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ABSTRACT  

  

INVESTIGATION OF COMBINED GENOTOXIC EFFECT OF PESTICIDES ON 
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The use of pesticides in agriculture sector is increasing widely to alleviate crop loss due 
to pests. To combat problem of pest, various types of pesticides are widely used, out 
of which insecticide are majorly used. In Malwa region of Punjab lots of insecticides are 
used. These pesticides when present together they may result in combined response. 
This combined response can be of three types such as independent, dose addition and 
interaction (synergism or antagonism). This combined response is very big trouble, 
such as sometimes even low dose of pesticide which is not toxic individually can result 
in toxic response in the presence of another pesticide. In the present study, Malathion 
and Monocrotophos (widely used organophosphorous insecticides) selected for 
investigation of combined effect. Out of selected pesticide Malathion also detected in 
water, in present study. Various parameters for genotoxicity evaluation was carried out 
with exposure of pesticides on HCT-116 WT/ p53 mutant (colon cancer) cell lines. 
Results of present study suggested that combination of pesticides resulted in more cell 
death, oxidative stress, membrane instability and imbalanced antioxidative system. It is 
also evaluated that low dose exposure of pesticides individually and in combination 
resulted in increased cell survival, may be due to activation of defense mechanism with 
prior treatment. All parameters evaluated was with short term exposure of 1-2 days, so 
evaluated long term exposure of ten days and found that this resulted in very less cell 
number and changed cell morphology. It is observed that both pesticides showed 
genotoxicity individually as well as in combination. The combined exposure of both 
pesticides deviate from there expected effect for dose addition towards more toxicity. 
So it is concluded that there may be some interaction between these pesticides, which 
may be synergistic in nature, because observed more toxicity.   
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Chapter-1 

 

Introduction  

 

1.1 General introduction  

Developing the agriculture sector has been always held as the prime objective of Indian 

economy. In spite of perpetually meeting the ever increasing food needs of the growing 

population, Indian agriculture sector has also provided employment to 58.2% of the 

Indian population (Abhilash and Singh, 2009). It is found that 18% of the food 

production is lost in India due to insects, pests, weeds, rodents, plant pathogens, birds 

etc. and the crop losses were 50-80% due to these plant pathogens. This posed a 

threat in the field of agriculture, where such a great loss of crop yield would be unable 

to meet the need of increasing population. To combat such problem, pesticides were 

widely used as a convenient method to control pests and its uses resulted in 20-30% 

reduction in crop losses and enhanced agricultural productivity, resulting in better yield 

of crops (Bolognesi, 2003). Due to this reason, use of pesticides has increased day by 

day.  Although proving useful in increasing crop yield, pesticides are not completely 

innocuous, leading to numerous deleterious effects. People are exposed to pesticides 

through pesticide contaminated environment such as food, drinking water, air, dust, 

and soil resulting in disease manifestation (Gilden et al., 2010). Pesticides are grouped 

into herbicides, fungicides, insecticides, algaecides, antimicrobials, rodenticides and 

various other materials used to control pests. Out of the various types of pesticides, 

insecticides are widely used, these insecticides are of various types such as 

organochlorine, carbamates, pyrethroids, organophosphates and chlorophenoxy 

compounds (Younes and Galal-Gorchev, 2000). Among various pesticides 

organophosphate compounds are the major chemical class which is used worldwide 

(Kwong et al., 2002).   

Use of multiple types of pesticides by farmers results in combination of pesticides, 

which sometimes prove very harmful to organisms including humans. Various factors 

contribute towards the mixing of pesticides such as intentional mixing of multiple 

pesticides for crop protection, growing two or more types of crops in rotation system 
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and heavy rain etc. (Tiwana et al., 2007). Mixtures of pesticide can take three forms 

that may be independent, dose addition or interaction (Wilkinson et al., 2000). 

Interaction may be synergistic (increased toxicity compared to dose addition) 

(Hertzberg and MacDonell, 2002) or antagonistic (decreased toxicity compared to dose 

addition). Interaction may be due to changes in toxicokinetic phase (changes with 

respect to absorption, metabolism, distribution or excretion, in the presence of other 

pesticide) or toxicodynamic phase (changes with respect to interaction with target site) 

(Tennekes and Sanchez, 2013).  

In the real world, effects of single pesticide are difficult to predict because of the 

presence of other pesticides, which may result in combined effect on individuals. 

Pesticides interaction is important to evaluate as the actual dose response of individual 

pesticide may change during mixed exposure of pesticides. Keeping this in view, the 

aim of present study is to evaluate the combined effect of Monocrotophos and 

Malathion (two mostly used organophosphorous insecticides, in the Malwa region of 

Punjab).   

1.2 Selected Pesticides  

Out of various pesticides, insecticides are widely used (Younes and Galal-Gorchev, 

2000) and out of various insecticides, organophosphorous are widely used (Jaga and 

Dharmani, 2003). On the basis of literature and conducted survey, Monocrotophos and 

Malathion were selected for study. There are some important properties of both 

(Table1.1).  

Table1.1 Properties of Malathion and Monocrotophos  
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* FAO, 2000; **WHO, 2009   

1.3 Hypothesis 

In the recent years, exposure of various pesticides to non-target species have been a 

main reason of concern. Since these pesticides even in a short period of time may 

result in unpredicted toxic effects, therefore, the cumulative toxicity assessment of 

pesticides in mixtures has been an enduring challenge. In this direction, in the present 

study, it has been planned to find out the combined toxicity of Malathion and 

Monocrotophos, as being the most commonly used pesticides in the Malwa region of 

Punjab. These are also detected in the blood sample of people of Punjab. Malathion 

and Monocrotophos belongs to organophosphorous insecticides. Both of these 

pesticides are used on some common crops and individually show some common 

consequences such as inhibition of acetylcholinestrase, chromosomal aberration, DNA 

damage, increase in white blood cells (WBC), inflammatory cell infiltration, increase in 

reactive oxygen species (ROS) production, cell death etc. Due to their some common 

factors, it is expected that, they may show combined effect on cells, when exposed in 

mixture. This research work has been aimed to determine their combined effect that 

may be independent, dose addition or interaction (i.e. synergism or antagonism).   

 weight     

4.   Physical 

appearance  

Reddish brown crystalline solid   Light,  amber- 

coloured liquid   

5.   Melting point  54-55oC 31-32 °C   

6.   Half life  96 days (pH 5), 66 days (pH 7) 

and 17 days (pH 9)*  

4-6  days,  low  

hydrolysis at pH 7*  

7.   Solvents  Water, acetone, alcohol   Water, acetone, 

ethyl acetate, 

alcohol and other 

aromatic 

hydrocarbons   

8.   Toxicity class  Class “I b”  (Highly hazardous) **  Class “III” (slightly 

hazardous) **  
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1.4 Rationale of Research 

Malathion and Monocrotophos are known to be toxic individually. The plausible 

mechanism of these pesticides to show toxicity have been thought to be via free radical 

production, that may also effect mitochondrial stability and DNA damage that leads to 

stimulation of apoptotic pathways. Because p53 is involved in various stress responses, 

so it is also expected that the combined pesticide exposure will show some relevance 

to p53 also. It is expected that combination of Malathion and Monocrotophos will show 

diverse response in cell death that may be due to imbalanced ROS production, 

mitochondrial stability, lipid peroxidation and antioxidative system. This combined 

effect may be independent, dose addition or interaction with respect to cell viability.   

1.5 Objectives  

The present study aims to find the pesticides commonly used in Bathinda and Mansa 

region of Punjab and then to evaluate the various parameters after individual as well 

as combined pesticide exposure on cells.  

The main objectives of the study are:  

• Evaluation of combined response with respect to genotoxicity and cytotoxicity in 

cells in response to individual as well as combined pesticides treatment.  

• Measurement of oxidative stress and antioxidant defence system in cells exposed 

to individual and combination of pesticides. 

• Assessment of nature of pesticide combined response with respect to their impact 

on cell survival. 
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Chapter-2  

Review of Literature  

2.1 Pesticides  

Pesticides are of various nature, among which some are persistent, remaining intact 

rather than breaking down into safer constituents, thus showing more toxic effect on 

health. Different pesticides exhibit these effects to different extents; some being more 

aggressive than the other (Stockholm Convention on Persistent Organic Pollutants, 

2001).  

In Asia, India is the largest producer of pesticides and occupies the twelfth rank in the 

world for the use of pesticides (Abhilash and Singh, 2009). Pesticides are widely used 

in many states of India, especially in Punjab, which occupies only 1.54 % of the area 

(i.e. 50,362 square kilometre area), production being 22% wheat, 12% rice and 13% 

cotton of India. Such successful high productivity of Punjab is attributed to green 

revolution which implemented newer and advanced technologies, irrigation, fertilizers 

and pesticides resulting in increased yield of wheat (Stastical abstract of Punjab, 2005).  

Malwa region of Punjab is less than 15% of the total area of Punjab, but it consumes 

nearly 75% of the total pesticides used in Punjab and increasing day by day (Misra, 

2007). Pesticide consumption in Punjab has increased from 213 kg/hectare (in 2007-

08) to 246 kg/hectare (in 2011-12) (Blaurock-Busch et al., 2014). Due to their 

widespread usage some pesticides leach into surface and groundwater, so also 

contaminate drinking water (Younes and Galal-Gorchev, 2000). Another factor 

responsible for the presence of pesticides in groundwater is soil profile of the Malwa, 

which is silty in nature, having less water holding capacity due to which pesticides easily 

leach into the groundwater (Tiwana et al., 2007).  

The exposure of pesticides results in various health problems via various mechanisms, 

such as pesticides cause an increase in the free radicles level. Free radicals are 

produced in the cells during normal metabolic processes such as cellular respiration, 

processes of biosynthesis and biodegradation, biotransformation of xenobiotics and 
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phagocyte activation, but increased free radical level interact with lipids, proteins and 

DNA, producing potentially harmful effects on cells (Yaduvanshi et al., 2010). In various 

mutagenicity assays, most of pesticides result in gene mutation, chromosomal 

alteration and DNA damage. In various studies, chromosomal aberrations (CA), sister-

chromatid exchanges (SCE) and micronuclei (MN) are used as biomarkers of pesticide 

genotoxicity (Bolognesi, 2003).   

Long-term effects of pesticides have been observed to cause carcinogenic as well as 

genotoxic effects.  Carcinogenic pesticides may increase the risk of cancer through a 

variety of mechanisms, including genotoxicity, hormonal action, tumor promotion, and 

immunotoxicity, although assumed to have no effect below the threshold level (an 

effective dose level) (Dich et al., 1997). Some studies have revealed increased risk, 

associated with occupational pesticide exposure, resulting in various types of cancer, 

such as non-Hodgkin’s lymphoma, Hodgkin’s syndrome, multiple myeloma, leukemia 

and cancers of the brain, connective tissue, prostate, abdomen and testis (Davis et al., 

1992; Dosemeci et al., 1994). Organophosphorous insecticides which are widely used 

are one, out of various highly toxic pesticides.    

2.2 Organophosphate (OP) insecticides  

Organophosphate insecticides have gained popularity worldwide in preference to 

organochlorines, which are more persistent and damaging to the environment (Jaga 

and Dharmani, 2003). The effects of OP lead to various health problems, such as 

respiratory dilemmas, neurologic deficits,  memory disorders, dermatologic conditions, 

cancer, miscarriages, and neonatal diseases (Arcuryet al.,2003; Cordes and Rea,1988; 

Das et al.,2001; Strong et al.,2004). Organophosphate compounds show an 

association with Non-Hodgkin’s lymphoma (McCauley et al., 2006; Alavanja et al., 

2004).  

Organophosphate pesticides act on pest by phosphorylating the serine residue at the 

active site of acetylcholinesterase, which plays an important role in cell to cell 

communication in synapses and in neuromuscular junctions. They are known to be 

potent neurotoxicants (Kwong et al., 2002).   

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b8-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b8-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b8-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b8-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b8-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b8-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b22-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b22-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b22-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b22-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b22-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b22-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b26-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b26-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b26-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b26-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b98-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b98-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b98-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b98-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b98-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b98-ehp0114-000953
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Organophosphates are being lipophilic in nature, thus interacting and perturbing 

phospholipid bilayer structure of most visceral organs and systems; such as liver, 

kidney, immune system, nervous system and reproductive system etc. (Gomes et al., 

1999). In another way, OP damage tissues by generating oxidative stress, via the 

production of reactive oxygen species resulting in the activation of cellular antioxidant 

systems (Bagchi et al.,1995). OP also show cytogenetic damage such as gene 

mutation, chromosomal mutation and DNA Damage (Bolognesi and Morasso, 2000).  

