 

Clarias gariepinus (Burchell 1822). Ph.D. Thesis. Ahmadu Bello University, Zaria, 

Nigeria. 

Azmat, R., Talat, R. and Ahmed, K. (2007). The length – weight relationship, condition factor 

and impact of fluoride concentration in Johnius belangerii of Arabian Sea. Research 

Journal of Environmental Toxicology, 1(3): 138 – 143. 

 

Bajgar, J., Fusek, J., Kassa, J., Kuca K. and Jun, D. (2009). Chemical aspects of pharmacological 

prophylaxis against nerve agent poisoning. Current Medicinal Chemistry, 16: 2977-2986. 

 

Bakry, N. M., El-Rashidy, A. H., Eldefrawi, A. T. and Eldefrawi, M. E. (2006). Direct actions of 

organophosphate anticholiesterases on nicotinic muscainic acetylcholine receptors. 

Journal of Biochemical Toxicology, 31: 235-259. 

Banaee, M., Sureda, A., Mirvaghefi, A. R. and Ahmadi, K. (2011). Effects of diazinon on 

biochemical parameters of blood in rainbow trout (Oncorhynchus mykiss). Pesticide 

Biochemistry and Physiology, 99: 1-6. 

 

Barata, C., Varob, I., Navarro, J. C., Arun, S. and Porte, C. (2005). Antioxidant enzyme activities 

and lipid peroxidation in the freshwater cladoceran Daphnia magna exposed to redox 

cycling compounds. Comparative Biochemistry and Physiology, 140: 175– 186. 

 

Barlow, B. K., Lee, D. W., Cory-Slechta, D. A. and Opanshuk, L. A. (2005). Modulation of 

antioxidant defence system by the environmental pesticide, maneb in dopaminergic cells. 

Neurotoxicology, 26: 63-75. 

 

Barr, D. B. and Needham, L. L. (2002). Analytical methods for biological monitoring of 

exposure to pesticides: a review. Journal of Chromatography, 778:  5-29. 

Baysoy, E., Atli, G., Gurler, C. O., Dogan, Z., Eroglu, A., Kocalar, K. and Canli, M. (2012). The 

effects of increased freshwater salinity in the biodisponibility of metals (Cr, Pb) and 

effects on antioxidant systems of Oreochromis niloticus. Ecotoxicology and 

Environmental Safety, 84: 249–253. 

 

Berkowitz, G. S., Obel, J., Deych, E., Lapinski, R., Goodbold, J., Liu, Z., Landrigan, P. J. and 

Wolff, M. S. (2003). Exposure to Indoor Pesticides during pregnancy in a multiethnic, 

urban cohort. Environmental Health Perspective, 111: 79-84. 

 

Blackburn, G. M (1981). Phosphonates as analogues of biological phosphates. Chemistry and 

Industry, 7: 134-138. 

Blaxhall, P. C. and Daisley, K. W. (1973). Routine haematological methods for use with fish 

blood. Journal of Fish Biology 5: 771–781. 

Bolognessi, C. (2003). Genotoxicity of pesticides: a review of human biomonitoring studies. 

Mutation research, 543: 251-272. 



147 

 

Boran, H., Capkin, E., Altinok, I. and Terzi, E. (2012). Assessment of acute toxicity and 

histopathology of the fungicide captan in rainbow trout. Experimental and Toxicologic 

Pathology, 64: 175-179. 

 

Botelho, R. G., Santos, J. B. and Oliveira, T. A. (2009). Toxicidade aguda de herbicidas a Tilapia 

(Oreochnomis niloticus). Planta Daninha, 27: 621-626.        

 

Boyd, C. E.  (1990). Water quality in ponds for Aquaculture. Auburn University, Agricultural 

Experimental Station, Auburn, Alabama. Pp. 252. 

Brehe, J. E. and Burch, H. B. (1976). Enzymatic assay for lutathione. Analytical Biochemistry, 

74(1): 189-197. 

 

Bucke, D. (1989). Histopathology. In: Austin, B. and Austin, D. A. (Editors). Methods for 

Microbiological Examination of Fish and Shellfish. West Sussex England, Ellis 

Horwood. Pp.66-97. 

Buikema, J. R., Naider-Lehner, A. L. and Cairns, J. R. (1982). Biological monitoring: part IV. 

Toxicology testing. Environmental and Molecular Mutagenesis, 33: 239-262. 

 

Burns, C. J., McIntosh, L. J., Mink, P. J., Jurek, A. M. and Li , A. A. (2013). Pesticide exposure 

and neurodevelopment outcomes: Review of the epidemiologic and animal studies. 

Journal of Toxicology and Environmental Health, 16: 127-283. 

 

Buyukokuroglu, M. E., Cemek, M., Tosun, M., Yurumez, Y. and Yavuz, Y. (2008). Dentrolene 

may prevent organophosphate-induced oxidative stress and muscle injury. Pesticide 

Biochemistry and Physiology, 92: 156-163. 

 

Cabello, G., Valenzuela, M., Vilaxa, A., Duran, V., Rodolph, I., Hrepic, N. and Galaf, G. (2001). 

A rat mammary tumour model induced by the organophosphorous pesticides parathion 

and malathion possibly through acetylcholinesterase inhitbition. Environmental Health 

Perspective, 109: 471-479. 

 

Canada, A. T. and Calabrese, E. J. (1989). Superoxide dismutase: its role in xenobiotic 

detoxification. Pharmacology Therapeutics, 44: 285-295. 

 

Canadian Council of Resources and Environmental Ministry (CCREM) (1991). Canadian water 

quality guidelines, Inland Waters Directorate. Environment Canada: Ottawa, UN, 

Canada. 

 

Capkin, E. and Altinok, I. (2013). Effects of chronic carbosulfan exposure on liver antioxidant 

enzyme activities in rainbow trout. Environmental Toxicology and Pharmacology, 10: 10 

- 16. 

 

Capkin, E., Birincioglu, S. and Altinok, I. (2009). Histopathological changes in rainbow trout 

(Oncorhnchus mykiss) after exposure to sublethal composite nitrogen fertilizers. 

Ecotoxicology and Environmental Safety, 72: 1999-2004. 



148 

 

Ceh, K. and Majdic, G. (2010). Pesticides as endocrine disruptors. Solvenian Veterinary 

Research, 47: 163-166. 

 

Cengiz, E. I. and Unlu, E. (2006). Sublethal effects of commercial deltamethrin on the structure 

of the gills, liver and gut tissues of mosquito fish, Gambusia affinis: a microscopic study. 

Environmental Toxicology and Pharmacology, 21: 246-253. 

Chaudhuri, K., Selvaraj, S. and Pal, A. K. (1999). Studies on the genotoxicity of endosulfan in 

bacterial systems. Mutation Research, 439: 63-67. 

 

Chinabut,  S., Limsuwan, C. and  Kitswat, P. (1991). Histology of Walking Catfish, Clarias 

batrachus. Aquatic Animal Health Research Institute, Thailand. 

