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ABSTRACT

Pesticide exposure, oxidative stress, and metabolic syndrome

among male farmers exposure to pesticide

Kang Myeong Lee

Department of Medicine

The Graduate School, Yonsei University

Background and Objectives

Pesticide exposure and accumulation in the human body significantly affect

human health. Pesticide exposure results in the generation of reactive oxygen

species in vitro and vivo, which in turn causes biomolecule oxidation, resulting in

cell necrosis or tissue damage.

Several studies have examined the relationship between oxidative stress and

diseases, such as cardiovascular disease, hypertension, diabetes, and cancer.

Therefore, the objective of this study was to measure malondialdehyde and

isoprostane which has been used as an index of lipid injury, 8-OHdG, which has

been used as an index of DNA damage, and dialkyl-phosphate, which has been

used to quantify pesticide exposure, and to investigate the relationship among

pesticide exposure, oxidative stress, and metabolic syndrome.



- x -

Subjects and Methods

This study was a cross-sectional study that evaluated 84 male farmers exposure

to pesticide. In this study, 8-OHdG, isoprostane, and MDA were measured as

oxidative stress indices, and dialkyl-phosphate(DMP, DEP, DMTP, and DETP)

excreted in the urine was also measured to evaluate pesticide exposure. A logistic

regression analysis was performed to investigate the relationship among metabolic

syndrome, oxidative stress biomarkers, and pesticide metabolites. In addition, a

linear regression analysis was applied to determine the relationship between the

oxidative stress and pesticide metabolites.

Results

The group with metabolic syndrome (19 subjects) had a higher concentration of

oxidative biomarkers than the group without metabolic syndrome (65 subjects)

(p < 0.05). The logistic regression analysis revealed a higher concentration of

8-OHdG (odds ratio 3.8, 95% CI 1.23 11.71), isoprostane (odds ratio 4.4, 95%

CI 1.34 14.52), and MDA (odds ratio 6.0, 95% CI 1.28 27.69) in the group

with metabolic syndrome than in the group without metabolic syndrome.

A Correlation analysis was performed for PEI, CEI, and DAP as well as the

concentration of the oxidative stress biomarkers. The PEM significantly and

positively correlated to the levels of 8-OHdG, isoprostane, CEI, and DMP. CEI

showed a correlation to 8-OHdG. DMP, DEP, and DETP showed a positive

correlation to 8-OHdG, isoprostane, and MDA.

A correlation analysis was adjusted some demographic characteristics, such as

age, smoking, drinking, and exercise to determine the relationship between

pesticide exposure and oxidative stress.

The 8-OHdG, isoprostane, and MDA levels were significantly related to the
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DMP (ß = 0.320), DEP (ß = 0.390), and DETP (ß = 0.082); DMP (ß = 0.396),

DEP (ß = 0.508), and DETP (ß = 0.504); and DMP (ß = 0.432), DEP (ß = 0.508),

and DETP (ß = 0.329) levels, respectively.

When the logistic regression results for the exposure indices (i.e., the dialkyl-

phosphate levels and the PEM and CEI) were calibrated to account for age,

smoking, drinking, and exercise, significant differences were observed between the

groups with and without metabolic syndrome with respect to DMP (odds ratio 2.5,

95% CI 1.09 5.86) and DEP (odds ratio 5.0, 95% CI 1.62 15.52) levels.– –
In addition, although the group with metabolic syndrome showed higher odds

ratios for DMTP and DETP than the group without metabolic syndrome, there

were no significant statistical differences in the odds ratios.

Conclusion

The concentration of oxidative stress biomarkers was higher in the group with

metabolic syndrome than in the group without metabolic syndrome, and there was

a positive correlation between the pesticide metabolites and oxidative stress

biomarkers. Indicators of oxidative stress was associated with a pesticide

metabolite DMP, DEP, and DETP. Therefore, Pesticide exposure and oxidative

stress, metabolic syndrome were relevant.

Key words: farmers, pesticide exposure, oxidative stress, pesticide

metabolite, metabolic syndrome
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ABBREVIATION

� 8-OHdG: 8-hydroxy-2'-deoxyguanosine

� Isoprostane: 8-iso-prostaglandin F2α
� MDA: malondialdehyde

� GPx: glutathione peroxidase

� Oxidized-LDL: oxidized low density lipoprotein

� BMI: Body mass index

� SBP: systolic blood pressure, DBP: diastolic blood pressure

� LDL: low-density lipoprotein cholesterol, HDL: high-density lipoprotein cholesterol

� FBS: fasting blood sugar

� TG: triglycerides

� PEI: pesticide exposure index

� CEI: cumulative exposure index

� Mets: metabolic syndrome

� DMP: dimethylphosphate

� DEP: diethylphosphate

� DMTP: dimethylthiophosphate

� DETP: diethylthiophosphate

� DAP: dialkyl-phosphate
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I. INTRODUCTION

1. PREFACE

Pesticides are agricultural chemicals that protect crops and stored products,

partially by exterminating harmful insects. Pesticides can be classified into several

different types according to their purpose, such as insecticides, fungicides,

herbicides, acaricides, rodenticides, nematicides, and plant growth regulators.

Pesticides can also be classified according to chemical composition

(organophosphates, organochlorines, carbamates, pyrethroids, sulfur, and urea)
1)

or

powder type (emulsifier, wettable powder, soluble powder, powder, particle

powder, and smoke powder).

Pesticides are extensively used throughout the world and influence the human

body through long-term exposure
2)

. For instance, the accumulation of

dichlorodiphenyltrichloroethane, benzene hexachloride, and endosulfan causes

cardiovascular diseases and hypertension
3)

as well as other health problems in

humans. Cardiovascular disease and several risk factors for type 2 diabetes can be

considered as a single disease group called metabolic syndrome which is

characterized by insulin resistance and various metabolic abnormalities. Previous

studies have suggested that the use of organochlorine pesticides (OCPs) is highly

related to the risk of metabolic syndrome and to type 2 diabetes
4-5)

.

Pesticides produce reactive oxygen species (ROS) in vitro and vivo, which in

turn causes biomolecular oxidation, resulting in cell necrosis and tissue damage. In

addition, organophosphorus compounds inhibit acetylcholinesterase, which causes

oxidative stress. Thus, pesticide compounds increase the levels of free radicals and

decrease the effect of antioxidants or free-radical-scavenging enzymes
6-7)

.
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Malondialdehyde and 8-iso-prostaglandin (isoprostane) are used to evaluate lipid

injury, 8-hydroxy-2 -deoxyguanosine (8-OHdG) is used to evaluate protein and′
lipid injury, and glutathione peroxidase (GPx) is used to evaluate antioxidant

activity. These biomarkers are also used to evaluate oxidized low-density

lipoprotein (oxidized-LDL). Oxidative stress can be caused by several factors

including environmental pollutants, ultraviolet rays, pesticides, cancer, stress, heart

disease, cataract, diabetes, and hypertension.

Previous studies performed in humans and animals indicated that

organophosphorus pesticides particularly caused such oxidative stress
8-11)

.

Organochlorine, carbamate, and pyrethroid pesticides have also show

toxicity
12-13)

and oxidative stress may cause acute and chronic inflammatory

diseases
14)

.

Plasma cholinesterase (butyrylcholinesterase and pseudocholinesterase) has been

studied as a possible indicator of pesticide exposure (organophosphorus and

organochlorine pesticides). It shows a process similar to the dissolution of

acetylcholine by the muscle relaxant succinylcholine. In this process, acetylcholine

is immediately degraded by plasma cholinesterase into succinylmonocholine and

choline, and the succinylmonocholine is dissolved into succinic acid and choline.

Succinylcholine has been widely studied as a biomarker because of its low

activity and delayed metabolism
15-18)

. Pesticide exposure can thus be usually

measured by evaluating the cholinesterase activity in the blood by sampling the

blood before and after such exposure. However, this method is qualitative and not

quantitative.

A different method for evaluating pesticide exposure is to quantify the levels of

urinary dialkyl-phosphate (DAP), which is an organophosphorus metabolite. This

method shows excellent sensitivity for biological monitoring and can be used to
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quantitatively evaluate the pesticide exposure to the human body. The DAP

detected in urine is usually metabolized as dimethylphosphate (DMP),

diethylphosphate (DEP), dimethylthiophosphate (DMTP), and diethylthiophosphate

(DETP). The amount of pesticide exposure can thus be quantitatively evaluated by

analyzing the amount of these metabolites.

Thus, in this study, subjects who spray pesticides were divided into 2 groups,

i.e., with or without metabolic syndrome. Information on pesticide exposure, e.g.,

the use of pesticides and the duration of use, was collected. In addition, the levels

of MDA and 8-isoprostane, which represent an index of lipid injuries, and

8-OHdG, which is an index of DNA injuries, were measured. DAP was measured

to quantitatively evaluate the relationship among pesticide exposure, oxidative

stress, and metabolic syndrome.
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2. BACKGROUND

2.1. Pesticide

Pesticide exposure in humans is classified according to inhalation, skin exposure,

and oral exposure. Farmers are usually exposed through inhalation and skin

exposure. Such exposure badly affects their health.

