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Abstract
Background and Objective: Several studies indicate that pesticide intoxication produces oxidative stress. This oxidative stress plays an
important role for human health and contributes significantly to many diseases and other chronic health effects. This study aimed to
determine the role of oxidative stress of pesticides occupational exposure and smoking on male reproductive hormones and the
antagonistic role of antioxidant enzymes. Materials and Methods: Follicle Stimulating Hormone (FSH), Luteinizing hormone (LH) and
testosterone, Malondialdehyde (MDA), Superoxide dismutase (SOD), reduced glutathione (GSH), Glutathione S-transferase (GST) and
Glutathione peroxidase (GPx), acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) were estimated in 51agriculture workers
occupationally exposed to pesticides and 50 controls. Results: Results revealed significant decrease in AChE, BuChE, GSH and SOD levels
in the workers compared to controls and significant increase in MDA, GPx and GST. Moreover, MDA and FSH were significantly increased
among the smoker workers compared to non-smoker workers. The MDA was significantly correlated with GST and inversely correlated
with AChE and BuChE in exposed workers. The FSH and LH were significantly correlated with SOD. Conclusion: Occupational exposures
to pesticides and smoking have synergistic oxidative effect on FSH. It seemed that SOD and GST play important roles in antagonizing this
oxidative stress among the examined pesticides workers. Therefore, smoking cessation and improving in the dietary habits with
antioxidant supplementation could be essential for protection against the chronic toxic effects of occupational exposure to pesticides
on the male reproductive hormones among smokers.
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INTRODUCTION

Environmental Protection Agency (EPA) defines pesticides
to be substances or mixture of substances/chemicals intended
to prevent, destroy, repel or mitigate any pest1. Although
pesticides usage has great benefits, it has several health risks
associated  to  non-target  subjects  including  humans  who
are occupationally or environmentally exposed to those
compounds2. Such health risks occur among occupational
exposed workers from improper handling of these hazardous
compounds, mainly during mixing and loading of the
equipment and improper application during spraying or
harvesting sprayed crops3.

Acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) activities have been widely used for monitoring
exposure to organophosphorus (OP) and carbamate (CB)
pesticides. In exposed populations, strong associations were
detected between the reduction in AChE activities and
exposure to those compounds and symptoms of chronic
pesticides toxicity4. The acute adverse effects of OP on the
central nervous system were mainly due to the inhibition of
AChE  at  nerve  endings,  which  leads  to  the  accumulation
of  the  neurotransmitter  acetylcholine  and  consequently
over-stimulation of muscarinic and nicotinic receptors5.

In experimental animals, OP pesticides proved to act as
endocrine disrupting chemicals (EDC), because of their
capacity to impair the male sexual hormone profile6,7.
Furthermore,   epidemiological   studies   found   that
environmental or occupational exposure to OP may affect the
male hormone profile8,9. Slimani et al.10 observed that
pesticides are responsible for decreasing testosterone
concentrations either by inhibiting release of FSH or LH.
Oxidative stress was proved to be induced by pesticides, either
by over production of free radicals or by alteration in
antioxidant defense mechanisms, including detoxification and
scavenging enzymes11,12. The levels of the activities of
antioxidant enzymes such as superoxide dismutase (SOD),
glutathione S-transferase (GST), glutathione reductase (GR),
glutathione peroxidase (GPx) as well as the membrane lipid
peroxidation (LPO) has been widely studied in order to
ascertain the extent of ROS-mediated toxicity due to
pesticides exposure13. Moreover, Abdalla et al.11 found that
smoking and pesticides exposure could be responsible for
increasing of oxidative stress that may lead to hyperlipidemia
among pesticides sprayers.

The aim of this study was determination of the role of
oxidative stress due to occupational exposure to pesticides on
male reproductive hormones, especially among smokers and
the antagonistic role of antioxidant enzymes.

