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ABSTRACT ARTICLE HISTORY
Background and aims: Pesticides are nowadays known as one of the most important causes of Received 25 February 2023
human disorders worldwide. The aim of the present study was to investigate the role of organo- Revised 3 September 2023

chlorine pesticides (OCPs) and organophosphorus pesticides (OPPs) in the development of lung ~ Accepted 5 November 2023
cancer.

Methods: We determined the levels of seven derived OCP residues (a-HCH, B-HCH, y-HCH, 2,4 XcEeYt;\I,ﬁglli)nsesterase' lung
DDT, 4,4 DDT, 2,4 DDE, and 4,4 DDE) and enzymatic antioxidant biomarkers including paraoxo- cancer; organochlori’ne;
nase-1 (PON-1), erythrocyte’s acetylcholinesterase (AChE), glutathione peroxidase (GPx), super- organophosphorous; oxida-
oxide dismutase (SOD), catalase (CAT), and non-enzymatic antioxidant biomarkers, including tive stress; pesticides
total antioxidant capacity (TAC), protein carbonyl (PC), malondialdehyde (MDA), and nitric oxide

(NO) in the blood samples of 51 lung cancer patients and 51 healthy subjects as controls.

Furthermore, the effects of OPP exposure on the development of lung cancer and oxidative

stress (OS) are indirectly assessed by measuring AChE and PON-1 enzyme activities.

Results: The average values of all the measured OCPs were significantly higher in lung cancer

patients when compared with healthy control subjects (p < 0.05). AChE, PON-1, GPx, and CAT

activity levels, as well as the amounts of PC, MDA, and NO were higher in patients with lung

cancer than in the control subjects (p < 0.05), while TAC values were lower in the patients.

Moreover, our data showed a significant association between OCP concentrations and OS

parameters (p < 0.05).

Conclusion: The results suggest that OCPs and OPPs may have a role in lung cancer incidence

in southeastern Iran, and at least one of the mechanisms by which OCPs and OPPs may contrib-

ute to increasing the development of lung cancer in the studied area is through OS generation.

Introduction In other words, this disease is transforming into a
major health problem (Mao et al. 2016). Despite recent
advances in cancer diagnosis and treatment (Mirzaei
et al. 2018, Mardani et al. 2019), this illness is still one
of the major challenges in medical science
(Tahmasebi-Birgani et al. 2019). Thus, to combat can-
cer as a serious disease, the best strategy is control
and prevention (Cramb et al. 2015). Notably, the eti-
demiological studies, over 200000 new cases of lung ology and pathophysiology of lung cancer are not
cancer were recently diagnosed in the United States  fylly elucidated. Therefore, identifying risk factors for
(Rybarczyk-Kasiuchnicz & Ramlau 2018, Barta et al.  lung cancer is critical in preventing and controlling
2019). Indeed, the number of patients with lung can-  the disease. However, in recent years, accumulated
cer will increase exponentially without urgent action. evidence has shown that environmental and lifestyle

In the world’s population, one of the most common
cancers is lung cancer, which is the prominent reason
for mortality (Barta et al. 2019). It has even been
reported that lung cancer in comparison to breast
cancer may cause more deaths in women (Cronin
et al. 2006, Siegel et al. 2018). Based on yearly epi-
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factors contribute to the development of lung cancer.
These factors include tobacco smoking (Miranda-Filho
et al. 2019), family history (Cannon-Albright et al.
2019), sex (Boice et al. 2022), obesity (Yang et al.
2013), alcohol (Wei et al. 2018), and environmental
chemicals (Luo et al. 2011).

Moreover, it has been proven that there is a direct
relationship between exposure to pesticides and can-
cer. In this regard, investigators have found that pesti-
cides, as environmental chemicals, increase the
vulnerability to cancer. Pesticides have been widely
used in various fields, especially in agriculture to elim-
inate insects, weeds, and fungi in order to improve
agricultural products in terms of quality and quantity
(Jayaraj et al. 2016).

A growing interest has recently been attracted to
the main groups of pesticides including organochlor-
ines (OCPs) and organophosphates (OPPs) as risk fac-
tors for cancer (Martin et al. 2018, Salimi et al. 2023).
Our previous studies have shown that OCPs and OPPs,
as new environmental risk factors, can predispose indi-
viduals to cancers such as breast (Paydar et al. 2018),
bladder (Mortazavi et al. 2019), and colorectal cancer
(Abolhassani et al. 2019).

Dichlorodiphenyltrichloroethane (DDT), hexachloro-
cyclohexane (HCH) and their derivatives, and chlori-
nated cyclodiene, are three members of the OCP
family that have a long half-life and are hard to break
down in the environment and foods (Pirsaheb et al.
2015, Paydar et al. 2019). Due to their high accumula-
tion and persistence in the body, the use of OCP fam-
ily pesticides has been banned since the 1980s (He
et al. 2017, Paydar et al. 2019). Pesticides absorbance
and accumulation via inhalation, skin, Gl and etc.
which are circulated in body and in the following, the
pesticides arrive in lung cells, eventually the pesticides
can reach the lung cells via different pathways (Jayaraj
et al. 2016). Moreover, it has been proven that OCP
accumulation in the animal and human body for a
long time can induce oxidative stress (OS), which leads
to oxidant-antioxidant imbalance as well as disruption
of cellular signaling (Pirsaheb et al. 2015, He et al.
2017). Interestingly, ROS dose-dependently play an
important role in the process of apoptosis. As it has
been shown that elevating ROS induces apoptosis, a
level of ROS can increase the ability of cell survival
and inhibit apoptosis (Lima et al. 2019, Wang et al.
2021).

Also, it has been reported previously, oxidative
stress enhances the incidence of apoptosis, and an
imbalance in apoptosis may cause many diseases
including cancer. Interestingly, ROS dose-dependently

play an important role in the process of apoptosis. As
it has been shown that elevating ROS induced apop-
tosis, but moderate level of ROS can increase the abil-
ity of cell survival and inhibit apoptosis (Lima et al.
2019).

As it is well known, due to the harmful effects of
ROS on important cellular structures like proteins, lip-
ids, and nucleic acids, oxidative stress can be respon-
sible, with different degrees of importance, in the
onset and/or progression of several diseases such as
cancer, diabetes, metabolic disorders, atherosclerosis,
cardiovascular diseases, ischemia, failures in immunity,
endocrine functions and etc. The exact mechanisms
for any disease depend on oxidative stress parameters,
organs, the amount and duration of OS, among many
other factors. On the other hand, there are huge pub-
lished articles regarding the role of OS in onset and/or
progression of different diseases (Rajendran et al.
2014). Previous studies have shown that OS is closely
related to numerous diseases such as cancer, cardio-
vascular diseases, and diabetes (Moohebati et al. 2011,
Abolhassani et al. 2019).

OPPs are volatile pesticides that contain phos-
phorus in their structure (Deng et al. 2015). A remark-
able number of studies have demonstrated that OPPs
are able to decrease acetylcholinesterase (AChE) activ-
ity by binding to the enzyme’s active site and phos-
phorylating it. Therefore, OPPs can exert pernicious
and pervasive influences on the cholinergic system
(Rui et al. 2018, Valdez et al. 2021). Due to the
volatility of these compounds, it is difficult to measure
them directly. Accordingly, the evaluation of AChE
activity in red blood cells (RBCs) is broadly used to
assess exposure to OPPs and OCPs (Majidi et al. 2018).

