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Introduction and Objective:- Paraoxonase (PON1) enzyme 

detoxifies organophosphates (OPs) by cleavage of active oxons.  

PON1L55M and PON1Q192R gene polymorphisms affect the enzyme 

activity and increase susceptibility to OP toxicity. Hence, the present 

study is aimed to assess the association of serum PON1 levels and 

PON1 polymorphisms (PON1L55M and PON1Q192R) in women 

occupationally exposed to organophosphate pesticides. 
Materials and Methods:- Demographic and occupational data were 

collected by means of a standard questionnaire from 205 exposed and 

212 control subjects belonging to same age, sex and socioeconomic 

status.  Serum paraoxonase levels were analyzed by ELISA kit 

method. Paraoxonase-1 L55M and Q192R genotype was detected by 

PCR and RFLP method.  

Results:- Serum paraoxonase levels were significantly decreased in 

the exposed group (7.61 ng/mL) when compared to control group 

(13.09 ng/mL). In PON1 L55M genotype the frequency of the mutant 

allele ‘A’ was found to be 27%  in exposed  and 19 % in controls (OR 

= 1.64, 95% CI: 1.18-2.27; p =0.003) whereas in PON1 Q192R 
genotype did not show any statistical significance. Linkage 

disequilibrium between the variants of PON1 was found to be strong 

(D′>0.7). 

Conclusion:- A significant association of serum paraoxonase levels 

with PON-1 L55M and Q192R gene polymorphisms was observed in 

women occupationally exposed to OP pesticides. Thus, the study 

emphasizes the importance of serum PON1 enzyme levels and its 

association with PON1 gene polymorphisms and serum PON1 enzyme 

levels can be potential biomarker for OP-susceptible individuals, 

especially in occupationally exposed populations for risk assessment. 
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Introduction:-  
Pesticides are hazardous chemicals used extensively in agriculture for the protection of crops against pests (Aristidis 

et al, 2011).  Organophosphates (OP) pesticides are widely used neurotoxic insecticides which include compounds 

such as chlorpyrifos, diazinon, and malathion in south India. Apart from the benefits of OP pesticides on agricultural 

productivity, OP pesticides causes impaired ability to hydrolyze acetylcholine a common neurotransmitter in both 

the peripheral and central nervous systems  by  phosphorylation and subsequent inhibition of the enzyme 

acetylcholinesterase in humans. Excess acetylcholine can cause severe toxicity and lead to several neuromuscular 

disorders and disease susceptibility (Mackenzie Ross et al., 2010). A wide range of health problems are also 

associated with acute or long-term OP exposure, ranging from respiratory problems (Baldi et al., 2014) to 

neuropsychiatric disorders (Mackenzie Ross et al., 2010) and teratogenic or carcinogenic effects (Vakonaki et al., 

2013).  

 

In humans OP pesticide exposure and disease susceptibility are more complex than initially thought as several phase 
I and phase II enzymes are involved in the metabolism and detoxification (Tsatsakis et al., 2009). Human PON-1 is 

a calcium-dependent esterase which is synthesized in the liver and transported to the serum along with HDLs. PON-

1 enzyme has several functions including detoxification of various OP compounds and also prevents the oxidation of 

low-density lipoproteins, which impairs the development of atherosclerotic plaques. PON-1 mainly acts on the 

metabolites of OP compounds formed after oxidative desulfurization of the OP parent compound by the cytochrome 

P450 system in liver. PON-1 enzyme levels observed are high in liver and serum (Costa et al, 2006). There are two 

common polymorphisms of the PON1 in the coding sequence, a Gln(Q)/Arg(R) substitution at position 192 and a 

Leu(L)/Met(M) substitution at position 55. These polymorphisms alter the OP detoxification ability in humans by 

altering serum enzyme levels (Costa et al, 2005a). 

