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Abstract

Objective: The purpose of this work was to compare DNA damage, acetylcholinesterase
(AChE) activity, inflammatory markers and clinical symptoms in farmers exposed to or-
ganophosphorus pesticides to individuals that had no pesticide exposure.

Materials and Methods: We conducted a cross-sectional survey with a total of 134
people. The subject group consisted of 67 farmers who were exposed to organophos-
phorus pesticides. The control group consisted of 67 people without any contact with
pesticides matched with the subject group in terms of age, gender, and didactics.
Oxidative DNA damage, the activities of AChE, interleukin-6 (IL6), IL10 and C-reactive
protein (CRP) in serum were measured and clinical examinations conducted in order
to register all clinical signs.

Results: Compared with the control group, substantial gains were observed in the farm-
ers’ levels of oxidative DNA damage, IL10 and CRP. There was significantly less AChE
activity in farmers exposed to organophosphorus pesticides. The levels of IL6 in both
groups did not significantly differ.

Conclusion: The outcomes show that exposure to organophosphorus pesticides may
cause DNA oxidative damage, inhibit AChE activity and increase the serum levels of in-
flammatory markers. Using biological materials instead of chemical pesticides and en-
couraging the use of safety equipment by farmers are some solutions to the adverse
effects of exposure to organophosphorous pesticides.
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Introduction

Nowaday, with the growth of farming and wide-
spread use of chemicals and organophosphorus
pesticides, major problems may occur in the nerv-
ous, endocrine, reproductive and immune systems
of people in addition to numerous chronic diseases
such as cancer (1). In this case, the human detoxifi-
cation system plays a critical function in reducing
the harmful effects of pesticides. Toxin levels that
increase above the detoxification system’s capac-
ity cause worsening health conditions. The intake

of antioxidants such as vitamins C and E, as well
as organic crops may play an important role in re-
ducing the harmful effects of pesticides through
increasing blood antioxidant capacity (2, 3). Also,
the evolution of the pesticide industry and the in-
discriminate usage of pesticides cause adverse ef-
fects on human health, food, and environment. As-
sessing oxidative stress parameters in plasma is an
important means to detect oxidative stress induced
by organophosphorus pesticides (3). Organophos-
phorus pesticides may inhibit acetylcholinesterase
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(AChE) activity as one of the markers of oxida-
tive stress in workers exposed to these substances
(4). In addition to AChE inhibition, 8-hydroxy-
2-deoxy guanosine (8-OHdG) level is an oxidative
DNA damage indicator to determine the amount
of oxidative stress caused by organophosphorus
pesticides (5, 6). Cholinergic syndrome is the most
important neurotoxic disorder that results from
vulnerability to these pesticides (7). Organophos-
phorus pesticides, by affecting liver cells, increase
the release of glucose through glycogenolysis and
gluconeogenesis processes and can be seen as a
diabetes risk factor (8, 9). Hence, the genetic risk
of pesticide exposure is dangerous for humans.
Pesticides cause DNA damage in workers in-
volved in producing these compounds. However,
these damages are much less in those who observe
safety precautions (10). Persistent organic pollut-
ants (POPs) are chemicals that resist biodegrada-
tion and are toxic, and are mostly discharged into
the environment by industrial activities. Various
animal studies have shown the effects of POPs in
different inflammatory markers (11). C-reactive
protein (CRP), a plasma protein marker of inflam-
mation in humans, belongs to the pentraxin group
of molecules was discovered in 1930. Its gene is
located on chromosome 1. CRP is a member of the
defense molecules known as acute phase proteins
(12). This molecule has been used over a number
of years as an inflammatory marker in infectious
and inflammatory diseases (13).

The effects of acute exposure to a variety of
pesticides on human health are well known. How-
ever, the effects of long term exposure to low-dose
pesticides on various aspects of human health,
including genotoxicity and inflammatory mark-
ers, are not clearly defined. Despite the fact that
some studies show the effects of pesticides on in-
duced immunity, there is little evidence of severe
immune disorders in humans (14). It seems that
although the exposure to pesticides can alter im-
mune function, the emergence of immune disor-
ders is related to the dose and duration of expo-
sure to pesticides (15). The current study aims to
investigate the effects of chronic exposure to low
doses of organophosphate pesticides on genotoxic-
ity and inflammatory markers in farmers. Farmers
are exposed to different types of pesticide during
the spraying season. Since pesticides can endan-
ger the physical and mental health of people, they
impose tremendous expense on individuals and
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society. Thus, considering the extensive cognitive
and physical effects of pesticides on health and the
enormous economic costs imposed on society for
treating these disorders, the present work has in-
tended to compare DNA damage, AChE activity
and the inflammatory factors in farmers exposed
to organophosphorus pesticides to a control group
of unexposed individuals living in a village in the
vicinity of Arak, Iran.