MATERIALS AND METHODS

Subjects: Case-control study was conducted. The study
included two groups; 51 agricultural workers occupationally
exposed to pesticides for more than 5 years and 50 control
subjects not occupationally exposed to pesticides and
matched in age, special habits and socioeconomic status.
Participants  in  this  study  were  selected  from  village  in
Fayoum Governorate during the period August, 2016 to
September, 2017.

Questionnaire: All enrolled participants fulfilled personal,
environmental  and  occupational  questionnaires  during
individual interview. Personal questionnaire included the age,
gender and smoking habits. Environmental questionnaire was
designed to exclude those workers who were exposed to
huge amounts of pesticides from sources other than
occupations and to exclude the controls that are exposed to
huge amount of pesticides in their environment. Occupational
questionnaire included type of the pesticides used mostly, the
way of exposure, the duration of exposure in years and in days
every year, use of personal protective equipment and safety
measures and way of application.

Laboratory investigation: About 5 mL of the venous blood
samples were collected from all the included workers and
controls and were divided into three separate tubes. First tube
was used for separation of serum to determinate levels of
AChE, MDA, testosterone, LH and FSH. The second tube with
EDTA, firstly to estimate GSH in whole blood and separate
plasma for determination of BuChE and GST activities. The
third tube was with EDTA for separating red blood cell to
determinate levels of SOD and GPx activities. All samples were
stored at -70EC until assessment of the biomarkers.

C Biomarkers of exposure: An immunoassay kit was used
for in vitro quantitative determination of human
acetylcholinesterase (AChE) concentration in the serum
by (Sandwich-ELISA), Sunredbio, Shanghai (https://www.
lsbio.com/elisakits/human-ache-acetylcholinesterase-
elisa-kit-sandwich-elisa-ls-f9290/9290)

C The activity of butyrylcholinesterase (BuChE) was
measured in plasma by colorimetric method according to
Knedel and Bottger14

C Biomarker  of  oxidative  stress:  Serum  MDA  activity
was determined by colorimetric method according to
Ohkawa et al.15
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C Antioxidant biomarkers: Glutathione reduced (GSH)
concentration was determined in whole blood sample by
colorimetric method according to Beutler et al.16

C Superoxide dismutase (SOD) activity was determined
colorimetrically according to Nishikimi et al.17

C Glutathione-S-Transferase (GST) activity was determined
in   plasma   by   colorimetric   method   according   to
Habig et al.18

C Glutathione peroxidase (GPx) was determined using
colorimetric method according to Paglia and Valentine 19

C Male sex hormones
C Testosterone was estimated by Elisa kit20

C LH was estimated by ELISA kit21

C FSH was estimated by ELISA kit22

Statistical analysis:  Statistical  analysis  of  the  collected data 
 and   the   laboratory   results   was   performed   with SPSS
version 18. The included workers and controls were divided
according to their smoking habits into two subgroups for each
(smoker and non-smoker workers and smoker and non-
smoker controls). Kruskal-Wallis H was used in the
comparisons between the four subgroups, Mann-Whitney U
was used to compare between each two subgroups and
correlation coefficient using Partial correlation was used in
testing  the  association  between  different  variables  among
the workers after controlling for smoking. The p<0.05 was
considered to be significant. Tabulation and figures were
illustrated using excel program.

RESULTS

All the examined subjects in this study were males. There
was no significant difference in the age between the workers

and the controls. All smoker workers and their corresponding
controls were no significant difference as shown in Table 1.
Agricultural workers included in the present study were
exposed to pesticides during their working days for more than
5 years. About 62% of them used to wear special clothes
during their working day, but not proper personal protective
equipment’s (PPE).

In   Table   2,   AChE   and   BuChE   in   the   smoker   and
non-smoker workers were significantly lower than both
smokers   and   non-smoker   controls   (<0.05,   <0.0001
respectively). The MDA and GPx concentrations were
significantly   increased   in   smoker   and   non-smoker
workers compared to smoker and non-smoker controls
(<0.005,  <0.005,  respectively).  Moreover,  MDA  was
significantly increased. The GST activities in smoker workers
were significantly increased than in non-smoker controls and
in non-smokers worker than in smokers and non-smokers
controls  (<0.001).  The  GSH  concentrations  in  smoker  and
non-smoker workers were significantly lower than in smoker
and non-smoker controls (<0.005). The SOD was also
significantly decreased in smoker and non-smoker pesticide
exposed workers compared to the non-smoker controls
(<0.05).