In conclusion, it may be presumed that pesticides though are essential for agriculture, 

may prove to be fatal to health, their long term exposure resulting in variety of diseases 

such as reproductive disorders or cancer via various mechanisms.  

2.3 Pesticides under investigation  

Mathur et al., (2005) observed four organophosphorous pesticides (Monocrotophos, 

Chlorpyrifos, Malathion and Phosphamidon) in blood sample of people of Punjab. Out 

of which Malathion was detected in 70% of the whole blood samples collected from 

Punjab at mean levels of 0.0301 mg/l and Monocrotophos was detected in 75% of the 

samples at mean levels of 0.0948 mg/l. So, on the basis of conducted survey and 

literature, in the present study, Malathion and Monocrotophos were selected for their 

combined effect evaluation.  

2.3.1 Monocrotophos (MCP)  

Monocrotophos was registered by the Central Insecticides Board and Registration 

Committee (CIBRC) for 14 crops, including Paddy, Maize, Bengal Gram, Green Gram, 

Pea, Red Gram, Sugarcane, Cotton, Castor, Mustard, Citrus Fruits, Mango, Coffee, 

Cardamom (Bhushan et al., 2013). N-methylacetoacetamide and the O-dealkylation 

are primary products of the MCP hydrolysis (Lee et al., 1990). 

Organisms exposed to Monocrotophos exhibit various types of symptoms such as 

muscle weakness, blurred vision, confusion, vomiting, pain, bone marrow depression, 

respiratory failure and decrease in hemoglobin, red blood cells, platelets, haematocrit 

value and increase in white blood cell count and mutagenicity (Gupta et al., 1982; 

Siddiqui and Mustafa, 1993). Monocrotophos is a potent neurotoxicant which inhibits 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b9-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b9-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b9-ehp0114-000953
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480483/#b9-ehp0114-000953
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87% acetylcholinesterase in striatum, 67% in hippocampus, 58% in the cerebellum, 

and 53% in the cortex, which may induce oxidative stress in the brain (Kazi et al., 2012).  

According to Yaduvanshi et al. (2010), MCP exposure results in increase of 

thiobarbituric acid reactive substances (TBARS) in liver, brain, spleen and kidney. 

Another effect of MCP exposure is, DNA and nuclei damage as none of the nuclei are 

compact, condensed, undamaged, which are properties of intact nuclei. MCP treatment 

also results in reduction of microsomal cytochrome P450, hepatic glutathione content 

and the activity of glutathione- S-transferase, brain AChE, Ca++ ATPase and also 

induces lethal mutations in male germ-line cells and somatic cells (Tripathy and 

Patnaik, 1992). Monocrotophos show chromosomal aberrations (CA), sister-chromatid 

exchange (SCE), gene mutation, DNA damage and decreased mitotic index (Saleha 

Banu et al., 2001; Rupa et al., 1989a; Rupa et al., 1989b; Bolognesi and Morasso, 

2000).  

It is found that exposure to MCP causes enhanced ROS generation, lipid peroxidation, 

apoptosis and decreased glutathione (GSH) levels in PC12 cells with the involvement 

of response of various types of Cytochromes P450 (CYPs). It was found that MCP 

induced apoptosis and oxidative stress associated or regulated by specific isoforms of 

CYPs, the increase observed in the expression of CYPs suggested responsiveness of 

cells against MCP exposure, but the level decreases after long term exposure which 

could be attributed to significant necrotic cell death rather than apoptosis. Such induced 

expression of CYPs in the initial stages of exposure can be thought to play an important 

role in the production of reactive oxygenated molecules, known to induce c-Jun N-

terminal kinases (JNK) pathway resulting in up-regulation of C-fos and C-jun gene 

protein expression, which induce apoptosis (Fig.2.1). JNK pathway activation which 

results in subsequent cell death has been thus found to have a correlation with 

increased expression of glutathione S transferase pi gene (GSTP1-1) and at the same 

time decreased GSH levels. In this research study, team concluded that CYPs are 

involved in the activation of caspases.  
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Normally this caspase cascade activation is seen to result when damaged mitochondria 

release the cytochrome-c which binds to procaspase-9 and Apaf-1 to form the 

apoptosome complex (Kashyap et al., 2011). 

 

Fig.2.1 Mechanism of cell apoptosis induced via Monocrotophos. 

2.3.2 Malathion  

Malathion was registered for 16 crops by CIBRC which include Paddy, Sorghum, 

Soybean, Cotton, Castor, Groundnut, Mustard, Sunflower, Okra, Cauliflower, Radish, 

Turnip, Tomato, Apple, Grape, Mango (Bhushan et al., 2013).  

Malathion poisoning results in headache, muscles weakness, dizziness, nausea, 

vomiting, and difficulty in breathing (Haque et al., 1987). Subchronic exposure to 

Malathion leads to reduced Acetylcholinesterase (AChE) activity, hepatic protein and 
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lipid contents as well as muscular glycogen rate (Rezg et al., 2007).On the contrary, 

acute exposure causes muscle dysfunction and muscle weakness which may prove to 

be fatal, even causing death (Karami-Mohajeri et al., 2013).  

Numerous studies have highlighted the genotoxic nature of Malathion. Malathion 

exposure in mice resulted in cytogenetic damage in the bone marrow cells, thus 

showing chromosome aberration, decreased mitotic index resulting in DNA damage 

(Moore et al., 2011; Ojha and Srivastava, 2014; Balaji et al., 1993). It is reported that 

low dose (6mM) of Malathion, increases cell viability, however high dose (12 mM or 

24mM) of Malathion, decreases cell viability in a concentration-dependent manner. It is 

observed that Malathion is cytotoxic in nature and increases DNA damage at higher 

concentration. It increases oxidative stress and lipid peroxidation of cellular membranes 

through various biochemical processes (Moore et al., 2010; Ojha and Srivastava, 

2014). Kalender et al., (2010) found that, the acute exposure to Malathion exhibiting 

disruption in the lipid metabolism, thereby elevating Low-density lipoprotein (LDL) and 

triglyceride levels and stimulation of glycogenolysis and gluconeogenesis by the liver.  

The toxicity of Malathion is mainly owing to its most important metabolite, malaoxon. It 

is a neurotoxic molecule, rightly held responsible for numerous cases of acute toxicity. 

Malaoxon is 40 times more toxic than Malathion thus being the primary source of 

Malathion toxicity (Brown et al., 1993).  

It is observed through literature, that there are some common properties in both 

Monocrotophos and Malathion. In the present study, since the combined effect was 

investigated, it becomes important to consider some common points in both (Table 2.1).  

Table 2.1 Some common characteristics in Malathion and Monocrotophos 

Sr.  

No  

Common factors in   

MCP and Malathion  

Monocrotophos  

(Reference)  

Malathion  

(Reference)  

1.  Organophosphorous insecticide  IRAC, 2014  IRAC, 2014 

2.  Used on Paddy, Cotton, Castor, 

Mustard and Mango  

Bhushan et al., 

2013  

Bhushan et al., 

2013  
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3.  Inhibition of acetylcholinesterase  Kazi et al., 2012  Rezg et al., 2007  

4.  Result in chromosomal 

aberration and DNA damage  

Bolognesi and  

Morasso, 2000  

Moore et al., 2010  

5.  Result in increase in WBC’s  Siddiqui and 

Mustafa, 1993  

Kalender et al.,  

2010  

6.  Result in inflammatory cell 

infiltration  

Yaduvanshi et al., 

2010  

Kalender et al.,  

2010  

 

2.4 Combination of pesticides  

Pesticides almost usually occur in mixture, but their toxicological effects to the human 

health are yet unknown. Mixtures of pesticide can be associated in three forms that 

may be independent, dose addition or interaction (Wilkinson et al., 2000).  

Independent action- When the combination of pesticides results in the same effect as 

in individual, such type of response is known as independent response, which means 

that, they don’t interfere with the response of each other (Wilkinson et al., 2000).  

Dose-addition – When the combination of two or more pesticides (of concentration 

which don’t show effect individually) result in above threshold level toxicity 

concentration, is known as Dose addition. Dose addition is expected for those 

pesticides that show the same toxic effect on the same organ by the same mechanism 

over all the concentrations of pesticides (Stewart and Carter, 2009). Sometimes the 

additive response of pesticides mixtures may fail due to involvement of secondary 

chemical changes that result in enhanced or reduced toxicity (Hernandez et al., 2013).  

Interaction- When the combined effect of two or more pesticides deviate from their 

additive response this is known as pesticide interaction. In this combined pesticides, 

result may increase or decrease in the toxicity from their additive response. If the 

response of combination decreases from expected additive, these pesticides are 

known as antagonist of each other and response known as antagonistic response 

(Rider and LeBlanc, 2005). If combination results in more toxic effect than their 
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expected additive response, this interaction is known as synergistic in nature 

(Hertzberg and MacDonell, 2002)  

The plausible mechanism behind interaction may be at toxicokinetic or toxicodynamic 

phases, which may take place when there is exposure to more than one pesticide. 

Toxicokinetics is the study related to absorption, distribution, metabolism and excretion 

of chemicals and Toxicodynamics is the study with respect to the receptor or target site 

or mechanism of chemical action (Fig.2.2).   

 

Fig.2.2 Toxicokinetic and Toxicodynamic phases at which interaction may happen in 

the presence of more than one pesticide (Tennekes and Sanchez, 2013).  

Toxicokinetic interactions is when one pesticide changes the absorption, metabolism, 

delivery or exclusion of another pesticide, as a of which internal concentration change. 

Toxicokinetics interactions are independent from the mode of action. (1) These 

interactions may be due to inhibition, induction or saturation of enzymes involved in the 

pesticide metabolism in the presence of another pesticide. Enzyme involved in the 

metabolism or elimination of pesticide provide site for interaction, for example when 

one enzyme play role for both, one pesticide saturate enzyme active site then it will 

affect the metabolism of another pesticide (2) pesticides normally diffuse through cell 

along their concentration gradient, when one pesticide changes biological matrix or 

physicochemical properties of another pesticide it can change the diffusivity of pesticide 

(3) previous or concurrent exposure to a pesticide with another pesticide may result in 



13 

 

inhibition or induction of enzymes, that may leads to impact on another pesticide. 

Induction of enzyme leads to high level of enzyme that may be due to changes at 

transcription, post transcription or post translation level. Enzyme inhibition may be 

reversible (changes with the removal of inhibitor) or irreversible. Generally irreversible 

inhibition is at high dose, but in case of inhibition of cytochrome P450 via the oxons of 

organophosphates, even low dose results irreversible inhibition (COT, 2002; Tennekes 

and Sanchez, 2013).  

One example of toxicokinetic interaction is change in the metabolism of Malathion in 

the presence of iso-malathion and other impurities. Insecticides are detoxified with the 

help of carboxyl esterase and various other enzymes. Malathion is also converted into 

various forms with the help of various enzymes, some are excreted out (decrease 

toxicity), and some results in increase in toxicity by more toxic metabolism. Malathion 

is converted into various forms such as into (a) monoacid and diacid derivatives with 

the help of carboxylesterase enzymes (b) malaoxon a very toxic metabolite with the 

help of CYP450 and (c) dimethyl dithiophosphate (DMDTP) and a non-toxic phosphoric 

metabolite with the help of isoforms of CYP450s. Out of these malaoxon can be further 

degraded into (a) malaoxon dicarboxylic acid and ethanol and (b) 

dimethylthiophosphate (DMTP) and diethyl succinate (a detoxification product) 

catalyzed with additional esterases (Hernandez et al., 2012). Iso-malathion further 

inhibits carboxyl esterase which leads to decrease in Malathion metabolism and almost 

70 fold increases in toxicity (Hathaway, 1996). Various other members of CYP family 

are also involved in these processes. There may be some interaction at this level also. 

So this shows that various compounds interfere with the toxicity of the substance.   

Toxicodynamic changes mean the changes with respect to joining of toxicant molecules 

to the target receptors. Interaction of pesticides at toxicodyanamic results in either 

increase (potentiate) or decrease (antagonize) the changes in the normal tissue that is 

results of primary pesticide (Tennekes and Sánchez, 2013; Reffstrup et al., 2013). The 

plausible mechanism may involve the binding of one pesticide to the receptor of another 

or may interfere in the binding of another pesticide to their receptor. The combined 

effect of two compounds at same site does not result in increased response instead it 
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results in antagonistic response. Some compounds may interact with each other while 

binding to different receptors which culminates in antagonistic or synergistic response. 

One example of increase in response is, when the nature of one compound is to impair 

DNA repair and another is genotoxic in nature, the combined effect will be more (COT, 

2002).  