Materials and Methods

This cross-sectional survey enrolled 134 people.
The study group consisted of 67 farmers who re-
sided in a village near Arak in the Central province
of Iran who were exposed to organophosphorus
pesticides for at least 5 years.

The control group consisted of 67 subjects who
were not farmers and lived in a nearby village.
Control group participants had no exposure to pes-
ticides and were matched with the study group in
terms of age, gender, and education. All subjects
had expressed their written informed consent be-
fore they entered the experiment. The study was
conducted in complete accordance with the Na-
tional Code of Ethics and approved by the Eth-
ics Committee of the Islamic Azad University of
Damghan Branch.

Interviews with the farmers determined that
they used no proper protective equipment such
as aprons, boots, filtered masks, or goggles. All
subjects in this study underwent clinical examina-
tions to determine the presence of any symptoms
of chronic conditions such as high blood pressure,
heart problem, cancer, thyroid disorder, asthma,
diabetes and anemia. The data concerning job his-
tory, smoking, drug consumption, vitamins and
antioxidant supplements were obtained through a
questionnaire. After clinical examinations, farm-
ers with chronic diseases, alcohol and antioxidant
use, or those under pharmacological therapy were
excluded.

A total of 5 ml of venous blood was taken from
each person in both the subject and control groups.
After serum separation by centrifugation, oxidative
DNA damage was studied by measuring 8-OHdG
(ng/ml) as a bio-marker of oxidative stress and
the product of the DNA repair enzyme with an
enzyme-linked immunosorbent assay (ELISA) kit
(Cayman Chemical Co., USA). For the measure-



ment of cholinesterase activity in plasma, a total
of 3 ml from the incubation solution of a potas-
sium phosphate buffer (75 mmol/L, pH=7.9) and
5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) rea-
gent (0.25 mmol/L) were added to 10 pl of the se-
rum samples. The activity of the enzyme was in-
duced by the addition of 10 pl of acetylthiocholine
iodide (3 mmol/L). Absorption changes were meas-
ured with a spectrophotometer at 412 nm. We used
the extinction coefficient of 5-thio-2-nitrobenzoic
acid (TNB) to measure AChE activity (16).

To assess the level of CRP (ng/ml), we used the
highly sensitive ELISA [highly sensitive-CRP, (hs-
CRP)] and a kit by Bender Med Systems Inc., Aus-
tria. The concentrations (pg/ml) of interleukin-6
(IL6) and IL10 in serum samples were evaluated
by ELISA and the kits from the above mentioned
company. ELISA test procedures were carried out
according to the protocol proposed by each kit.

To assess the impact of gender, the levels of
8-OHdG, serum acetylcholine esterase activity
and inflammatory factors in male farmers exposed
to pesticides were compared with male farmers
with no pesticide exposure. The same analysis was
performed for females.

Statistical analysis

SPSS version 18 (IBM Inc., USA) was used to
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analyze the data. For this purpose, statistical anal-
ysis (independent samples t test) and descriptive
statistics (mean + SD) were performed. The P val-
ues lower than 0.05 were considered statistically
significant. Pearson’s correlation coefficient was
used to determine relationships between variables.

Results

The total study population consisted of 134 peo-
ple, 67 subjects and 67 controls, of whom 52.2%
were male and 47.8% were female. The subjects
were between 16 to 86 years of age. The majority
(98.2%) had less than a diploma.