Table 1: General information about agricultural pesticides exposed workers and
unexposed controls

Parameters Controls Workers
Number of individuals 50.0 51.0
Mean age 33.4±7.5 35.4±11.8
Duration of exposure (year) - 9.0± 3.5
Duration of exposure(day/year) - 141.5±11.3
Smoking habit
Smokers 16.0 (32%) 17.0 (35%)
Non-smokers 34.0 (68%) 33.0 (65%)

Table 2: Comparison of different estimated biochemical parameters between workers and controls
Control (50) Workers (51)
----------------------------------------------------------- -----------------------------------------------------------
Smoker (16) Non-smokers (34) Smoker (18) Non-smokers (33)

Parameters (Mean±SD) (Mean±SD) (Mean±SD) (Mean±SD) p-value*
Exposure biomarkers
AChE (ng mLG1) 613.40±426.8 571.00±376.8 382.3±255.3ab 338.50±202.79cd <0.05
BuChE (U LG1) 3595.00±1030.8 3739.18±1082.08 2503.1±614.2ab 2678.70±529.3cd <0.0001
Oxidative stress biomarker
MDA (nmol mLG1) 2.71±1.17 2.31±0.76 6.83±1.97abf 5.92±1.90cdf <0.005
Antioxidant status
GSH (mg dLG1) 38.50±15.8 38.10±9.25 24.9±7.6a,b 20.97±4.5c,d <0.005
GST (U LG1) 375.40±120.7 291.00±106.4 438.5±163.4b 463.70±169.4c,d <0.001
GPx (mU mLG1) 227.30±154.5 320.10±182.6 455.6±165.7a,b 489.70±173.0c,d <0.005
SOD (U mLG1) 184.20±53.8 203.87±77.1 169.2±39.2b 154.70±50.3d <0.05
* Significant difference was calculated using Kruskal-Wallis test, aSignificant in comparison of smoker workers and smoker controls, bSignificant in comparison of smoker
workers and non-smoker controls, cSignificant in comparison of non-smoker workers and smoker controls,  dSignificant  in  comparison  of  non-smoker  workers  and
non-smoker controls, fSignificant in comparison of smoker workers and non-smoker workers
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Table 3: Comparison of male sex hormones between workers and controls
Control Workers
-------------------------------------------------------- ----------------------------------------------------------
Smoker (16) Non-smokers (34) Smoker (18) Non-smokers (33)

Parameters (Mean±SD) (Mean±SD) (Mean±SD) (Mean±SD) p-value*
FSH (mIU mLG1) 3.54±1.07 3.74±0.76 11.94±2.81a,b,f 5.84±1.02f <0.01
LH (mIU mLG1) 10.58±7.58 6.55±4.08 12.32±5.79 9.91±4.66 0.294
Testosterone (ng mLG1) 2.88±1.88 2.67±1.99 3.25±4.12 3.43±4.08 0.855
* Significant difference was calculated using Kruskal-Wallis test, aSignificant in comparison of smoker workers and smoker controls, bSignificant in comparison of smoker
workers and non-smoker controls, fSignificant in comparison of smoker workers and non-smoker workers

Table 4: Correlation analyses between exposure biomarkers, oxidative stress and antioxidant biomarkers, in pesticides-exposed subjects
Parameters AChE (ng mLG1) BuChE (U LG1) MDA (nmol mLG1)
AChE (ng mLG1) - 0.3* -0.3*
BuChE (U LG1) 0.3* - -0.5*
MDA (nmol mLG1) -0.3* -0.5* -
GSH (mg dLG1) 0.2* 0.5* -0.2
GST (U LG1) -0.1 -0.2* 0.3*
GPx (mU mLG1) -0.3* -0.3* 0.1
SOD (IU LG1) 0.3* 0.3* -0.1
* Correlation is significant at the 0.05 level (2-tailed)