Interaction of pesticides mixture can result in toxic effect even when the individual 

component may be present in negligible amount. According to EPA (2002) components 

having a common mode of action can result in combined toxicity have been classified 

on the basis of (a) Chemical structure (core molecular structure, functional groups or 

their metabolic precursors) (b) Mechanism of pesticide action through which they cause 

toxicity (c) General mode or mechanism of mammalian toxicity (d) Toxic effect caused 

by components.  

An example of increase in combined toxicity was evaluated by some researchers, 

wherein they investigated that the neurotoxicity of Malathion increases when exposure 

is combined with prochloraz (a fungicide), this was due to the induction of Malathion 

oxidation into its active metabolites (Johnston, 1995). In one another study, it has been 

investigated that the combined effects of exposure to the organophosphate insecticides 

ethyl p-nitrophenylbenzenethiophosphate (EPN) and Malathion displayed 10- fold 

synergistic toxicity effect in rats and a 50-fold synergistic effect in dogs (Frawley et al., 

1957).  

National Institute of Hygienic Sciences in Tokyo, Japan has highlighted that non 

carcinogenic chemicals present in pesticides when combined with the carcinogenic 

chemicals present in other pesticides, resulted in cancer promotion (Kepner, 2004). In 

addition to promoting cancer, synergy also resulted in various other effects. Another 

study showed the combined effect of DEET (the active ingredient in most insect 

repellents) and permethrin (a pesticide), in increasing the permeability of blood-brain 

barrier (Abou-Donia, et al. 2001), increased urinary excretion of 6B-hydroxycortisol 

(marker for chemical poisoning) (Abu-Qare et al., 2001a), release of brain mitochondrial 

cytochrome- c (Abu-Qare et al., 2001b), neuronal cell death and cytoskeletal 
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abnormalities (Abdel-Rahman et al., 2001). These effects were seen to be more than 

that seen in individual exposures.   

In one study, the researchers observed the cytotoxicity and genotoxicity of Endosulfan, 

Carbofuran, and Monocrotophos while observing the LC50 values for cytotoxicity for 

individuals as well for binary mixtures. They observed that the LC50 values were 4.18, 

5.76, and 7.5 μM for Endosulfan, Carbofuran, and Monocrotophos respectively, and 

0.7, 0.9, and 1.0 μM for Monocrotophos & Carbofuran, Endosulfan & Monocrotophos, 

and Endosulfan & Carbofuran, respectively. Low amount of the binary mixtures of 

pesticides results in same DNA damage as with high amount of individual pesticides. 

Thus concluded that, these pesticides show synergy (Das et al., 2007).  

Another study conducted by Ojha and Srivastava (2014) explored the combined effect 

of Chlorpyrifos (CPF), Methyl Parathion (MPT), and Malathion and their effect on ROS 

production along with DNA damage. They found that the pesticide mixture caused no 

significant increase of superoxide anion production by the rat lymphocytes, compared 

to control, but showed DNA damage in a dose dependant manner. Combined exposure 

of mixture of these pesticides showed less increase in ROS than caused by any of the 

pesticide individually and these pesticides did not show any synergistic effect.  
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Chapter 3  

Material and Methods  

3.1Materials  

3.1.1 Chemicals  

Complete media [Culture media (DMEM- Dulbecco’s Modified Eagle’s Media), Fetal 

Bovine Serum (FBS), Antibiotic (Penicillin/streptomycin), MTT 3-(4,5- dimethylthiazol2-

yl)-2,5-diphenyltetrazolium bromide, Phosphate buffer saline (PBS), DMSO (Dimethyl 

Sulfoxide), Agarose, NaOH, NaCl, Na2EDTA, Sodium Dodecyl Sulphate (SDS) , 

Ethidium bromide, Ethylene Di-amine tetra acetic acid (EDTA), H2DCFDA dye, Triton 

X-100, Tris HCl, Malathion and Monocrotophos (Tradename- Monocil)  

3.1.2 Cell lines used 

For this research work, two cell lines HCT116 wild type and HCT116 p53 mutant type 

were used. These were obtained as a kind gift from Prof. Tapas Mukh Upadhyay, 

Former Director, National Centre for Human Genome Studies and Research 

(NCHGSR), Punjab University, Chandigarh. 

 

Figure 3.1 Microscopic views of A. HCT116 wild type and B. HCT116 p53 mutant 

colon cancer cell lines. 
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Table 3.1 Cell lines selected for study and their properties 

Sr. No.   Properties  HCT-116 WT  HCT-116 Mutant  

1.   Organism  Homo sapiens Homo sapiens 

2.   Tissue  Colon  Colon  

3.   Morphology  Epithelial  Epithelial  

4.   Culture Properties  Adherent  Adherent  

5.   Biosafety Level  1  1  

6.   Disease  Colorectal carcinoma  Colorectal carcinoma  

7.   Special feature  Intact p53 genes  Mutant p53 genes  

 

3.1.3 Instruments Used during work 

Table 3.2 List of instruments  

Sr. No.  Name Of Instruments   Manufacturing Company  

1.   Analytical balance TE214, S   Sartorius  

2.   Autoclave (vertical) NSW-227   Calton Company  

3.   Co2  incubator   New Brunswick, UK  

4.   Flourescent  Microscope   Olympus Magnus  

5.   Inverted Microscope   Olympus Magnus  

6.   Mini Centrifuge MC-02   Spinwin Daikan Scientific Co. Ltd.  

7.   pH Meter   Mettle Toledo  

8.   Rectangular water bath   New India   

9.   Refrigerated Centrifuge 5430R   Eppendorf, Germany  

10.   UV double beam Spectrophotometer  Systronics  

11.   Multiplate reader  Biotek  

12.   Nanodrop reader  Thermo Scientific  

13.   Horizontal laminar air flow (NSW-201)  Calton  

14.   Electrophoresis unit  Tarson  

15.   Dancing shaker  Tarson  
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3.2 Methods  

Experimental design and protocol used during work are as given below  

Experiment 1: Survey for commonly used pesticides from different villages of 

Mansa and Bathinda district.  

Experiment 2: Testing of presence of Malathion in water sample of field.  

Experiment 3: Culturing cell lines and their maintenance.  

Experiment 4: Assessment of cell viability 

 4.1: Assessment of cell viability of treated cells by MTT assay.  

                   4.2: Assessment of cell viability of pesticide pretreated cells prior to usual 

treatment by MTT assay   

Experiment 5: Determination of reactive oxygen species and their expected 

effect after pesticides treatment.  

5.1: Determination of ROS (Reactive oxygen species) in treated cells  

5.2: Assessment of DNA damage in treated cells 

5.3: Estimation of lipid peroxidation following pesticide exposure.  

5.4: Assessment of mitochondrial integrity in treated cells  

Experiment 6: Assessment of antioxidant enzymes activity  

                   6.1: Preparation of cell lysate for further enzyme activity evaluation assay  

6.2: Assessment of Catalase enzyme activity  

6.3: Assessment of Superoxide dismutase enzyme activity  

6.4: Assessment of Glutathione reductase enzyme activity  

Experiment 7: Long term effect on cell culture with pesticide treatment  
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Experiment 1: Survey for commonly used pesticides in the different villages of 

Mansa and Bathinda district.  

A survey was conducted in different villages of Bathinda and Mansa district to find the 

commonly used pesticides in these regions.  

Experiment 2: Testing for presence of Malathion in water sample of fields 

(Pandey et al., 2014).  

The method used kinetic spectrophotometric technique, a novel and sensitive method 

for the determination of presence of Malathion in the water samples. This was based 

on the principle that Malathion get oxidized to malaoxon product in the presence of 

excess of N-bromosuccinimide. The unconsumed N-bromosuccinimide then reacts 

with safranin and form brominated safranin, which is subsequently monitored 

spectrophotometerically at λmax 530 nm. So, Malathion pesticide presence was 

determined in water of fields by using this method.   

Chemicals required: NBS (N-bromosuccinimide), Safranine, HCL and Malathion.  

Procedure: Prepared 50 mM NBS (N-bromosuccinimide), 10mM Safranine in water 

and 2N HCL in water, then prepared standard of various increasing concentrations of 

Malathion in test tubes. In another five test tubes added 1ml of water sample (that is 

collected from fields of different villages). Then added 1 ml NBS and 2 ml HCL in each 

tube, mixed it and shake continuously for ten minutes. After ten minutes, added 1 ml of 

safranin. Mixed well all the test tubes and reading was taken at 530 nm.  

Experiment 3: Routine assay in cell culture lab.  

3(A): Culturing of cell lines  

Cell lines were passaged in 25cm2 rectangular canted cell culture flask (T-25 flasks). 

Adhered cells were detached from the surface by adding trypsin. After 4 minutes of 

trypsinization, trypsin was inactivated by addition of DMEM media containing FBS. 

Cells with media were taken and centrifuged at 1000 rpm (Rotation per Minute) at 4°c 

for 5 minutes, then discarded supernatant and resuspended pellet in 4ml fresh media. 

Cells were either cultured in new flasks or seeded for further various experiments.  
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3 (B): Maintenance and sub-culturing of cell lines  

Cell lines were cultured in T-25 and T-75 flasks.  When cells became confluent, these 

cells were sub cultured in new flasks. For sub culturing, discarded old media from 

flasks. Then 1 ml trypsin for T-25 flask and 2 ml trypsin for T-75 flaks was added. 

Subsequently, added media and centrifuged at 1200 rpm at 4°c for 5 minutes. Then 

discarded supernatant and the pellet obtained was resuspended in complete media 

containing DMEM Media, 10% FBS, 1X penicillin/streptomycin and ciprofloxacin. Cells 

were transferred to T-25 and T-75 flasks containing 4 ml media in T-25 Flasks and 10 

ml media in T-75 flasks. Flasks were incubated in incubator at 37°C, 5% CO2 and 95% 

humidity. This cell culture was maintained by adding fresh complete media after every 

three days.  

3 (C): Cryopreservation and thawing of cell lines  

Cells were preserved with freezing media (complete media containing 10% DMSO) in 

cryovials. The vials were thawed at 37°c and resuspended pellet in 4ml DMEM media 

and centrifuged at 1200 rpm for 10 minutes. Discarded supernatant and resuspended 

cells in 2ml media and seeded in 35mm culture dish.  

Experiment 4: Assessment of cell viability (Baviskar et al., 2013). 

4.1: MTT 3-(4, 5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide Assay 

It is a colorimetric assay used to assess viability of cells. This is based on the principle 

that metabolically active cells result in reduction of yellow MTT (by mitochondrial 

succinate dehydrogenase after entering in cell and passing mitochondria) into insoluble 

dark purple coloured formazan product, which is solubilized with an organic solvent like 

DMSO and the intensity of colour measured with the help of spectrophotometer.  

Chemicals required: Malathion, Monocrotophos, DMEM media, MTT Reagent (3-(4, 

5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide), Phosphate buffer solution, 

DMSO (Dimethyl Sulfoxide).  

Procedure: Two 96 well plates were seeded with 100 µL of 10, 000 cells per well, one 

plate seeded with HCT WT (wild type) cell line and another plate with HCT p53 mutant. 
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These plates were incubated in an incubator for 24 hours. After 24 hours, treatments 

were given to cells for duration of 48 hours. After 48 hours the media was removed 

from wells and the cells washed with 1X PBS. Then added 50µL of (0.5 mg/ml PBS) 

MTT in each well and incubated in the dark for 4 hours at 37°C. Then discarded the 

MTT solution and added DMSO solution to dissolve precipitate. Then after 20 minutes 

reading of absorbance was taken in multiplate reader at 570 nm.   

4.2: Assessment of cell viability of pesticide pretreated cells prior to usual 

treatment by MTT assay 

MTT dye is reduced into formazan by mitochondrial reductase (succinate 

dehydrogenase) of metabolically active cell which is further solubilized with DMSO and 

reading was taken of coloured product. On the basis of this principle cell survival of pre-

treated cells evaluated.  

Chemical required: Malathion, Monocrotophos, DMEM media, MTT Reagent (3-(4, 5- 

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide), Phosphate buffer solution, 

DMSO (Dimethyl Sulfoxide).  

Procedure: Two 96 well plates were seeded with 100µL of 10,000 cells per ml, one 

plate seeded with HCT WT (wild type) cell line and another plate with HCT p53 mutant. 