Ciccheti, R. and Argentine, G. (2003). The role of oxidative stress in the in vitro induction of 

micronuclei by pesticides in mouse fibroblasts. Mutagenesis, 18: 127-132. 

 

Cole, M. B., Arnold, D. E., Watten, B. J. and Krise, W. F. (2001). Haematological and 

physiological responses of brook charr to untreated and limestone neutralized acid mine 

drainage. Journal of Fish Biology, 59: 79-91. 

 

Committee on Water Quality Criteria (1972). A Report of the Committee on Water Quality 

Research Series. EPA-R3-73-003, US Environmental Protection Agency Report; CWQC: 

Cincinnati, OH, USA. 

Cong, N. V., Phuong, N. T. and Bayley, M. (2009). Effect of exposure of diazinon on 

cholinesterase activity and growth in Channa striatus. Ecotoxicology and  Environmental 

Safety Journal, 72: 699-703. 

 

Cook, J. W. (1957). Action of rumen fluid on pesticides, In vitro destruction of some 

organophosphate pesticides by bovine rumen fluid. Journal of Agricultural and Food 

Chemistry, 5(11): 859–863 

Cook, R. M. (1969). Pesticide removal from dairy cattle. Michigan State Univ. Coop. Ext. Ser., 

East Lansing. Extension Bulletin, E-668. 

Dabas, A., Nagpure, N. S. and Ravindra, K. (2012). Assessment of tissue-specific effects of 

cadmium on antioxidant defence system and lipid peroxidation in freshwater murrel, 

Channa punctatus. Fish Physiology and Biochemistry, 38(2): 468-482. 

 

Dacie, J. V. and Lewis, S. M. (2001). Practical Haematology, 9
th

 edition. University of Press 

London. Pp. 633. 

Dar, S. A., Abdul, R. Y., Masood-ul-Hassan, B. and Ali, M. D. N. (2014). Oxidative stress in the 

freshwater cyprinid crucian carp (Carassius carassius) upon chronic exposure to 

endosulfan. Toxicological and Environmental Chemistry. 

http://dx.doi.org/10.1080/02772248.982122. Accessed: 17th July, 2014. 

 

Dave, S. K. (1998). Occupational health services for agriculture workers. India Journal of 

Occupational Environmental Medicine, 9: 96-111. 

 

Davis, A. K., Mahey, D. L. and Maerz, J. C. (2008). The use of leukocyte profiles to measure 

stress in vertebrates: a review for ecologists. Functional Ecology, 22: 760-772. 



149 

 

Deb, N. and Das, S. (2013). Chlorpyrifos Toxicity in fish: A review. Current World 

Environment, 8(1): 77-84. 

 

Devi, Y. and Mishra, A. (2013). Histopathological alterations in gill and liver anatomy of 

freshwater air-breathing fish, Channa punctatus after pesticides hilban (chlorpyrifos) 

treatment. Advances in Bioresearch, 4(2): 57-62. 

Dhasarathan, P., Pathrose, P. A. and Pausi, S. (2010). Immunomodulation by Carbosulfan 

following subchronic exposure in swiss albino mice. Journal of Bioscience Research, 

1(3): 130-136. 

 

Dogan, D. and Can, C. (2011). Haematological, biochemical and behavioural responses of 

Oncorhychus mykiss to dimethoate. Fish Physiology and Biochemistry, 37: 951–958. 

Dudgeon, D., Arthington, A. H., Gessner, M. O., Kawabata, Z. I., Knowler, D. J., Levegue, C., 

Naiman, R. J., Prieur, Richard, A. H., Soto, D., Stiassny, M. I. J. and Sullivan, C. A. 

(2006). Freshwater biodiversity: importance, threats status and conservation challenges. 

Biology  Reviews, 81: 163-182. 

 

Eddleston, M., Szinicz, L., Eyer, P. and Buckley, N. (2002). Oximes in acute organ phosphorus 

pesticide poisoning: a systematic review of clinical trials. The Quarterly Journal of 

Medicine, 95: 275-283. 

Ehiagbonare, J. E. and Ogundiran, Y. O. (2010). Physico-chemical analysis of fish pond waters 

in Okada and its environs, Nigeria. African Journal of Biotechnology, 9(36): 5922-5928. 

Elezaby, M. M., El-Serafy, S., Heckmann, R. K., Sharf, E. and Seddek, M. M. (2001). Effects of 

some toxicants on the freshwater fish, Oreochromis niloticus. Journal of Egyptian 

German Society of Zoology, 36: 407-434. 

Eller, L. L (1971). Histopathologic lesions in culthroat trout (Salmo clark) exposed chronically to 

the insecticide endrin. American Journal of Pathology, 64 - 321. 

Elliot, O. O. (1985). The Biology of Fishes in Lake Asejire. Ph.D Thesis. 

 

El-Sayed, Y. S., Saad, T. T. and El-Bahr, S. M. (2007). Acute intoxification of deltamethrin in 

monosex Nile tilapia, Oreochromis niloticus with special reference to the clinical, 

biochemical and haematological effects. Journal of Environmental Toxicology and 

Pharmacology, 24: 212-217. 

 

Ensibi, C., Perez-lopez, M. and Rodriguez- soler, F. (2013). Effect of deltametrin on biometric 

parameters and liver biomarkers in common carp (Cyprinus carpio). Environmental 

Toxicology and Pharmacology, 36: 384-391. 

Environmental Protection Agency (2003). Fenthion: notice of receipt of request to voluntarily 

cancel certain pesticide registrations. Environmental Protection Agency, 68(104): 32495-

32497. 

 

Estrela, J. M., Ortega, A. and Obrado, E. (2006). Glutathione in cancer biology and therapy. 

Critical Reviews in Clinical Laboratory Sciences, 43: 143-181. 

 

Eto, M. (1979). Organophosphorus Pesticides: Organic and Biological Chemistry. Boca Raton 

(FL): CRC Press.  



150 

 

Extension Toxicity Network (EXTOXNET) (2003). Pesticide information Profile for Fenthion.      

Cooperative Extension Offices of Cornell University, Michigan State University, Oregon 

State University and University of California at Davis. 

http://pmep.cce.cornell.edu/profiles/extoxnet/dienochlor-glyphosate/fenthion-ext.html. 

Accessed 22nd July, 2014. 

 

Fang, J. K., Au, D. W., Wu, R. S, Chan, A. K., Mok, H. O. and Shin, P. K. (2009). The use of 

physiological indices in rabbit fish Signus oramin for monitoring of coastal pollution. 

Marine Pollution Bulletin, 58: 1229-1235. 

Fanta, E., Rios, F. S., Romao, S., Vianna, A. C. C. and Freiberger, S. (2003). Histopathology of 

the fish Corydoras paleatus contaminated with sublethal levels of organophosphorus in 

water and food. Ecotoxicology and Environmental Safety, 54(2): 119-130. 

Felton, G. W. (1995). Oxidative stress of vertebrates and invertebrates. In: Ahmad, S. (Editor). 

Oxidative Stress and Antioxidant Defenses in Biology. Chapman and Hall, New York. pp. 

356-434. 