 

PON1 enzyme was considered to be one of the most important biomarker of susceptibility to long term exposure to 
OP pesticides. Alterations in this enzyme activity and serum concentrations may contribute to inter individual 

variations in disease susceptibility.(Hernandez et al., 2003; Costa et al., 2005b; Sirivarasai et al., 2007; Zhou et al, 

2007 &  Perez-Herrera et al., 2008). From previous animal studies it is evident that low or no serum PON-1 activity  

animals were found to be more sensitive to OP toxicity than high activity animals (Costa et al, 1999). Apart from 

polymorphisms PON-1 levels also play a major role in modulating the toxicity of some OPs. But the relationship 

between an individual’s PON-1 genotype and its interaction with OPs still remains unclear in human population and 

requires further research in occupationally OP exposed. Hence, the present study is aimed to determine the role of 

serum paraoxonase levels and PON 1 gene polymorphisms in women agricultural workers occupationally exposed 

to OP pesticides from south India.  

 

Study group:-  
Among the 417 individuals recruited for the study 205 women were agricultural workers occupationally exposed to 

OP pesticides from rural zones of the Nalgonda and Guntur districts of South India and 212 women were included 

for control group. A written informed consent was obtained from exposed and control groups. The study was 

approved by the ethics committee of Institute of Genetics and Hospital for Genetic Diseases, Hyderabad.  

Information on age , habits, working hours per day, years of exposure, nature of work, medical history and marital 

life was collected using a standard questionnaire from both the groups. Blood samples were collected by 

venopuncture in vacutainer tubes with EDTA as anticoagulant and plain tubes for serum. Approximately 10–12 
samples at the end of their work shift were collected from exposed and control subjects each time from rural zones 

of the Nalgonda and Guntur districts of South India. All the samples were safely transported on ice to the laboratory 

and processed within 12 hours. Blood samples were centrifuged to separate serum and stored at –80◦C until analysis. 

 

DNA isolation and genotyping:-  
The genomic DNA was extracted from venous blood collected in EDTA tubes using the standard Phenol–

Chloroform method. Both the genotypes were determined by PCR-RFLP method according to previously published 

protocols (Agachan et al, 2005). PCR was carried out using gene specific oligonucleotide primers [Bioserve, India], 

respectively.  

 

PON1 ( L55M )  

Forward primer: 5’ GAA GAG TGA TGT ATA GCC CCA 3’ 

Reverse primer: 5’ TTT AAT CCA GAGCTA ATG AAA GCC 3’ 
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PON1 ( Q192R )  

Forward primer: 5' TAT TGT TGC TGT GGG ACC TGA G 3'  

Reverse primer: 5' CAC GCT AAA CCC AAA TAC ATC TC 3 

 

Both the reactions were carried out in the presence of 1.5 mM MgCl2,  0.2 mM dNTPs, and 1.2 units of Taq DNA 

polymerase and the steps included denaturation at 94°C for 5min, 35 cycles of 94°C for 30s, 56°C for 45s, 72°C for 
45s and a final extension step of 10 min at 72°C.  Genotyping was conducted in both exposed and control groups. 

PCR product of PON1 L55M polymorphism was incubated with NlaIII restriction enzyme for 3 hours to distinguish 

the polymorphic site. NlaIII restriction site occurs only in polymorphic allele. Wild type allele showed a single band 

at 170 bp where as variant allele resulted in two fragments 126 bp & 44 bp. PCR Product of PON1 Q192R 

polymorphism was incubated with AlwI restriction enzyme for 3 hours to distinguish the polymorphic site. AlwI 

restriction site occurs only in polymorphic allele. Wild type allele showed a single band at 99 bp where as variant 

allele resulted in two fragments 66 bp & 33 bp.  Digested fragments were visualized by agarose gel electrophoresis 

(3%) with ethidium bromide staining. 

 

Measurement of serum Paraoxonase enzyme:- 
Serum Paraoxonase enzyme levels were assessed using enzyme-linked immunosorbent assay (ELISA) kit (Wuhan 

EIAab Science Co., Ltd, Catalog # EIA-E0243H, China) based on the sandwich principle and the detection range of 

the samples was 1.56-100 ng/mL. The absorbance of the samples was measured by using a microplate reader at 

450nm. PON1 in the samples was then determined by comparing the O.D. of the samples to the standard curve using 

Master Plex software. 

 

Statistical analysis:- 

The data is presented as the mean ± SD and p values were calculated using students' paired t-test. A comparison of 
variables between two groups was performed using the one-way ANOVA. Hardy-Weinberg equilibrium was tested 

for the gene polymorphisms and the association between genotypes was examined by odds ratio and chi-square 

analysis with threshold confidence interval (CI) of 95% using open EPI6 software (Open Epi Version 2.3.1, 

Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, GA 30322, USA). 

