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ABSTRACT 

 
Paraoxonase (PON 1) is a high-density lipoprotein (HDL) associated enzyme that prevents the development of 

atherosclerosis. Q/R192 and L/M 55 polymorphisms of PON 1 are said to be associated with coronary artery 

disease (CAD). The association of Q/R192 PON1 variant with lipid profile and its activity in CAD were studied. 

The correlation between the genotypes and lipid profile were determined. The PON1-Q192R polymorphism, 

serum PON1- ARE activity and lipid profile were analysed in 320 CAD patients (243 males and 77 females) 

and compared with 330 age-matched controls (258 males and 72 females). R allele frequency of the codon 192 

polymorphism was higher in CAD cases when compared to controls and odds ratio of the CAD with RR + QR 

genotype versus QQ genotype was 1.924 (p < 0.01). Patients with CAD cases with QQ, QR, RR genotypes had 

highly significant LDL cholesterol (p < 0.01) and HDL cholesterol (p < 0.01). Our data suggests a significant 

association between PON1-ARE activity, PON1 192R + genotypes and lipid profile in South Indian CAD 

patients. 
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INTRODUCTION 

Coronary artery disease (CAD) is a leading cause 

of morbidity and mortality all over the world, 

including India
1
 and its underlying pathogenic 

mechanism is atherosclerosis
2
. Epidemiological 

studies identified a series of risk factors, such as 

hypercholesterolemia, age, sex, hypertension, 

diabetes and smoking, which account for 50% of 

cases
3
. The remaining 50% risk factors include 

oxidized low-density lipoproteins (LDL), 

homocysteine and inflammatory cytokines 
4
. 

Several of these risk factors, both traditional and 

novel, clearly have a genetic basis which helps in 

identifying those genetic factors that interact with 

the environment to modulate atherosclerosis related 

processes, including lipid metabolism, oxidation, 

inflammation and coagulation 
3, 5, 6

. 

Atherosclerosis, the fundamental cause of majority 

of heart attacks, is a disease of chronic 

inflammation and lipid accumulation. CAD is 

caused by an inflammatory response of arterial wall 

macrophages that oxidizes low-density lipoprotein 

(LDL). High-density lipoprotein (HDL) has 

antioxidant and anti-inflammatory properties and 

retards the oxidation of LDL, inhibiting the 

initiation and progression of atherosclerosis 
7
. The 

HDL-associated enzyme, paraoxonase 1 (PON1-

ARE), is largely responsible for this property of 

HDL 
8
. HDL, which lacks PON1-ARE, either 

naturally or through gene ablation, is unable to 

retard LDL oxidation 
9, 10

. PON1- ARE activity is 

lower in diseases prone to the development of 

premature atherosclerosis 
11

 and in inflammatory 

diseases
12

. 

Case-control studies compare the distribution of 

alleles or genotypes of a particular gene in a group 

of individuals. These are performed to analyze the 

gene variants that are thought to be involved in the 

pathogenesis of a disease or play a role in 

modifying its phenotypic expression 
13, 14

. A large 
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number of genes are likely to be involved in the 

pathogenesis of CAD. Genes involved in 

lipoprotein synthesis, modification and 

metabolisms are excellent candidates for CAD. The 

genetic basis of the inter-individual variability of 

PON1- ARE activity has recently been attributed to 

the presence of an A/G polymorphism in the coding 

region of the PON1 gene coding for this enzyme 
15, 

16
. The A/G polymorphism corresponds to 

glutamine (Glutamine (Gln) /arginine (Arg) 

polymorphism at amino acid position 192 
17, 18

. The 

‘Q’ allele is said to be more protective than ‘R’ 

allele since individuals homozygous for Gln (Q 

genotype) show a significantly higher serum 

PON1-ARE activity than those homozygous for 

Arg (R genotype) 
19

. 

Genetic characterization combined with traditional 

and novel biochemical parameters may help to 

identify individuals at high risk for CAD. 

