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ABSTRACT Environment surrounding us is being polluted day by day by various kinds of chemicals and xenobiotics.
Pesticides are one such group, which are toxic in nature yet indispensable as they are used in variety of human activities
such as agriculture, aguaculture and household tasks. Excessive dependency on these chemicals is a serious concern
today For the present investigation, a total of 62 individuals including 33 pesticide users (exposed) and 29 non-users
(controls) gave blood samples. Comet assay being a highly sensitive and low cost technique was used to access the level
of genetic damage in exposed population. Hundred cells were analysed from each individual and Damage Index (DI) was
calculated using various comet parameters such as comet length, tail length, tail area, percentage DNA in tail, tail moment
and olive tail momeniThe mean duration of exposure to pesticides in farmers was 14.032lyeansean value of comet

length was 94.96+4.22 in exposed cases as compared to 36 b6x2dnhtrols. The mean value of tail length was found

to be 52.18+3.74 and 7.01+1.47 in exposed and controls, respeciilielynean value of percentage of DNAtail in

exposed and controls was 27.45+1.64, 9.04+0.67, respecilihelynean tail area was 19.23+4.75 in exposed and 1.39+0.32

in control individualsThe mean tail moment and olive tail moment were found to be 16.91+2.14, 15.58+9.07 in exposed
and 1.04+0.032, 1.82+0.32 in case of control individualsthese comet parameters were found to be statistically
significant at 0.005 level using t-teSte percentage of DN/ tail was also found to increase with increase in duration

of exposure.

INTRODUCTION eptors, resulting in symptoms that range from in-
creased secretions to death by respiratory depre-
Pesticides hold an indispensable place in Inssion (Alessandra Fortésub et al. 2002). Or
dian agriculture as well as several householdyanophosphate-based pesticides have been as-
tasks, but their indiscriminate use is giving risesociated with pathological and chromosomal
to various health related problenddmost ev-  damage in humanshere are also epidemiologi-
ery system of human body iSedted by these cal links with cancer (\bster et al. 2002). Oc-
chemicals, whether respiratopmeproductive, cupational exposure to pesticides would increase
nervous or circulatoryThere are four main BCL2-IGH prevalence and the frequency of
groups into which these chemicals have beeBCL2-IGH bearing cells especially during the
classified, viz. Qganophosphates, @anochlo-  high pesticide use period. Increasing incidence
rines, Carbamates and Pyrethroidls. majority  of non-Hodgkins lymphoma have been associ-
of these chemicals are non- biodegradable, thegted repeatedly with farming occupation and
tend to accumulate in environment and also enparticular attention focused on the role of pesti-
ter into the food chain. cide exposure explained this trend (Roulland et
The most potent and important chemical classal. 2004).

is of oganophosphates, which act by inhibiting  Pesticides possibly induce oxidative stress
acetylcholinesterase hydrolysis of acetylcholine,leading to the generation of free radicals and al-
resulting in acetylcholine accumulation in neu- teration in antioxidant/free radical scavenging
romuscular synapsebhe acute toxic éécts of  enzymes such as superoxide dismutase, catala-
organophosphate pesticides are due to the hyse, glutathione peroxidase, glutathione reduct-
perstimulation of muscarinic and nicotinic rec- ase and glutothione transferase (Ahmed et al.
2000).There is substantial experimental and epi-
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such as Captan, Lindane and Malathion; de-The extensively used chemical class was of Or

creased cell mediated immunity is also indicatedganophosphates.