Haploview v4.0 (http://www.broad.mit.edu/mpg/haploview/) was used to determine the linkage disequilibrium in 

the PON1 region. A 2-tailed p-value of <0.05 was considered to be significant. 

 

Results:- 
The data on age, body mass index, working hours per day and duration of service are presented in table I. The serum 

paraoxonase enzyme levels were significantly low in exposed subjects when compared to control subjects. The 

mean serum levels were 7.61± 2.11 ng/ml in the exposed women as against 13.09 ± 3.80 ng/ml in control group and 

presented in table II. 

Table I. General characteristics of the study subjects. 

Characteristics Exposed (n=205) Controls(n=212) 

Age (years) 35.65±7.91 37.55±7.39 

Height (ft) 5.15±0.41 5.34±0.24 

Weight (kg) 57.25±12.24 52.92±5.56 

BMI (kg/m2) 24.13±5.06 20.44±2.78 

Working hours per day 8.32±1.16 8.18±1.45 

Duration of service (years) 12.65±6.52 12.81±5.46 

Values are mean ± standard deviation. 

 

Table II:- Serum Paraoxonase levels in exposed and control groups. 

Group  Serum Paraoxonase enzyme (ng/mL)  

Exposed group(n=205)  7.61± 2.11*  

Control group(n=212)  13.09 ± 3.80  

p values were calculated using Students' paired t-test. 

*p <0.05 significant 
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The genetic polymorphisms of PON1 gene were analyzed in both OP pesticide exposed women and controls by 

PCR-RFLP methods, respectively.  The relationship between these genotypes and risk of disease susceptibility was 

assessed by means of odds ratio (OR) with 95% confidence limits. The genotype distribution of PON1 L55M 

polymorphism in the exposed and controls are shown in Table III. The frequencies of the LL, LM and MM 

genotypes were found as 58, 29, 13 % in exposed and 67, 28, 5 % in control subjects, respectively. Our results 

showed that the frequency of the mutant allele ‘A’ in PON1 L55M genotype  was found to be 27%  in exposed  and 
19% in controls (OR = 1.64, 95% CI: 1.18-2.27; p < 0.003). 

Table III:- Genotype and allelic distribution of the PON1 L55M gene polymorphism in exposed and controls.  

Inheritance model  Genotype  Controls 

(N=212)                   

Exposed 

(N=205)                       

Odds ratio 

(95%, CI) 

χ2  p-Value  

n  %  n  %  

         Codominant  TT  143 67 119 58 ref   

TA  59 28 60 29 1.22(0.79-1.88) 0.63 0.42 

AA  10 5 26 13 3.12(1.44-6.73) 8.06 0.004* 

Dominant  TT   143 67 119 58 ref   

TA+AA 69 33 86 42 1.49(1.05-2.23) 3.55 0.06 

Recessive  AA 10 5 26 13 ref   

TA + TT 202 95 179 87 2.93(1.37-6.25) 7.40 0.006* 

Allele Frequencies  Alleles   

T  345 81 298 73 ref   

A  79 19 112 27 1.64(1.18-2.27) 8.41 0.003* 

*p <0.05 significant 

Ref-reference 

 

The genotype distribution of the PON1 Q192R polymorphism in the exposed and controls are shown in Table IV.  

The frequencies of the QQ, QR and RR genotypes were found as 45, 50, 5 % in exposed and 51, 40, 9 % in control 

subjects, respectively. The frequency of the mutant allele ‘G’ in PON1 Q192R genotype was slightly higher in the 

exposed group (30%) than in the control group (29%) and this difference was not statistically significant (OR = 

1.06, 95% CI: 0.78-1.42; p = 0.7). 

Table IV:- Genotype and allelic distribution of the PON1 Q192R gene polymorphism in exposed and controls.  

