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Abstract:  Human serum paraoxonase 1(PON1) is an enzyme  
synthesised mainly by the liver. Paraoxonase 1 Q192R 
polymorphism involves amino acid substitution of glutamine (Q 
isoform) to arginine (R isoform) at position 192. Paraoxonase 
1 activity and polymorphism is associated with many disease 
conditions. In the Sri Lankan context, data is lacking on the 
distribution of Paraoxonase 1 phenotypes. The aim of this study 
was to assess the phenotypic distribution of Paraoxonase 1 in a 
cohort of healthy Sri Lankan individuals, using the dual substrate 
method. Serum samples of 77 apparently healthy individuals 
were used for the study. Paraoxonase activity was measured by 
a kinetic method using paraoxon as the substrate at 412 nm and 
25° C. Salt stimulated paraoxonase 1 activity was measured in 
the presence of 1M NaCl. Arylesterase activity was measured 
by a kinetic method using phenylacetate as the substrate at 270 
nm and 25° C. The ratio of salt stimulated paraoxonase activity 
to arylesterase activity was used to assign phenotypes. Basal 
and salt stimulated paraoxonase activities were bimodally 
distributed. Arylesterase activity was unimodally distributed. 
Salt stimulated paraoxonase activity/ arylesterase activity ratio 
was trimodally distributed. The three modes corresponded to 
QQ (lower activity), QR (intermediate activity) and RR (higher 
activity) phenotypes.   The percentage distribution of QQ, QR 
and RR phenotypes were 36 %, 51 % and 13 %, respectively. 
This study has set the baseline data on phenotypic distribution 
of paraoxonase1 in a cohort of healthy Sri Lankan individuals.
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Paraoxonase 1 phenotype distribution in a cohort of healthy Sri 
Lankan population 

INTRODUCTION

Human serum paraoxonase 1(PON1; EC3.1.8.1) is a 
glycoprotein with a molecular mass of 43kDa. It is 
synthesised mainly in the liver and contains 354 amino 
acids. In blood, it is associated with Apo-A component 
of high density lipoprotein (HDL) (Gaidukov & 
Thawfik, 2005). PON1 is a calcium-dependent esterase 
which shows both paraoxonase and arylesterase 
activity (Mackness et al., 2001). It has the ability to 
hydrolyse organophosphates (Mackness et al., 1998) and 
biologically active lipoperoxides (Hashemi et al., 2011), 
rendering a protective effect against organophosphate 
toxicity and formation of atherosclerotic plaques. 
Recent studies have revealed its ability to hydrolyse 
homocystein thiolactone, a risk factor for cardiovascular 
diseases (Zafiropoulos et al., 2010). Cardio protective 
characteristic of PON1 is supported by several studies 
conducted in vitro (Mackness et al., 1991, González et 
al., 2019; Grzegorzewska et al., 2021) and in vivo (Shih 
et al., 1998).

   Serum PON 1 activity significantly differs among 
individuals with a 40-fold variation (Mackness & 
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Mackness, 2015). These differences are modulated by 
hereditary and acquired factors (Draganov & La Du, 
2004). The PON1 activity is influenced by diet, drugs, 
alcohol consumption, smoking and environmental toxins. 
Serum PON1 activity was reported to be decreased by 
intake of high fat diet (Sutherland et al., 1999). The 
intake of antioxidant polyphenols such as quercetin and 
glabridin was associated with increased PON1 activity 
(Aviram et al., 1999). Few studies reported the ability 
of statins and fibrates to increase PON1 activity (Balogh 
et al., 2001; Paragh et al., 2003). However, contrasting 
results were observed in some studies, emphasising the 
inability of statins and fibrates to influence PON1 activity 
(Durrington et al., 1998). Consumption of 40 g/day of 
alcohol was associated with increased PON1 activity 
and mass in mg/L (van der Gaag et al., 1999). A study 
has revealed the inhibitory effect of smoking on PON1 
activity (Nishio & Watanabe, 1997).  In another study, 
serum PON  1 concentration and activity  were decreased 
due to smoking (James et al., 2000). The PON1 activity 
was inhibited by organophosphates (Sözmen et al., 
2002). 

   The PON1 gene is located on the long arm of 
chromosome 7q21-22. The 192 R/Q polymorphism of 
human serum PON1 has two isoforms, namely, PON1 Q 
and PON1 R (Mackness & Mackness, 2015). The PON1 
Q contains a glutamine at position 192 and it shows low 
activity towards paraoxon hydrolysis. PON1 R contains 
an arginine at position 192 (Deakin & James, 2004). 
It shows a six-fold higher activity towards paraoxon 
hydrolysis compared to Q isoform. But the arylesterase 
activity is similar in both isozymes (Gaidukov et al., 
2006). The R allozyme shows a greater degree of 
stimulation of its paraoxon-hydrolyzing activity in 1 
M NaCl than the Q allozyme (Eckerson et al., 1983a). 
This qualitative property can be used to identify two 
different allozymes based on their response to salts. 
Eckerson et al (1983b) proposed that heterozygous 
PON1 phenotype (QR) can be obviously differentiated 
from both homozygous phenotypes (QQ and RR) on the 
basis of its ratio of salt stimulated paraoxonase activity 
to arylesterase activity. The ratio of salt-stimulated 
PON1 activity to arylesterase activity (P/A ratio) was 
trimodally distributed (Eckerson et al., 1983b). The 
trimodal distribution corresponds to QQ, QR and RR 
phenotypes. The least frequent value between two modes 
is called the antimode. The population was divided at the 
two antimodes to segregate the three phenotypes (QQ, 
QR and RR).