Since Kerman Province is the leading agricultural
hub of southeastern Iran, there is an increasing con-
cern about myriad potential biological activities and
the side effects of these extensively used pesticides
(Rezaeigolestani and Hashemi 2018, Hadian et al.
2019). Moreover, in previous studies, we have shown a
high degree of contamination by OCPs and OPPs in
cancer patients (Abolhassani et al. 2019, Mortazavi
et al. 2019, Paydar et al. 2019) in Kerman Province.

Despite the increasing rate of lung cancer incidence
in Kerman, major causes of the disease and associated
risk factors have not yet been comprehensively investi-
gated. Here, we evaluated the serum levels of some of
well-known OCPs in the serum of patients with lung
tumors, and investigated the potential link to the
deregulation of anti-oxidant mechanisms. This study
aimed to evaluate the serum OCP levels (including
o-HCH, B-HCH, y-HCH, 2,4 DDE, 4,4 DDE, 2,4 DDT, and



4,4 DDT) in lung cancer and healthy subjects in south-
eastern Iran to assess whether lung cancer risk can be
related to serum OCP and OPP levels. To this end, we
also investigated the effects of OPPs and OCPs on OS
status in lung cancer and healthy subjects via the
evaluation and comparison of non-enzymatic antioxi-
dants, including nitric oxide (NO), malondialdehyde
(MDA), and protein carbonyl (PC), and antioxidant
enzyme activities, including catalase (CAT), superoxide
dismutase (SOD), and glutathione peroxidase (GPx)
activities, along with the activity of paraoxonase-1
(PON-1) and AChE in the lung cancer patients and
control subjects.

Materials and methods
Samples and data collection

The current case-control study was conducted on 51
patients newly diagnosed with lung cancer in
Afzalipoor Hospital of Kerman University of Medical
Sciences, Kerman, Iran (July 2017-May 2019). The con-
trol group included 51 healthy individuals with no evi-
dence of any disease. The diagnosis of lung cancer
was established by a lung imaging fluorescence endo-
scope device and whole-body positron emission tomo-
graphic imaging.

All of the participants (male and female) in this
study were newly diagnosed. In addition, none of
them had a history of chronic and autoimmune dis-
eases, alcohol consumption, or hormone therapy, and
they were not using any vitamin and iron supplemen-
tations. All participants signed a written consent form
and the patient’s refusal to participate in the study
was one of the exclusion criteria. Moreover, patients
who had a history of exposure to ionizing radiation or
those who were consuming vitamin and iron supple-
mentations were excluded from the study.

The participants in the control group had no history
of cancer or acute and chronic diseases based on clin-
ical records, lung imaging fluorescence endoscopy,
and whole-body positron emission tomographic imag-
ing. Moreover, they were not taking antioxidant sup-
plements, smoking, or consuming alcohol. In the
present study, patients were matched to controls
based on smoking. The Declaration of Helsinki was
used as the cornerstone document for instructing the
ethical standards to physicians and participants. The
research was approved by the ethics board of Kerman
University of Medical Sciences (Code No:
IR.KMU.REC.1398.335).

A questionnaire was used to collect the demo-
graphic data. First, 10ml of venous blood was
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collected from the participants. Then 0.5ml of the
blood sample was transferred to EDTA tubes (to meas-
ure AChE) and the remnants were transferred to tubes
without anti-coagulation substances. Next, the serum
was separated via centrifugation (10 min at 3000 rpm).
The serum samples were transmitted to a sterile sam-
ple tube holder and were kept at —70°C until further
analysis.

Biochemical parameters

Total cholesterol (TC), triglyceride (TG), and high-dens-
ity lipoprotein-cholesterol (HDL-c) serum levels were
measured by standard kits (Pars Azmoon, Tehran, Iran)
using an autoanalyzer (Selectra-XL, Vital Science;
Netherlands) in a standard laboratory setting. In HDL
measurement, antibodies against human lipoproteins
LDL, VLDL and chylomicrons are blocked, and only
HDL-c concentration is specifically calculated through
enzymatic measurement of cholesterol. For cholesterol
determination, hydrogen peroxide produced as a
result of hydrolysis and oxidation of cholesterol, along
with phenol and 4-amino antipyrine, forms quinonei-
mine in the vicinity of peroxidase enzyme. The
amount of formed quinoneimine, which can be meas-
ured photometrically, has a direct relationship with
the amount of cholesterol.

Measurement of quantity of triglycerides, glycerol is
separated from fatty acids by the enzyme lipoprotein
lipase, and then during the following steps, the hydro-
gen peroxide released from glycerol forms quinonei-
mine with 4-aminoantipyrine and phenol in the
vicinity of the peroxidase enzyme. The amount of
formed quinoneimine, which can be measured photo-
metrically, has a direct relationship with the amount
of triglycerides.

The levels of low-density lipoprotein-cholesterol
(LDL-c) were determined by the Friedewald equation
(Rifai 2022).

Measurement of erythrocyte AChE activity

Hyamine 1622, acetylcholine iodide, and 5, 5-dithio-
bis-2-nitrobenzoic acid (DTNB) were obtained from
Sigma (Saint Louis, MO, USA). Ellman’s modified pro-
cedure was used to calculate AChE activity in the
erythrocytes of all samples (Worek et al. 1999) as
described elsewhere (Paydar et al. 2018, Abolhassani
et al. 2019, Mortazavi et al. 2019). First, 6 ml of distilled
water was used to dilute 100 pL of erythrocytes which
were washed by normal saline. Next, the reaction buf-
fer (containing 0.28 mmol DTNB, 3.2mmol
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acetylcholine iodide, and 20 uM quinidine sulfate) was
used to incubate 100 uL of the diluted sample at 37°C
for 10min. Finally, to stop the reaction, 1ml of
Hyamine 1622 was added to the solution. 5-thio-2-
nitrobenzoic acid (with maximum absorbance at
440 nm) was the product of the reaction between thi-
ocholine and the chromophore DTNB (Worek et al.
1999).

Assessment of the arylesterase activity of PON-1

Phenylacetate (a substrate of arylesterase activity) was
purchased from Sigma Chemical Co. (Saint Louis, MO,
USA). Serum arylesterase activity of PON-1 was calcu-
lated based on the procedure as described elsewhere
(Paydar et al. 2018, Abolhassani et al. 2019, Mortazavi
et al. 2019). First, the rate of phenylacetate hydrolysis
was assessed in order to determine arylesterase activ-
ity. Afterward, the substrate (2mM phenylacetate),
2mM CaCl, (Merck, Darmstadt, Germany), and 10 uL of
serum in  100mM Tris-HCl (Merck, Darmstadlt,
Germany) (pH = 8.0) were used to prepare the reac-
tion mixture. The incubation process of the mixture
was performed for 3min at 37°C. Finally, the level of
phenylacetate hydrolysis was evaluated at 270 nm.

Measurement of MDA

MDA is a compound that can be evaluated as a lipid
peroxidation index. The thiobarbituric acid (TBA) assay
is used for evaluating this substance as described else-
where (Paydar et al. 2018, Abolhassani et al. 2019,
Mortazavi et al. 2019). In the presence of the trichloro-
acetic acid (TCA)-TBA-hydrochloric acid (HCL) reagent,
MDA reacts with TBA and produces a pink color. To
perform the assay, 200 uL of the solution buffer was
added to 100 puL of serum and the absorbance was
measured at 535 nm (Buege and Aust 1978).