According to Table 1, there was a significantly
greater increase in the level of 8-OH2dG in the sub-
ject group (30.41 =+ 15.81 ng/ml) compared to the
control group (26.04 £ 7.22 ng/ml, P<0.05). Serum
ACHhE activity significantly decreased in the subject
group (5098.82 + 558.81 U/l) compared to the con-
trol group (5397.26 + 574.05 U/l, P<0.05. (There
was no significant difference in IL6 levels between
the subject (1.80 + 0.61 pg/ml) and control (1.62 +
0.49 pg/ml) groups (P>0.05). The level of IL10 in the
subjects was 1.98 £0.62 pg/ml and 1.38 £0.77 pg/ml
for the control group. This was a significant increase
in the subjects compared with the controls (P<0.05).
CRP level significantly increased in the subject group
(2.41 = 0.69 ng/ml) compared to the control group
(2.17 £ 0.60 ng/ml, P<0.05, Table 1).

Table 1: Comparison of the levels of 8-hydroxy-2-deoxy guanosine (8-OH2dG), serum acetylcholinesterase
activity (AChE) and inflammatory markers in farmers exposed to organophosphorus pesticides to
unexposed controls

Subjects Controls P value
(n=67) (n=67)
8-OH2dG (ng/ml) 30.41 +15.81 26.04 £7.22 0.04
AChE (U/l) 5098.82 + 558.81 5397.26 + 574.05 0.003
IL6 (pg/ml) 1.80 £ 0.61 1.62 +0.49 0.06
IL10 (pg/ml) 1.98 +0.62 1.38+£0.77 0.001
CRP (ng/ml) 2.41+£0.69 2.17 £0.60 0.03

IL; Interleukin and CRP; C-reactive protein.
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According to Table 2, in male farmers exposed
to pesticide, the level of 8-OH2dG was 34.61 +
17.78 ng/ml compared to 24.52 + 5.14 ng/ml in
control group males, which was a significant in-
crease (P<0.05). Serum AChE activity significant-
ly decreased in male subjects (5137.17 + 560.72
U/l) and compared to the control male (5441.31 +
536.07 U/1, P<0.05.( IL6 levels in male subjects
was 1.60 + 0.50 pg/ml and in male controls it was
1.62 = 0.49 pg/ml which showed no significant
difference (P>0.05). The level of IL10 in male
subjects was 1.91 £ 0.52 pg/ml which significantly
increased compared to unexposed control males
(1.19 £ 0.76 pg/ml, P<0.05). CRP level in exposed
male farmers was 1.41 = 0.41 ng/ml and 1.48 +
0.39 ng/ml in males without exposure, which did
not significantly differ (P>0.05, Table 2).

According to Table 3 the level of 8-OH2dG was
25.81 = 11.99 ng/ml in subject females compared to
27.71+8.74 ng/ml in control females, which showed
no significant difference (P>0.05). Serum AChE ac-
tivity in subject females was 5056.89 + 562.60 U/l
and 5349.09 £ 617.91 U/l in female unexposed con-
trol farmers, which showed no significant difference
(P>0/05). There was a significant increase in IL6
levels in subject females (2.02 + 0.65 pg/ml) com-
pared to control females (1.63 = 0.50 pg/ml, P<0.05).
IL10 levels also significantly increased in female
subjects (2.05 = 0.71 pg/ml) compared to female
controls (1.58 £+ 0.74 pg/ml, P<0.05). CRP levels in
exposed female farmers was 1.31 & 0.42 ng/ml and
1.38 £ 0.39 ng/ml in female controls which showed
no significant difference (P>0.05, Table 3).

Table 2: A comparison of the levels of 8-hydroxy-2-deoxy guanosine (8-OH2dG), serum acetylcholinesterase (AchE)
activity and inflammatory factors in male farmers exposed to organophorphorus pesticides with unexposed
male farmers

Exposed male farmers Unexposed male farmers P value
(n=35) (n=32)
8-OH2dG (ng/ml) 34.61+17.78 24.52+5.14 0.003
AChE (U/) 5137.17 £ 560.72 5441.31 +536.07 0.02
IL6 (pg/ml) 1.60 + 0.50 1.62+0.49 0.87
IL10 (pg/ml) 1.91+£0.52 1.19+0.76 0.001
CRP (ng/ml) 1.41 +£0.41 1.48 +£0.39 0.42

IL; Interleukin and CRP; C-reactive protein.

