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Summary 

Pesticides are used to control agricultural and house-hold pests. However, they pose 

significant risk to non-target aquatic organisms including fish, tadpoles etc. In the present study 

genotoxic and cytogenetic effects of sublethal concentrations of chlorpyrifos (an 

organophosphate) and cypermethrin (a pyrethroid) were observed in the erythrocytes and gill 

cells of Labeo rohita using Comet assay and Micronucleus test. In addition, effects of these 

pesticides on the hematological parameters and behavior of the fish were also investigated. The 

96h LC50 value of pesticides were estimated by Trimmed Spearman-Karber (TSK) software. On 

the basis of LC50 value, the fish were exposed to sublethal concentrations of pesticides for 96h. 

Blood and gill samples were collected at every 24h and were subjected to the Comet assay and 

Micronucleus assay.  

A temporal concentration-dependent effect was observed in DNA damage, micronucleus 

frequencies with tested concentrations of pesticides. Furthermore, it was observed that the gill 

cells are more sensitive to pesticides, as it revealed more DNA damage as compared to the 

erythrocytes of fish. During the experimental period, hematological parameters like total 

erythrocytes count (TEC), hemoglobin and packed cell volume (PCV) decreased, whereas total 

leukocytes count (TLC) increased. Fish exposed to different concentrations of pesticides showed 

different neurotoxic behavioral responses. It was concluded that chlorpyrifos and cypermethrin 

are genotoxic, cytotoxic and neurotoxic insecticides causing DNA damage, micronucleus 

induction and neurotoxic effects in Labeo rohita.  

In the second part of this study, genotoxic effects of sublethal concentrations of 

chlorpyrifos were observed in the erythrocytes of common Indus valley toad (Bufo stomaticus). 

chlorpyrifos induced a significantly (P < 0.05) higher DNA damage in the erythrocytes of Bufo 

stomaticus tadpoles as compared to negative control, depicting the genotoxic nature of 

chlorpyrifos to amphibians. A significant concentration-dependent increase in DNA damage was 

observed at all the exposure concentrations of chlorpyrifos. The lower two sublethal 

concentrations of chlorpyrifos (155 and 233µg/L) showed significant DNA damages as 

compared to negative control, but did not show any significant (P < 0.05) different results with 

respect to each other. The highest concentration (465µg/L) induced significantly (P < 0.05) 

higher DNA damages as compared to negative control and other two chlorpyrifos concentrations 

at all the exposure time durations. 
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Acute sublethal effects of chlorpyrifos were observed on the swimming and feeding 

performance of fathead minnow (Pimephales promelas) larvae. These responses were then 

compared to the transcriptional changes of selected genes. Significant differences were observed 

in the swimming performance and feeding performance of fish larvae exposed to different 

sublethal concentrations of insecticide as compared to the methanol control. Transcription of the 

Cyp1a gene was significantly up-regulated at all the exposure concentrations of chlorpyrifos 

whereas Aspa was significantly down-regulated at 67.5µg/L chlorpyrifos. Genes involved in 

detoxification (Cyp1a and GST), energy metabolism (CK) and neuromuscular activities (Aspa) 

were related with the impairment of swimming and feeding performance in the larvae. 

Transcriptional responses of different genes, quantified by quantitative real time PCR, correlated 

with the effects on the swimming and feeding performance providing a link between changes 

occurring at molecular and whole organism levels.  

Based on the investigations described in this thesis, it is concluded that representative 

pesticides of organophosphate and pyrethroid groups are genotoxic to non target organisms in 

the laboratory conditions. However, a potential future aspect of this study would be to look at the 

genotoxic effects on non target organisms in the field conditions. 
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1. INTRODUCTION 

1.1 Pesticides 

Pesticides are the substances or mixture of substances used for killing, preventing, 

repelling or mitigating any pest. A pesticide can be a chemical substance, biological agent 

(bacteria or virus), disinfectant, antimicrobial or any device used against pests. Pests are the 

organisms that compete with human for food, demolish property, spread or are vectors for 

disease or cause nuisance. Pests may include insects, weeds, plant pathogens, nematodes 

(roundworms), molluscs, birds, mammals etc.  

Pesticides comprised a heterogeneous group of chemicals specifically designed for the 

control of pests. Their application is the most effective and accepted means for the protection of 

plants from pests and has considerably contributed to the enhanced crop yield (Bolognesi, 2003). 

In recent years the use of pesticides in agriculture and houses has been increased gradually. In 

2007, more than 1055 active ingredients were registered as pesticides in USA and marketed in 

some 20,000 pesticide products (Goldman, 2007).        

1.1.1 History of Pesticides 

In 15
th

 century, toxic chemicals like mercury, arsenic and lead were being applied on 

crops to control pests. In the 17
th

 century, nicotine sulfate was used as an insecticide. In the 19
th

 

century, two more natural pesticides, pyrethrum (derived from chrysanthemums) and rotenone 

(derived from the roots of tropical vegetables) were applied to kill pests. Between 1825 and 1850 

quassia, phosphorous paste and rotenone were used. Bordeaux mixture (lime, copper sulfate and 

water) was started to use in 1865 in France to control downy mildew on grapevines. With the 

application of Bordeaux mixture and the arsenical Paris green (1867-1868), the systematic use of 

pesticides had begun. 

In 1939, Paul Muller revealed that DDT (dichlorodiphenyltrichloroethane) was a very 

useful insecticide to control insects of agricultural crops and insects that carry diseases like 

malaria. It rapidly became the most extensively used insecticide in the world and Paul Muller 

was awarded a Nobel Prize for this discovery. In 1940s, manufacturers started to produce large 

amounts of synthetic pesticides and their use became common (Daley et al., 1998). Some 

sources consider the 1940s and 1950s to have been the start of the “pesticide era” (Murphy, 
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2005). Pesticide usage has increased up to 50 fold since 1950 and 2.3 million tons of pesticides 

are now applied each year (Miller, 2002). About 75 percent of all pesticides in the world are used 

in developed countries. However, their use in developing countries is increasing (Miller, 2004). 

In the 1960s, it was observed that DDT was preventing many fish-eating birds from 

reproducing by thinning their egg shell, which was a severe threat to biodiversity (Vos et al., 

2000). Rachel Carson wrote her famous book Silent Spring in 1962 on the biological 

magnification of the pesticides. After that DDT was banned for agricultural purpose in the 

United States in 1972, but it is still in use in some developing countries to prevent malaria. 

1.2 Non target Organisms 

Non target organisms are those that are not intentionally targeted by a pest management 

strategy. Ideally the pesticides must be poisonous to the targeted organisms and not to non-target 

species including human, fish, frogs etc. Unluckily, this is not the case and abuses of pesticides 

happened (Aktar et al., 2009). The labels on pesticides packings are required to indicate which 

organisms are target organisms. In such cases, pesticides also affect organisms not mentioned as 

targeted organisms. In these cases, warnings appear on the label of possible infectivity of these 

non-target organisms. For example, the target organisms of chlorpyrifos are various household 

insects. However, the label warns that the product is also toxic to fish and birds.  

1.3 Classification of Pesticides 

There are several ways to classify pesticides. Pesticides can be classified on the basis of 

name of the pest they target. Accordingly pesticides are classified as; Insecticide for the control 

of insects, Fungicides for the control of fungi, Bactericides for the control of bacteria, Acaricides 

or Miticides for the control of ticks and mites, Rodenticides for the control of rodents (rats and 

mice), Nematicides for the control of nematodes (round worms), Molluscicides for the control of 

snails and slugs, virucides for the control of viruses (e.g. H5N1).   

Pesticides can also be classified as synthetic pesticides or biological pesticides. They can 

be classed as narrow or broad spectrum pesticides. Narrow spectrum or selective pesticides can 

only kill a small number of species whereas broad-spectrum pesticides are those that kill a large 

group of species (Miller, 2004). World Health Organization (WHO) recommended classification 

of pesticides on the basis of toxicity and hazardous nature of the pesticides. According to WHO, 

classification of pesticides with their LD50 values is shown in Table 1.1. 
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Table 1.1: Classification of pesticides on the basis of their acute LD50 as prescribed by WHO 

(WHO, 1986) 

Class 
Toxicity 

Ring Color 

Acute LD50 (Rat) mg/kg body weight 

Oral Dermal 

Solid Liquid Solid Liquid 

Ia, Extremely Hazardous Red 5 or Less 20 or Less 10 or Less 40 or Less 

Ib, Highly Hazardous Blue  5-50 20-200 10-100 40-400 

II, Moderately Hazardous Yellow 50-500 200-2000 100-1000 400-4000 

III, Slightly Hazardous Brown Over 500 Over 2000 Over 1000 Over 4000 

 

 

   Table 1.2: Different classes of pesticides on the basis of their target species. 

Insecticides Algicides Bactericides Rodenticides 

Avicides Antifeedants Bird repellents Plant growth regulators 

Acaricides Fungicides Herbicide safeners Synergists 

Herbicides Insect attractants Mating disrupters Mammal repellents 

Chemosterilants Insect repellents Plant activators Miscellaneous chemicals 

Molluscicides Virucides Nematicides  

 

Major chemical groups of insecticides under use in Pakistan are Organochlorine group, 

Organophosphate group, Pyrethroids group, Carbamate group and miscellaneous group. Most 

important pesticides of each group are as follows.    
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1.3.1  Organochlorine group 

Organochlorine pesticides were extensively used from the 1940s through the 1960s for 

control of agricultural pests and mosquitoes. Most of the pesticides of this group are banned in 

the United States due to their persistence and hazardous effects to the environment and health. 

Due to their persistence, organochlorine pesticides can move long distances in surface runoff and 

ground water. In 1970s these pesticides caused a wide spread reproductive failure in birds 

because the birds consume the fish contaminated with DDT  that resulted in thinning of egg sells 

that cracked before hatching (Vos et al., 2000). 

 

1.3.1A    DDT  (banned in Pakistan as well) 

IUPAC Name:  1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane 

Chemical Formula:   C14H9Cl5 

CAS Number:   50-29-3 

Activity:   Acaricide, Insecticide 

Structure: 

 

1.3.1B    Endosulfan 

IUPAC Name:  6,7,8,9,10, 10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-

2,4,3-benzodioxathiepine 3-oxide 

Chemical Formula:   C9H6Cl6O3S 

CAS Number:   115-29-7 

Activity:   Acaricide, Insecticide  

Structure: 

  



  
 5 

 
  

1.3.2 Organophosphate group 

Organophosphates (OPs) affect the nervous system of animals by irreversible inactivation 

of the acetylcholinesterase (AChE) enzyme. These pesticides were developed during the early 

19
th
 century, but their effects on humans and insects were revealed in 1932. Some compounds of 

this group are highly poisonous and were used in World War II as nerve agent. However, these 

pesticides degrade rapidly by hydrolysis on exposure to air, sunlight and soil. Their property to 

degrade easily made them good alternative to the persistent organochlorine pesticides, such as 

DDT, dieldrin and aldrin. Although organophosphate pesticides degrade faster than 

organochlorines, yet they have higher acute toxicity. More than 40 different OP pesticides are in 

the market today used in agriculture, gardens and homes (Maugh and Thomas, 2010).     

 

1.3.2 A    Profenofos 

IUPAC Name:  (RS)-(O-4-bromo-2-chlorophenyl O-ethyl S-propyl 

phosphorothioate 

Chemical Formula:   C11H15BrClO3PS 

CAS Number:   41198-08-7 

Activity:   Insecticide 

Structure:    
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1.3.2 B    Chlorpyrifos 

IUPAC Name:   O,O-Diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate 

Chemical Formula:   C9H11Cl3NO3PS  

CAS Number:   2921-88-2 

Activity:   Insecticides, Acaricides, Nematicides 

Structure: 

 

1.3.3  Pyrethroid group 

Pyrethroids are the synthetic pesticides developed from naturally occurring substance 

pyrethrin, which is present in chrysanthemums. These pesticides have been modified resulting in 

their increased stability in the environment. Pyrethroids have been used extensively due to the 

restricted use of organophosphate pesticides (Williams et al., 2008). 

 

1.3.3 A    Cypermethrin 

IUPAC Name:  (RS)-α-cyano-3-phenoxybenzyl (1RS)-cis-trans-3-(2,2-

dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate 

Chemical Formula:   C22H19Cl2NO3 

CAS Number:   52315-07-8 

Activity:   Insecticide, Veterinary Treatment 

Structure: 
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1.3.3 B    Bifenthrin 

IUPAC Name:  (2-methylbiphenyl-3-yl)methyl (1R,3S)-3-[(1E)-2-chloro-3,3,3-

trifluoroprop-1-en-1-yl]-2,2-dimethylcyclopropanecarboxylate 

Chemical Formula:   C23H22ClF3O2 

CAS Number:   82657-04-3 

Activity:   Insecticide, Acaricide 

Structure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.google.com.pk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Ji7ZAlrojy8r6M&tbnid=i663DxYFhx2suM:&ved=0CAUQjRw&url=http://www.alanwood.net/pesticides/bifenthrin.html&ei=LS8kUqCkOczu0gXGiYCIDw&bvm=bv.51495398,d.ZGU&psig=AFQjCNF_2mp16xAlyumMCKO1qOXVsevSkw&ust=1378189287022986
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1.3.3 C    Cyhalothrin 

IUPAC Name:  3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-dimethyl-cyano(3-

phenoxyphenyl)methyl cyclopropanecarboxylate 

Chemical Formula:   C23H19ClF3NO3 

CAS Number:   68085-85-8 

Activity:   Acaricide, Insecticide 

Structure: 
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1.3.4  Carbamate group 

Carbamate pesticides also affect the nervous system by disrupting acetyl- cholinesterase 

(AChE) enzyme that regulates acetylcholine, a neurotransmitter. However, in carbamate 

pesticides, the enzyme affects are reversible.  

1.3.4 A   Carbofuran 

IUPAC Name:  2,3-dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate 

Chemical Formula:   C12H15NO3 

CAS Number:   1563-66-2 

Activity:   Acaricide, Insecticide, Nematicide 

Structure: 

 

 

1.3.4 B   Carbaryl 

IUPAC Name:  1-naphthyl methylcarbamate 

Chemical Formula:   C12H11NO2 

CAS Number:   63-25-2 

Activity:   Insecticide, Acaricide, Plant Growth Regulator 

Structure: 
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Although pesticides are an economical means to control growth of unwanted pests, they 

are toxic to aquatic organisms, especially fishes. Excessive use of these chemicals results in 

environmental pollution and toxicity to non target organisms. Thus, the use of pesticides has 

gained worldwide concern (Venkateswara Rao, 2004). In cotton growing areas of the Punjab and 

Sindh (Provinces of Pakistan) widespread use of pesticides is causing environmental problems 

including ground water contamination (Tariq et al., 2007) and health problems in exposed 

populations viz individuals occupationally exposed to pesticides in pesticide production industry 

(Bhalli et al., 2006a; Bhalli et al., 2006b) and cotton picking women (Ali et al., 2008). The share 

of pesticides sprayed on cotton is about 60% of the total pesticides used in these areas (Kang, 

2013). In last 20 years, the use of pesticides in Pakistan has increased by 1169% (Technical 

Bulletin 2000). Only 5 to 10% of the cotton growing areas in the Punjab were sprayed with 

pesticides before 1983, but it has been increased to 100% by 1997 (MinFA, 1995; Tariq, 2005). 

According to the agricultural statistics of Pakistan, 2010-2011, total amount of pesticides used in 

Pakistan in 2010 is 73,632 Metric Tons (Agricultural Statistics of Pakistan, 2011) 

Pesticides are used to control agricultural and house hold pests but can also present a risk 

to non-target organisms.  It is estimated that less than 0.1% of applied pesticides actually reach 

specific target organism, with the remaining 99.9% entering the environment (Pimentel, 1995).  

Contaminants are transferred from the fields and residential areas to urban streams and rivers via 

runoff and storm water (Weston et al., 2005; Brady et al., 2006) leading to contaminated surface 

and ground water. This has been well documented worldwide (Schulz, 2004; Venkateswara Rao, 

2004; Werner et al., 2004; Tariq et al., 2007) with growing concern over the health of aquatic 

organisms, particularly fish.  

 

1.4 Why did we use aquatic organisms for genotoxicity studies? 

Pesticides are transported in the environment through run off, spray drift, seepage, 

evaporation and wind erosion. Water is one of the main ways through which pesticides are 

transported from an application area to other locations in environment (Barbash and Resek, 

1996).  Also most of the environmental contaminants are end up in the water bodies. These are 

the main reasons that the aquatic organisms especially fish and amphibians are selected to be 

used as experimental organisms for the genotoxicity studies of pesticides.    
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Figure 1.1: Pathway of pesticide movement in the hydrologic cycle (Modified from Barbash 

and Resek, 1996) 

 

1.5 Aquatic toxicology 

Aquatic toxicology deals with the study of the effects of environmental pollutants on 

aquatic organisms, like the effect of pesticides on the health of fish or other aquatic organisms. 

Pesticide’s capacity to harm fish and other aquatic organisms mainly depends on its (1) toxicity, 

(2) dose rate, (3) exposure duration and (4) persistence in the environment.   

Toxicity of the pesticide indicates how much toxic potential it has. Some pesticides are 

nontoxic whereas some are extremely toxic. Pesticides are classified into different toxicity 

categories based on their toxicity to different organisms. Dose rate is the quantity of pesticide 

which an animal is given (dermally, orally, or through inhalation). A small quantity of a more 

toxic pesticide may be more damaging than a large dose of a less toxic pesticide. Exposure 

duration refers to the extent of time an animal remain in contact with the pesticide. A short 

exposure to the pesticide may have slight effect on fish, whereas a long exposure may cause 
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harm to fish. Persistence refers to the extent of time a pesticide remains in environment. 

Persistent (long-lasting) remained in aquatic environment for a longer time period and available 

to fish.   

1.5.1 Pesticide exposure to fish 

Fish and aquatic animals are exposed to pesticides in three different ways; (1) dermally, 

direct absorption of pesticides through the skin by swimming in pesticide contaminated water, 

(2) breathing, by uptake of pesticides through the gills in respiration, and (3) orally, by feeding 

on pesticide contaminated animal or by drinking pesticide contaminated water. Poisoning by 

consuming animal that has been poisoned by a pesticide is termed as “secondary poisoning”. For 

example, fish feeding on dead insects poisoned by pesticides may themselves be killed if the 

insects they consume contain large quantities of pesticides.      

1.5.2 Pesticide toxicity to fish and wildlife 

There are four main types of agricultural insecticides are organochlorines (OCs), 

pyrethroids (PYs) organophosphates (OPs) and carbamates (CBs).  

Rachel Carson, in her book Silent Spring, directed public attention towards the adverse 

effects of insecticides on fish, wildlife and the environment. When this book was written, the 

major insecticides used at that time were organochlorines. 

The most notorious organochlorine was DDT, which had devastating effects on fish, 

wildlife and natural environment. Other organochlorines including aldrin, dieldrin, heptachlor, 

mirex and toxaphene were also highly toxic to fish and wildlife and now these insecticides are 

banned in the United States. The ban on many of the organochlorines in the United States played 

a very important role in the survival of fish and wildlife species and the protection of water 

quality.  

Pyrethroids are the synthetic insecticides that are less toxic to birds and mammals but are 

most toxic to fish and aquatic invertebrates. Regardless to the fact that pyrethroids are highly 

toxic to aquatic organisms, they rarely cause fish killings because: (1) they are short lived and 

generally last only few days, (2) they are rapidly absorbed to the bottom mud, (3) they rapidly 

decompose in 1-10 days when exposed to sunlight, and (4) they are applied at lower rates as 

compared to other pesticides.     
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Many organophosphates (OPs) and carbamates (CBs) are extremely harmful to fish and 

wildlife species. Fish killings due to these insecticides have been documented. Organophosphate 

insecticides can bioconcentrate in fish, tadpoles, toads and frogs to such levels that cause hazards 

to their predators. Both these groups are water soluble and metabolized very quickly. They 

usually have short persistence in the environment (half lives are of days to months) and their 

residues do not cause long term problems to aquatic organisms. The carbamate insecticide 

carbofuran is extremely toxic to fish and wildlife.     

 

 

Figure 1.2: Excessive fish killings due to pesticide exposures 

 

1.5.3 Amphibians as bio-indicators 

Amphibians are considered as bio-indicators, since they live in aquatic environment 

during their whole larval stages (Pollet et al., 2000), and are mostly used as test animal in 

assessing effects of chemicals in aquatic and agricultural environment (Sundaram, 1995). 

Tadpoles have several characteristics that make them useful animals for environmental 

biomonitoring studies, including their accessibility, availability in a sufficient number, ease of 

collection, localization to a particular aquatic body and direct exposure to environmental 

contaminants (Ralph and Petras, 1998). In the past some decades, amphibian populations has 

been declining all over the world due to toxic effects of pesticides in these non-targeted 

organisms. Tadpoles in ponds with mixture of pesticides in water take longer times to 

metamorphose into toads and frogs (Cone, 2000). The endosulfan exposure to tadpoles, at 
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environmental relevant concentrations of pesticides, causes behavioral abnormalities, growth 

deformities and also kills the tadpoles (Raloff, 1998).  

1.5.4 Ecological effects of pesticides 

Pesticides are included a broad range of organic pollutants having ecological impacts. 

Different groups of pesticides, due to their different chemical natures and mode of action, have 

different types of effects on living organisms. Though terrestrial impacts by pesticides do occur, 

the principal pathway that results ecological impacts is that of water contaminated by pesticide 

runoff. Two principal mechanisms are bioconcentration and biomagnifications.  

Bioconcentration: This term refers to the accumulation of pesticides in an animal tissue at levels 

greater than those in water in which that animal lives. Actually it is the movement of a chemical 

from the surrounding environment into an organism. The main ‘sink’ for some pesticides is fatty 

tissue (lipids). Some pesticides like DDT are lipophilic, and are soluble in and then accumulate 

in fatty tissue. Whereas some pesticides like glyphosate are metabolized and excreted.        

Biomagnification: This term refers to the increasing concentration of a chemical as food energy 

is transformed from one organism to another within a food chain. When smaller organisms 

contaminated with pesticides are eaten by larger organisms, the concentration of pesticides and 

other chemicals are magnified in tissue and other organs of larger organisms. High 

concentrations of pesticides can be observed in top predators including man.     

Ecological effects of pesticides are varied and are often interrelated. Effects at the 

organism or ecological level are usually taken as an early warning indicator of adverse human 

health impacts. Major types of effects are listed below and are very dependent on the organism 

and the type of pesticide under study. Different pesticides have different effects on aquatic 

organisms.  

 Mortality of the organism 

 Reproductive inhibition or failure 

 Disruption of endocrine system 

 Cellular and DNA damage 

 Cancers, tumours and lesions on fish and animals 

 Suppression of immune system 

 Teratogenic effects 

 Intergenerational effects 
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 Poor fish health marked by low red to white blood cell ratio, increased slime of fish 

scales and gills 

 Physiological effects such as egg shell thinning   

1.5.5 Genotoxicity of pesticides on non target organisms 

Genotoxicity of pesticides on non target organisms and their effects on ecosystem are of 

world over concern (Pimentel et al., 1996). A number of studies confirmed that the fish and 

amphibians are sensitive and suitable organisms for the detection of genotoxic and mutagenic 

effects of pesticides (Abdul-Farah et al., 2003; Ali et al., 2009; Bao-Rong et al., 2005; Clements 

et al., 1997; Mouchet et al., 2006; Sharma et al., 2007; Yin et al., 2009). Among techniques to 

assess genotoxic and genetic effects, Comet assay and Micronucleus (MN) test are commonly 

used because they allow an easy application in aquatic organisms and amphibians (Ateeq et al., 

2005; Bao-Rong et al., 2005; Clements et al., 1997; Djomo et al., 2000; Jha, 2004; Jha, 2008; 

Pandey et al., 2006; Yin et al., 2009).  Comet assay has many advantages over other cytogenetic 

assays like sister chromatid exchange, micronucleus assay and chromosomal aberrations test to 

assess DNA damage. Cells used in comet assay need not to be mitotically active (Collins, 2004; 

Tice et al., 2000). As the erythrocytes of fish and amphibians are nucleated, Comet assay has 

been efficiently used in the erythrocytes of fish and amphibians (Cavas and Konen, 2007; de 

Campos Ventura et al., 2008). Micronucleus test is one of the most important cytogenetic 

endpoint to evaluate the aneugenic and clastogenic effects of pesticides (Mouchet et al., 2006; 

Yin et al., 2009)  

 

1.6 Acute Toxicity 

Acute toxicity refers to the adverse effects of a pesticide to a living organism either from 

a single exposure or from multiple exposures for a short period of time usually 24 hours (in case 

of fish 96 hours). Acute toxicity differs from chronic toxicity, which refers to the adverse effects 

of repeated exposures of a chemical over a long time period (months or years).  Pesticides having 

high acute toxicity are deadly to animals even a small amount of pesticide can harm them. The 

levels of acute toxicity of pesticides are helpful in determining the adverse outcomes of a 

pesticide and it is also useful for comparison of toxicity of different pesticides. Warning 

statements on the pesticide labels are generally printed on the basis of acute toxicity values. 
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Acute toxicity is generally measured as acute oral toxicity, acute dermal toxicity and acute 

inhalation toxicity. Acute toxicity testing gives the information about the biological activity of a 

pesticide and also shows its mechanism of action. Informations generated from acute toxicity 

testing are helpful in hazard identification and risk management in the perspective of production, 

handling and use of pesticides (Wallum, 1998).    

1.6.1 Acute toxicity measurement 

Measuring toxicity of chemicals to humans is very difficult and is considered as 

unethical. However, toxicity of chemicals can be determined using laboratory animals and 

considered as reference for humans. Recently, in vitro assays are developed to determine the 

toxicity of chemicals.  Different types of laboratory animals are used for this purpose which 

include fish, mice, rats, rabbits, guinea pigs, agouti etc. Although results obtained from the 

laboratory animal tests cannot be applied to humans, as the animal bodies are very different from 

the humans. However, it can be either more or less toxic from the animal at which it is originally 

tested.     

Acute toxicity is measured as LD50 or LC50 of a chemical. LD50 is the amount of a 

chemical that produces 50% mortalities in a test population. It is usually recorded as milligram of 

pesticide per kilogram of body weight (mg/kg) of the test animal. Whereas LC50 is the 

concentration of a pesticide required to kill 50% of the animals in a test population. It is usually 

measured in milligrams of pesticide per liter of water (mg/L) or in parts per million (ppm). 

Lower the LC50 value, more toxic is the pesticide and vice versa.  

For the estimation of acute toxicity of a pesticide, the fish are exposed to pesticide for a 

period of 96 hours (4 days). Mortalities are recorded at 24, 48, 72 and 96 hours and the 

concentrations which kill 50% of the fish are determined (OECD, 1992). 

For an authentic acute toxicity testing in fish following conditions should be fulfilled.  

 The mortality in control groups should not exceed 10% at the end of experimental 

duration. 

 Constant conditions should be maintained throughout the test duration, and if necessary 

use semi-static or flow-through methods.  