Fensake, R. A., Lu, C., Bar, D. and Needham L. (2002). Children’s  exposure to chlorpyrifos and 

parathion in an agricultural community in Central Washington State. Environmental 

Health Perspectives, 110: 549-553. 

 

Finney, Y. T. (1971). Probit Analysis. Cambridge University Press: Cambridge. pp. 333. 

 

Frear, D. S., Mansager, E. R. and Swanson, H. R (1989). Picloram metabolism in leafy spurge: 

isolation and identification of glucose and gentiobiose conjugates. Journal of 

Agricultural and Food Chemistry, 37: 1408–1412. 

Gabriel, U. U., Amakiri, E. U. and Ezeri, G. N. O. (2007).  Haematology and gill pathology of 

Clarias gariepinus exposed to refined petroleum oil, kerosene,  under laboratory 

conditions. Journal of Animal and Veterinary Advances, 6(3): 461-465. 

Garibaldi, L. (1996). List of Animal species in aquaculture. FAO Fish Circular, 917: 1-37. 

Gate, L., Paul, J. and Ba, G. N. (1999). Oxidative stress induced Q9 in pathologies: the role of 

antioxidants. Biomedical and Pharmacology Journal, 53: 169–180. 

 

Gecit, I., Karak, S. and Yüksel, M. B. (2014). Effect of short-term treatment with levosimendan 

on antioxidant stress in renal tissues of rats. Toxicology and Industrial Health, 30(1): 47-

51. 

 

Gernhofer, M., Pawet, M., Schramm, M., Muller, E. and Triebskorn, R. (2001). Ultra structural 

biomarkers as tools to characterize the health status of fish in contaminated streams. 

Journal of Aquatic Ecosystem, Stress and Recovery, 8: 241-260. 

Giordano, G., Afsharinejad, Z., Guizzetti, M., Vitalone, A., Kavanagh, T. J. and Coasta, L. G. 

(2007). Oganophosphate insectide chlorpyrifos and diazinon and oxidative stress in 

neuronal cells in a genetic model of glutathione deficiency. Toxicology and Applied 

Pharmacology, 219: 181-189. 

 

Gopi, L. (1993). Chronic Toxic Effects of Fenthion- the Organophosphorus Insecticide to 

Common Freshwater Fish Cyprinus carpio. Ph.D Thesis, University of Mumbai. 

 



151 

 

Gordon, C. J. and Mack, C. M. (2003). Influence of gender on thermoregulation and 

cholinesterase inhibition in the long-evans rat exposed to diazinon. Journal of Toxicology 

and Environmental Health, 66: 291-304. 

 

Grimsley, J., Rastogi, V. and Wild, J. (1997). Biological detoxification of organophosphorus 

neurotoxins. Pages 557-613. In: Sikdar, S. and Ivine, A. (Editors). Bioremediation 

Principles and Practice- Biodegradation Technology Developments. Technomic 

Publishers, New York. 

 

Gultekin, F., Delibas, N., Yasar, S. and Kilinic, I. (2001). Ascobic Acid Ameliorates toxic effects 

of chlorprifos on Testicular functions of Albino rats. British Journal of Pharmacology 

and Toxicology, 2(5): 262-269. 

 

Hall, J. C, Wickenden, J. S. and Yau, K. Y. F (2001). Biochemical conjugation of pesticides in 

plants and microorganisms: an overview of similarities and divergences. Pages 89–118. 

In: Hall, J. C. Hoagland, R. E. and Zablotowicz, R. M. (Editors). Pesticide 

Biotransformation in Plants and Microorganisms: Similarities and Divergences. 

Washington, DC: American Chemical Society. 

 

Halliwell, B. and Chirico, S. (1993). Lipid peroxidaiton: its mechanism, measurement, and 

significance. The American Journal of Clinical Nutrition, 57: 715 - 1393. 

 

Hart, W. B., Weston, R. F. and Dermann, J. G.  (1948). An apparatus for oxygenating test 

solution which fish are used as test animals for evaluating toxicity. Transactions of 

American Fisheries Society, 75: 288-236. 

 

Hasan, H. A. and Secer, S. (2003). Width length-weight relationship of the blue crab (Callinectes 

sapidus) population living in Beymelek Lagoon Lake. Turkish Journal Veterinary and 

Animal Science 27: 443- 442. 

Hatzios, K. K. (1991). Biotransformation of herbicides in higher plants. Pages 141–185 In: 

Grover, R. and Cessna, A. J. (Editors). Environmental Chemistry of Herbicides. Boca 

Raton, FL: CRC Press. Pp. 141-185. 

 

Heath, A. G. (1995). Water Pollution and Fish Physiology. Second Edition. Lewis Publishers, 

Boca Raton, Fl. 

 

Hibiya, T. (1982). An Atlas of Fish Histology: Normal and Pathological Features. Tokyo: 

Kodansha. 

Hsu, S. Y., Epstein, R. L., Huei Jen, C. and Tian Fuh, S. (1995). Depletion of pesticides through 

chicken eggs. Journal of Food Science, 22: 542–549. 

 

Huet, M. (1972). Textbook of Fish Culture, Breeding and Cultivation of Fish. Fishing News 

Books Ltd., Farnham, Surrey, England. 

International Joint Commission (1977). New and Revised Great Lakes Water Quality Objectives. 

Great Lake Basin, Windsor; IJC: Ottawa, ON, Canada. 



152 

 

Ilaboya, D. E. (2011). Characterization of Genetic Strains in Clariid Species, Clarias gariepinus 

and Heterobranchus bidorsalis Using Microsatellite Markers. Project. University of 

Agriculture, Abeokuta, Ogun State, Nigeria. 

Indian Council of Agricultural Research (2006). Handbook of Fisheries and Aquaculture. 

Directorate of Inform and Public of Agric., New Delhi. 

Irwin, W. H. (1945). Method of precipitating colloidal soil particles from impounded waters of 

Central Oklahoma. Oklahoma Agricultural and Mechanical Colleges, Bull. 42: 16 - 20. 

Israel, S. S. and Sam, M. S. (2012). Biochemical changes in certain tissues of Cirrhinus mrigala 

(Hamilton) (Cyprinidae: Cypriformes) exposed to fenthion. International Journal of 

Environmental Sciences, 2(3): 1-10. 

 

Jain, N. C. (1993). Essentials of Veterinary Haematology. Blakwell Publishing, Philadelphia, 

P.A. 

 

Jain, N., Sharma, P., Sharma, N. and Joshi, S. C. (2009). Haemato-biochemical profile following 

sub acute toxicity of malathion in male albino rats. Pharmacologyonline, 2: 500-506. 

 

Jaya, S. and Ajay, S. (2014). Genotoxic and haematological effects of commonly used fungicide 

on fish, Clarias batracus. Journal of Biology and Earth Sciences, 4(2): 137 - 143. 