Moreover, the identification of specific 

susceptibility genes may shed light on the 

molecular pathophysiology of atherosclerotic 

processes and may open avenues of research that 

could lead to new drugs for therapy. Genes related 

to atherosclerotic processes can be identified either 

with a genome wide approach or by looking for a 

candidate disease causing genes. There are two 

major reasons to screen a gene for polymorphism: 

(a) to implicate the gene as a cause of a particular 

disease, and (b) to identify as many mutant allele as 

possible for the purpose of understanding 

genotype-phenotype relationships, comparing 

mutation profiles in different populations or 

constructing practical genetic tests for clinical use. 

The present study was aimed to determine the 

effect of Q/R192 PON1 variants and its activity in 

CAD in south Indian population. The correlation 

between these genotypes and lipid profile were 

determined in 320 patients with documented CAD 

and was compared with 330 healthy individuals in 

our population. 

MATERIALS AND METHODS 

Subjects 

Patients included in this study were those admitted 

in the Cardiology ward of Rajiv Gandhi 

Government General Hospital and Government 

Stanley Hospital, Chennai. The study group were 

categorised if they have any one of the following 

criteria. (i) Patient diagnosed with CAD by 

Coronary angiography (n = 280) (ii) Angina 

pectoris confirmed with, clinical and 

Electrocardiographic findings (n = 40). 

The study group were between the age group of 

25–80 years. 320 CAD patients and 330 controls 

were recruited for the study. Patients having other 

types of heart diseases, such as valvular heart 

disease, cardiomyopathies and those having renal 

or hepatic complications were excluded. The age 

sex, height, weight, smoking habits and history of 

previous illness were recorded at the time of 

admission. Age-matched healthy volunteers (n = 

330) who were free of any illness were included as 

controls. Written consent was obtained from all 

subjects as per our Institute’s human research 

ethical guidelines. A medical history was obtained 

using a questionnaire. 

Biochemical Measurements 

Blood was drawn after an overnight fast and 

collected in EDTA-coated tubes and plain tubes 

without anticoagulant. The EDTA tubes were 

centrifuged at 3000 rpm for 20 min and the buffy 

coat is harvested for DNA extraction. Blood 

collected in plain tubes without anticoagulant is 

used for PON1 - ARE activity and serum lipid 

profile determinations. Serum was separated 

immediately and stored at −20 °C for the estimation 

of PON1 - ARE activity. Total cholesterol, 

triglycerides and HDL-cholesterol were measured 

by standard methods. LDL-cholesterol was 

calculated using Friedewald formula 
20

. Glucose, 

Urea, Creatinine were also measured in these 

samples. 

PON1 - ARE activity towards phenylacetate was 

measured at 270 nm by using a spectrophotometer. 

Typically, 5 μl of serum was added to a total 

volume of 1 ml containing 10 mM phenyl acetate 

in 20 mM Tris-HCl, pH = 8.0 and 1 mM CaCl2. 

The increase in optical density was monitored 

every 1 min for 4 min of interval. One unit of 

arylesterase activity was equal to one μM of phenyl 

acetate hydrolyzed per ml per                 minute 
21

.  

DNA Extraction 

DNA isolation was done according to the modified 

Miller et al. 1988 protocol. Red blood cells (RBC) 

were lysed using the buffer NH4Cl (0.155 M) and 

Tris base (0.17 M). White blood cell (WBC) lysis 

was done using Tris HCl (1 M), Disodium EDTA 

(0.5 M), NaCl (1M) and double distilled water. A 

total of 500 µl of proteinase K and 200 µl of 

sodium dodecyl sulfate were added to the tube. It 

was incubated for 16 hours in a water bath at 37°C. 

A total of 1 ml of 6M NaCl was added and 

vigorously shaken for 30 seconds. The tube was 

centrifuged at 3000 rpm for 20 minutes and 4 ml of 

supernatant was transferred to another fresh tube. 