 The dissolved oxygen concentration should be at least 60% of the air saturation value 

throughout the test duration.  
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Fish species used in the experiments should be easily reared and widely available 

throughout the year. They can be bred and cultivated in fish farms or in the laboratory, under 

disease-controlled conditions. All fish must be obtained and held in the laboratory for at least 2 

weeks before they are used for testing. They must be held in water of the quality to be used in the 

test at least 7 days before testing (OECD, 1992).  

Conditions of exposure 

 Duration: Preferably 96 hours 

 Loading: maximum loading of 1g fish/L for static and semi-static tests 

 Light: 12-16 hours photoperiod daily 

 Number of fish: at least 7 in each test concentration and in the control 

 Test concentrations: at least 5 

 Observation: at least after 24, 48, 72 and 96 hours  

There are three different testing methods to conduct the acute toxicity in fish  

Static test: Acute toxicity test in which no flow of testing solution occurs. Testing solution 

remains unchanged throughout the test duration. 

Semi-static test: Acute toxicity test in which regular batch wise renewal of testing solution is 

carried out usually after 24 hours.  

Flow-through test: Toxicity test in which water is renewed constantly in the test chambers, the 

pesticide under test is being transported with the water used to renew the test medium (OECD, 

1992). 

1.7 Genotoxicity 

Genotoxicity refers to the toxic effects of genotoxic contaminants on a cell genetic 

material (DNA/RNA) resulting in breakage of its integrity. The substances having genotoxic 

potential are known as mutagenic or carcinogen. The chemicals causing genetic mutations are 

responsible for the development of tumors. These include certain types of radiations and 

chemical compounds. Typical genotoxins like aromatic amines are supposed to cause mutations 

as they are electrophilic and form strong covalent bonds with DNA resulting in the formation of 

aromatic amine-DNA adducts disturbing accurate replication (Smith et al., 1996). The branch of 

toxicology that deals with genetic effects of toxins, especially to the production of mutation by 

chemical means is known as Genotoxicology.  
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Typical genotoxins are some aromatic amines that cause mutations by forming the strong 

covalent bond with DNA, because these are nucleophilic that result in the formation of Aromatic 

Amine-DNA Adducts. So the accurate replication of DNA is affected by these compounds. The 

genotoxicological biomonitoring in different human populations is thus helpful to estimate the 

genetic risk from integrated exposure to complex mixtures of chemicals (Bolognesi, 2003). 

Genotoxic compounds thus affect egg and sperm and in this way mutation is passed to the next 

generations. Mutagens are those substances that confer transferable change to the DNA (Maurici, 

et al., 2005) it may affect single gene or group of genes. Genotoxins are a broader category of 

substances that induce changes to the structure or number of genes via chemical interaction with 

DNA and/or non-DNA targets (Maurici et al., 2005).  

Genotoxic effects of pesticides/genotoxic agents can be measured using the following tests.  

1.7.1 Comet Assay 

Single cell-gel electrophoresis/comet assay is a technique that has been used to detect 

DNA damage and repair at an individual cell level (Singh et al., 1988) both in vitro and in vivo 

in most of the animal cells and some plant cells. This technique is very sensitive, rapid, non-

invasive, inexpensive and visual as compared to conventional techniques. It has gained 

importance in the fields of genetic toxicology and environmental biomonitoring.      

Exposure to several chemicals like radiations, pesticides, polycyclic aromatic 

hydrocarbons (PAHs), aromatic amines, smoke, metals etc can cause a severe hazard to the 

environment and organisms inhabiting in that environment. These substances can enter the 

individual; interact with the macromolecules of different systems and resulting into serious 

consequences regarding the health of that organism. Acute and chronic exposure to these 

chemicals produces observable toxicity to organisms at the target sites. Most of these chemicals 

affect the DNA that is source of all the hereditary characters. If there is a little change in DNA 

structure it causes severe biological impacts. Therefore, it is necessary to assess the toxic 

potential of all such chemicals to DNA before launching them into the environment. Chemicals 

that directly interact with the DNA are known as genotoxic agents. The commonly used 

techniques to assess genetic damages are micronucleus assay, chromosomal aberrations etc. 

Even though these techniques are very good but they take too much time and heavy resources for 

cell proliferation. Therefore, there is a need to introduce advance techniques to evaluate the 

genotoxicity of these chemicals.                 
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Cook et al. (1976) evaluated the nuclear structure through lysing the cells in a non-ionic 

detergent and high molarity sodium chloride solutions. Cytoplasm and nucleoplasm were 

removed and nucleosome was disrupted after lysing. Histones were solubilized by the high salt. 

Thereafter a nucleoid consisting of  nuclear matrix or scaffold composed of RNA and proteins, 

along with the DNA molecule were left, which is negative supercoiled as a consequence of the 

turns made by the double helix around the histones of the nucleosome. Free rotation of DNA is 

not possible therefore the super coil molecule survives. Cook et al. (1976) suggest that DNA is 

attached at intervals to the matrix therefore it is efficiently arranged in a series of loops, instead 

of a linear molecule. When the negative super coiling was unwound by adding intercalating 

agent (i.e. ethidium bromide), the loops expanded out from the nucleoid core to form a “halo”. 

Similar effects is seen when radiation is used to relax the loops by just one single strand break.  

In 1978 Rydberg and Johanson lysed the cells under slight alkaline conditions by 

suspending the cells in agarose whereas lysing and electrophoresis was conducted under neutral 

conditions by Ostling and Johanson 1984. They also detect double strand breaks by staining with 

acridine orange. They obtained a comet like image which has a head composed of intact DNA 

whereas a tail that contain damaged DNA. Therefore the technique was named as comet assay. 

 Certain modifications in the comet assay were put by two groups working independently, 

Singh and co-workers and Olive and co-workers. Singh and co workers electrophoresis the micro 

gels under highly alkaline conditions (pH>13). High pH relax and unwind the super coiled DNA 

structure which in turns are pulled down when electric current is applied that make it possible to 

detect the single cell breaks and alkali labile sites. Alkali labile cites are articulated as free single 

strand breaks in individual cells. This technique is highly efficient in measuring levels of strand 

breaks. Olive et al. (1990) carry out electrophoresis under neutral or mild alkaline (pH=12.3) and 

detected the single stranded breaks. This method was optimized to detect the effects of drugs and 

radiations on the cells subpopulations of cells.  

 Technique of Singh et al., (1988) was more sensitive than other techniques. Since then 

various modifications have been made in this technique which made it more effective and useful, 

thus different forms of DNA damage i.e., oxidative DNA base damage, single- and double-strand 

breaks, and DNA-DNA/DNA-protein/DNA-Drug cross linking and DNA repair in almost every 

type of eukaryotic cell can be detected using this technique.   
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1.7.1.1  Principle of Comet Assay 

 Under highly alkaline conditions (>12.3), there is denaturation and unwinding of the 

super coiled DNA molecule and expression of alkali labile sites. When there is a breakage in 

DNA strand, the super coiled DNA molecule tends to relax and the fragments tends to move 

towards positive pole if electrophoresis is carried out. Smaller fragments move faster and larger 

move slowly. Thus the broken ends of negatively charged DNA molecule become free to migrate 

in the electric field towards the anode and appear as comets. 

Following two principles applied in the formation of comets; 

1. DNA in the electrical field move with respect to charge to mass (e/m) ratio, and 

migration depends upon the number of broken ends of DNA and the size of DNA 

fragment. 

2. Tail length of the comet depends on the electrophoresis conditions and it increases 

initially with the damage and then reaches maximum.  

1.7.1.2  Observation 

After the completion of whole procedure, slides are stained with any DNA specific dye 

like Acridine orange, Ethidium bromide, DAPI (4,6-diamidino-2-phenylindole) or Silver nitrate. 

After staining the slides observed under Epifluorescent microscope. Double stranded DNA 

molecule fluoresces if it is stained with DAPI, as the DAPI binds with double stranded 

structures. In the comet assay DNA strands are separated during an alkaline treatment, even 

though the unwinded super coil again become double stranded in the neutralization, but it occurs 

only in the head whereas the tail remained single stranded. Comets can also be observed by 

staining with acridine orange (AO), as AO emits red fluorescence with single stranded DNA 

molecule and with double stranded DNA molecule it emits yellow-green fluorescence. Collins et 

al., (1997a) found that if the slides are stained with AO, it produces yellow-green heads while 

red tails. In case of single stranded DNA molecule the intensity is lower in tails as compared to 

double stranded DNA molecules in the head region. Collins (2004) stained different fragments of 

DNA damage with DAPI and observed that the fluorescence emitted slightly decreases with the 

increase in amount of DNA in the tail. It showed that the fluorescence directly depends on the 

DNA contents of the cell and hence the cells in the G2 phase give rise to more fluorescence than 

the cells in G1 phase. So the level of DNA damage in individual comets depends upon the phase 

of the cell cycle (Olive and Banath, 1993).  
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1.7.1.2 A Image analysis 

After getting the observation images are analyzed. Comet assay parameters of 50 cells 

per slides are recommended. There are different methods to take observations.  Analysis can be 

conducted manually or with the help of software. There are many software packages available to 

choose, that calculate the emitted fluorescence for the selected parameters. Tail length, 

comparative fluorescence intensity in head and tail (commonly known as percentage of DNA in 

tail), and tail moment are frequently used parameters.  

Tail length is the length of migrated DNA in the comet tail measured using an ocular 

micrometer. DNA damage is measured at an individual cell level using following formula: 

Comet tail length (µm) = total comet length – head diameter  

 

Figure 1.3: Levels of DNA damage after exposure to hydrogen peroxide evaluated by comet 

assay (Benhusein et al., 2010). 
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Figure 1.4: Schematic representation of critical steps in alkaline Comet assay (Tice et al., 2000) 

 

1.8 Micronucleus Test 

Micronucleus test is commonly used to evaluate the structural and numerical 

chromosomal damages induced by aneugenic and clastogenic agents (Heddle et al., 1991; 

Fenech et al., 1999; Celik et al., 2003). In eukaryotic cells, the nucleus contains genetic material 

DNA packed into chromosomes. During cell division DNA replicates and then divides equally 

into two daughter cells. If the chromosomes are broken down or damaged by radiations or 

chemicals, then the distribution of genetic material between two daughter cells may be affected 

and the broken DNA part appears as a micronucleus. In micronucleus test animals are exposed to 

chemicals and the frequency of micronucleated cells is determined at a specific time after 

treatment. If exposed group of animals shows significantly higher frequencies of micronuclei 

than do the untreated animal group, then the chemical is considered as having cytogenetic 

potential.       

Micronucleus (MN) assay was initially developed for mammalian species, but later on it 

has been successfully modified for use in aquatic organisms such as mussels (Bolognesi et al., 

1999), sea urchins (Anderson et al., 1994), amphibian larvae (Campana et al., 2003) and fish 

(Cavas and Ergene-Gozukara, 2005). As the fish belongs to vertebrate model, they have been 

extensively used as a model organism in aquatic genotoxicological studies.  

Due to its simplicity, micronucleus test is one of the most suitable techniques to observe 

genomic alterations in aquatic animals. This method is technically easier and more rapid than the 

microscopic investigation of chromosomal aberrations in cells at metaphase. This is due to the 
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reason that the aquatic animals have small chromosomes that are difficult to be analyzed. 

Micronucleus assay targets interphase stage of any proliferating cell population in spite of its 

karyotype. This is one of the main reasons that are why this biomarker is commonly used in 

environmental biomonitoring studies.          

Fish respond to toxic chemicals similar to higher vertebrates and hence can be used for 

the assessment of chemicals that potentially harmful to humans. However, the little amount of 

genetic material (DNA) per cell, the large number of small chromosomes (Ojima, 1976) and low 

mitotic activity in most of the fish species impaired the metaphase analysis of sister chromatid 

exchanges and chromosomal damage. Micronucleus test, due to its specialty to be applied on any 

proliferating cell population regardless of karyotype of the species used, is successfully applied 

in fish to investigate the genotoxic activity of xenobiotic chemicals both in fields as well as in 

laboratory studies.  

   
Figure 1.5: Micronucleus formation in the erythrocytes of marine fish (Barsiene et al., 2006) 

 

 

Figure 1.6: Micronuclei formation in the erythrocytes freshwater fish Channa punctatus after 

exposure to: (a) cyclophosphamide and (b) carbosulfan (Nwani et al., 2010)  

1.9 Fish Hematology 

http://www.sciencedirect.com/science/article/pii/S0278691509004499
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Hematology is the study of physiological, anatomical and pathological aspects of blood. 

Blood is a tissue enclosed within the cardiovascular system. The fluid part of blood is plasma 

whereas the granular part of blood consisted of erythrocytes (RBC), leukocytes (WBC) and 

thrombocytes. 

The primary functions of blood are (1) oxygenation of tissues (2) nutrition of tissues (3) 

removal of metabolic wastes from tissues and (4) maintenance of acid-base balance. Hence, any 

dysfunctions of blood may cause adverse effects on the physiological activities of the entire 

animal body. Certain physiological abnormalities in the body are due to alterations in blood 

constituents, which can be used as diagnostic indicators.  

Hematological analysis is conducted to determine any change in the blood chemistry. 

Hematological biomarkers are used to investigate the effects of environmental contaminants that 

affect proper functioning of the blood. Among different hematological parameters hemoglobin is 

one of the most important which carries oxygen and carbon dioxide and transport throughout the 

body via blood. Hemoglobin contains iron containing moiety. The red color of the blood is due 

to the iron containing moiety. Hemoglobin percentage is a good indicator of anemia and 

malnutrition in fish. 

The word hematocrit originated from two Greek words ‘hema’ means ‘blood’ and ‘krites’ 

means ‘to judge’ or to understand the blood. It is also known as Packed Cell Volume (PCV), or 

Erythrocyte Volume Fraction (EVF). To determine the hematocrit, heparinized blood is 

centrifuged at 10,500 rpm for 5 minutes in a capillary tube which is called Microhematocrit tube. 

After centrifugation, blood is separated in two layers, plasma layer and red blood cells layer. The 

formula to calculate the hematocrit or PCV is as follow 

 

    
                                 

                            
 

 

The PCV will vary due to depending upon the health and physiological status of the individual 

fish. PCV is a good indicator of anemia and breakdown of RBCs in the spleen.  

Total Erythrocyte Count (TEC): Erythrocytes (Red blood cells) are responsible for the transport 

of oxygen to the body cells and tissues and carries carbon dioxide to the gills. Hemoglobin in the 

RBCs has the affinity for both oxygen and carbon dioxide. So TEC is one of the important 
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parameter of fish hematology. Lower the TEC value means decreased transport of gases, 

nutrients and less removal of metabolic waste products. 

Total Leukocyte Count (TLC): Leukocytes are not as abundant as erythrocytes in fish blood. On 

exposure to the pesticides, number of leukocytes in fish blood increases. The increased value of 

TLC may be correlated with an increase in antibody production which helps in the survival of the 

fish in stress conditions. So the value of TLC is an important parameter to evaluate the health 

status of the fish.   

 

1.10 Relationship Between Behavioral Studies and Gene Expression 

Behavioral study is a very essential parameter to evaluate the effects and toxicity of 

pesticides in an animal especially in fish (Beauvais et al., 2000; Scholz et al., 2000; Dell’Omo, 

2002). Animal behavior is actually a combination of its responses to its internal (physiological) 

and external (environmental) factors (Evans, 1994). Pesticide exposure rapidly changes the 

behavioral responses of non target organisms and affects the viability of the population through 

the predator-prey interactions (Gerhardt, 2007). A number of studies revealed the effects of 

environmental contaminants on the foraging and capturing speed of fish (Power, 1990; Grippo 

and Heath, 2003; Langer-Jaesrich et al., 2010).  

Swimming and feeding performances are essential parameters as they determine the 

efficiency to escape from the predators and to capture the prey. Pesticides with neurotoxic mode 

of action negatively affect the swimming and feeding performance of the fish (Beggel et al., 

2010; Floyd et al., 2008; Grippo and Heath, 2003; Heath et al., 1993; Little and Finger, 1990; 

Tilton et al., 2011).   

There are certain molecular biomarkers which are used to determine the effects of 

environmental contaminants in animals at molecular level. Xenobiotic chemicals are excreted 

from an animal’s body through detoxification and biotransformation these chemicals to more 

polar compounds. Detoxification is carried out in two phases. In phase I, Cytochrome P450 

(Cyp1A) enzymes catalyze an oxidative conversion of lipophilic chemicals to compounds which 

are more polar, easily detoxified and excreted (Synder, 2000). Glutathione S-transferase (GST) is 

a phase II detoxifying enzyme that catalyzes the conjugation of glutathione (GSH) to several 

lipophilic compounds making them less toxic, more water soluble and easily excreted 

(Jokanovic, 2001).    
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Cytochrome P450 (Cyp1A) enzyme system is regarded as a simple method for the 

detection of occurrence of even a small scale contamination of organic compounds in the aquatic 

body. Toxicity of an organophosphate insecticide is suggested from the activation of Cyp1A 

system, which speeds up the conversion of insecticide to biologically active oxon metabolite 

(Rusyniak and Nanagas, 2004). Banni et al., (2011) evaluated that the Cyp1A activities were up-

regulated in Sea Bass (Dicentrarchus labrax) when exposed to chlorpyrifos.  

Aspartoacylase (ASPA) enzyme catalyzes the breakdown of N-acetyl-1-aspartic acid 

(NAA) to acetic acid and aspartic acid in the vertebrate brain (Baslow, 2000) and is responsible 

for the formation of lipid’s myelin sheet in nerve cells. The deficiency of the enzyme leads to 

deterioration of the myelin, which is linked with schizophrenia (Holmes et al., 2006), and is well 

known cause of Leukodystrophy in Canavan disease characterized with progressive loss in 

movements, body tone, gait, ability to eat, vision and behavior (Matalon et al., 1989). So the 

deficiency of this enzyme leads to the decreased swimming and feeding performances of the fish.   

Creatine kinase (CK) is involved in the cellular energy metabolism of the brain in 

vertebrates (Wallimann et al., 1992; Ames, 2000; Beard and Braissant, 2010). Connon et al., 

(2009) observed the down-regulation of CK gene linked with swimming impairment in delta 

smelt (Hypomesus transpacificus) exposed to an insecticide. The down-regulation of CK gene 

transcription may be correlated with the significantly reduced swimming and feeding 

performances due to low energetic status and abnormal muscle contraction of the fish larvae. 

So the molecular biomarkers are the sensitive and rapid tools to determine the changes 

occurring at molecular in the fish (Woo et al., 2009; Beggel., 2011). Data obtained from gene 

transcription can provide a potential link between molecular and behavioral changes occurring at 

an organism level (Connon et al., 2008). The up-regulation of Cyp1A is linked with the increased 

detoxification of insecticide from the animal body. The down-regulation of ASPA and CK are 

linked with decreased swimming and feeding performances, as the down-regulation of these 

genes result in the deficiency of energy and loss of balance which are essential for swimming 

and feeding performance. Linking molecular level responses to the environmentally relevant 

behavior is a big challenge in the field of ecotoxicology.     
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Figure 1.7: Aquatic Toxicology Lab, Environmental Biotechnology Division, NIBGE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 28 

 
  

1.11 Importance of the study 

Pesticides are chemical or biological substances designed to kill or repel targeted 

organisms. All pesticides are poisons. In most of the cases they are designed to impact the 

immune, reproductive or nervous systems of the pests/organisms. Although the most long-lasting 

and deadly pesticides such as DDT are no longer used, serious concerns continue to exist over 

the safety of present day pesticides. Increasing research suggests that many pesticides pose 

threats to our health and the environment. 

Pesticides are used extensively to improve crop yield in agriculture. But as a result of 

their use, these agents accumulate in the environment and have negative impact on the 

environment. Pesticides and their metabolites and breakdown products may not only affect the 

physiology and survival of organisms but also have the potential to interact with their DNA 

(Rajaguru et al., 2001).  

Even though the pesticides usage is an economic way to control the agricultural pests but 

these are toxic to the aquatic organisms, especially fish. Over-use of these chemicals, results in 

environmental pollution and toxicity to non target organisms, and is gaining world over concern 

(Venkateswara , 2004). 

Toxicity, in particular genotoxicity, of pesticides, on non-target organisms and their 

influence on ecosystems are of worldwide concern (Pimental et al., 1998). In the past, toxic 

effects, such as developmental abnormalities, altered growth rates, modification in behavior and 

feeding habits in non-target organisms exposed to pesticides and herbicides (Berril et al., 1993; 

Materna et al., 1995) have been observed. Recent studies, using the single-cell gel 

electrophoresis (SCGE) or Comet assay and micronucleus (MN) test, indicate that pesticides 

cause DNA damage in a number of non-target species (Feng et al., 2000a and 2004; Zang et al., 

2000; Rajaguru et al., 2001; Campana et al., 2003; Bao-Rong et al., 2005; Yong Kim and Hyun, 

2006). 

 In Pakistan, still there is no study on the genotoxicity of pesticides in non-target 

organisms. In the present study, we assessed the acute toxicity, cytogenetic effects, DNA damage 

and an association between transcriptional changes and physiological responses of fish after 

exposure to pesticides. 
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1.11.1 Aims and Objectives 

The main goal of the present work is to investigate the genotoxic risk and toxicity of 

representative pesticides of organophosphate and pyrethroid groups on non target organisms. 

Particularly the effects of pesticides on commonly used fish for human consumption in Pakistan. 

Followings are main objectives to achieve the main goal of the present study.  

1. Assessment of acute toxicity of pesticides in non-target organisms (e.g. fish, frog). 

2. Analysis of cytogenetic effects of different pesticides in non-target organisms using 

Micronucleus test. 

3. Evaluation of genotoxicity of different pesticides in non-target organisms using Single 

cell-gel electrophoresis/Comet assay. 

4. Observation of the effects of pesticides on different hematological parameters of non-

target organisms. 

5. Investigation of an association between transcriptional changes and physiological 

responses of fish larvae after exposure to the pesticide.  

 

1.11.2  Outline of Thesis 

This dissertation is comprised of 5 chapters. Among these, Chapter 1 deals with the 

general introduction to the topic, review of literature, significance of this study and aims and 

objectives of the proposed research work. Studies on the assessment of acute toxicity and 

behavioral effects of Profenofos and Cypermethrin in common carp and grass carp are described 

in Chapter 2. Chapter 3 deals with the studies on genotoxic, cytogenetic, hematological and 

behavioral effects of Chlorpyrifos and Cypermethrin in freshwater fish Labeo rohita. Evaluation 

of genotoxicity of Chlorpyrifos in common Indus valley toad (Bufo stomaticus) using Comet 

assay is described in Chapter 4. Finally studies on behavioral and transcriptional effects of acute 

Chlorpyrifos exposure in fathead minnow (Pimephales promelas) are described in Chapter 5. 
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Chapter 2 

Acute Toxicity and Behavioral Effects of Profenofos and 

Cypermethrin in Fingerling Common Carp (Cyprinus carpio 

L., 1758) and Grass Carp (Ctenopharyngodon idella) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 31 

 
  

 

 

 

 

 

Chapter 2A 

 

Evaluation of the Acute Toxicity of Profenofos and Cypermethrin and their 

Effects on the Behavioral Pattern of Fingerling Common Carp (Cyprinus 

carpio L., 1758) 

 

 

 

 

 

 

 

 

 

 

 

A part of this chapter has been published as:  

Ismail et al., 2009. Bull Env Contam Toxicol 82, 569-573  
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Abstract  

Pesticides are used to control agricultural and household pests but these chemicals are toxic to 

aquatic animals especially fish. In this study the acute toxicities of profenofos and cypermethrin 

were estimated in common carp (Cyprinus carpio). Profenofos, an organophosphate insecticide, 

is acetylcholinesterase inhibitor that has the potential to contaminate the ground water. 

Cypermethrin, a pyrethroids insecticide, is less toxic to mammals and birds. The effects of these 

insecticides on the behavioral pattern of fish were also evaluated. The 96 h LC50 value of 

profenofos and cypermethrin were determined in 3-month-old fingerling common carp (Cyprinus 

carpio) with a body weight 1.04 ± 0.25 g and a body length 4.25 ± 0.75 cm at 26 ± 1ºC 

temperature. Trimmed Spearman-Karber (TSK) software was used for the statistical analysis, 

which calculated the LC50 value of profenofos and cypermethrin as 62.4µg/L and 4.3µg/L, 

respectively for three replicates of the assay. The behavioral responses of fish exposed to 

pesticides included loss of balance, moving in spiral fashion with sudden jerky movements, lying 

on their sides, forward movement with posterior side up and rapid flapping of the operculum 

with the mouth open. The present study revealed that both insecticides are very toxic to common 

carp and cypermethrin is more toxic to common carp than profenofos.  

 

Keywords Profenofos, cypermethrin, acute toxicity, common carp, behavior 
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2A.1 Introduction 

Although pesticides are an economical means to control growth of unwanted pests, they 

are toxic to aquatic organisms, especially fishes. Organophosphate insecticides are neurotoxic 

inhibiting the acetylcholinestrase enzyme in nervous system. Profenofos [CAS Number: 41198-

08-7; Chemical name [O-(4-Bromo-2-chlorophenyl) O-ethyl S-propyl phosphorothioate]; 

Empirical formula: C11H15BrClO3PS; Molecular weight: 373.63] is a potentially ground water 

contaminating organophosphorous insecticide, slightly soluble in water (20.0 mg/L) and readily 

miscible in organic solvents. The substance is hydrolyzed with increasing pH, i.e. 50% loss in 93 

days at pH 5, 14.6 days at pH 7 and 5.7 h at pH 9 along with chemically more unstable under 

alkaline conditions. Moreover, its half life in soil is about one week (Tomlin, 1994). This 

property of profenofos makes it a better choice for spray as compared to organochlorines, which 

are more persistent in the environment. Profenofos is of mid range in risk assessment, among the 

12 top priority pesticides of cotton (Batley and Peterson, 1992). 

 Pyrethroids are extensively used in agriculture and livestock to control crop pests and the 

ectoparasites of animals (Nolan et al., 1979). These pesticides are being in use over last twenty 

years by replacing more toxic pesticides like organochlorines and organophosphates (Moore and 

Waring, 2001). Pyrethroids are less toxic to mammals, birds and insects (Srivastava et al., 2006), 

but are highly toxic to non target organisms like honey bee, aquatic arthropods and freshwater 

fish (Smith and Stratto, 1986; USEPA, 1989; Oudou et al., 2004).    

Profenofos is highly toxic to zooplankton (Immature scud, Gammarus pseudolimnaeus, 

has a 96 h LC50 value of 1.30µg/L), crustaceans (Blue crab, Callinectes sapidus, has a LC50 

value of 33.0µg/L) and insects (Midge, Chironomus tentans, with a LC50 value of 86.0µg/L) It is 

moderately toxic to birds (LC50 for mallard ducks is 150–612 ppm and Japanese quail has more 

than 1000 ppm) and less toxic for mammals (rat oral acute toxicity is 358mg/Kg while that of 

rabbit is 700 mg/Kg (Tomlin, 1997). 