           PON1 activity is found to be reduced in many disease 
conditions such as cardiovascular diseases (González et 

al., 2019; Murillo-González et al., 2020; Grzegorzewska 
et al., 2021), thyroid disorders (Azizi et al., 2003), 
cancers (El-Lebedy et al. 2014), diabetes mellitus (Savu 
et al., 2014), chronic renal failure (Prakash et al., 2010), 
chronic liver damage (Ferre et al., 2002) and psychiatric 
disorders (Moreira et al., 2019). The comparison of 
PON1 activity and/ polymorphism between healthy 
individuals and patients require baseline data of healthy 
individuals. In the Sri Lankan context, data of PON1 
activity and distribution of PON1 phenotypes among 
healthy individuals are lacking. The aim of this study was 
to evaluate the PON1 activity and phenotype distribution 
in a cohort of healthy Sri Lankan individuals using the 
dual substrate method. 

MATERIALS AND METHODS

The study protocol and procedures were approved by 
the Ethics Review Committee, Postgraduate Institute 
of Science, University of Peradeniya on 10th November 
2013. Informed consent was obtained from all participants 
before commencing the study.  The study was conducted 
in the Department of Biochemistry, Faculty of Medicine, 
University of Peradeniya. 

Study subjects

Seventy seven apparently healthy individuals without any 
history of hypertension, smoking, cardiovascular diseases, 
diabetes, renal or hepatic diseases and cancer were enrolled 
for the study. The study group comprised 43 females 
and 34 males with a mean age of 57.82 ± 16.38 years. 
The number of subjects recruited was based on previous 
studies conducted as described below. Organophosphate 
intoxication on human serum paraoxonase was studied in 
28 organophosphate poisoning patients with 66 control 
subjects by Sözmen et al. (2002).  Species and substrate 
specific stimulation of human plasma paraoxonase 1 by 
high chloride concentration was conducted in 15 male 
healthy volunteers by Bełtowski et al. (2002). The study 
of Paraoxonase -1 gene polymorphism in a healthy 
population of Khorramabad, Iran involved 64 healthy 
individuals (Chehari et al., 2014). 

Sample collection

Blood was collected by venipuncture with minimal stasis 
from individuals who have been resting for at least 20 
minutes prior to collection of blood. Precautions were 
taken to avoid haemolysis of blood. Blood was collected 
with only moderate suction. The needle was always 
removed from the syringe before emptying it slowly into 
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the collecting tube. The samples were not collected in 
EDTA containing vacutainers as paraoxonase activity 
is irreversibly inactivated by the chelation of Ca. Blood 
was allowed to clot, and the serum was separated by 
centrifuging at 4000 rpm for 10 min. The serum samples 
were stored frozen at -20 °C and assayed within two 
weeks of collection. The samples were completely 
thawed before the assay. 

Paraoxonase activity assay

Serum paraoxonase activity was estimated according to 
the protocol described by Eckerson et al.  (1983a). The 
rate of hydrolysis of paraoxon (diethyl-p-nitrophenyl 
phosphate) was measured by monitoring the increase in 
absorbance at 412 nm at 25° C for 75 s in 15 s intervals. 
The basal assay mixture included 1.0 mM paraoxon 
and 1.0 mM CaCl2 in 0.05 M glycine buffer  at a pH 
of 10.5. One unit of paraoxonase activity was defined as 
1 µmol of p-nitrophenol formed per minute and activity 
was expressed as U/L of serum. The liberated amount 
of p-nitrophenol was calculated using molar extinction 
coefficient of p-nitrophenol (18290 M-1cm-1). Salt 
stimulated PON1 activity was measured in the presence 
of 1 M NaCl. A blank without serum was used to correct 
any spontaneous hydrolysis of the substance. 

Arylesterase activity assay

Arylesterase activity was measured using phenylacetate 
as the substrate (Josse et al., 1999). The change in 
absorbance was measured at 270 nm for 75 s in 15 s 
intervals. The amount of phenol formed was calculated 
using molar extinction coefficient (1310 M-1cm-1) for 
phenol. One unit of arylesterase activity was defined 
as 1 µmol phenol generated/min at a pH of 8.0 and at 
25° C. The activity is expressed as kU/L. Paraoxon, 
phenylacetate, calcium chloride, and sodium choloride 
were purchased through local suppliers from Sigma-
Aldrich (St. Louis, Missouri, United States).

PON1-Q192R phenotyping

PON1-Q192R phenotype distributions were determined 
using both paraoxonase and arylesterase activity 
according to the method of Eckerson et al. (1983b). 
Paraoxon is identified as a distinguishing substrate with 
a polymorphic distribution of activity, and phenylacetate 
is a non-distinguishing substrate for two allozymes. The 
distribution normality of variables was assessed using 
Kolmogorov-Smirnov test. Univariate density estimation 
was performed using R statistical software (R 3.4.2). 

Each variable was fitted a mixture of normal distributions 
with model-based clustering.

Statistical analysis

Statistical analysis was performed using MINITAB16 
software (MINITAB inc., State College,  PA, USA). A 
p value < 0.05 was considered as statistically significant. 
All values were presented as mean ± SD. The range 
of each variable was calculated by dividing the lowest 
observed value from the highest observed value. The 
significance of differences between groups was assessed 
by using  independent Students’ t-test, Mann Whitney test 
and ANOVA. The significance of association between 
variables was evaluated by using chi-square test.