These plates were incubated in incubator for 24 hours. After 24 hours, pretreatment of 

low dose of both pesticides individually and in combination were given for 2 hours in 

both plates. After 2 hours replaced media of pre-treated cells with fresh complete media 

and incubated plates in incubator for 24 hours. This is followed by usual treatment of 

various doses of pesticides individually and in combination. Then after 48 hours of 

treatment media was removed from wells and washed cells with 1X PBS, followed by 

addition of 100µL of (0.5 mg/ml PBS) MTT in each well. Then plates were incubated 

for 4 hours at 37°C in incubator. Then discarded the MTT solution and added DMSO 

solution to dissolve precipitate. Then reading of absorbance was taken after 20 minutes 

in multiplate reader at 570 nm.  

 



22 

 

Experiment 5: Detection of reactive oxygen species and their effect 

5.1: Detection of ROS (Reactive oxygen species) (Baviskar et al., 2013). 

ROS, including the superoxide anion (O2
.-), hydroxyl radical (OH.-) and hydrogen 

peroxide (H2O2) are mostly generated in mitochondria. These are mainly produced 

during stress conditions and can be detected with the use of fluorescence-based 

method, such as by using fluorogenic probe Di-hydro Di-Chlorodihydro Fluorescein Di-

Acetate (H2DCFDA). Deacylation and subsequent oxidation of probe with ROS result 

in DCF (a fluorescent product), which can be quantified with the help of 

spectrophotometer.  

Chemicals required: Malathion, Monocrotophos, DMEM complete media, Phosphate 

buffer solution, H2DCFDA Dye.  

Procedure: Two 96 well plates were seeded one plate of HCT WT (wild type) cell line 

and another plate of HCT p53 mutant. These plates were incubated in an incubator for 

24 hours. After 24 hours, cells were treated with pesticides for duration of 48 hours. 

After 48 hours of treatment H2DCFDA Dye was added in each well. Then plates were 

placed in dark for 20 minutes. Then after 20 minutes reading was taken in multiplate 

reader at 530nm emission and 485nm excitation.  

5.2: Assessment of DNA damage in treated cells. 

DNA the genetic material of cell is persistently subjected to various chemical changes. 

Among the various factors responsible for DNA damage, reactive oxygen species is 

regarded as an important contributing factor. This may results in single strand break, 

double strand break, oxidative DNA damage and defective DNA repair etc. which may 

eventually culminate in apoptosis. There are various techniques available for detection 

of DNA damage, out of which, in this study DNA laddering assay has been employed.  

Chemicals required: Monocrotophos, Malathion, DMEM complete Media, Lysis Buffer 

(10 mM Tris HCl of pH-7.5, 10 mM EDTA, 10 mM NaCl, 0.5% N-Lauroylsarcosine), 

Phenol: Chloroform: Isoamylalcohol (P: C: I), NaCl, Ethanol, TE (Tris EDTA), Agarose. 
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Procedure: Two 6 well plates were seeded and incubated in an incubator for 24 hours. 

After 24 hours cells were treated in the prescribed concentration. After 48 hrs cells were 

scraped with the help of scraper and taken in eppendorfs. These are centrifuged and 

removed supernatant and taken pellet.  Pellet was resuspended in 250 µl lysis buffer 

and placed in water bath for 10 min at 60°c. Added equal volume of P: C: I and the 

content mixed until emulsion formed followed by centrifugation at 10, 000 rpm for 5-10 

minutes. Two layers were formed of which the upper layer was taken in another 

eppendorf. Added 30µl 5M NaCl and 1ml 70% ethanol in aqueous layer and centrifuged 

at 10000 rpm for 10 min, discard supernatant and added 70% chilled ethanol and again 

centrifuged at 10, 000 rpm for 5 min. Discarded supernatant and left pellet for air drying. 

Pellet was resuspended in 20 µl TE solution and determines the DNA concentration on 

the nanodrop instrument with a baseline correction of 350 nm. Then prepared agarose 

gel and load DNA sample in gel and run gel. 

5.3: Estimation of lipid peroxidation following pesticide exposure 

(Devasagayam et al., 2003).  

Lipid peroxidation, a common mechanism of cell or tissue injury, is also an indicator of 

oxidative stress. Lipid peroxides are unstable (such as polyunsaturated fatty acids) 

which breaks into malondialdehyde (MDA) and various other products. MDA further 

form adduct with Thiobarbituric acid (TBA), which is of pink colour that absorbs at 538 

nm, that can be detected with the help of spectrophotometer.  

Chemicals required: Monocrotophos, Malathion, DMEM complete media, HCl,  

Potassium  Phosphate  Buffer,  Malondialdehyde  Tetraethyl  Alcohol  (MTA),  

Thiobarbituric acid (TBA), Tri-chloro Acetic Acid (TCA) etc.  

Procedure: A six well plate was seeded with HCT-116 WT cell line. Plate was left in 

incubator, for 24 hours. After 24 hours treatment of pesticides was given to plate and 

put in incubator. After 24 hours of treatment taken cells and given one washing with 

PBS and homogenized cells in phosphate buffer. Then centrifuged it and taken 

supernatant, which is used as sample. On the other hand, prepared standard of various 

concentrations with MDA instead of sample. Some other tubes were taken and added 

500 µl of 15% TCA (prepared in 0.25 N HCl), 500 µl of 0.375% TBA (prepared in 0.25 
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N HCl), and 1.6ml of tris KCl and 400µl of sample respectively in each tube. Then put 

all the tubes in water bath at 80°c for 1 hr. After this cool the samples and centrifuged 

at 3000 rpm for 10 min. Taken readings of supernatant at 538 nm in spectrophotometer.  

Calculation:  

TBARS assay concentrations will be determined by comparison to an MDA standard 

curve following linear regression analysis (y = x (slope) + y int), express as MDA 

equivalents [A538= (a [MDA] + b)]* df  

Where,  

[MDA] is the μM concentration of MDA in the sample 

A538 = Net absorbance at 538 nm of the sample  

 a = regression coefficient (slope) 

b = intercept  

df = dilution factor  

5.4: Assessment of mitochondrial integrity in treated cells (Wong et al., 2002). 

This method is used to measure the electrochemical potential gradient across the inner 

membrane of depolarized mitochondria with the use of fluorescent plate reader. When 

there is accumulation of JC1 inside mitochondria, then there is a shift from green 

towards red. In this, two readings taken at two different wavelengths i.e. 590nm (red)/ 

527nm (green), when mitochondrial depolarization occurs, red fluorescence decreases 

and the green fluorescence remains constant or increases which is used as indicator 

of mitochondrial depolarization.   

Chemicals required: Monocrotophos, Malathion, DMEM complete media, Phosphate 

buffer solution, JC1 (5, 5’, 6, 6’-tetrachloro-1, 1’, 3, -tetraethylbenzimidazolyl 

carbocyanine iodide) stain.   

Procedure: Two 96 well plates were seeded (one plate of HCT wild type cell line and 

another plate of HCT p53 mutant) and incubated in incubator for 24 hours. After 24 

hours treatments were given to cells. After 24 hours of treatment added 50µL JC 1 dye 

in all wells and left in dark for 15 minutes. Then taken reading at excitation of 490nm 

and emission at 527nm and 590nm.  
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Experiment 6: Assessment of antioxidant enzymes activity  

Antioxidant enzymes are very important factors in accessing the risk of any disease in 

individual. The balance in antioxidant enzyme is a big player in healthy life. Some of 

very important antioxidant enzymes present in our body are superoxide dismutase, 

catalase and glutathione reductase etc. These three enzymes were evaluated in the 

present study. There was need to prepare cell lysate for evaluation of various 

antioxidant enzymes.  

6.1: Preparation of cell lysate for further enzyme activity evaluation assay 

Chemicals required: Monocrotophos, Malathion, DMEM complete media.  

Procedure: For preparation of cell lysate seven 100 mm dishes were seeded with 

HCT116 WT. These dishes were incubated in incubator for 24 hours. After 24 hours 

treatments were given to seeded dishes. Then after 48 hours of treatment cells were 

harvested. These cells containing media were centrifuged at 1000rpm, for 10 min, 

discarded supernatant and given one washing with PBS. After that added 2ml Triton X-

100 and performed freeze-thaw cycle two times to obtain lysate of cells, which were 

then centrifuged at 14000 rpm for 15 min. Then taken supernatant in eppendorfs and 

preserved at -80°c for further evaluation of various enzymes activity.  

6.2: Assessment of superoxide dismutase enzyme activity (Marklund and 

Marklund, 1974).  

Superoxide dismutase is primary antioxidant enzymes, which play an important role in 

maintaining the balance of free radicals in the body. There are various forms of this 

enzyme such as copper-zinc SOD (extracellular, tetrameric, containing compound) and 

Manganese (Mn) SOD (Mitochondrial). This is responsible for the catalysis of the 

process of dismutation the superoxide anion (O2
.-) into H2O2.This assay is on the 

principle that presence of SOD inhibits the autoxidation of pyrogallol, so activity of SOD 

can evaluated by taking reading of inhibition of pyragallol oxidation. 

Chemicals required: Pyrogallol, EDTA, Tris HCL and sample.  

Procedure: Prepared 6mM Pyrogallol, 6mM EDTA and 0.1M Tris HCL buffer of pH 8.2. 

Then added 1.5ml of 0.1M Tris HCL buffer, 0.5 ml of 6mM EDTA, 1ml of 6mM Pyrogallol 
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(light sensitive) in 100µL sample (lysate of cells) and taken reading at 420nm with 

respect to 1.5ml of solution containing 0.1M Tris HCL buffer, 0.5ml of 6mM EDTA, 1ml 

of 6mM Pyrogallol (light sensitive) as blank.  

Calculation:  

% inhibition= (A Control- A Treatment / A Control)*100 = X  

50% inhibition= (X/50)/ mg protein = Y (U/mg)  

SOD (U/mg) = Y/mg Protein  

A= Absorbance   

Here one unit is defined as the concentration of enzyme which inhibits the 50% 

autoxidation of pyrogallol.  

6.3: Assessment of catalase enzyme activity (Chance and Maehly, 1955).  

Catalase is an important antioxidant enzyme that converts the product formed during 

SOD reaction, hydrogen peroxide, into hydrogen and oxygen. Activity of catalase is 

monitored by detecting disappearance of H2O2 at 240nm in spectrophotometer. 

Chemicals required: Potassium phosphate dibasic (K2HPO4), Potassium phosphate 

monobasic (KH2PO4), Hydrogen Peroxide (H202), and sample. 

Procedure: Prepared 0.1 M potassium phosphate buffer (pH-7) and fresh H2O2 solution 

with 0.1 M potassium phosphate buffer .Then taken readings of 2900 µl H2O2 (light 

sensitive) containing 100µL sample (lysate of cells) at 240nm, with respect to 

potassium phosphate buffer as blank.  

Calculation:  

Units/mg = {[(A/min (Blank) – A/min (Sample)]. d .1)/ V X 0.0436}/ mg protein   

Where,   

A/min = Change in Absorbance per min d = dilution 

of original sample for Catalase Reaction  

V = sample volume in Catalase Reaction  

0.0436 = emM (extinction coefficient) for hydrogen peroxide  

1 = reaction volume in ml  
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6.4: Assessment of glutathione reductase (GR) enzyme activity (Sedlak and 

Lindsay, 1968).  

Glutathione reductase converts oxidized form of glutathione into reduced form of 

glutathione with the utilization of NADPH (Nicotinamide Adenine Dinucleotide 

Phosphate). This reduced form of glutathione is very important player in reducing the 

oxidative stress. Glutathione reductase activity can be assessed by detecting oxidation 

of NADPH at 340 nm in spectrophotometer.   

Chemicals required: EDTA, MgCl2 (Magnesium chloride), NADPH, Oxidized 

glutathione, Potassium phosphate dibasic (K2HPO4), Potassium phosphate monobasic 

(KH2PO4) and polyvinyl phosphate 

Procedure: Prepared 0.2M Potassium Phosphate Buffer of pH-7.5 containing 1% 

polyvinyl phosphate, 0.2mM EDTA, 1.5mM MgCl2, 0.5mM NADPH and 2mM oxidized 

glutathione. Then added 200µl potassium phosphate buffer, 100µl EDTA, 100µl MgCl2, 

200µl NADPH, 200µl oxidized glutathione and 200µl of sample (cell lysate) in cuvettes 

and taken readings at 340 nm with respect to sample containing all solution except 

sample.    

Calculation:  

Units/mg=   [(A/min)/6.22x 10-3 .d)]/ mg protein  

Where,      

A/min = Change in Absorbance per min   

d = dilution factor  

6.22x 10-3 = emM (extinction coefficient) for NADPH  

Experiment 7: Long term cell culture with treatment  

Chemicals required: Malathion, Monocrotophos, DMEM complete media.  