Acute LC50 (96h) values of cypermethrin to common carp (Cyprinus carpio) larvae, 

Freshwater catfish (Heteropneustes fossilis), Common carp (Cyprinus carpio), Nile Tilapia 

(Oreochromis niloticus), Guppy (Poecilia reticulate),  Common carp (Cyprinus carpio), 

Rainbow trout (Oncorhynchus mykiss), Jundia (Rhamdia quelen), Channa Punctatus and 

Cnesterodon decemmaculatus are 0.809 μg/L , 1.27 μg/L, 1.70 μg/L, 5.99 μg/L, 9.43 μg/L, 29.1 

μg/L, 31.4 μg/L, 193.0 μg/L, 400.0 μg/L, and 430.0 μg/L, respectively (Saha and Kaviraj, 2003, 
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2008; Yilmaz et al., 2004; Aydin et al., 2005; Dobsikova et al., 2006; Velisek et al., 2006; 

Borges et al., 2007; Carriquiriborde et al., 2007; Kumar et al., 2009; Sarikaya, 2009).   

Common carp (Cyprinus carpio) was used as an experimental model for the estimation of 

LC50, the same species has also been recommended for bioassay experiments by organization for 

economic cooperation and development (OECD, 1992). It is widespread and cultured all over 

Asia, in most parts of Europe and in some countries of Africa and Latin America (Aydin et al., 

2005). The same species is commonly found in Pakistan. 

Objective of the current study was the estimation of acute toxicity of profenofos and 

cypermethrin to common carp which is a recommended fish species for bioassay experiments 

and abundantly used as a food source in Pakistan. As the fish occur in reservoirs and connecting 

canals along the fields where profenofos may be sprayed, pesticides could enter water through 

runoff, drift, soil erosion, accidental and leaching. So it is essential to determine whether 

profenofos and cypermethrin affect non target aquatic organisms. On the basis of this study we 

can compare toxicity of profenofos and cypermethrin to other pesticides and can also use 

common carp as a model for other fish species. The reported results would be a useful 

contribution in the ecotoxicity risk assessment studies of profenofos and cypermethrin on this 

fish species.  
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2A.2 Materials and Methods 

Common carp (Cyprinus carpio L., 1758) was obtained from Faisalabad Fish Hatchery 

and brought to the laboratory in plastic bags with sufficient air. The plastic bags were opened 

and the fish specimens were shifted to the glass aquaria for 15 days to be acclimatized prior to 

the pesticide exposure. The specimens were about 3-months old with an average body length of 

4.25 ± 0.75 cm and of body weights 1.04 ± 0.25 g.  

Profenofos (50 EC) was supplied by the Ali Akbar Enterprises Lahore, Pakistan whereas 

cypermethrin (10 EC) brand name Arrivo was purchased from the local market of Faisalabad, 

Pakistan. Glass aquaria (with dimensions of 30 cm depth, 30 cm width and 45 cm length) were 

about 40 L capacity and filled with 30 L of tap water. The temperature of the water was 

regulated at 26 ± 1ºC. Aquaria were continuously aerated, except at the time of feeding, so as the 

level of dissolved oxygen did not drop below 4.0 mg/L. The electric conductivity and the pH of 

water were 2.62–2.76 mS and 8.77–9.29, respectively. 

Six groups of specimens, each containing 10 individuals, were selected at random and 

placed in the aquaria. The specimens were fed with rice polish @ 3% of their body weight once 

in a day and the feeding was stopped 24 h prior to the pesticide exposure to till end of the 

experiment. 

For the estimation of LC50, dosing solutions were prepared from the stock solution by 

mixing different proportions of stock solution and acetone to get the desired concentrations i.e. 

15.6, 31.2, 62.5, 125.0 and 250.0 µg/L of profenofos and 1, 2, 4, 8 and 16 µg/L of cypermethrin. 

These concentrations were then added to the five different aquaria containing specimens keeping 

one as negative control receiving no pesticide but maximum acetone that any dosing solution 

contain. The quantity of dosing solution never exceeds 1 mL throughout the experiment.  

Mortality of the fish was recorded after 24, 48, 72 and 96 h of pesticide application. An 

individual was considered to be dead if it gave no response even to a gentle touch of fish 

catching net. Dead individuals were removed immediately. LC50 and the 95% confidence limits 

were calculated by a computer program [TSK (Trimmed Spearman–Karber) program (1991) 

Version 1.5]. The behavioral changes in the specimens were also noted right after the application 

of testing dose till the end of experiment. The negative control group was also monitored in the 

same way for mortalities and change in behavior including loss of balance, moving in spiral 

fashion with jerks, lying laterally and opened mouth with rapid opercular movements. 
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2A.3 Results and Discussion 

An increase in number of mortalities with an increase in concentration of the insecticide 

was observed and has been summarized in Fig. 2A.1. There was no mortality in the control 

group as well as in the group received 15.6µg/L (lowest dose) of the insecticide used till the end 

of experiment (96 h). During the same time span, the mortalities were 100% at the highest 

concentration (250.0µg/L) of pesticide used. The estimated 96h LC50 value (95% confidence 

limits) of profenofos using a static bioassay system for common carp (Cyprinus carpio) was 

62.4µg/L (43.6–89.4) as shown in Table 2A.1. The same table is also showing the other 

estimated LC50 values at different time intervals i.e. 24, 48 and 72 h. 

 

 

Figure 2A.1: Mortalities (%) of common carp exposed to different concentrations of profenofos 

after 96h 

 

Table 2A.1:  Comparison of acute toxicity of profenofos on common carp for 24h, 48h, 72h 

and 96h 

Point 24h 
Concentration (µg/L) 

48h 
Concentration (µg/L) 

72h 
Concentration (µg/L) 

96h 
Concentration (µg/L) 

LC50 values 91.8 81.0 71.7 62.4 

95% Conf. limits 54.8-153.8 55.1-119.2 50.9-101.1 43.6-89.4 
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Current study shows that 96 h acute toxicity of profenofos to common carp is 62.4 µg/L 

which is less toxic as compared to Channel catfish (Ictalurus punctatus) (23.5 µg/L), Bluegill 

(Lepomis macrochirus) (25.8 µg/L) or Rainbow trout (Oncorhynchus mykiss) (28.1 µg/L) and 

more toxic as compared to Crucian carp (Carassius carassius) (90.0 µg/L) (Tomlin, 1994). 

LC50 value of profenofos in Eastern rainbow trout (Melanotaenia duboulayi) and Tilapia 

(Oreochromis mossambicus) are 900.0 µg/L and 272.0 µg/L, respectively (Kumar and Chapman, 

1998; Venkateswara Rao et al., 2003). While, there is no data available for the acute toxicity of 

profenofos to the common carp. On comparing the estimated LC50 value of profenofos in 

common carp in this experiment with the available data on different fish species, it is obvious 

that the common carp is less resistant to profenofos. 

For the sake of comparison with the different pesticides on the common carp, it was 

found that Diazinon, an organophosphate, has a LC50 value of 1530 µg/L to the larvae of 

common carp (Aydin and Koprucu, 2005); Dichlorvos (DDVP), a synthetic chemical pesticide, 

has LC50 value of 9410 µg/L to Fingerling Mirror carp, Cyprinus carpio (Ural and Calta, 2005) 

and 2,4-D (2,4-dichlorophenoxyacetic acid), a herbicide, has an acute toxic LC50 of 63240 µg/L 

to common carp (Sarikaya and Yilmaz, 2003). These studies revealed that the profenofos is more 

toxic to common carp than other pesticides. 

An increase in number of mortalities was also observed with an increase in cypermethrin 

concentration as summarized in Fig. 2A.2. There was no mortality in the control group as well as 

in the group received 1µg/L (lowest dose) of the insecticide used till the end of experiment (96 

h). During the same time span, the mortalities were 100% at the highest concentration (16µg/L) 

of pesticide used. The estimated 96 h LC50 value (95% confidence limits) of cypermethrin using 

a static bioassay system for common carp (Cyprinus carpio) was 4.3 µg/L (3.1-6.0) as shown in 

Table 2A.2. The same table is also showing the other estimated LC50 values at different time 

intervals i.e. 24, 48 and 72 h. 
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Figure 2A.2: Mortalities (%) of common carp exposed to different concentrations of 

cypermethrin after 96 h 

 

Table 2A.2:  Comparison of acute toxicity of cypermethrin on common carp for 24h, 48h, 72 

and 96 h 

Point 24 h 
Concentration (µg/L) 

48 h 
Concentration (µg/L) 

72 h 
Concentration (µg/L) 

96 h 
Concentration (µg/L) 

LC50 values 7.3 6.2 4.9 4.3 

95% Conf. limits 5.1-10.6 4.2-9.1 3.6-6.8 3.1-6.0 

 

Current study shows that 96 h acute toxicity of cypermethrin to common carp is 4.3 µg/L 

which is less toxic as compared to Common carp (Cyprinus carpio) larvae (0.809 µg/L), 

Freshwater catfish (Heteropneustes fossilis) (1.27 µg/L), Common carp (Cyprinus carpio) (1.70 

µg/L and more toxic as compared to  Nile Tilapia (Oreochromis niloticus) (5.99 µg/L), Guppy 

(Poecilia reticulate) (9.43 µg/L), Common carp (Cyprinus carpio) (29.1 µg/L), Rainbow trout 

(Oncorhynchus mykiss) (31.4 µg/L), Jundia (Rhamdia quelen) (193.0 µg/L) and Channa 

Punctatus (400.0 µg/L) and Cnesterodon decemmaculatus (430.0 µg/L) (Saha and Kaviraj, 2003, 

2008; Yilmaz et al., 2004; Aydin et al., 2005; Dobsikova et al., 2006; Velisek et al., 2006; 

Borges et al., 2007; Carriquiriborde et al., 2007; Kumar et al., 2009; Sarikaya, 2009). 

Different behavioral responses of common carp at different concentrations of the 

profenofos were observed throughout the experimental period (Table 2A.3). The control group 

showed the normal behaviour during the whole experiment. The application of lowest 
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concentration (15.6 µg/L) of pesticide to the common carp was observed with normal responses 

as the control group along with staying motionless in a group at the bottom. In the second lowest 

concentration (31.2 µg/L) neurotoxic effects of profenofos may be appeared in fish resulting in 

the loss of balance, moving laterally at the bottom. Loss of balance becomes more evident with 

swimming in a spiral path with jerks and revolving in water at even higher concentration (62.5 

µg/L). Fish in the group applied with 125.0 µg/L solution of pesticide were lying laterally at 

bottom with loss of balance. At the highest concentration (250.0 µg/L), the more severity of the 

all these responses was observed including the loss of balance, lying laterally at the bottom, 

swimming down in a spiral fashion with jerks, rapid opercular movements with opened mouth 

(Table 2A.3). The appearance of jerks in this case is in accordance with the previous study 

(Fukuto, 1990). 

 

Table 2A.3: Impact of profenofos on the behavioral pattern of Cyprinus carpio exposed to the 

pesticide up to 96 h 

Parameters Control 
Profenofos (µg/L) 

15.6 31.2 62.5 125.0 250.0 

Activeness – – + ++ ++ +++ 
Loss of balance – – + ++ ++ +++ 
Lateral side Movement – – + ++ ++ ++ 
Opercular activity – – + ++ +++ +++ 
Movement in circular form with jerks – – – + ++ +++ 
Rate of swimming – – + ++ ++ ++ 

Note: The increase or decrease in the level of behavioral parameters is shown by numbers of (+) sign. The (-) sign 

indicate normal behavioral conditions 

 

 

 

 

 

 

 

 

 

 



  
 40 

 
  

Common carp showed the similar behavioral responses to cypermethrin as in case of 

profenofos with an additional forward movement with posterior side up. Fish in the control 

group and the group received the least concentration (1 µg/L) showed normal behavior 

throughout the experimental duration. Abnormal behavioral responses appeared in the group 

with second least concentration (10 µg/L) including loss of balance, lateral side movement and 

forward movement with posterior side up at an angle of around 45⁰. Fish showed more loss of 

balance, lateral side movement, opercular activity, movement in circular form with jerks and 

forward movements with posterior side up at angle around 45⁰ even at higher concentrations (4 

µg/L and 8 µg/L) of cypermethrin.  The severity in all the behavioral responses of the fish was 

observed at the highest concentration of cypermethrin (1 µg/L) as shown in Table 2A.4. 

 

Table 2A.4: Impact of cypermethrin on the behavioral pattern of Cyprinus carpio exposed to 

different concentrations of the pesticide up to 96 h  

Parameters Control 
Cypermethrin(µg/L) 

1 2 4 8 16 

Loss of balance – – + ++ ++ +++ 
Lateral side Movement – – + ++ ++ ++ 
Opercular activity – – + ++ ++ +++ 

Forward movement posterior side up – – + + ++ +++ 
Movement in circular form with jerks – – – + ++ +++ 

Rate of swimming – – + ++ ++ ++ 
The increase or decrease in the level of behavioral parameters is shown by numbers of (+) sign. The (-) sign indicate 

normal behavioral conditions  

 

Behavioral study is one of the important parameter in the assessment of toxicity of 

pesticides in fish (Beauvais et al., 2000; Scholz et al., 2000). In the present study fish showed 

normal behavior in control group but severity in different responses was observed with the 

increase in insecticide concentration and passage of time. The abnormal behavior includes loss of 

balance, staying motionless in a group at bottom, lying laterally at bottom, swimming in spiral 

fashion with jerks, revolving in water, opened mouth and rapid opercular movements. Our results 

are in agreement with other studies (Sarikaya and Yilmaz, 2003; Selvi et al., 2005) applying 

different pesticides on other fish species. 

 Though we have not studied here the effect of profenofos on the Acetyl cholinesterase 

(AChE) activity in the common carp, the previous studies show that profenofos is an acetyl 
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cholinesterase inhibitor. It inhibits the actions of acetyl cholinesterase (AChE) enzyme which in 

turn inactivates a ‘‘neurotransmitter’’, acetylcholine (AChol). The neurotransmitter is present 

and necessary in various parts of the nervous system to enable transmission of stimulation either 

between nerves, or between nerves and various organs. Normally AChE catalyzes the hydrolysis 

of the acetylcholine into choline and acetic acid, a reaction necessary to allow a cholinergic 

neuron to return to its resting state after activation. In the absence of acetyl cholinesterase, 

acetylcholine level increased resulting in the failure of transmission of stimuli to the nerves or 

organs. This leads to the abnormal functioning of the body including loss of balance, moving in 

circular form (convulsions) and at higher concentrations of insecticides resulting in death of the 

organism (Fukuto, 1990). Profenofos reduced the acetyl cholinesterase (AChE) activity by 83% 

in the head of Eastern rainbow trout (Melanotaenia duboulayi) and 90% in the head and gills of 

Tilapia (Oreochromis mossambicus) (Kumar and Chapman, 1998; Venkateswara Rao et al., 

2003). We assumed the same happenings in the case of common carp as well on exposure to 

profenofos, but it still needs to be investigated in detail. 

 Current study shows that profenofos and cypermethrin are highly toxic to the common 

carp fingerlings. It was found that cypermethrin is 14 times more toxic to common carp than 

profenofos and this increased toxicity might be due to the lipophilic nature of cypermethrin. 

Owing to high toxicity of profenofos and cypermethrin, it is strongly recommended to handle the 

pesticides carefully using all the precautionary measures so that its harmful effects on aquatic life 

can be minimized. 
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Chapter 2B 

 

Assessment of Acute toxicity of Profenofos and Cypermethrin and Their 

Effects on the Behavioral Pattern of Grass Carp (Ctenopharyngodon idella) 
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Abstract  

Pesticides are economical means to control the agricultural pests but these chemicals 

causes toxicity to aquatic organism especially fish. In the present study acute toxicities of 

profenofos (organophosphate group) and cypermethrin (pyrethroid group) were evaluated in 

grass carp (Ctenopharyngodon idella) fish. The effects of these pesticides on behavioral pattern 

of fish were also determined.  Static acute LC50 (96 h) values were assessed using fingerlings 

grass carp of average body weight 2.5±0.3 g and body length 5.5±0.2 cm at 25.7±1 ºC. Dose 

dependent mortalities were noted at 24, 48, 72 and 96 hours. Trimmed Spearman-Karber (TSK) 

software was used for the statistical analysis, the calculated LC50 (96h) values were 920 µg/L and 

15µg/L for profenofos and cypermethrin, respectively. Experiment was repeated three times for 

the authenticity of the results. Behavioral responses of fish exposed to the pesticides mainly 

included; the loss of balance, laying lateral, rapid movement of operculum and forward and 

upward movements in spiral fashion with jerks. The current study demonstrated that both 

pesticides are very toxic to fish; however, toxicity of cypermethrin was significantly higher than 

profenofos. 

 

Key Words: Grass carp, profenofos, cypermethrin, acute toxicity, behavior 
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2B.1 Introduction 

Pesticides are used to increase the yield of the crops by lowering their damage from the 

pests but these chemicals are toxic to non target aquatic organism especially fish. 

Organophosphates and pyrethroids are most widely used in agriculture and livestock to control 

the crop pests and the ectoparasites of the animals (Nolan et al., 1979). Profenofos, an 

organophosphate insecticide, has a potential to inhibit acetylcholinestrase in animals and 

contaminate the ground water also. It is easily hydrolyzed with the increase in pH i.e. 50% 

hydrolyzed in 93 days at pH 5, in 14.6 days at pH 7 and in 5.7 h at pH 9. Moreover its half life in 

soil is approximately 7 days (Tomlin, 1994). These properties of profenofos make it a better 

option to spray as compared to organochlorines which are more persistent in the ecosystem.     

Pyrethroids are being in use some over last two decades by replacing more toxic 

pesticides like chlorinated hydrocarbons, organophosphates and carbamates (Moore and Waring, 

2001). These are widely used pesticides because of their low toxicity to mammals, birds and 

insects (Srivastava et al., 2006). But there are several studies indicating that the cypermethrin is 

highly toxic to non target organisms like honey bees, aquatic arthropods and freshwater fish at 

very low concentration (Smith and Stratton, 1986; USEPA, 1989; Oudou et al., 2004).  

Grass carp (Ctenopharyngodon idella) is the herbivorous fish of freshwaters. Because of 

its good taste and high growth rate, it is cultured in many countries of the world. It was imported 

in Pakistan from China for the first time in 1964. The purpose of its introduction, in addition to 

culture, was the biological aquatic weed control in natural waterways, rivers and man-made 

lakes. 

Acute LC50 (96h) values of profenofos to Channel Catfish (Ictalurus punctatus), 

Common Carp (Cyprinus carpio), Tilapia (Oreochromis mossambicus), Fathead minnows 

(Pimephales promelas), Mosquito Fish (Gambusia affinis) and Eastern rainbow fish 

(Melanotaenia duboulayi) are 23.5 μg/L, 62.4 μg/L, 272.0 μg/L, 333.0 μg/L, 640.0 μg/L and 

900.0 μg/L respectively (Tomlin, 1994; Kumar and Chapman, 1998; Baer et al., 2002; 

Venkateswara Rao et al., 2003; Venkateswara Rao et al., 2006; Ismail et al., 2009).  

Whereas LC50 (96h) values of cypermethrin to Common carp (Cyprinus carpio) larvae, 

Freshwater catfish (Heteropneustes fossilis), Common carp (Cyprinus carpio), Nile Tilapia 

(Oreochromis niloticus), Guppy (Poecilia reticulate),  Common carp (Cyprinus carpio), 

Rainbow trout (Oncorhynchus mykiss), Jundia (Rhamdia quelen), Channa Punctatus and 
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Cnesterodon decemmaculatus are 0.809 μg/L , 1.27 μg/L, 1.70 μg/L, 5.99 μg/L, 9.43 μg/L, 29.1 

μg/L, 31.4 μg/L, 193.0 μg/L, 400.0 μg/L, and 430.0 μg/L respectively (Saha and Kaviraj, 2003, 

2008; Yilmaz et al., 2004; Aydin et al., 2005; Dobsikova et al., 2006; Velisek et al., 2006; 

Borges et al., 2007; Carriquiriborde et al., 2007; Kumar et al., 2009; Sarikaya, 2009). But there 

is no study of the acute toxicity of profenofos and cypermethrin to grass carp.  

Objective of this study was the estimation of the acute toxicity of profenofos and 

cypermethrin, which are more widely used in Pakistan, to grass carp which is preferred in 

Pakistan for its good taste and better growth rate. The data obtained from this study would be 

useful in the risk assessment studies of these pesticides against this fish species.     
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2B.2 Materials and Methods 

Grass carp (Ctenopharyngodon idella) was obtained from Faisalabad Fish Hatchery and 

brought to the laboratory in plastic bags with sufficient air. The plastic bags were opened and the 

fish specimens were shifted to the glass aquaria after treating with potassium permanganate 

solution (0.5 %) to remove any dermal contaminant. The specimens were about three months old 

with an average body weight 2.5±0.3 g and body length 5.5±0.2 cm and were acclimatized for 15 

days prior to the pesticide exposure at 25.7±1 ºC.  

Profenofos (50 EC) was supplied by the Ali Akbar Enterprises Lahore, Pakistan whereas 

cypermethrin (10 EC) brand name Arrivo was purchased from Jhang Bazar Faialabad, Pakistan. 

Glass aquaria were about 40 L capacity and filled with 25 L of tap water. Aquaria were 

continuously aerated, except at the time of feeding, so as the level of dissolved oxygen did not 

drop below 4.0 mg/L. The electric conductivity and the pH of water were 0.97 mS and 8.04 

respectively. 

Five to six groups of specimens, each containing 10 individuals, were selected at random 

and placed in the aquaria. The specimens were fed with pellet feed @ 3% of their body weight 

once in a day and the feeding was stopped 24 h prior to the pesticide exposure till the end of the 

experiment.  

For the estimation of LC50, dosing solutions were prepared by mixing different 

proportions of pesticides formulations and acetone to get the desired concentrations i.e. 300, 600, 

900, 1200, 1500 and 1800 µg/L of profenofos and 5, 10, 15, 20 and 25 µg/L of cypermethrin. 

These concentrations were then added to different aquaria containing specimens keeping one as 

solvent control receiving no pesticide but maximum acetone that any dosing solution contain.  

Mortality of the specimens was recorded after 24, 48, 72 and 96 h of pesticide 

application. An individual was considered to be dead if it gave no response even to a gentle 

touch of fish catching net. Dead individuals were removed immediately.  

LC50 and the 95% confidence limits were calculated by a computer program, TSK 

(Trimmed Spearman–Karber, 1991, Version 1.5). The behavioral changes in the specimens were 

also noted right after the application of testing doses till the end of experiment. The control 

group was also monitored in the same way for mortalities and change in behavior.  
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2B.3 Results and Discussion 

With the increase in the concentrations of the profenofos an increase in the mortalities 

has been observed as shown in Fig. 2B.1. No mortality was recorded in the control group. 

Whereas 10, 30, 40, 50, 80 and 100 % individuals were died at 300, 600, 900, 1200, 1500 and 

1800 µg/L of profenofos respectively till the end of the experiment (96 h). The estimated 96 h 

LC50 value (with 95 % confident limits) of profenofos for grass carp was 920 µg/L (700-1220) as 

shown in Table 2B.1. Same table also showing the LC50 values at 24 h, 48 h, and 72 h.  

 

 

Figure 2B.1: Mortalities (%) of grass carp exposed to different concentrations of profenofos 

after 96 h  

 

Table 2B.1: Comparison of acute toxicity of profenofos on grass carp for 24, 48, 72 and 96 h 

______________________________________________________________________________________________________________ 

Point   24 h Concentration    48 h Concentration    72 h Concentration    96 h Concentration 

        (µg/L)                          (µg/L)                            (µg/L)                                         (µg/L) 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

LC50 values        1420         1150        1060       920  

95% Conf. limits  1190-1700    910-1450    810-1370    700-1220 

______________________________________________________________________________________________________________ 
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Grass carp gave similar response to cypermethrin i.e. number of mortalities increases 

with the increase in concentration of the pesticide. No mortality was observed in the control 

group as well as the group received 5µg/L (lowest concentration) of the pesticide. 10%, 40% and 

90 % individuals were died at 10, 15 and 20 µg/L of the pesticide respectively whereas 100 % 

mortalities were recorded at 25 µg/L (highest concentration) till the end of experiment as shown 

in Fig. 2B.2.  The calculated 96h static bioassay LC50 value (with 95% confident limits) of 

cypermethrin for grass carp was 14.64 µg/L (12.51-17.14) as shown in Table 2B.2. LC50 values 

at other time intervals (24, 48 and 72 h) were also mentioned in the same table.    

 

 

Figure 2B.2. Mortalities (%) of grass carp exposed to different concentrations of cypermethrin 

after 96h  

 

Table 2B.2: Comparison of acute toxicity of cypermethrin on grass carp for 24, 48, 72 and 96 h 

______________________________________________________________________________________________________________ 

Point   24 h Concentration    48 h Concentration    72 h Concentration    96 h Concentration 

        (µg/L)                  (µg/L)            (µg/L)           (µg/L) 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

LC50 values        18.85        16.37        15.02        14.64 

95% Conf. limits  16.08-22.00   13.88-19.30   12.76-17.68   12.51-17.14 

_____________________________________________________________________________________________________________ 
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Current study shows that the 96h LC50 value of profenofos to grass carp is 920 µg/L 

which is less toxic as compared to 96h LC50 values of profenofos to Channel Catfish (Ictalurus 

punctatus) (23.5 μg/L), Common Carp (Cyprinus carpio) (62.4 μg/L), Tilapia (Oreochromis 

mossambicus) (272.0 μg/L), Fathead minnows (Pimephales promelas) (333.0 μg/L), Mosquito 

Fish (Gambusia affinis) (640.0 μg/L) and Eastern rainbow fish (Melanotaenia duboulayi) (900.0 

μg/L) (Tomlin, 1994; Kumar and Chapman, 1998; Baer et al., 2002; Venkateswara Rao et al., 

2003; Venkateswara Rao et al., 2006; Ismail et al., 2009).  

Present study results reveal that LC50 value of cypermethrin to grass carp is 15 μg/L,  

depicting that cypermethrin is less toxic to grass carp as compared to Common carp (Cyprinus 

carpio) larvae (0.809 μg/L), Freshwater catfish (Heteropneustes fossilis) (1.27 μg/L), Common 

carp (Cyprinus carpio) (1.7 μg/L), Nile Tilapia (Oreochromis niloticus) (5.99 μg/L)  and Guppy 

(Poecilia reticulata) (9.43 μg/L) (Saha and Kaviraj, 2003, 2008; Yilmaz et al., 2004; Aydin et 

al., 2005; Sarikaya, 2009). Whereas more toxic to than Common carp (Cyprinus carpio) (29.1 

μg/L), Rainbow trout (Oncorhynchus mykiss) (31.4 μg/L), Jundia (Rhamdia quelen) (193.0 

μg/L), Channa Punctatus (400.0 μg/L) and Cnesterodon decemmaculatus (430.0 μg/L) 

(Dobsikova et al., 2006; Velisek et al., 2006; Borges et al., 2007; Carriquiriborde et al., 2007; 

Kumar et al., 2009). 

Very little data is available on the acute toxicity of other pesticides to grass carp. 

According to previous studies the LC50 values of Nuvan, Diazinon (organophosphates) and 

Praziquantel (an anthelmintic to kill tapeworm and trematode parasites in fish) to grass carp were 

6.5 mg/L, 15.13 mg/L and 60.60 mg/L respectively (Poorgholam, 2005; Mitchell and Hobbs, 

2007; Tilak and Kumari, 2009). Recent results show that the grass carp is more sensitive to 

profenofos and cypermethrin with LC50 values of 920 µg/L and 15 µg/L respectively.   

