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ABSTRACT 
 
Biomonitoring markers are gaining considerable importance in epidemiological and experimental biology 
studies to achieve both a measurement and an estimation of biologically active/passive exposure to genotoxic 
pollutants.  A wide range of chemical products known to be acutely toxic is currently used in the agricultural 
sector, including numerous pesticides with different compositions. People working in the chemical industry 
producing pesticides, people spraying pesticides and people dedicated to floriculture or agricultural works in 
general are the subject of specific sections. In the present study we analysed the cytotoxic and genotoxic effects 
of pesticides in  workers exposed to pesticides by comparing to normal population. The mean mitotic index was 
higher in pesticide exposed population with 2.029 compared to 5.1 of control samples. SCE’s and Cell 
proliferation kinetics of pesticide exposed population were also statistically significant with mean of 21.194 and 
0.321 compared to mean of control samples 5.243 and .04371 respectively. 
  
Keywords: Sister Chromatid Exchanges, Genotoxicity, Cytotoxicity, DNA Damage, Pesticide exposed 
population. 
 
INTRODUCTION 
Pesticides can be toxic by ingestion, dermal 
exposure, inhalation, or ocular exposure. They 
also can have a high risk for secondary exposure 
to rescuers and health care providers. Most 
pesticide-related poisonings in developing 
nations can be attributed to inexperience with 
such chemicals, negligible training in their use, 
and the absence of appropriate personal 
protective equipment. In 1981 in Sri Lanka, 
approximately 10,000 to 13,000 persons were 
admitted to hospitals for acute poisoning 
annually, with almost 1000 deaths [10,11]. In 
Taiwan, for the years 1985 to 1993, some 7386 
out of a total of 23,436 chemical- related 
poisonings involved pesticides [12]. In Costa 
Rica in 1996, some 920 out of a total of 1274 
pesticide-related poisonings were due to 
occupational or accidental exposure [13]. 
Pesticides cannot be categorized as “safe” or 
“dangerous” to humans merely because they are 
classified as substances that kill pests. Pesticides 
with very similar chemical structures in many 
instances produce dramatically different effects. 
One chemical may generate a highly toxic effect 
while another may exhibit no toxicity whatsoever 

to the same anima at the same dose. In such cases 
laboratory studies are useful in predicting and 
explaining the toxicity of a pesticide. 
It is important when investigating the toxicology 
of a pesticide to understand the effects of the 
chemical on the animals and vice versa. The 
genetic, physiological, anatomical and 
biochemical variability among and within animal 
species helps scientists understand why a 
pesticide may be highly toxic to some species but 
nontoxic to others. 
The use of animal models for describing the 
toxicological properties of pesticides was 
prescribed by EPA at its inception in the 1970s, 
and by the Food and Drug Administration (FDA) 
which preceded it. Regulatory entities around the 
world require similar testing. Human responses to 
a pesticide cannot be mimicked exactly or 
modelled by a single animal species; therefore 
toxicologists must use multiple species – rats, 
mice, rabbits, guinea pigs, dogs to predict 
pesticide toxicity to humans. 
Pesticides have numerous beneficial effects. 
These include crop protection, preservation of 
food and materials and prevention of vector-
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borne diseases. For example pesticides may be 
used in the prevention of malaria, which kills up 
to 1 million children per year, and for preventing 
other vector-borne diseases such as dengue, 
leishmaniasis and Japanese encephalitis. 
However there is growing concern about 
children's exposure to pesticides and their special 
susceptibility. Children are not little adults, and 
may have higher exposures and greater 
vulnerability at both high and low levels of 
exposure [4]. 
Classification of Pesticides 
At least 1500 organic and inorganic chemicals are 
used in a manner such that they can be called 
pesticides. These chemicals are indispensable in 
the management of a seemingly endless variety of 
pest organisms, including insects, weeds, fungi, 
bacteria, pest birds and mammals, and others. 
Pesticides are intentionally applied to many 
components of the environment, and they or their 
degradation products often move quite freely 
through the environment by mechanisms such as 
runoff, leaching, and volatilization. The 
production and use of pesticides on a world scale 
exceeds 3 billion pounds annually, and it can 
safely be said that residues of various pesticides 
interact at some level with virtually all 
components of the environment. 
Two types of pesticides are biological and 
chemical. Biological pesticides can be developed 
using fungi, bacteria and other organically 
present substances. Some biological pesticides 
are microorganisms that, without any 
manipulation, demonstrate natural effectiveness 
in targeted pest control. These generally aren't 
toxic to humans or animals and don't leave a 
persistent residue. Exposure to pesticides may 
result in Reproductive effects, Teratogenic 
effects, Carcinogenic effects, Oncogenic effects, 
Mutagenic effects, Neurotoxicity, Immuno 
suppression.  
Genetic Risk 
 Many in vitro and in vivo studies, as well as 
epidemiological approaches, have demonstrated 
the ability of certain chemical pesticides to 
produce genetic effects including cancer and 
other chronic pathologies in humans [6]. 