Total antioxidant capacity (TAC) assay

The procedure suggested by Benzie and Strain (1996)
was used to evaluate the ferric-reducing ability of
plasma (FRAP) (Benzie and Strain., 1996). Plasma is
capable of reducing ferric tripyridyltriazine (Fe Ill-
TPTZ) complex to an intense blue-colored ferrous (Fe
I) form at low pH. The maximum absorbance of this
complex is at 593 nm and the blue color intensity is
relative to the antioxidant capacity of the sample as
explained in prior research (Paydar et al. 2018,
Abolhassani et al. 2019, Mortazavi et al. 2019). Briefly,
70 uL of the FRAP reagent and 5uL of serum were

mixed. Blank was distilled water; the mixture was incu-
bated at 37°C for 5min, and the absorbance was
determined at 593 nm. The FRAP values are expressed
in micromolar (uM).

SOD activity measurement

The total SOD activity was measured according to the
Randox kit protocol (UK; Cat NO.RS504). SOD functions
as a catalyst in the dismutation of the superoxide rad-
ical (Oy) into hydrogen peroxide (H,0,) and elemental
oxygen (O,). In the Randox assay kit, superoxide ions
(O5), which are produced either by xanthine oxidase
(XOD) or through the conversion of xanthine to uric
acid and hydrogen peroxide, are responsible for con-
verting nitroblue tetrazolium (NBT) to NBT-diformazan.
Briefly, 250uL of the work solution was added to
10 puL tNBT-diformazan, which absorbs light at 560 nm.
SOD lowers the speed of NBT-diformazan formation
by reducing the concentration of superoxide ions.
SOD activity is measured by calculating the level of
reduction that happens in the presence of NBT-difor-
mazan in an experimental sample.

Determination of GPx3 activity

The GPx assay was conducted via the method
described by Paglia and Valentine (Paglia & Valentine
1967) using the Randox kit (UK; Cat NO.SD125). The
Randox GPx assay kit measures GPx activity indirectly
by a coupled reaction with glutathione reductase (GR).
GR is an enzyme responsible for regenerating the
reduced form of oxidized glutathione (GSSG), which is
generated when GPx produces an organic peroxide.
The absorbance decreases at 340nm (A340) when
NADPH oxidizes to NADP+, which is a spectrophoto-
metric means for measuring the activity of the GPx
enzyme. Briefly, 10pL of serum was added to the
work solution that was included in the kit.

Determination of CAT activity

CAT activity was determined according to the method
described by Sinha (Sinha 1972) with minor modifica-
tions. Briefly, the reaction mixture, which contained
phosphate buffer (50 mM; pH 7.4), 30mM H,0,, and
the dichromate/acetic acid solution (5% aqueous solu-
tion of potassium dichromate in distilled water +
150 ml of glacial (98-100%) acetic acid), was heated
for 10min in a boiling water bath in separate tubes
for each sample. Then H,0, was added to 100 uL of
serum. After that, dichromate/acetic acid were added.



The absorbance of samples was measured at 570 nm
by a spectrophotometer (Sinha 1972).

PC assay

The measurement of PCs following their covalent reac-
tion with 2,4-dinitrophenylhydrazine (DNPH) was pio-
neered by Levine et al. (1990). Since PCs react with
DNPH, this method is a suitable approach for their
identification. This procedure involves treating pro-
teins that are oxidatively modified (40.5 mg of protein)
with 10 mM DNPH for 1 h. Briefly, 400 pL of DNPH was
added to 100 uL of the serum sample. Then proteins
were precipitated by adding 20% TCA to the solution.
After that, precipitates were washed three times with
ethanol-ethyl acetate (1:1), and the final precipitate
was dissolved in 6 M guanidine. Finally, the absorb-
ance of the 2,4-dinitrophenyl (DNP) hydrazones was
measured at 370 nm (Levine et al. 1990).

The biological activity of nitrite and nitrate

The Griess method was used to measure the level of
NO in serum. Since deproteinization is a crucial step in
this measurement process, serum deproteinizing was
initially performed using ZnSO, in the presence of
0.3M NaOH. Then vanadium (lll) chloride (VaCls)
(which converts nitrate into nitrite) and the Griess
reagent (2% sulfanilamide in 5% phosphoric acid and
0.1% N-(1-naphthyl) ethylenediamine dihydrochloride
(NEDD) in deionized water) were mixed with the
deproteinated serum, and the mixture was incubated
at 37°C for 30 min. Finally, optical density (OD) meas-
urement was performed at 540 nm (Yucel et al. 2012).

Measurement of OCPs

The standards of OCPs, including o-HCH, B-HCH,
v-HCH, 2,4 DDT, 4,4 DDT, 2,4 DDE, and 4,4 DDE, and
the internal standard (4,4-dichlorobenzophenone, DBP)
were obtained from Ehrenstorfer Company (Germany).
n-hexane, anhydrous sodium sulfate, and ethyl acetate
were purchased from Merck (Germany), and sulfuric
acid was obtained from Scharlab (Spain).

A gas chromatographic (GC) analyzer (Agilent
7890 A, USA), which was coupled to a flame ionization
detector (FID), was used to measure and detect the
residues of serum OCPs in all the participants. It has
been suggested a modified method for identifying
OCP residues as described elsewhere (Paydar et al.
2018, Abolhassani et al. 2019, Mortazavi et al. 2019).
First, the internal standard (DBP) was mixed with
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0.5ml of serum. The extraction of samples was
repeated twice with 2ml of hexane. Then, 200 puL of
concentrated sulfuric acid was added to combined
extracts in order to separate the organic part. Next,
100mg of anhydrous sodium sulfate was used to
dehydrate this organic part, and centrifugation was
performed at 3000g. After that, the transferred
organic layer was completely concentrated at room
temperature. Eventually, 100 uL of ethyl acetate was
added to each sample in order to dissolve the
extracted OCPs. GC-FID and capillary columns (HP-5)
are reported as analytical methods for the identifica-
tion of OCPs. The retention time (used for qualitative
analysis), peak area (used for quantitative analysis),
and the internal standard method were utilized to cal-
culate the serum levels of OCPs. Therefore, a set of
OCP standard solutions with certain concentrations
(0.78, 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200, and
400 pg/mL) was prepared and then equal levels of
DBP (100 ng/mL) were added to each OCP standard
solution. Afterward, the peak areas of OCP standards
and DBP were calculated, and calibration curves were
obtained for each OCP compound, displaying the ratio
of the peak area of the OCP standard to that of the
internal standard versus the concentration. The peak
areas of the OCPs and the internal standard for
unknown samples were calculated and the ratio of the
peak area was reported. In the final step, the OCP
standard curves were used to determine OCP concen-
trations. The analytical limit of detection (LOD) was
estimated to be 0.9ng/mL for a-HCH, 0.56 ng/mL for
B-HCH, 0.31 ng/mL for y-HCH, 0.59 ng/mL for 2,4 DDE,
0.68 ng/mL for 4,4 DDE, 0.29 ng/mL for 2,4 DDT, and
0.58 ng/mL for 4,4 DDT.

Quality assurance and quality control (QA/QC)

QA/QC was maintained to ensure the accurate quanti-
fication of OCPs. All the samples were analyzed in trip-
licate, as well as field blanks and equipment blanks.
All the reported analytical results are the average of
three values so that method performance can be eval-
uated. In this regard, a set of pesticide standard solu-
tions with known concentrations (0.05, 0.1, 0.5, 0.75, 1,
2, 4,8, 16, 25, 50, 100 png/L) were spiked in the pooled
sample, and the calibration curves were obtained.
Procedure blanks were prepared using ethyl acetate
and routinely analyzed to check for inlet, column, and
detector contamination during extraction and injection

processes, examine the cross-contamination, and
monitor the background contamination of the
instrument.