Organophosphorus and carbamate pesticides have been widely used in recent

years. Organophosphorus pesticides cause acute and subacute toxicity to varying

degrees by suppressing cholinesterase activity, which causes symptoms such as

dyspnea and convulsions. In particular, acetylcholinesterase (AChE) can be affected

by such organophosphorus and carbamate pesticides
19)

.

A previous study on the chronic toxicity of pesticides showed that the cognitive

ability and exercise performance of children in areas sprayed with pesticides were

significantly decreased compared with those of children from non-sprayed areas
20)

.

Pesticide exposure was also found to be significantly related to lung cancer,

pancreatic cancer, colon cancer, rectal cancer, leukemia, hematologic malignancy,

lymphoma, multiple myeloma, bladder cancer, prostate cancer, brain tumor, and

skin cancer
21)

. In particular, it has been reported that organophosphorus pesticides

such as crotoxyphos, dichlorvos, famphur, diazinon, fonofos, malathion, and

phorate, increased the risk of leukemia, non-Hodgkin’s lymphoma, and prostate

cancer. In addition, chlorpyrifos resulted in increased lung cancer rates upon direct

exposure
22)

.

Several studies have been performed to assess the influence of pesticide

exposure on human health and the environment. Chronic pesticide exposure has

also been shown to increase the risk of depression
23)

, in sprayers and their

partners
24)

.
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Pesticide compounds have been shown to affect free radicals, antioxidants, and

free-radical-scavenging enzymes
25)

, and organophosphorus pesticides have been

particularly shown to inhibit AChE and increase lipid peroxidation
26)

. Oxidative

stress caused by pesticide exposure also affects erythrocytes and lymphocytes,

which leads to health impairment
25)

. Thus, the pesticide exposure can be

considered to generally increase oxidative stress.

Cholinesterase enzyme activity has been measured in the blood to monitor the

exposure to organophosphorus pesticides. However, this method presents a

disadvantage in which it is not sufficiently sensitive for occupational and

non-occupational settings, and it is not possible to evaluate the exposure

quantitatively. A different method for evaluating the exposure is to measure

organophosphorus pesticide biomarkers such as DAP in urine
27)

.

2.2 Metabolic syndrome

Cancer, cerebrovascular disease, heart disease, and diabetes are the 4 most

important causes of death
28)

, and hypertension, diabetes, cerebrovascular disease,

and heart disease are the 4 major diseases in Korea
29)

.

People with metabolic syndrome have a two-to-threefold increased risk of

cardiovascular diseases and a fivefold increased risk of type 2 diabetes
30)

.

Metabolic syndrome can be defined as a combination of some risk factors for

cardiovascular disease (coronary artery and cerebrovascular disease) and type 2

diabetes, such as fat content (abdominal fat content), dyslipidemia (increases in

triglyceride levels and decreases in HDL-cholesterol levels), hypertension, and

insulin resistance.

Fat content and insulin resistance are the most important factors that determine
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the metabolic syndrome. Adipocytokine levels, inflammation, oxidative stress,

cortisol vascular abnormalities, hypertension, fat metabolism abnormalities, and

genetic factors also play a role in metabolic syndrome
31-32)

.

2.3 Oxidative stress

Reactive oxygen species (ROS) are generated as a result of physiological

cellular activity. Although the oxidative stress is normally balanced by the activity

of antioxidants, imbalances can result from the excessive generation of oxidants

such as reactive oxygen or a lack of antioxidants
33)

.

In healthy individuals, the concentrations of reactive oxygen and antioxidants are

balanced. However, oxidative stress occurs when this balance is disturbed by high

concentrations of ROS. Increased ROS caused by oxidative stress can be caused

by various lifestyle habits including smoking, drinking, overweight, and stress as

well as environmental factors including air pollutants, heavy metals, organic

solvents, ozone, and pesticides (Figure 1). Damage from oxidative stress underlies

the pathology of aging, atherosclerosis, autoimmune diseases, Parkinson’s disease,

Alzheimer’s disease, and cancer
34-35)

. ROS can be measured directly through

electron spin resonance or indirectly through the concentration of the oxidants of

lipids, protein, and DNA.

In lipid peroxidation, free radicals are generated in cell membranes, which have

abundant phospholipids. In particular, a polyunsaturated fatty acid group can easily

be reacted with free radicals, and the peroxidation of lipids in fatty acids causes a

chain reaction. As a result, many lipid peroxidants are generated because of a

single free radical substrate. Levels of malondialdehyde (MDA), oxidized LDL,

and isoprostane are used as indices of such lipid peroxidation.
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MDA can be analyzed by reaction with thiobarbituric acid (TBA),
36)

and which

is quantitatively analyzed in the urine using 2,4-dinitrophenylhydrazine (DNPH).

The concentration of MDA in the urine is significantly increased in rats exposed

to endrin, alachlor, paraquat, smokeless tobacco, adriamycin, and cadmium
37)

. In

addition, It has been used as a biomarker for lipid peroxidation in most studies

on diabetes. Patients with hyperlipidemia or diabetes have shown a higher serum

concentration of the thiobarbituric acid reactive substance (TBARS) than that

shown by normal controls
38-39)

.

Isoprostane levels can be used as a different index for measuring lipid

peroxidation. Isoprostanes are generated from the oxidation of arachidonic acids,

and their concentration is increased by hypercholesterolemia, cigarette smoking,

hyperhomocysteinemia, diabetes mellitus, overweight, obesity, and hypertension
40-42)

.

DNA is a major target of ROS. Although more than 20 adducts involved in

DNA injury have been recognized, 8-OHdG is the most highly investigated

because of its mutagenic capacity
43)

. The 8-OHdG concentration in urine was

found to be significantly increased in the patients with type 2 diabetes who also

showed increased oxidative DNA injuries
44)

.
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Figure 1. Environmental factors of disrupt insulin signaling and inflammatory

metabolism

In addition to MDA and 8-OHdG as discussed above, glutathione, which is an

antioxidant that exists in all cells, and other different ROS-scavenging enzymes

can be used as indices of oxidative stress and antioxidant activity
45)

.
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II. SUBJECTS AND METHODS

1. Study subjects

This study was a cross-sectional study of 104 male farmers exposure to

pesticide who were selected from 126 farmers among the total 197 subjects

between May and August 2011. In total, 11 subjects who had stomach cancer,

liver cancer, cancer of the large intestine, lung cancer, bladder cancer, type B and

C hepatitis, angina pectoris, stroke, and myocardial infarction were excluded. 9

subjects who did not answer the questionnaire were also excluded.

Thus, 84 subjects were selected for the blood tests. The survey focused on

general items (e.g., age, smoking, and drinking), pesticide-related items (e.g.,

spraying of pesticides, duration of spraying pesticides, days of spraying, types of

pesticides, amount of pesticides, and method for spraying pesticides), items for

observing compliance with regulations related to the spraying of pesticides,

health-related items (e.g., diseases in the circulatory system, musculoskeletal

system, respiratory system, digestive system, endocrinology and metabolism, cancer,

depression, renal failure, and atopic dermatitis), and experiences of pesticide

poisoning.

2. Definition of the metabolic syndrome

The National Cholesterol Education Program Adult Treatment Panel III (NCEP

ATP III), the World Health Organization (WHO), the European Group for the

Study of Insulin Resistance (EGIR), and the American Association of Clinical
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Endocrinologists (AACE) have defined diagnostic criteria for metabolic

syndrome
46-48)

.

We adopted the NCEP ATP III guidelines, in which the components of the

metabolic syndrome are: Metabolic syndrome was diagnosed on the concomitant

presence of at least three of the following five features; 1) waist circumference ≥
90 cm (men), 80 cm (women); 2) blood pressure 130/85 mmHg or under≥ ≥
medication; 3) triglyceride 150 mg/dL; 4) fasting glucose 110 mg/dL; 5) HDL≥ ≥
cholesterol <40mg/dL (men), <50mg/dL (women).

3. Metabolic data collection

Fasting glucose, total cholesterol(TC), triglyceride (TG), high-density lipoprotein

(HDL), low-density lipoprotein(LDL), and cholesterol were measured using

enzymatic methods (ADVIA 1650, Simens, Tarrytown, NY, USA)
49)

.

4. Oxidative stress biomarker assays

4.1. 8-OHdG

8-Hydroxy-2 -deoxyguanosine (8-OHdG) is a promutagenic lesion in′ DNA that

is generated in response to a number of chemicals that induce oxidative stress,
50)

and it is used as a biomarker of oxidative stress in DNA.
51)

The measurement

tool was a high-performance liquid chromatography-triple tandem mass detector

(HPLC-MS/MS; Agilent 6410, Agilent). 8-OHdG was purchased from Calbiochem
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(CA, USA), and 2 -deoxyguanosine was purchased from Sigma (St Louis, MO,′
USA).

15N5-2 -deoxyguanosine and 5 -triphosphate (15N5-dGTP) were purchased from′ ′
Martek (Columbia, MD, USA), and alkaline phosphate was purchased from Roche

(Mannheim, Germany). Ammonium acetate and methyl alcohol (MeOH) were

purchased from Sigma. Pre-treated urine samples were subjected to solid-phase

extraction. Figure 2 shows the preprocessing.