Table 3: A comparison of the levels of 8-hydroxy-2-deoxy guanosine (8-OH2dG), serum acetylcholinesterase (AchE)
activity and inflammatory factors in female farmers exposed to organophosphorus pesticides with unexposed
female farmers

Exposed female farmers Unexposed female farmers P value
(n=32) (n=32)
8-OH2dG (ng/ml) 25.81+11.99 27.71+8.74 0.47
AChE (U/) 5056.89 + 562.60 5349.09 +617.91 0.052
IL6 (pg/ml) 2.02 +0.65 1.63+£0.50 0.009
IL10 (pg/ml) 2.05+0.71 1.58+£0.74 0.01
CRP (ng/ml) 1.31+0.42 1.38 £0.39 0.48

IL; Interleukin and CRP; C-reactive protein.
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According to Pearson correlation analysis, no
significant correlation existed between the levels
of 8-OH2dG and serum AChE activity to inflam-
matory factors (Table 4, P>0.05), nor were there
any significant correlations observed between age
and the levels of 8-OH2dG, AChE activity, 1L6,
IL10 and CRP (P>0.05, Table 5).

Table 4: The correlations between 8-hydroxy-2-desoxyguanosine
(8-OH2dG) levels and serum acetylcholinesterase (AChE)
activity with inflammatory factors

IL6 IL10 CRP
(pg/ml)  (pg/ml)  (ng/ml)

8-OH2dG (ng/ml) -0.20 -0.15 0.15

AChE (U/l) 0.09 0.79 0.42

IL; Interleukin and CRP; C-reactive protein.

Table 5: The correlations between age to 8-hydroxy-2-deoxy
guanosine (8-OH2dG) levels, acetylcholinesterase (AchE)
activity and inflammatory factors

8-OH2dG AChE 1IL6 ILI0  CRP
(ng/ml) (UM (pg/ml)  (pg/m)  (ng/ml)
Age(Y) 0.006 005 008  -008 014

IL; Interleukin-6 and CRP; C-reactive protein.

Discussion

According to the results of this study, we ob-
served a significant decrease in AChE activity
in farmers exposed to organophosphorus pesti-
cides compared to the control group. On the other
hand, the extent of DNA damage, IL10 and CRP
significantly increased compared to the controls.
These results indicated that the farmers’ exposure
to organophosphorus pesticides could produce
free radicals, genomes and tissue damage. Farm-
ers, when interviewed, stated that they did not use
proper protective equipment during farming.

There was a substantial decrease in AChE ac-
tivity in the blood serum of farmers exposed to
organophosphorus pesticides compared with the
control group, which reflected the high degree of
pesticides absorbed. Earlier studies described the
inhibition of AChE activity in farmworkers who
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sprayed pesticides (17). Farmers exposed to or-
ganophosphorus pesticides had a 30% reduction
in blood AChE levels occurred compared with the
control group (6). Manu et al. (18) reported a low
activity of serum cholinesterase to be an indispen-
sable component in the high rate of deaths due to
acute organophosphorus poisoning.

Shadnia et al. (19) reported no substantial dif-
ferences in AChE levels between farmers and
controls. Cholinesterase levels in their study were
consistent with those reported by Rastogi et al.
(17) and Atherton et al. (6), however have contra-
dicted results reported by Shadnia et al. (19). This
contradiction may be attributed to the differences
in pesticide dosage or duration of exposure. The
main mechanism of action of organophosphorus
compounds is to inhibit carboxylic ester hydro-
lase, particularly AChE. Organophosphorus com-
pounds inhibit AChE using phosphorylation of the
serine hydroxyl group located at the active site of
the enzyme (20).

These compounds inhibit the actions of both
cholinesterases, chain enzymes in red blood cell
(RBC) and serum AChE-resulting in the cho-
linergic features of organophosphorus toxicity.
RBC AChE activity, which is reduced at a lower
rate than the serum AChE activity, is a measure
of chronic exposure to organophosphates. There-
fore, in organophosphorus poisoning, the activity
of serum ChE reduces before the activity of RBCs
(RBC-ChE) (21).

In the present study, we observed no significant
relationship between age and serum AChE activ-
ity in the farmers. In the study done by Zheng et
al. (22) age had no statistical significance in cho-
linesterase activity. Fairbrother et al. (23) reported
that age significantly affected ChE activity. The
present study supported results reported by Zheng
et al. (22), on the other hand, it was inconsistent
with the results reported by Fairbrother et al. (23).
Young people have stated they are less willing to
use health and safety equipment such as masks,
boots, apron, or perform hand washing, and show-
ering. Increased use of these measures will lead to
less absorption of organophosphates. The absorp-
tion of organophosphates is associated with AChE
activity which may justify the obtained results.