RESULTS AND DISCUSSION

The cohort comprised 55.8 % females and 44.2 % males. 
Mean age of the participants was 57.82 ± 16.38 years. 
There was no significant difference in age between 
males and females. The mean basal paraoxonase activity 
was 205.27 ± 115.00 U/L, ranging from 34.54 U/L to 
628.30 U/L (Figure 1). The mean salt stimulated PON1 
activity was 320.4 ± 218.9 U/L, ranging from 50.3 
U/L to 1233.6 U/L (Figure 2). The mean arylesterase 
activity was 159.53 ± 37.11 kU/L, ranging from 56.2 
kU/L to 253.9 kU/L (Figure 4). The range for basal 
PON1 activity, salt stimulated activity, and arylest erase 
activity among the population was 593.8, 118.3, and 
179.7 respectively .The basal paraoxonase (Figure 1) and 
salt stimulated paraoxonase (Figure 2) activities were 
bimodally distributed, whereas arylesterase activity 
(Figure 4) was unimodally distributed. Degree of 
stimulation of PON1 activity by 1 M NaCl was normally 
distributed (Figure 3).

Figure 1: Estimated density curve of basal paraoxonase activity
                in healthy individuals
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    The addition of NaCl caused approximately 1.52 ± 
0.44 fold increment in PON1 activity in the range of 0.55 
to 2.72. However, the addition of NaCl also caused an 
inhibition of PON1 activity in twenty-three individuals, 
ranging from 0.63% to 45.4%. 

      Eckerson et al. (1983a) also reported that the degree 
of salt stimulation separated individuals into two very 
discrete classes; one stimulated -23% to 35% (the non-
salt responsive type), and the other stimulated 60 % and 
greater (the salt-responsive type). 

  Frequency distribution histograms for percent 
stimulation of paraoxonase activity by 1.0 M NaCl was 
obtained by Eckerson et al. (1983a), and the present study 
included both non-salt responsive and salt-responsive 
types, which implies that both attributes to salt response 
should be considered for phenotype categorisation. 

We observed the relationship between age and salt 
responsiveness of an individual. The number of 
individuals whose PON1 activity was inhibited by the 
addition of NaCl was higher in the younger age group 
(18–54 years) than in the older age group (54–90 years). 
The number of individuals whose PON1 activity was 
stimulated by the addition of NaCl was higher in the 
older age group (54–90 years) than in the younger age 
group (18–54 years) (p = 0.005) (Table 1).

Age 
group 

(years)

Number of individuals whose 
PON1 activity was inhibited 

by NaCl

Number of 
individuals whose 

PON1 activity 
was stimulated by 

NaCl

18–54 17 48

54–90 6 66

There were no significant differences in basal and salt 
stimulated PON1 activity and P/A ratio between males 
and females. Arylesterase activity was significantly 
higher in females than in males (Table 2).

Parameters Female (n=87) Male (n=50)
p 

value

Basal paraoxonase 
activity (U/L)

212.3 ± 116.7 193.1 ± 112.1 0.344

Salt stimulated PON1 
activity (U/L)

331.2 ± 226.7 301.6 ± 205.4 0.436

Arylesterase activity 
(kU/L)*

168.2 ±   39.9  148.5±  30.3 0.029

P/A ratio 2.07   ±   1.18 1.79   ±   1.23 0.059

p value < 0.05. * Significantly different between males and females

Table 1:   Number of individuals whose PON1 activity was inhibited /  
                 stimulated by addition of 1M NaCl according to age

Table 2:  Paraoxonase and arylesterase activities of healthy Sri Lankan  
                individuals according to gender

Figure 2: Estimated density curve for salt stimulated paraoxonase     
                activity in healthy individuals

Figure 3: Estimated density curve for degree of stimulation of 
                 paraoxonase activity by 1M NaCl in healthy individuals

Figure 4: Estimated density curve of arylesterase  activity in healthy 
                individuals
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The ratio of salt stimulated paraoxonase activity to 
arylesterase activity disclosed a trimodal distribution 
in the studied cohort (Figure 5). The three modes 
corresponded to QQ, QR and RR phenotypes. Subjects 
with salt stimulated PON1 activity to arylesterase activity 
ratio < 1.5 were classified as the QQ group (homozygous 
low activity) (n = 28), those with ratios between 1.5 and 
3.5 as the QR group (heterozygous moderate activity) (n 
= 39), and those with ratios > 3.5 (n = 10) as the RR group 
(homozygous high activity). The percentage distribution 
of QQ, QR and RR phenotypes were 36 %, 51 % and 13 
%, respectively.

 Figure 5: Estimated density curve of P/A ratio in healthy individuals, 

Means of basal PON1 activity (p < 0.001), salt stimulated 
PON1 activity (p < 0.001), and P/A ratio (p < 0.001) were 
significantly different among the 3 phenotypes (Table 
3). The above three parameters were in the order of 
QQ < QR < RR phenotypes. Mean arylesterase activity 
was significantly higher in QQ phenotype compared to 
QR phenotype (p = 0.034). There were no significant 
differences in mean arylesterase activity between QR 
and RR phenotypes and QQ and RR phenotypes. Mean 
basal PON1 activity of RR phenotype was 3-fold higher 
than the mean basal PON1 activity of QQ and mean salt 
stimulated PON1 activity of RR phenotype was 5 fold 
higher than the mean salt stimulated PON1 activity of 
QQ.

    Table 4 depicts the differences in mean PON1 and 
arylesterase activities between males and females, 
according to PON1 phenotypes. Arylesterase activity 
was significantly higher in females than in males in QQ 
phenotype. P/A ratio was significantly higher in males 
compared to females in QQ phenotype. Basal PON 1 
activity, salt stimulated PON1 activity and arylesterase 
activity was significantly higher in females compared 
to males in QR phenotype. Significant differences were 
not observed in all four parameters between males and 
females in RR phenotype.