6 (&) G.ASADIKARAM ET AL.

Statistical analysis

Mean + standard error of the mean (SEM) is used to
represent all continuous variable data and numbers
(percentages) are used to represent categorical varia-
bles. The Kolmogorov-Smirnov test was used to assess
data distribution. One-way ANOVA or Kruskal-Wallis
with post-hoc Tukey and Mann-Whitney U tests, as
well as the chi-square test, were used to analyze the
differences between the groups. Pearson and
Spearman’s rho correlation coefficients were employed
to manifest the correlations between continuous varia-
bles. In the present study, linear regression was carried
out to determine the effects of OCPs (as independent
variables) on OS development (as a dependent vari-
able). The associations between continuous OCP con-
centrations and OS parameters in all plasma samples
were explored using multivariable linear regression
models. The associations between lung cancer devel-
opment and OCPs were evaluated by the continuous
logistic regression model based on adjustments for
body mass index (BMI) and total lipids. The present
study assessed exposure as a categorical variable, by
classifying each OCP as quartiles of exposure in the
study population. For each OCP, we determined the
odds ratios (OR) for lung cancer, comparing each quar-
tile with quartile 1. SPSS software version 22.0 for
Windows (SPSS Inc., Chicago, IL) was applied for the
statistical analyses. P values < 0.05 were considered
statistically significant. All measurements for the
studied pesticides were detected above the LOD. The
measurement of LOD was based on the standard devi-
ation of the regression line and the slope of the cali-
bration curve. Moreover, we used both wet-weight
concentrations adjusted for serum cholesterol and TG
and lipid-standardized concentrations by dividing wet-
weight concentrations by total lipids. Total lipids were
calculated using the following formula: Total lipids
(mg/dL) = 2.27 x total cholesterol + TG + 62.3 (Phillips
et al. 1989). In addition to the individual OCPs, we cal-
culated the molar sums (mmol/L) of DDT and its
metabolites (24 DDT and 4,4 DDT), PHCHs (a-HCH,
B-HCH, y-HCH), and DDE (2,4 DDE and 4,4 DDE) using
a previously reported method (Kobrosly et al. 2014).

Results
Demographic variables and clinical characteristics

The current case-control study was performed at
Afzalipoor Hospital, Kerman, Iran, from February 2018
to September 2019. The study included 51 patients
with pathologically confirmed lung cancer and 51

healthy individuals as the case and control groups,
respectively. Notably, the two groups were matched in
terms of age and gender. The mean age of the partici-
pants was 65.50+15.01years for the lung cancer
group and 63.15+9.60years for the control group,
which did not differ significantly. In the lung cancer
group, there were 38 male subjects (74.5%) and 13
female subjects (25.5%). There were 39 male subjects
(76.5%) and 12 female subjects (23.5%) in the control
group. Sociodemographic variables and clinical fea-
tures of the study participants are shown in Table 1.
About 49% of the participants were current smokers;
51.02% (25 out of 51) of the lung cancer patients and
48.98% (24 out of 51) of the control patients were cur-
rently smoking. A total of 58 individuals were active in
the agricultural sector (farming), including 35 (60.34%)
subjects with lung cancer and 23 (39.66%) subjects in
the control group. As shown in Table 1, BMI
(p=0.001), education (p=0.04), farming (p=0.016),
living region (p=0.028), TG levels (p=0.022), and
cholesterol levels (p =0.012) in patients with lung can-
cer indicated significant differences compared to the
control group. Other sociodemographic variables and
clinical characteristics, such as smoking, HDL-C, LDL-C,
and total protein, did not show any significant differ-
ences between patients with lung cancer and the con-
trol group. In addition, clinical and sociodemographic
parameters were separately compared between men
and women in the two groups (Table 1).

Oxidant and antioxidant parameters

To evaluate oxidant and antioxidant conditions, MDA,
TAC, NO, and CP levels as well as the activity of SOD,
GPx, AChE, PON-1, and CAT were assessed in patients
with lung cancer and the healthy control group. As
shown in Figure 1, the mean SOD activity level was
not significantly different between the two groups
(p=0.23). However, according to this figure, AChE,
PON-1, CAT, and GPx activity levels in patients with
lung cancer were significantly lower than those in the
control subjects (p <0.001, p<0.001, p=0.001, and
p < 0.005, respectively). Similarly, the results showed a
significant decrease in TAC values in patients with
lung cancer compared to healthy control subjects
(p <0.001). Moreover, Figure 1 shows the comparison
of oxidant and antioxidant parameters between men
and women in the two groups separately. As
observed, the mean GPx activity level was not signifi-
cantly different between the female participants in the
two groups (p=0.28). In addition, Figure 1 indicates
that the mean PC, MDA, and NO concentrations were
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Table 1. Comparison of demographic and other characteristics of participant between lung cancer and

control subjects.

Case (%) Control (%)
(n=51) (n=51) p Value
AGE (years) Female 64.00 + 13.32 64.08 +5.90 0.98
Male 66.02 +£15.68 62.87£10.53 0.32
Total 65.50+15.01 63.15+9.60 0.34
GENDER Female 13 (25.5) 12 (23.5) 0.81
Male 38 (74.5) 39 (76.5)
BMI Female 29.48 £3.42 24.50+4.73 0.006
Male 27.80+£3.63 25.42+3.85 0.007
Total 28.22 +£3.62 25.20+4.04 <0.001
SMOKING YES 25 (49) 24 (47.1) 0.84
NO 26 (51) 27 (52.9)
EDUCATION illiterate 23 (45.1) 14 (27.5) 0.04
less than high school 21 (41.2) 20 (39.2)
High school diploma 7 (13.7) 17 (33.3)
FARMING YES 35 (68.6) 23 (45.1) 0.016
NO 16 (31.4) 28 (54.9)
REGION North of Kerman 17 (33.3) 28 (54.9) 0.028
South of Kerman 34 (66.7) 23 (45.1)
Pathology status Squamous cell carcinoma 27 (52.9) None None
Adenocarcinoma 24 (47.1) None
TG (mg/dl) Female 173.76 £53.92 144.83 + 40.94 0.147
Male 17334 £ 42.46 14494 +82.77 0.06
Total 173.45 +45.07 144,92 +74.67 0.022
Cholesterol (mg/dl) Female 164.30 £26.75 162.50 £ 36.58 0.88
Male 164.55 +25.61 146.87 + 26.44 0.004
Total 164.49 +25.63 150.54 £29.51 0.012
HDL (mg/dl) Female 47.92+10.15 39.39+7.24 0.025
Male 41.65+10.39 46.73£10.92 0.04
Total 43.25+10.59 45.00+11.32 0.405
LDL (mg/dl) Female 78.55+25.89 94.97 +35.22 0.19
Male 86.12 +28.06 71.14+27.16 0.02
Total 84.19+24.47 76.75+30.63 0.20
Total Protein (g/dl) Female 7.73+1.23 7.61+1.33 0.82
Male 8.16 £ 1.51 74+£155 0.054
Total 8.05+1.45 7.51+1.49 0.066

Data are expressed as numbers of individuals or means+SEM and comparisons were made by the Chi-square test or
Student’s-sample t-test, respectively. TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; BMI
increased significantly in the patients compared to the control group. The participants with higher educational level were
also observed in the control group. In addition, farming experience and TG and cholesterol levels were significantly higher
in the patient group than the control group. The HDL level was significantly lower in healthy female compared to female

with lung cancer.

statistically higher in lung cancer patients compared
to the healthy controls (p<0.001 for the three
comparisons).