In this study, serum AChE activity in the exposed
subject group significantly decreased compared to
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control, unexposed males. Serum AChE activity
in exposed and unexposed female farmers did not
significantly differ.

Sidell and Kaminskis (24) reported higher plas-
ma cholinesterase activities in adult men during
their first six decades of life compared to women;
however, there was no difference between the two
sexes after the age of 60. In a study by Fairbrother
et al. (23) the plasma cholinesterase activity was
affected by sex steroid concentrations and phases
of the menstrual cycle. Thus, a significant positive
correlation was found between serum cholinest-
erase activity and progesterone level. The present
study agreed with the results by Zheng (22); on
the other hand, the current study results were in-
consistent with the results obtained by Fairbrother
et al. (23). Physiological and genetic factors, life-
style, nutrition and diet could make a difference
in the levels of 8-OH2dG, acetylcholine esterase
serum and inflammatory factors in both sexes.

Serum levels of 8-OH2dG in individuals ex-
posed to organophosphorus pesticides signifi-
cantly increased compared with the control group.
Increased 8-OH2dG, as a biomarker of DNA dam-
age, have indicated an increased risk of mutagen-
esis in these subjects (25, 26). Nuclear and mito-
chondrial DNA is biologically one of the primary
targets of oxidative attack for free radicals. Among
the purine and pyrimidine bases, guanine oxida-
tion is more prone to oxidation in such a manner
that as the result of a hydroxyl radical attack on
the eighth position of guanine molecules results in
production of 8-OHdAG (27).

The levels of 8-OHdAG and other modified bas-
es which are separated from DNA and excreted
from cells show a dynamic equilibrium between
the rate of oxidative DNA damage and its repair.
Thus, the level of oxidized bases changes not only
as the result of oxidative damage repair but also
as the result of fluctuations in the repair rate (28).
Numerous studies have considered 8-OHdG to be
a bio-marker of cellular oxidative stress and DNA
repair product (29). The mutagenic property of
8-OHdG is known (30). Atherton et al. (6) have re-
ported increased DNA damage in farmers exposed
to organophosphorus compounds compared with
the control group. In another study, exposure to
organophosphorus compounds in young children
was linked to increased levels of urinary 8-OHdG
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(31). In study by Muniz et al. (32) urinary 8-OHdG
levels in farmers exposed to organophosphorus
pesticides were higher than the control group. Or-
ganophosphorus pesticides could cause oxidative
DNA damage in farmers, therefore the increased
serum levels of 8-OH2dG in the present study
were consistent with other surveys. CRP level in
people exposed to organophosphorus pesticides
was higher compared to the control group.

These results have strengthened the hypothesis
that organophosphorus pesticides can affect the
immune system and disrupt IL. In surveys con-
ducted by Patil et al. (33), a substantial increase
in serum CRP of vineyard spraying workers has
been noted compared to controls. According to
Tsai et al. (34) CRP levels strongly correlated with
the level of severity of organophosphorus poison-
ing, such that the CRP level was important as an
acute phase reactant in severe organophosphorus
poisoning.

The outcomes of the present work were consist-
ent with results obtained by Patil et al. (33) and
Tsai et al. (34). The CRP molecule is an acute
phase serum protein. In case of inflammation or
infection this molecule is increasingly made by the
liver. Increased levels of CRP are related to infec-
tion, age, body volume index, smoking, drug and
dietary habits (35).

IL6 levels in both groups did not significantly
differ. Kumar et al. (11) have stated that no signifi-
cant relationship exists between the levels of POPs
and IL6 which is consistent with the findings of
this study.

Although exposure to pesticides can alter im-
mune function, the emergence of immune disor-
ders are dependent on the dose and duration of ex-
posure to pesticides (15). The studies on the effects
of pesticides on human immune system have many
limitations, such as a shortage of data on exposure
levels, heterogeneity of the methods employed,
difficulty in providing a prognostic significance to
the slight changes often observed and the interpre-
tation of reported findings (36).