The HPLC-MS/MS mass spectrometer was equipped with an Agilent (2.1 × 100

mm × 3.5 µm) column. Ammonium acetate and methyl alcohol were used as the

mobile phase with a column flow of 0.16 mL/min. The applied injection volume

was 6 µL for the quantification mode (MS SIM mode + MRM mode).

4.2. Isoprostane

Isoprostane was used to detect lipid peroxidation in urine. The measurement

tool was a high-performance liquid chromatography-triple tandem mass detector

(HPLC-MS/MS; Agilent 6410, Agilent). Figure 3 presents the preprocessing and

analysis methods. The HPLC-MS/MS mass spectrometer was equipped with a PGC

(Hypercarb 5 µm × 150 mm × 1.0) column. Water and acetonitrile with MeOH

were used as the mobile phase with a column flow of 60 mL/min. The applied

injection volume was 10 µL for the quantification mode (MS SIM mode + MRM

mode).
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STD, Sample, ISTD

1. add STD or urine : 1㎖
2. add internal STD : 50㎕
3. add 1M Ammonium acetate buffer (pH 5.25) : 150㎕
4. vortexing : 10sec, pulse

SPE loading

* 1 MeOH and 1 25mM phophate buffer conditioning㎖ ㎖
5. sample loading : 1㎖
6. 25mM phosphate buffer : 600㎕
7. add DW : 600㎕
8. add acetonitrile : 600㎕

Elution

8. MeOH Elution : 600㎕
9. 40 evaporated℃
10. 10mM ammonium acetate buffer in MeOH : 100㎕

LC-MS/MS

Figure 2. 8-OHdG analysis procedures
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Sample preparation

1. STD, urine : 500㎕
2. 0.5N HCl : 80 (pH 3 adjustment)㎕
3. iso-PGF2a-d4 (1 / ) : 10ul add and mixing㎍㎖
4. Varian, Sep-pak 1 /100㎖ ㎎

SPE condition

5. 100% ACN : 2㎖
6. MeOH : 2㎖
7. 0.5N HCl : 2㎖
8. DW : 2㎖

Load

9. prepared Sample loading

Wash

10. DW : 2㎖
11. 40% MeOH : 2㎖
12. n-Hexane : 2㎖

Elute and evaporate

13. ethyl acetate : 2㎖
14. removing water : Na2SO4

15. 40 evaporated℃
Reconstitute

16. DW: MeOH (1:1 v/v) 100㎕
Analysis LC/MS

Figure 3. Isoprostane analysis procedures
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4.3. MDA

Hydrolyzing 1,1,3,3-tetramethoxypropane (TMP. 99%, Sigma) and 1.0N HCl

generated a MDA standard. Analysis was conducted with HPLC after

derivatization with 2,4-DNPH. TMP (165 , 1mmol) and 835 1.0N HCl were㎕ ㎕
mixed and were diluted ten-fold with 1.0 N HCl.

Samples were incubated at 40 for 30min and 100mM TMP hydrolysate℃
(malondialdehyde, MDA) was added. A final level of MDA produced through

hydrolysis was calculated by measuring the optical density at 245nm and using

maximum molar extinction coefficient ( =13,700).ℇ After centrifuging the urine

samples at 4000rpm for 10min, the supernatant was isolated for analysis (Figure 4).

Urine samples of workers were collected in polyethylene bottles from the first

urination in the morning. They were kept at -85 until further analysis. The℃
urinary MDA levels of each individual will be corrected according to urine

creatinine values, which were measured using an automated method based on the

Jaffe reaction. Analysis method was used HPLC equipment.

Analysis was performed on a HPLC, Waters separation Module Alliance 2695

and Water 2487 Dual ƛ Absorbance detector equipped with a Higgins (4.6 × 250

× 5 ) column. Mobile phase with a column flow of 1 /min was used as a㎜ ㎛ ㎖
acetonitrile (40%) and 20mM K2PO4 (60%) in phosphate acid 100 . Injection㎕
volume was 20 of solution into the system and analysed under the following㎕
conditions.
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MDA STD production

1. 1,1,3,3-tetramethoxypropane + 1N HCl

2. vortexing : 10sec, pulse

3. at 40 heat in boiling water for 30min℃
MDA STD-DNPH

derivatives

4. STD identify : UV absorbance at 245nm

(molar extincting coefficient, =13,700)ℇ
5. MDA STD derivatives :

MDA STD 100 + DNPH 100 + 1N HCl 800㎕ ㎕ ㎕
6. vortexing : 10sec, pulse

7. at 40 heat in boiling water for 30min℃
8. centrifuging: urine sample at 4000rpm for 10min

9. urine 500 + DNPH 100 + 1N HCl 400㎕ ㎕ ㎕
10. vortexing: 10sec, pulse

11. at 40 heat in boiling water for 20min℃
HPLC analysis

Urine MDA-DNPH

derivatives

Figure 4. MDA analysis procedures
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5. Pesticide metabolites

Organophosphate pesticides were analyzed as metabolites of pesticides. When

organophosphate pesticide exposure occurs, it is metabolized via dealkylation,

hydrolysis, and isomerization.

Dialkyl-phosphate (DAP) in the urine can be used as a metabolite to indirectly

measure organophosphate pesticide exposure. The metabolites of DAP are

measured as dimethylphosphate (DMP), diethylphosphate (DEP), dimethyl

phosphorothioate (DMTP), diethyl phosphorothioate (DETP), dimethyl

dithiophosphate (DMDTP), and diethyl dithiophosphate (DEDTP). Most

organophosphate pesticides are metabolized from DAP, but ethyl p-nitrophenyl

phenylphosphorothioate (EPN) is metabolized from p-nitrophenol. The amount of

metabolites discharged in the urine is closely related to the amount of

organophosphate pesticide exposure (Figure 5).

In the survey of the state of the use of pesticides, the recently applied

pesticides were investigated and duplicated answers in the name of the pesticides

were allowed. Appendix 1 shows the state of the use of pesticides in subjects.

In this study, 4 metabolites (DMP, DEP, DMTP, and DETP) among the 6

target metabolites were analyzed. Table 1 presents a summary of the substances

metabolized from the organophosphate pesticides.
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OCH2CH3

P

OCH2CH3

OHO

OCH2CH3

P

OCH2CH3

SHO

OCH2CH3

P

OCH2CH3

SSH

diethylphosphate (DEP) diethylthiophosphate (DETP) diethyldithiophosphate (DEDTP)

OCH3

P

OCH3

OHO

OCH3

P

OCH3

SHO

OCH3

P

OCH3

SSH

dimethylphosphate (DMP) dimethylthiophosphate (DMTP) dimetchyldithiophosphate (DMDTP)

Figure 5. Structures of dialkyl-phosphate metabolites of organophosphophate pesticides
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Table 1. Dialkyl phosphate metabolites and organophosphate pesticides
52-54)

OP DMP DEP DMTP DETP

Acephate ◎ ◎
Azinphos methyl ◎ ◎
Chlorethoxyphos ◎ ◎

Chlorpyrifos ◎ ◎
Chlorpyrifos methyl ◎ ◎

Coumaphos ◎ ◎
Dichlorvos(DDVP) ◎

Diazinon ◎ ◎
Dicrotophos ◎
Dimethoate ◎ ◎
Disulfoton ◎ ◎

Ethion ◎ ◎
Ethyl parathion ◎ ◎

Fenitrothion ◎ ◎
Fenthion ◎ ◎

Isazophos-methyl ◎ ◎
Malathion ◎ ◎

Methamidophos ◎ ◎
Methidathion ◎ ◎

Methyl parathion ◎ ◎
Mevinphos ◎

Naled ◎
Oxydemeton-methyl ◎ ◎

Parathion ◎ ◎
Phorate ◎ ◎

Phosalone ◎ ◎
Phosmet ◎ ◎

Primiphos-methyl ◎ ◎
sulfotepp ◎ ◎
Temephos ◎ ◎
Terbufos ◎ ◎

Tetrachlorvinphos ◎
Tribufos ◎

Trichlorfon ◎
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5.1. Standard and materials

DMP (98%), DMTP (98%) and dibutylphosphate (DBP, 99%), used for an

internal standard (I.S), was purchased from Acros Chimica.

DEP (98%) was purchased from Supelco and DETP (98%),

2,3,4,5,6-pentafluorobenzyl bromide (derivatization reagent, 99.9%, PFBBr), toluene

(99.5%) and n-hexane (99.9%) from Sigma Aldrich. Diethyl ether, acetonitrile,

which are HPLC grade, hydrochloric acid (37%, HCl) and sodium sulfate

anhydrous (99%, Na2SO4), sodium disulfite (Na2S2O5), potassium carbonate

(K2CO3) were obtained from Burdick & Jackson. Gases used by the

instrumentation had a minimum purity of 99.99%. Water used through out the

experiments was distilled and deionized to 18M with a Millipore Milli-Q system

(Millipore Co., Bedford, MA, USA).

5.2. Gas chromatography and mass spectrometer conditions

Electron ionisation mass spectrometric analysis was performed on a GC-MS

Hewlett-Packard 6890 (gas chromatography) and HP 5973 mass spectrometer

system equipped with a DB-5MS (30m × 0.25mm × 0.25um) capillary column.