Table 5: Correlation analyses between oxidative stress and antioxidant biomarkers and male sex hormones in pesticides-exposed subjects
Parameters AChE (ng mLG1) BuChE (U LG1) MDA (nmol mLG1) GSH (mg dLG1) GST (U LG1) GPx (mU mLG1) SOD (IU LG1)
FSH (mIU mLG1) -0.1 -0.2 -0.1 -0.2 0.1 -0.2 0.4*
LH (mIU mLG1) -0.1 -0.1 -0.2 -0.1 -0.2 -0.1 0.3*
Testosterone (ng mLG1) 0.1 -0.2 -0.2 -0.1 0.2 -0.1 0.2
*Correlation is significant at the 0.05 level (2-tailed)

As Table 3 showed that there was significant increase in
the  FSH  concentration  in  smoker  workers  compared  to
non-smoker workers and smoker and non-smoker controls
(<0.01).  But,  LH  concentration  and  testosterone  showed
non-significance elevation in the workers than their controls.

Data in Table 4 showed that there was significant
correlation between AChE and BuChE (0.002) and significant
negative correlations between MDA and the levels of AChE
and BuChE in the exposed workers (0.004, <0.0001,
respectively). While, the AChE and BuChE were significantly
correlated with GSH (0.004, <0.0001, respectively) and with
SOD (0.02, 0.005, respectively) and negatively correlated with
GPx (0.003) and BuChE was also negatively correlated with
GST (0.02) and MDA was significantly correlated with GST
(0.05). As shown in Table 5, there were no significant
correlations between hormones and the levels of AChE, BuChE
and MDA. While, FSH and LH were significantly correlated with
SOD (0.006, 0.01, respectively) but, testosterone showed no
correlations with all the antioxidant enzymes.

DISCUSSION

Several pesticides have been considered as endocrine
disruptors because of their capacity to block or activate
hormone receptors including the effects on sex hormone
levels 23. Smoking could magnify those adverse effects due to

the presence of large variety of compounds that could initiate
or amplify oxidative damage11. Nordin et al.24 mentioned that
smoking during pesticide spraying can increase the
absorption of pesticides both through inhalation of the
airborne particles and through oral ingestion of the pesticide
particles attached to cigarettes.

The results in the present study revealed that AChE and
BuChE were significantly decreased among the examined
workers compared to their controls due to their occupational
exposure to pesticides and that both AChE and BuChE were
significantly correlated with each other. A decline in AChE and
BuChE is not attributed to their smoking habits, as the
significant difference was in the smoker and non-smoker
workers compared to smoker and non-smoker controls and no
significant   difference   detected   between   smokers   and
non-smokers in both groups. This result was in agreement
with Dahlan et al.25, they mentioned that there was no
association detected between smoking and AChE activities.
The activity of AChE in human red blood cells (RBCs) may be
considered as a diagnostic tool for risk assessment of toxicity
due to pesticides exposure26. Also, the results of BuChE in the
present  study  were  in  agreement  with  the  results  of
Rastogi et al.27. The significant decrease in BuChE was more
detectable than the significant decrease in AChE, this could be
attributed to the sensitivity of BuChE as a biomarker of OP and
CB exposure in humans. This noticeable result is detected also
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by Araoud et al. 28 and Marsillach et al.29, they attributed that
to the short half-life of BuChE in the plasma compared to the
AChE, which means that BuChE is a more sensitive indicator of
recent pesticide exposure. Therefore, BuChE could be used as
a biochemical marker for recent exposure to pesticides in
surveillance for acute toxicity from pesticides.