In this study, the exposure to organophosphorus
pesticides led to a significantly increased IL10 se-
rum level in farmers. Alluwaimi and Hussein (37)
reported that the immunotoxicity caused by or-
ganophosphorus pesticides such as diazinon led to



increased levels of IL10 in mice. The outcomes of
this study were consistent with those reported by
Alluwaimi and Hussein which indicated the effects
of organophosphorus pesticides on the immune
system. In studies by Neishabouri et al. (38) the
dose dependent induction of diazinon affected the
actions of both humoral and cellular immunities.
In another study, malathion was used as an organo-
phosphorus pesticide to induce increased activity
of liver enzymes in plasma and pro-inflammatory
cytokines. Thus, malathion has been shown to in-
duce liver inflammation and hepatotoxicity (39).
Organophosphorus compounds have toxic effects
on immune systems and immune functions of ver-
tebrates, invertebrates and fish. Immunotoxicity
may be directed via inhibition of serine hydrolases
or esterases in components of the immune system
through oxidative damage to immune organs or by
modulation of signal transduction pathways that
control immune function. Indirect effects involve
modulating of the nervous system or chronic ef-
fects of altered metabolism/nutrition on the im-
mune system. Immunotoxicities are varied and in-
clude pathology of immune organs, and decreased
humoral and/or cell mediated immunity. Modified
non-specific resistance, reduced host resistance,
hypersensitivity and autoimmunity are among the
symptoms of immunotoxicity (40).

According to Pearson correlation analysis, no
significant relation existed between 8-OHdG and
ACHhE activity to inflammatory factors.

In a study performed by Kumar et al. (11), there
was no significant relationship observed between
POPs and inflammatory factors such as IL6 and
CRP. Karanlik compared experimental data from
two groups of patients who either died or were dis-
charged with organophosphate poisoning. There
was no statistically significant differences between
the levels of IL6 in these patients (41). The find-
ings in present study were consistent with those by
Karanlik etal. (41) and Kumar et al. (11). Despite
the large number of experimental data which have
shown that induced immune safety is affected by
pesticides, there is little or no evidence of severe
immune disorders in humans caused by pesticides
(14). Although exposure to pesticides can alter im-
mune function, immune disorders are related to
dose and duration of exposure to pesticides (15)
and the low activity of cholinesterase is an essen-
tial factor for mortality rates by organophosphate
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poisoning (41).
Conclusion

Exposure to organophosphorus pesticides can
cause oxidative DNA damage, inhibit the activ-
ity of AChE, and increase the levels of IL10 and
CRP which place people’s health in danger. Fur-
ther studies can help identify the types and mecha-
nisms of contaminants in workplaces and the envi-
ronment, which will help promote individual and
social healthcare.

Acknowledgments

The authors wish to thank the Research and the
Education Departments at Damghan Azad Univer-
sity for their financial support for this study as a
part of the Ph.D. thesis of the first author. The au-
thors declare no conflict of interest.

References

1. Mostafalou S, Abdollahi M. Pesticides and human chronic
diseases: evidences, mechanisms, and perspectives.
Toxicol Appl Pharmacol. 2013; 268(2): 157-177.

2. Xavier R Jr, Rekha K, Bairy K. Health perspective of pes-
ticide exposure and dietary management. Malays J Nutr.
2004; 10(1): 39-51.

3. Soltaninejad K, Abdollahi M. Current opinion on the sci-
ence of organophosphate pesticides and toxic stress: a
systematic review. Med Sci Monit. 2009; 15(3): RA75-90.

4. Ranjbar A, Pasalar P, Abdollahi M. Induction of oxidative
stress and acetylcholinesterase inhibition in organophos-
phorous pesticide manufacturing workers. Hum Exp Toxi-
col. 2002; 21(4): 179-182.

5.  Karami Mohajeri S, Abdollahi M. Toxic influence of organo-
phosphate, carbamate, and organochlorine pesticides on
cellular metabolism of lipids, proteins, and carbohydrates:
a systematic review. Hum Exp Toxicol. 2011; 30(9): 1119-
1140.

6. Atherton KM, Williams FM, Egea Gonzalez FJ, Glass R,
Rushton S, Blain PG, et al. DNA damage in horticultural
farmers: a pilot study showing an association with organo-
phosphate pesticide exposure. Biomarkers. 2009; 14(7):
443-451.