The high toxicity of cypermethrin (a pyrethroid) might be due to its lipophilicity which 

assists its rapid access to the various tissues of the fish and resulting in its high affinity to Central 

Nervous System CNS (Anadon et al. 1996). As the fish have very poor ability to metabolize and 

remove these chemicals from their body as compared to other vertebrates so these xenobiotics 

prove relatively more toxic to fish (Demoute, 1989) as compared to birds and mammals 

(Edwards et al., 1986; Bradbury and Coats, 1989).        
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Changes in behavioral pattern of grass carp exposed to different concentrations of 

profenofos were observed starting from the time of doses applied till the end of the experiment 

(Table 2B.3). Control group and the group receiving the least dose of pesticide (i.e., 300 µg/L) 

both showed normal behavior throughout the experiment. The group received 600 µg/L and 900 

µg/L of profenofos showed slight changes in behavior with slightly loss of balance, anxiety, 

lying laterally and movement in circular fashion with jerks. These behavioral responses become 

prominent even at higher concentrations of 1200 µg/L and 1500 µg/L of the pesticide. At the 

highest concentration (1800 µg/L) severity of these responses was observed including loss of 

balance, lying laterally at the bottom, more frequent opercula movements with open mouth and 

swimming forward in spiral pattern with jerks. The observed jerky movements are in accordance 

with the previous findings (Fukuto, 1990; Ismail et al., 2009).     

 

Table 2B.3: Impact of profenofos on the behavioral pattern of Ctenopharyngodon idella exposed 

to different concentrations of the pesticide up to 96 h  

 

Parameters Control 
Profenofos (µg/L) 

300 600 900 1200 1500 1800 

Anxiety – – + + ++ ++ +++ 

Rate of swimming – – + + ++ ++ +++ 

Loss of balance – – + + ++ ++ +++ 

Lying laterally  – – + + ++ ++ ++ 

Opercular activity – – + + ++ +++ +++ 

Movement in circular form with jerks – – – ++ ++ +++ +++ 

The increase or decrease in the level of behavioral parameters is shown by numbers of (+) sign.  

The (-) sign indicate normal behavioral conditions 
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Grass carp showed the similar behavioral responses to cypermethrin (Table 2B.4) as 

observed in case of profenofos with the addition of forward movements with posterior side up. 

Control group showed normal behavior throughout the experiment. Fish showed the normal 

behavior to the least concentration (5 µg/L) of the cypermethrin along with remaining motionless 

at the bottom. Behavioral responses to pesticide appeared at the second least concentration (10 

µg/L) including loss of balance, lateral side movements and forward movements with posterior 

side up at 45º. Fish showed more anxiety, loss of balance, circular movements with jerks, 

forward movements with posterior side up and opercula movements even at higher 

concentrations (15 µg/L and 20 µg/L). At the highest concentration (25 µg/L) all these responses 

were more severe including loss of balance, lateral side movement, movement in circular form 

with jerks, forward movement with posterior part up and with frequent opercula activities with 

open mouth.    

   

Table 2B.4: Impact of cypermethrin on the behavioral pattern of Ctenopharyngodon idella 

exposed to different concentrations of the pesticide up to 96 h  

Parameters Control 
Profenofos (µg/L) 

5 10 15 20 25 

Anxiety – – + ++ ++ +++ 

Loss of balance – – + ++ ++ +++ 

Lateral side Movement – – + ++ ++ ++ 

Forward movement posterior side up – – + + ++ +++ 

Opercular activity   + ++ ++ +++ 

Movement in circular form with jerks – – – + ++ +++ 

Rate of swimming – – + ++ ++ ++ 

The increase or decrease in the level of behavioral parameters is shown by numbers of (+) sign. The (-) sign 

indicate normal behavioral conditions  
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Study of behavioral changes is an important parameter in the evaluation of toxicity of 

pesticides in fish (Beauvais et al., 2000; Scholz et al., 2000). In the current study the fish 

responses were relative in accordance with the increase of pesticide concentrations and the 

passage of time. Grass carp showed no abnormal response to the control as well as to the least 

concentrations of profenofos and cypermethrin throughout the experimental duration (96 h). 

There comes the severity with the increase of pesticides concentrations and the passage of time. 

The abnormal behavioral responses includes loss  of balance, lying laterally at bottom, opened 

mouth with rapid opercular movements, swimming forward in circular form with jerks. The 

current behavioral results are in agreement with the previous studies (Sarikaya and Yilmaz, 

2003; Selvi et al., 2005; Ismail et al., 2009) of different pesticides in different fish species. Grass 

carp also showed forward movement with posterior side up only when exposed to the 

cypermethrin whereas no such movement was observed on profenofos exposure. 

In this study the acute toxicities of profenofos (an organophosphate) and cypermethrin (a 

pyrethroid) along with their effects on the behavior of grass carp were evaluated. It was found 

that cypermethrin is 62 times more toxic to grass carp than profenofos and this increased toxicity 

of cypermethrin is due to its lipophilic nature. In the meantime grass carp is most sensitive to 

these pesticides than those pesticides studied earlier in grass carp. Farmers should be aware of 

about the toxic nature of the pesticides before the use of these chemicals. Even the small 

concentrations of these pesticides in water could result in serious consequences in fish.  
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Assessment of Genotoxic, Cytogenetic, Hematological and Behavioral Effects 

of Chlorpyrifos in Freshwater Fish Labeo rohita 
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Abstract  

Chlorpyrifos is a widely used insecticide of organophosphate group, which causes severe 

toxicological effects in non target aquatic organisms especially in fish. In the present study the 

genotoxic and cytogenetic effects of sublethal concentrations of chlorpyrifos were observed in 

the erythrocytes and gill cells of Labeo rohita (commonly known as rohu) using the Alkaline 

Single-Cell Gel Electrophoresis (Comet) assay and micronucleus test. Effects of chlorpyrifos on 

the hematological parameters and behavior of the fish were also investigated. The 96h LC50 

value of chlorpyrifos, estimated by Trimmed Spearman-Karber (TSK) in static bioassay, was 

found to be 442.8µg/L. On the basis of LC50 value, the fish were exposed to three sublethal 

concentrations of chlorpyrifos (SL-I ~221.4 µg/L, SL- II ~110.7 µg/L and SL-III ~73.8 µg/L) for 

96h. Blood and gill samples were collected at every 24 h and were subjected to the Comet assay 

and Micronucleus assay. The observed DNA damage and micronucleus frequencies were 

concentration dependent and time dependent and those levels of DNA damage and micronucleus 

frequencies in between the tested concentrations and times were significantly different (P < 

0.01). It was also found that the gill cells are more sensitive to chlorpyrifos, though; it revealed 

more DNA damage as compared to the erythrocytes of fish. During the experimental period, 

hematological parameters like total erythrocytes count (TEC), hemoglobin and packed cell 

volume decreased (PCV), whereas total leukocytes count (TLC) increased. Fish exposed to 

different concentrations of chlorpyrifos showed different neurotoxic behavioral responses. It was 

concluded that chlorpyrifos is a genotoxic, cytogenetic and neurotoxic insecticide causing DNA 

damage, micronucleus induction and neurotoxic effects in Labeo rohita. 

 

Key words: Chlorpyrifos; comet assay; micronucleus test, hematology, Labeo rohita; DNA 

damage; behavior  
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3A.1  Introduction 

Pesticides are extensively used in agricultural and residential areas to control crop and 

household pests, respectively. Organophosphorus (OP) insecticides are the most extensively used 

synthetic chemicals for controlling the agricultural and household pests. Chlorpyrifos [O,O-

diethyl O-(3,5,6-trichloro-2-pyridyl) phosphorothioate], being an OP insecticide, is used 

worldwide for the control of agricultural and non agricultural insect pests (Lemus and 

Abdelghani, 2000). Chlorpyrifos is an acetylcholine esterase (AChE) inhibitor, which affects the 

nervous system and accumulates in aquatic organisms (Sun and Chen, 2008). The highest 

reported environmental concentration of chlorpyrifos is about 300µg/L in the surface water in the 

U.S. (Gilliom et al., 2006). It is one of the most important pesticides detected in the fishery 

products, as well (Sun et al., 2006). Half life of chlorpyrifos in water (pH 7.0) is 25.6 days (Shi 

et al., 2000) and the occurrence of chlorpyrifos in freshwater bodies is harmful to the fish and 

other non target aquatic organisms (Starner et al., 2005) which make it a strong candidate for 

toxicity studies.  

The prevalence of genotoxic pollutants in the aquatic environment is one of the major 

concerns in the area of environmental sciences and this has necessitated the need to develop 

sensitive methods to monitor the genotoxic potentials of these chemicals in aquatic organisms 

(Hayashi et al., 1998). The Comet assay and micronucleus test are being widely used as   

biomarkers for the detection of genotoxic and cytogenetic effects of chemicals in aquatic 

organisms (Kassie et al., 2000; Abdul-Farah et al., 2003; Jha, 2004, 2008; Ateeq et al., 2005; 

Pandey et al., 2006; Nagpure, 2007; Sharma et al., 2007; de Campos Ventura et al., 2008; Yin et 

al., 2008). The micronucleus assay is one of the most important cytogenetic endpoint used to 

monitor the aneugenic and clastogenic effects both in in vivo (Al-Sabti and Metcalfe, 1995; 

Norppa and Falck, 2003; Cavas and Ergene-Gozukara, 2005) and in vitro (Ali et al., 2011) 

studies. The Comet assay has a variety of advantages over other cytogenetic methods like 

micronucleus test, sister chromatid exchanges and chromosome aberrations test to detect DNA 

damage. The cells used in this assay do not need to be mitotically active (Tice et al., 2000; 

Collins, 2004; Ali et al., 2011). As the red blood cells of the fish are nucleated with DNA, the 

Comet assay has been effectively used in the erythrocytes of the fish (Cavas and Konen, 2007; 

de Campos Ventura et al., 2008).       
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Chlorpyrifos was not found to be genotoxic in any of these assays (Ames test, rat 

lymphocyte chromosomal aberration test, CHO/HGPRT assay, mouse bone marrow 

Micronucleus assay, cytogenetic abnormalities) (Gollapudi et al., 1995). But later on, it was 

reported that chlorpyrifos induce in vivo genotoxicity in leucocytes of Swiss albino mice using 

Comet assay (Rahman et al., 2002). Genotoxicity of chlorpyrifos has been reported in the 

lymphocytes and gill cells of freshwater fish (Channa punctatus) (Ali et al., 2008a; Ali et al., 

2009). Chlorpyrifos has also been found genotoxic in root meristematic cells of Smooth 

Hawksbeard (Crepis capillaris), in erythrocytes and liver cells of Chinese toad (Bufo bufo 

gargarizans) (Dimitrov and Gadeva, 1997; Yin et al., 2009).   

As the fish blood in the gills has direct contact with the water medium and any 

unfavorable change in the aquatic environment could be reflected in the circulatory system. 

Therefore fish blood has been widely used in toxicological and environmental monitoring as a 

possible indicator of physiological changes in fisheries (Mulcahy, 1975). So the hematological 

studies of fish could be used to indicate the health status of fish as well as water quality. A 

number of studies conducted to evaluate the effects of different pesticides on fish blood (Tavares 

et al., 1999; Svoboda et al., 2001; Atamanalp et al., 2002; Saxena and Seth, 2002; Das and 

Mukherjee, 2003; Adhikari et al., 2004; Borges et al., 2007).  

Although acute toxicity and genotoxicity of chlorpyrifos have been evaluated earlier in 

freshwater fish Channa punctatus using semi-static system, there is a need for studying the acute  

toxicity and genotoxicity of chlorpyrifos in freshwater fish Rohu (Labeo rohita), which is a most 

preferred fish species in Pakistan, using static system. Therefore, the present study was 

conducted for the assessment of the acute toxicity of chlorpyrifos in a static system and the 

genotoxic, cytogenetic, hematological and behavioral effects of sublethal concentrations of 

chlorpyrifos in Labeo rohita. This study may also lead to reinforce the fact of the efficacy of the 

Comet assay as a sensitive biomarker of DNA damage in the erythrocytes and gill cells of Labeo 

rohita.      
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3A.2 Materials and Methods 

3A.2.1. Chemicals 

Methyl methanesulfonate (MMS) and Ethidium bromide were purchased from Sigma-

Aldrich, (St. Louis, MO, USA). Normal melting point (NMP) agarose was obtained from 

Invitrogen Life Technologies Ltd. (Paisley, UK). Low melting point (LMP) agarose was 

supplied by Promega Corporation (Madison, USA). Ethylenediamine tetraacetic acid (EDTA) 

disodium salt was purchased from GIBCO Life technologies Inc, (New York, USA). Phosphate 

buffered saline (PBS) was supplied by Invitrogen (Carlsbad, USA). Dimethyl sulphoxide 

(DMSO) was obtained from Labscan Asia Co Ltd. (Bangkok, Thailand). Triton X-100 was 

supplied by Applichem Gmbh (Darmstodt, Germany). Trizma base, NaOH, HCl, NaCl, 

MgSO4.7H2O, K2HPO4, and all other chemicals used were of analytical grade.  

Commercial formulation of chlorpyrifos product (40% EC), named as ‘Chlorpyrifos’ 

(manufactured by M/s. K & N Efthymiadis, Greece), was purchased from the local market. It 

was observed that the chlorpyrifos of this grade is mostly employed in the fields. 

3A.2.2. Experimental fish specimen  

Freshwater fish Rohu (Labeo rohita, Family: Cyprinidae, Order: Cypriniformes) was 

obtained from Faisalabad fish hatchery and shifted to the glass aquaria after treating with 

potassium permanganate (KMnO4) solution (0.05 %) for 2 min to remove any dermal 

contaminant. The fish specimens had an average body weight and body length 15.5±0.9 g and 

12.5±1.2 cm. These specimens were acclimatized for 15 days prior to the pesticide exposure with 

a 16:8h (light:dark) photoperiod.. The specimens were fed with pelleted feed (containing fish 

meal, Charoen Pokphand Foods Public Company Limited, Thailand) at the rate of 3% of their 

body weight once in a day and feeding was stopped 24 h prior to the pesticide exposure till the 

end of the experiment.  

3A.2.3. Determination of acute toxic and sublethal concentrations  

Stock solution of the insecticide was prepared by dissolving chlorpyrifos in acetone. Five 

working chlorpyrifos concentrations (420, 430, 440, 450 and 460µg/L) were prepared in acetone 

(solvent) from the stock solution. To determine the acute LC50 value of chlorpyrifos, static 

bioassay was employed. Six groups of fish, each containing 10 individuals, were selected at 

random and placed in the aquaria. Glass aquaria (with dimensions of 30 cm depth, 30 cm width 

and 45 cm length), with the capacity of about 40 L was filled with 30 L of water. The above 
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mentioned concentrations were added to different aquaria containing specimens, keeping one as 

solvent control receiving no pesticide but maximum acetone that any dosing solution contain. 

Acute toxicity assay was performed following the guidelines of Organization for Economic Co-

operation and Development (OECD) for testing of chemicals (OECD, 1992).  

Acute LC50 (96h) value of chlorpyrifos for L. rohita was calculated as 442.8µg/l (95% 

Confident limits: 437.77 - 447.93µg/L) using a computer program, TSK (Trimmed Spearman–

Karber, 1991, Version 1.5). Using the LC50 value, three nominal sub-lethal concentrations viz., 

sub-lethal I (SL-I, 1/2
nd

 of LC50 = ~ 221.4µg/L), sub-lethal II (SL- II, 1/4
th
 of LC50 = 

~110.7µg/L) and sub-lethal III (SL-III, 1/6
th
 of LC50 = ~73.8µg/L) were prepared.  

3A.2.4.  In vivo sub lethal exposure experiment  

The fish specimens were exposed to three above mentioned sublethal concentrations of 

chlorpyrifos in a static bioassay system for 96h with a 16:8h (light:dark) photoperiod. Tissue 

samples were procured at the intervals of 24, 48, 72 and 96h from the two fish per concentration 

per interval. Dechlorinated tap water and methyl methanesulfonate (MMS) (5 mg/L) were used 

as negative and positive controls, respectively. 

Physico-chemical properties of water (Temperature, pH, dissolved oxygen, electrical 

conductivity and total hardness) were analyzed before and after the pesticide exposure.  

Whole blood and the gills were taken at each sampling event and were immediately 

processed for the Comet assay and micronucleus test, subsequently. Blood sampling was carried 

out from the cardiac puncture using heparinized syringe.      

3A.2.5.  Alkaline single cell gel electrophoresis (SCGE)  

The alkaline single cell gel electrophoresis (SCGE)/Comet assay was performed using 

three-layer procedure (Singh et al., 1988) with slight modifications (Klaude et al., 1996). The 

gill tissue (about 50 mg) was cut into small pieces using scissors and homogenized in ice-cold 

homogenization buffer (1X Hanks’ balanced salt solution, 20 mM EDTA, 10% dimethyl 

sulphoxide (DMSO), pH 7.0-7.5). The cell suspension was centrifuged at 3,000 rpm at 4ºC for 5 

min and the cell pellet was finally suspended in chilled phosphate buffered saline solution for the 

Comet assay.  

The blood samples (~500µl) were collected from each fish by cardiac puncture using a 

heparinized syringe and diluted with 1ml phosphate buffered saline solution (pH 7.0-7.5). 

Viability of both the erythrocytes and gill cells was evaluated using the trypan blue exclusion test 
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method (Anderson et al., 1994). The cell samples showing cell viability higher than 84% were 

further processed for the Comet assay. About 15 µl of the cell suspension was mixed with 85 µl 

of 0.5% low melting point agarose and layered on a slide previously coated with 200µl of 1% 

normal melting point agarose. Finally the slide was coated with a third layer of 100µl of 0.5% 

low melting point agarose. After solidification the slides were immersed in lysing solution (2.5 

M NaCl, 100 mM Na2 EDTA, 10 mM Tris pH 10 with 10% DMSO and 1% Triton X-100 freshly 

added 30 min before lysing) and refrigerated at 4ºC for 2h. The slides were then immersed in 

fresh cold alkaline electrophoresis buffer (300 mM NaOH, 1mM Na2 EDTA, pH > 13) in a 

horizontal gel electrophoresis unit and left in the solution at 4ºC for 20 min for salt equilibrium 

and DNA unwinding. Electrophoresis was performed in the same solution at 25V (~ 0.73 V/cm), 

300mA for 25 min at 4ºC. The slides were neutralized three times with 0.4M Tris buffer (pH 7.5) 

for 5 min each to remove excess alkali and finally were stained with 20 µl of ethidium bromide 

(20µg/ml). Slides were observed under an epifluorescent microscope (Labomed Lx400, Labo 

America, Inc USA) equipped with an excitation filter 515-560nm and emission filter 590nm. 

Total 100 individual cells were observed per fish per concentration (50 cells per slide). Cells 

with no DNA damage have nucleoids, whereas the cells with DNA damage have Comet-like 

appearance. The cells having DNA damage with no head or a dispersed head were regarded as 

apoptotic cells and were not considered for the analysis. The length of the migrated DNA in the 

Comet tail was measured using an ocular micrometer (Grover et al., 2003). DNA damage was 

measured at individual cell level with the help of the following formula:  

Comet tail length (µm) = total comet length - head diameter 

3A.2.6.  Micronucleus (MN) assay 

At each sampling a drop of blood was immediately smeared on a clean slide. On drying, 

the smears were fixed in methanol for 10 minutes, left to air dry at room temperature and finally  

stained with 6% Giemsa solution in Sorenson buffer (pH 6.9) for 20 minutes. After drying the 

slides were rinsed with distilled water to remove extra stain. A total of about 4,000 erythrocytes 

were examined for each specimen per concentration (2,000 cells per slide) under the light 

microscope (Labomed Lx400, Labo America, Inc USA, oil immersion lens, 100/1.25). The 

characteristics used for the identification of the micronucleus were circular or oval bodies having 

no connection with the main nucleus, smaller than one-third of the main nucleus and showing the 
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same staining and focusing pattern as the main nucleus. Micronucleus frequency was calculated 

from the formula: 

    
                                       

                             
      

 

3A.2.7. Hematological study 

Blood samples were collected in vacuotainers containing EDTA (1%) as an 

anticoagulant. The following hematological parameters were estimated: total erythrocyte count 

(TEC), total leukocyte count (TLC), hemoglobin content and packed cell volume (PCV).  

 

3A.2.8. Behavioral study  

Behavioral responses of the fish were observed right after the application of the pesticide 

till the end of experiment. The behavioral changes were also monitored in the control group. 

3A.2.9. Statistical analysis  

Statistical analysis of the data was carried using Statistix 8.1 computer software. Analysis 

of variance (ANOVA) was employed to compare the mean differences in the tail length between 

two tissues within concentrations, between different concentrations within time durations and 

between time durations within concentrations and tissue. ANOVA was also used to compare the 

differences in %MN frequencies between concentrations within time durations and between time 

durations within concentrations in the erythrocytes of the fish. A p value less than 0.01 was 

considered as statistically significant.  

 

 

 

 

 

 

 

 



  
 62 

 
  

3A.3 Results 

Physico-chemical properties of the water used in the experiments recorded as 

temperature: 26 ± 1ºC; pH: 8.2 ± 0.2; dissolved oxygen: 8.7 ± 0.2 mg/L; electrical conductivity: 

2.62 – 2.75 mS/m; hardness: 85-96 as mg CaCO3/L were according to USEPA specifications 

(USEPA, 2002). Using the Comet assay significantly higher levels of DNA damage (P < 0.01) 

were detected in fish tissues exposed to different sublethal concentrations of chlorpyrifos than in 

control samples (Table 3A.1). The observed DNA damage was concentration dependent and 

those levels of DNA damage in between the tested concentrations were significantly different (P 

< 0.01). The highest DNA damage was observed at the highest sublethal chlorpyrifos 

concentration III (i.e., 221.4µg/L) followed by sublethal concentration II (i.e., 110.7 µg/L) and 

sublethal concentration I (i.e., 73.8µg/L).   

The observed DNA damage was time dependent and those levels of DNA damage in 

between the times were significantly different (P < 0.01) (Table 3A.1). The lowest DNA damage 

was observed at 24h of exposure, whereas the highest DNA damage was observed at 96h in both 

the tissues at all exposure concentrations.   

Comparison of DNA damage between tissues revealed that the gill cells showed 

comparatively higher DNA damage as compared to the erythrocytes at almost all concentrations 

and durations.  For example, DNA damage observed in gill cells (i.e., 13.05±0.21µm) was higher 

as compared to DNA damage   observed in erythrocytes (i.e., 10.80±0.33µm) at 96h at the 

highest concentration of the chlorpyrifos (Table 3A.1).  
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Table 3A.1: Mean comet tail length (µm), + SD, of erythrocytes and gill cells of Labeo rohita exposed to different concentrations of 

chlorpyrifos at different time intervals 
 

Note: Values with different alphabet superscripts differ significantly (P < 0.01) between tissues within concentration. Values with different numeric superscripts 

differ significantly (P < 0.01) between concentrations within duration and tissue. Values with different capital alphabet superscripts differ significantly (P < 0.01) 

between durations within concentration and tissue. 

 

 

 

 

Concentrations 

(µg/L) 

Erythrocytes 

24h                   48h                     72h                     96h 

Gill Cells 

24h                 48h                     72h                      96h 

Control 1.02±0.12
a1A

 1.03±0.12
a1A

 1.07±0.16
a1A

 1.03±0.11
a1A

 1.65±0.22
b1A

 1.69±0.15
b1A

 1.68±0.17
b1A

 1.62±0.21
a1A

 

MMS (5mg/L) 7.32±0.50
a5A

 8.12±0.25
a5B

 9.44±0.34
a4C

 10.98±0.34
a4C

 8.25±0.28
a4A

 9.36±0.27
b4B

 10.95±0.22
b4C

 12.86±0.24
b4D

 

73.8 3.30±0.24
a2A

 4.66±0.36
a2B

 5.05±0.39
a2B

 5.72±0.40
a2C

 5.20±0.18
b2A

 6.79±0.29
b2B

 8.70±0.21
b2C

 8.93±0.23
b2C

 

110.7 4.51±0.25
a3A

 5.30±0.28
a3AB

 6.01±0.51
a3B

 6.86±0.36
a3C

 6.61±0.27
b3A

 7.84±0.20
b3B

 9.31±0.28
b3C

 9.90±0.25
b3D

 

221.4 6.41±0.39
a4A

 7.56±0.27
a4B

 8.78±0.44
a4C

 10.80±0.33
a4D

 8.24±0.19
b4A

 9.94±0.28
b5B

 11.68±0.22
b5C

 13.05±0.21
b4D
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The occurrence of MN in the erythrocytes of Labeo rohita exposed to different 

concentrations of chlorpyrifos at different time durations was summarized in Table 3A.2. 

Significantly higher (P < 0.01) induction of MN was observed at different sublethal 

concentrations of chlorpyrifos than in negative control groups. It was found that the induction in 

MN in erythrocytes was significantly concentration-dependent with the highest MN frequency 

1.19 ± 0.15% at the highest sublethal concentration III (221.4 µg/L) followed by 0.82±0.10% at 

sublethal concentration II (110.7 µg/L) and 0.71±0.09% at sublethal concentration I (73.8 µg/L).   

Furthermore, significantly higher (P < 0.01) effect of time durations on the induction of 

MN was observed at all time intervals for all the concentrations of chlorpyrifos. The lowest MN 

induction (0.12±0.01%) in the erythrocytes of Labeo rohita was observed at SL-I concentration 

of the chlorpyrifos at 24 h which was increased significantly (P < 0.01) to 0.71±0.09% at 96 h. 

Same trend was noticed in the SL-II concentration of the chlorpyrifos in which the MN 

frequency at 24h was 0.18±0.02% significantly induced to 0.82±0.10% at 96h. At the highest 

dose of sublethal concentration of chlorpyrifos the MN increased from 0.33±0.04% at 24h to 

1.19±0.15% at 96h (Table 3A.2). 
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Table 3A.2: Frequency of micronuclei in erythrocytes of Labeo rohita exposed to different 

concentrations of chlorpyrifos at different time durations (24, 48, 72 and 96 h) 

Exposure 

Time (h) 

Concentrations 

(µg/L) 

No. of fish 

observed 

Total cells 

counted 

Frequency of 

MN% ± S.E 

24 

Control 4 8,045 0.07±0.01
c1 

MMS 4 8,088 0.26±0.03
ab3 

73.8 4 8,125 0.12±0.01
c3 

110.7 4 8,205 0.18±0.02
bc3 

221.4 4 8,140 0.33±0.04
a3 

48 

Control 4 8,056 0.07±0.01
c1 

MMS 4 8,066 0.36±0.04
b23 

73.8 4 8,098 0.31±0.04
b23 

110.7 4 8,195 0.37±0.03
b23 

221.4 4 8,180 0.61±0.08
a23 

72 

Control 4 8,025 0.07±0.01
c1 

MMS 4 8,102 0.64±0.09
ab12 

73.8 4 8,135 0.49±0.05
b12

 

110.7 4 8,185 0.61±0.08
ab12 

221.4 4 8,175 0.91±0.10
a12 

96 

Control 4 8,042 0.06±0.01
c1 

MMS 4 8,105 0.81±0.09
ab1 

73.8 4 8,122 0.71±0.09
b1 

110.7 4 8,176 0.82±0.10
ab1 

221.4 4 8,222 1.19±0.15
a1 

 

Note: Values with alphabet superscript differ significantly (P < 0.01) between concentrations 

within durations whereas the numeric superscript differ significantly (P < 0.01) between time 

durations within concentrations. 