Double the volume of ice-cold ethanol was added 



Renuka Alagirisamy et al  eISSN 2278-1145 

Int. J. Int sci. Inn. Tech. Sec. B, Aug. 2012, Vol. 1, Issue 3, pg 34-40 

36 

and tilted once or twice. The DNA fibres were 

transferred to a 1.5 ml centrifuge tube and the DNA 

was dissolved in 200 µl of TE buffer. It was left at 

room temperature for 1 hour and the sample was 

stored at -20°C. 

Polymerase Chain Reaction and Restriction 

Endonuclease Digestion 

QPON1R polymorphism was assessed by 

polymerase chain reaction (PCR) amplification and 

digestion. The sequences of PCR primers were 5'- 

TATTGTTGCTGTGGGACCTGAG-3' and 5'-

GACATACTTGCCATCGGGTGAA -3' which 

amplifies a PCR product size of 199 bp. PCR was 

carried out in a total volume of 20 µl containing 2 

µl of template DNA, a pre-mixed 12.5 µl of 2X 

concentration Red Dye PCR Master Mix buffer 

(GeNei
TM

), and forward and reverse primers each 

of 1 µl and 3.5 µl of autoclaved with double 

distilled water. The amplification conditions 

consisted of 94°C for 3 min, followed by 35 cycles 

of 94°C for 30 seconds, 61°C for 35 seconds and 

72°C for 30 seconds. The run was terminated by 

final elongation at 72°C for 5 minutes. 

Amplification was performed in an Eppendorf 

Thermocycler. The products were digested with 5U 

of Alw1 restriction enzyme (NEB) at 37°C for 4 

hours and obtained 199 + 135 bp DNA products for 

allele Q and 199 + 135 + 64 bp for allele R. The 

run was performed in a 3% agarose gel 

electrophoresis and visualized in UV 

transilluminator (Fig. 1).  

Statistical Analysis 

Statistical Package for Social Sciences (SPSS) 

Windows, version 15.0, was used for statistical 

analysis. Allele frequencies were estimated by gene 

counting. Agreement with Hardy-Weinberg 

expectations was tested using a Chi-square 

goodness-of-fit test. Chi-square test or Fisher’s 

exact t test as appropriate was used to compare the 

proportions of genotypes or alleles. One-way 

ANOVA or student t test as appropriate was used 

to compare groups for continuous variables. 

Logistic regression analysis was performed to 

compare frequencies after adjustment for age, BMI 

and sex differences between groups of comparison. 

p < 0.05 was considered statistically significant.  

RESULTS 

The mean age and the ratio of males and females in 

the two groups were not different because the 

controls were age and sex matched to cases. 

Patients with CAD were also more likely to have 

family history of hypertension (50%) and diabetes 

(47.5%). Smoking (51.25%) and alcoholism 

(45.31%) were found to be significant risk factors 

in patients with CAD compared with controls. Also 

mean BMI and blood pressure (both SBP & DBP) 

were highly significant (p < 0.01) in patients 

compared with controls (Table 1).  

Table 1: Baseline Characteristics of CAD 

patients and controls. 

 
Particulars Controls CAD 

Patients 

(n = 330) (n = 320) 

Age 50.42 ± 

9.23 

52.51 ± 

10.40 

Sex 

(Male/Female) 258/72 243/77 

BMI (kg/m2) 23.90 ± 

1.99 

25.00 ± 

3.74** 

Smoking (%) 43.33 51.25* 

Alcoholism (%) 36.60 45.31* 

History of diabetes 

(%) 

27.87 47.50** 

History of 

hypertension (%) 

32.70 50.00** 

Mixed diet (%) 89.90 86.87 

SBP (mmHg) 116.61 ± 

7.59 

125.60 ± 

21.65** 

DBP (mmHg) 77.00 ± 

6.89 

81.89 ± 

11.61** 

 

BMI = body mass index; SBP = systolic blood 

pressure; DBP = diastolic blood pressure. 

Values are M ± SD *p < 0.05; **p < 0.01; 

compared with control. 