OCPs

Gas chromatography was used to measure the level of
seven OCP derivatives including 2,4 DDE, 2,4 DDT, 44
DDT, 4,4 DDE, a-HCH, B-HCH, and y-HCH in patients
with lung cancer and healthy controls. As shown in
Table 2, the mean levels of all OCPs were significantly
higher in patients with lung cancer in comparison
with healthy control subjects (p < 0.001 for all compar-
isons). Table 2 also compares the summation of HCH,
DDE, and DDT subtypes as well as the summation of
all OCP concentrations between men, women, and all
the subjects of both groups separately.

The scatter dot plot was employed to more clearly
depict the distribution of OCPs in patients with lung
cancer and healthy control subjects (Figure 2). It is

apparent from this plot that the distribution of all the
OCPs in patients with lung cancer was significantly
higher than the healthy controls.

Correlation analysis

Spearman correlation was applied to evaluate the
association of the sociodemographic variables and oxi-
dant and antioxidant parameters with OCP levels in
patients with lung cancer (Tables 3 and 4).

Table 3 presents the overall correlations between
the studied parameters. As indicated by the results,
AChE activity was negatively correlated with NO levels
(r=-0.280; p<0.05), SOD3 activity (r=-0.285;
p <0.05), and BMI (r=-0.346; p <0.05). In addition,
PON-1 had a significant positive correlation with GPx3
activity level (r=0.281, p < 0.05) and CAT activity level
(r=0.305; p<0.05). Moreover, MDA levels showed a
significant  positive association with PC levels
(r=0.287; p < 0.05) and BMI (r=0.297; p<0.01), and a
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Figure 1. The charts display information about some OS factors in lung cancer and healthy subjects. (a) AChE activity was signifi-
cantly decreased in the patient groups compared to the control group. (b) Decreased PON1 arylesterase activity in the patient
group compared to the control subject. (c) The levels of TAC (uM) of lung cancer were significantly decreased in comparison to
the healthy control. (d) With respect to the SOD3 bar chart, the SOD3 activity in the patient group was not different from the con-
trol group. (e) The mean serum activity of GPx3 decreased in the lung cancer than the control group excluding female. (f) CAT
activity was significantly lower in the patient group than in the control group. (g) The levels of MDA (uM/ml) in lung cancer were
significantly increased in comparison to the healthy control. (h) The levels of NO (umol/L) of lung cancer were significantly
increased in comparison to the healthy control. (i) The levels of protein carbonyl (nmol/mg protein) of lung cancer were signifi-
cantly increased in comparison to healthy controls.

negative correlation with CAT activity (r=-0.314; 2,4 DDT (r=-0.303; p < 0.05), and 4,4 DDT (r=-0.459;
p <0.05). TAC had a significant positive relationship ~ p < 0.01) were negatively correlated with AChE activity.
with CAT activity (r=0.288; p<0.05) and age However, B-HCH (r=-0.320; p<0.05), vy-HCH
(r=0.296; p <0.05). NO was positively correlated with (r=-0.348; pP < 0.05), 2,4 DDE (r=-0.325; p<0.05),
PC (r=0.396; p<0.01) and BMI (r=0.324; p <0.05). 4,4 DDE (r=-0.394; p < 0.01), and 2,4 DDT (r=-0.385;
Furthermore, a negative significant correlation was  p < 0.01) had a negative correlation with PON-1 activ-
seen between CAT activity and BMI (r=-0.439; ity. Furthermore, 2,4 DDE (r=0.327; p <0.05) and 4,4
p <0.01). DDT (r=0.461; p<0.01) exhibited a positive signifi-

In addition, the results indicated that y-HCH cant association with MDA levels. Moreover, TAC had
(r=-0.283; p<0.05), 44 DDE (r=-0.325; p<0.05), a significant negative correlation with o-HCH



Table 2. The OCPs (ng/ml and ng/g lipid) levels in lung cancer and controls.
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Measured Above Case (51) Control (51)
Groups LOD Mean + SEM Median Mean + SEM (ng/ml) Median
Parameters LOD (ng/ml) Number (%) (ng/ml) (Min-Max) (ng/glipid) (Min-Max) p Value
o-HCH (ng/ml) 0.90 92 (90.19) <0.001
Male (1.34+0.34) 2.44 (0.01-4.05) (0.88+0.12) 1.14 (0.01-2.10)
(37.35+£2.94) (20.48 +1.94)
Female (2.28£0.18) 1.12 (0.01-3.36) (1.03+£0.49) 1.01 (0.01-1.45)
(22.37 £5.90) (15.21+£2.26)
Total (2.04+0.17) 2.36 (0.01-4.05) (1.00 +0.06) 1.04 (0.01-2.10)
(33.53+£2.78) (19.24 £ 1.60)
B-HCH (ng/ml) 0.56 90 (88.23) <0.001
Male (1.59+0.42) 2.96 (0.01-6.19) (0.58+0.1) 0.96 (0.01-1.31)
(46.42 +3.82) (16.732£1.34)
Female (2.79+0.19) 1.01 (0.01-3.49) (0.86 +0.05) 0.45 (0.01-1.04)
(25.11£6.93) (9.78 +£1.58)
Total (2.47 £0.19) 2.89 (0.01-6.19) (0.79+0.05) 0.93 (0.01-1.31)
(40.99 + 3.56) (15.10£1.16)
v-HCH (ng/ml) 0.31 87 (85.29) <0.001
Male (1.11+£0.36) 2.22 (0.01-4.50) (0.52+0.12) 1.13 (0.01-1.47)
(34.97 £2.64) (18.25+1.58)
Female (2.14+0.15) 0.02 (0.01-3.62) (0.93 +0.06) 0.30 (0.01-1.23)
(18.19£5.91) (8.44+191)
Total (1.88+£0.16) 2.14 (0.01-4.50) (0.84 +0.06) 0.96 (0.01-1.47)
(30.69 £ 2.65) (15.94 £ 1.41)
2 HCH
Male (2.84 +0.94) 2.65 (0.01-4.33) (0.97 £0.05) 1.07 (0.05-1.48)
(40.83+2.72) (19.07 £ 1.49)
Female (1.37 £ 1.26) 0.7 (0.01-2.99) (0.68 +0.08) 0.70 (0.2-1.11)
(22.58 +5.84) (11.49+1.24)
Total (220+1.13) 2.60 (0.01-4.33) (0.90+0.05) 0.97 (0.05-1.48)
(36.18 £2.72) (17.29+£1.25)
2,4-DDE (ng/ml) 0.59 89 (87.25) <0.001
Male (2.77 £0.24) 2.73 (0.01-8.52) (1.20+0.11) 1.23 (0.01-2.89)
(46.72 £4.85) (22.68 +2.36)
Female (1.77 £0.36) 2.03 (0.01-4.42) (0.90+0.18) 0.92 (0.01-2.01)
(28.56 £5.62) (15.79 £ 3.66)
Total (2.51+£0.21) 2.58 (0.01-8.52) (1.18 +£0.08) 1.12 (0.01-2.89)
(42.09 £4.02) (21.06 +2.02)
4,4-DDE (ng/ml) 0.68 84 (82.35) <0.001
Male (4.02+0.23) 4.54 (0.44-6.75) (1.28 £ 0.08) 1.45 (0.01-2.11)
(65.36 + 3.87) (24.92 +£2.07)
Female (1.70+0.53) 0.74 (0.01-4.63) (0.87+0.18) 0.81 (0.01-1.74)
(27.91+£8.71) (14.36 £2.77)
Total (3.43+£0.26) 4.24 (0.01-6.75) (1.18 £ 0.08) 1.42 (0.01-2.11)
(55.81+£4.27) (22.44 £1.81)
3. DDE
Male (2.33+0.63) 2.41 (0.01-4.33) (0.85+0.05) 0.92 (0.01-1.40)
(38.54+£1.99) (16.37£1.18)
Female (1.19+0.75) 1.09 (0.01-2.44) (0.61+0.1) 0.69 (0.01-1.10)
(19.41£3.51) (10.37 £ 1.64)
Total (2.04+0.82) 2.31 (2.31-4.33) (0.79 +£0.04) 0.87 (0.01-1.40)
(33.66 +2.08) (14.95+1.04)
2,4-DDT (ng/ml) 0.29 90 (88.23) <0.001
Male (3.51+0.16) 3.87 (0.02-4.74) (1.34+0.07) 1.45 (0.01-1.93)
(58.12 +3.05) (26.08 +1.83)
Female (2.22+0.49) 2.02 (0.01-4.45 (1.11£0.13) 1.28 (0.01-1.64)
(36.30 +8.35) (19.02 £2.23)
Total (3.18+0.19) 3.76 (0.01-4.74) (1.29+0.06) 1.43 (0.01-1.93)
(52.56 + 3.35) (24.42+£1.54)
4,4-DDT (ng/ml) 0.60 86 (84.31) <0.001
Male (4.82+0.24) 4.77 (0.02-9.38) (1.61+0.10) 1.54 (0.01-2.97)
(80.10 £5.06) (31.27 £2.31)
Female (3.50£0.84) 4.50 (0.01-6.68) (1.51+£0.18) 1.71 (0.64-2.34)
(56.43 +£13.29) (25.44+2.49)
Total (4.49+0.28) 4.56 (0.01-9.38) (1.59 +0.08) 1.58 (0.01-2.97)
(74.07 £5.20) (29.89 + 1.88)
% DDT
Male (2.87 £0.57) 2.90 (0.64-4.47) (1.01+0.05) 1.06 (0.15-1.56)
(47.53£2.16) (15.72+£1.29)
Female (1.97 £1.48) 2.53 (0.01-3.60) (0.90+0.10) 1.01 (0.22-1.29)