Changes in the hematological parameters of Labeo rohita after exposure to sublethal 

concentrations of chlorpyrifos are mentioned in Table 3A.3. The fish showed significantly (p < 

0.05) dose-dependent decrease in TEC, Hb% and Hct%, but a significant (p < 0.05) increase in 

TLC at both time durations (Table 3A.3).
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Table 3A.3: Changes in hematological parameters of freshwater fish Labeo rohita after exposure 

to sublethal concentrations of chlorpyrifos  
Each value is the average of three observations (n = 3) mean ± SD. 

 

 

 

 

 

 

  

Paramet

ers 

48h 96h 

Control 
73.8 

µg/L 

110.7µg

/L 

221.4µg

/L 
Control 

73.8 

µg/L 

110.7µg

/L 

221.4µg

/L 

Total 

Erythrocy

tes Count 

(x10
6
 

mm
3
) 

2.38±0.2
5

a
 

2.11±0.2
7

a
 

1.94±0.2
4

ab
 

1.63±0.2
2

b
 

2.39±0.1
9

a
 

2.05±0.1
7

a
 

1.63±0.2
2

b
 

1.45±0.2
2

b
 

Total 

Leucocyt

es Count 

(x10
3
mm

3

) 

18.99±0.

78
a
 

20.11±0.

69
b
 

22.65±0.

82
c
 

25.26±0.

89
c
 

19.13±0.

79
a
 

22.14±0.

77
b
 

24.56±0.

86
c
 

27.32±0.

74
d
 

Hemoglo

bin (%) 

7.33±0.4

4
a
 

6.38±0.3

7
b
 

5.81±0.3

8
b
 

5.02±0.3

7
c
 

7.30±0.4

2
a
 

6.38±0.3

8
b
 

6.10±0.3

9
b
 

4.89±0.3

5c 

Hematocr

it (%) 

 

29.06±0.

81
a
 

27.43±0.

73
b
 

25.95±0.

66
c
 

22.72±0.

60
d
 

28.91±0.

72
a
 

26.45±0.

64
b
 

24.10±0.

64
c
 

21.78±0.

57
d
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Different neurotoxic behavioral responses were also observed in Rohu (Labeo rohita) exposed to 

different concentrations of chlorpyrifos throughout the experimental period (Table 3A.4).  Fish 

in the control group showed normal behavior during the whole exposure time. Exposure of the 

lowest sublethal concentration of chlorpyrifos (73.8µg/L) also showed the normal behavior in 

fish. Fish in the sublethal concentration 110.7µg/L chlorpyrifos showed neurotoxic effects 

including loss of balance, lateral side movement, movement in circular form with jerks, forward 

movement with posterior part upward at an angle of around 45º and increase in opercular 

flapping and swimming rate. At the highest chlorpyrifos concentration (221.4µg/L), the severity 

of the previous mentioned effects was increased (Table 3A.4). 

 

Table 3A.4: Behavioral responses of Labeo rohita exposed to different sublethal concentrations 

of chlorpyrifos for 96h 

Behavioral Responses Control 
Chlorpyrifos (µg/L) 

73.8 110.7 221.4 

Activeness – – + + + 

Loss of balance – – + + + + 

Opercula activity – – + + + 

Rate of swimming – – + + + 

Lateral side Movement – – + + + 

Forward movement with posterior side up – – + + + + 

Movement in circular fashion with jerks – – + + + 
Note: The increase or decrease in the level of behavioral parameters is shown by numbers of (+) sign.  

The (-) sign indicate normal behavioral conditions 
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3A.4 Discussion 

In this study acute LC50 (96h) value of chlorpyrifos for Rohu (Labeo rohita) has been 

estimated as 442.8µg/L and is ranked as class II (moderately toxic) insecticide (USEPA, 1989). 

Our calculated 96h LC50 value (442.8 µg/L) of chlorpyrifos in Labeo rohita is lower than the 96h 

LC50 value (811.98µg/L) of chlorpyrifos estimated in  freshwater fish (Channa punctatus) (Ali et 

al., 2008a) and slightly higher than 96h LC50 (~ 311 µg/L) in fathead minnow (Pimephales 

promelas) (Werner et al., 2008). This variation in the LC50 value among different fish species 

may be because of the different behavior of the species due to difference in their genetic makeup 

that may have role in influencing the ability to detoxify certain chemicals. This may also be due 

to the resistance of different fish species and water quality parameters.   

Fish can be used as an excellent biological specimen to evaluate the genotoxic potential 

of toxicants for environmental risk assessment of different chemicals (Bucker et al., 2012). The 

Comet assay is generally used as a biomarker of genotoxicity in animals exposed to 

environmental pollutants and the increased Comets are associated with the serious consequences 

on the animal health (Fairbairn et al., 1995; Steinert, 1999; Pavlica et al., 2001).  In past, a 

number of studies have explained the genotoxicity of chlorpyrifos in animals, for example, 

chlorpyrifos induced the genotoxicity in the lymphocytes and gill cells of freshwater fish 

(Channa punctatus) (203.0 µg/L, 406.0 µg/L, 609.0 µg/L and 68.0 µg/L, 102.0 µg/L, 203.0 

µg/L) (Ali et al., 2008a; Ali et al., 2009) and in the erythrocytes and liver cells of Chinese toad 

(Bufo bufo gargarizans) (80.0 µg/L, 160.0 µg/L, 320.0 µg/L, 640.0 µg/L) (Yin et al., 2009). Our 

results showed an increase in DNA damage in erythrocytes and gill cells of Labeo rohita 

exposed to sublethal concentrations of chlorpyrifos (73.8 µg/L, 110.7 µg/L, 221.4 µg/L) and this 

induction in DNA damage is time and concentration dependent. 

In this study, chlorpyrifos induced significantly higher DNA damage in the erythrocytes and the 

gill cells of Labeo rohita as compared to the controls, interpreting the genotoxic nature of 

chlorpyrifos to the aquatic organisms. A significant variability in DNA damage was observed 

among the two tissues of the fish exposed to the insecticide at about all treated sublethal 

concentrations (Table 3A.1). This variability in the DNA damage among the specific tissues 

could be due to the variable number of alkali-labile sites in DNA of cells taken from different 

tissues (Lee and Steinert, 2003). This may also be attributed to the different physiological nature 

of the activities associated with those specific organs, with respect to either detoxification of the 
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toxicants or the repair of different types of DNA strand breaks (Lee and Steinert, 2003). 

Furthermore, the significantly higher DNA damage in gill cells might be due to the direct and 

continuous exposure of this organ to the genotoxic chemicals dissolved in water (Dzwonkowska 

and Hubner, 1986), whereas the erythrocytes comes in contact with these DNA damaging 

chemicals when these genotoxic chemicals enter into the circulatory system. Our results are in 

agreement with the previous studies indicating the higher DNA damage in gill cells as compared 

to the blood erythrocytes in different fish species exposed to different pesticides (Ateeq et al., 

2005; Pandey et al., 2006; Ali et al., 2009;).      

Micronucleus assay has been used in toxicology to evaluate the cytogenecity of the 

pollutants and a bio-indicator to monitor the effects of environmental pollutants in the aquatic 

animals. This assay has been performed to investigate the cytogenetic effects of different 

pollutants in earthworms (Muangphra and Gooneratne, 2011a, b), mussels (Klobucar et al., 

2003), fish (Kumar et al., 2010; Nwani et al., 2010), amphibians (Huang et al., 2007; Yin et al., 

2009) and in humans (Bhalli et al., 2006; Ali et al., 2008b). In the present study, erythrocytes of 

Labeo rohita exposed to sublethal concentrations of chlorpyrifos showed significantly higher (P 

< 0.01) number of MN than the controls (Table 3A.2). It was observed that the chlorpyrifos 

induced a concentration-dependent increase in the micronuclei formation. The lowest MN 

frequency observed was 0.12±0.01% at the lowest sublethal concentration (SL-III = 73.8µg/L) 

whereas the highest MN frequency was 1.19±0.15% at the highest sublethal concentration (SL-I 

= 221.4 µg/L). Our results are in agreement with the previous studies in which chlorpyrifos 

induced increase in MNi formation with the increase of the insecticide concentrations in 

freshwater fish, Channa punctatus, (Bloch) (Ali et al., 2009) and in amphibian Chinese toad, 

Bufo bufo gargarizans (Yin et al., 2009).  

It was also observed that the induction in MNi formation is significantly different (P < 0.01) at 

different time durations within the same concentration of the insecticide (Table 3A.2). Frequency 

of MNi formation in the erythrocytes of Labeo rohita exposed to the lowest sublethal 

concentration of the chlorpyrifos (SL-III = 73.8µg/L) was 0.12±0.0%, 0.31±0.04%, 0.49±0.05% 

and 0.71±0.09% at 24 h, 48 h, 72 h and 96 h, respectively. The same significant difference (P < 

0.01) in the formation of MNi was also observed at the remaining two sublethal concentrations 

of the chlorpyrifos at all time durations. Our results corroborate the previous findings in which 

chlorpyrifos and glyphosate induced time-dependent increase in MNi formation in the 
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erythrocytes of freshwater fish (Channa punctatus) and goldfish (Carassius auratus), 

respectively (Cavas and Konen, 2007; Ali et al., 2008a;).    

The freshwater fish, Labeo rohita, showed changes in hematological parameters on 

exposure to sublethal concentrations of chlorpyrifos. A reduction in erythrocytes and hemoglobin 

content may be due to disruptive action of the pesticide on the erythropoietic tissue which results 

in destruction of erythrocytes (Jenkins et al., 2003; Seth and Saxena, 2003). This decreased 

synthesis of erythrocytes in the bone marrow induced anemia in the fish exposed to diazinon 

(Morgan et al., 1980). Our findings are in accordance with the previous studies in which 

different organophosphate pesticides induced similar changes in hematological parameters 

(Benarji and Rajendranath, 1990; Singh and Srivastava, 1994; Khattak and Hafeez, 1996; 

Tavares et al., 1999).  In the present study TLC significantly (p < 0.05) increases with increase in 

chlorpyrifos concentrations (Table 3A.3). This increment in leukocytes indicates hypersensitivity 

of leukocytes to the pesticide and this hematological change may be due to immunological 

responses of the fish to produce more and more antibodies to cope up with stress induced by 

chlorpyrifos. Our results are in agreement with the study in which antibodies increased with the 

increase in TLC which helps in the survival and recovery of fresh water teleost fish Clarias 

Batrachus on exposure to lindane and malathion (Joshi et al., 2002).       

In the current study the fish showed concentration and time dependent effects (Table 

3A.4). The Labeo rohita showed no abnormal response to the control as well as to the least 

concentration of chlorpyrifos throughout the experimental duration (96h), which shows the 

severity with the increase of pesticide concentrations and the passage of time. The abnormal 

behavioral responses includes loss  of balance, lying laterally at bottom, rapid opercular 

movements with opened mouth, swimming forward in circular form with jerks and forward 

movement with posterior side up. The current behavioral results are in accordance with the 

previous studies (Fukuto, 1990; Sarikaya and Yilmaz, 2003; Selvi et al., 2005, Ismail et al., 

2009) of different pesticides in other fish species.  
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Conclusions  

The current findings reveal that chlorpyrifos seems to be moderately toxic to the Labeo 

rohita in a static bioassay system, thus imparting the negative impact on the behavior of the fish. 

Chlorpyrifos induces MNi frequencies and DNA damage (as measured with the Comet assay) in 

erythrocytes and gill cells of Labeo rohita at sublethal concentrations. Also the increase in MNi 

frequencies and DNA damage is concentration and time duration-dependent. In comparison, the 

gill cells showed more sensibility to genotoxicity. Chlorpyrifos induced decrease in total 

erythrocyte count, hemoglobin content and packed cell volume, whereas total leukocyte count 

increased. It can be concluded that the chlorpyrifos is a genotoxic, cytotoxic and neurotoxic 

insecticide causing DNA damage, MNi frequencies and neurotoxic effects in Labeo rohita, and 

the Comet assay and micronucleus test can be used to evaluate the genotoxic and cytogenetic 

potentials of pollutants in biomonitoring studies using fish (Labeo rohita) as a model organism.  
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Chapter 3B 

 

Assessment of Genotoxic, Cytogenetic, Hematological and Behavioral Effects 

of Cypermethrin in Freshwater Fish Labeo rohita 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
73 

 
  

3B.1. Introduction 

Pesticides are extensively used in agriculture to improve the crops yield by minimizing 

their damage from the pests but these chemicals causes toxic effects to non target organisms 

especially fish. Synthetic Pyrethroids are most widely used pesticides in agriculture and livestock 

to control the crop pests and the ectoparasites of animals (Roberson and Nolan, 1988). These 

pesticides comprise about 30% of the global pesticide employ. These chemicals are being in use 

some over two decades by replacing more toxic pesticides like chlorinated hydrocarbons, 

organophosphates and carbamates (Moore and Waring, 2001). These are widely used pesticides 

because of their low toxicity to insects, birds and mammals (Srivastava et al., 2006), but a 

number of studies revealing that the cypermethrin is highly toxic to non target organisms like 

honey bees, aquatic arthropods and freshwater fish (Smith and Stratton, 1986; USEPA, 1989; 

Oudou et al., 2004). Cypermethrin is the most widely used type II pyrethroid to control many 

pests including pests of cotton, soybean, vegetable crops and fruits (Carriquiriborde et al., 2007; 

Simoniello et al., 2009). Most of the pesticide products containing cypermethrin as an active 

ingredient are classified as ‘Restricted Use Pesticides’ by the United States Environmental 

Protection Agency (Meister, 1992) due to high toxicity of cypermethrin to aquatic organisms 

especially fish (USEPA, 1989).      

To monitor the cytogenetic and genotoxic effects of these chemicals, the Micronucleus 

test and Comet assay are widely used since they allow easy application, particularly in aquatic 

organisms (Klobucar et al., 2003; Jha, 2004, 2008; Ali et al., 2008a; de Campos Ventura et al., 

2008; Yin et al., 2008; Simoniello et al., 2009; Nwani et al., 2010). The micronucleus assay is 

one of the most important cytogenetic endpoint used to monitor the aneugenic and clastogenic 

effects both in in vivo (Al-Sabti and Metcalfe, 1995; Norppa and Falck, 2003; Cavas and Ergene-

Gozukara, 2005) and in vitro (Ali et al., 2011) studies. The comet assay has an advantage over 

other others since it can detect the DNA damage at single cell level (Tice et al., 2000; Collins, 

2004; Ali et al., 2011). As the red blood cells of the fish are nucleated having DNA, the 

micronucleus test and the comet assay have been effectively used in the erythrocytes of the fish 

(Cavas and Konen, 2007; Vanzella et al., 2007; Ali et al., 2008a; Cavalcante et al., 2008; de 

Campos Ventura et al., 2008; Frenzilli et al., 2009).  

 As the fish blood in the gills has direct contact with the water medium and any 

unfavorable change in the aquatic environment could be reflected in the circulatory system. 
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Therefore fish blood has been widely used in toxicological and environmental monitoring as a 

possible indicator of physiological changes in fisheries (Mulcahy, 1975). So the hematological 

studies of fish could be used to indicate the health status of fish as well as water quality. A 

number of studies conducted to evaluate the effects of different pesticides on fish blood (Tavares 

et al., 1999; Svoboda et al., 2001a; Atamanalp et al., 2002; Saxena and Seth, 2002; Das and 

Mukherjee, 2003; Adhikari et al., 2004; Borges et al., 2007).  

 The present study was conducted for the assessment of the acute toxicity, 

genotoxic, cytogenetic, hematological and behavioral effects of sublethal concentrations of 

cypermethrin in Labeo rohita. The data generate from this study would be a useful contribution 

in the ecotoxicological risk assessment studies of cypermethrin against this particular fish species 

(Labeo rohita).  
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3B.2 MATERIALS AND METHODS 

3B.2.1. Chemicals 

Methyl methanesulfonate (MMS) and Ethidium bromide (EtBr) were purchased from 

Sigma-Aldrich, (St. Louis, MO, USA). Normal melting point (NMP) agarose was obtained from 

Invitrogen Life Technologies Ltd. (Paisley, UK). Low melting point (LMP) agarose was 

supplied by Promega Corporation (Madison, USA). Ethylenediamine tetraacetic acid (EDTA) 

disodium salt was purchased from GIBCO Life technologies Inc, (New York, USA). Phosphate 

buffered saline (PBS) was supplied by Invitrogen (Carlsbad, USA). Dimethyl sulphoxide 

(DMSO) was obtained from Labscan Asia Co Ltd. (Bangkok, Thailand). Triton X-100 was 

supplied by Applichem Gmbh (Darmstodt, Germany). Trizma base, NaOH, HCl, NaCl, 

MgSO4.7H2O, K2HPO4, and all other chemicals used were of analytical grade. 

Commercial formulation of cypermethrin product (10% EC), named as ‘Arrivo’ 

(manufactured by FMC united (Pvt.) Ltd., Lahore, Pakistan), was purchased from the local 

market. 

3B.2.2. Experimental Fish Specimen  

Freshwater fish Rohu (Labeo rohita, Family: Cyprinidae, Order: Cypriniformes) was 

obtained from Faisalabad fish hatchery and shifted to the glass aquaria after treating with 

potassium permanganate (KMnO4) solution (0.05 %) for 2 min to remove any dermal 

contaminant. The fish specimens had an average body weight and body length 15.5±0.9 g and 

12.5±1.2 cm. These specimens were acclimatized for 15 days prior to the pesticide exposure with 

a 16:8h (light:dark) photoperiod.. The specimens were fed with pelleted feed (containing fish 

meal, Charoen Pokphand Foods Public Company Limited, Thailand) at the rate of 3% of their 

body weight once in a day and feeding was stopped 24 h prior to the pesticide exposure till the 

end of the experiment as suggested by Ward and Parish (Ward and Parrish, 1982) and Reish and 

Oshida (Reish and Oshida, 1986).  

3B.2.3. Determination of Acute Toxic and Sublethal Concentrations 

Stock solution of the insecticide was prepared by dissolving cypermethrin in acetone. 

Five working cypermethrin concentrations (2, 4, 6, 8 and 10µg/L) were prepared in acetone 

(solvent) from the stock solution. To determine the acute LC50 value of cypermethrin, static 

bioassay was employed. Six groups of fish, each containing 10 individuals, were selected at 

random and placed in the aquaria. Glass aquaria (with dimensions of 30 cm depth, 30 cm width 
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and 45 cm length), with the capacity of about 40 L was filled with 30 L of water. The above 

mentioned concentrations were added to different aquaria containing specimens, keeping one as 

solvent control receiving no pesticide but maximum acetone that any dosing solution contain. 

Acute toxicity assay was performed following the guidelines of Organization for Economic Co-

operation and Development (OECD) for testing of chemicals (OECD, 1992).  

Acute LC50 (96h) value of cypermethrin for L. rohita was calculated as 6.01µg/L (95% 

confident limits: 5.10 - 7.07µg/L) using a computer program, TSK (Trimmed Spearman–Karber, 

1991, Version 1.5). Using the LC50 value, three nominal sub-lethal concentrations viz., sub-lethal 

I (SL-I, 1/2
th
 of LC50 = 3.0µg/L), sub-lethal II (SL- II, 1/4

th
 of LC50 = 1.5µg/L) and sub-lethal III 

(SL-III, 1/6
th

 of LC50 = 1.0µg/L) were prepared. 

3B.2.4. In Vivo Sub Lethal Exposure Experiment 

The fish specimens were exposed to three above mentioned sublethal concentrations of 

cypermethrin in a static bioassay system for 96h with a 16:8h (light:dark) photoperiod. Tissue 

samples were collected at the intervals of 24, 48, 72 and 96h and the two fish per concentration 

per interval. Tap water and Methyl methanesulfonate (MMS) (5mg/L) were used as negative and 

positive controls, respectively. 

Physico-chemical properties of water (Temperature, pH, dissolved oxygen, electrical 

conductivity and total hardness) were analyzed before and after the pesticide exposure.  

Whole blood and the gills were taken at each sampling event and were immediately 

processed for the Comet assay, subsequently. Blood sampling was carried out from the cardiac 

puncture using heparinized syringe.      

3B.2.5. Micronucleus (MN) Assay 

At each sampling a drop of blood was immediately smeared on a clean slide. On drying, 

the smears were fixed in methanol for 10 minutes, left to air dry at room temperature and finally  

stained with 6% Giemsa solution in Sorenson buffer (pH 6.9) for 20 minutes. After drying the 

slides were rinsed with distilled water to remove extra stain. A total of about 2,000 erythrocytes 

were examined for each specimen per concentration (1,000 cells per slide) under the light 

microscope (Labomed Lx400, Labo America, Inc USA, oil immersion lens, 100/1.25). The 

characteristics used for the identification of the micronucleus were circular or oval bodies having 

no connection with the main nucleus, smaller than one-third of the main nucleus and showing the 
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same staining and focusing pattern as the main nucleus. Micronucleus frequency was calculated 

from the formula: 

    
                                       

                             
      

 

3B.2.6. Alkaline Single Cell Gel Electrophoresis (SCGE)/Comet assay 

The alkaline single cell gel electrophoresis (SCGE)/Comet assay was performed using 

three-layer procedure (Singh et al., 1988) with slight modifications (Klaude et al., 1996). The 

gill tissue (about 50 mg) was cut into small pieces using scissors and homogenized in ice-cold 

homogenization buffer (1X Hanks’ balanced salt solution, 20 mM EDTA, 10% dimethyl 

sulphoxide (DMSO), pH 7.0-7.5). The cell suspension was centrifuged at 3,000 rpm at 4ºC for 5 

min and the cell pellet was finally suspended in chilled phosphate buffered saline (PBS) solution 

for the Comet assay.  

The blood samples (~500µl) were collected from each fish by cardiac puncture using a 

heparinized syringe and diluted with 1ml phosphate buffered saline solution (pH 7.0-7.5). 

Viability of both the erythrocytes and gill cells was evaluated using the trypan blue exclusion test 

method (Anderson et al., 1994). The cell samples showing cell viability higher than 84% were 

further processed for the Comet assay. About 15 µl of the cell suspension was mixed with 85 µl 

of 0.5% low melting agarose and layered on a slide previously coated with 200µl of 1% normal 

melting point agarose. Finally the slide was coated with a third layer of 100µl of 0.5% low 

melting point agarose. After solidification the slides were immersed in lysing solution (2.5 M 

NaCl, 100 mM Na2 EDTA, 10 mM Tris pH 10 with 10% DMSO and 1% Triton X-100 freshly 

added 30 min before lysing) and refrigerated at 4ºC for 2h. The slides were then immersed in 

fresh cold alkaline electrophoresis buffer (300 mM NaOH, 1mM Na2 EDTA, pH > 13) in a 

horizontal gel electrophoresis unit and left in the solution at 4ºC for 20 min for salt equilibrium 

and DNA unwinding. Electrophoresis was performed in the same solution at 25V (~ 0.73 V/cm), 

300mA for 25 min at 4ºC. The slides were neutralized three times with 0.4M Tris buffer (pH 7.5) 

for 5 min each to remove excess alkali and finally were stained with 20 µl of ethidium bromide 

(20µg/ml). Slides were observed under an epifluorescent microscope (Labomed Lx400, Labo 

America, Inc USA) equipped with an excitation filter 515-560nm and emission filter 590nm. 

Total 100 individual cells were observed per fish per concentration (50 cells per slide). Cells 
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with no DNA damage have nucleoids, whereas the cells with DNA damage have Comet-like 

appearance. The cells having DNA damage with no head or a dispersed head were regarded as 

apoptotic cells and were not considered for the analysis. The length of the migrated DNA in the 

Comet tail was measured using an ocular micrometer (Grover et al., 2003). DNA damage was 

measured at individual cell level with the help of the following formula:  

Comet tail length (µm) = total comet length - head diameter 

3B.2.7. Hematological study 

Blood samples were collected in vacuotainers containing EDTA (1%) as an 

anticoagulant. The following hematological parameters were estimated: total erythrocyte count 

(TEC), total leukocyte count (TLC), hemoglobin content and packed cell volume (PCV).  

3B.2.8. Behavioral study  

Behavioral responses of the fish were observed right after the application of the pesticide 

till the end of experiment. The behavioral changes were also monitored in the control group. 

3B.2.9. Statistical Analysis 

Statistical analysis of the data was carried using Statistix 8.1 computer software. Analysis 

of variance (ANOVA) was employed to compare the mean differences in the tail length between 

two tissues within concentrations, between different concentrations within time durations and 

between time durations within concentrations and tissue. Analysis of variance (ANOVA) was 

also used to compare the differences in %MN frequencies between concentrations within time 

durations and between time durations within concentrations in the erythrocytes of the fish. A p 

value less than 0.01 was considered as statistically significant.  
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3B.3. RESULTS 

DNA damage was assessed in the erythrocytes and the gill cells of Labeo rohita using 

comet assay after giving sublethal exposures of cypermethrin. Significantly (P < 0.01) higher 

levels of DNA damages were observed in both tissues of the fish exposed to different sublethal 

concentrations of cypermethrin and methylmethane sulphonate (MMS) than in control. 

Concentration-dependent significantly (P < 0.01) increase in DNA damage was detected in the 

both tissues. The highest DNA damage in erythrocytes was observed at the highest treated 

sublethal concentration of cypermethrin (i.e., 3.0µg/L) followed by sublethal concentration II 

(i.e., 1.5µg/L) and the sublethal concentration III (i.e., 1.0µg/L) at all the time durations. 

Similarly the highest DNA damage in gill cells was observed at 3.0µg/L followed by 1.5µg/L 

and 1.0µg/L at all exposure durations (Table 3B.1).  

Time dependent increase in the DNA damage was detected in both the tissues of the fish 

exposed to the sublethal concentrations of cypermethrin. DNA damage observed at 24h was the 

lowest, whereas the DNA damages observed at 96h of exposure were significantly highest in 

both the tissues at almost all the exposure concentrations of cypermethrin (Table 3B.1).   