Gas (helium) with a column flow of 1 mL/min was used as a carrier gas.

Injection volume was 2µL of solution into the system in the splitless mode (split

20:1 at 1 min) and the column temperature was initially held at 80 for 1 min,

raised to 250 at 20 /min, held for 10 min. The injector temperature was 250 .

The ion source (detector) and interface temperatures were set at 280 and 300 ,

respectively.

An auto-tune of the mass spectrometer using pentafluorotributylamin (PFTBA,

tuning standard) was performed before the analysis.
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5.3. Standard preparation and analytical procedure

DMP, DEP, DMTP and DETP were prepared at a concentration of 1000 mg/L

in MeOH, and diluted with MeOH to each working standard solution at

concentrations ranging from 3 to 100 mg/L. The standard solutions were stored in

the dark at 4 . A flow picture of the urinary DAP determination procure is

shown in Figure 6. Five milliliters of urine was pipetted into a 15 mL screw top

glass test tube, and 50 µL of internal standard solution (50 µg/L DBP), 5g of

NaCl, 1 mL of 6M HCl, 50 mg of Na2S2O5, and 5 mL of diethylether-

acetonitrile (1:1, v/v) were added.

After shaking for 5min and vortex 1min, the test tube was centrifuged

(3000rpm for 5min). The organic phase (upper layer) containing DAP was

transferred into a new screw-top glass test tube containing 15 mg K2CO3. The

residuals were re-extracted with 5 mL of diethylether-acetonitrile (1:1, v/v) and

then shaked for 5 min, vortexed, and centrifuged (3000 rpm for 5 min). The

supernatant obtained from the second extraction was combined with the first

extract.

The resulting extract was evaporated at 45 to dryness with a gentle nitrogen

stream. To the dried extracts, 15 mg K2CO3, 1 mL of ACN, and 50 µL of

PFBBr were added and incubated in a water bath at 70 for 60min with

occasional swirling. Afterwards, 5 mL of water and 5 mL of n-hexane were

added, and shaked the mixture for 5 min, vortexed, and centrifuged.

The upper layer containing PFB-DAP was transferred to new test-glass tubes. The

extraction was then repeated with 5 mL of n-hexane and the supernatant obtained

from the second extraction was combined with the first extract. And extraction

materials was evaporated at 45 to dryness with a gentle nitrogen stream. The

residue was dissolved in 100 µL of toluene and injected into GC/MSD.
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Sample preparation

1. STD, Urine 10 + Internal STD(DBP) 50ul injection㎖
2. 6M HCl 1 + NaCl 5g + Na㎖ 2SO4 50mg

3. extraction solution (diethylether/Acetonitrile = 1:1, v/v) 5㎖
4. shaking 5min + Centrifuge 5min at 3000rpm

5. residue extracted once again (DEE : ACN = 1:1, v/v)

Supernatant

6. K2CO3 15㎎
Dry up with N2 at 45℃℃℃℃

7. ACN 1 + PFBBr 50 + K㎖ ㎕ 2CO3 15㎎
Incubation at 70 for 60min℃℃℃℃

8. water 5 + hexane 5 + shaking 5min㎖ ㎖
9. centrifuge 5min at 2000rpm

10. residue extracted again ( Hexane 5 )㎖
Organic layer

11. cycloHexane 1㎖
Evaporate with N2 at 45℃℃℃℃

12. suspend with 100 of toluene㎕
Analysis GC/MSD

Figure 6. Analytical procedure for urinary dialkyl-phosphate
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6. Pesticide exposure index

A chronic disease and cancer risks associated with pesticides, agricultural

exposures and lifestyle factors
55)

. Exposure to pesticides may occur while

transporting, mixing, applying chemicals, through cleaning or repairing equipment.

Factors affecting the level of exposure include type of activity (e.g. application,

mixing), method of application (e.g. backpack, hand spray, speed sprayer), use of

personal protective equipment (PPE) (e.g. gloves, respirators, face-shields, boots or

overalls), and personal work habits and hygiene (e.g. changing into clean clothes

or taking bath after the use of pesticide). The challenge was to incorporate these

exposure modifiers into an estimation of intensity of pesticide exposure.

Pesticide exposure index were used to estimate the intensity of exposure to

individual pesticides using the intensity level. In the literature Dosemeci
56)

, there

was applied to modify the intensity levels.

* Intensity level =

(mixing status + application method + equipment repair status ) × PPE
56)

Mixing status was a two-level variable, based on never mixing and mixed

(values of 0 and 9, respectively). Application method was a six-level variable,

based on does not apply, use of aerial-aircraft, application in furrow, use of boom

tractor, use of backpack, use of hand spray, and speed sprayer (values of 0, 1,

2, 3, 8, 9, and 9, respectively). Status of repairing equipment was two-level

variable, based on not repairing and repairing equipment (0 and 2, respectively).

PPE use was categorized as an eight-level variable based on the percentage of

protection during pesticide spray.
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The pesticide exposure and cumulative exposure index were calculated as

follows:

* PEM = pesticide exposure month

Spraying year × spraying day per year / 30day

CEI = cumulative exposure index

Intensity level × spraying year × spraying day per year

7. Oxidized LDL and glutathion peroxidase(GPx)

The serum concentrations of oxidized LDL and GPx were measured using the

enzyme-linked immunosorbent assay (ELISA, Kit-Cayman Chemical Company,

USA).

8. Evaluation of detection limits

In general, the detection limits can be evaluated using instrumental detection

limits (IDL) and method detection limits (MDL) methods. In this study, we used

MDL method which is a method recommended by the 40 CFR, US EPA

(Environmental Protection Agency).

The results for this method were obtained by multiplying the standard deviation

of the results obtained from the repetitive measurement of n samples by the

t-distribution value at a 99% of confidence, where the values of t (n-1, = 0.01)α
were obtained from the following table.

MDL= t(n-1, =0.01)αααα × S

No. of samples 3 4 5 6 7 8 9 10

t-statistic 6.96 4.54 3.75 3.36 3.14 3.00 2.90 2.82
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9. Statistical analysis

SPSS 18.0 was used to evaluate the relationship among pesticide exposure level,

metabolic syndrome, and oxidative stress. The data were expressed as frequencies,

means, and standard deviations. We used the t-test, Mann-Whitney U test, or

chi-square test to compare the subjects with and without metabolic syndrome.

Demographic and lifestyle characteristics (i.e., age, smoking, drinking, and

exercise), and pesticide characteristics (i.g., number of spraying years, number of

spraying days per year, and spraying time), and biomarker levels (i.e., 8-OHdG,

MDA, GPx, oxidized LDL, isoprostane, HDL-cholesterol, LDL-cholesterol,

triglycerides, pseudo-cholinesterase, SBP, DBP, total cholesterol) were evaluated.

Metabolic syndrome was diagnosed based at least 3 of the following 5 featrues;

waist circumference, arterial pressure, triglyceride level, fasting glucose level, and

HDL-cholesterol.

A logistic regression analysis was used to calculate the risk for metabolic

syndrome associated with oxidative stress and pesticide exposure. To better

evaluate the relationship among 8-OHdG, MDA, isoprostane, and other variables,

we used Spearman's Rank correlation coefficients.

Linear regression analyses were used to assess the relationship between the

levels of pesticide metabolites and oxidative stress biomarkers. Logistic regression

and linear regression analyses adjusted for age, smoking, drinking, exercise. From

the logistic regression models, 95% confidence intervals (CI) were computed. A

P value < 0.05 was taken as being statistically significant.

Oxidative stress biomarkers and pesticide metabolites concentration were natural

log-transformed to account for skewed distribution for linear regression models and

logistic regression analysis.
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III. RESULTS

1. Quality control

1.1 Oxidative stress biomarkers

The calibration curve of 8-OHdG, isoprostane, and MDA were produced at a

range of 0.5 µg/L 20 µg/L, 0.005 ng/mL 1 ng/mL, 0.443 umol/L 8.850 umol/L,

respectively and the linear regression equation for the curve is presented in Figure 7.

The detection limit of 8-OHdG (0.053 µg/L), isoprostane (0.162 pg/mL) and

MDA (0.0437 umol/L) was calculated by using the method proposed by the US

EPA (Environmental Protection Agency) (Appendix 9-11).

8-OHdG isoprostane MDA

Figure 7. The calibration curve of oxidative stress biomarkers
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1.2 Pesticide metabolites

A. Orgaonophosphate chromatogram and mass spectra

The organophosphate metabolites were obtained using PFBBr and analyzed by

GC/MSD. The results are presented as a retention time and chromatograms

(Appendix 2).

The retention times of DMP, DEP, DMTP, and DETP were 6.72, 7.40, 7.81,

and 8.38 respectively. In addition, the retention time of the internal standard

substance of DBP was 9.26. Appendix 3-6 represent the mass spectra in each

metabolite. Appendix 7 shows the mass spectra of the internal standard substance.

DMP-PFBBr was obtained as a form of R-OC6F5CH2Br in which the derivative

ions were formed as m/z 306, 110, and 194.

DEP-PFBBr was characterized by m/z 334, 258, and 197. DMTP-PFBBr was

characterized by m/z 322, 211, and 110. DETP-PFBBr was characterized by m/z

350, 213, and 274 (Table 2).