 

Jelks, H. L., Walsh, S. J., Burkhead, N. M., Countreras-Balderas, S., Diazpardo, E., Hendrickson, 

D. A., Lyons, J., Mandrak, N. E., McCormick, F., Nelson, J. S., Platania, S. P., Porter, B. 

A., Renaud, C. B., Schmitter-Soto, J. J., Taylor, E. B. and Warren, M. L. (2008). 

Conservation status of imperiled North American freshwater and diadromous fishes. 

Fisheries, 33: 372-407. 

 

Jeyarathnam, J. (1990). Acute pesticide poisoning: a major global health problem. World Health 

Statistics Quarterly, 43: 139-144. 

 

John, S., Kale, M. Rathore, N. and Bhatnagar, D. (2001). Protective effect of vitamin E in 

dimenthoate and malathion induced oxidative stress in rat erythrocytes. Journal of 

Nutritional Biochemistry, 12: 500-504. 

 

Johnson, C. M. and Toledo, M. C. F. (1993). Acute toxicity of endosulfan to the fish 

Hyphessobrycon bifasciatus and Brachydanio rerio. Archives of Environmental 

Contamination and Toxicology, 24: 151-155. 

 

Jordaan, M. S., Reinecke, S. A. and Reinccke, A. J. (2013). Biomarker responses and 

morphological effects in juvenile Tilapia, Oreocheromis mossambicus following 

sequentic exposure to the organophosphate azinphosmethyl. Aquatic Toxicology, 144 and 

145: 133-140. 

 

Joshi, A. K. and Rajini, P. S. (2009). Reversible hyperglycemia in rats following acute exposure 

to acephate, an organophosphorus insecticide: role of gluconeogenesis. Toxicology, 257: 

593-602. 

 



153 

 

Julka, D., Pal, R. and Gill, K. D. (1993). Neurotoxicity of dichlorvos: effect on antioxidant 

defence system in the rat central nervous system. Experimental and Molecular 

Pathology, 56: 144 – 152. 

 

Junquera, P. (2014). Fenthion safety summary for veterinary use on dogs, cats, cattle, sheep, 

goats and swine. Toxicity, poisoning, intoxication, overdose, antidote. Parasitipedia.net. 

Accessed 18
th

 February 2015. 

Jyostana, A. P., Arun, J. P. and Sanjay, P. G. (2003). Biochemical effects of various pesticides 

on sprayers of grape gardens. Indian Journal of Clinical Biochemistry, 18(2): 16-22. 

 

Kanchan, U., Chaki, S. P. and Misro, M. M. (2002). Evaluation of peroxidative stress and 

enzymatic antioxidant activity in liver and kidney during pregnancy and lactation in rats. 

Health and population-perspectives and Issues, 25(4): 177-185. 

Kanter, A. and Celik, I. (2012). Acute effects of fenthion on certain oxidative stress biomarkers 

in various tissues of frogs (Raga ridibunda). Toxicology and Industrial Health, 28(4): 

369-376. 

 

Kaur, S. and Dhanju, C. K. (2004). Enzymatic changes induced by some organophosphorous 

pesticides in female rats. Indian Journal of Experimental Biology, 42: 1017 – 1019. 

 

Kavitha, P. and Venkateswara Rao, J. (2008). Toxic effects of chlorpyrifos on antioxidant 

enzymes and target enzyme acetylcholinesterase interaction in mosquito fish, Gambosia 

affinis. Journal of Environmental Toxicology and Pharmacology, 26:192-198. 

 

 Kazemi1, M., Tahmasbi1, A. M., Valizadeh1, R., Naserianl, A. A. and Soni, A. (2012). 

Organophosphate pesticides: A general review. Agricultural Science Research Journals, 

2(9): 512- 522.  

Kenega, E. F (1979). Aquatic test organism and methods useful for assessment of chronic 

toxicity of chemicals. In: Dickson, K.L., Maki, A.W., Cairms, Jr., J. (Eds.), Analyzing the 

Hazard Evaluation Process., American Fisheries Soc., Washington, DC, p. 101. 

Keremi, R. I., Davies, O. A. and Abezi, I. D. (2014). Physico-chemical analysis of fish pond 

water in freshwater areas of Bayelsa State, Nigeria. Greener Journal of Biological 

Sciences, 4(2): 033-038. 

Khalid, A. G. (2012). Acute toxicity and effects of sub-lethal malathion exposure on biochemical 

and haematological parameters of Oreochromis niloticus. Journal of Scientific Research 

and Essays, 7(16): 1674-1680. 

 

Khallaf, E. A. and Authman, M. (1991). A study of some reproduction characters of Bagrus 

bayad, forskal, in Bahr Shebeen Canal. Journal of Egyptian German Society of Zoology, 

4: 123-138. 

 

Kiew, P. M. and Don, M. M. (2012). Jewel of the seabed: sea cucumbers as nutritional and drug 

candidates. International Journal of Food Sciences and Nutrition, 63(5): 616-632. 

 



154 

 

Kitamure, S., Suzuki, T., Ohta, S. and Fusimoto, N. (2003). Acute toxicity of endosulfan to the 

fish Hyphessobrycon bifasciatus and Brachydanio rerio. Environmental Health 

Perspective, 111(4): 503-508. 

 

Koch, D., Lu, C., Fisker-Andersen, J., Jolley, L. and Fenske, R. A. (2002). Temporal association 

of children’s pesticide exposure and agricultural spraying: Report of a longitudinal 

biological monitoring study. Environmental Health Perspectives, 110: 829 – 833. 

 

Kolbasi, T. B., Burcu, I., Ucuncu, S. and Onen, O. (2009). The Effects of Sodium Perchlorate on 

the liver of Molly fish Poecilia sphenops, ( Cyprinidae, Teleostei): African  Journal of 

Biotechnology,  8(11): 2640-2644. 

Kori-Siakpere, O. and Ubogu, T. O (2008). Sublethal haematological effects of zinc on the 

freshwater fish, Heteroclarias species (Osteichthyes: Clariidae). African Journal of 

Biotechnology, 7(12): 2068-2073. 

Koryagin, A. S., Krylova, E. V. and Lukyanova, L. D. (2002). Effect of ubiquinone-10 on the 

blood system in rats exposed to radiation. Bulletin of Experimental Biology and 

Medicine, 133: 562 – 564. 

 

Kumar, M., Prasad, M. R., Srivastva, K., Tripathi, S. and Srivastva, A. K. (2010). Branchial 

histopathological study of Catfish Heteropneustes fossilis following exposure to purified 

neem extract, Azadirachtin. World Journal of Zoology, 5(4): 239-243. 

Lawrence, R. A. and Burk, R. F. (1976). Glutathione peroxidase activity in selenium deficient rat 

liver. Biochemical and Biophysical Research Communications, 71: 952–958. 

 

Lazar, M. and Lazar, R. (2012). Studies concerning the biometrics, haematology and 

biochemistry of meat in carp (Cyprinus carpio). Lucrӑri Stintifice –Seria Zootehnie, 57: 

44-49. 

 

Lease, H. M., Hansen, J. A., Bergman, H. L. and Meyer, J. S. (2003). Structural changes in gills 

of Lost River suckers exposed to elevated pH and ammonia concentrations. Comparative 

Biochemistry and Physiology, 134: 491-500. 