Parameter
Phenotype

QQ 
(n=28)

QR 
(n=39)

RR 
(n=10)

Basal PON1 
activity (U/L)1

 115.3 
 ±  76.2

218.0 
±   78.0

382.3
 ± 113.3

Salt stimulated 
PON1 activity 
(U/L)2

126.6 
±   56.8

344.4 
 ± 105.3

670.2 
± 231.8

Arylesterase 
activity (kU/L)

173.7  
± 36.6a

150.1 
± 34.9b

156.8
 ±38.1a,b

P/A ratio3  0.67 
± 0.19

2.28 
 ± 0.43

4.20 
± 0.48

1,2,3 Significantly different among phenotypes p < 0.001; a, b different 
superscript in the row for Arylesterase activity indicate significantly 
different, p = 0.034

PON1 is an antioxidant enzyme with paraoxonase, esterase 
and lactonase activity. PON1 is involved in metabolism 
of many drugs containing lactone or cyclic carbonate 
moieties. However, natural substrate of PON1 inside 
human body is still unclear (Draganov & La Du, 2004).  
Numerous studies have revealed associations between 
PON1 activity and various disease conditions (Aldonza 
et al., 2017; Ertürk  et al., 2017; Wei et al., 2017;  Passaro  
et al., 2018; Moreira et al., 2019; Matsumoto et al., 2020; 
Murillo-González et al., 2020). Determination of PON1 
activity and phenotypic distribution in healthy individuals 
may facilitate the unveiling of any possible relationships 
between PON1 activity and/or phenotypic distribution 
and particular disease conditions. Identification of 
relationships between PON1 activity/polymorphism and 
disease conditions may improve the existing knowledge 
on pathophysiology of disease conditions. The ability of 
paraoxonase in destroying biologically active lipids in 
mildly oxidised LDL was first documented by Watson 
et al. (1955). The inhibitory effect of PON on HDL 
oxidation was established based on the reduced HDL 
peroxide and aldehyde formation (Aviram et al., 1998). 
Since then, numerous studies have been carried out 
on the cardio-protective role of PON. A recent review 
concluded that the true physiological substrates for PON 
are still not known (Taler-Verčič et al., 2020). As such, 
further studies on the enzymes’ molecular mechanism 
may help to identify possible natural substrates for PON1. 
Modulation of PON1 activity by pharmacological, 
environmental and behavioural interventions may exert a 
beneficial therapeutic approach to hinder the detrimental 
effects of certain diseases, which exhibit an association 
with serum levels of PON1 within the body. 

Table 3:   Paraoxonase and arylesterase activities in healthy individuals   
                according to phenotype
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Parameter Phenotype Male Female p value

Basal PON 1 
activity (U/L)

QQ 104.9 ± 46.6 129.2± 104.4 0.926

QR1 182.5 ± 42.5 235.8 ± 86.0 0.030

RR 347.2 ± 94.0 417.4 ± 130.2 0.531

Salt stimulated 
PON1 activity 
(U/L)

QQ 122.4 ± 51.4 132.1 ± 65.1 0.871

QR2 296.0 ± 52.5 368.7 ± 117.0 0.031

RR 597.1 ± 139.6 743 ± 297 0.676

Arylesterase 
activity (kU/L)

QQ3 161.44 ± 33.78 190 ± 35 0.039

QR4 134.02 ± 21.06 158.12 ± 37.91 < 0.001

RR 144.9 ± 24.2 168.7 ± 48.3 0.403

P/A ratio QQ5 0.72 ± 0.21 0.62 ± 0.16 0.048

QR 2.22 ± 0.3 2.31 ±  0.48 0.743

RR 4.10 ± 0.51 4.31 ± 0.48 0.531

Values are represented as mean ± SD.  1,2,3,4,5 Significantly different between males and females

Table 4:   Paraoxonase and aryesterase activities according to phenotypes and gender

In this study, salt stimulated PON1 and arylesterase 
activities were measured to determine the phenotypic 
distribution of PON1 in a cohort of healthy Sri Lankan 
individuals. Based on the salt-stimulated PON1 to 
arylesterase activity ratio, it was possible to distinguish 
the three paraoxonase phenotypes (QQ, QR and RR). The 
percentage distribution of QQ, QR and RR phenotypes in 
our cohort was 36 %, 51 % and 13 % respectively. The 
findings were   compared with the results from a Croatian 
cohort, where 39 %, 48 % and 13 % individuals belonged 
to QQ, QR and RR phenotypes, respectively (Juretiæ et 
al., 2001). Close values were observed in another study 
conducted in Iran, in which frequencies of QQ, QR and 
RR phenotypes were reported to be 48.1 %, 41.3 % 
and 10.6 %, respectively (Sepahvand et al., 2007). The 
genotype frequencies for paraoxonase 1-Q192R were 
reported as 47 % (QQ), 41 % (QR) and 12 % (RR) in a 
healthy population of Khorramabad, Iran by Chehari et 
al. (2014), which was almost similar to that of reported 
by Sepahvand et al. (2007). Contrasting results were 
observed in a Thai population with 14.4 %, 51.9 % 
and 33.7 % of individuals belonging to QQ, QR and R, 
respectively (Porntadavity et al., 2009). 