Pesticides, as well as smoking, can induce oxidative stress
by generating free radicals and altering the free radical
scavenging antioxidant enzyme activity30-32. Oxidative stress
biomarker MDA in the present study was significantly high in
pesticides workers smokers and non-smokers compared to
their controls and in the smoker workers than non-smoker
workers. Moreover, significant inverse correlations were
detected between MDA levels and both AChE and BuChE.
Therefore, the elevation of MDA among the workers was
attributed to their occupational exposure to pesticides and
smoking was considered to have an additional elevating effect
of MDA among the smoker workers.

Moreover, pesticides exposure may directly or indirectly
modify the antioxidant defense capability of exposed subjects
and thus increase their susceptibility to oxidative stress33. It is
suggested that the activity of antioxidant enzymes may have
an important mechanism in reducing the induction of
pesticides chronic toxicities in occupationally exposed
workers34,35.

The present results revealed that GSH concentration were
significantly decreased in smoker and non-smoker workers
than smoker and non-smoker controls. The same results were
detected by Sharma et al.36. Moreover, GSH was found to be
correlated significantly with AChE. This non-enzymatic
antioxidant  has  important  role  in  binding  with  the  free
radicals.

Tillman et al.37 found significant reduction in GST in
insecticides exposed workers in comparison to the control
group. Ranjbar et al.38 explained the decrease in GST activity to
its antagonistic direct binding effect to the free radicals
attributed to pesticide exposure. But, our result revealed that
GST activities was significantly increased in non-smoker
workers than both smoker and non-smoker controls, while,
GST  in  smoker  workers  was  significantly  increased  only
than in the non-smoker controls and was inversely correlated
with  BuChE.  The  significant  increase  in  GST  activities  in
non-smokers workers could be attributed to the oxidative
stress result from exposure to pesticides. But in the smoker
workers, GST activities could be against oxidative stress
produced from combined exposure to pesticides and
smoking. This will explain that there was no significant
difference in GST between smoker workers and smoker
controls and significant correlation with MDA. This agrees with

Thirumalai et al.39, they suggested that the increased GST
activities among smokers might be due to increase oxidative
stress due to cigarette smoke exposure.

In the present study, the concentration of GPx was
significantly    increased    in    the    workers    (smokers    and
non-smokers)       compared       to       their       controls
(smokers and non-smokers). These results are in agreement
with Ogut et al.40, they found that GPx was significantly
increased in pesticides sprayers when compared to controls.
Increased activity of GPx could be due to its antagonistic effect
against the significant production of H2O2 in pesticide exposed
workers that could lead to induction of the chronic toxicity 41.
The present results detected no significant difference in the
GPx between smoker and non-smoker workers, while, it was
significantly inversely correlated with AChE and BuChE. This
revealed that smoking habit may have no synergistic effect on
GPx production in the examined workers. This is against the
Abdalla et al.11, they found a synergistic effect of smoking with
the occupational exposure to pesticides on GPx activates, as
they observed significant increase in GPx in smoker pesticide
sprayers compared to the non-smoker sprayers.

There is a debate about the defense action of SOD, as it is
considered as one of the protective antioxidant against the
superoxide anions (O2G) by converting them into hydrogen
peroxide (H2O2). In the present study, SOD activity was
significantly decreased in smoker and non-smoker pesticide
exposed workers compared to the non-smoker controls. This
agrees with the results of Noshy et al.12 and Lopez et al.30, they
found that SOD in the pesticides exposed subjects was
significantly lower than their  controls. Vidyasagar et al.42

found that SOD levels increased with the increase in the
severity of pesticides poisoning. Moreover, it was noticed in
the current results, that inhibition of SOD could be due to the
combined effects of exposure to both pesticides and smoking,
as there was no significant difference in the SOD levels
between  the  workers  and  the  smoker  controls  and  SOD
was  significantly  correlated  with  AChE.  This  agrees  with
Lopez et al.30, they found positive correlation between SOD
and AChE activities in the workers with high exposure period
to pesticides. Pasupathi et al.43 detected the same results, as
there was significant decrease in SOD activity in smokers than
in non-smokers. The Quinone/hydroquinone radicals from
cigarette smoke have the capability of reducing oxygen to
superoxide radicals that inactivates SOD enzyme. While,
Abdalla et al.11 found that there is no significant effect of
smoking on the activities of SOD and the effect was mainly
due to exposure to pesticides, as SOD was significantly
inversely correlated with the duration of exposure to
pesticides.