(Xavier et al. 2004). Blood Samples: Venous heparinized blood
During the last few years, there has been a grsamples (1ml) were drawn from each exposed

eat interest in developing rapid and simple testsubject donor and matched control dofibiese

to identify the eflects of exposure to environmen- were processed for analysis at the Human Cyto-

tal agents that canfatt the health of individu- genetics LaboratoryDepartment of Zoology

als due to DNA damage. One of these method&urukshetra UniversityKurukshetra.

is the comet assawhich is a rapid and sensitive  Laboratory Methods: Single Cell Gel Elec-

technique to measure sites sensitive to basic ptttophoresis (SCGE) or Com&s$say was used in

and DNA breaks in individual cells (Martino- the present studylhe protocol ofAhuja and

Roth et al. 2003)The comet assay is sensitive to Saran (1999) was followed.

damage above about 50 breaks per diploid ma- Statistical Analysis: Statistical analysis was

mmalian cell and will lose sensitivity above ab- done using t-test with the help of SPS%1

out 10,000 breaks per cell (Olive and Banath

2006). Ostling and Johanson (1984) were the first RESULTS

to develop a microgel electrophoresis technique

for detecting DNA damage at the level of the The main characteristics of the exposed and

single cell. In their technique, cells embedded inmatched controls are givenTable 1A total of

agarose were placed on a microscopic slide, thé2 subjects have been studied out of which 33

cells were lysed by degents and high salt and were exposed to pesticides and 29 served as con-

the liberated DNA electrophoresed under neu-rols. Out of these 45 (72.58%) were males and

tral conditions. Cells with an increased frequencyl7 (27.41%) were femaleShe mean duration

of DNA double strand breaks (DSBs) displayedof exposure to pesticides was 14.0328 years.

increased migration of DNA towards the anode.

SubsequentlySingh et al. (1988) introduced a Table 1: General characteristics of exposed and cortr

microgel technique involving electrophoresis groups

under alkaline conditions for detecting DNA g Variables Expo- Control
damage in single cells. Since then, the applicano. sed
tions and the number of investigators using this;— 33 9
technique have increased almost exponenuall)gj Average age (yrs.) 38.15 30.55
(Tice et al. 2000). . Sex Males 33 12
The advantages of comet assay include the _ _ Females - 17
applicability to various tissues and special cell# Smoking habits Non-smokers 16— 29
types, sensitivity for detecting low levels of DNA 5 prinking habits Non-alcoholic ~ 24 29
damage, requirement for small number of cells Alcoholic 9 -
per sample, general ease of test performance, tife Dietary habits Non-vegetarian 4 2
short time needed to complete a study and re- Vegetarian 29 21

latively low cost (BrendeBchwaab et al. 2005).
The various comet parameters taken for the
MATERIALS AND METHODS investigation were comet length, tail length,-per
centage of DNA in tall, tail area, tail moment,
Materials: During the present study farmers olive tail momentAll these parameters were

exposed to pesticides were investigated andound to be statistically significant at 0.005 level
healthy individuals selected at random were taker{Table 2).The mean value of comet length in
as controlsA total of 62 subjects were investi- exposed group was 94.96+4.22, whereas in con-
gated, out of these 33 were pesticide users anttol group it was 36.56+211 Mean tail length
29 were controlsThe study was approved by was 52.18+3.74 in exposed and 7.01+1.47 in
Institutional Ethics Committee of Kurukshetra control groupThe mean percentage of DN
University, Kurukshetra. Informed consent was tail was found to be 27.45+1.64 in exposed indi-
obtained from the individuals included in the viduals as compared to 9.04+0.67 in controls.
study Table 3 shows the list of most used pesti-Mean tail area was 19.23+4.75 in exposed and
cides by the farmers in the area of investigation1.39+0.32 in control group. Mean tail moment
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and mean olive tail moment were 16.91+2.14, 40
15.58+£1.57 in exposed group and 1.04+0.32, 35 33.94
1.82+0.32 in control group, respectively =
<30
Table 2: Comet assay parameters in peripheral blood =~ < 25 24.17
lymphocytes of contol group and the exposed farmers QO
B 20
S. Comet para- Subjects Mean = S.E. S.D (1) ©
No. meters & 15
z 10.65
1. Comet length controls 36.56+2.1 11.38 810
exposed 94.96+4.22 24.24 K
2. Talil length controls 7.01+1.47 7.92
exposed 52.18+3.74 21.53 0
3. % DNAintail controls 9.04+0.67 3.64
exposed 27.45+1.64  9.42 Controls 0-15 15-40
4. Tail area controls 1.39+0.32 1.72 Duration of exposure (Years)
exposed 19.23+4.75 27.28 Fig. 1. The percentage DNAIn tail in control and
5. Tail moment  controls 1.04+0.32 1.76 exposed individuals in elation to duration of exposue
exposed 16.91+2.14 12.34
6. Olive tail controls 1.82+0.32 1.74 ; ; ; i
moment exposed 15.58+157  9.07 cant increase in DNA damage in terms of vari