      Mean PON1 activity of the studied Sri Lankan cohort 
was found to be 205.27 ± 115.00 U/L ranging from 34.54 
U/L to 628.30 U/L. Basal PON1 activity exhibited close 
resemblance to values reported in a Croatian population 

(251 ± 143 U/L) [Juretiæ et al., 2001], with an interquartile 
range of 236 and a Thai populations 239.7 ± 83.9 U/L 
[Porntadavity et al., 2009].  Mean basal paraoxonase 
activity in the present study was considerably higher 
compared to those observed in many other populations 
including Iran [81.8 ± 57.0 U/L, ranging from 19.2 to 
290 U/L) (Sepahvand et al., 2007) and 98.79 ± 68.79 
U/L (Naderi et al., 2011)], Czech Republic [125.2 ± 69.4 
U/L (Novak et al., 2010)], Bulgaria [128.79 ± 15.1 U/L 
(Doneva-Basheva et al., 2013)], Hungary [188 ± 55 U/L 
(Paragh et al., 2002)] and Turkey [178 ± 79 U/L (Dirican 
et al., 2004)]. A study conducted by Elkiran et al. (2007) 
in Turkey revealed a higher value (395.8 ± 116.6 U/L) 
than our finding for basal PON1 activity. 

      We observed significantly higher arylesterase activities 
in females than in males. However, opposite results 
were reported in a Thai study (Female: 137.0 ± 25.7 vs. 
Male: 160.0 ± 37.9) (Porntadavity et al., 2009), and no 
differences were reported in an Iranian study (Female: 
79.8 ± 11.9 vs. Male: 81.6 ± 17) (Sepahvand et al., 2007). 
The significant differences among the three phenotypes 
in basal PON1 activity, salt stimulated PON1 activity 
and P/A ratio in our study was similar to the observation 
made on the three phenotypes in Thai study (Porntadavity 
et al., 2009). This should be reworded as ‘The range 
observed in basal PON1 activity and salt stimulated 
PON1 activity in our population was higher than that of 
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Thai population with basal PON1 activity of 384.5 U/L 
and salt stimulated PON1 1022.2 U/L’ (Porntadavity 
et al., 2009), whereas range in arylesterase activity 
was similar in both populations. Salt responsiveness 
of PON1 in Thai population (2.3 fold) (Porntadavity et 
al., 2009) was moderately higher than our population 
(1.52 ± 0.44). In our study, we found significantly higher 
arylesterase activity in females compared to males in the 
QQ phenotype. The P/A ratio was significantly higher 
in males compared to females in the QQ phenotype. 
Mean arylesterase activity was significantly higher in 
males (176.2 ± 41.3) than in females (146.4 ± 25.0) in 
the QQ phenotype in the Thai population. We observed 
significantly higher basal PON1 activity, salt stimulated 
PON1 activity and arylesterase activity in females 
compared to males in the QR phenotype. However, 
significantly higher mean salt stimulated PON1 activity 
(560.5 ± 157.5 Vs 469.4 ± 113.8) and mean arylesterase 
activity (171.8 ± 41.1Vs 136.4 ± 28.4) were observed 
in males than females in QR phenotype in the Thai 
population. Hence, there are contrasting differences in 
PON and arylesterase activities among the phenotypes in 
different populations.

       The ability of PON1 to hydrolyse organophosphates 
varies depending on the PON1 phenotype. Previous 
studies have revealed that the QR and RR phenotypes are 
significantly more resistant to OP toxicity compared to the 
QQ phenotype (Sepahvand et al., 2007). Hence, we can 
suggest that 64 % of our population exhibits a resistance 
against OP toxicity. Sri Lanka is an agricultural country 
which uses considerable amounts of OP substances 
as pesticides and herbicides. Therefore, people may 
have genetically adapted to resist toxic effects of OP 
substances. Studies assessing the correlation between 
PON1 phenotype and atherosclerosis risk have revealed 
that QQ phenotype is more cardio protective compared to 
other two phenotypes (Sepahvand et al., 2007). According 
to the results of our study we can hypothesise that 
majority of our population doesn’t have this protective 
effect and may be susceptible to develop atherosclerosis. 
A study is in progress with acute coronary syndrome to 
verify our hypothesis. 

CONCLUSION

In this study, basal and salt stimulated paraoxonase 
activities were bimodally distributed. Arylesterase 
activity was unimodally distributed. Salt stimulated 
paraoxonase activity/ arylesterase activity ratio was 

trimodally distributed. The three modes corresponded to 
QQ (lower activity), QR (intermediate activity) and RR 
(higher activity) phenotypes. The percentage distribution 
of QQ, QR and RR phenotypes were 36 %, 51 % and 
13 %, respectively. This study has set the baseline data 
on phenotypic distribution of paraoxonase1 in a cohort 
of healthy Sri Lankan individuals. The findings may 
contribute in future studies involving assessment of 
PON1 activity and/or polymorphism in various disease 
conditions.

REFERENCES

Aldonza M.B.D., Son Y.S., Sung H.J., Ahn J.M., Choi Y.J., Kim 
Y.I., Cho S. & Cho J.Y. (2017). Paraoxonase-1 (PON1) 
induces metastatic potential and apoptosis escape via its 
antioxidative function in lung cancer cells. Oncotarget 
8(26): 42817.  

      DOI: https://doi.org/10.18632/oncotarget.17069
Aviram M., Rosenblat M., Bisgaier C.L., Newton R.S., Primo-

Parmo S.L. & La Du B.N. (1998). Paraoxonase inhibits 
high-density lipoprotein oxidation and preserves its 
functions. A possible peroxidative role for paraoxonase. 
Journal of Clinical Investigation 101(8): 1581–1590. 

      DOI: https://doi.org/10.1172/JCI1649
Aviram M., Rosenblat M., Billecke S., Erogul J., Sorenson R., 

Bisgaier C.L., Newton R.S. &  La Du B.  (1999). Human 
serum paraoxonase (PON1) is inactivated by oxidised low 
density lipoprotein and preserved by antioxidants. Free 
Radicals Free Radical Biology and Medicine 26: 892–904.