7. Jokanovi¢ M, Kosanovi¢ M. Neurotoxic effects in patients
poisoned with organophosphorus pesticides. Environ Tox-
icol Pharmacol. 2010; 29(3): 195-201.

8.  Teimouri F, Amirkabirian N, Esmaily H, Mohammadirad A,
Aliahmadi A, Abdollahi M. Alteration of hepatic cells glu-
cose metabolism as a non-cholinergic detoxication mech-
anism in counteracting diazinon-induced oxidative stress.
Hum Exp Toxicol. 2006; 25(12): 697-703.

9. Rahimi R, Nikfar S, Larijani B, Abdollahi M. A review on
the role of antioxidants in the management of diabetes
and its complications. Biomed Pharmacother. 2005; 59(7):
365-373.

10. Undeger U, Basaran N. Assessment of DNA damage in
workers occupationally exposed to pesticide mixtures by
the alkaline comet assay. Arch Toxicol. 2002; 76(7): 430-
436.

CELL JOURNALvaknten), Vol 18, No 1, Apr-Jun (Spring) 2016 95



Genotoxicity and ILs Status in Farmers

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kumar J, Lind PM, Salihovic S, van Bavel B, Ingelsson
E, Lind L. Persistent organic pollutants and inflammatory
markers in a cross-sectional study of elderly Swedish peo-
ple: the PIVUS cohort. Environ Health Perspect. 2014;
122(9): 977-983.

Anderson GP. COPD, asthma and C-reactive protein. Eur
Respir J. 2006; 27(5): 874-876.

Pinto-Plata VM, Mdllerova H, Toso JF, Feudjo-Tepie M,
Soriano JB, Vessey RS, et al. C-reactive protein in pa-
tients with COPD, control smokers and non-smokers.
Thorax. 2006; 61(1): 23-28.

Vial T, Nicolas B, Descotes J. Clinical immunotoxicity of
pesticides. J Toxicol Environ Health. 1996; 48(3): 215-229.
Banerjee BD, Koner BC, Ray A. Immunotoxicity of pesti-
cides: perspectives and trends. Indian J Exp Biol. 1996;
34(8): 723-733.

Ellman GL, Courtney KD, Anders V Jr, Fether-Stonerm
RM. A new and rapid colorimetric determination of ace-
tylcholinesterase activity. Biochem Pharmacol. 1961; 7:
88-95.

Rastogi SK, Satyanarayan PV, Ravishankar D, Tripathi S.
A study on oxidative stress and antioxidant status of ag-
ricultural workers exposed to organophosphorus insecti-
cides during spraying. Indian J Occup Environ Med. 2009;
13(3): 131-134.

Manu MS, Prashant V, Akila P, Suma MN, Basavanagow-
dappa H. A retrospective analysis of serial measurement
of serum cholinesterase in acute poisoning with organo-
phosphate compounds. Toxicol Int. 2012; 19(3): 255-259.
Shadnia S, Azizi E, Hosseini R, Khoei S, Fouladdel S, Pa-
joumand A, et al. Evaluation of oxidative stress and geno-
toxicity in organophosphorus insecticide formulators. Hum
Exp Toxicol. 2005; 24(9): 439-445.

Yurumez Y, Durukan P, Yavuz Y, Ikizceli I, Avsarogullari
L, Ozkan S, et al. Acute organophosphate poisoning in
university hospital emergency room patients. Intern Med.
2007; 46(13): 965-969.

Jaga K, Dharmani C. Sources of exposure to and public
health implications of organophosphate pesticides. Rev
Panam Salud Publica. 2003; 14(3): 171-185.

Zheng J, Zhou ZJ, Zheng G, Dai XF, Gu XA. Relation-
ship between the polymorphism of carboxylic esterases
and genetic susceptibility to organophosphates pesticides
exposure. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za
Zhi. 2005; 23(2): 83-86.

Fairbrother A, Wagner SL, Welch S, Smith BB. Influence
of menstrual cycle on serum cholinesterase. Environ Res.
1989; 49(2): 181-189.

Sidell FR, Kaminskis A. Influence of age, sex, and oral
contraceptives on human blood cholinesterase activity.
Clin Chem. 1975; 21(10): 1393-1395.