Genome-wide association studies with pesticides 
have identified 8q24 region variants as risk 
factors for prostate cancer. Organophosphate 
insecticide fonofos and three other 
organophosphate insecticides (coumaphos, 
terbufos, and phorate) and one pyrethroid 
insecticide (permethrin) increased prostate cancer 
risk with specific pesticide use among those with 
a family history of prostate cancer [7]. Two 
pesticides “ Paraquat and Maneb” affected 
dopamine levels in mice. These pesticides have 
been shown to cause Parkinson’s-like symptoms 
[14]. The effect is strongest when animals are 
exposed to these two compounds in combination 
[16].Recent studies now indicate that exposure to 
these two pesticides may also increase risk of 
Parkinson’s in humans. Exposure to one 
compound alone does not appear to confer 
increased risk. It appears that the combination of 
the two compounds is necessary [15]. Commonly 
used organophosphate and organo chlorine 
pesticides inhibit acetyl cholinesterase at 
synapses in the somatic, autonomic, and central 
nervous systems and therefore may have lasting 
effects on the nervous system resulting in 
Dementia or Alzheimer's disease (AD) in late life 
[17]. 
 
MATERIALS 
RPMI 1640 (GIBCO), PHA- phytohemagglutinin 
(GIBCO), Colchicine (Sigma), Mytomycin C, 
0.75M KCl (Qualigens) Methanol(Qualigens), 
Glacial acetic acid (Qualigens), BrdU (Sigma), 
Hoechst 3325 (Sigma), Giemsa’s stain, 
Sorenson’s buffer,  2XSSC, Sterile slides, 
Tarsons 15mL tubes and glass droppers. 
 
METHODOLOGY 
The most convenient and readily available tissue 
for cytogenetic study is peripheral blood. The 
optimization of the procedure for obtaining 
chromosome spreads from peripheral blood 
culture by Moorhead et al. and Nowell represents 
a significant milestone in the history of 
cytogenetics. 
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Sample collection: 
The procedure calls for a small volume (0.5mL) 
of blood to be taken, generally from the arm by 
venipuncture, and placed into a heparinised 
(green top, sodium heparin) tube.  
Peripheral Blood Culture Initiation: 
Few drops of whole blood (0.5mL) are cultured 
in medium RPMI 1640 and a mitogen 
phytohemagglutinin (PHA) 100µL, L- Glutamine 
100µL were added.  Peripheral blood cultures 
were placed in a 37°C incubator for 72 hrs. 
Harvesting of the blood cultures: 
 At the end of the incubation colchicine was 
added. After addition of colchicine the cultures 
were incubated for 40 minutes and centrifuged at 
1200 RPM for 10 minutes. To the pellet added 
hypotonic solution (0.75M KCl) 6mL and 
incubated for 10 minutes. Centrifuged at 
1200RPM for 10 minutes. To the pellet 5 mL of 
fixative solution (3:1 ratio of methanol and acetic 
acid) was added and centrifuged. 4-5 times of 
fixative washes were given. The fine pellet was 
dropped onto sterile and chilled slides. 
Sister Chromatid Exchange assay: 
 After the third day of the preparation of the 
slides, were used for Sister Chromatid Exchange 
assay. For this assay we kept a drop of Hoechst 
3325 solution onto the slide and mounted with 
cover slip for 25 minutes.  