DAP-PFBBr derivatives Retention time (min) Detected masses (m/z)

DMP 6.72 306, 110, 194

DEP 7.40 334, 258, 197

DMTP 7.81 322, 211, 110

DETP 8.38 350, 213, 274

DBP 9.26 335, 279, 258

Table 2. Retention time and fragment ions of the dialkyl-phosphates
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B. Calibration curves and recovery ratio

The derivative reaction can be implemented by adding their own standard and

internal standard substances and a qualitative analysis was applied using GC/MSD.

Then, the results can be obtained as a linear relationship of the concentration with

respect to the areal ratio, which can be obtained by dividing the area in each

substance by the area of the internal standard substance (Table 3).

DAP Linear range(µg/L) Slope Intercept Correl

DMP 5 10 20 40 100 150.178 -0.7674 0.99237

DEP 5 10 20 40 100 100.585 -1.5345 0.99775

DMTP 5 10 20 40 100 298.404 0.4249 0.99051

DETP 5 10 20 40 100 225.758 -3.8363 0.99198

Table 3. Calibration curve and linear equation

C. Recovery ratio and method detection limits (MDL)

By using the method proposed by the US EPA (Environmental Protection

Agency), DMP, DEP, DMTP, and DETP were calculated as 0.84 µg/L, 1.35 µg/L,

0.59 µg/L, and 2.06 µg/L, respectively.

The mean absolute recoveries ratio were 77.25–129.00% for DMP, 65.02–88.12%

for DEP, 85.32–143.64% for DMTP, and 76.82–148.44% for DETP with pooled

urine spiked with DAP (Table 4).
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Pooled urine spiked concentration

(µg/L of urine)
N DMP DEP DMTP DETP

Mean recovery
a
(%)

10 3 90.44 77.49 143.64 148.44

20 3 129.00 88.12 85.32 97.44

80 3 77.25 65.02 86.07 76.82

SD recovery (%)

10 3 7.47 5.57 14.76 18.72

20 3 8.14 3.78 7.87 7.46

80 3 8.98 8.77 5.43 2.84

RSD recovery (%)

10 3 8.27 7.19 10.28 12.61

20 3 6.31 4.29 9.23 7.66

80 3 11.62 13.49 6.32 3.69

MDL (µg/L) 5 0.84 1.35 0.59 2.06

Table 4. Recovery, MDL data of analytical procedure

Abbreviations: N, number of observations; DMP, dimethylphosphate; DEP, diethylphosphate; DMTP, dimethylthiophosphate; DETP, diethylthiophosphate; MDL,

method detection limits; SD, standard deviation; RSD, relative standard deviation
a

Recovery given by adding the standards on derivatization step.
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2. General characteristics of the study subjects

The results of the comparison of general characteristics between groups are

presented in Table 5. The groups with and without metabolic syndrome were

investigated as 19 and 65 subjects respectively.

The non-metabolic and metabolic syndrome groups showed a large distribution

of ages between 61 and 70 years. In the non-metabolic syndrome group, there

were 28 and 23 nonsmoking and smoking subjects, respectively; there were 17

and 42 nondrinking and drinking subjects, respectively. In addition, 16 subjects

exercised.

In the metabolic syndrome group, there were 9, 6, and 4, nonsmokers, past

smokers, and recent smokers, respectively. There were 13 recent drinkers, and 17

subjects exercised. As mentioned above, there were no significant differences in

these general items between the subjects with and without metabolic syndrome.
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　 non-Mets

(n=65)

Mets

(n=19)
P value

Demographic characteristics

Age, n(%) 0.238

~59 23 (35.4) 3 (15.8)

60~69 29 (44.6) 12 (63.2)

70~ 13 (20.0) 4 (21.1)

Smoking, n(%) 0.396

Non-smoking 28 (43.8) 9 (47.4)

Past-smoking 13 (20.3) 6 (31.6)

Smoking 23 (35.9) 4 (21.1)

Drinking, n(%) 0.928

Non-drinking 17 (26.6) 5 (26.3)

Past-drinking 5 ( 7.8) 1 ( 5.3)

Drinking 42 (65.6) 13 (68.4)

Exercise, n(%) 0.318

Non-exercise 49 (75.4) 17 (89.5)

Exercise 16 (24.6) 2 (10.5)

Data expressed chi-square test

Table 5. Demographic characteristics of metabolic syndrome and non-metabolic

syndrome
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3. Oxidative stress and metabolic characteristics according to

metabolic syndrome

In the group without metabolic syndrome, the average concentration of 8-OHdG

was 0.808 µg/g creatinine. The isoprostane level was determined as 0.259 ng/mg

creatinine. The MDA level was determined as 0.120 µmol/g creatinine. In the

group with metabolic syndrome, the average concentration of 8-OHdG was 1.303

µg/g creatinine. The isoprostane level was 0.418 ng/mg creatinine. The MDA level

was 0.188 µmol/g creatinine. The group with metabolic syndrome showed a

significantly higher concentration of biomarkers of oxidative stress than the group

without metabolic syndrome.

The BMI, waist circumference, SBP, TG level, and fasting blood glucose level

were all significantly higher in the group with metabolic syndrome than in the

group without metabolic syndrome, whereas the HDL levels was significantly

lower (p<0.05). The DBP, LDL level, and total cholesterol level were not

significantly different (Table 6).
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　 non-Mets

(n=65)

Mets

(n=19)
P value

Metabolic characteristics mean±SD mean±SD

8-OHdG, µg/g creatinine 0.808 ± 0.38 1.303 ± 0.92 0.034

Isoprostane, ng/mg creatinine 0.259 ± 0.14 0.418 ± 0.25 0.023

GPx, nmol/min/ml 125.02 ± 14.97 127.58 ± 20.49 0.550

Oxidized LDL, U/L 36.42 ± 9.40 39.25 ± 10.48 0.265

MDA, µmol/g creatinine 0.120 ± 0.05 0.188 ± 0.10 0.038

(pseudo)cholinesterase×10
3
, U/L 7.956 ± 1.54 8.352 ± 1.96 0.360

BMI, kg/m
2

22.97 ± 2.45 25.14 ± 2.46 0.001

Waist circumference, cm 82.47 ± 6.02 89.34 ± 4.95 0.000

SBP, mmHg 126.94 ± 15.53 136.47 ± 10.79 0.014

DBP, mmHg 79.00 ± 10.97 78.37 ± 10.63 0.632

LDL, mg/dL 109.88 ± 27.89 113.58 ± 28.03 0.613

HDL, mg/dL 53.97 ± 13.83 46.00 ± 8.56 0.020

TG, mg/dL 113.28 ± 46.13 192.84 ± 86.22 0.001

FBS, mg/dL 97.81 ± 16.50 110.95 ± 26.25 0.010

Total cholesterol, mg/dL 173.63 ± 28.81 182.84 ± 29.38 0.226

Data expressed mean ± standard deviation with student T-test and Mann-whitney U test

Table 6. Metabolic characteristics of metabolic syndrome and non-metabolic

syndrome
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4. Relationship of oxidative stress and metabolic characteristics

Table 7 shows the relationship between the use of pesticides and the levels of

pesticide metabolites according to the presence of metabolic syndrome. In subjects

with and without metabolic syndrome, the average agricultural duration was

approximately 36 and 40 years, respectively, which was not significantly different.

The duration of spraying pesticides was also similar (approximately 24 years).

The subjects without and with metabolic syndrome sprayed pesticides for 9 and

15 days per year, respectively, which represented a significant difference (p <

0.002).

In the calculation of the pesticide exposure month as an index of pesticide

exposure, the indices of the groups without and with metabolic syndrome were

4.98 and 9.54, respectively, which represented a significant difference (p < 0.05).

The cumulative exposure index proposed by Dosemeci
56)

can also be used to

evaluate the wearing of protective equipment and observance of spraying

regulations. The indices of the groups without and with metabolic syndrome were

159.24 and 314.84, respectively; however, this difference was not significant. In

addition, the values of DMP and DEP in the group without metabolic syndrome

were 0.798 µg/g creatinine and 1.324 µg/g creatinine, respectively.

In the group with metabolic syndrome, the values of DMP and DEP were

0.945 µg/g creatinine and 2.063 µg/g creatinine, respectively. The difference

between groups was significant (p < 0.05). Although the other metabolites such as

DMTP, DETP, and total DAP showed higher levels in the group with metabolic

syndrome, the differences did not reach significance.
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　 non-Mets

(n=65)

Mets

(n=19)
P value

Pesticide characteristics

Farming duration 36.68 ± 14.28 40.63 ± 13.32 0.326

Spraying year, year 24.08 ± 10.09 24.43 ± 8.27 0.907

Spraying day per year, day 8.85 ± 6.09 15.07 ± 6.33 0.002

PEM 4.98 ± 5.37 9.54 ± 6.53 0.004

CEI 159.24 ± 185.82 314.84 ± 347.67 0.075

Pesticide metabolites

(µg/g creatinine)

DMP 0.798 ± 0.96 0.945 ± 0.54 0.020

DEP 1.324 ± 1.15 2.063 ± 1.55 0.034

DMTP 2.897 ± 6.24 4.406 ± 10.29 0.826

DETP 4.760 ± 9.12 5.133 ± 4.78 0.101

Total DAP 9.629 ± 14.89 12.419 ± 11.01 0.074

Data expressed mean ± standard deviation with student T-test and Mann-whitney U test.