Procedure: Two 6 well plates were seeded and incubated in incubator for 24 hours. 

After 24 hours treatments were given to cells. After 3 days of treatment the media in 

plates were changed and repeated treatment. Then again after three days repeated the 

process and observed cells. Then after 10 days of culture, pictures were clicked.  
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Chapter 4  

Results   

4.1: Survey of different villages  

The survey was conducted to discern the pesticide usage pattern in Bathinda and 

Mansa Districts of Punjab. The survey conducted in different villages revealed that 

Malathion and Monocrotophos are mostly used pesticides. In the villages of Bathinda 

and Mansa district wheat, cotton, rice, vegetables (Table.4.1) are mostly grown for 

which Malathion and Monocrotophos (organophosphorous insecticides) are widely 

used.  Various villages where survey performed are shown with the help of various 

legends in the map (Fig.4.1).  

 

Fig.4.1 Villages depicting use of Malathion and Monocrotophos of Bathinda and Mansa 

district. The black boundary line denoted Bathinda dist. and outside villages are of 

Mansa dist. 
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Table.4.1 Monocrotophos and Malathion using villages of Mansa and Bathinda district  

Sr. No. Name of villages District Crops grown 

 1.   Begalehra   

 

 

 

 

 

 

 

 

 

 

 

 

Bathinda  

 

 

 

Wheat, cotton, rice, vegetables  
 

 

 

 

 

 2.   Lehramohabbat  

 3.   Nathana  

 4.   Gill patti  

 5.   Ghudda  

 6.   Akliakalan  

 7.   Bhuchokhurd  

 8.   Deon  

 9.   Jodhpur romana  

10.   Kotshmeer  

11.   Pathrala  

12.   Phusmandi  

13.   Jodhpur pakhar  

14.   Sivian  

15.   Bhagibander  

16.   Gatwali  

17.   Korieana  

18.   Kutiwalkalan  

19.   Singo   

 

 

 

 

 

 

20.   Tungwali  

21.   Mansa khurd   

 

 

 

 

 

Mansa  

22.   Khara  

23.   Barnala  

24.   Chkerian  

25.   Joga  

26.   Bhupal  

27.   Ralla  

28.   Burjharike  

29.   Burj jhabran  

30.   Jhuneer  

31.   Sardulgarh  
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4.2: Evaluation of Malathion in ground water  

According to some studies it was found that residues of pesticides seep into water 

which is then consumed by human beings and other animals (Younes and Galal-

Gorchev, 2000).Various studies highlighted the presence of various pesticides in the 

water (Sankararamakrishnan et al., 2005; Jayashree and Vasudevan, 2007). Survey 

highlighted that Malathion and Monocrotophos were widely used, so presence of 

Malathion in water was also evaluated. Evaluation for presence of Malathion in water, 

with NBS assay, confirmed presence of Malathion in underground water.  

To achieve results of objectives of this study, treatments were given to cells with 

different concentration of pesticides individually or in combination. The abbreviated 

forms to represent pesticides and their respective concentrations are as, M denoted for 

Monocrotophos, S for Malathion and C for control (Table.4.2).  

Table.4.2 Concentrations and abbreviated forms of pesticides, used during following 

sections.  

Name  Abbreviation  Concentration of pesticide  

Control   C   Without pesticide treatment   

Monocrotophos (M)   M1   1µM   

M2   10µM  

M3   100 µM  

M4   250 µM  

Malathion (S)   S1   10 µM   

S2   25 µM   

S3   50 µM   

S4   100 µM   

Monocrotophos (M)  and  

Malathion (S) Combination  

M1S1   1µM of (M)     + 10 µM of  (S)   

M2S2   10µM of (M)  +  25 µM of  (S)   

M3S3   100µM of (M) + 50 µM of (S)   

M1S4   1µM of (M)      + 100 µM of (S)   

M4S1   250µM of (M)  + 10 µM of (S)   
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4.3: Evaluation of cell viability by MTT assay  

4.3.1: Evaluation of cell viability in pesticides treated cells  

In order to determine the extent of toxicity of the pesticides individually and in 

combination, MTT assay for cell viability was carried out.  

To achieve results, cells were treated with different concentrations of Monocrotophos, 

Malathion and a combination of Monocrotophos-Malathion for duration of 48 hours, 

followed by MTT Assay.   

 

Fig.4.2 (A) Percent cell viability of HCT116 WT in response to different concentrations 

and combinations of pesticides. Here, Mono (M) is denoted for Monocrotophos and 

Mala (S) is denoted for Malathion. Data is expressed as mean values ± S.E. (n=3) and 

has been analyzed by student t-Test and compared with respect to control. Statistically 

significant results were indicated by - “*” and nonsignificant denoted by NS.  

The results demonstrated that cell viability decreased (after 48 hours of treatment) from 

5%-32% with an increase in concentration from 1µM- 250 µM of MCP (Fig.4.2 (A), Bar 

no. 2-5), highlighting dose dependent toxicity of the MCP pesticide. Cell viability 

decreased from 1%-35% with the increase in concentration from 10µM-50µM in 

Malathion, highlighting dose dependent toxicity of the Malathion also (Bar no. 6- 8). The 
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cell viability significantly reduced from 38%-55% with increase in concentration of 

Monocrotophos in case of combination (Bar no. 10-11). This decrease in cell viability 

was considerable compared to control as well as individual pesticide, thus, representing 

that combination of pesticides are more cytotoxic in nature.  

Numerous genotoxic stress responses have been observed to be mediated through 

p53 (Appella and Anderson, 2001; Schwartz and Rotter, 1998). So in order to 

determine the role played by p53 that is mostly implicated in numerous genotoxic stress 

responses, HCT116 p53 mutant cells were used.  

 

Fig.4.2 (B) Percent cell viability of HCT116 p53 mutant in response to different 

concentrations and combinations of pesticides. Here, Mono (M) is denoted for 

Monocrotophos and Mala (S) is denoted for Malathion.  Data is expressed as mean 

values ± S.E. (n=3) and has been analyzed by student t-Test and compared with 

respect to control. Statistically significant results were indicated by “*” and 

nonsignificant denoted by NS.   
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There was decreased cell viability in all pesticide treated cells. Monocrotophos showed 

almost 20 % decrease in cell viability at low doses (Fig.4.2 (B), Bar no.2-4), but abrupt 

decrease of almost 52% at 250 µM (Bar no. 5). This indicated that, in these cells, high 

dose is highly cytotoxic but low doses didn’t show increased cytotoxicity as with 

increase in dose. There was a slight decrease of almost 10% cell viability at 10µM to 

50µM dose (Bar no.6-8) and then abrupt decrease of almost 52% at 100µM 

concentration (Bar no. 9) of Malathion. Similarly, the higher dose of Malathion was 

found to be extremely cytotoxic, but low doses didn’t show significant increase in 

cytotoxicity with increased dose. Cell viability decreased significantly with the increase 

in concentration of Monocrotophos in case of combination i.e. S1M1 (Bar no. 10) and 

S1M4 (Bar no. 11). This difference was significant as compared to individuals and 

control. Both of the combinations results in immense decreased cell viability indicating 

highly cytotoxic nature.  

Both of the pesticides used in the study observed cytotoxic in nature. There was gradual 

decrease in cell viability with respect to increase in concentration in case of HCT WT. 

But there is slight or negligible change in cell viability in lower dose and abrupt decrease 

at higher dose in case of HCT p53 mutant.  

4.3.2: Evaluation of cell viability in pesticides treated cells having pesticide 

pretreatment.  

To determine whether pretreatment of low dose of pesticides prior to usual treatment 

of pesticides show activation of defence mechanism to already exposed cells or not, 

evaluation of the cell survival in pretreated cells has been done.  

To achieve this target, the cells were pretreated with low dose of individual and 

combined pesticides, followed by usual treatment of various doses individually and in 

combination. This is followed by MTT assay. 
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Fig.4.3 Percent cell viability of HCT116 WT in response to different concentrations and 

combinations of pesticides, pretreated with low dose of pesticides individually and in 

combination. Here, M is denoted for Monocrotophos and S is denoted for Malathion. 

Data is expressed as mean values ± S.E. (n=3).  

It was observed that Malathion low dose (S1) pretreated cells showed more cell survival 

compared to without pretreated cells (Fig.4.3 (B)). Cells were almost 5% more in case 

of S2 and almost 27% more in S3 compared to without pretreated cells. Monocrotophos 

resulted in almost 5% and 25% more cell survival in M2 and M3 respectively compared 

to control. There was almost 30 % and 28% more cell survival compared to control in 

case of M2S2 and M3S3 combination respectively.  

Cell survival also increased as compared to control in M1 pretreated cells (Fig.4.3 (C)). 

There was almost 4% and 11% increase in cell survival in M2 and M3 treated cells 

respectively, as compared to control. Cells were almost 13% and 16% more in S2 and 

S3 treated cells respectively as compared to control. Treatment of combination resulted 



35 

 

almost 32% and 42% increase in cell survival in M2S2 and M3S3 respectively as 

compared to control.  

As far as pretreatment of combination is concerned (Fig.4.3 (D)), the cells showed that 

S2 and S3 resulted in almost 15% and 33% increase in cell survival respectively, 

compared to control. M2 and M3 resulted in almost 13% and 27% increase in cell 

survival respectively. There was almost 30% increase in M2S2 and M3S3 with respect 

to cell survival of control.  

Experiment.4.4: Determination of reactive oxygen species and their expected 

effect  

4.4.1: ROS determination in pesticide treated cells 

Evaluation of oxidative stress is a very crucial parameter for the present study. Various 

studies suggested there is increase in production of reactive oxygen species during 

pesticides exposure. Thus we evaluated the content of ROS production during 

individual and combined pesticides exposure in both of cell lines (HCT116 WT and p53 

mutant). As the H2DCFDA is oxidized within the cell by ROS into Di-Chlorodihydro 

fluorescein (DCF) which is fluorescent in nature and this is measured under 

spectrophotometer, so higher absorbance illustrate high level of ROS.  

To evaluate oxidative stress cells were treated with pesticides for 24 hours and 

measured ROS extent with the help of H2DCFDA dye.  

ROS content increased (as shown in Fig.4.4 (A)) with the increase in concentration of 

Monocrotophos in HCT-116 WT cells. Low doses were observed to be less toxic and 

produced negligible increase in ROS content (Bar no. 2 and 3). ROS content increases 

almost 10 times and 18 times at 100µM and 250µM dose of MCP respectively (Bar 

no.4 and 5).  

Similar trend observed in case of Malathion, there was negligible increase in ROS 

content from 10 µM – 50 µM (Bar no. 6-8), but at high dose of 100 µM (Bar no. 9) almost 

11 times increase observed as compared to control.  
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Fig.4.4 (A) ROS relative intensity in HCT116 WT cells in response to different 

concentration and combination of pesticides. Here, M is denoted for Monocrotophos 

and S is denoted for Malathion. Data is expressed as mean values ± S.E. (n=3).  

There was significant increase in the ROS production in combination of pesticides, 

almost 17, 27 and 21 fold increase in M2S2, M3S3 and M4S1 respectively in HCT-116 

WT cells (Bar no.10 -12).  

Monocrotophos resulted in negligible difference in ROS production at low concentration 

of 1-10 µM but higher at doses of 100 µM and 250 µM resulting in almost 13 and 14 

fold significant increase in ROS production respectively in HCT-116 p53 mutant (Fig.4.4 

(B)). There was negligible effect at low dose, but resulted in rapid increase of almost 

13 times than control at high dose of 100 µM of Malathion (Bar no. 6-9). Combination 

of both pesticides resulted in almost 14, 21 and 17 fold increase in ROS in M2S2, M3S3 

and M4S1, that means combination even at low dose is more toxic.  
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Fig.4.4 (B) ROS relative intensity in HCT116 p53 mutant cells in response to different 

concentration and combination of pesticides. Here M is denoted for Monocrotophos 

and S is denoted for Malathion. Data is expressed as mean values ± S.E. (n=3).  

4.4.2: DNA Damage assay 

DNA Damage is a very important parameter of present study. As DNA is vital part of 

cell, it is also vulnerable to various types of stress. In present study stress is imposed 

by pesticides individually and in combination. To find out effect of imposed stress 

experiment was performed with treatment of low concentrations of pesticides to cells.  

Since numerous studies evidenced the DNA damage caused by individual pesticides. 

So in this study evaluated the combined effect of pesticides on DNA damage. That 

further leads to apoptosis (a phenomenon of programmed cell death). 