Li, Z. H., Velisek, J., Zlabek, V. and Grabic, R. (2011). Chronic toxicity of verapamil on juvenile 

rainbow trout (Oncorhynchus mykiss): Effects on morphological indices, hematological 

parameters and antioxidant responses. Journal of Hazardous Materials, 185: 870–880. 

 

Livingstone, D. R. (2001). Contaminant-stimulated reactive oxygen species production and 

oxidative damage in aquatic organisms. Marine pollution Bulletin, 42: 656-666. 

Lizama, M., Delos, A. P. and Ambrosio, P. (2002). Condition factor in nine species of fish of the 

characidae family in the upper Parana River flood plain Brazil. Brazillian Journal of 

Biology, 62: 1519 – 1526. 

Lohner, T. W., Reash, R. J., Lalillet, V. E. and Rose, L. A. (2001). Assessment of tolerant 

sunfish population (Lepomis spp.) inhabiting selenium-laden coal. 

 

Londis, W. G. and Yu, M. H. (1995). Introduction to Environmental Toxicology: Impacts of 

Chemical upon Ecological System. Lewis Publishers, Boca Raton. 

 



155 

 

Lorez-Barea, J. (1990). Biomarkers to detect environmental pollution. Toxicology letters, 88: 77-

79. 

Lu, C., Knutson, D. E., Fisker-Anderson, J. and Fenske, R. A. (2001). Biological monitoring 

survey of organophosphorous pesticide exposure among pre-school children in the Seattle 

Metropolitan Area. Environmental Health Perspectives, 109: 299 – 303. 

 

Lucero, L., Pastor, S., Suarez, S., Durban, R., Gomez, C., Parron, T., Creus, A. and Maros, R. 

(2000). Journal of Mutation Research, 464: 255-262. 

 

Machado, M. and Fanta, E. (2003). Effects of the organophorous methyl parathion on the 

branchial epithelium of a freshwater fish Metynnis eoosevelti. Brazilian Archives of 

Biology and Technology, 46(3): 361-372. 

Marigoudar, S. R., Nazeer, A. and David, R. (2009). Impact of cypermethrin on behavioural 

responses in the freshwater teleost, Labeo rohita (Hamilton). World Journal of Zoology, 

4: 19-23. 

 

Marther Minaich, E. and Di Giulio, R. T. (1991). Oxidant, mixed function oxidase and 

peroxisomal responses in channel catfish exposed to a bleached kraft mill effluent. 

Archives of Environmental Contamination and Toxicology, 20: 391-397. 

 

Martinez-Alvarez, R. M., Morales, A. C. and Sanz, A. (2005). Antioxidant defenses in fish: 

Biotic and abiotic factors. Reviews in Fish Biology and Fisheries, 15: 75-88. 

McKellar, R. L., Dishburger, H. J., Rice, J. R., Craig, L. F. and Pennington, J.  (1976). Residues 

of chlorpyrifos, its oxygen analogue, and 3, 5, 6-trichloro-2-pyridinol in milk and cream 

from cows fed chlorpyrifos. Journal of Agricultural and Food Chemistry, 24: 283–286. 

 

Memaster, M. E., Van Der Kraak, H. I., Portt, G. J., Monkittrick, C. B., Sibley, K. R., Smith, P. 

K. and Dixon, D. G. (1991). Changes in hepatic mixed function oxygenase (MFO) 

activity, plasma steroid levels and age and maturity of a white sucker (Castostomes 

commersoni) population exposed to bio acute Kraft mill effluent. Aquatic Toxicology, 21: 

191-218. 

 

Meyers, T. R. and Hendricks, J. D. (1985). Histopathology. In: Rand, G. M., Petrocellis, R. 

(Editors). Fundamentals of Aquatic toxicology: Methods and Application. Washington, 

DC Hemisphere Publishing Corp, Pp. 283-331. 

Miles, C. J. and Pfeuffer, R. J. (1997). Pesticides in canals of South Florida. Archives of 

Environmental Contamination and Toxicology, 32: 337-345. 

 

Misra, P. and Fridovich, I. (1972). The role of superoxide anion in the autooxidation of 

epinephrine and a simple assay for superoxide dismutase. Journal of Biological 

Chemistry, 247: 3170–3175. 

 

Mohamed, F. A. (2009). Histopathological studies on Tilapia zillii and Solea vulguris from Lake 

Qarun, Egypt. World Journal of Fish and Marine Sciences, 1(1): 29-39. 

Mohammed, N. S. M., Solttani, M., Kamali, A., Imanpu, M. R., Sharifpour, I. and Khara, H. 

(2012). Effects of organophosphate, diazinon on some haematological and biochemical 



156 

 

changes in Rutilus frisil kutum (Kamensky, 1901) male brood stocks. Iranian Journal of 

Fisheries Sciences, 11: 105-117. 

Molnar, G. Y. (1960). Methode de Blotentnahme fur haematologische intersuchungen bei 

Fishcen. Journal of Zoo and Fish, 9: 101-106. 

 

Monserrat, J. M., Martinez, P. E., Geracitano, L. A., Amado, L. L., Martins, C. M. G., Pinho, G. 

L. L., Chaves, I. S. C., Ferreira-Cravo, M., Ventura-Lima, J. and Bianchini, A. (2007). 

Pollution biomarkers in estuarine animals: critical review and new perspectives. 

Comparative Biochemistry and Physiology, 146: 221–234. 

 

Munshi, J. S. D. and Dutta, H. M. (1996). Fish Morphology. Horizon of New Research Science 

Publishers, Inc., USA. 

 

Muralidharan, L. (2012). Haemato-Biochemical Alternations induced by chronic exposure to 

Fenthion in Cyprinus carpio. Trends in Fisheries Research, 1(3): 19-25. 

 

Muralidharan, L. (2014a). Chronic toxic impacts of fenthion on the profiles of enzymes in the 

freshwater fish Cyprinus carpio (Linn). International Journal of Fisheries and Aquatic 

Studies, 1(4): 51-56. 

 

Muralidharan,  L. (2014b). Histopathological studies on carp (Cyprinus carpio) exposed to 

fenthion. International journal of advanced research, 2: 11-26. 

Muralidharan, L. (2014c). Chronic toxicity studies on proximate composition of Cyprinus carpio 

exposed to fenthion. International Journal of Fisheries and Aquatic Studies, 1(5): 221-

227. 

Muralidharan, L. and Pillai, S. (2012). Chronic effects of organophophorus insecticides. 

‘fenthion’ in melanophore pigments of Cyprinus carpio (Linn). ARPN Journal of Science 

and Technology, 2: 296-300. 

 

Murty, A. S. (1986). Toxicity of Pesticides to Fish. CRC Press Inc Boca Raton. Page 143. 

 

Myers, M. S., Olson, O. P., Johnson, L. L., Stehr, C. S., Homt, R. and Varansi, U. (1992). 

Hepatic neoplasm and related lesions and exposure to toxic chemicals in marine fish from 

U.S West. Environmental Health Perspectives, 90: 7-15. 