(31.89+6.74)

(15.29+1.51)

(continued)
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Table 2. Continued.

Measured Above Case (51) Control (51)
Groups LOD Mean + SEM Median Mean £ SEM (ng/ml) Median
Parameters LOD (ng/ml) Number (%) (ng/ml) (Min-Max) (ng/glipid) (Min-Max) p Value
Total (2.64 +0.96) 2.88 (0.01-4.47) (0.99 +0.04) 1.06 (0.15-1.56)
(43.54+£2.50) (18.67 £1.07)
3 OCPs
Male (7.69 +1.83) 7.97 (1.65-11.87) (2.84+0.14) 3.07 (0.21-3.90)
(126.90 + 6.05) (55.16 +£3.59)
Female (4.53+3.16) 5.10 (0.62-8.05) (2.20+0.26) 2.39 (0.51-3.34)
(73.89 + 14.60) (37.16 £3.75)
Total (6.88 £2.6) 7.80 (0.62-11.87) (2.69+0.12) 2.89 (0.21-3.90)
(113.39+6.62) (50.93 +3.06)

Data are expressed as means+ SEM and comparisons were made by using the one-way ANOVA. There were significantly higher levels of a-, - and
v-HCH, 2, 4-DDE, 2, 4-DDT and 4, 4-DDT pesticides in lung cancer as compared to the control group (P < 0.001).

a-HCH: a—Hexachlorocyclohexane; B-HCH: B-Hexachlorocyclohexane; y-HCH: y-Hexachlorocyclohexane; 2,4-DDE: 2,4-Dichlorodiphenyldichloroethylene; 4,4-
DDE: 4,4-Dichlorodiphenyldichloroethylene; 2,4-DDT: 2,4-Dichlorodiphenyltrichloroethane; 4,4-DDT: 4,4-Dichlorodiphenyltrichloroethane.

(r=-0.310; p<0.05), B-HCH (r=-0.394; p<0.01),
v-HCH (r=-0412; p<0.01), 44 DDE (r=-0.437;
p <0.01), and 2,4 DDT (r=-0.434; p <0.01). Data also
showed that the NO level had a direct significant rela-
tionship with B-HCH (r=0.305; p<0.05), 2,4 DDE
(r=0.280; p<0.05), and 4,4 DDT (r=0.516; p <0.01).
It was observed that the PC level was positively corre-
lated with vy-HCH (r=0.327; p<0.05), 24 DDE
(r=0.351; p<0.05), and 4,4 DDT (r=0.512; p<0.01).
The GPx3 activity level had a significant negative rela-
tion with B-HCH (r=-0.437; p<0.01) and vy-HCH
(r=-0.437; p<0.01). Moreover, y-HCH (r=-0.335;
p < 0.05), 44 DDE (r=-0.288; p <0.05), and 4,4 DDT
(r=-0.461; p<0.01) had a significant negative correl-
ation with the CAT activity level. Finally, age was
shown to be negatively associated with B-HCH
(r=-0.336; p<0.05) and 24 DDT (r=-0.388;
p < 0.01).

Figure 3 was presented to demonstrate the associa-
tions between quartiles of > OCPs levels and OS bio-
marker levels. We found that there was in 3rd, and
4th quartile a significant decrease of AChE InPON1
had a significant decrease in the 3rd and 4th quartile
(p < 0.05). SOD3 had no a significant difference when
compared to the baseline. GPx3 had a significant
decrease in the 3rd and 4th quartile (p < 0.05). InCAT
had a significant decrease in the 3rd and 4th quartile
(p <0.05). INTAC had a significant decrease in the 3rd
and 4th quartiles (p <0.05). No significant difference
was observed for MDA. There was in the 3rd and 4th
quartile a significant increase of NO (p < 0.05). PC had
a significant increase in the 3rd and 4th quartiles
(p <0.05).

Table 4 demonstrates the correlation of oxidant
and antioxidant parameters with OCP levels. Data
showed a negative significant association between 4,4

DDE and AChE activity (p=0.011). The results also
indicated that NO and PC levels had a positive correl-
ation with 2,4 DDT (p=043) and 4,4 DDT (p=0.003),
respectively. However, MDA, TAC, PON-1, SOD, GPx,
and CAT activity levels did not show any correlation
with the measured OCP levels (P > 0.05).

To assess the effects of pesticide exposure on OS
parameters, a linear regression analysis was used
(Table 4). AChE activity showed a significant inverse
relationship with o-HCH (B = —0.26, p=0.05), B-HCH
(B = —0.34, p=0.01), y-HCH (B = —0.32, p=0.01), 4,4
DDE (B = -034, p=0.01), 24 DDT (B = -0.44,
p=0.001), and 44 DDT (B = -0.63, p=0.001). The
regression results also showed that the PON-1 activity
had an inverse significant association with B-HCH ( =
—0.47, p<0.001), y-HCH (B = -0.49, p<0.001), 2,4
DDE (B = -0.28, p=0.04), 44-DDE (B = -0.51,
p <0.001), 2,4 DDT (B = —0.34, p=0.01), and 4,4 DDT
(B = —0.38, p=0.005). TAC activity showed an inverse
significant relationship with o-HCH (B = -0.31,
p < 0.026), B-HCH (B = —0.40, p < 0.003), y-HCH (f =
—0.42, p=0.002), 44 DDE (B = —0.50, p <0.001), 2,4
DDT (B = —-0.47, p<0.001), and 4,4 DDT (B = —0.32,
p=0.022). Moreover, NO had a significant relationship
with 24 DDE (=032, p=0.022) and 44 DDT
(B=0.51, p=0.001). GPx3 activity was shown to have
an inverse relationship with y-HCH (B = -0.33,
p=0.018) and 44 DDT (B = —-0.29, p=0.036). CAT
activity also had an inverse relationship with B-HCH (j
= —-0.31, p=0.027), y-HCH (B = —0.38, p=0.006), 4,4
DDE (B = —0.37, p=0.007), 2,4 DDT (B = —-0.37,
p=0.007), and 4,4 DDT (B = —0.59, p < 0.001).