 While comparing the DNA damages between tissues, it was revealed that the gill cells 

showed more DNA damage than erythrocytes at almost all the exposure concentrations and 

durations. DNA damage detected in gill cells (10.21±0.16 µm) was higher as compared to the 

DNA damage observed in erythrocytes (i.e., 10.80±0.33µm) at 96h at the highest concentration 

of cypermethrin (Table 3B.1). 
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Table 3B.1: Mean comet tail length (µm), + SD, of erythrocytes and gill cells of Labeo rohita exposed to different 

concentrations of Cypermethrin at different time interval 

Concentrations 

(µg/L) 

Erythrocytes Gill Cells 

24h 48h 72h 96h 24h 48h 72h 96h 

Control 1.02±0.05
a1A

 1.02±0.04
a1A

 1.03±0.04
a1A

 1.02±0.05
a1A

 1.65±0.13
b1A

 1.68±0.06
b1A

 1.68±0.09
b1A

 1.62±0.11
b1A

 

MMS 7.32±0.15
a5A

 8.11±0.14
a5B

 9.43±0.13
a5C

 10.98±0.18
a5D

 8.25±0.10
b5A

 9.35±0.15
b5B

 10.95±0.12
b5C

 12.85±0.15
b5D

 

1.0 2.29±0.09
b2A

 3.45±0.12
b2B

 4.62±0.12
a2C

 5.80±0.12
a2D

 2.95±0.12
b2A

 4.31±0.17
b2B

 5.54±0.12
b2C

 6.91±0.09
b2D

 

1.5 3.01±0.12
a3A

 4.68±0.10
a3B

 5.74±0.12
a3C

 6.94±0.10
a3D

 4.10±0.16
b3A

 5.73±0.12
b3B

 6.69±0.14
b3C

 8.13±0.18
b3D

 

3.0 4.77±0.13
a4A

 6.69±0.10
a4B

 7.39±0.12
a4C

 9.03±0.14
a4D

 6.15±0.11
b4A

 7.83±0.10
b4B

 9.07±0.16
b4C

 10.21±0.16
b4D

 

 

Values with different alphabet superscripts differ significantly (P < 0.01) between tissues within concentration. Values with different numeric 

superscripts differ significantly (P < 0.01) between concentrations within duration and tissue. Values with different capital alphabet superscripts 

differ significantly (P < 0.01) between durations within concentration and tissue. 
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Induction of MN was observed in the erythrocytes of Labeo rohita exposed to different 

sublethal concentrations of cypermethrin (Table 3B.2). A significant (p < 0.01) increase in the 

frequency of MN was detected in the erythrocytes of the fish exposed to different concentrations 

of cypermethrin and methyl methanesulfonate than negative control. It was found that the 

increase in MN frequency was concentration dependent, showing the lowest MN frequency 

(0.13±0.03%) at the lowest sublethal concentration (1.0µg/L) and the highest MN frequency 

(0.89±0.11%) at the highest sublethal concentration of cypermethrin (3.0µg/L).  

        It was found that the induction in MN frequency also dependent on the duration of 

exposure. The lowest MN frequency (0.13±0.03%) was observed at 24h exposure in the least 

sublethal concentration (1.0µg/L), whereas the MN frequency was significantly increased to 

0.43±0.07 at 96h exposure in the same concentration of cypermethrin (Table 3B.2). Same trend 

was investigated in sublethal concentration (1.5µg/L) of cypermethrin, where the MN frequency 

was 0.20±0.03% at 24h significantly increased to 0.61±0.10% at 96h. At the highest sublethal 

dose of cypermethrin (3.0µg/L), the MN frequency increased from 0.35±0.03% at 24h to 

0.89±0.11% at 96h. 
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Table 3B.2: Frequency of micronuclei in erythrocytes of Labeo rohita exposed to different 

concentrations of cypermethrin at different time durations (24h, 48h, 72h and 96h) 

Exposure 

Time (h) 

Concentrations No. of fish 

observed 

Total cells 

counted 

Frequency of 

MN% ± S.E (µg/L) 

24 

Control 3 6,025 0.07±0.02
a1

 

MMS 3 6,020 0.27±0.02cd1 

1.0 3 6,010 0.13±0.03
ab1

 

1.5 3 6,030 0.20±0.03
bc1

 

3.0 3 6,020 0.35±0.03
d1

 

48 

Control 3 6,025 0.07±0.03
a1

 

MMS 3 6,030 0.38±0.04
bc12

 

1.0 3 6,040 0.22±0.04
ab12

 

1.5 3 6,035 0.30±0.06
abc12

 

3.0 3 6,025 0.48±0.07
c1

 

72 

Control 3 6,030 0.07±0.02
a1

 

MMS 3 6,025 0.60±0.09
bc23

 

1.0 3 6,035 0.31±0.06
ab12

 

1.5 3 6,045 0.45±0.08
bc12

 

3.0 3 6,035 0.70±0.10
c12

 

96 

Control 3 6,020 0.07±0.02
a1

 

MMS 3 6,030 0.78±0.09
bc3

 

1.0 3 6,025 0.43±0.07
ab2

 

1.5 3 6,035 0.61±0.10
bc2

 

3.0 3 6,040 0.89±0.11
c2

 

Note: Values with alphabet superscript differ significantly (P < 0.01) between concentrations 

within time durations whereas the numeric superscript differ significantly (P < 0.01) between time 

durations within concentrations. 

Changes in the hematological parameters of Labeo rohita after exposure to sublethal 

concentrations of cypermethrin are mentioned in Table 3. The fish showed significantly (p < 

0.05) dose-dependent decrease in TEC, Hb% and Hct%, but a significant (p < 0.05) increase in 

TLC at both time durations (Table 3B.3). 
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Table 3B.3: Changes in hematological parameters of freshwater fish Labeo rohita after exposure 

to sublethal concentrations of cypermethrin  

 

 

 

Each value is the average of three observations (n = 3) mean ± SD. 

 

 

 

 

 

 

 

 

Paramete

rs 

48h 96h 

Control 
1.0 

µg/L 

1.5 

µg/L 

3.0 

µg/L 
Control 

1.0 

µg/L 

1.5 

µg/L 

3.0 

µg/L 

Total 

Erythrocyt

es Count 

(x10
6
 

mm
3
) 

2.37±0.24

a 

2.23±0.24

ab 

2.11±0.22

ab 

1.88±0.21

b 

2.38±0.22

a 

2.18±0.18

ab 

2.10±0.26

ab 

1.85±0.22

b 

Total 

Leucocyte

s Count 

(x10
3
mm

3
) 

19.18±0.9

2a 

21.67±0.7

9b 

23.68±0.8

4c 

27.31±1.1

3d 

19.12±1.0

3a 

22.37±0.9

2b 

25.14±0.8

9c 

30.15±1.1

2d 

Hemoglob

in (%) 

7.23±0.39

a 

6.79±0.40

ab 

6.42±0.39

b 

6.07±0.42

b 

7.18±0.40

a 

6.49±0.32

b 

6.33±0.33

b 

5.88±0.37

b 

Hematocri

t (%) 

 

29.08±0.9

1a 

26.93±0.8

2b 

24.81±0.5

5c 

21.71±0.7

4d 

30.13±0.9

7a 

28.16±0.8

9b 

26.12±0.8

5c 

22.92±0.8

5d 
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Different behavioral responses were observed in Labeo rohita exposed to different 

sublethal concentrations of cypermethrin (Table 3B.4). Fish in the control group and the group 

that exposed to the lowest concentration of cypermethrin (1.0µg/L) showed normal behavior 

throughout the experimental time duration. Fish exposed to the 1.5µg/L of cypermethrin showed 

neurotoxic behavioral responses including loss of balance, lying laterally with open mouth and 

quick movement in a zigzag pattern with posterior side up at an angle of around 60º. At the 

highest exposed sublethal concentration of cypermethrin (3.0µg/L), severity in the behavioral 

responses was observed especially in the zigzag movement with posterior side up (Table 3B.4). 

 

Table 3B.4: Behavioral responses of Labeo rohita exposed to different sublethal concentrations 

of cypermethrin for 96h 

Behavioral Responses Control 
Cypermethrin (µg/L) 

1.0 1.5 3.0 

Activeness – – + + + 

Loss of balance – – + + + 

Opened mouth – – + + + 

Lying laterally – – + + + 

Quick movement in a zigzag pattern with 

posterior side up 
– – + + + + 

Note: The increase or decrease in the level of behavioral parameters is shown by numbers of (+) sign.  

The (-) sign indicate normal behavioral conditions 
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3B.4. Discussion 

Acute toxicity of cypermethrin varies depending on the fish species. In this study the 

acute LC50 (96h) of cypermethrin for Labeo rohita has been calculated as 6.01µg/L (95% 

confident limits: 5.10 - 7.07µg/L). Our calculated LC50 (96h) of cypermethrin for Labeo rohita is 

lower than the LC50 (96h) values of cypermethrin in estimated in Guppy (Poecilia reticulate) 

(9.43μg/L), Common carp (Cyprinus carpio) (29.1μg/L), Rainbow trout (Oncorhynchus mykiss) 

(31.4μg/L), Jundia (Rhamdia quelen) (193.0μg/L) and higher than LC50 (96h) values of 

cypermethrin calculated in Common carp (Cyprinus carpio) larvae (0.809μg/L), Freshwater 

catfish (Heteropneustes fossilis) (1.27μg/L), Common carp (Cyprinus carpio) (1.70μg/L), Nile 

Tilapia (Oreochromis niloticus) (5.99μg/L) (Saha and Kaviraj, 2003, 2008; Yilmaz et al., 2004; 

Aydin et al., 2005; Dobsikova et al., 2006; Velisek et al., 2006; Borges et al., 2007; Sarikaya, 

2009).  

  Single cell-gel electrophoresis (Comet assay) is a commonly used biomarker of 

genotoxicity in animals exposed to genotoxic chemicals and the increased number of Comets is 

associated with the serious consequences on the animal health (Fairbairn et al., 1995; Steinert, 

1999; Pavlica et al., 2001). This assay has many advantages for evaluating DNA damage in 

aquatic animals especially in fish. (1) It is a very sensitive assay to detect DNA damage. (2) It 

can measure the DNA damage at an individual cell level. (3) Only a small number of cells are 

required to perform this assay. (4) The assay needs cells not to be mitotically active. (5) It can be 

performed on almost any eukaryotic cell type. A number of studies revealed that the comet assay 

has been successfully used in erythrocytes of different fish species to evaluate the genotoxic 

effects of different xenobiotics (Vanzella et al., 2007; Ali et al., 2008a; Cavalcante et al., 2008; 

Frenzilli et al., 2009). In this study, cypermethrin induced a significantly (p < 0.01) increased 

DNA damages in erythrocytes and gill cells of Labeo rohita as compared to the control, 

demonstrating the genotoxic nature of cypermethrin to the fish. Our results are in agreement with 

the previous study in which cypermethrin induced DNA damages in erythrocytes of Neotropical 

fish Prochilodus lineatus (Simoniello et al., 2009). 

A significant variability in DNA damage was observed in erythrocytes and gill cells of 

the fish exposed to cypermethrin. Gill cells showed significantly higher DNA damages as 

compared to erythrocytes at almost all the treated sublethal concentration of the insecticide 
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(Table 3B.1). This variability in the DNA damage among the specific tissues could be due to the 

variable number of alkali-labile sites in DNA of cells taken from different tissues (Lee and 

Steinert, 2003). This may also be attributed to the different physiological nature of the activities 

associated with those specific organs, with respect to either detoxification of the toxicants or the 

repair of different types of DNA strand breaks (Lee and Steinert, 2003). Our results are in 

agreement with the previous studies indicating the higher DNA damage in gill cells as compared 

to the blood erythrocytes in different fish species exposed to different pesticides (Ateeq et al., 

2005; Pandey et al., 2006; Ali et al., 2009). 

Micronucleus (MN) test has been widely used bio-indicator to evaluate the cytogenetic 

effects of pollutants in aquatic animals. A number of studies revealed that this assay has been 

performed to evaluate the cytogenicity of different pollutants in earthworms (Muangphra and 

Gooneratne, 2011a, b), mussels (Klobucar et al., 2003), fish (Kumar et al., 2010; Nwani et al., 

2010), amphibians (Huang et al., 2007; Yin et al., 2009) and in humans (Bhalli et al., 2006; Ali 

et al., 2008b). In this study a significantly (p < 0.01) increased number of MN were observed in 

erythrocytes of Labeo rohita exposed to sublethal concentrations of cypermethrin (Table 3B.2). 

It was observed that the cypermethrin induced a dose-dependent increase in micronuclei 

formation. Our results are in agreement with the previous studies in which another insecticide 

induced increase in MNi formation with increase of the insecticide concentrations in freshwater 

fish, Channa punctatus (Ali et al., 2009) and in Chinese toad, Bufo bufo gargarizans (Yin et al., 

2009). It was also observed that the increase in MNi formations in erythrocytes of fish also time-

dependent. The highest MNi frequencies were observed at the maximum exposure time duration 

i.e, at 96h (Table 2). Our results are in accordance with the previous studies in which 

chlorpyrifos and glyphosate induced a time-dependent induction in MNi formation in 

erythrocytes of freshwater fish, Channa punctatus and goldfish (Carassius auratus) respectively 

(Cavas and Konen, 2007; Ali et al., 2008a). 

Blood is a pathophysiological indicator reflecting the physiological status of fish exposed 

to pollutants. Labeo rohita exposed to the sublethal concentrations of cypermethrin showed a 

significantly (p < 0.05) concentration-dependent decrease in TEC, Hb% and Hct%. The 

inhibition of erythrocytes and hemoglobin synthesis and an increase in rate of erythrocyte 

destruction results in the development of anemia in fish. Our results are in agreement with the 

previous studies in which Labeo rohita and common carp (Cyprinus carpio) showed reduction in 



  
87 

 
  

these hematological parameters on exposure to cypermethrin and diazinon respectively (Adhikari 

et al., 2004; Svoboda et al., 2001b). In the present study, a significant (p < 0.05) concentration-

dependent increase in TLC was observed in Labeo rohita after exposure to sublethal 

concentrations of cypermethrin. This increased release of lymphocytes from lymphomyeloid 

tissue might be due to the presence of toxic chemicals (Meenakala, 1978). These pollutants 

induced tissue damage and disturb the non specific immune system resulting in increased 

production of leucocytes. Similar results have been reported in L. rohita exposed to cypermethrin 

and carbofuran  (Adhikari et al., 2004) and for Channa punctatus on exposure to eldrin and 

endosulfan (Abidi and Srivastava, 1988).  

Cypermethrin acts on the central nervous system of the vertebrates (Edwards et al., 1986) 

block the Na channels of nerve fibers, thus prolonging their depolarization phase. In the current 

study the fish exposed to the sublethal concentrations of cypermethrin showed dose-dependent 

increase in different behavioral responses (Table 3B.4). Labeo rohita showed no abnormal 

behavioral response to the control as well as to the least concentration of cypermethrin (1.0µg/L) 

throughout the experimental duration (96h).  Fish in the sublethal concentration 1.5µg/L showed 

neurotoxic effects including loss of balance, opened mouth, lying laterally and quick movement 

in a zigzag pattern with posterior side up at an angle of around  0 . At the highest cypermethrin 

concentration (3.0µg/L), the severity of the previous mentioned effects was increased especially 

in the zigzag movement with posterior side up (Table 3B.4). The current behavioral results are in 

accordance with the previous studies (Fukuto, 1990; Sarikaya and Yilmaz, 2003; Selvi et al., 

2005; Ismail et al., 2009).  

Conclusion 

The current study reveals that cypermethrin is highly toxic to the Labeo rohita. 

cypermethrin induces a dose and time-dependent increase in MNi frequencies and DNA damage 

in the erythrocytes and gill cells of the fish. Fish exposed to the sublethal concentrations of 

cypermethrin showed a dose-dependent decrease in total erythrocyte count, hemoglobin content 

and hematocrit values, and increase in total leukocyte count.  Cypermethrin induces negative 

impacts on the behavior of the fish. It can be concluded that cypermethrin is a genotoxic, 

cytotoxic and neurotoxic to Labeo rohita. 
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Chapter 4 

 

Evaluation of the Genotoxicity of Chlorpyrifos in common Indus valley toad, 

Bufo stomaticus using Comet Assay 
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4.1 Introduction 

Pesticides are widely used in agricultural areas to improve the crop yield, but the 

indiscriminate use of these chemicals accumulates in the environment and causes toxicity to the 

non target organisms. These pesticides tend to reach into the adjacent small water bodies (e.g., 

ponds, creeks, and drainage ditches) and may exhibit toxicity and genotoxicity to aquatic 

organisms.  

Chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyridyl) phosphorothioate] is a wide-

ranging organophosphate insecticide used to control the agricultural and household pests (Lemus 

and Abdelghani, 2000). It inhibits the acetylcholine esterase (AChE) enzyme and affects the 

nervous system of the aquatic organisms (Sun and Chen, 2008). The insecticides are transported 

to the freshwater water bodies through run off and storm water (Weston et al., 2005; Brady et al., 

2006) and severely affect the aquatic biodiversity of that area. These chemicals not only have 

negative impacts on the physiology of organisms but also interact with their DNA (Rajaguru et 

al., 2001).  

Amphibians are found in the aquatic, wetlands and agricultural ecosystems and are very 

important natural enemies of many agricultural insect pests. As the amphibians in their larval 

stages live in aquatic environment, they are regarded as bio-indicators (Schuytema and Nebeker, 

1999; Pollet and Leah I, 2000) and are widely used as test specimens in the assessment of toxic 

effects of pesticides on aquatic ecosystem (Sundaram, 1995). A number of studies have 

demonstrated that the amphibians are sensitive and suitable organisms for the assessment of 

genotoxicity of pollutants (Le Curieux et al., 1992; Ralph et al., 1996; Rajaguru et al., 2001).  

Chlorpyrifos has already been found genotoxic in the root meristematic cells of Crepis 

capillaris (Dimitrov and Gadeva, 1997). It has been reported as genotoxic in gill cells and 

lymphocytes of freshwater fish Channa punctatus (Bloch) (Ali et al., 2008) and in leucocytes of 

Swiss albino mice (Rahman et al., 2002). Genotoxicity of chlorpyrifos has also been evaluated in 

liver cells and erythrocytes of Chinese toad (Bufo bufo gargarizans) tadpoles (Yin et al., 2009).    

Among different techniques used for the evaluation of DNA strand breakage, we selected 

to employ alkaline single-cell gel electrophoresis/comet assay to quantify DNA damage in the 

erythrocytes of Bufo stomaticus exposed to sublethal concentrations of chlorpyrifos. Comet assay 

has many advantages over other cytogenetic assays like micronucleus test, chromosomal 

aberration test and sister chromatid exchanges to detect DNA damage. Comet assay permits the 
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visualization of DNA damage at an individual cell level (Olive et al., 1990), relatively few cells 

are required and any cell having a nucleus can be used in this assay. The comet assay is very 

sensitive (detecting 1 strand break in 1x10
10

 Da of DNA (Gedik et al., 1992) and shows a clear 

dose dependent response. It is less expensive and less time consuming than other biomonitoring 

assays (Rajaguru et al., 2001).       

There was no study on the toxicity and genotoxicity of chlorpyrifos in Bufo stomaticus. 

The present study was conducted to investigate the acute toxicity and genotoxicity of 

chlorpyrifos in Bufo stomaticus. Acute toxicity (LC50) of chlorpyrifos was evaluated by giving 

exposure of lethal doses of the insecticide to the tadpoles. After that tadpoles were exposed to 

sublethal concentrations of chlorpyrifos and the genotoxicity was evaluated by DNA damage in 

erythrocytes using comet assay.         
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4.2 Materials and Methods 

4.2.1. Chemicals 

Normal melting point (NMP) agarose was purchased from Invitrogen Life Technologies 

Ltd. (Paisley, UK). Low melting point (LMP) agarose was obtained from Promega Corporation 

(Madison, USA). Methyl methanesulfonate (MMS) and Ethidium bromide (EtBr) were supplied 

by Sigma-Aldrich, (St. Louis, MO, USA). Triton X-100 was obtained from Applichem Gmbh 

(Darmstodt, Germany). Phosphate buffered saline (PBS) was purchased from Invitrogen 

(Carlsbad, USA). Ethylenediamine tetraacetic acid (EDTA) disodium salt was obtained from 

GIBCO Life technologies Inc, (New York, USA). Dimethyl sulphoxide (DMSO) was supplied 

by Labscan Asia Co Ltd. (Bangkok, Thailand). Trizma base, NaOH, HCl, NaCl, MgSO4.7H2O, 

K2HPO4, and all other chemicals used were of analytical grade. Commercial formulation of 

chlorpyrifos product (40% EC), named as ‘Chlorpyrifos’ (manufactured by M/s. K & N 

Efthymiadis, Greece), was purchased from the local market. It was observed that the chlorpyrifos 

of this grade is mostly employed in the fields. 

4.2.2. Experimental specimen  

Tadpoles of Bufo stomaticus were obtained from NIBGE Faisalabad fields and shifted to 

the glass aquaria. These specimens were acclimatized for 15 days prior to the pesticide exposure 

with a 16:8h (light:dark) photoperiod.. The specimens were fed with boiled lettuce ad libitum, 

and feeding was stopped 24h prior to the pesticide exposure till the end of the experiment.   

4.2.3. Determination of acute toxic and sublethal concentrations  

Stock solution of the insecticide was prepared by dissolving chlorpyrifos in acetone. Five 

working chlorpyrifos concentrations (0.4, 0.8, 1.2, 1.6 and 2.0 mg/L) were prepared in the 

solvent (acetone) from the stock solution. To determine the acute LC50 value of chlorpyrifos, 

static bioassay was employed. Six groups of fish, each containing 10 individuals, were selected 

at random and placed in the aquaria. Glass aquaria (with dimensions of 30 cm depth, 30 cm 

width and 45 cm length), with the capacity of about 40 L was filled with 15 L of water. The 

temperature of the water was regulated at 26 ± 1ºC. The electric conductivity and the pH of 

water were 2.62–2.76 mS and 8.77–9.29, respectively. The above mentioned concentrations were 

added to different aquaria containing specimens, keeping one as solvent control receiving no 

pesticide but maximum acetone that any dosing solution contain. Acute toxicity assay was 
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performed following the guidelines of Organization for Economic Co-operation and 

Development (OECD) for testing of chemicals (OECD, 1992).  

Acute LC50 (96h) value of chlorpyrifos for tadpoles was calculated as 930.0µg/L (95% 

Confident limits: 710.0 – 1220 µg/L) using a computer program, TSK (Trimmed Spearman–

Karber, 1991, Version 1.5). Using the LC50 value, three nominal sub-lethal concentrations viz., 

sub-lethal I (SL-I, 1/2
nd

 of LC50 = 465µg/L), sub-lethal II (SL- II, 1/4
th

 of LC50 = 233µg/L) and 

sub-lethal III (SL-III, 1/6
th
 of LC50 = 155µg/L) were prepared.  

4.2.4. In vivo sub lethal exposure experiment  

The tadpole were exposed to three above mentioned sublethal concentrations of 

chlorpyrifos in a static bioassay system for 96h with a 16:8h (light:dark) photoperiod. Blood 

samples were obtained at the intervals of 24, 48, 72 and 96h from the two tadpoles per 

concentration per interval. Dechlorinated tap water and methyl methanesulfonate (MMS) 

(5mg/L) were used as negative and positive controls, respectively.    

4.2.5. Alkaline single cell gel electrophoresis (SCGE)  

The alkaline single cell gel electrophoresis (SCGE)/Comet assay was performed using 

the procedure of (Singh et al., 1988) with slight modifications of (Ralph et al., 1996). The 

tadpoles were decapitated and placed in 1ml chilled phosphate buffered saline (PBS, Calcium 

and Magnesium-free) for 5min.  All the specimens were treated separately. The erythrocytes of 

the tadpoles were selected for DNA damage as these cells are much more numerous in the 

circulatory system and are nucleated in amphibians. The viability of the cells was assessed using 

the Trypan blue exclusion method (Anderson et al., 1994). Cell samples exhibiting cell viability 

more than 84% were further processed for comet assay.  

About 20µl of the cell suspension was mixed with 80µl of 0.5% LMP agarose and 

pipetted on a slide already coated with 200µl of 0.9% NMP agarose. After solidification, slides 

were coated with a third layer of 100µl of 0.5% LMP agarose and covered with cover slips. The 

slides were placed at 4ºC for 20min to allow for complete polymerization of agarose. After the 

polymerization of the agarose, the cover slips were removed and the slides were immersed in 

freshly prepared cold lysing solution (2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris, 10% 

DMSO and 1% Triton X-100, pH 10.0) for 2h at 4ºC. Then the slides were placed in fresh cold 

alkaline electrophoresis buffer (300 mM  NaOH, 1 mM Na2 EDTA, pH > 13) in a horizontal gel 

electrophoresis unit for 25 min at 4ºC, allowing for DNA unwinding and salt equilibrium. 



  
93 

 
  

Electrophoresis was carried out in the same solution at 25V (~0.73 V/cm), 300 mA for 25 mint. 

The slides were then neutralized with neutralizing buffer (0.4 M Tris, pH 7.5) for 5min to 

remove excess alkali. This step was repeated three times. Then the slides were dried and stained 

with 20µl of ethidium bromide (20µg/ml). Slides were observed under an epifluorescent 

microscope (Labomed Lx400, Labo America, Inc USA) equipped with an excitation filter 515-

560nm and emission filter 590nm. Total 100 individual cells were observed per tadpole per 

concentration (50 cells per slide). The cells with no DNA damage have nucleoids, whereas the 

cells with DNA damage have Comet-like appearance. The cells having DNA damage with no 

head or a dispersed head were regarded as apoptotic cells and were not considered for the 

analysis. The length of the migrated DNA in the Comet tail was measured using an ocular 

micrometer (Grover et al., 2003). DNA damage was measured at individual cell level with the 

help of the following formula:  

Comet tail length (µm) = total comet length - head diameter 

4.2.6. Statistical analysis  

Statistical analysis of the data was carried using Statistix 8.1 computer software. Analysis 

of variance (ANOVA) was employed to compare the mean differences in the tail length between 

different concentrations within time durations and between time durations within concentrations. 

A p value less than 0.05was considered as statistically significant.  
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4.3. Results: 
Erythrocytes of the Bufo stomaticus tadpoles were used to assess the genotoxicity of 

chlorpyrifos using the Comet assay. The tail length (µm) of the comet was measured as the 

degree of DNA damage. Significantly higher (p < 0.05) levels of DNA damage were observed in 

the erythrocytes of tadpoles exposed to all the three sublethal concentrations of chlorpyrifos 

relative to the negative control (Table 4.1).  It was found that the increase in DNA damage was 

significantly concentration dependent. DNA damage observed at the lowest concentration of 

chlorpyrifos (155µg/L) was 53.61±5.71µm, significantly increased to 71.22±5.21µm at the 

highest concentration (465µg/L) at 24h exposure (Table 4.1). Same trend was observed at other 

three exposures time durations.  It was also found that the increase in DNA damage was 

exposure time dependent. At the lowest sublethal concentration of chlorpyrifos (155µg/L), there 

was no significant increase in DNA damage was observed at all exposure time intervals. 

Whereas, at the sublethal concentration 233µg/L, DNA damage was significantly (p < 0.05) 

increased from 57.88±6.38µm at 24h to 74.13±8.67µm at 96h. The same trend in significant 

increase in DNA damage was observed at the highest concentration of chlorpyrifos (465µg/L) 

from 24h to 96h time intervals.   