 

Myers, M. S., Rhodes, L. D. and McCain, B. B. (1987). Pathologic anatomy and patterns of 

occurrence of hepaticneoplasms, putative preneoplastic lesions and other iodiopathic 

hepatic conditions in English sole (Parophrys vetulus) from Puget Sound, Washington. 

Journal of National Cancer Institute, 78: 333-363. 

 Nahed, S. G. (2011). Oxidative stress and antioxidant enzymes in Oreochromis niloticus as 

biomarkers of exposure to crude oil pollution. International Journal of Environmental 

Science and Engineering, 1: 49-58. 

Na-Nakorn, U. (1999). Genetic factors in fish production: a case study of the catfish Clarias In: 

Mustafa, S. (Editor). Genetics in Sustainable Fisheries Management. Fishing News 

Books, London. 



157 

 

Naqvi, T. A., Kahhar, N. A., Hussain, M., Shar, A. and Ahmed, S. (2011). Microcosm studies for 

the biodegration of carbaryl in soil. Pakistan Journal of Botany, 43(2): 1079-1084. 

 

National Academy of Sciences/National Academy of Engineering (NAS/NAE)(1973). Water 

Quality Criteria, EPA-R3–033; US Government Printing Office: Washington, DC, USA. 

 

Natala, A. J. and Ochoje, O. S. (2009). Survey of pesticides used in the control of ectoparasites 

on farm animals in Kaduna, Northern Nigeria. Journal of Animal and Plant Science, 4(1): 

276-280. 

 

National Institute of Environmental Health (2014).  www.niehs.nih.gov/health/tropics/sience/bio. 

Accessed on 14th July, 2014. 

 

Nelson, D. A. and Morris, M. W. (1989). Basic methodology, part IV: haematology and 

coagulation. In: Henry, J. B. (Editor). Clinical Diagnosis and Management by Laboratory 

Methods. 17th Edition. WB Saunders Company, Philadelphia. 

 

Nose, K. (2000). Role of reactive oxygen species in the regulation of physiological functions. 

Biological and Pharmaceutical Bulletin, 23(8): 897-903. 

 

Nsikak, U. B. and Aruwajoye, L. O. (2011). Assessment of contamination by organochlorine 

pesticides in Solanum lycopersicum L. and Capsicum annuum L: A market survey in 

Nigeria. African Journal of Environmental Science and Technology, 5(6): 437-442. 

 

Nwani, C. D., Lakra, W. S., Nagpure, N. S. Kumar, R., Kushwaha, B. and Srivastava, S. K. 

(2010). Mutagenic and genotoxic effects of carbosulphan in freshwater fish Channa 

punctatus (Bloch) using micronucleus assay and alkaline single-cell gel electrophoresis. 

Food and Chemical Toxicology, 48: 202-208. 

 

Nwani, C. D., Nagpure, N. S., Kumar, R., Kushwaha, B., Kumar, P. and Lakra, W. S. (2011). 

Mutagenic and genotoxic assessment of atrazine-based herbicide to freshwater fish 

Channa punctatus (Bloch) using micronucleus test and single cell gel electrophoresis. 

Environmental Toxicology and Pharmacology, 31: 314-322. 

 

Nwani, C. D., Ama, U. I., Okoh, F., Oji, U. O., Ogbonyealu, R. C. and Agha, A. (2013a). Acute 

toxicity of the chloroacetanilide herbicide butachlor and its effects on behaviour of the 

freshwater fish Tilapia zilli. African Journal of Biotechnology, 12: 499-503. 

 

Nwani, C. D. Ivoke, N., Ugwu, D. O., Atama, C., Onyishi, G. C., Echi, P. C. and Ogbonna, S. A 

(2013b). Investigation on acute toxicity and behavioural changes in a freshwater catfish, 

Clarias gariepinus (Burchell, 1822), exposed to organophosphorous pesticide, Termifos. 

Pakistan Journal of Zoology, 45(4): 959-965. 

 

Nwani, C. D., Ifo, C. T., Nwamba, H. O., Ejere, V. C., Onyishi, G. C., Oluah, S. N., Ikwuagwu, 

O. E. and Odoh, G. E. (2014a). Oxidative stress and biochemical responses in the tissues 



158 

 

of African catfish Clarias gariepinus Juvenile following exposure to primextra herbicide. 

Drug and Chemical Toxicology. 1528-6014. 

 

Nwani., C. D., Nnaji, M. C., Oluah, S. N., Echi, P. C., Nwamba, H. O., Ikwuagwu, O. E. and 

Ajima, M. N. O. (2014b). Mutagenic and physiological responses in the juveniles of 

African catfish, Clarias gariepinus (Burchell 1822) following short term exposure to 

praziquantel. Tissue and Cell, 46: 264-273. 

 

Nwani, C. D., Ekwueme, H. I., Ejere, V. C., Onyeke, C. C., Chukwuka, C. O., Onas, P. S. and 

Nwadinigwe, A. O. (2015a). Physiological effects of paraquat in juvenile African catfish 

Clarias gariepinus (Burchel 1822). Journal of Coastal Life Medicine, 3(1): 35-43. 

 

Nwani, C. D., Agrawal, N. D., Raghuvanshi, S., Jaswal, A., Shrivastava, S., Sinha, N., Onyishi, 

G. and Shukla, S. (2015b). Toxicological effects of carbosulfan in rats: antioxidant, 

enzymological, biochemical and haematological responses. Journal of Toxicology and 

Environmental Health, 11: 1-9. 

 

Oh, H. S., Lee, S. K., Kim, Y. H. and Roh, J. K. (1991). Mechanism of selective toxicity of 

diazinon to killifish (Oryzias latipes) and loach (Misgurnus anguillicaudatus). Aquatic 

Toxicology and Risk Assessment, 14: 343-353. 

 Olurin, K.., Olojo, E., Mbaka, G. and Akindele, A. (2006). Histopathological responses of the 

gill and liver tissues of Clarias gariepinus fingerlings to the herbicide, glyphosate. 

African Journal of Biotechnology, 5: 2480-2487. 

 

Orbea, A., Ortiz – Zarragoitia, M., Sole, M., Porte, C. and Cajaraville, M. P. (2002). Antioxidant 

enzymes, and peroxisome proliferation in relation to contaminant body burdens of PAHs 

and PCBs in bivalve molluscs, crabs and fish from the Urdaibai and Plentzia estuaries 

(Bay of Biscay). Aquatic Toxicology, 58: 75-98. 

 

Ortiz-Hernandez, M. L. and Sanchez-salinas, E. (2010). Biodegradation of the organophosphate 

pesticide tetrachlorvinphos by bacteria isolated from agriculture soils in Mexico. Revista 

International de Contamination Ambiental, 26(1): 27-38. 

 

Oruc, E. O. (2010). Oxidative stress, steroid hormone concentrations and acetycholinesterase 

activity in Oreochromis niloticus exposed to chlorpyrifos. Pesticide Biochemistry and 

Physiology, 96: 106-166. 