MDA level had a positive significant association
with B-HCH (B=0.36, p=0.009), 2,4 DDE (B=0.42,
p=0.002), and 4,4 DDT (B=0.59, p<0.001). In add-
ition, PC was positively associated with [-HCH
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Figure 2. (a) Chromatogram curve sample of OCPs in lung cancer patient based on retention time. (b) Chromatogram curve sam-
ple of OCPs in healthy individual based on retention time. (c) A scatter chart gives information about serum levels of OCPs in
lung cancer compared to the control group. The levels of a-, B- and y-HCH, 2,4-DDE, 4,4-DDE, 2,4-DDT, and 4,4-DDT were signifi-
cantly higher in the lung cancer group as compared to the control group.
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Figure 3. Adjusted regression coefficients (B [95% confidence interval]) for a change in OS parameters associated with increasing
quartiles of > OCP in lung cancer. (a) There was in 3rd, and 4th quartile a significant decrease of AChE (b) InPON1 had a signifi-
cant decrease in the 3rd and 4th quartile (c) SOD3 had no a significant difference when compared to the baseline (d) GPx3 had a
significant decrease in the 3rd and 4th quartile (e) InCAT had a significant decrease in the 3rd and 4th quartile (f) INTAC had a
significant decrease in the 3rd and 4th quartile (g) No significant difference was observed for MDA (h) There was a significant
increase in NO in the 3rd and 4th quartiles (i) PC had a significant increase in the 3rd and 4th quartiles. AChE:
Acetylcholinesterase; PON1: Paraoxonasel; MDA: Malondialdehyde; SOD3: Superoxide dismutase3; GPx3: Glutathione peroxidase;
CAT: Catalase; TAC: Total antioxidant capacity. NO: Nitric oxide; PC: Protein carbonyl.

(B=0.32, p=0.022), y-HCH (B=0.36, p=0.008), 2,4
DDE (B=0.35 p=0.011), and 4,4-DDT (B=0.50,
p < 0.001). SOD3 activity had no significant association
with OCPs.

Logistic regression analysis revealed that higher lev-
els of OCPs were linked to an increased risk of lung
cancer (Table 5). Moreover, analyses were adjusted for
potential confounding factors, which included BMI, TG,
and cholesterol. Lung cancer was associated with
o-HCH (multivariable-adjusted OR 3.19, 95% ClI
1.77-5.75, p < 0.001), B-HCH (OR = 5.68, 95% Cl: 2.71-
11.90, p<0.001), y-HCH (OR 5.64, 95% CI: 2.55-

12.47, p <0.001), 2, 4 DDE (OR = 6.40, 95% Cl: 2.93-
13.94, p <0.001), 4,4 DDE (OR = 3.80, 95% CI: 2.11-
6.86, p<0.001), 2, 4 DDT (OR = 5.13, 95% Cl: 2.58-
10.17, p<0.001), and 4, 4 DDT (OR = 3.72, 95% ClI:
2.71-6.39, p < 0.001).

Discussion

Lung cancer is one of the major health issues world-
wide. Although the primary Lung cancer is one of the
major health issues worldwide. Although the primary
etiology of lung cancer development has not been
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Table 5. Association between lung cancer incidence and OCPs by quartiles.

Crude Adjusted
B OR Cl-95% p Value B OR Cl-95%° p Value

o-HCH 0.27 1.31 19-1.44 <0.001 1.16 3.19 1.77-5.75 <0.001
Q1(<0.92) Ref Ref
Q2(0.93-1.30) 0.97 2.64 0.94-7.40 0.064 1.63 5.12 1.39-18.74 0.014
Q3(1.31-2.36) 1.04 2.85 0.92-8.80 0.068 0.94 2.56 0.67-9.79 0.16
Q4(>2.36) 1.68 5.40 1.58-18.39 0.007 1.72 5.59 1.31-23.80 0.02
p for trend

B-HCH 0.43 1.53 1.31-1.79 <0.001 1.73 5.68 2.71-11.90 <0.001
Q1(<0.57) Ref Ref
Q2(0.58-1.08) 0.51 1.66 0.51-5.39 0.39 1.38 3.97 0.81-19.53 0.,08
Q3(1.09-2.91) 1.53 4.64 1.46-14.76 0.009 297 19.50 3.25-116.8 0.001
Q4(>2.91) 1.80 6.07 1.96-18.72 0.002 2.76 15.87 3.45-72.94 <0.001
p for trend

v-HCH 0.44 1.56 1.31-1.79 <0.001 1.73 5.64 2.55-12.47 <0.001
Q1(<0.35) Ref Ref
Q2(0.36-1.22) -0.39 0.67 0.22-2.01 0.47 —0.54 0.57 0.15-2.21 0.42
Q3(1.23-2.14) 0.56 1.75 0.52-5.84 0.36 0.07 1.07 0.26-4.40 0.91
Q4(>2.14) 1.86 6.44 1.99-20.79 0.002 1.99 7.36 1.85-29.17 0.005
p for trend

2,4-DDE 0.18 1.21 1.13-1.28 <0.001 1.85 6.40 2.93-13.94 <0.001
Q1(<0.95) Ref Ref
Q2(0.96-1.72) 0.73 2.07 0.69-6.22 0.19 1.50 4.52 1.13-17.98 0.03
Q3(1.73-2.62) 1.27 3.56 1.13-11.16 0.02 2.14 8.51 1.87-38.74 0.006
Q4(>2.62) 1.55 4.74 1.56-14.36 0.006 227 9.76 2.31-41.24 0.002
p for trend

4,4-DDE 0.64 1.91 1.48-2.45 <0.001 1.33 3.80 2.11-6.86 <0.001
Q1(<0.86) Ref Ref
Q2(0.87-1.62) 0.05 1.05 0.32-3.41 0.92 0.79 2.22 0.55-8.96 0.26
Q3(1.63-4.27) 1.26 3.54 1.09-11.46 0.03 1.95 7.04 1.54-32.14 0.012
Q4(>4.27) 1.99 7.34 2.29-23.57 0.001 2.54 12.74 2.71-59.88 0.001
p for trend

2,4-DDT 0.15 1.16 1.07-1.27 <0.001 1.63 5.13 2.58-10.17 <0.001
Q1(<£1.36) Ref Ref
Q2(1.37-1.64) 0.49 1.63 0.57-4.66 0.35 0.59 1.82 0.51-6.48 0.35
Q3(1.65-3.77) 1.56 4.76 1.54-14.64 0.006 1.64 5.16 1.36-19.57 0.016
Q4(>3.77) 1.60 5.00 1.43-17.45 0.012 1.97 7.20 1.53-33.81 0.012
p for trend

4,4-DDT 0.21 1.24 1.11-1.38 <0.001 1.31 3.72 2.17-6.39 <0.001
Q1(<£1.42) Ref Ref
Q2(1.43-2.33) 0.03 1.03 0.31-3.42 0.95 0.55 1.75 0.42-7.27 0.44
Q3(2.34-4.61) 1.20 3.33 1.08-10.23 0.03 1.22 3.40 0.93-12.42 0.064
Q4(>4.61) 2.00 7.40 2.22-24.70 0.001 1.86 6.44 1.62-25.57 0.008
p for trend

The estimation of the associations between lung cancer development and OCPs was performed by the continuous logistic regression model.