Abbreviations:

PEM: pesticide exposure month(spraying year×spraying day per year /30day)

CEI: cumulative exposure index (intensity level×spraying year×spraying day per year),

Total DAP : total dialkylphosphate

Table 7. Pesticide characteristics and pesticide metabolite of metabolic syndrome

and non-metabolic syndrome
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5. Correlation analysis for oxidative stress biomarkers, pesticide

exposure indices, and pesticide metabolites

In a simple correlation analysis, 8-OHdG showed a significant positive

correlation with MDA (r = 0.471), CEI (r = 0.240), DMP (r = 0.285), DEP (r = 0.396),

and DETP (r = 0.361) (p < 0.05). Isoprostane showed a significant positive

correlation to MDA (r = 0.461), DMP (r = 0.484), DEP (r = 0.578), and DETP (r = 0.603)

(p < 0.05). MDA showed a significant positive correlation to DMP (r = 0.532)

and DEP (r = 0.506), and DETP (r =0.367) (p < 0.05). In addition, PEM, which

is used as an index of pesticide exposure, showed a significant positive correlation

to 8-OHdG (r = 0.326), isoprostane (r = 0.408), CEI (r = 0.771), and DMP (r = 0.280)

(Table 8).
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8-OHdG Isoprostane GPx
Oxidised-

LDL
MDA total DAP CEI DMP DEP DMTP DETP PEM

8-OHdG 1

Isoprostane 0.187 1

GPx 0.138 0.007 1

Oxidised-LDL 0.225 0.154 0.054 1

MDA 0.471** 0.461** 0.146 0.029 1

TotalDAP 0.243 0.316* -0.013 -0.033 0.207 1

CEI 0.240* 0.226 -0.142 0.069 0.133 -0.001 1

DMP 0.285* 0.484** 0.058 0.017 0.532** 0.701** 0.096 1

DEP 0.396** 0.578** 0.128 0.027 0.506** 0.758** 0.102 0.723** 1

DMTP 0.119 0.178 -0.056 -0.070 0.196 0.570** -0.035 0.231 0.206 1

DETP 0.361** 0.603** 0.089 0.043 0.367** 0.813** 0.057 0.766** 0.895** 0.246* 1

PEM 0.326** 0.408** -0.110 0.137 0.254 0.075 0.771** 0.280* 0.186 -0.045 0.142 1

Abbreviations: total DAP; total dialkyl-phosphate, CEI; cumulative exposure index (intensity level × spraying year × spraying day per year),

PEM; pesticide exposure month (spraying year × spraying day per year / 30 day) *p<0.05, **p<0.01

Table 8. Spearman's Rank correlation coefficient between pesticide metabolite and biomarkers of oxidative stress
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6. Logistic regression analysis of oxidative stress and metabolic syndrome

To verify the relationship between the oxidative stress biomarkers and the

metabolic syndrome, a logistic regression analysis was implemented before

applying a calibration according to the presence of metabolic syndrome and after

applying a calibration for the terms of age, smoking, drinking, and exercise. Then,

the odds ratios of 8-OHdG, isoprostane, and MDA as well as a 95% confidence

interval were obtained.

In the case of the 8-OHdG before applying the calibration, the concentration of

8-OHdG in the group with metabolic syndrome was 3.3 times (95% CI 1.205–
9.167) higher than that in the group without metabolic syndrome. In addition,

after the calibration for the terms of age, smoking, drinking, and exercise was

applied, the 8-OHdG in the group with metabolic syndrome was 3.8 times (95%

CI 1.232 11.707) higher than that in the group without metabolic syndrome.–
The concentration of isoprostane in the group with metabolic syndrome before

the calibration was applied was 4.0 times higher (95% 1.378 11.551) than in the–
group without metabolic syndrome. Moreover, the concentration of isoprostane in

the group with metabolic syndrome was 4.4 times (95% 1.347 14.518) higher than–
that in the group without metabolic syndrome after the calibration for the terms of

age, smoking, drinking, and exercise was applied.

The concentration of MDA in the group with metabolic syndrome before the

calibration was applied was 5.4 times higher (95% 1.293 22.664) than that in the–
group without metabolic syndrome. Moreover, the concentration of MDA in the

group with metabolic syndrome was 6.0 times (95% 1.276 27.693) higher than–
that in the group without metabolic syndrome after the calibration for age,

smoking, drinking, and exercise was applied (Table 9).
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Independent variables　 Crude Adjusted
‡

OR ( 95% CI ) OR 95% CI

8-OHdG
*

(µg/g creatinine)
3.324 1.205 - 9.167 3.798 1.232 - 11.707

Isoprostane
*

(ng/mg creatinine)
3.990 1.378 - 11.551 4.423 1.347 - 14.518

MDA
*

(µmol/g creatinine)
5.414 1.293 - 22.664 5.945 1.276 - 27.693

Adjusted
‡‡‡‡
: age, smoking history, alcohol drinking, exercise

*
Oxidative stress biomarker concentration : log transformation

Table 9. Logistic regression analysis of oxidative stress and metabolic syndrome



- 39 -

7. Logistic regression analysis of pesticide metabolites and

metabolic syndrome

To investigate the relationship between pesticide metabolites and the metabolic

syndrome, a logistic regression analysis was implemented before applying a

calibration according to the presence of the metabolic syndrome and after applying

a calibration for age, smoking, drinking, and exercise. The ratios of DMP, DEP,

DMTP, DETP, PEM, CEI, and total DAP as well as a 95% confidence interval

were then obtained.

Before the calibration was applied, the concentration of DMP in the group with

metabolic syndrome was 2.0 times (95% CI 0.961 4.190) higher than that in the–
group without metabolic syndrome, but the difference was not significant.

Moreover, after the calibration for age, smoking, drinking, and exercise was

applied, the concentration of DMP in the group with metabolic syndrome was 2.5

times (95% CI 1.096 5.858) higher than that in the group without metabolic–
syndrome.

The concentration of DEP in the group with metabolic syndrome before the

calibration was applied was 2.7 times (95% CI 1.132 6.517) higher than that in–
the group without metabolic syndrome. In addition, the concentration of DEP in

the group with metabolic syndrome was 5.0 times (95% CI 1.618 15.522) higher–
than that in the group without metabolic syndrome after the calibration for age,

smoking, drinking, and exercise was applied.

The concentrations of DMTP, DETP, and total DAP in the group with

metabolic syndrome before the calibration was applied were 1.074 times (95% CI

0.731 1.577), 1.6 times (95% CI 0.899 2.927), and 1.012 times (95% CI 0.977– – –
1.048) higher, relatively, than those in the group without metabolic syndrome.
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Moreover, although the group with metabolic syndrome showed concentrations of

DMTP, DETP, and total DAP that were 1.031 times (95% CI 0.672 1.582), 1.8–
times (95% CI 0.952 3.494), and 1.012 times (95% CI 0.974 1.052) higher,– –
relatively than those in the group without metabolic syndrome after the calibration

for age, smoking, drinking, and exercise was applied, the difference was not

significant.

The concentration of PEM in the group with metabolic syndrome before the

calibration represented was applied was 1.1 times (95% CI 1.031 1.236) higher–
than that in the group without metabolic syndrome. The concentration of PEM in

the group with metabolic syndrome was 1.2 times (95% CI 1.048 1.290) higher–
than that in the group without metabolic syndrome after the calibration for age,

smoking, drinking, and exercise was applied.

The concentration of CEI in the group with metabolic syndrome before the

calibration was applied was 1.002 times (95% CI 1.000 1.004) higher than that in–
the group without metabolic syndrome. The concentration of CEI in the group

with metabolic syndrome was 1.002 times (95% CI 1.000 1.005) higher than that–
in the group without metabolic syndrome after the calibration for age, smoking,

drinking, and exercise was applied (Table 10).
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Independent variables　 Crude Adjusted
‡

OR ( 95% CI ) OR 95% CI

DMP, (µg/g creatinine)* 2.007 0.961 - 4.190 2.534 1.096 - 5.858

DEP, (µg/g creatinine)* 2.717 1.132 - 6.517 5.012 1.618 - 15.522

DMTP, (µg/g creatinine)
*

1.074 0.731 - 1.577 1.031 0.672 - 1.582

DETP, (µg/g creatinine)
*

1.622 0.899 - 2.927 1.824 0.952 - 3.494

Pesticide exposure month 1.129 1.031 - 1.236 1.163 1.048 - 1.290

Cumulative exposure index 1.002 1.000 - 1.004 1.002 1.000 - 1.005

Total dialkyphosphate*

(µg/g creatinine)
1.012 0.977 - 1.048 1.012 0.974 - 1.052

Adjusted
‡‡‡‡

: age, smoking history, alcohol drinking, exercise
*

Pesticide metabolite concentration : log transformation

Table 10. Logistic regression analysis of pesticide metabolite and metabolic

syndrome
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8. Linear regression analysis of oxidative stress biomarkers and

pesticide exposure

To investigate the influence of pesticide exposure on oxidative stress among

farmers exposure to pesticide, a linear regression analysis was performed using

8-OHdG, isoprostane, and MDA as dependent variables with the application of a

calibration for the demographic characteristics of age, smoking, drinking, and

exercise.