 

Oschsendorf, F. R. (1999). Infections in the male genital tract and reactive oxygen species. 

Human Reproduction Update, 5: 399 – 420. 

 

Ozer, J., Ratners, M., Shaw, M. and Bailey, S. (2008). The current state of serum biomakers of 

hepatotoxity. Toxicology 245:194-205. 

Pandey, S., Kumar, R., Sharma, S., Napure, N. S., Srivastava, S. K. and Verma, M. S. (2005). 

Acute toxicity bioassays of mercuric chloride and malathion on air-breathing fish Channa 

punctatus (Bloch). Ecotoxicology and Environmental  Safety, 61: 114-120. 

 



159 

 

Patil, J. A., Patil, A. J. and Govindwar, S. P. (2003). Biochemical effects of various pesticides on 

sprayers of grape gardens. Indian Journal of Clinical Biochemistry, 18: 16 – 22. 

 

Paudyal, B. P. (2008). Organophosphorus poisoning. Journal of Nepal Medical Association, 

47(172): 251-258. 

 

Pereira, L., Fernandes, M. N. and Martinez, C. B. R. (2013). Haematological and biochemical 

alterations in the fish Prochilodus lineatus caused by the herbicide clomazone. 

Environmental Toxicology and Pharmacology, 36: 1–8. 

Pest Managing Regulatory Agency (2004). Reevaluation of fenthion. Reevaluation decision 

document, PMRA, RRD 2004-10. 

 

Peter, J. V. and Cherian, A. M. (2000).  Organic insecticides. Anaesthesia Intensive Care, 28: 11-

21. 

Pimental, D. and Levitan, L. (1986). Pesticides: amounts applied and amounts reaching pests. 

Biosciences, 36, 86–91. 

Prakasam, A. and Sethupathy S. (2001). Vitamin E supplementation on biochemical changes 

observed in agricultural workers exposed to different classes of pesticides. Indian Journal 

of Clinical Biochemistry, 16: 185-189. 

 

Quinn, A. L. (2007). The Impacts of Agricultural Chemicals and Temperature on the 

Physiological Stress Response in Fish. M.Sc. Thesis. University of Lethbridge, 

Lethbridge, Alberta, Canada. 

 

Ramah, K. (2011). Histopathological study on the effects of rice herbicides on grass carp 

(Ctenopharyngodan idella). African Journal of Biotechnology, 10(7): 1112-1116. 

Ranjbar, A., Pasalar, P. and Abdollahi, M. (2002). Induction of oxidative stress and 

acetylcholinesterase inhibition in organophosphate pesticide manufacturing workers. 

Human and Experimental Toxicology, 21: 179 – 182. 

 

Rauf, A. and Arain, N. (2013). Acute toxicity of diazinon and its effects on haematological 

parameters in the Indian carp, Cirrhinus mrigala (Hamilton). Turkish Journal of 

Veterinary and Animal Sciences, 37: 535-540. 

 

Reigart, R. J. and Roberts, J. R. (1999). Recognition and management of pesticide poisonings. 6
th

 

Edition. http://www2.epa.gov/pesticide-worker-safety. Accessed: 17th August, 2014. 

 

Rendo’n-von Osten, J., Ortiz-Arana, A., Guilhermino, L. and Soares, A. M. V. M. (2005). In 

vivo evaluation of three biomarkers in the mosquito fish (Gambusia yucatana) exposed to 

pesticides. Chemosphere, 58(5): 627 – 636. 

 

Roberts, R. J. (2001). Fish Pathology. Third Edition. Bailliere Tindall, London. 

Robinette, H. R. (1976). Effects of selected sublethal levels of ammonia on the growth of 

channel catfish (Ictalurus punctatus). Progressive Fish Culturist, 38: 26-29. 

Ronald, W. G. and Bruce, A. B. (1990). Organosomic indices and an autopsy based assessment 

as indicators of health condition of fish. American Fisheries Society, 8: 93-108. 



160 

 

 

Royal Society of Chemistry (2015). Fenthion. www.rsc.org.Accessed: 3
rd

 January, 2015. 

Rusia, V. and Sood, S. K. (1992). Routine haematological tests. In: Mukerjee, K. L. (Editor). 

Medical Laboratory Technology. Tata McGraw Hill, New Delhi. Pp 252-258. 

 

Saloom, M. E. and  Duncan, R. S.  (2005). Low dissolved oxygen levels reduce anti-predator 

bahaviours of the freshwater Clam, Corbicula fluminea. Fresh Water Biology, 50: 1233-

1238. 

Sampath, K., Velamnial, S., Kenedy, I. J. and James, R. (1993). Haematological changes and 

their recovery in Oreochromis massambicus as a function of exposure period and 

sublethal levels of Ekalus. Acta hydrochim Hydrobiologica, 35: 73-83. 

 

Santos, L. H., Araujo, A. N., Fachini, A., Pena A, Deleure-Matos, C. and Montene-gro, M. C. B. 

(2010). Ecotoxicological aspects related to the presence of pharmaceuticals in the aquatic 

environment. Journal of Hazard Materials, 175: 45-95. 

 

Saravanan, M., Kumar, K. P. and Ramesh, M. (2011). Haematological and biochemical 

responses of fresh water teleost fish Cyprinus carpio (Actinopterygii: Cypriniformes) 

during acute and chronic sublethal exposure to lindane. Pesticide Biochemistry and 

Physiology, 100: 206-211. 

 

Saravanan, M., Usha Devi K., Malarvizhi, A. and Ramesh, M. (2012). Effects of ibuprofen on 

haematological, biochemical and enzymological parameters of blood in an Indian major 

carp, Cirrhinus mrigala. Environmental toxicology and Pharmacology, 34: 14-22. 

 

Serdar, C. M. and Gibson, D. T. (1985). Enzymatic hydrolysis of organophosphates cloning and 

expression of a parathion hydrolase gene from Pseudomonas diminuta Biotechnology, 3: 

567-571. 

 

Sevgiler, Y. and Uner, N. (2010). Tissue-Specific effects of fenthion on glutathione metabolism 

modulated by NAC and BSO in Oreochromis niloticus. Drug and Chemical Toxicology, 

33(4): 348-356. 

Sevgiler, Y., Piner, P. and Uner, N. (2007). Effects of N-acetylcysteine on oxidative responses in 

the liver of Fenthion exposed Cyprinus carpio. Pesticide Biochemistry and Physiology, 

187: 248-254. 

 

Sharma, P., Sharma, A., Nakuleshwar, D. and Joshi, C. (2014). Organophophorous compounds 

and oxidative stress: a review. Toxicological and Environmental Chemistry. http:// 

dx.doi.org/10.1080/02772248.2014.972045. 

 

Sharma, S. K. and Krishna-murti, C. R. (1986). Production of lipid peroxides by brain. Journal 

of Neurochemistry, 17: 147-149. 

 

Sharma, Y., Bashir, S., Irshad, M., Nag, T. C. and Dogra, T. D. (2005). Dimethoate-induced 

effects on antioxidant status of liver and brain of rats following subchronic exposure. 