       DOI: https://doi.org/10.1016/s0891-5849(98)00272-x
Azizi F., Raiszadeh F., Solati M., Etemadi A., Rahmani M. & 

Arabi M. (2003). Serum paraoxonase 1 activity is decreased 
in thyroid dysfunction. Journal of Endocrinological 
Investigations  26(8): 703–709.

       DOI: https://doi.org/10.1007/BF03347350
Balogh Z., Seres I., Harangi M., Kovacs P., Kakuk G. & Paragh 

G. (2001). Gemfibrozil increases paraoxonase activity in 
type 2 diabetic patients: a new hypothesis of the beneficial 
action of fibrates? Diabetes and Metabolism 27: 604–610.

Bełtowski J., Wójcicka G. & Marciniak A. (2002). Species- and 
substrate-specific stimulation of human plasma paraoxonase 
1 (PON1) activity by high chloride concentration. Acta 
Biochimica Polonica 49(4): 927–936. 

      DOI: https://doi.org/10.18388/abp.2002_3752
Chehari K., Sepahvand F., Ghobadi S., Ismaili A. & Alavy 

E. (2014). Study of Paraoxonase -1 Gene Polymorphism 
in a Healthy Population of Khorramabad, Iran. Journal of 
Applied Biotechnology Reports 1(2): 85–88.

Deakin S.P. & James R.W. (2004). Genetic and environmental 
factors modulating serum concentrations and activities of 
the antioxidant enzyme paraoxonase-1. Clinical Science 
107(5):435-47.



426	 S Marasinghe & R Sivakanesan

September 2021	 Journal of the National Science Foundation of Sri Lanka 49(3)

      DOI: https://doi.org/10.1042/CS20040187
Dirican M., Akça R., Sarandöl E. & Dilek K. (2004). 

Serum paraoxonase activity in uremic predialysis and 
hemodialysis patients. Journal of Nephrology 17: 813–818.

Doneva-Basheva K., Anastasov A., Postadzhyan A., Kamenova 
Z. & Vlaykova T. (2013). Serum paraoxonase and 
arylesterase activity of PON1 in acute coronary syndrome. 
Trakia Journal of Sciences 1: 39–49.

Draganov D.I. & La Du B.N. (2004). Pharmacogenetics of 
paraoxonases: a brief review. Naunyn-Schmiedeberg’s 
Archives of Pharmacology 369: 78–88.

       DOI: https://doi.org/10.1007/s00210-003-0833-1
Durrington P.N., Mackness M.I., Bhatnagar D., Julier K., Prais 

H., Arrol S., Morgan J. &  Wood G.N. (1998) Effects of two 
different fibric acid derivatives on lipoproteins, cholesteryl 
ester transfer, fibrinogen, plasminogen activator inhibitor 
and paraoxonase activity in type IIb hyperlipoproteinaemia. 
Atherosclerosis 138: 217–225.

      DOI: https://doi.org/10.1016/s0021-9150(98)00003-3
Eckerson H.W., Romson J., Wyte C. & La Du B.N. (1983a). The 

human serum paraoxonase polymorphism: Identification of 
phenotypes by their response to salts. American Journal of 
Human Genetics 35: 214–227.

Eckerson H.W., Wyte C.M. & La Du B.N. (1983b). The human 
serum paraoxonase/ arylesterase  polymorphism. American 
Journal of Human Genetics 35: 1126–1138.

Elkiran E.T., Mar N., Aygen B., Gursu F., Karaoglu A. & Koca 
S. (2007). Serum paraoxonase and arylesterase activities 
in patients with lung cancer in a Turkish population. BMC 
Cancer 7: 48.

      DOI: https://doi.org/10.1186/1471-2407-7-48
El-Lebedy D., Kafoury M., Abd-El Haleem D., Ibrahim A., 

Awadallah E. & Ashmawy I. (2014). Paraoxonase-1 
gene Q192R and L55M polymorphisms and risk of 
cardiovascular disease in Egyptian patients with type 2 
diabetes mellitus. Journal of Diabetes and Metabolic 
Disorders 13: 125–131.

      DOI: https://doi.org/10.1186/s40200-014-0125-y
Ertürk C., Altay M.A., Bilge A. & Celik H. (2017). Is there a 

relationship between serum ox-LDL, oxidative stress, and 
PON1 in knee osteoarthritis? Clinical Rheumatology 36: 
2775–2780. 

      DOI: https://doi.org/10.1007/s10067-017-3732-4    
Ferre N., Camps J., Prats E., Vilella E., Paul A., Figuera L. 

& Joven J. (2002). Serum paraoxonase activity: a new 
additional test for the improved evaluation of chronic liver 
damage. Clinical Chemistry 48 (2): 261–268. 

      DOI: https://doi.org/10.1093/clinchem/48.2.261
Gaidukov L., Rosenblat M., Aviram M., Tawfik D.S. (2006). 

The 192R/Q polymorphs of serum paraoxonase PON1 
differ in HDL binding, lipolactonase stimulation and 
cholesterol efflux. Journal of Lipid Research 47: 2492–
2502.

      DOI: https://doi.org/10.1194/jlr.M600297-JLR200
Gaidukov L. & Thawfik D.S. (2005). High affinity, stability, and 

lactonase activity of serum paraoxonase PON1 anchored 
on HDL with ApoA-I. Biochemistry 44 (35): 11843–11854.