The 8-OHdG level showed a significant relation to DMP (ß = 0.320, p =

0.020), DEP (ß = 0.390, p = 0.004), DETP (ß = 0.082, p = 0.015), and PEM (ß

= 0.302, p = 0.020), and CEI (ß = 0.297, p = 0.020). In addition, isoprostane

was related to DMP (ß = 0.396, p = 0.003), DEP (ß = 0.508, p = 0.000), DETP

(ß = 0.504, p = 0.000), total DAP (ß = 0.302, p = 0.036), and PEM (ß = 0.434,

p = 0.000).

MDA was related to DMP (ß = 0.432, p = 0.001), DEP (ß = 0.508, p =

0.000), and DETP (ß = 0.329, p = 0.014). Thus, the levels of the pesticide

metabolites were significantly associated with the levels of oxidative stress

biomarkers among farmers exposure to pesticide who were exposed to

organophosphate pesticides (Table 11) (Figure 8, 8-1).
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Independent variables　 8-OHdG (µg/g creatinine)
*

Isoprostane (ng/mg creatinine)
*

MDA ( mol/g creatinine)μ *

B ß P-value B ß P-value B ß P-value

DMP, (µg/g creatinine)* 0.238 0.320 0.020 0.329 0.396 0.003 0.320 0.432 0.001

DEP, (µg/g creatinine)
*

0.306 0.390 0.004 0.471 0.508 0.000 0.426 0.508 0.000

DMTP, (µg/g creatinine)
*

0.009 0.019 0.897 -0.020 -0.051 0.732 -0.001 -0.002 0.987

DETP, (µg/g creatinine)* 0.207 0.082 0.015 0.342 0.504 0.000 0.180 0.329 0.014

Total dialkyl-phosphate

(µg/g creatinine)
*

0.155 0.220 0.116 0.209 0.302 0.036 0.140 0.224 0.105

Pesticide exposure month 0.029 0.302 0.020 0.040 0.434 0.000 0.015 0.195 0.155

Cumulative exposure index 0.001 0.297 0.020 0.001 0.213 0.106 0.000 0.182 0.171

Adjusted : age, smoking history, alcohol drinking, exercise
*
Oxidative stress biomarker and pesticide metabolites : log transformation

Table 11. Linear regression analysis of pesticide metabolites and oxidative stress biomarkers
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Figure 8. Scatter diagram between oxidative stress biomarkers and pesticide metabolites among farmers exposure to pesticide
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Figure 8-1. Scatter diagram between oxidative stress biomarkers and pesticide metabolites among farmers exposure to pesticide

(continue)
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IV. DISCUSSION

In this study, MDA and isoprostane were used as lipid injury indices for

farmers exposure to pesticide. Moreover, 8-OHdG and DAP were measured as a

DNA injury index and a quantitative indicator of pesticide exposure, respectively,

to collect the information on the use of pesticides, DNA injury, and oxidative

stress in farmers who spray such pesticides.

The influence of the oxidative stress caused by pesticide exposure on metabolic

syndrome was also investigated. Oxidative stress damages lipids, proteins, and

DNA and thereby causes diseases
57)

. Factors that increase oxidative stress are

determined as habitual (e.g., smoking, drinking, obesity, and stress) and

environmental (e.g., pesticides, heat, pollution, heavy metals, plasticizers, ozone,

and organic solvents)
58)

.

In particular, pesticides increase oxidative stress, leading to an imbalance

between oxidants and antioxidants
59)

. It has been reported that organophosphorus

pesticides disturb the cytochrome p 450 system in the liver and affect the transfer

system related to mitochondrial membranes
60)

In addition, it has been known that

organophosphorus pesticides cause oxidative stress by inhibiting enzymatic and

nonenzymatic antioxidant defenses
61-62)

. Other studies have shown that acute and

chronic pesticide exposure affect internal secretions and the pancreas
63-64)

. The use

of organochlorine pesticides is highly related to the risk of metabolic syndrome

and particularly type 2 diabetes
4-5)

. Therefore, it is important to investigate how

oxidative stress caused by pesticide exposure affects the metabolic syndrome.

In this study, oxidative stress biomarkers, such as 8-OHdG, isoprostane, and

MDA, were measured in subjects with and without metabolic syndrome. The
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group with metabolic syndrome presented a higher concentration of oxidative

biomarkers than the group without metabolic syndrome (p < 0.05) (Table 6).

The logistic regression analysis revealed that the group with metabolic syndrome

showed a higher concentration of 8-OHdG (odds ratio 3.8, 95% CI 1.23 11.71),–
isoprostane (odds ratio 4.4, 95% CI 1.347 14.52), and MDA (odds ratio 6.0, 95%–
CI 1.28 27.69) than the group without metabolic syndrome (Table 9).–

Oxidative stress and pesticide metabolite showed dose response relationship to

increased number of metabolic syndrome component (Appendix 8). In the

precedent studies, it has been recognized that the relationship between the

pesticide and the oxidative stress is highly related.

The PEM (spraying years × spraying days per year/30 days), CEI (intensity ×

spraying years × spraying days per year), and DAP levels (DMP, DEP, DMTP,

and DETP) as well as PEM were positively correlated to the levels of 8-OHdG,

isoprostane, CEI, and DMP. CEI, DMP, DEP, and DETP also represented a

positive correlation to 8-OHdG (Table 8).

The MDA and isoprostane levels directly represent lipid peroxidation resulting

from exposure to organophosphorus pesticides. Thus, our findings are consistent

with those of other studies in which the oxidative stress was increased by the

toxicity of synthetic .pyrethroid, organochlorine, and carbamate pesticides, including

xenobiotics
65-66)

.

In the linear regression analysis (Table 11), a correlation analysis was

performed after demographic characteristics, such as age, smoking, drinking, and

exercise, were adjusted to determine the relationship between pesticide exposure

and oxidative stress. As a result, 8-OHdG, isoprostane, and MDA were

significantly related to DMP (ß = 0.320, p = 0.020), DEP (ß = 0.390, p =
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0.004), and DETP (ß = 0.082, p = 0.015); DMP (ß = 0.396, p = 0.003), DEP (ß

= 0.508, p = 0.000), and DETP (ß = 0.504, 0.000); and DMP (ß = 0.432, p =

0.001), DEP (ß = 0.508, p = 0.000), and DETP (ß = 0.329, p = 0.014),

respectively. Organophosphorus pesticide mediated formation of ROS that activate

protein kinase. Organophosphorus pesticide generated ROS formation and oxidative

stress have been shown to be associated with apoptosis in different tissues
67-68)

.

A logistic regression analysis in a previous study showed that exposure to

organophosphorus pesticides such as coumaphos (odds ratio 1.26, 95% CI 1.03–
1.55), phorate (odds ratio 1.22, 95% CI 1.06 1.42), terbufos (odds ratio 1.17, 95%–
CI 1.02 1.35), and trichlorfon (odds ratio 1.85, 95% CI 1.03 3.33) were highly– –
associated with diabetes. Longitudinal studies in Australia and USA have also

shown an important role of pesticides in diabetes mortality. It is therefore

necessary to manage the pesticide exposure in farmers because type II diabetes

plays an important role in coronary artery disease and heart disease
69)

.

In this study, the relationship between DAP levels, PEM, and CEI and

metabolic syndrome suggests that DAP, PEM, and CEI are important factors in

metabolic syndrome. In addition, the logistic regression analysis after adjustment

for age, smoking, drinking, and exercise showed significant differences between

subjects with and without metabolic syndrome with respect to DMP (odds ratio

2.5, 95% CI 1.09 5.86) and DEP (odds ratio 5.0, 95% CI 1.62 15.52). In– –
addition, although the group with metabolic syndrome showed higher odds ratios

for DMTP and DETP than the group without metabolic syndrome, the difference

was not significant (Table 10). There are dose response relationship between

pesticide metabolite and number of metabolic syndrome component (Appendix 8).

Our results suggest that pesticide exposure increases oxidative stress, and the

increased oxidative stress plays a role in metabolic syndrome
70-72)

. Moreover, the
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present results support the findings of previous studies showing direct relationships

between pesticide exposure and metabolic syndrome. Thus, pesticide exposure

should be controlled for farmers and the population at large. It is necessary to

strictly control the access to pesticides, to minimize their use, and to replace

highly toxic pesticides with those of low toxicity.

Prospective studies are required to verify the causal relationships between

pesticide exposure and chronic diseases. In addition, it is necessary to consider the

application and exposure characteristics of the pesticides and to exactly reproduce

previous pesticide exposures
73)

. Moreover, further studies are required in a larger

farmer population to ensure statistical power, and a proper measurement of the

biomarkers is required to reduce misclassification biases in the measurements of

pesticide exposure and its influences on health.