Cells were seeded and after 24 hrs treatment of low dose pesticides individually and in 

combination was given for duration of 48 hrs. Then cells were taken and extracted DNA 

from cells with Zhouet al., 2004 method with little modifications, followed by subsequent 

run on agarose gel electrophoresis.  
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Fig.4.5 DNA damage in HCT116 WT in response to lower concentrations and 

combinations of low dose of both pesticides. Here first band is of control of wild type, 

M is denoted for Monocrotophos and S is denoted for Malathion. 

In the control of wild type there was no DNA damage, however exposure of pesticides 

low dose individually and in combination resulted in DNA damage.  

4.4.3: Lipid Peroxidation  

Lipid peroxidation is an important parameter to determine the impact of stress on cells. 

Some studies explored that the increase in oxidative stress results in increased lipid 

peroxidation (Kashyap et al., 2011; Prakasam et al., 2001). In the present study, the 

lipid peroxidation has been evaluated after imposing stress of pesticides. This is based 

on the principle that when cells are exposed to stress, they may result increase in 

milondialdehyde (MDA) as a result of increased lipid peroxidation. These increased 

MDA reacts with TBA and form adduct of pink colour that can be measured at 538 nm 

under spectrophotometer.   

For this experiment, cells were treated, and lysate were prepared followed by 

estimation of lipid peroxidation using spectrophotometer.  
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Fig.4.6 Lipid peroxidation in response to individual and combined pesticide exposure. 

Here M is denoted for Monocrotophos and S is denoted for Malathion. Data is 

expressed as mean values ± S.E. (n=3). 

It was observed that Malathion didn’t show any effect on lipid peroxidation at low dose  

(S1), but there was almost 4.5 fold increase with low dose of Monocrotophos (M1) 

(Fig.4.6). Combination of low dose of both (M1S1) resulted in significant increase of 

almost 4.8 fold compared to control, but slight change with respect to low dose of 

Monocrotophos. So in combination increased lipid peroxidation is due to 

Monocrotophos.  

4.4.4: Mitochondrial membrane integrity evaluations  

The results demonstrated, there was increase in depolarization with respect to control 

in all pesticide treated cells (Fig.4.7). There was abrupt increase of almost 36% and 

27% at M1 and M2 respectively, in mitochondrial depolarization with respect to control. 

Mitochondrial depolarization increases almost 38% in both S1 and S2 compared to 

control. In case of combination of pesticides, there was almost 37% and 27% increase 

in mitochondrial depolarization at M1S1 and M2S2 respectively.   
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Fig.4.7 Mitochondrial membrane potential in HCT116 WT in response to different 

concentrations and combinations of pesticides. Here M is denoted for Monocrotophos 

and S is denoted for Malathion. Data is expressed as mean values ± S.E. (n=3).  

Experiment 4.5: Assessment of antioxidant enzymes activity  

4.5.1: SOD assay 

Superoxide dismutase is the antioxidant enzyme which converts superoxide anion (O2
.-

) into H2O2. To evaluate the effect of pesticides on the antioxidant system, the activity 

of superoxide dismutase has been evaluated.  

Results showed that activity of superoxide dismutase decreased in all treated cells with 

respect to control. There was almost 70% and 42% decrease in SOD activity compared 

to control in S1 and S2 respectively (Fig 4.8, Bar no. 2 and 3). SOD activity decreased 

almost 38% and 46% in M1 and M2 respectively, compared to control (Bar no. 4 and 

5). There was decrease of almost 42% and 51% decrease in M1S1 and M2S2 

respectively, compared to control (Bar no. 6 and 7).  
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Fig 4.8 Superoxide dismutase activity in HCT116 WT cells in response to different 

concentration and combination of pesticides. Here M is denoted for Monocrotophos 

and S is denoted for Malathion. Data is expressed as mean values ± S.E. (n=3).  

4.5.2: Catalase Activity Evaluation 

As far as the antioxidant system is concerned, the catalase enzyme plays a significant 

role in scavenging the free radicals and in maintaining balance, as it breaks hydrogen 

peroxide into water. According to various studies pesticides affect the activity of 

antioxidant enzymes. Thus to evaluate effect of individual and combined pesticides on 

antioxidant enzymes, catalase activity was evaluated. This assay is on the basis of 

disappearance of H2O2 which act as substrate for catalase and absorbs at 240 nm.  

Activity of catalase decreased almost 25% and 77% with increased concentration i.e. 

M1 and M2 respectively (Fig.4.9, Bar No.2 and 3).There was almost 15% increase and 

50% decrease in activity of catalase at S1 and S2 respectively (Bar No. 4 and 5). There 

was significant decrease of almost 93% and 20% in catalase activity in M1S1 and M2S2 

respectively (Bar No. 6 and 7), compared to control.   
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Fig.4.9 Activity of catalase in response to different types and concentration of 

pesticides. Here M is denoted for Monocrotophos and S is denoted for Malathion.  

Data is expressed as mean values ± S.E. (n=3).  

4.5.3: Glutathione reductase (GR) activity evaluation 

Glutathione reductase is a vital enzyme for the restoration of reduced form of 

glutathione from oxidized form of glutathione, therefore its activity is necessary for 

replenishing the reduced glutathione in cells. So glutathione reductase is an important 

parameter to evaluate the effect of individual and mixture of pesticides on cells. This 

experiment was performed with the lysate of various cells treated with different 

concentrations of pesticides individually or in combination.  

Glutathione reductase activity increased in all treated cells with respect to control i.e. 

without any pesticide treatment (Fig.4.10). The activity was increased by almost 0.5 

and 2 fold at 1µM and 10µM dose of Monocrotophos (Bar No. 2 and 3). Enzyme activity 

increased by 3 and 2 fold at 10µM and 25µM concentration of Malathion respectively 

(Bar No. 4 and 5). There was almost 3 and 4 fold increase in GR activity in M1S1 and 

M2S2 respectively (Bar No. 6 and 7). This increase in Glutathione reductase activity 

may be due to increase in oxidative stress during pesticide treatment.  

 



43 

 

 

Fig.4.10 Glutathione reductase activity in HCT116 WT in response to different 

concentrations and combinations of pesticides. Here C denotes for control, M is 

denoted for Monocrotophos and S is denoted for Malathion. Data is expressed as mean 

values ± S.E. (n=3).  

4.6 Long term culture  

All of the parameters evaluated were during short term treatment of pesticides, so to 

evaluate long term effect; seeded cells were treated with different concentrations of 

Malathion and Monocrotophos and their combination. Media was changed after each 

and every three days and repeated treatment. Then, the effect of long term exposure 

was evaluated after ten days under fluorescence microscope. 

There was increase in cell debris (as floating mass) and also cell morphology changed 

after 10 days (As shown in fig 4.11 (A) and (B)). Even the low dose of Monocrotophos 

(M1) resulted in a remarkable amount of debris. Slightly higher dose of Monocrotophos 

(M2) resulted in more damaging effect compared to M1, resulted in more debris and 

less cell number. Low dose of Malathion (S1) is less damaging and forms less floating 

bodies, but high dose of Malathion (S2) resulted in lots of debris as indicated in the 

image (black arrows). Combination of low dose and slight high doses of both pesticides 

resulted in numerous floating bodies shown with the help of arrow. At the end of 10 

days, negligible cells were observed to be attached to the surface thus no MTT result 

could be deduced for any of the samples.  
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Fig 4.11 (A) Long term culture results with the treatment of individual and combined 

pesticides in HCT-116 WT cells. Here arrows show the cell debris or dead mass as 

floating bodies.  

 

Fig 4.11 (B) Long term culture results with the treatment of individual and combined 

pesticides in HCT-116 mutant cells. Here arrows show the cell debris or dead mass as 

floating bodies.  
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Chapter 5  

Discussion  

Uses of pesticides such as of organophosphorous insecticides, is increasing day by 

day. Pesticides are also present in environment, air, food, water etc. they may present 

together and cause serious health problems to people. So it is very important to 

evaluate combined effect of pesticide on human cells. In this study, it was aimed to 

evaluate the combined effect of two commonly used pesticides Malathion and 

Monocrotophos, both which are reported to be present in the blood sample of people 

of Punjab (Mathur et al., 2005).    

In the present study firstly different villages of Mansa and Bathinda district were 

surveyed for evaluation of commonly used pesticides. As a result of this survey it was 

found that Malathion and Monocrotophos were mostly used. Since various studies 

stated that the pesticides are present in water, in this study presence of Malathion in 

water was evaluated, resulting in the conclusion that Malathion is present in water. 

Presence of Malathion in water is consistent with the study by Thakur et al., (2008). 

Then to evaluate the cytotoxic effects of Malathion and Monocrotophos, individually 

and in combination cell lines were cultured and maintained.   

To determine the extent of cytotoxicity, cell survival assay was performed. According 

to some studies, it is shown that exposure of Monocrotophos or Malathion results in 

decreased cell survival (Kashyap et al., 2011 and Moore et al., 2010), but these studies 

had evaluated the individual impact of pesticides. In the present study, results showed 

that both pesticides, considered under study, are cytotoxic in nature. They resulted in 

decrease in cell viability with increase in concentration, in case of Malathion and 

Monocrotophos, and the combinations of M1S1 (1µM of Monocrotophos+ 10 µM of 

malathion) and M4S1 (250μM of Monocrotophos + 10 μM of malathion) was more toxic 

and show significant decrease compared to their individual respectively, so both M1S1 

and M4S1 seems to be combinational in nature in both types of cell lines i.e. HCT-116 

and HCT-116 p53 mutant. It is found that p53 mutant cells are resistant to low dose of 
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pesticide but result in abrupt increase in response to high dose that may be due to 

mitotic catastrophe at high dose.  

In mice and rat it has been proved that the survival of recipient can be improved, if they 

are exposed to low dose of similar or different cytotoxic agent prior to treatment. The 

various pathways involved in response to toxicity may be initiated with prior exposure 

(Rose et al., 1975; Millar and McElwain, 1978). Keeping this in view, in the present 

study, cell survival was evaluated, and results of present study are consistent with the 

literature and showed increase in cell survival with pretreatment of pesticides.  

To determine the plausible mechanism of cell death, various parameters were 

evaluated such as oxidative stress during pesticide exposure. Free radicals are 

produced in cells during normal metabolic processes such as mitochondrial electron 

transport of aerobic respiration, processes of biosynthesis and biodegradation, but 

various stress conditions results in increase of ROS production. Various studies 

suggested that exposure to both pesticides resulted in increase in ROS production 

(Kashyap et al., 2011; Yaduvanshi et al., 2010; Saleha Banu et al., 2001). In these 

studies ROS production was explored after exposure of individual pesticides, but in 

present along with exploring ROS production during single pesticide treatment also the 

effect of pesticide combination was also explored. It is found that high doses of 

pesticides impose more stress on cells compared to low dose which resulted in 

elevated ROS production at high dose. Combination of pesticides resulted in significant 

increase in ROS production in all combinations of M2S2 (10μM of Monocrotophos + 25 

μM of Malathion), M3S3 (100μM of Monocrotophos + 50 μM of Malathion) and M4S1 

(250μM of Monocrotophos + 10 μM of Malathion) compared to control. Which illustrate 

combination is more toxic in nature.   

Severe increase in ROS production may lead to DNA damage, lipid peroxidation and 

mitochondrial instability, therefore evaluated these parameters in response to individual 

and combined pesticide exposure. 

Various studies have explored DNA damage occurring in response to the exposure of 

pesticides results in DNA damage and there is evidence that both  pesticides taken in 
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this study cause DNA damage individually at various doses (Yaduvanshi et al., 2010; 

Saleha Banu et al., 2001; Moore et al., 2010; Ojha and Srivastava, 2014). According 

to the results of present study exposure of pesticides results in DNA damage even at 

low dose. This DNA damage is indication of apoptosis.  

One effect of increased ROS may be on lipid peroxidation. Some studies shows that 

stress conditions may result in increase in ROS production which further increases lipid 

Peroxidation (Kashyap et al., 2011; Prakasam et al., 2001). Results of present study 

are in accordance with literature that states there was significant increase in lipid 

Peroxidation with Monocrotophos exposure individually and when present with 

Malathion. Malathion low dose did not show any lipid Peroxidation.    

Another effect of increased ROS was found to be on mitochondrial stability. 

Mitochondria is primary target for most of the organophosphate pesticides and causes 

inhibition in enzymatic activity and ATP generation also results in structural alterations 

of the matrix (Carlson et al., 1999; Tos-Luty et al., 2003). Some studies found that 

exposure of pesticides results in production of free radicals and in inactivation of factors 

of the mitochondrial respiratory chain (Barja et al., 1998; Barja et al., 1999; Massicotte 

et al., 2005). The results of present study also present the effects of pesticide exposure 

on mitochondrial stability, that decreases during the exposure of pesticides individually 

and in combination.   