 

Table 4.1: Mean comet tail length (µm), + SD, of erythrocytes of Bufo stomaticus exposed to 

different concentrations of chlorpyrifos at different time intervals  

Concentrations 
(µg/L) 

24h 48h 72h 96h 

Control 40.37±1.27
a1

 40.72±1.20
a1

 40.25±1.42
a1

 40.61±1.52
a1

 

MMS 71.81±3.19
c1

 76.46±4.72
c1

 80.55±6.97
c12

 88.52±7.43
c2

 

155 53.61±5.71
b1

 56.38±4.60
b1

 59.22±4.92
b1

 62.59±6.48
b1

 

233 57.88±6.38
b1

 62.64±5.12
b12

 67.75±7.47
b12

 74.13±8.67
b2

 

465 71.22±5.21
c1

 76.31±5.18
c12

 85.75±5.42
c23

 93.13±6.22
c3

 
Note: Values with different alphabet superscripts differ significantly (P < 0.05) between concentrations within 

duration. The values with different numeric superscripts differ significantly (P < 0.05) between durations within 
concentration.  
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4.4. Discussion 
   Tadpoles are useful experimental organisms for environmental bio-monitoring studies 

due to their availability in sufficient numbers, ease to collect, confinement to water bodies and 

direct exposure to contaminants in water and vegetation (Ralph and Petras, 1998). In this study 

the acute toxicity and genotoxicity of chlorpyrifos was evaluated in Bufo stomaticus tadpoles. 

The acute LC50 (96h) value of chlorpyrifos in Bufo stomaticus was calculated as 930.0µg/L 

(0.93mg/L) (95% confident limits: 710.0-1220µg/L). The results showed that chlorpyrifos is 

moderately toxic to Bufo stomaticus. The LC50 value of chlorpyrifos in Chinese toad (Xenopus 

laevis) tadpoles was 0.56mg/L and it was found that the tadpoles exposed to the insecticide 

during metamorphs were more sensitive than those exposed at pre-metamorphs (Richards and 

Kendall, 2002). In another study, the acute LC50 (48h) value of chlorpyrifos to Rana limnocharis 

was found to be 2.40mg/L (Pan and Liang, 1993).           

The alkaline single-cell gel electrophoresis/Comet assay is a commonly known biomarker 

of genotoxicity in organisms exposed to environmental genotoxic pollutants and the greater the 

number of comets is associated with the serious health consequences in the organisms (Fairbairn 

et al., 1995; Steinert, 1999; Pavlica et al., 2001). Chlorpyrifos was not found to be genotoxic in 

any of these assays (Ames test, rat lymphocyte chromosomal aberration test, CHO/HGPRT 

assay, mouse bone marrow Micronucleus assay, cytogenetic abnormalities) (Gollapudi et al., 

1995). But later on, it was reported that chlorpyrifos induce in vivo genotoxicity in leucocytes of 

Swiss albino mice using Comet assay (Rahman et al., 2002). Chlorpyrifos has also been 

observed as genotoxic in root meristematic cells of Crepis capillaries (Dimitrov and Gadeva, 

1997), and in lymphocytes and gill cells of freshwater fish Channa punctatus (Bloch) (Ali et al., 

2008).   

A number of studies have reported the genotoxicity of pesticides in amphibians 

(Clements et al., 1997; Feng et al., 2004; Mouchet et al., 2006; Yin et al., 2008; Yin et al., 

2009). Chlorpyrifos induced the genotoxicity in erythrocytes and liver cells of Chinese toad 

(Bufo bufo gargarizans) when the tadpoles were exposed to the sublethal concentrations of 

chlorpyrifos (80.0µg/L, 160.0µg/L, 320.0µg/L, 640.0µg/L) (Yin et al., 2009). A concentration-

dependent increase in DNA damage was observed in the erythrocytes and liver cells of Chinese 

toad. Our results also showed an increase in DNA damage (tail length) in erythrocytes of Bufo 
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stomaticus exposed to sublethal concentrations of chlorpyrifos and this increase in DNA damage 

was concentration and time dependent (Table 4-1). 

In this study, chlorpyrifos induced a significantly (P < 0.05) higher DNA damage in the 

erythrocytes of Bufo stomaticus tadpoles as compared to negative control, depicting the 

genotoxic nature of chlorpyrifos to amphibians. A significantly concentration-dependent increase 

in DNA damage was observed at all the exposure concentrations of chlorpyrifos. The lower two 

sublethal concentrations of chlorpyrifos (155 and 233µg/L) showed significant DNA damages as 

compared to negative control, but did not show any significantly (P < 0.05) different results with 

respect to each other. The highest concentration (465µg/L) induced significantly (P < 0.05) 

higher DNA damages as compared to negative control and other two chlorpyrifos concentrations 

at all the exposure time durations (Table 4-1). Our observations are in accordance with the 

previous studies in which different pesticides induced concentration-dependent increase in DNA 

damages in different amphibian species (Feng et al., 2004; Yin et al., 2008; Yin et al., 2009).  

Induction in DNA damages in the erythrocytes of Bufo stomaticus tadpoles was mostly 

time-dependent. Observed DNA damages were significantly (P < 0.05) increased at most of the 

time durations in the higher two chlorpyrifos concentrations (Table 4.1). Same time dependent 

increase in DNA damage was found in Xenopus laevis and Pleurodeles waltl tadpoles when 

exposed to Captan (a fungicide) (Mouchet et al., 2006).  
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Chapter 5 

Behavioral and Transcriptional Effects of Acute Chlorpyrifos Exposure on 

Fathead Minnow (Pimephales promelas) 
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Abstract 

This study determined the short term (24h) sub lethal effects of the commonly used 

organophosphate insecticide, chlorpyrifos, on the swimming and feeding performance of larval 

fathead minnow (Pimephales promelas). These responses were then compared to the 

transcriptional changes of selected genes. Significant differences were observed in the swimming 

performance of fish larvae exposed to the 33.7, 67.5 and 135.0 µg/L (measured) insecticide as 

compared to the methanol control. Feeding performance of the exposed larvae was also 

significantly different from larvae in the solvent control. Significant transcriptional responses 

were mostly observed at 67.5µg/L (measured) chlorpyrifos. Transcription of the Cyp1a gene was 

significantly up-regulated at all the exposure concentrations of chlorpyrifos whereas Aspa was 

significantly down-regulated at 67.5µg/L chlorpyrifos. Transcript of a gene involved in the 

endocrine regulation of growth, insulin-like growth factor-1, (IGF-1) was also significantly (p < 

0.05) down-regulated at 67.5µg/L chlorpyrifos. Genes involved in detoxification, energy 

metabolism and neuromuscular activities were related with the impairment of swimming and 

feeding performance in the larvae. Transcriptional responses of different genes, quantified by 

quantitative real time PCR, corresponded correlated with the effects on the swimming and 

feeding performance providing a link between changes occurring at molecular and whole 

organism levels. 

 

Keywords: Ecotoxicogenomics, Swimming performance, Feeding ability and efficiency, 

Biomarkers, Chlorpyrifos  
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5.1.  Introduction 

Pesticides are used to control agricultural and house hold pests but can also present a risk 

to non-target organisms.  Chlorpyrifos is one of the most heavily used insecticide compound in 

the U.S. (Lee et al., 2004) and is applied to corn, cotton, apples, vegetable and orchard crops, 

green houses, lawns, ornamental plants, indoor pest control and pet collars (Smegal, 2000; 

Gilliom et al., 2006). In California, alone, approximately 1.3 million pounds were applied in 

2010 (California Department of Pesticide Regulation Pesticide Use Reporting, 2010) and 

approximately 10 million pounds were applied annually in agricultural sector in USA 

(Pesticides, 2006).  In the agricultural drains it is reported to be at toxic concentrations 

(California Regional Water Quality Control Board Agricultural Waiver Program, 2007). 

Similarly, in urban waterways in California and other areas of the USA chlorpyrifos 

concentrations have been documented between 0.19–0.3 µg/L (Bailey et al., 2000; Gilliom et al., 

2006). Whereas the highest reported environmental concentration of chlorpyrifos was about 

300µg/L in the surface water in the U.S. (Gilliom et al., 2006). Chlorpyrifos, along with other 

organophosphate pesticides detected in these surface waters, have been shown to be harmful to 

fish and other aquatic organisms (Starner et al., 2005).   

Animal behavior is a combination of its responses to the internal (physiological) and 

external (environmental, contaminants) factors (Evans, 1994). The behavioral study is a sensitive 

and an important parameter to assess the effects and toxicity of pollutants/pesticides in an 

organism especially in fish (Beauvais et al., 2000; Scholz et al., 2000; Dell'Omo, 2002). 

Behavioral responses occurring at an individual level can be used to assess effects that 

contaminants may pose at a population level (Beauvais et al., 2000). One of the advantages of 

conducting behavioral studies is that responses can often be observed after a short time of 

contaminant exposure (Lindsay and Vogt, 2004).  

Pesticide exposure can rapidly alter the behavioral responses of the non target organisms 

not only affecting individuals, but also the viability of the populations through predator-prey 

interactions (Gerhardt, 2007). A number of studies have been published that focus on the effects 

of environmental contaminants on the foraging efficiency and capture speed of the fish (e.g. 

(Power, 1990; Hamers and Krogh, 1997; Grippo and Heath, 2003; Langer-Jaesrich et al., 2010)).  

Swimming and feeding performance are important parameters as they measure the 

efficiency of an organism to capture prey or escape from the predators. Insecticides with a 



  
100 

 
  

neurotoxic mode of action negatively affect swimming ability of the fish (Floyd et al., 2008; 

Beggel et al., 2010) and there are a number of studies available which focus on the effects of 

pesticides on the swimming behavior/performance of fish (Little and Finger, 1990; Heath et al., 

1993; Floyd et al., 2008; Beggel et al., 2010; Tilton et al., 2011). To understand these changes in 

swimming it is important to evaluate potential molecular pathways contributing to the altered 

behavior. 

The objective of the present study was to investigate associations between transcriptional 

changes and physiological responses of fish larvae following an exposure of sublethal 

concentrations of chlorpyrifos. Effects of chlorpyrifos on the swimming performance and 

feeding behavior of fathead minnow were evaluated after 24h exposure to sub lethal 

concentrations of the organophosphate insecticide. In order to assess a broad range of 

mechanistic responses, genes were selected to investigate detoxification of xenobiotics 

(Cytochrome P450, Cyp1a; Glutathion-S transferase, GST), growth (growth hormone, GH; 

insulin-like growth factor, IGF-1; growth hormone receptor, GHR), nervous system 

(Aspartoacylase, Aspa) and energy metabolism (Creatine kinase, CK).  It provides possible 

associations of gene responses with swimming and feeding behavior, following exposure to the 

sub lethal concentrations of chlorpyrifos. 
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5.2.  Materials and Methods 

5.2.1. Chemical and fish source and acclimation 

Chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate], 99.5% 

purity (CAS number: 2921-88-2) was purchased from ChemService, Inc. West Chester, PA, 

USA. A stock solution of chlorpyrifos was prepared in HPLC grade methanol and stored at 4°C. 

Fathead minnow larvae were used as experimental organisms as they are a recommended fish 

species for toxicity testing of chemicals by U.S Environmental Protection Agency (Agency, 

2002; Jenkins et al., 1994; OECD, 1992). Fathead minnow larvae (6 day old) were obtained from 

Aquatox, Inc. (Hot Springs, AR, USA). On arrival, organisms were transferred to control water 

according to USEPA specifications (electric conductivity (EC): 265–293 μS cm
−1

; hardness: 80–

100 as mg CaCO3 L
−1

; alkalinity: 57–64 as mg CaCO3 L
−1

; USEPA, 2002) in a 5-L plastic tank 

for a 24h period. The acclimation tank was placed in an incubator set at 25 °C with a 16:8h 

light:dark photoperiod. During the acclimation period, larvae were fed twice a day with <48 h 

old Artemia franciscana (Argent Chemical Laboratories). Water chemistry of both the water in 

which the fish were transported and acclimated were measured. There was no mortality during 

acclimation period and the fish larvae swam and fed normally.   

 

5.2.2. Insecticide Exposure 

Insecticide exposures were carried out using a static method. Each treatment consisted of 

a 600 ml beaker containing 250 ml water and each replicate consisted of 10 randomly selected 

larvae. Tests were conducted in a water bath set at 25°C with a 16:8h light:dark photoperiod. 

Fish larvae were exposed to sub lethal concentrations of chlorpyrifos measured as percentages of 

the acute 96h LC50 of chlorpyrifos to the fathead minnow determined in prior studies (Werner et 

al., 2008). Fathead larvae at 7 days post hatch (dph) were exposed for 24h to the following 

treatments; water control, solvent control (0.01% [v/v] methanol), and 50, 100 and 200 µg/L 

(nominal) of chlorpyrifos dissolved in 0.01% methanol. Water chemistry [Dissolved Oxygen 

(DO) (mg/L); pH; Electric Conductivity (EC) μS cm
−1

; Temperature (ºC)] was analyzed at the 

start and at the end of 24h exposure. Fish larvae were not fed during the exposure period. At the 

end of the test exposure, fish utilized for molecular endpoints were euthanized in tricaine 

methanesulfonate (MS-222), snap frozen in liquid nitrogen and stored at -80C for the 
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quantification of gene transcription study. Fish used in swimming and feeding were not utilized 

in molecular work.  

A water sample from the highest concentration (200µg/L) was sent to the Department of 

Fish and Game, Water Pollution Control Laboratory, Sacramento, CA, for chlorpyrifos analysis 

by solid phase extraction and capillary column gas chromatography/mass spectrometry. 

Exposure concentrations were calculated from this single sample analysis.       

 

5.2.3. Swimming performance  

Swimming performance of the fathead minnow was measured after 24h chlorpyrifos 

exposure using a circular “racetrack” method (Heath et al., 1993). The racetrack consisted of a 

14 cm diameter Petri dish, into which a smaller, 9 cm diameter, inverted Petri dish was centrally 

placed. Eight sectors were created by drawing radiating lines on the bottom of the testing Petri 

dish. The racetrack was then filled with control water up to a level of 1 cm, as described by 

Beggel et al. (2010). The swimming performance of four fish per replicate, per treatment, was 

assessed. Fish were transferred individually to the racetrack, and allowed to settle for one minute 

before the swimming evaluation. A plastic rod was used to trigger the fish to swim by gently 

touching the fish tail each time it stopped moving. Water within the racetrack was renewed after 

assessing the swimming performance of each fish. The movement of the fish over a period of 

one minute was recorded using a camera (DCR-PC 101 MiniDV Handycam
®

; Sony, Tokyo, 

Japan) from which the number of lines fish crossed, and the number of touches required for 

continuous movement were later determined. The videos of different treatments were analyzed in 

a random fashion, without the knowledge of treatment, in order to avoid any bias in the 

experimental technique (Heath et al., 1993). Swimming performance was determined as the 

number of lines crossed by the fish in one minute (velocity), the number of touches to the fish 

tail in a given one minute time period (predatory avoidance response), and the number of lines 

crossed divided by the number of touches within a one minute period, representing the ability to 

successfully swim away from potential predators (predatory avoidance success).  
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Figure 5.1: Racetrack used for the assessment of swimming performance of Fathead minnow 

 

5.2.4. Prey capture ability and efficiency 

The prey capture assessment used in this study was based on modifications made to 

methods developed by Gathan et al. (2005) and Couillard et al. (2011). Prey capture ability and 

efficiency was assessed on 16 fish per treatment (i.e. four fish per replicate from four replicates 

per treatment). Individual fish were transferred from the testing solution to the Petri dish (9cm 

diameter and 5cm height), and allowed to settle for one minute. A 100 µL suspension of <48 h 

old Artemia franciscana (125±40 individuals) was then pipetted into the Petri dish and the fish 

were visually monitored capturing Artemia during a 3 min period. The number of prey ingested, 

and the number of strikes (feeding attempts), made by each fish, were recorded.  The number of 

Artemia ingested was used as an index of prey capture ability whereas the number of Artemia 

ingested divided by the number of feeding strikes was used as an index of prey capture efficiency 

of the fish larvae.  
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5.2.5 Quantification of gene transcription  

5.2.5.1 RNA extraction and complementary DNA (cDNA) synsthesis 

RNA was isolated from the frozen fathead larvae using Trizol
®
 Reagent (Invitrogen) 

following the manufacturer’s protocol. Quantitation and quality of RNA was conducted on a 

Nano-Drop spectrophotometer (ND-1000, NanoDrop Technologies, Wilmington, DE), and 

integrity was evaluated by gel electrophoresis (1% Agarose Gel). Complementary DNA (cDNA) 

was synthesized using 400ng of extracted RNA with SuperScript III RT, 300ng/µl Random 

Primers, 10mM dNTPs, and 0.25 µl RNaseOut (RNase inhibitor) (all Invitrogen Life 

Technologies, Carlsbad, CA) in a volume of 20 µl. Reverse transcription reaction was carried out 

for 50 min at 50ºC, 5 min at 95 ºC and held at 10 ºC. The resulting cDNA was diluted with 

nuclease-free water to a final volume of 50µl to ensure sufficient sample material for quantitative 

PCR. 

 

5.2.5.2 Quantitative PCR 

Quantitative primer and probe sequences used were based on NCBI Gene Bank 

information for fathead minnow as detailed in Table 5-1. Each TaqMan
®

 PCR reaction 

comprised of 7 µl TaqMan PCR Master Mix (TaqMan Universal PCR Master Mix, Roche 

4304437) and 5 µl of the diluted transcripted cDNA in a final volume of 12 µl. Samples were 

placed in the form of a plate in an automated fluorometer (ABIPRISM7700 Sequence Detection 

System, Applied Biosystems). Amplification conditions were 2min at 50ºC, 10min at 95ºC, 40 

cycles of 15s at 95ºC and 60s at 60ºC. Fluorescence of samples was measured every 7s and 

signals were considered positive if fluorescence intensity exceeded 10x the standard deviation of 

the baseline fluorescence (threshold cycle, CT).     

Gene transcription was assessed using SDS 2.2 software (Applied Biosystems) and the 

results are presented as Log2
(-∆∆CT) 

(Livak and Schmittgen, 2001); once normalized to elongation 

factor 1-alfa (EF1a); as reference gene, and the respective value in the solvent control.  
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Table 5.1: Primer pairs and TaqMan probes used in qPCR assessment of molecular biomarkers. 

*Provided by Dr. Denslow, Univevrsity of Florida. 

 

 

5.2.6. Statistical analysis 

Data from swimming performance and prey capture ability and efficiency were analyzed 

using Statistix 8.1 program. Non parametric analysis was conducted on swimming and 

feeding/predation using Kruskal-Wallis, followed by a Dunns multiple comparison test to 

compare the methanol control and insecticide treatments. Quantitative PCR data was confirmed 

for normality and equal variances and differences between controls and treatments determined 

using a one-way ANOVA paired with a Dunnett’s post hoc analysis (Minitab 16; State College, 

PA, USA). In all cases results were considered significant when p < 0.05.   

 

 

 

 

Genes 
Accession 

# 

qPCR Primer Sequence 

(5
/
–3

/
) 

Amplicon 

Length 

Roche 

Library 

Probe # 

Cytochrome P450 1A 

(CYP1A)  
AF232749 

F    TCTAACGGTTGTCCCGATCCT 

R   GAGGCGCATTAGCAGATACACA 
94 9 

Glutathione S-transferase 

(GST) 
AF274054 

F   CCGGCAAGAGCTTCACCAT 

R  AGTGAAGTCGTGGGAAATAGGC 
69 48 

Growth Hormone  

(GH) 
AY643399 

F   CGGTGGTCCTGGTTAGTTTGTT 

R   GATGACTGCGTTGTTGAAGAGC 
77 103 

Growth Hormone Receptor 

(GHR) 
DQ007448 

F   AGAACGACGGCTCTGATACACA 

R   TCGCTTTTGAAATTAAGGACGTG 
79 62 

Insuline like growth factor 

(Igf_1) 
AY533140 

F   GAGCTTGTAGACACGCTGCAGTT 

R   AGTTGTTCGACCGTCTCGAATTA 
97 94 

Creatine Kinase  

(CK) 
* 

F   GGAAATATGCCACCCCTTCATT 

R   CCTTGAACACCTCATAGGTCTCTTC 
74 5 

Aspartoacylase  

(ASPA) 
FR856858 

F   TCTGGTAATGGATGTCCCGATT 

R   GACCTCTATGGAAAAGCCATGC 
76 94 

http://www.ncbi.nlm.nih.gov/nuccore/7385142
http://www.ncbi.nlm.nih.gov/nuccore/8575789
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5.3. Results 

5.3.1. Water physicochemistry and exposures 

Physicochemical parameters analysis of the water in which fish were transported and 

acclimatized were recorded and, other than a required elevated DO, match the exposure 

conditions (Table 5.2); which remained stable throughout the test duration. 

Table 5.2: Mean values (±standard deviation) of measured water physicochemical parameters. 

 

There was a discrepancy between the nominal concentration of 200 µg/L chlorpyrifos 

that was analyzed and the resulting measured concentration of 135µg/L, which is likely due to its 

lipophilic properties.  

 No mortality occurred in fish 7 day old larvae exposed to 33.7, 67.5 and 135.0µg/L 

(measured/calculated) chlorpyrifos concentrations throughout 24h exposure in the sublethal test.  

5.3.2. Swimming and feeding performance 

After 24h exposure fish from the 67.5µg/L and 135.0µg/L of chlorpyrifos showed 

significantly decreased (p < 0.01) swimming performance with the increase in the insecticide 

concentrations (Fig 5.2.A). When assessing the swimming performance respective to the number 

of touches, both chlorpyrifos concentrations showed the significant differences (p < 0.001) with 

the solvent control (Fig 5.2.B). The ratio between the number of lines fish crossed and the 

number of touches abruptly decreased with the increase of insecticide concentrations (Fig 5.2.C). 

This ratio of swimming performance of chlorpyrifos exposed fish was statistical significantly 

different (p < 0.001) from the solvent control.  

Water parameters Transport water Acclimation water Test start 

 

Test end 

 

Dissolved Oxygen (DO) 

(mg/L) 
>20.0 8.1 8.7±0.1 8.7±0.2 

pH 

 
7.59 8.09 8.2±0.1 8.0±0.1 

Electric Conductivity (EC) 

(μS cm−1) 
385.1 287.5 265.9±5.7 295.0±11.0 

Temperature (ºC) 

 
20.6 22.7 22.2±0.2 22.4±0.2 
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Figure 5.2: Mean swimming performance, ± SE, of 8 dph fathead minnow larvae following 24h 

exposure of chlorpyrifos. A: Number of lines crossed by fish/min, B: Number of touches fish 

received to move continuously, C: Number of lines crossed/number of touches (**p < 0.01, and 

***p < 0.001 indicates level of significance) 



  
108 

 
  

Prey capture ability (number of artemia ingested by fish in a given 3 min time period) of 

the fathead larvae exposed to insecticides (67.5µg/L and 135.0µg/L) was significantly (p < 

0.001) decreased from the larvae in solvent control (Fig 5.3A). This same trend was recorded in 

the number of feeding strikes made by the fathead minnow larvae (Fig 5.3B). Significantly (p < 

0.001) more feeding strikes were recorded in the control fish larvae, and very few or no feeding 

strikes were observed in the larvae exposed to the highest insecticide concentration. Prey capture 

efficiency (ratio between number of artemia ingested and the total number of feeding strikes by 

the fish) of the exposed fathead larvae was significantly different (p < 0.001) from the control 

larvae (Fig 5.3C). Efficiency of the fish larvae to capture/ingest the artemia decreased with the 

increase in chlorpyrifos concentration.    
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Figure 5.3: Mean feeding ability and efficiency to capture the prey, ± SE, of 8 dph fathead 

minnow larvae following 24h exposure of chlorpyrifos. A: Number of artemia eaten by fish 

(Prey capturing ability), B: Number of feeding strikes made by fish to capture the artemia, C: 

Number of artemia eaten per number of feeding strikes made by fish larvae to capture the prey 

(Prey capture efficiency) (***p < 0.001 indicates level of significance)  
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5.3.3. mRNA transcription  

A significant up-regulation of Cyp1A gene resulted following chlorpyrifos exposure 

(33.5µg/L, p < 0.001; 67.5µg/L, p < 0.001; 135.0µg/L, p < 0.001, respectively).  

Glutathion-S transferase (GST) gene transcription showed up-regulation but no 

significant results were detected at any of the chlorpyrifos concentrations. Genes related to the 

growth and development resulted in non-monotonic, responses to chlorpyrifos exposure. Growth 

hormone (GH) gene transcription was down-regulated at 33.5µg/L and 67.5µg/L chlorpyrifos but 

an up-regulated response at the highest concentration (135.0µg/L). No significant down or up-

regulation was observed in the GH transcripts of larvae exposed to chlorpyrifos.  Growth 

hormone receptor (GHR) transcription also showed no significant up-regulation of the gene. 

Down-regulation of Igf-1 gene of larvae exposed to 67.5µg/L chlorpyrifos was statistically 

significant (p < 0.05). Although at the lowest (33.5µg/L) and the highest (135.0µg/L) 

chlorpyrifos concentrations, Igf-1 gene expression showed down-regulation and up-regulation 

respectively but with no statistical significance. 

Creatine kinase (CK) enzyme gene transcripts were down-regulated at 33.5µg/L and 

67.5µg/L chlorpyrifos but up-regulated at the highest concentration 135.0µg/L chlorpyrifos with 

no statistical significance up or down-regulation at all concentrations. Aspartoacylase (ASPA) 

was significantly (p < 0.05) down-regulated at 67.5µg/L chlorpyrifos whereas no significance 

down-regulation was observed at the lowest (33.5µg/L) and the highest (135.0µg/L) chlorpyrifos 

concentrations (Fig 5.4).     

 

 

 

 

 

 

 

 

 

 

 



  
111 

 
  

 

 

Figure 5.4: Transcription of different genes in Fathead minnow after 24h exposure to different 

concentration of chlorpyrifos. Transcription of genes is expressed as Log2 
(-∆∆CT)

 relative to the 

control (*p < 0.05, and ***p < 0.001 indicates level of significance).  
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5.4. Discussion 

The present work aimed at evaluating the effects of sub-lethal concentrations of 

chlorpyrifos on the swimming behavior, feeding performance, and transcription of 

detoxification, growth, nervous system and energy metabolism pathways in fathead minnow 

(Pimephales promelas) after a short term (24h) exposure. 

Swimming performance, which is the result of both biochemical and physiological 

processes, is a very useful method to estimate the effects of environmental contaminants on an 

individual organism (Kane et al., 2005; Geist et al., 2007). Pesticides acting on the nervous 

system (neurotoxic) of the animals have negative effects on the swimming performance and 

predator avoidance of the fish (Little and Finger, 1990; Heath et al., 1993; Grippo and Heath, 

2003; Beggel et al., 2010). Swimming, which is actually a muscle activity in response to nerve 

cell transmissions (Heath et al., 1993), is detrimentally affected by neurotoxicants (Jin et al., 

2009) by interrupting the nerve transmissions. In the current study chlorpyrifos disrupted the 

nervous system and impaired the swimming ability and predator avoidance response/success of 

the fish larvae as indicated by the down-regulation of ASPA. Our results are in agreement to the 

findings of previous studies (Halappa and David, 2009; Sandahl et al., 2005; Tierney et al., 

2007; Tilton et al., 2011) who observed the negative effects of chlorpyrifos on the swimming 

performance on carp (Cyprinus carpio), Coho salmon (Oncorhynchus kisutch) and zebrafish 

(Danio rerio), and corroborates responses reported in a study by Langer-Jaesrich et al (Langer-

Jaesrich et al., 2010) in which zebrafish (Danio rerio) capture fewer prey following chlorpyrifos 

exposure. 