The major limitation of this study is the cross-sectional design. The association

between lipid soluble toxins and metabolic syndrome or insulin resistance may be

explained by reverse causality. Some of the results were not statistically significant

because of the small size.
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APPENDIX

Appendix 1. Status of pesticide use

pesticide name available component N

butachlor chloroacetanilide 43

paraquat dichloride Bipyridilium 38

carbofuran carbamate 25

mancozeb organic sulfur 22

chlorothalonil organochlorine 19

fenitrothion organophosphate 14

mefenacet+pyrazosulfuron-ethyl mixture (acetanilide+sulfonylurea) 12

alachlor chloroacetanilide 11

tricyclazole Triazole 9

dithianon Quinone 9

IBP organophosphate 8

machine oil Emulsifiers 6

deltamethrin synthetic pyrethroid 6

glyphosate organophosphate 5

s-metolachlor acetanilide 5

dichlorvos organophosphate 5

cartap hydrochloride cartap 5

chlorpyrifos organophosphate 5

propineb dithiocarbamate 5

benomyl benzimidazoles 4

mancozeb+metalaxyl mixture 4

acetamiprid+etofenprox
mixture

(chloronicotinil+synthetic pyrethroid)
4

pendimethalin dinitroaniline 3

molinate+pyrazosulfuron-ethyl
mixture

(thiocarbamate+sulfonylurea)
3

bentazone pH regulator 3
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phorate organophosphate 3

acephate organophosphate 3

sulfur inorganic sulfur 3

isoprothiolane organic sulfur 3

fluazinam dinitroaniline 3

carbendazim, kasugamycin carbamate, Antibiotics 3

phosphamidon organophosphate 2

fenobucarb carbamate 2

methidathion organophosphate 2

cypermethrin synthetic pyrethroid 2

probenazole+thiacloprid mixture(probenazole+chloronicotinil) 2

glyphosate-ammonium Surfactants 1

glyphosate ammonium+oxyfluorfen Surfactants 1

bensulfuron-methyl+molinate mixture(sulfonylurea+carbamate) 1

endosulfan organochlorine 1

ethoprophos organophosphate 1

methomyl carbamate 1

trichlorfon organophosphate 1

hexaconazolr Triazole 1

daimuron+imazosulfuron+oxaziclomef

one

mixture

(phenylurea+sulfonylurea+oxazinone)
1

bensulfuron-methyl+indanofan mixture 1

butachlor+pyrazolate chloroacetanilide+pyrazol 1

imidacloprid chloronicotinil 1

azoxystrobin strobilurin 1

glufosinate ammonium Surfactants 1

chlorpyrifos, imidacloprid organophosphate, imidazolin 1
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Appendix 2. Chromatogram of dialkyl-phosphates-PFBBr

Appendix 3. Mass spectra of DMP
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Appendix 4. Mass spectra of DEP

Appendix 5. Mass spectra of DMTP
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Appendix 6. Mass spectra of DETP

Appendix 7. Mass spectra of DBP
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Appendix 8. Effects of oxidative stress biomarkers and pesticide metabolites on metabolic syndrome component number

a) Effects of oxidative stress biomarkers on metabolic syndrome component number

b) Effects of pesticide metabolites on metabolic syndrome component number
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concentration

(µg/L )
N

8-OHdG

(Mean)
SD RSD(%)

Recovery(%)

2.5 2 101.8

1.30 1.2910 2 100.6

20 2 99.2

Repeatability 2.5 2 2.597 0.023 0.9

MDL(µg/L) 3 0.053

Appendix 9. Recovery, repeatability, and MDL of 8-OHdG

Abbreviations: N, number of observations; MDL, method detection limits; SD, standard deviation;

RSD, relative standard deviation

concentration

(ng/mL )
N

Isoprostane

(Mean)
SD RSD(%)

Recovery(%)

2.5 2 101.8

1.30 1.2910 2 100.6

20 2 99.2

Repeatability 2.5 2 2.619 0.055 2.1

MDL(pg/mL) 3 0.162

Appendix 10. Recovery, repeatability, and MDL of isoprostane

Abbreviations: N, number of observations; MDL, method detection limits; SD, standard deviation;

RSD, relative standard deviation

concentration

(umol/L )
N

MDA

(Mean)
SD RSD(%)

Recovery(%) 1.77 3 91.87 4.92 5.36

Repeatability 2.5 2 2.619 0.055 2.1

MDL(umol/L) 3 0.043

Appendix 11. Recovery, repeatability, and MDL of MDA

Abbreviations: N, number of observations; MDL, method detection limits; SD, standard deviation;

RSD, relative standard deviation
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국 문 요 약국 문 요 약국 문 요 약국 문 요 약

농작업자에서의 농약노출 산화스트레스농작업자에서의 농약노출 산화스트레스농작업자에서의 농약노출 산화스트레스농작업자에서의 농약노출 산화스트레스, ,, ,, ,, ,

대사증후군에 대한 연구대사증후군에 대한 연구대사증후군에 대한 연구대사증후군에 대한 연구배경 및 목적배경 및 목적배경 및 목적배경 및 목적::::농약에 노출이 되면 건강에 많은 영향을 주는데 특히 와 에서 활성, vitro vivo산소종이 생성되고 생성된 래디칼은 생체분자를 산화시킴으로서 세포의 괴사 또는조직손상이 일으킨다 이처럼 증가된 산화스트레스는 심혈관 질환 고혈압. , ,당뇨 암과 같은 질병과의 관련성이 강조되고 있어 이에 본 연구는 농약에 노출된, ,농작업자를 대상으로 지질손상 지표인 와 손상지표로MDA, isoprostane DNA농약 대사물질 을 측정하여 농약노출 산화스트레스8-OHdG, (diakylphosphate) , ,대사증후군과의 관련성을 알아보고자 한다.대상 및 방법대상 및 방법대상 및 방법대상 및 방법::::본 연구는 단면연구로 년 월부터 년 월까지 농작업자 중 농약에2011 5 2011 8노출된 작업자 명을 대상으로 하였다 산화스트레스 지표로는84 . 8-OHdG,를 측정하고 농약 노출에 대해서는 요 중으로 배출되는isoprostane, MDA ,측정하였다 대사증후군과 산화스트레스 지표 농약 대사물질과의dialkylphosphate . ,관련성을 파악하기 위해 로지스틱회귀분석 및 상관분석을 실시하였다.결과결과결과결과::::대사증후군 있는 그룹 명 과 없는 그룹 명 으로 구분하여 산화스트레스(19 ) (65 )지표인 를 측정한 결과 대사증후군 있는 그룹이8-OHdG, isoprostane, MDA없는 그룹에 비해서 산화스트레스 지표의 농도가 높은 것을 확인하였다로지스틱회귀분석 결과에서도 대사증후군이 없는 그룹에 비해 있는(p<0.05).그룹에서 8-OHdG (odds ratio 3.8, 95% CI 1.23-11.71), isoprostane (oddsratio 4.4, 95% CI 1.347-14.52), MDA (odds ratio 5.4, 95% CI
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의 농도가 높은 것을 확인하였다1.29-22.66) .농약 노출 평가와 산화스트레스 지표와의 상관분석 결과 농약노출지수는 누적노출지수 와 유의한 양의(PEM) 8-OHdG, isoprostane, (CEI), DMP상관성을 보였으며 는 와 상관성을 보였다 농약 대사물질인, CEI 8-OHdG . DMP,는 와 양의 상관성을 보였다DEP, DETP 8-OHdG, isoprostane, MDA .농약 노출이 산화스트레스에 미치는 관련성을 파악하기위해 인구학적 특성을보정하였다 는 와. 8-OHdG DMP (ß=0.320), DEP (ß=0.390), DETP (ß=0.082)유의한 관련성을 보였고 은, isoprostane DMP (ß=0.396), DEP (ß=0.508),와 유의한 관련성이 있었으며 는DETP (ß=0.504) , MDA DMP (ß=0.432,와 관련성이p=0.001), DEP (ß=0.508, p=0.000), DETP (ß=0.329, p=0.014)있었다. 와 노출지표인 를 대사증후군과의 관련성을 살펴Dialkyl-phosphate PEM, CEI본 결과 인구학적 특성을 보정하여 로지스틱회귀분석 결과 는 대사증후군이DMP없는 그룹에 비해 있는 그룹에서 DMP (odds ratio 2.5, 95% CI 1.09-5.86),는 통계적으로 유의한 차이가 있었다DEP (odds ratio 5.0, 95% CI 1.62-15.52) .와 는 대사증후군이 없는 그룹에 비해 대사증후군이 있는 그룹에서DMTP DETP가 높았지만 통계적으로 차이는 없었다odds ratio .결론결론결론결론::::대사증후군 증상이 있는 농약에 노출된 작업자에서 산화스트레스 지표인의 농도가 증가하였고 대사증후군이 있는 그룹에서8-OHdG, isoprostane, MDA ,농약 대사물질인 의 농도가 높았다 산화스트레스 지표는DMP, DEP, DETP .농약 대사물질과 관련성이 있었다 따라서 농약 노출은 산화스트레스 대사증후군. ,과의 관련성이 있음을 확인할 수 있었다.핵심이 되는 말핵심이 되는 말핵심이 되는 말핵심이 되는 말 :::: 농작업자 농약 노출 산화스트레스 농약대사물질 대사증후군, , , ,