Inheritance model  Genotype Controls 

(N=212)                   

Exposed 

(N=205)                       

Odds ratio 

(95%, CI) 

χ2  p-Value  

n  %  n  %  

Codominant  AA  108 51 92 45 ref   

AG  85 40 102 50 1.40(0.94-2.10) 2.49 0.11 

GG  19 9 11 5 0.67(0.31-1.50) 0.58 0.44 

Dominant  AA   108 51 92 45 ref   

AG+GG 104 49 113 55 1.27(0.86-1.8) 1.30 0.25 

Recessive  GG  19 9 11 5 ref   

AG+AA 193 91 194 95 0.57(0.26-1.24) 1.51 0.21 

Allele Frequencies  Alleles   

A  301 71 286 70 ref   

G  123 29 124 30 1.06(0.78-1.42) 0.09 0.7 

*p <0.05 significant 

  Ref-reference 

 

When we compared the serum PON1 enzyme levels of 3 genotypes for control and exposed subjects we found 

significantly lower serum PON1 enzyme levels in the exposed group when compared to control subjects in all three 

genotypes of both the polymorphisms. The association of PON1 L55M genotypes and serum PON1 levels of the 

exposed and control group were shown in Table V. Low serum PON1 enzyme levels were found in AA recessive 

genotype of both control (7.12 ng/ml) and exposed group (5.19 ng/ml). The relationship between PON1 Q192R 

genotypes and serum PON1 levels of the exposed and control group were shown in Table V. In AA genotype serum 

PON1enzyme levels were low in exposed (6.58 ng/ml) and control groups (11.09 ng/ml) when compared to AG and 

GG genotypes. Serum PON1 enzyme levels differences between genotypes of PON1 L55M and PON1 Q192R 
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polymorphisms were analyzed by ANOVA. The results revealed significant enzyme level differences between the 

three genotypes of both the polymorphisms (p<0.01).  

 

Table V:- Association of serum paraoxonase levels in relation to PON1 L55M & PON1 Q192R gene 

polymorphism. 

Gene  n Control  n Exposed p Value  

PON1 

L55M 

TT 143 14.44 ± 0.31 119 8.65 ± 0.15 0.001* 

TA 59 12.45 ± 0.42 60 6.57 ± 0.21 0.001* 

AA 10 7.12 ± 0.43 26 5.19 ± 0.36 0.001* 

ANOVA p Value  0.003*  0.001*  

PON1 

Q192R 

AA 108 11.09 ± 0.87 92 6.58 ± 0.57  0.0001* 

AG 85 12.31 ± 0.36 102 8.07 ± 0.15 0.0001* 

GG 19 13.98 ± 0.38 11 11.83 ± 0.19 0.003* 

ANOVA p Value  0.005*  <0.001*  

Paraoxonase levels are given as ng/mL (Mean ± SE) 

p values were calculated using Students' paired t-test. *p <0.05 significant 
Analysis of variance was used to test for differences between the groups. 

 

Linkage disequilibrium analysis (LD) defined by the delta coefficient ( D′ ), was determined for both exposed and 

control groups for two SNPs, PON1 L55M and PON1 Q192R. Strong linkage disequilibrium was observed between 

the two polymorphisms with D′- 0.744 and LOD score value of 40.33 (Fig. 1). 

 

 

 
Figure 1:-   Linkage disequilibrium pattern of PON1 genetic variants PON1 L55M (T>A) and PON1 Q192R (A>G) 

in the OP exposed and control subjects in South Indian population. The single nucleotide polymorphisms (SNPs) in 

Chromosome 7 were positioned according to the order and orientation. Pink color represent a very strong LD pattern 
(D′>0.7)  

 

Discussion:-  
Several studies demonstrated the importance of PON1 polymorphisms in the efficacy of OP detoxification and 

relevancy for human health risk assessment but only few investigations aimed to identify susceptible populations 

among groups that are occupationally exposed to OPs. Our study is one among them mainly aimed to assess 
paraoxonase and its risk with long term exposure to OP pesticides. 