ous comet parameteiBhe most used chemical
o _ class was of ganophosphates and the promi-
Ta_ble 3: Most use_d pest]ades among farmgrs intheea nent one was Phorate.
of investigation with their respective chemical class and The comet parameters we took for this study
WHO classification ) .
s N i WHO class_Chemical dl were the comet length, tail length, tail area, %

- hameofpesti- JVho) classi- Lhemical class DNA in tail, tail moment and olive tail moment.
No. cides fication of . .

toxicity All values were found to be higher in case of

exposed individuals as compared to controls.

e Cheslt UISERCSESe  Sudies by Grover et al. (2003), also revealed
3.  Glyphosate TableV Organophosphate  Similar findings that occupational exposure du-
4. Dimethoate Class Il Organophosphate  ring pesticide production to mixture of pestici-
5. Chloropyriphos  ClassIl  Organophosphate  des induces a significant increase in the level of
Class IA- Extremely hazardous DNA damage and that exposed workers had a
Class - Moderately hazardous significant greater mean DNA tail length than

Table V- Pesticide unlikely to present acute hazard in cgntrgls. fudies on comet tail Iength done by
normal use Das et al. (2008) showed that tail length incre-
d ased from 0.1um to 0.95um with the increase

The percentage of DNA in tail in control an in concentration oAcephate from 0 to (7.

exposed individuals in relation to duration o Sudies d florculturists by Castillo-C
exposure is shown in FigureThe figure shows = u |est ?neé\(;)OnG orllcu lrJ]”S Sd %/h talgll\l,g-d a-
that with increase in duration of exposure the enaetal. ( ) also showed tha am-

percentage of DNA in tail also increased. In caséid® in floriculturist population was 22.9% hi-

of controls the value of percentage DNA in tail 9N€r @ compared to controls. o
was 10.65, whereas, it increased from 24.17 to , P ersistent and prolonged use of pesticides is

33.94 in exposed individuals from up to 15 yearsalso associated with several human diseases both

acute and chronic, including many types of
(S):)gé(t[i)\?;;re to above 15 years of exposure, reneoplasias.lﬁdies performed by Roulland et al.
(2004) have shown that prevalence of BCL2-IGH
DISCUSSION translocation in farmers occupationally exposed
to pesticides was 71% he most potent class
The present study was performed using theamong these pesticides is ofjanophosphates,
comet assay to evaluate DNlamage if anyin ~ which have long term &fct on the nervous sys-
farmers handling and spraying various pesticideem, as they inhibit acetyl cholinesterase in a
mixtures. Our analysis consisted of an exposedange of nerve, neuromuscular and glandular tis-
population of farmers along with an unexposedsues where this enzyme plays a key role in cell
control group. In this study we found out signifi- to cell communication as revealed by Karalliedde
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et al. (2003). &dies with oganophosphate phoresis assay | protocdl.Cytol Genet34(1): 57-
Malathion on a freshwater teleost using the comeéIes 62.

- sandra Fortesiub C, CristinaAlves Coelho E, Sodre
assay technlque. Kumar et al. (2010) suggeste E, Felipe Ribeiro Pinto L, Felzenszwalb | 2002.

higher DNA damage_ at all concentrations and Genotoxic evaluation of the ganophosphorous
exposure time duration. Reus et al. (2008) re-  pesticideTemephosGenet Mol Res](2): 159-166.
vealed that after acute as well as chronic treatBrendlerSchwaab S, Hartmary Pfuhler S, Speit G 2005.