Chlorpyrifos exposure significantly reduced the prey capture ability and efficiency of the 

fathead minnow larvae.  Chlorpyrifos is known to be a strong inhibitor of acetylcholinesterase 

(AChE) enzyme resulting in impairment of behavior (not assessed in this study), which could 

further explain this effect.  

Xenobiotic chemicals are excreted from the organism’s body via detoxification and 

biotransformation to more polar compounds. Detoxification is completed in two phases. In phase 

I, Cytochrome P450 (Cyp1A) enzymes catalyze the oxidative conversion of lipophilic xenobiotic 

chemicals to compounds which are more polar, easily detoxified and excreted (Snyder, 2000). 

Glutathione S-transferase is a phase II detoxifying enzyme catalyzes the conjugation of 
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glutathione (GSH) to several lipophilc compounds making them less toxic, more water soluble 

and easily excreted (Jokanovic, 2001).  

Transcription of Cyp1A and GST was up regulated in the chlorpyrifos treated fathead 

larvae. Cytochrome P450 enzyme system is considered as a simple method for the evaluation of 

the occurrence of even a small scale contamination of organic compounds in the surrounding 

environment. Toxicity of chlorpyrifos is suggested from the activation of the Cyp1A system, 

which speeds up the conversion of chlorpyrifos to biologically active oxon metabolite (Rusyniak 

and Nanagas, 2004). Our results are in agreement with the studies by Banni et al. (2011) 

depicting that Cyp1A activities were up-regulated in Sea Bass (Dicentrarchus labrax) when 

exposed to chlorpyrifos.  

Glutathione S-transferases are a group of enzymes playing important roles in 

biotransformation of xenobiotic substances. So increase in GST activity has been used as a 

biomarker of exposure to the xenobiotics with an electrophilic natures (Falkner and Clark, 1992; 

Gallagher and Di Giulio, 1992). It has also been reported that GSTs react directly with 

organophosphates without any prior biotransformation (Jokanovic, 2001). There was a trend of 

increased GST gene transcription with increased chlorpyrifos concentration but no significant 

differences were observed. Our findings are slightly in concurrence with the previous study 

(Banni et al., 2011) that showed significant GST activity in Sea Bass (Dicentrarchus labrax) 

after 24h exposure to chlorpyrifos. In one of the study by Osten et al. (2005) no effects in GST 

activities of mosquitofish (Gambusia yucatana) were observed when the fish was exposed to 

chlorpyrifos and glyphosate (alone or in mixture).  

Fathead larvae exposed to the different concentrations of chlorpyrifos showed both 

down-and up- regulation of the transcription of growth related genes (gh, ghr and igf-1). Growth 

hormone (GH) is a primary hormone participating in the growth and development of the 

vertebrates (Chen et al., 1994; Forsyth and Wallis, 2002). Insulin-like growth factor (IGF-1) 

produced by the liver and other tissues regulates the differentiation, growth and reproduction in 

the vertebrates. It also supports mitogenesis and inhibits apoptosis (Jones and Clemmons, 1995; 

Reinecke and Collet, 1998). Both GH and IGF1 play important roles in the endocrine regulation 

of growth in mammals and fishes (DeChiara et al., 1990; Baker et al., 1993; Moriyama et al., 

1994; Bail et al., 1998;). Growth hormone stimulates the production of Igf-1 by binding to the 

membrane bound growth hormone receptors (GHRs) of the liver or other target tissues and 
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Insulin-like growth factor (Igf-1) in turn also regulates the actions/production of GH produced by 

the pituitary gland in fish (Duan, 1997; Reinecke et al., 2005). Growth hormone and insulin-like 

growth factor gene transcripts showed down-regulations at the lowest two concentrations of 

chlorpyrifos (33.50µg/L and 67.50µg/L) whereas both these genes were up-regulated at the 

highest concentration (135.0µg/L). Knoebl also observed non significant down-regulation of Igf-

1 mRNA transcripts in Sheepshead minnows (Cyprinodon variegates) when exposed to 

chlorpyrifos which in turn resulting in decreased growth of the fish (Knoebl, 2002). 

Aspartoacylase (ASPA) enzyme catalyses the breakdown of N-acetyl-l-aspartic acid 

(NAA) to acetic acid and aspartic acid in the vertebrate brain (Baslow, 2000) and is responsible 

for the formation of lipid’s myelin sheet in nerve cells. In this study aspartoacylase (ASPA) gene 

transcripts showed the significant down-regulation at 67.5µg/L of chlorpyrifos (Fig 5.4) and the 

deficiency of the enzyme leads to deterioration of the myelin, which is linked with schizophrenia 

(Holmes et al., 2006), and is a well known cause of Leukodystrophy in Canavan disease 

characterized by progressive loss in movements, body tone, gait, ability to eat, vision, and 

behavior (Matalon et al., 1989). Aspartoacylase enzyme activity is a well recognized biomarker 

of brain damage and neurological destruction studies, regularly used in the diagnostics of human 

and veterinary animal diseases (Matalon and Michals-Matalon, 1999). The decreased swimming 

and feeding activities of larvae linked with the down-regulation of ASPA gene transcripts are 

potential indicators of effects at a higher level of biological organization. 

Creatine kinase (CK) is involved in the cellular energy metabolism of the brain in 

vertebrates through the reversible restoration of ATP by catalyzing the transfer of phosphoryl 

group from Phosphocreatine (PCr) to ADP (Wallimann et al., 1992; Ames, 2000; Beard and 

Braissant, 2010). In this study CK was down-regulated after 24h exposure to 33.7 and 67.5 µg/L 

of chlorpyrifos in fathead larvae. Deficiency of this enzyme activity was found to be linked with 

decreased energetic status and oxidative stress with neurodegenerative diseases in humans 

(Schulze, 2003; Beard and Braissant, 2010). Creatine kinase is also linked with maintaining the 

ATP/ADP ratios essential for the Ca
2+ 

reuptake by the sarco/endoplasmic reticulum ATPase in 

muscle cells, and thus is essential for Ca
2+ 

homeostasis and muscle contraction (Rossi et al., 

1990). Connon et al. (2009) also observed the down-regulation of CK gene linked with 

swimming impairment in delta smelt (Hypomesus transpacificus) exposed to esfenvalerate. The 

down-regulation of CK gene transcription may be correlated with the significantly reduced 
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swimming and feeding performance potentially due to low energetic status and abnormal muscle 

contraction of the fathead minnow larvae.  

Molecular biomarkers are the sensitive and rapid diagnostic tools to evaluate the changes 

occurring at cellular level in the fish (Woo et al., 2009; Beggel et al., 2011). Changes observed 

in the gene transcription of different genes reveal the cellular effects in fathead minnow exposed 

to sublethal concentrations of chlorpyrifos. Thus, data obtained from gene transcription can 

provide a potential link between molecular and behavioral changes occurring at an organism 

level (Connon et al., 2008). A number of the studies successfully pointed out the link between 

gene transcriptional data and whole organism responses on exposure to the contaminants 

(Knoebl, 2002; Connon et al., 2008; Heckmann et al., 2008; Connon et al., 2011; Geist, 2011). 

The present study indicates that the down-regulation of genes related to energy metabolism (CK) 

and nervous system (Aspa) are potentially linked with the reduced/decreased swimming and 

feeding performances. Down-regulations of these genes may result in deficiency of energy and 

loss of balance which are the essential for swimming and feeding performance. Linking 

molecular level responses to the environmentally relevant behavior of organisms is a big 

challenge in the field of ecotoxicology.  The study of molecular biomarkers is an essential tool to 

assess the impacts of pesticides/contaminants on the organism and in a broader ecological 

perspective. 
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General Discussion 

In this dissertation acute toxicity and behavioral effects of profenofos and cypermethrin 

were assessed in common carp (Cyprinus carpio) and grass carp (Ctenopharyngodon idella). The 

genotoxic, cytotoxic, hematological effects of chlorpyrifos were investigated in Freshwater fish 

Labeo rohita. The genotoxicity of chlorpyrifos was evaluated in common Indus valley toad, Bufo 

stomaticus. The behavioral and transcriptional effects of chlorpyrifos were assessed in Fathead 

minnows (Pimephales promelas). 

The acute toxicity (96h LC50) of profenofos to common carp (Cyprinus carpio) is 

62.4µg/L which is more toxic as compared to Crucian carp (Carassius carassius) (90.0µg/L) and 

less toxic as compared to the Channel catfish (Ictalurus punctatus) (23.5µg/L) and Rainbow 

trout (Oncorhynchus mykiss) (Tomlin, 1994). On the other hand, the acute toxicity (96h LC50) of 

cypermethrin to common carp is 4.3µg/L which is more toxic as compared to  Nile Tilapia 

(Oreochromis niloticus) (5.99µg/L), Rainbow trout (Oncorhynchus mykiss) (31.4µg/L) and 

Channa punctatus (400.0µg/L); and less toxic as compared to Common carp (Cyprinus carpio) 

larvae (0.809µg/L) and Freshwater catfish (Heteropneustes fossilis) (Saha and Kaviraj, 2003; 

Aydin et al., 2005; Dobsikova et al., 2006; Kumar et al., 2009; Sarikaya, 2009). This study 

showed that profenofos (an organophosphate) and cypermethrin (a pyrethroid) are highly toxic to 

common carp (Cyprinus carpio) fingerlings. It was also found that cypermethrin is about 14 

times more toxic to Common carp than profenofos. This increased toxicity of cypermethrin 

might be due to its lipophilic nature. 

      The behavioral study is one of the essential parameter in the assessment of toxicity of 

contaminants/pesticides in fish (Beauvais et al., 2000; Scholz et al., 2000). Fish showed normal 

behavior in the control group but severity in different abnormal responses was observed with 

increased pesticides (profenofos and cypermethrin) concentrations and passage of time. The 

different abnormal behavioral responses include loss of balance, opened mouth with rapid 

opercular movements, lying laterally at bottom and swimming in spiral fashion with jerks. 

Common carp showed an additional abnormal behavioral response to cypermethrin as forward 

movement with posterior side up at an angle about 45⁰. Our findings are in accordance with the 

previous studies (Sarikaya and Yilmaz, 2003; Selvi et al., 2005) applying different insecticides 

on different fish species.       
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In other study acute toxicities (96h LC50) of profenofos and cypermethrin along with their 

effects on the behavior of grass carp (Ctenopharyngodon idella) were investigated. The acute 

toxicity of profenofos to grass carp is 920µg/L which is less toxic as compared to acute toxicity 

of profenofos to common carp (Cyprinus carpio) (62.4µg/L), Fathead minnows (Pimephales 

promelas) (333.0µg/L) and Eastern rainbow fish (Melanotaenia duboulayi) (900.0µg/L) (Kumar 

and Chapman, 1998; Baer et al., 2002; Ismail et al., 2009). Whereas the acute toxicity of 

cypermethrin to grass carp is 15.0µg/L, which is more toxic as compared to Common carp 

(Cyprinus carpio) (29.1µg/L), Jundia (Rhamdia quelen) (193.0µg/L), Rainbow trout 

(Oncorhynchus mykiss) and Cnesterodon decemmaculatus (430.0µg/L) (Dobsikova et al., 2006; 

Velisek et al., 2006; Borges et al., 2007; Carriquiriborde et al., 2007) and less toxic to Common 

carp (Cyprinus carpio) larvae (0.809µg/L), Nile Tilapia (Oreochromis niloticus) (5.99µg/L) and 

Guppy (Poecilia reticulata) (9.43.0µg/L) (Yilmaz et al., 2004; Aydin et al., 2005; Sarikaya, 

2009). Our results showed that cypermethrin is 62 times more toxic to grass carp than 

profenofos. Also the grass carp is more sensitive to these pesticides than those studied earlier on 

the said fish species.       

Grass carp exposed to profenofos and cypermethrin showed abnormal behavioral 

responses in accordance with the increase of insecticides concentrations and the passage of time. 

The behavioral responses include loss of balance, opened mouth with rapid opercular activities, 

lying laterally at bottom, swimming forward in circular form with jerks. Grass carp also showed 

forward movement with posterior side up at an angle around 45⁰. These abnormal behavioral 

responses are in accordance with the previous studies (Sarikaya and Yilmaz, 2003; Selvi et al., 

2005; Ismail et al., 2009).   

In another study the genotoxic and cytogenetic effects of sub-lethal concentrations of 

chlorpyrifos were evaluated in erythrocytes and gill cells of Labeo rohita using Comet assay and 

Micronucleus test. Effects of sublethal concentrations of chlorpyrifos were also observed on the 

hematological parameters and behavior of the fish. The acute toxicity (96h LC50) of chlorpyrifos 

was evaluated as 442.8µg/L and ranked as Class II (moderately toxic) pesticide (USEPA, 1989). 

This shows that chlorpyrifos is more toxic to Labeo rohita as compared to freshwater fish 

(Channa punctatus) (LC50 value 811.98µg/L) (Ali et al., 2008a), and less toxic as compared to 

fathead minnow (Pimephales promelas) (LC50 value ~311µg/L) (Werner et al., 2008). On the 
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basis of LC50 value, the fish specimens were exposed to 3 sub-lethal concentrations of 

chlorpyrifos (221.4µg/L, 110.7µg/L and 73.8µg/L) for 96h duration.  

In this study an increase in DNA damage in the erythrocytes and the gill cells of the fish 

exposed to sublethal concentrations of chlorpyrifos was observed and this induction in DNA 

damage is concentration and time-dependent. A significantly higher DNA damage was assessed 

in gill cells as compared to erythrocytes of the fish exposed to all the treated sublethal 

concentrations of the insecticide. This may be due to the direct and continuous exposure of the 

gills to the genotoxic chemical dissolved in water, whereas the erythrocytes only come in contact 

to these chemicals when these genotoxic chemicals enter into the blood circulatory system 

(Dzwonkowska and Hubner, 1986). Our results are in accordance with the previous studies 

showing higher DNA damage in the gill cells as compared to blood cells in other fish species 

exposed to different insecticides (Ateeq et al., 2005; Pandey et al., 2006; Ali et al., 2009).        

  It was observed that the erythrocytes of the fish exposed to sub-lethal concentrations of 

chlorpyrifos showed significantly higher number of micronuclei (MNi) formation than the 

controls. The insecticide induced a concentration-dependent increase in MNi formation. Our 

results are in accordance with the previous studies in which chlorpyrifos induced an increase in 

MNi formation with the increase in insecticide concentrations in Freshwater fish (Channa 

punctatus) (Ali et al., 2009) and in Chinese toad (Bufo bufo gargarizans) (Yin et al., 2009). It 

was also found that the number of MNi is significantly different at different time intervals within 

the same concentration of chlorpyrifos. Our results are in agreement with the previous studies in 

which chlorpyrifos induced a time-dependent increase in MNi formation in erythrocytes of 

Freshwater fish (Channa punctatus) (Ali et al., 2008a).  

Changes in hematological parameters of Labeo rohita were observed when exposed to 

sublethal concentrations of chlorpyrifos. The insecticide induced decrease in total erythrocyte 

count (TEC), hemoglobin (Hb) content, and packed cell volume (PCV), whereas total leukocyte 

count (TLC) increased. Our results are in agreement with the previous studies in which different 

pesticides showed similar changes in the hematological parameters of different fish species 

(Morgan et al., 1980; Singh and Srivastava, 1994; Khattak and Hafeez, 1996; Joshi et al., 2002). 

In this study Labeo rohita exposed to sublethal concentrations of chlorpyrifos showed 

concentration and time dependent changes in behavioral responses. These abnormal behavioral 

responses include lying laterally at bottom, loss of balance, opened mouth with rapid opercular 
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movements, forward movement with posterior side up and forward movement in circular fashion 

with jerks. These results are in agreement with the previous studies (Selvi et al., 2005; Ismail et 

al., 2009) in which different pesticides produced similar behavioral changes in different fish 

species. 

It is concluded that chlorpyrifos is a genotoxic, cytotoxic and neurotoxic pesticide in 

Labeo rohita, and Comet assay and Micronucleus test can be used to investigate the genotoxic 

and cytotoxic potentials of contaminants in biomonitoring studies using Labeo rohita as a model 

organism. 

In another study acute toxicity, genotoxic, cytotoxic, hematological and behavioral 

effects of cypermethrin were evaluated in Labeo rohita. In this study the acute LC50 value of 

cypermethrin in Labeo rohita was calculated as 6.01µg/L and ranked Class I (highly toxic) 

insecticide (USEPA, 1989). This LC50 value shows that the cypermethrin is more to Labeo rohita 

than Guppy (Poecilia reticulate) (9.43µg/L), Rainbow trout (Oncorhynchus mykiss) and Jundia 

(Rhamdia quelen) (193.0µg/L) and less toxic than Common carp (Cyprinus carpio) larvae 

(0.809µg/L), Nile Tilapia (Oreochromis niloticus) (5.99µg/L) and Freshwater catfish 

(Heteropneustes fossilis) (1.27µg/L) (Yilmaz et al., 2004; Aydin et al., 2005; Dobsikova et al., 

2006; Borges et al., 2007; Sarikaya, 2009). On the basis of this LC50 value, Labeo rohita is 

exposed to three sublethal concentrations (3.0µg/L, 1.5µg/L and 1.0µg/L) of cypermethrin for 

96h.  

In this study a significantly higher DNA damage was observed in erythrocytes and gill 

cells of Labeo rohita exposed to sublethal concentrations of cypermethrin as compared to the 

controls, depicting the genotoxic nature of the cypermethrin in fish. In this study cypermethrin 

induced a concentration and time-dependent increase in DNA damage in gill cells and 

erythrocytes of the fish. Variability in DNA damage was observed in gill cells and erythrocytes 

of the fish exposed to cypermethrin. Gill cells showed higher DNA damage as compared to the 

erythrocytes at about all the treated sublethal concentrations of cypermethrin. Our results are in 

accordance with the previous studies showing a higher DNA damage in gill cells as compared to 

erythrocytes in different fish species exposed to other pesticides (Pandey et al., 2006; Ali et al., 

2009).  

A significantly higher number of micronuclei were observed in erythrocytes of the fish 

exposed to sublethal concentrations of cypermethrin. It was detected that cypermethrin induced a 
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concentration-dependent increase in micronuclei formation. Our results are in accordance with 

previous studies in which different pesticides induced increased micronuclei formation with the 

increase in pesticide concentrations in Chinese toad (Bufo bufo gargarizans) and freshwater fish 

(Channa punctatus) (Ali et al., 2009; Yin et al., 2009). It was also observed that the 

cypermethrin induced a time-dependent increase in micronuclei formation as the highest 

micronuclei formation was observed at 96h. our results  are in agreement with the previous 

studies in which glyphosate and chlorpyrifos induced time-dependent increase in micronuclei in 

the erythrocytes of goldfish (Carassius auratus) and Channa punctatus respectively (Cavas and 

Konen, 2007; Ali et al., 2008a). 

 Fish exposed to sublethal concentrations of cypermethrin showed changes in different 

hematological parameters. Pesticide induced a decrease in total erythrocyte count (TEC), 

hemoglobin (Hb) content and packed cell volume (PCV), whereas an increase in total leukocyte 

count (TLC) was observed. Our results are in accordance with the previous studies in which 

different insecticides showed same changes in hematological parameters of different fish species 

(Meenakala, 1978; Abidi and Srivastava, 1988; Svoboda et al., 2001b; Adhikari et al., 2004).  

Fish exposed to cypermethrin showed concentration-dependent changes in different 

abnormal behavioral responses. These behavioral responses include loss of balance, lying 

laterally at bottom, opened mouth and quick movements in a zigzag fashion with posterior side 

up about at an angle 60⁰. These current behavioral responses are in agreement with the previous 

studies (Fukuto, 1990; Selvi et al., 2005; Ismail et al., 2009). 

The current study revealed that cypermethrin is highly toxic to Labeo rohita. It is 

concluded that cypermethrin is a genotoxic, cytotoxic and neurotoxic insecticide to Labeo rohita.   

In one of the study, acute toxicity and genotoxicity of the chlorpyrifos was assessed in 

common Indus valley toad (Bufo stomaticus) tadpoles. Acute LC50 (96h) value of chlorpyrifos in 

Bufo stomaticus was evaluated as 930.0µg/L, showing that chlorpyrifos is moderately toxic to 

common Indus valet toad. On the basis of LC50 value, tadpoles were exposed to three sublethal 

concentrations of chlorpyrifos (465µg/L, 233µg/L and 155µg/L) for genotoxicity studies. 

The erythrocytes of the tadpoles showed a higher DNA damage as compared to the 

controls depicting the genotoxic nature of the chlorpyrifos. A significantly higher DNA damage 

was observed at almost all the sublethal concentrations of chlorpyrifos and at all time durations. 

Our results are agreement with the previous studies in which concentration and time-dependent 
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increase in DNA damage was observed in different amphibian species exposed to different 

pesticides (Feng et al., 2004; Mouchet et al., 2006; Yin et al., 2009). In addition to genotoxic 

effects of chlorpyrifos, the insecticide also has negative effects on the morphology of the 

tadpoles. These morphological changes include fins shrunken, tail deformities and head edema. 

It was concluded that the chlorpyrifos is a genotoxic insecticide inducing DNA damage in Bufo 

stomaticus.     

The effects of sublethal concentrations of chlorpyrifos were evaluated on the swimming 

performance, feeding efficiency and transcription of detoxification, growth, nervous system and 

energy metabolism in fathead minnow (Pimephales promelas) after a 24h exposure. 

Swimming performance is actually a muscle activity resulted by both biochemical and 

physiological processes. It is a very useful technique to evaluate the effects of environmental 

contaminants on an individual organism (Kane et al., 2005; Giest et al., 2007). Neurotoxicants 

have negative effects on the swimming ability and predator avoidance of the fish (Little and 

Finger, 1990; Grippo and Heath, 2003; Heath et al., 2003; Beggel et al., 2010). In this study 

chlorpyrifos impaired the swimming ability of the fish larvae by disrupting the nervous system. 

Our results correspond to the findings of previous studies in which chlorpyrifos has negative 

effects on the swimming performance of common carp (Cyprinus carpio), Coho salmon 

(Oncorhynchus kisutch) and zebrafish (Danio rerio) (Sandahl et al., 2005; Tierney et al., 2007; 

Halappa and David, 2009; Tilton et al., 2011).  

Chlorpyrifos also has negative effects on the prey capturing ability and efficiency of fish 

larvae. Pesticide exposure reduced the feeding efficiency of the fish. Our results are in agreement 

to the previous study in which the feeding efficiency of zebrafish (Danio rerio) reduced after 

chlorpyrifos exposure (Langer-Jaesrich et al., 2010). 

Both Cyp1A and GST activities have been used as biomarker of exposure to xenobiotcs 

(Falkner and Clark, 1992; Rusyniak and Nanagas, 2004). In this study an increased Cyp1A and 

GST gene transcription was observed with increased chlorpyrifos concentrations. Our findings 

are in agreement with the previous study (Banni et al., 2011) that showed significant increase in 

Cyp1A and GST activities in Sea Bass (Dicentrarchus labrax) after a short term (24h) exposure 

to chlorpyrifos.       

Fathead minnow (Pimephales promelas) larvae showed both down- and up-regulation of 

transcription of growth related genes (GH, IGF-1 and GHR) after a short term (24h) exposure to 
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sublethal concentrations of chlorpyrifos. Growth hormone (GH) and Insuline-like growth factor 

(IGF-1) play significant roles in the endocrine regulation of growth in fishes (Moriyama et al., 

1994; Bail et al., 1998). Both GH and IGF-1 gene transcripts showed down-regulations at the 

lowest two concentrations of chlorpyrifos (33.5 µg/L and 67.5 µg/L) whereas both these genes 

were up-regulated at the highest concentration (135.0 µg/L). Our result corroborate the previous 

study in which significant down-regulation of IGF-1 mRNA transcript was observed in 

Sheepshead minnows (Cyprinodon variegates) after exposure to chlorpyrifos resulted in 

decreased growth of fish (Knoebl, 2002).                     

 Aspartoacylase (ASPA) enzyme activity is well known biomarker of brain damage and 

neurological disorder studies, commonly used in diagnostics of human and veterinary animal 

diseases (Matalon and Michals-Matalon, 1999). In this study ASPA gene transcripts showed 

significant down-regulation at 67.5 µg/L of chlorpyrifos linked with decreased swimming and 

feeding performances of fathead minnow larvae.  

 Creatine kinase (CK) enzyme is involved in cellular energy metabolism of brain in 

vertebrates through reversible restoration of ATP (Ames, 2000; Beard and Braissant, 2010) and 

its deficiency is associated with decreased energetic status and oxidative stress along with 

neurodegenerative diseases in humans (Schulze, 2003; Beard and Braissant, 2010). Creatine 

kinase enzyme is also linked with maintaining ATP/ADP ratios essential for Ca
2+

 homeostasis 

and muscle contraction (Rossi et al., 1990). In this study CK gene transcripts showed down-

regulation after 24h exposure to 33.5 µg/L and 67.5 µg/L of chlorpyrifos in fathead minnow 

larvae. Down-regulation of CK gene transcription may be correlated with the significantly 

reduced swimming and feeding activities due to low energetic status and reduced muscle 

contraction of the fish larvae. Connon et al. (2009) also observed down-regulation of CK gene 

transcripts linked with reduced swimming activities in delta smelt (Hypomesus transpacificus) 

after exposure to esfenvalerate.       

 Molecular biomarkers are rapid and sensitive diagnostic tools to estimate the changes 

occurring at cellular level in the fish (Woo et al., 2009; Beggel et al., 2011). Changes detected in 

the gene transcription of different genes showed the cellular effects in fathead minnow larvae 

exposed to sublethal concentrations of chlorpyrifos. The data obtained from gene transcription 

can provide a potential link between molecular and behavioral changes occurring at an organism 

level (Connon et al., 2008). A number of studies successfully showed the link between gene 
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transcriptional data and whole organism responses on exposure to the contaminants (Knoebl, 

2002; Connon et al., 2011; Giest, 2011). The present study indicates that the down-regulation of 

genes related to nervous system (ASPA) and energy metabolism (CK) are potentially linked with 

the decreased swimming and feeding performances. Down-regulation of these genes may result 

in loss of balance and deficiency of energy which are the essential for swimming and feeding 

performances. Linking molecular level responses to the environmentally relevant behavior of 

organisms is a big challenge in the field of Ecotoxicology.   

 At the end of this dissertation it was concluded that cypermethrin is more toxic to fish 

than profenofos. Chlorpyrifos is moderately toxic to Labeo rohita and Bufo stomaticus. 

Chlorpyrifos is a genotoxic, cytotoxic and neurotoxic to Labeo rohita. Chlorpyrifos is also 

genotoxic to Bufo stomaticus. Cypermethrin is highly toxic to Rohu (Labeo rohita) and Grass 

carp (Ctenopharyngodon idella). Cypermethrin is a genotoxic, cytotoxic and neurotoxic to Labeo 

rohita. Finally the transcriptional changes occurring at molecular level have a link with 

physiological responses of Fathead minnow (Pimephales promelas) exposed to sublethal 

concentrations of chlorpyrifos.    
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