 
Washed the slides with water and kept for drying 
in dark chamber. Placed the slides in petridish 
which contains 2XSSC, for 25 minutes and 
exposed to UV for 40 minutes. Washed the slides 
with water and dried for few minutes. Incubate 
the slides in 2XSSC at 56°C for 2hrs. Stain the 
slide with 2% Giemsa’s stain with Sorenson’s 
buffer. 
RESULTS: 
The present study involves 15 samples of 
pesticides exposed population and 15 control 
samples, have been tested for genotoxic and 
cytotoxic effects. In this study we have studied 
the numerical and structural abnormalities of 
chromosomes have been noted. And also Mitotic 
Index(MI), Cell Prolofertion Kinetics (CPK) and 
Sister Chromatid Exchages (SCE’s) of the 
participating samples have been calculated. No 
significant numerical aberration has been 
observed. But structural abnormalities are very 
significantly seen in few cases. 
The below Table indicates the structural 
abnormalities present in few cases of pesticides 
exposed people.          
 

 

Table – 1:  

S. No  Sample ID  Slide 1 Slide 2 

Structural Abnormalities Numerical  Abnormalities Structural Abnormalities Numerical Abnormalities 

1 Sample 1 0 0 0 0 

2 Sample 2 2 0 0 0 

3 Sample 3 0 0 0 0 

4 Sample 4 2 0 - - 

5 Sample 5 4 0 1 0 

6 Sample 6 0 0 0 0 

7 Sample 7 2 0 0 0 

8 Sample 8 0 0 0 0 

9 Sample 9 2 0 - - 

10 Sample 10 4 0 1 0 

11 Sample 11 0 0 0 0 

12 Sample 12 2 0 0 0 

13 Sample 13 0 0 0 0 

14 Sample 14 2 0 - - 

15 Sample 15 4 0 1 0 
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Figure.1: The metaphase from the control culture showing 

few SCEs     

 

 

Figure.2: The metaphase from the Sample showing SCEs 
and gaps 

 

 

Table - 2 

S.No  Controls (Mean 
+STDEV) 

Pesticide Samples 
(Mean +STDEV) 

1 Mitotic Index 5.10 +0.573 2.029 +0.52 

2 
Sister 
chromatids 
Exchange 

5.243 +0.677 21.194 +1.898615 

3 
Cell 
Proliferation 
kinetics  

0.4371 + 0.0408 0.321 +0.0372 

 

Figure.3: The metaphase from the Sample  showing                    
few SCEs and gaps and breaks  
 

 

Figure.4: The metaphase from the Sample  showing  SCEs 
and gaps 

 

 

DISCUSSION: 
Statistical analysis done by ANOVA test or  
Analysis of variance indicates there is marginal 
increase or significant increase in chromosomal 
abnormality rate. In the above table Mitotic 
Index, Sister Chromatid Exchanges and Cell 
proliferation kinetics were compared with the 
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pesticides exposed population cultures to 
controls. The study indicates significant number 
of Sister Chromatid Exchanges (SCE’s) in 
pesticide exposed population cultures when 
compared to control culture. The mean Sister 
Chromatid Exchange frequency in control is 
5.243, whereas pesticide exposed population 
21.194 SCE’s per metaphase on an average. 
However, the increase in frequency when 
compared to controls is statistically significant. 
The mean Mitotic Index in control is 5.10, 
whereas pesticide exposed population 2.029 in 15 
control samples and 15 pesticide exposed 
population cultures. The mean Cell proliferation 
kinetics in control is 0.437 whereas pesticide 
exposed population 0.321 in 15 control samples 
and 15 pesticide exposed population cultures. 
However, the decrease in Mitotic Index when 
compared to controls is statistically significant. 
CONCLUSION: 
Constantly mankind is exposed to various 
environmental insults including like medicines, 
household chemicals, environmental pollutants, 
insecticides, pesticides, herbicides etc. This is 
causing deleterious effects on various bio 
molecules which lead to various diseases 
including cancer. Because of modern life style 
technology innovations we cannot escape from 
this environment but there is a need to nullify this 
environmental insult by some other means. 
Various studies showed that the pesticides effects 
on bio molecule damage. In the present context 
we have under taken the study to assess the DNA 
damage using peripheral blood from workers in 
pesticide Company for invitro cultures. The 
present study reveals that the cultures processed 
from pesticide exposed people shows 
mitodepression cytotoxicity and genotoxicity. 
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