- - - . Thein vivo comet assay: Use and status in genotoxi-
ment with Malathion, DNA damage increased in ity testing. Mutagenesis20(4): 245-254.

the total blood of rats. Carla CTAlves MD, Gustavo PDYanina DH, Jane MB
In our study we also found that with increas- 2009. Occupational exposure of farm workers to
ing duration of exposure the percentage DNA in PeSﬁfid?S_Zt BIiEOChemiclaltpggi(igetze;g f;r;% evaluation of
; ; ; ; ; enotoxicity Environ Int, : -278.
tail aIsQ increasedhlso, increase In .genOK.)XI(.: Casti%o-CadenayJTenoria-\Ieyra LE, Quintana-Carabia
effects in workers exposed to pesticides with in-~ A} "Garcia-Fabila MM, Ramirez-San Juan E,
crease in duration of exposure has been reported Madrigal-Bujaidar E 2006. Determination of DNA
by Grover et al. (2003). Experiments performed damage in floriculturists exposed to mixture of

; ; pesticidesJ Biomed Boitechno2006(97896): 1-12.
by Alessandra Fortesiub et al. (2002) using Das R Shaik AP, Jamil K 2008. Cytotoxicity and

comet assay identified thé&mephos produced genotoxicity induced by the pesticideephate on
dose-dependent severg/f€ _IV) lesions In the cultured human peripheral blood lymphocyt@se
DNA of total blood cells o¥Vistar rats. Higher Internet Journal of @xicology 5(2).

DNA damage was found in various comet pa_Grover PDanadevi K, Mahboob M, Rozati R, Saleha Banu
. . B, Rahman MF 2003. Evaluation of genetic damage

rameters in dferent studies performed by Jors in workers employed in pesticide production utilizing

et al. (2007) and Undeger and Basaran (2005) the comet assajutagenesis18(2): 201-205.

Damage index and damage frequency observedbrs E, GonzaleaR, Ascarrunz METirado N, Takahashi

|n the exposed group were Slgnrncantly h|gher C, Lafuente E, Dos Santos RA, Bailon N , Cervantes

; : p : R, H.O, Baelum J, Lander F 2007. Genetic alterations
in relation to the controls in studies performed in pesticide exposed Bolivian farmefs evaluation

by Carla et al. (2009) and Simoniello et al. by analysis of chromosomal aberrations and the comet
(2008). DNA migration increases in human lym- assayBiomarker Insights?: 439-445. _
phocyte cell cultures as a result of treatment Wit%afaggﬁﬂgﬁc'i-n% tEthVg;?CSr'g;/'sgLSS lctosgggb\r/]%rslgﬁgzs
Cypermeth_rln, 2,4-D and (.:hloropy“fos at hlgh in humans.Food and Chemical dkicology 41: 1-
concentrations (Sandal admaz 2010). 13.

Thus, pesticide mixtures have genotoxic ef-Kumar R, Nagpure NS, Kushwaha B, Srivastava SK, Lakra
fects on human beings, but we can not pinpoint WS 2010. Investigation of the genotoxicity of Mala-
on one particular Compound which specifically thion to freshwater teleost fisBhanna Punctatus

icd il ! do db (Bloch) using the micronucleus test and comet assay
causes genetic damagéll®e can do ebrts to Arch Envion Contam @xicol, 58: 123-130.
minimize harmful efects on farmers engaged in Martino-Roth MGViegas J, Roth DM 2003. Occupational
pesticides use by spreading awareness through genotoxicity evaluation through the comet assay and
local bodies, make them use all possible protecblive”}‘ael_mE'far 32310%8 ggfﬁé‘ggmg't igfa(;);ntltgé‘élzd
tl\./e gear_s .and replacmg chemical peStICIdeS \.Nlth mea’sure DNAdamagé in individual celldlat Protoc
bio-pesticides whenever and wherever possible.  1(1): 23-29.
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