Increase in ROS of production or direct pesticides may interfere in antioxidant defence 

mechanism so evaluated various antioxidant enzymes such as SOD with changes 

superoxide into hydrogen peroxide. Hydrogen peroxide is converted into water and 

oxygen with the help of Catalase. This made it important to evaluate Catalase enzyme 

activity. Other enzyme evaluated was glutathione reductase, which is important to 

restore reduced form of glutathione.   

In case of SOD results demonstrated that there is decrease in SOD in all pesticide 

treated cells, whether, individually or in combination. Some studies such as of Lopez 

et al., 2007 are in consistent with results of present study, according to this study 

pesticides results in decrease in SOD activity.  
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In case of Catalase evaluation, pesticide treatment, whether given individually or in 

combination, resulted in decrease in catalase activity except in case of low dose of 

Monocrotophos. Various studies are also in accordance of our observation that the 

exposure of pesticides results in decreased level of catalase (Zhou et al., 2004; Lopez 

et al., 2007). The prime reason for the inhibition of catalase activity may be accredited 

to the increased superoxide production following pesticide treatment and this may also 

be the reason for decreased catalase (Lukaszewicz-Hussain et al., 2001). According 

to another study reason for inhibition of catalase activity may be increased free radicals 

that may result in inhibition of thiol group of catalase enzyme (Kono and Fridovich, 

1982). Decrease in catalase activity results in high levels of free radicals which may 

further leads to cellular and tissue injury.   

In case of glutathione reductase it showed increased glutathione reductase activity in 

all treated cells. This is consistent with the Lukaszewicz-Hussain (2008) study which 

shows increase in glutathione reductase activity with the exposure of organophosphate 

pesticides.  

Followed by all parameters evaluated long term effect of pesticides and found that long 

term exposure results in increase in cell debris(increased number of dead cells) and 

changed cell shape after ten days, this is due to stress imposed by pesticides.  
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Conclusion and future perspectives  

Both of pesticides showed genotoxicity individually as well as in combination. To 

evaluate the response of Malathion and Monocrotophos in combination with respect to 

cell survival cell, the deviation between the observed and expected (for dose addition) 

were evaluated. According to various studies, if the observed response of combination, 

deviate from expected for dose addition, thus implying the active role of interaction. If 

response observed more toxic than dose addition then it is synergism (Hertzberg and 

MacDonell, 2002), if low toxicity then it is antagonism.   

 

Fig 4.12 Deviation between observed and expected values for dose addition in (A) HCT 

116 WT cells (B) HCT 116 mutant cells in response to combination of Malathion and 

Monocrotophos.  

Result show that there is significant deviation between the observed and expected 

values. So it is concluded that there may be some interaction in Monocrotophos and 

Malathion.   

Because this deviation is towards more cell death (more toxicity) so it is concluded that 

this interaction may be synergistic in nature.  

Combination results in more severe toxicity by following plausible mechanism, such as 

severe increase in oxidative stress, that leads to DNA damage, unstable membranes, 

imbalance in antioxidant enzymes activity, all together further leads to cell death.  
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For further studies there should be evaluation of toxicokinetics and toxicodynamics with 

respect to combination of pesticides. This study can further be carried out with other 

pesticides as well used in various areas. The effect of combination of pesticides can be 

evaluated on various cell signalling pathways for further studies. On a large scale this 

can be employed in vivo to look for various other effects as well as to devise methods 

to prevent them. By considering this type of interaction studies, one may be able to find 

out possible reasons for various diseases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

References  

Abdel-Rahman, A., Shetty, A. K. and Abou-Donia, M. B. (2001). Subchronic Dermal 

Application of N, N-Diethyl m-Toluamide (DEET) and Permethrin to Adult Rats, 

Alone or in Combination, Causes Diffuse Neuronal Cell Death and Cytoskeletal 

Abnormalities in the Cerebral Cortex and the Hippocampus, and Purkinje Neuron 

Loss in the Cerebellum. Experimental Neurology 172(1): 153171.  

Abhilash, P. C. and Singh, N. (2009). Pesticide use and application: An Indian 

scenario. Journal of hazardous materials 165(1): 1-12.  

Abou-Donia, M. B., Goldstein, L. B., Dechovskaia, A., Bullman, S., Jones, K. H., 

Herrick, E. A. and Khan, W. A. (2001). Effects of daily dermal application of DEET 

and permethrin, alone and in combination, on sensorimotor performance, 

bloodbrain barrier, and blood-testis barrier in rats. Journal of Toxicology and 

Environmental Health Part A 62(7): 523-541.  

Abu-Qare, A. W. and Abou-Donia, M. B. (2001a). Combined exposure to DEET (N, 

N-diethyl-m-toluamide) and permethrin-induced release of rat brain mitochondrial 

cytochrome c. Journal of Toxicology and Environmental Health Part A 63(4): 243-

252.  

Abu-Qare, A. W. and Abou-Donia, M. B. (2001b). DEET (N, N-diethyl-mtoluamide) 

alone and in combination with permethrin increased urinary excretion of 6β-

hydroxycortisol in rats, a marker of hepatic CYP3A induction. Journal of Toxicology 

and Environmental Health Part A 64(5): 373-384.  

Alavanja, M. C., Hoppin, J. A. and Kamel, F. (2004). Health Effects of Chronic 

Pesticide Exposure: Cancer and Neurotoxicity. Annual Reveiws Public Health 25: 

155-197.  

Appella, E. and Anderson, C. W. (2001). Post translational modifications and 

activation of p53 by genotoxic stresses. European Journal of Biochemistry 268 

(10): 2764-2772.  



52 

 

Arcury, T. A., Quandt, S. A. and Mellen, B. G. (2003). An exploratory analysis of 

occupational skin disease among Latino migrant and seasonal farmworkers in North 

Carolina. Journal of Agricultural safety and Health 9(3): 221-232.  

Bagchi, D., Bagchi, M., Hassoun, E. A. and Stohs, S. J. (1995). In vitro and in vivo 

generation of reactive oxygen species, DNA damage and lactate dehydrogenase 

leakage by selected pesticides. Toxicology 104(1): 129-140.  

Balaji, M. and Sasikala, K. (1993). Cytogenetic effect of Malathion in in-vitro culture 

of human peripheral blood. Mutation Research Letters 301(1): 13-17.  

Barja, G. (1999). Mitochondrial oxygen radical generation and leak: sites of 

production in states 4 and 3, organ specificity, and relation to aging and longevity. 

Journal of bioenergetics and biomembranes 31(4): 347-366.  

Barja, G. and Herrero, A. (1998). Localization at complex I and mechanism of the 

higher free radical production of brain nonsynaptic mitochondria in the short-lived 

rat than in the longevous pigeon. Journal of bioenergetics and biomembranes 30(3): 

235-243.  

Baviskar, A. T., Banerjee, U. C., Gupta, M., Singh, R., Kumar, S., Gupta, M. K. and 

Kumar, R. (2013). Synthesis of imine-pyrazolopyrimidinones and their mechanistic 

interventions on anticancer activity. Bioorganic and medicinal chemistry 21(18): 

5782-5793.  

Bhushan, C., Bhardwaj, A. and Misra, S. S., (2013). State of Pesticide Regulations 

in India. <http://www.cseindia.org/userfiles/paper_pesticide.pdf>. Accessed 2014 

June 1.  

Blaurock-Busch, E., Busch, Y. M., Friedle, A., Buerner, H., Parkash, C. and Kaur, 

A. (2014). Comparing the Metal Concentration in the Hair of Cancer Patients and 

Healthy People Living in the Malwa Region of Punjab, India.Clinical Medicine 

Insights. Oncology 8: 1-13. 

 



53 

 

Bolognesi, C. (2003). Genotoxicity of pesticides: a review of human biomonitoring 

studies. Mutation Research/Reviews in Mutation Research 543(3): 251-272.  

Bolognesi, C. and Morasso, G. (2000). Genotoxicity of pesticides: potential risk for 

consumers. Trends in Food Science and Technology 11(4): 182-187.  

Brown, M. A., Petreas, M. X., Okamoto, H. S., Mischke, T. M. and Stephens, R.  

D. (1993). Monitoring of malathion and its impurities and environmental 

transformation products on surfaces and in air following an aerial application.  

Environmental science and technology 27(2): 388-397.  

Carlson, K. and Ehrich, M. (1999). Organophosphorus compound-induced 

modification of SH-SY5Y human neuroblastoma mitochondrial transmembrane 

potential. Toxicology and applied pharmacology 160(1): 33-42.  

Chance, B. and Maehly, A. C. (1955). Assay of catalases and peroxidases. Methods 

in enzymology2: 764-775.  

Cordes, D. H. and Foster, D. (1988). Health hazards of farming. American Family 

Physician 38(4): 233-244.  

COT, Committee on Toxicity. (2002). Risk assessment of mixtures of pesticides and 

similar substances. UK Committee on Toxicity of Chemicals in Food, Consumer 

Products  and  the  Environment. 

<http://cot.food.gov.uk/pdfs/reportindexed.pdf>. Accessed 2014 June 7.  

Das, P. P., Shaik, A. P. and Jamil, K. (2007). Genotoxicity induced by pesticide 

mixtures: in-vitro studies on human peripheral blood lymphocytes. Toxicology and 

industrial health 23(8): 449-458.  

Das, R., Steege, A., Baron, S., Beckman, J. and Harrison, R. (2001). 

Pesticiderelated illness among migrant farm workers in the United States. 

International Journal of Occupational and Environmental Health 7(4): 303-312.  

Davis, D. L., Blair, A. and Hoel, D. G. (1993). Agricultural exposures and cancer 

trends in developed countries. Environmental health perspectives 100: 39-44.  



54 

 

Devasagayam, T. P. A., Boloor, K. K. and Ramasarma, T. (2003). Methods for 

estimating lipid peroxidation: an analysis of merits and demerits. Indian journal of 

biochemistry and biophysics 40(5): 300-308.  

Dich, J., Zahm, S. H., Hanberg, A. and Adami, H. O. (1997). Pesticides and cancer. 

Cancer Causes and Control 8(3): 420-443.  

Dosemeci, M., Hoover, R. N., Blair, A., Figgs, L. W., Devesa, S., Grauman, D. and 

Fraumeni, J. F. (1994). Farming and prostate cancer among AfricanAmericans in 

the southeastern United States. Journal of the National Cancer Institute 86(22): 

1718-1719.  

EPA (Environmental Protection Agency). (2002). Guidance on cumulative risk 

assessment of pesticide chemicals that have a common mechanism of toxicity. 

<http://www.epa.gov/pesticides/trac/science/cumulative_guidance.pdf>. Accessed 

2014 Jun 15.  

FAO, Food and Agriculture Organization. Fact sheet of Pesticides (2000).  

<http://www.fao.org/docrep/003/x2570e/X2570E07.htm.>. Accessed on June 10.  

 Frawley, J. P., Fuyat, H. N., Hagan, E. C., Blake, J. R. and Fitzhugh, O. G. (1957). 

Marked potentiation in mammalian toxicity from simultaneous administration of two 

anticholinesterase compounds. Journal of Pharmacology and Experimental 

Therapeutics 121(1): 96-106.  

Gilden, R. C., Huffling, K. and Sattler, B. (2010). Pesticides and health risks. Journal 

of Obstetric, Gynecologic, and Neonatal Nursing 39(1): 103-110.  

Gomes, J., Dawodu, A. H., Lloyd, O., Revitt, D. M. and Anilal, S. V. (1999). Hepatic 

injury and disturbed amino acid metabolism in mice following prolonged exposure 

to organophosphorus pesticides. Human and experimental toxicology 18(1): 33-37.  

Gupta, M., Bagchi, G., Bandyopadhyay, S., Sasmal, D., Chatterjee, T. and Dey, S. 

N. (1982). Hematological changes produced in mice by Nuvacron or Furadan.  

Toxicology 25(2): 255-260.  



55 

 

Haque, N., Rizvi, S. J. and Khan, M. B. (1987). Malathion induced alterations in the 

lipid profile and the rate of lipid peroxidation in rat brain and spinal cord. 

Pharmacology and toxicology 61(1): 12-15.  

Hathaway, J. A. (1996). Mechanisms and Concepts in Toxicology. Journal of 

Occupational & Environmental Medicine 38(10):1055-1057.  

Hernandez, A. F., Parron, T., Tsatsakis, A. M., Requena, M., Alarcón, R. and Lopez-

Guarnido, O. (2013). Toxic effects of pesticide mixtures at a molecular level: their 

relevance to human health. Toxicology 307: 136-145.  