 

There were significant differences in mean total 

cholesterol and LDL-cholesterol with higher levels 

in patients when compared with controls. Mean 

HDL-cholesterol, which is considered as a better 

predictor of CAD, was significantly (p < 0.01) 

lower in cases compared with controls and this was 

accompanied by low PON1- ARE activity (p < 

0.01) in cases with CAD compared with healthy 

controls. PON1-ARE activity was significantly 

lower in cases compared with controls and this was 

accompanied with low-HDL cholesterol and high-

LDL levels in cases with CAD compared to healthy 

controls (Table 2).  

 

The mean PON1 - ARE activities were 

significantly higher in cases and controls with QQ 

genotype. Both cases and controls with RR 

genotype tend to have lowest PON1-ARE activity 

and were statistically significant. 

The genotypic distribution of PON1192 was in 

Hardy-Weinberg equilibrium. Patients had a higher 

frequency of QR and RR genotype than QQ as 

compared with controls (Table 3). The odds ratio of 
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developing the CAD with RR genotype versus QQ 

genotype was 2.293 (1.39 - 3.78, P = 0.001) and 

 

Table 2:  Biochemical Characteristics of CAD 

patients and controls. 

 
Particulars Control CAD 

n = 330 n = 320 

Total 

cholesterol 

(mg/dl) 

172.90 ± 

19.34 

203.42 ± 

42.25** 

Triglycerides 

(mg/dl) 

157.45 ± 

34.95 

175.32 ± 

61.92** 

HDL (mg/dl) 39.96 ± 

4.93 

37.15 ± 

6.94*** 

LDL (mg/dl) 101.44 ± 

19.50 

131.20 ± 

41.57** 

Urea (mg/dl) 22.26 ± 

3.69 

24.64 ± 

7.39* 

Creatinine 

(mg/dl) 

0.85 ± 0.18 0.88 ± 0.21 

Glucose 

(mg/dl) 

90.91 ± 

17.94 

102.29 ± 

34.03 

PON1- ARE 

activity(kU/L) 

118.18 ± 

39.92 

101.26 ± 

35.42** 

 

HDL = high density lipoprotein; LDL = low 

density lipoprotein; PON1 - ARE = arylesterase. 

Values are M ± SD *p < 0.05; **p < 0.01; 

compared with control. 

with QR genotype versus QQ genotype is 1.825 

(95% CI 1.31 - 2.55, p = 0.000). When the CAD 

patients with RR + QR genotype were compared 

with QQ genotype, the RR + QR was significantly 

high with an odds ratio of 1.92 (95%CI 1.41 - 2.63, 

p = 0.000) and RR genotype was significant with 

QQ + QR genotype with odds ratio 1.92 (95% CI 

1.074 - 2.77, p = 0.023). R allele frequency of CAD 

is significantly high with OR (95%) of 1.65 (1.074 

- 2.768, p = 0.000) compared with Q allele of 

controls. 

Table3: Distribution of PON1 192 Q/R genotype 

and allele frequencies in CAD patients and 

controls 

 

Gro

ups  

PON1 codon 192 

polymorphism 

Allele 

frequency 

QQ n 

(%) 

QR n 

(%) 

RR n 

(%) 

Q R 

CAD 

patie

nts  

( n = 

320) 

122 

(38.1

%) 

148 

(46.3%) 

50 

(15.6

%) 

0.61

2 

0.38

8 

Cont

rols 

(n = 

330) 

179 

(54.2

%) 

119 

(36.1%) 

32   

(9.7%

) 

0.72

3 

0.27

7 

 

Chi square test: p = 0.005 

DISCUSSION 

The present study was undertaken to assess the Q/R 

192 PON1 polymorphism resulting in low PON1- 

ARE activity, its association with lipid profile in 

CAD patients. For the past few decades, Indians 

have shown a demographic transition with a 

significant increase in chronic-degenerative illness. 