Bayrami M, Hashemi T, Malekirad AA, Ashayeri H, Faraji
F, Abdollahi M. Electroencephalogram, cognitive state,
psychological disorders, clinical symptom, and oxidative
stress in horticulture farmers exposed to organophos-
phate pesticides. Toxicol Ind Health. 2012; 28(1): 90-96.
Malekirad AA, Faghih M, Mirabdollahi M, Kiani M, Fathi A,
Abdollahi M. Neurocognitive, mental health, and glucose
disorders in farmers exposed to organophosphorus pesti-

CELL JOURNALvaknten), Vol 18, No 1, Apr-Jun (Spring) 2016 96

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

cides. Arh Hig Rada Toksikol. 2013; 64(1): 1-8.
Schneider JE, Price S, Maidt L, Gutteridge JM, Floyd
RA. Methylene blue plus light mediates 8-hydroxy 2'-de-
oxyguanosine formation in DNA preferentially over strand
breakage. Nucleic Acids Res. 1990; 18(3): 631-635.
Halliwell B. Why and how should we measure oxidative
DNA damage in nutritional studies? How far have we
come? Am J Clin Nutr. 2000; 72(5): 1082-1087.

Cooke MS, Evans MD, Herbert KE, Lunec J. Urinary
8-ox0-2'-deoxyguanosine--source, significance and sup-
plements. Free Radic Res. 2000; 32(5): 381-397.

Kasai H. Analysis of a form of oxidative DNA damage,
8-hydroxy-2'-deoxyguanosine, as a marker of cellular
oxidative stress during carcinogenesis. Mutat Res. 1997;
387(3): 147-163.

Ding G, Han S, Wang P, Gao Y, Shi R, Wang G, et al.
Increased levels of 8-hydroxy-2'-deoxyguanosine are at-
tributable to organophosphate pesticide exposure among
young children. Environ Pollut. 2012; 167:110-114.

Muniz JF, McCauley L, Scherer J, Lasarev M, Koshy M,
Kow YW, et al. Biomarkers of oxidative stress and DNA
damage in agricultural workers: a pilot study. Toxicol Appl
Pharmacol. 2008; 227(1): 97-107.

Patil JA, Patil AJ, Sontakke AV, Govindwar SP. Occupa-
tional pesticides exposure of sprayers of grape gardens
in western Maharashtra (India): effects on liver and kid-
ney function. J Basic Clin Physiol Pharmacol. 2009; 20(4):
335-355.

Tsai JR, Sheu CC, Cheng MH, Hung JY, Wang CS, Chong
IW, et al. Organophosphate poisoning: 10 years of expe-
rience in southern Taiwan. Kaohsiung J Med Sci. 2007;
23(3): 112-119.

Chenillot O, Henny J, Steinmetz J, Herbeth B, Wagner C,
Siest G. High sensitivity C-reactive protein: biological vari-
ations and reference limits. Clin Chem Lab Med. 2000; 38
(10): 1003-1011.

Corsini E, Liesivuori J, Vergieva T, Van Loveren H, Colosio
C. Effects of pesticide exposure on the human immune
system. Hum Exp Toxicol. 2008; 27(9): 671-680.
Alluwaimi AM, Hussein Y. Diazinon immunotoxicity in
mice: modulation of cytokines level and their gene expres-
sion. Toxicology. 2007; 236(1-2): 123-131.

Neishabouri EZ, Hassan ZM, Azizi E, Ostad SN. Evalu-
ation of immunotoxicity induced by diazinon in C57bl/6
mice. Toxicology. 2004; 196(3): 173-179.

Lasram MM, Lamine AJ, Dhouib IB, Bouzid K, Annabi A,
Belhadjhmida N, et al. Antioxidant and anti-inflammatory
effects of N-acetylcysteine against malathion-induced
liver damages and immunotoxicity in rats. Life Sci. 2014;
107(1-2): 50-58.

Galloway T, Handy R. Immunotoxicity of organophospho-
rous pesticides. Ecotoxicology. 2003; 12(1-4): 345-363.
Karanlik MG, Sebe A, Oguzhan Ay M, Agikalin A, Ath M,
Citilcioglu S, et al. Relationship between mortality and
acute inflammatory markers, erythrocyte cholinesterase,
serum cholinesterase levels in the acute organic phospho-
rus intoxication. Cukurova Med J. 2013; 38(2): 233-240.