      DOI: https://doi.org/10.1021/bi050862i

González F., Ponce-RuÍz, N., Rojas-GarcÍa A.E., Bernal-
Hernández Y.Y., Mackness M., Ponce-Gallegos J., 
Cardoso-Saldaña G., Jorge-Galarza E., Torres-Tamayo 
M. & Medina-Díaz I.M. (2019). PON1 concentration and 
high-density lipoprotein characteristics as cardiovascular 
biomarkers. Archives of Medical Sciences. Atherosclerotic 
Diseases 4: e47–e54. 

      DOI: https://doi.org/10.5114/amsad.2019.84447
Grzegorzewska A.E., Adamska P., Iwańczyk-Skalska 

E., Ostromecka K.,  Niepolski L., MarcinkowskiW., 
Mostowska A., Warchoł W., Żaba C. & Jagodziński 
P.P. (2021). Paraoxonase 1 concerning dyslipidaemia, 
cardiovascular diseases, and mortality in haemodialysis 
patients. Scientific Reports 11: 6773.

      DOI: https://doi.org/10.1038/s41598-021-86231-0
Hashemi M., Kordi-Tamandani D. M., Sharifi N., Moazeni-

Roodi A., Kaykhaei M., Narouie B., Torkmanzehi A. 
(2011). Serum paraoxonase and arylesterse activities in 
metabolic syndrome in Zahedan, Southeast Iran. European 
Journal of Endocrinology 164: 219–222.

      DOI: https://doi.org/10.1530/EJE-10-0881
James R.W., Leviev I. & Righetti A. (2000). Smoking is 

associated with reduced serum paraoxonase activity 
and concentration in coronary artery disease patients. 
Circulation 101(19): 2252–2257.

       DOI: https://doi.org/10.1161/01.cir.101.19.2252
Josse D., Xie W., Renault F., Rochu D., Schopfer L. M., 

Masson P. & Lockridge O. (1999). Identification of residues 
essential for human paraoxonase (PON1) arylesterase/ 
organophosphatase activities. Biochemistry 38: 2816.

      DOI: https://doi.org/10.1021/bi982281h
Juretiæ D., Tadijanoviæ M., Rekiæ B., Simeon-Rudolf V., 

Reiner E. & Barièiæ M. (2001). Serum Paraoxonase 
Activities in Hemodialyzed Uremic Patients: Cohort Study. 
Clinical Sciences 42(2): 146–150. 

Mackness M.I., Arrol S. & Durrington P.N. (1991). Paraoxonase 
prevents accumulation of lipoperoxides in low-density 
lipoprotein. FEBS Letters 286(1–2): 152–154.

      DOI: https://doi.org/10.1016/0014-5793(91)80962-3
Mackness B., Davies G.K., Turkie W., Lee E., Roberts D.H., 

Hill E., Roberts C., Durrington P.N. & Mackness M.I. 
(2001). Paraoxonase status in coronary heart disease: are 
activity and concentration more important than genotype? 
Arteriosclerosis Thrombosis and Vascular Biology 21: 
1451–1457.

      DOI: https://doi.org/10.1161/hq0901.094247
Mackness M. & Mackness B. (2015). Human paraoxonase-1 

(PON1): gene structure and expression, promiscuous 
activities and multiple physiological roles. Gene 567(1): 
12–21.

      DOI: https://doi.org/10.1016/j.gene.2015.04.088
Mackness B., Mackness M. & Durrington P.N. (1998). Human 

serum paraoxonase. General Pharmacology 31 (3): 329–
336.

      DOI: https://doi.org/10.1016/S0306-3623(98)00028-7
Matsumoto A., Maes M., Supasitthumrong T., Maes A., Michelin 

A., De Oliveira Semeão L., De Lima Pedrão J.V., Moreira 
E.G., Kanchanatawan B. & Barbosa D. (2020). Deficit 



Paraoxonase 1 phenotype distribution	                                                                                                                          427

Journal of the National Science Foundation of Sri Lanka 49(3)	 September 2021

schizophrenia and its features are associated with PON1 
Q192R genotypes and lowered paraoxonase 1 (PON1) 
enzymatic activity: effects on bacterial translocation. CNS 
Spectrums 26(4): 1–10. 

      DOI: https://doi.org/10.1017/S1092852920001388
Moreira E. G., Correia D. G., Bonifácio K. L., Moraes J. B. D., 

Cavicchioli F. L., Nunes C. S., Nunes S. O. V., Vargas H.O., 
Barbosa, D.S. & Maes M. (2019). Lowered PON1 activities 
are strongly associated with depression and bipolar 
disorder, recurrence of (hypo) mania and depression, 
increased disability and lowered quality of life. The World 
Journal of Biological Psychiatry 20(5): 368–380. 

      DOI: https://doi.org/10.1080/15622975.2017.1322219
Murillo-González F.E. et al. (11 authors) (2020). PON1 

lactonase activity and its association with cardiovascular 
disease. Clinica Chimica Acta  500: 47–53. 

      DOI: https://doi.org/10.1016/j.cca.2019.09.016
Naderi M., Hashemi M., Komijani-Bozchaloei F., Moazeni-

Roodi A. & Momenimoghaddam M. (2011). Serum 
paraoxonase and arylesterase activities in patients with 
pulmonary tuberculosis. Pathophysiology 18: 117–120.

      DOI: https://doi.org/10.1016/j.pathophys.2010.05.002
Nishio E. & Watanabe Y. (1997). Cigarette smoke extract 

inhibits plasma paraoxonase activity by modification of 
the enzyme’s free thiols. Biochemical and Biophysical 
Research Communications 236: 289–293.