 

Paraoxonases are the enzymes responsible for the metabolism organophosphate compounds. It is hypothesized that 

individuals with low serum activity of this enzyme would be expected to have low ability to metabolize 

organophosphate compounds ( Geldmacher-von Mallinckrodt and Diepgen, 1988). Earlier studies on animals have 

also demonstrated the role of PON1 in decreasing the toxicity of organophosphate pesticides. Rats injected with 

PON1 showed increased resistance towards OPs than in controls (Costa et al., 2005a; Li et al., 1995). In PON1 
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knockout mice experiment with absence of PON1 plasma activity, the sensitivity to OPs mediated toxicity was 

found to be increased (Furlong et al., 2005; Li et al., 1993; Li et al., 2000). PON1 knockout mice expressing human 

PON1R192 were significantly less sensitive to the toxicity of OPs than PON1Q192 or PON1 knockout mice (wild 

type) (Costa et al., 2005a).The individual genetic variability in metabolizing enzymes are involved in genotoxic risk 

of humans. The inefficiency of humans towards detoxification may lead to the metabolic sub-products accumulation 

contributing to a possible tumorigenic progression (Hodgson et al., 1991). Several enzymatic isoforms have been 
observed to contribute to individual cancer susceptibility as genetic modifiers of cancer risk after exposure to 

genotoxic agents (Bolognesi, 2003).  

 

PON1 in humans exhibits genetic polymorphisms in coding and promoter regions, leading to the change in serum 

PON1 levels (Davies et al., 1996; Suheiro et al., 2000; Brophy et al., 2001). In the present investigation a wide 

variation in PON1 serum levels between exposed and control groups were observed.  In PON1 Q192R 

polymorphism PON1 serum levels was observed low in Q/Q and Q/R genotypes and highest was observed in R/R 

genotype within both study groups. These results are in consistent with previous findings that the phenotypes 

showing low activity contain Q allele (Humbert et al., 1993; Li et al., 2000; Sirivarasai et al., 2007; Chia et al., 2009; 

Lopez-Flores et al., 2009). 

 

In the present study, the wild type PON1 L55M polymorphism showed higher serum PON1 levels followed by 
hetero-genotype and significantly low serum levels were observed in recessive genotype of both the groups which is 

in agreement with the earlier studies indicating L allele genotype of PON1 L55M polymorphism is associated with 

higher serum PON1 levels by producing more PON1 mRNA (Leviev and James, 2000; Furlong et al., 2006; 

Sirivarasai et al., 2007). Therefore, in PON1 polymorphisms serum from L/L and R/R individuals had significantly 

higher PON1 enzyme concentration than serum from other genotype individuals (Garin et al.,1997). Thus, serum 

paraoxonase concentration and activity with reference to polymorphisms was found to be in the following order: 

PON1192 R/R > Q/R > Q/Q and PON1 55 L/L > L/M > M/M, which has also been reported previously in different 

population ( Rojas-Garcia et al., 2005; Catano et al., 2006; Lopez-Flores et al.,2009). Thus, the results of the present 

investigation suggest that the PON1 genotype and serum levels might have an important role in the identification of 

individuals with higher risk of health hazards due to OPs occupational exposure. 

 
Landers et al (2008) observed the PON cluster in linkage disequilibrium and reported that significant association of 

PON1 L55M and PON1 Q192R gene polymorphisms may lead to disease susceptibility. In the present study 

genotyping results were used to determine the linkage disequilibrium between the 2 SNPs within the PON1 gene 

cluster as shown in Figure 1. The current study confirms the previous reports that genetic variants within the PON1 

gene are in strong linkage disequilibrium and are associated with OP exposure risk leading to disease susceptibility. 

 

Conclusion:- 
Despite of limited statistical power the present study has several important implications for human paraoxonase 1 

and its risk with occupational OP exposed. In our study exposed group showed lower levels of serum PON1 

enzyme, suggesting that study population might be less protected or more sensitive to OP exposure. From the 

present study we also suggest that serum paraoxonase levels are affected by PON1 genetic variability in exposed and 

controls. Thus the study emphasizes the importance of serum PON1 enzyme levels and its association with PON1 

gene polymorphisms and it can be considered as a potential biomarker for OP-susceptible individuals, especially in 

occupationally exposed populations. It is henceforth suggested that further more occupational studies are needed in 

this field to support our observations. 

 

Abbreviations used:-  
Paraoxonase (PON), Organophosphates (Ops), Enzyme-Linked Immunosorbent Assay (ELISA), Odds Ratio (OR), 

Class Interval (CI), Linkage Disequilibrium Analysis (LD) Analysis of variance (ANOVA). 
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