Toxicology, 215: 175 – 181. 



161 

 

 

Shimabukuro, R. H (1985). Detoxification of herbicides. Pages 215–240. In: Duke, S. O. 

(Editor). Weed Physiology. Volume 2. FL: CRC Press, Boca Raton. 

 

Singh, B. B. and Narain, S. S. (1982). Acute toxicity of Thiodan to catfish (Heteropneustes 

fossilis). Bulletin of Environmental Contamination and Toxicology, 28: 122-127. 

Sloof, W., van Kreul, C. F. and Baars, A. J. (1983). Relative liver weights and xenobiotic 

metabolizing enzymes of fish from polluted surface waters in The Netherlands. Aquatic 

Toxicology, 4: 1-14. 

Sprague, J. B. (1971). Measurement of pollutant toxicity to fish. I. Bioassay methods for acute 

toxicity. Water Resources, 3: 793–821. 

 

Sternersen, J. (2004). Chemical pesticide: mode of action and toxicology. CRC Press, Baca 

Ration, Florida. 

 

Stoliar, O. B. and Lushchak, V. I. (2012). Environmental pollution and oxidative stress in fish. 

Volodymyr, L. (Editor). Oxidative Stress - Environmental Induction and Dietary 

Antioxidants. http://www.intechopen.com/books/oxidative-stress-environmentalinduction-

and-dietary-antioxidants/environmental-pollution-and-oxidative-stress-in-fish. Accessed: 

3
rd

 January, 2015. 

Tayarani, I., Cloёz, M. and Bourne, J. M. (1989). Antioxidant enzymes and related trace 

elements in aging brain capillaries and choroid plexus. Journal of Neurochemistry, 53: 

817-824. 

 

Taylor, P. (1996). Anticholinesterase agents. In: Hardman, J. G., Limbird, L. E., Molinoff, P. B. 

and Ruddon, R. W. (Editors). The Pharmacological Basis of Therapeutics. 9th Edition. 

Goodman and Gilman’s. 

 

Teugels, G. G. (1986). A systematic revision of the African species of the genus Clarias (Pisces; 

Clariidae). Annals of the South African Museum, 297: 1-199. 

 

Teugels, G. G. (1996). Taxonomy, Phylogeny and Biogeography of Catfishes (Ostariophy; 

Siluroidei): An Overview. Aquatic Living Resources. 

 

Teugels, G. G. and Gourѐne. (1997). Biodiversity and aquaculture of African catfishes 

(Teleostei; Siluroidei): An overview. Genetics and Aquaculture in Africa, 23: 229-239. 

 

Thapar, A., Sandhir, R. and Kiran, R. (2002). Acephate induced oxidative damage in 

erythrocytes. Indian Journal of Experimental Biology, 40: 963 – 966. 

 

Thomas, P. C. and Murthy, T. L. (1976). Studies on impact of few organic pesticides on certain 

fish enzymes. Indian Journal Animal Sciences, 46(11): 419-429. 

 

Thrall, M. A. (2004). Haematology of Amphibians, Veterinary Haematology and Clinical 

Chemistry: Text and Clinical Case Presentations. Lippincott Williams and Wilkins, 

Philadelphia, P.A. 



162 

 

 

Trendazor, C., Hidalgo, M. C., Garcia-Gallego, M., Morales, A. E., Furne, M., Domezain, A., 

Domezain, J. and Sauz, A. (2006). Antioxidant enzymes and lipid peroxidation in 

sturgeon Acipenser naccarii and trout Oreochronus mykiss. Journal of Aquaculture, 254: 

758-767. 

Trovo, A. G., Villa, R. D. and Nogueira, R. F. P. (2005). Utilizacao de reacoea foto fenthon na 

preveucao de contaminacoes agricolas. Quimica Nova, 28: 847-851. 

 

United States Environmental Protection Agency (2001). Interim Registration Eligibility Decision 

for Fenthion. Office of Prevention, Pesticides and Toxic Substances. Washington, D.C. 

 

Uner, N., Sevgiler, Y., Durmaz, H. Piner, P. and Cinkiloglu, E. (2009). N-acetylcysteiene 

provides dose-dependent protection against fenthion toxicity in the brain of Cypinus 

carpio L. Comparative  Biochemistry and Physiology, 150(50): 33-38. 

 

Van Valin, C.C., Andrews, A.K., and Eller, L.L. (1968). Some effects of mirex on two warm-

water sites. Transactions of the American  Fisheries Society,  97(2): 185-196. 

Vander Oost, R., Beyer, J. and Vermeulen, N. P. E. (2003). Fish bioaccumulation and 

biomarkers in environmental risk assessment: a review. Environmental Toxicology and 

Pharmacology, 13: 57-149. 

 

Vlasto, D. and Ganidi, N. (2004). Genotoxicity of Fenthion in Human Lymphocytes Assessed 

Using the Micronucleus Assay in vitro. 3
rd

 European Conference on Pesticides and 

Related Organic Micropollutants in the Environment. 

 

Wanner, B. L. and Metcalf, W. W. (1992). Molecular genetic studies of a 10.9-kb operon in E. 

coli for phosphonate uptake and biodegradation. FEMS Microbiology Letters, 100: 133-

140. 

Welch, P. S. (1948). Immunological Methods. McGraw-Hill Book Co., New York, USA. 

 

West, G. (1990). Methods of assessing ovarian development in fishes – a review. Australian 

Journal of Marine and Freshwater Research, 41: 199-222. 

 

Williams, P. P., Robbins, J. D., Gutierrez, J. and Davis, R. E. (1963). Rumen bacterial and 

protozoa responses to insecticide substrates. Journal of Applied Microbiology, 11: 517-

522. 

Winston, G. W. and Di Giulio, R. T. (1991). Prooxidant and antioxidant mechanisms in aquatic 

organisms. Aquatic Toxicology, 19: 137-161. 

Worek, F., Diepold, C. and Eyer, P. (1999). Dimethylphosphoryl-inhibited human 

cholinesterases: inhibition, reactivation and ageing kinetics. Archives of Toxicology, 73: 

7-14. 

 

Wu, J. C., Hseu, Y. C. Tsai, J. S, Chen, L. C., Chye, S. M. and Chingchen, S. (2011). Fenthion 

and terbufos induce DNA damage, the expression of tumor-related genes and apoptosis in 

HEPG2 cells. Environmental and Molecular Mutagenesis, 52(7): 529-537. 

 



163 

 

Yadav, A. S., Bhatnagar, A. and Kaur, M. (2010). Assessment of genotoxic effects of butachlor 

in fresh water fish, Cirrhinus mrigala (Hamilton). Research Journal of Environmental 

Toxicology, 4: 223-230. 

 

Yi, X. H., Liu, H. H., Lu, J., Tao, H. and Diny, M. (2007). Altered serum level of sex steroids 

and biotransformation enzyme activities by long-term alachlor exposure in crucian carp 

(Carassius auratus). Bulletin of Environmental Contamination and Toxicology, 79: 283 – 

287. 

 