454



J. Biol. Sci., 18 (8): 450-457, 2018

Therefore, the present study noticed that oxidative stress
was due to exposure to pesticides, in addition to the
significant effect of smoking. This could be attributed to their
wrong habits inform of smoking and having meals during
working while applying pesticides. The same habits were
detected in several studies44-46. This habits increase the risk
from occupational exposure to pesticides.

Several studies denoted that pesticides could cause
significant decreases of the reproductive male hormones;
testosterone, LH and FSH47-49. Joshi and Sharma49 attributed
their results to the reduction in AChE activity due to pesticides
and the blockage of nerve impulses, that may alter the release
of pituitary hormones, namely FSH and LH. But in the present
study, even there was significant reduction in AChE, there was
significant elevation in FSH among the smoker workers
compared   to   non-smoker   workers   and   the   controls
(smoker and non-smoker). This could mean that smoking in
combination with pesticides exposure had an adverse effect
on FSH. Current results were partially agreed with the findings
of Miranda-Contreras et al.50. They mentioned that there was
a tendency for the increase FSH levels in pesticides exposed
population, but they added that LH was also increased. The
concentration of LH was not significantly affected in the
present study, as there was no significant different between
the workers and their controls; whether smokers or none. Also,
the included sex hormones had no significant relation with the
levels of AChE and BuChE.

Halmenschlager  et  al.51  found  that  there  was  no
association  between  smoking  and  male  reproductive
hormones, as there is no association between the increased
pack-years of smoking and increased odds ratio for occurrence
of low FSH, LH and testosterone. While, Svartberg and Jorde52

found that testosterone was significantly correlated with the
number of cigarettes smoked daily. It was found also that
pesticides inhibit the non-specific esterase activity in Leydig
cells that result in reduced testosterone production53. But
present results revealed that testosterone was not significantly
affected by occupational exposure to pesticides or smoking.
Therefore, this study revealed that the combined exposure to
pesticides and smoking may have no significant effect on LH
and testosterone concentrations. This is in agreement with
several studies54-56, they reported that levels of total
testosterone unchanged in male smokers and disagree with
other studies which have reported that smoking may
stimulate release of testosterone production not only by
chronic mechanisms but also by acute one57,58.

The present results revealed that the included male
reproductive hormones; LH and testosterone were not
significantly correlated with MDA, while, FSH was significantly
correlated with it. The FSH and LH were found to be

significantly correlated with SOD, but testosterone did not
correlate with any of the antioxidant enzymes.

CONCLUSION AND RECOMMENDATIONS

From that it was concluded that, occupational exposure
to pesticides could lead to significant oxidative stress.
Smoking has a synergistic oxidative stress effect with the
occupational exposure to pesticides on FSH. It seemed that
SOD and GST play important roles in antagonizing this
oxidative stress among the examined pesticides workers.

This study discovered the synergistic oxidative stress of
exposure to smoking and pesticides, that can be beneficial for
reduction of the oxidative stress due to occupational exposure
to pesticides through cessation of smoking of the exposed
workers. This study will help the researcher to uncover the
critical areas of the significant effect of occupational exposure
to pesticides on male reproductive hormones without
significant correlation with the duration of occupational
exposure that many researchers were not able to explore in
the previous study. Thus a new theory on the synergistic
oxidative stress of smoking and exposure to pesticides may be
arrived at.

SIGNIFICANCE STATEMENT

This study showed that pesticides are highly toxic to living
organisms they represent a major concern for human health
and contribute significantly to many diseases and other
chronic health effects. The study contributes to the effective
monitoring not of agricultural environment only, but of all the
public health and raising awareness on the hazards of using
pesticides to human health and other living organisms.
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