Hertzberg, R. C. and MacDonell, M. M. (2002). Synergy and other ineffective 

mixture risk definitions. Science of the total environment 288(1): 31-42.  

IRAC, Insecticide Resistance Action Committee. (2014). IRAC MoA Classification 

Scheme. <http://www.irac-online.org/documents/moa-classification/?ext=pdf>.  

Accessed 2014 May 19.  

Jaga, K. and Dharmani, C. (2003). Sources of exposure to and public health 

implications of organophosphate pesticides. Revista panamericana de salud 

publica 14(3): 171-185.  

Jayashree, R. and Vasudevan, N. (2007). Organochlorine pesticide residues in 

ground water of Thiruvallur district, India. Environmental monitoring and 

assessment 128(1-3): 209-215.  

Johnston, G. (1995). The study of interactive effects of pollutants: a biomarker 

approach. Science of the total environment 171(1): 205-212.  

Kalender, S., Uzun, F. G., Durak, D., Demir, F. and Kalender, Y. (2010). Malathion-

induced hepatotoxicity in rats: the effects of vitamins C and E. Food and chemical 

toxicology 48(2): 633-638.  

Karami-Mohajeri, S., Hadian, M. R., Fouladdel, S., Azizi, E., Ghahramani, M. H., 

Hosseini, R. and Abdollahi, M. (2013). Mechanisms of muscular 

electrophysiological and mitochondrial dysfunction following exposure to Malathion, 



56 

 

an organophosphorus pesticide. Human experimental and toxicology 33(3): 251-

263.  

Kashyap, M. P., Singh, A. K., Kumar, V., Tripathi, V. K., Srivastava, R. K., Agrawal, 

M. and Pant, A. B. (2011). Monocrotophos induced apoptosis in PC12 cells: role of 

xenobiotic metabolizing cytochrome P450s. PLoS One 6(3): e17757.  

Kazi, A. I. and Oommen, A. (2012). Monocrotophos induced oxidative damage 

associates with severe acetylcholinesterase inhibition in rat brain.  

Neurotoxicology 33(2): 156-161.  

Kepner, J. (2004). Synergy: The big unknowns of pesticide exposure. Pesticides 

and You 23(4): 17-20.  

Kono, Y. and Fridovich, I. (1982). Superoxide radical inhibits catalase. Journal of 

Biological Chemistry 257(10): 5751-5754.  

Kwong, T. C. (2002). Organophosphate pesticides: biochemistry and clinical 

toxicology. Therapeutic drug monitoring 24(1): 144-149.  

Lee, P. W., Fukuto, J. M., Hernandez, H. and Stearns, S. M. (1990). Fate of 

Monocrotophos in the environment. Journal of Agricultural and Food Chemistry 

38(2): 567-573.  

Lopez, O., Hernández, A. F., Rodrigo, L., Gil, F., Pena, G., Serrano, J. L. and Pla, 

A. (2007). Changes in antioxidant enzymes in humans with long-term exposure to 

pesticides. Toxicology letters 171(3): 146-153.  

Lukaszewicz-Hussain, A. (2001). Organophosphate insecticide chlorfenvinphos 

affects superoxide dismutase, catalase and malondialdehyde in rat liver. Polish 

Journal of Environmental Studies 10(4): 279-282.  

Lukaszewicz-Hussain, A. (2008). Subchronic intoxication with chlorfenvinphos, an 

organophosphate insecticide, affects rat brain antioxidative enzymes and 

glutathione level. Food and chemical toxicology 46(1): 82-86.  



57 

 

Marklund, S. and Marklund, G. (1974). Involvement of the superoxide anion radical 

in the autoxidation of pyrogallol and a convenient assay for superoxide dismutase. 

European Journal of Biochemistry 47(3): 469-474.  

Massicotte, C., Knight, K., Van Der Schyf, C. J., Jortner, B. S. and Ehrich, M. (2005). 

Effects of organophosphorus compounds on ATP production and mitochondrial 

integrity in cultured cells. Neurotoxicity research 7(3): 203-217.  

Mathur, H. B., Agarwal, H. C., Johnson, S. and Saikia, N. (2005). Analysis of 

pesticide residues in blood samples from villages of Punjab. CSE Reports, New 

Delhi. <http://www.cseindia.org/userfiles/Punjab_blood_report.pdf>. Accessed 

2014 May 5. 

McCauley, L. A., Anger, W. K., Keifer, M., Langley, R., Robson, M. G. and Rohlman, 

D. (2006). Studying health outcomes in farmworker populations exposed to 

pesticides. Environmental health perspectives 114(6): 953-960.  

Millar, J. L. and McElwain, T. J. (1977). Combinations of cytotoxic agents that have 

less than expected toxicity on normal tissues in mice. Antibiotics and chemotherapy 

23: 271-282.  

Misra SS. 2007. Healthcare in Malwa in shambles. Down to Earth 16:1–3. 

<http://www.downtoearth.org.in/node/6847>. Accessed 2014 May 20.  

Moore, P. D., Patlolla, A. K. and Tchounwou, P. B. (2011). Cytogenetic evaluation 

of Malathion-induced toxicity in Sprague Dawley rats. Mutation Research/Genetic 

Toxicology and Environmental Mutagenesis 725(1): 78-82.  

Moore, P. D., Yedjou, C. G. and Tchounwou, P. B. (2010). Malathion induced 

oxidative stress, cytotoxicity, and genotoxicity in human liver carcinoma (HepG2) 

cells. Environmental toxicology 25(3): 221-226.  

Ojha, A. and Srivastava, N. (2014). In vitro studies on organophosphate pesticides 

induced oxidative DNA damage in rat lymphocytes. School of Studies in 

Biochemistry 761: 10-17.   



58 

 

Pandey, G. P., Singh, A. K., Deshmukh, L., Prasad, S., Paliwal, L. J., Asthana, A. 

and Mathew, S. B. (2014). A novel and sensitive kinetic method for the 

determination of Malathion using chromogenic reagent. Microchemical Journal 113: 

83-89.  

Pollutants, P. O. (2011). Stockholm Convention on Persistent Organic Pollutants.  

<http://www.pops.int/documents/implementation/nips/submissions/nip_cyprus.pdf 

>. Accessed 2014 May 8.  

Prakasam, A., Sethupathy, S. and Lalitha, S. (2001). Plasma and RBCs antioxidant 

status in occupational male pesticide sprayers. Clinica Chimica Acta 310(2): 107-

112.  

Reffstrup, T. K., Larsen, J. C. and Meyer, O. (2010). Risk assessment of mixtures 

of pesticides. Current approaches and future strategies. Regulatory toxicology and 

Pharmacology 56(2): 174-192.  

Rezg, R., Mornagui, B., Kamoun, A., El-Fazaa, S. and Gharbi, N. (2007). Effect of 

subchronic exposure to Malathion on metabolic parameters in the rat. Comptes 

Rendus Biologies 330(2): 143-147.  

Rider, C. V. and LeBlanc, G. A. (2005). An integrated addition and interaction model 

for assessing toxicity of chemical mixtures. Toxicological sciences 87(2): 520-528.  

Rose, W. C., Rimm, A. A., Saltzstein, E. C., Truitt, R. L. and Bortin, M. M. (1975). 

Brief Communication: Low-Dose Chemotherapy as a Prelude to Intensive 

Treatment of Spontaneous Leukemia-Lymphoma in AKR Mice. Journal of the 

National Cancer Institute 55(1): 219-221.  

Rupa, D. S., Reddy, P. P. and Reddi, O. S. (1989a). Analysis of sister-chromatid 

exchanges, cell kinetics and mitotic index in lymphocytes of smoking pesticide 

sprayers. Mutation Research/Genetic Toxicology 223(2): 253-258.  



59 

 

Rupa, D. S., Reddy, P. P. and Reddi, O. S. (1989b). Chromosomal aberrations in 

peripheral lymphocytes of cotton field workers exposed to pesticides. 

Environmental research 49(1): 1-6.  

Saleha Banu, B., Danadevi, K., Rahman, M. F., Ahuja, Y. R. and Kaiser, J. (2001). 

Genotoxic effect of Monocrotophos to sentinel species using comet assay. Food 

and chemical toxicology 39(4): 361-366.  

Sankararamakrishnan, N., Kumar Sharma, A. and Sanghi, R. (2005). 

Organochlorine and organophosphorous pesticide residues in ground water and 

surface waters of Kanpur, Uttar Pradesh, India. Environment International 31(1): 

113-120  

Schwartz, D. and Rotter, V. (1998). p53- dependent cell cycle control: response to 

genotoxic stress. Seminars in cancer biology 8(5): 325-336.   

Sedlak, J. and Lindsay, R. H. (1968). Estimation of total, protein-bound, and 

nonprotein sulfhydryl groups in tissue with Ellman's reagent. Analytical biochemistry 

25: 192-205.  

Siddiqui, M. K. J., Rahman, M. F. and Mustafa, M. (1993). Target enzyme inhibition 

by novel thion analogues of Monocrotophos: An acute in vivo study in the rat. 

Bulletin of environmental contamination and toxicology 51(3): 409-415.  

Statistical Abstracts of Punjab (2005). Stastical abstract of Punjab, department of 

finance and planning, government of Punjab, Chandigarh.  

<http://pbplanning.gov.in/reports.htm>. Accessed 2014 May 7.  

Stewart, A. G. and Carter, J. (2009). Towards the development of a multidisciplinary 

understanding of the effects of toxic chemical mixtures on health. Environmental 

geochemistry and health 31(2): 239-251.  

Strong, L. L., Thompson, B., Coronado, G. D., Griffith, W. C., Vigoren, E. M. and 

Islas, I. (2004). Health symptoms and exposure to organophosphate pesticides in 

farmworkers. American journal of industrial medicine 46(6): 599-606.  



60 

 

Tennekes, H. A. and Sánchez-Bayo, F. (2013). The molecular basis of simple 

relationships between exposure concentration and toxic effects with time.  

Toxicology 309: 39-51.  

Thakur, J. S., Rao, B. T., Rajwanshi, A., Parwana, H. K. and Kumar, R. (2008).  

Epidemiological study of high cancer among rural agricultural community of Punjab 

in Northern India. International journal of environmental research and public health 

5(5): 399-407.  

Tiwana, N. S., Jerath, N., Ladhar, S. S., Singh, G., Paul, R., Dua, D. K. and 

Parwana, H. K. (2007). State of Environment; Punjab-2007, Punjab State Council 

for Science and Technology. ISBN 81: 88362-19.  

Tos-Luty, S., Obuchowska-Przebirowska, D., Latuszyńska, J., Tokarska-Rodak, M. 

and Haratym-Maj, A. (2003). Dermal and oral toxicity of Malathion in rats. Annals of 

Agriculture and Environmental Medicine 10: 101-106.  

Tripathy, N. K. and Patnaik, K. K. (1992). Studies on the genotoxicity of 

monocrotophos in somatic and germ-line cells of Drosophila. Mutation 

Research/Genetic Toxicology 278(1): 23-29.  

WHO (World Health Organisation). (2009). Recommended Classification of 

Pesticides by Hazard and Guidelines to Classification.  

<http://www.who.int/ipcs/publications/pesticides_hazard_2009.pdf >. Accessed 

2014 May 12.  

Wilkinson, C. F., Christoph, G. R., Julien, E., Kelley, J. M., Kronenberg, J., 

McCarthy, J. and Reiss, R. (2000). Assessing the risks of exposures to multiple 

chemicals with a common mechanism of toxicity: how to cumulate?. Regulatory 

Toxicology and Pharmacology 31(1): 30-43.  

Wong, A. and Cortopassi, G. A. (2002). High-throughput measurement of 

mitochondrial membrane potential in a neural cell line using a fluorescence plate 

reader. Biochemical and biophysical research communications 298(5): 750-754.  



61 

 

Yaduvanshi, S. K., Ojha, A., Pant, S. C., Lomash, V. and Srivastava, N. (2010). 

Monocrotophos induced lipid peroxidation and oxidative DNA damage in rat tissues. 

Pesticide biochemistry and physiology 97(3): 214-222.  

Younes, M. and Galal-Gorchev, H. (2000). Pesticides in drinking water—a case 

study. Food and chemical toxicology 38, S87-S90.  

Zhou, J. F., Zhou, W., Zhang, S. M., Luo, Y. E. and Chen, H. H. (2004). Oxidative 

stress and free radical damage in patients with acute dipterex poisoning. Biomedical 

and Environmental Sciences 17(2): 223-233.  

 