?Adjusted for BMI and total lipids.
Q: Quartile. Q was adjusted with age. OR: Odds ratio.

elucidated completely, it is widely accepted that mul-
tiple risk factors, including genetic and environmental
factors, are linked to its development (Luo et al. 2011).
Recently, pesticide exposure has been considered a
new cancer risk factor. OCPs and OPPs disturb human
metabolism since they increase oxidative stress levels
of metabolism. A loss of balance between the forma-
tion of reactive oxygen species or nitrogen species
such as nitric oxide and antioxidant defense mecha-
nisms leads to a kind of imbalance called oxidative
stress. High levels of ROS production initiate the lipid
peroxidation of polyunsaturated fatty acids (PUFAs) in
cell membranes. A secondary product of lipid peroxi-
dation, malondialdehyde, is considered as a potential
OS biomarker. As a result of their oxidation, carbonyl
groups, e.g., aldehydes and ketones, are produced on

the protein side chains, especially of Pro, Arg, Lys, and
Thr amino acids. To avoid damages caused by OS, it is
vital to maintain the balance between ROS and anti-
oxidant enzymes such as Superoxide dismutase,
Glutathione peroxidase, Paraoxonasel, and Catalase
(Paydar et al. 2018, Abolhassani et al. 2019, Mortazavi
et al. 2019, Salimi et al. 2023). The present study was
designed to compare the levels of OCPs, OPPs, and OS
components between patients with lung cancer and
healthy subjects.

The most remarkable finding of the present work
was that the mean serum levels of the seven studied
OCPs in patients with lung cancer were significantly
higher than in healthy subjects (Table 2 and Figure 2).
These results were consistent with those of other stud-
ies that showed OCP serum concentrations in patients



with cancer were higher than in healthy subjects
(Wielsge et al. 2017, Attaullah et al. 2018, Verma et al.
2018). Hence, it seems that there is a significant asso-
ciation between the serum levels of OCPs and cancer
incidence.

Due to the tendency of OCPs to accumulate in
body fat masses, the lipid profile and BMI can be con-
sidered two main confounding factors in OCP meas-
urement (Pelletier et al. 2002, Paydar et al. 2019).
However, the results of this study showed significant
differences in the lipid profile and BMI between
patients with lung cancer and healthy subjects
(Table 1). Therefore, logistic regression analysis was
performed by adjusting for BMI, TG, and cholesterol.
These factors increased the risk of lung cancer, accord-
ing to the findings.

To evaluate OPP exposure levels, determining the
AChE activity is the standard method (Moon et al.
2015, Valdez et al. 2021). In the present study, a sig-
nificant decrease in AChE activity was observed in
patients with lung cancer compared to healthy sub-
jects (Figure 1). Consistent with our results, several
studies showed that AChE activity was reduced in
lung cancer patients (Xi et al. 2015). The participation
of AChE in the apoptosis process, as an unconven-
tional function of this enzyme, has been confirmed in
previous studies (Jiang and Zhang 2008). In this con-
text, it has been reported that the down-regulation of
AChE by small interfering ribonucleic acids (siRNAs)
could inhibit the apoptosis process (Park et al. 2004).
Thus, the decrease in AChE activity may lead to tumor
development by inhibiting the apoptosis process
(Shehadeh Mashour et al. 2012).

However, the results showed significant differences
in oxidant and antioxidant criteria between the two
groups, except for SOD activity. MDA, NO, and PC lev-
els were significantly higher in patients with lung can-
cer compared to healthy subjects, while PON-1, GPx,
and CAT activity levels and TAC levels were signifi-
cantly lower in lung cancer patients compared to
healthy controls.

There were no significant differences in total pro-
tein concentrations between patients with lung cancer
and healthy individuals (Table 1). Our data showed a
significant increase in PC levels in patients with lung
cancer compared with healthy subjects (Figure 1). PC
is an important sign of protein oxidative damages.
This result is supported by previous studies, which
indicated that protein damage and protein dysfunc-
tion were linked to cancer development (McAdam
et al. 2016). As shown in Table 1, the lipid profile
(HDL-C and LDL-C) in patients with lung cancer did
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not show any significant differences compared to
healthy subjects, while TG and cholesterol serum lev-
els showed significant differences between the two
groups. Therefore, logistic regression analysis was per-
formed, by adjusting for BMI, TG, and cholesterol, to
eliminate the effects of confounding factors. A signifi-
cant increase in MDA concentration level was
observed in patients with lung cancer compared to
the control group (Figure 1, Table 3). Since MDA can
be considered a parameter of lipid damage, it has
been reported that MDA concentration is clearly
higher in cancer patients compared to healthy con-
trols (Goneng et al. 2001, Abolhassani et al. 2019,
Mortazavi et al. 2019). Due to the high level of OCPs
and the evidence of OPP exposure in patients with
lung cancer, we concluded that the main reason for
the high levels of MDA is the evaluated pesticides.

On the other hand, our results showed that enzym-
atic (GPx, CAT, AChE, and PON-1) and non-enzymatic
(TAC) antioxidant factors were significantly lower in
cancer patients compared to healthy subjects
(Figure 1). The findings observed in this study mirror
those of our previous studies, which indicated a sig-
nificant reduction in antioxidant parameters such as
GPx, CAT, AChE, PON-1, and TAC in cancer patients
compared with healthy individuals (Bhardwaj and
Saraf 2021, Bhardwaj et al. 2022). It seems that there
is an effective correlation between pesticide-prompted
oxidative stress and severe disorders. The knowledge
of oxidative stress and antioxidant defense system
focuses on how these free radicals impair normal
body functioning and induce body toxicity (Bhardwaj
and Saraf 2016). However, according to the results,
exposure to OCPs and OPPs led to redox imbalance,
which might consequently lead to a lung cancer
development.

Although the current study is based on a small
sample of participants, the findings suggest that
serum levels of the studied pesticides and the redox
condition play a major role in promoting lung cancer.
However, future research needs to more closely exam-
ine the links between serum levels of pesticides, redox
conditions, and lung cancer development.

Conclusion

The most important finding of the present study was
that the mean serum levels of the seven studied
OCPs, which are illegal, were significantly higher in
patients with lung cancer than in healthy subjects. On
the other hand, AChE and PON-1 activity, key indica-
tors of OPP exposure, were significantly lower in lung
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cancer patients compared with healthy individuals.
Furthermore, OCPs can cause disturbances in the cells
through several mechanisms, including OS, which
might play an important role in lung cancer incidence.
Therefore, based on the obtained results, it may be
concluded that exposure to OCPs and OPPs led to the
development of advanced oxidation processes and
redox imbalances, resulting in lung cancer develop-
ment. In future research we need to assess the risk
aspects and molecular interactions of pesticides on
human receptors, which can affect oxidative stress
and cancer incidence, and how we can avoid them.
On the other hand, the question arises of which carrier
we should use to deliver the purposefully applied pes-
ticides in order to prevent penetration into the main
component crops.
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