      DOI: https://doi.org/10.1006/bbrc.1997.6961
Novak F., Vavrova L., Kodydkova J., Hynkova M., Zak A. & 

Novakova O. (2010). Decreased paraoxonase activity in 
critically ill patients with sepsis. Clinical and Experimental 
Medicine 10(1): 21–25.

      DOI: https://doi.org/10.1007/s10238-009-0059-8
Paragh G., Balla P., Katona E., Seres I., Égerházi A. & Degrell 

I. (2002). Serum paraoxonase activity changes in patients 
with Alzheimer’s disease and vascular dementia. Europian 
Archives of Psychiatry and Clinical Neuroscience 252: 
63–67.

      DOI: https://doi.org/10.1007/s004060200013
Paragh G., Seres I., Harangi M., Balogh Z., Illyes L., Boda J.Z.S. 

& Kovacs P. (2003). The effect of micronised fenofibrate 
on paraoxonase activity in patients with coronary heart 
disease. Diabetes and Metabolism 29: 613–618.

      DOI: https://doi.org/10.1016/s1262-3636(07)70077-0
Passaro A., Vigna G. B., Romani A., Sanz J. M., Cavicchio 

C., Bonaccorsi G., Valacchi G. & Cervellati C. (2018). 
Distribution of paraoxonase-1 (PON-1) and lipoprotein 
phospholipase A2 (Lp-PLA2) across lipoprotein subclasses 
in subjects with type 2 diabetes. Oxidative Medicine and 
Cellular Longevity  2018: Article ID 1752940.

      DOI: https://doi.org/10.1155/2018/1752940
Porntadavity S., Tantrarongroj S., Pidetcha P., Dansethakul 

P. & Suwannathon L. (2009). Paraoxonase1 phenotype 
distribution in Thais.  Journal of Medical Association of 
Thailand 92(3): 405–412.

Prakash M., Phani N.M., Kavya R. & Supriya M. (2010). 
Paraoxonase: Its antiatherogenic role in chronic renal 
failure. Indian Journal of Nephrology 20(1): 9–14.

      DOI: https://doi.org/10.4103/0971-4065.62088

Savu O., Serafinceanu C., Grajdeanu I. V., Iosif L., Gaman 
L. & Stoian I. (2014). Paraoxonase lactonase activity, 
inflammation and antioxidant status in plasma of patients 
with type 1 diabetes mellitus.  Journal of International 
Medical Research 42(2): 523–529.

      DOI: https://doi.org/10.1177/0300060513516287
Sepahvand F., Shafiei M., Ghaffari S. M., Rahimi-Moghaddam 

P. & Mahmoudian M. (2007). Paraoxonase phenotype 
distribution in a healthy Iranian population. Basic and 
Clinical Pharmacology and Toxicology 101: 104–107.

      DOI: https://doi.org/10.1111/j.1742-7843.2007.00080.x
Shih D.M. et al. (12 authors) (1998). Mice lacking serum 

paraoxonase are susceptible to organophosphate toxicity 
and atherosclerosis. Nature 394: 284–287.

      DOI: https://doi.org/10.1038/28406
Sözmen E.Y., Mackness B., Soömen B., Durrington P., 

Girgin F.K., Aslan L. & Mackness M. (2002). Effect 
of organophosphate intoxication on human serum 
paraoxonase. Human and Experimental Toxicology 21: 
247–252.

      DOI: https://doi.org/10.1191/0960327102ht244oa
Sutherland W.H., Walker R.J., de Jong S. A., van Rij A.M., 

Phillip V. & Walker H.L. (1999). Reduced postprandial 
serum paraoxonase activity after a meal rich in used 
cooking fat. Arteriosclerosis, Thrombosis, and Vascular 
Biology 19: 1340–1347.

      DOI: https://doi.org/10.1161/01.ATV.19.5.1340
Taler-Verčič A., Marko Goličnik M. & Aljoša Bavec A. 

(2020). The structure and function of paraoxonase-1 and 
its comparison to paraoxonase-2 and -3. Molecules 25(24): 
5980. 

      DOI: https://doi.org/10.3390/molecules25245980
van der Gaag M.S., van Tol A., Scheek L.M.,  Richard W., 

James RW., Urgert R.,  Schaafsma G. & Hendriks H.F.J. 
(1999). Daily moderate alcohol consumption increases 
serum paraoxonase activity; a diet-controlled, randomized 
intervention study in middle-aged men. Atherosclerosis 
147: 405–410

      DOI: https://doi.org/10.1016/s0021-9150(99)00243-9
Watson A.D., Berliner J.A, Hama S.Y., La Du B.N., Faull K.F., 

Fogelman A.M. & Navab M. (1995). Protective effect of 
high density lipoprotein associated paraoxonase. Inhibition 
of the biological activity of minimally oxidized low density 
lipoprotein. Journal of Clinical Investigation 96(6): 2882–
2891.

      DOI: https://doi.org/10.1172/JCI118359
Wei L.K.  et al. (11 authors) (2017). Polymorphisms of 

MTHFR, eNOS, ACE, AGT, ApoE, PON1, PDE4D, and 
ischemic stroke: meta-analysis. Journal of Stroke and 
Cerebrovascular Diseases 26(11): 2482–2493. 

           
Zafiropoulos A., Linardakis M., Jansen E.H.J.M., Tsatsakis 

A., Kafatos A. &  Tzanakakis G. N. (2010). Paraoxonase 1 
R/Q alleles are associated with differential accumulation of 
saturated versus 20:5n3 fatty acid in human adipose tissue. 
Journal of Lipid Research 51: 1991–2000.

      DOI: https://doi.org/10.1194/jlr.P004960

DOI: https://doi.org/10 10.1016/j.jstrokecerebrovasdis.2017.05.048