Heart diseases that occupy the first places in 

mortality rate are the cause of at least one fourth of 

all death. Atherosclerosis is a complex and multi-

factorial illness in which changes in serum lipid 

levels, low HDL-C and increased LDL-C, 

Triglyceride (TG) and Total Cholesterol are 

believed to be the determinants to its pathogenesis 
22

. It has been proposed to study that the 

contribution of genetic factors and environmental 

factor on lipid profile 
23

. We evaluated the 

association between the genetic factor namely Q/R 

PON1 polymorphism along with environmental 

factors such as smoking, alcohol ingestion, dietary 

habits, infections that modulate serum lipids in 

south Indian population. 

Frequencies of PON1 alleles widely vary across 

human populations. The frequency distribution and 

significance of PON 192 polymorphism were 

shown in Table 3. The CAD patients had 

significantly higher frequency of R allele than 

controls. Genetic factors in combination with a 

number of environmental risk factors are involved 

in the predisposition to CAD. The QQ genotype is 

documented to have more PON1 - ARE activity 

and have lower risk for heart attack. The QQ 

genotype frequency was found to be higher in 

controls (54.2%) when compared with the CAD 

patients (38.1%). It is well known that patients with 

R+ (QR, RR) are more prone to heart attack due to 

the decreased activity of PON1 – ARE. Our CAD 

patients had significant high percentage of QR 

(46.3%) and RR (15.6%) genotypes when 

compared with controls. Among patients those who 

had QQ genotype (38.1%) were significantly lower 

than controls (54.1%) (Table 3). However, patients 

with the QQ genotype who developed CAD had 

decreased HDL and increased LDL. Whereas the 

patients with QR and RR genotypes had 

significantly higher level of LDL and decreased 

level of HDL when compared with the controls (p 

< 0.01). The lipid profile alteration and other 

factors may be the cause for the disease process. 

The susceptibility to CAD is a complex trait and 

recently one Arginine variant (R type of the human 

PON1 gene) has been reported to be associated 

with the CAD. Several studies in Caucasians and 

other ethnic groups have implicated PON1 codon 

192 polymorphism with CAD risk 
24-27

. However, 

other studies on Caucasians and non-Caucasians 

have not confirmed this association 
28, 29

.  In a study 
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on ethnic populations in Singapore 
27

, Indians were 

reported to have a significantly lower frequency of 

the R allele than Chinese. The authors reported that 

the genotypic distribution of the PON 1 

polymorphism was comparable between Chinese 

patients and control subjects, but it varied 

significantly between Indian patients and control 

subjects. Indian patients had a significantly higher 

frequency of the QR genotype (59% vs. 40%) and 

lower frequency of the QQ genotype (27% vs. 

47%). The study by 
30

 Pati et al. from India 

reported R allele frequency of 0.45 in CAD patients 

against 0.17 in controls. Similar results have been 

reported in Indians residing in Singapore 
31

. The 

Indian population at Singapore may not represent 

solely the Indians. However, South Indians are 

ethnically and culturally different from other parts 

of India. Our study evaluated the PON1 genotypes 

only in south Indians. We document highly 

significant R+ (QR, RR) in our patients when 

compared with control. 

In the present study, the human PON1 - ARE 

genotypes were determined in 320 patients with 

CAD and 330 control subjects. The mean value 

with respect to all the confounding variables such 

as age, sex, BMI, history of Diabetes Mellitus, 

hypertension, smoking and alcoholism showed that 

the cases and control groups had been perfectly 

matched. Our study showed a significantly low 

PON1- ARE activity among CAD cases (101.26 ± 

35.42) when compared with controls (118.18 ± 

39.92) (p<0.01). Low PON1 - ARE is an 

independent risk factor for CAD.  

When genotype analysis was performed the 

distribution of R+ (QR, RR) was significantly 

higher among 198 cases (61.9%) when compared 

with 151 controls (45.8%). 

R+ genotype is an independent risk factor for 

atherosclerosis. R+ has included both QR and RR 

genotypes. However, when QR & RR were 

analysed separately both genotypes were high 

among CAD cases (46.3% & 15.6%) than controls 

(Table 3). The presence of even a single R allele is 

an independent risk factor for atherosclerosis. The 

significantly low-HDL level (37.15 ± 6.94) high 

LDL (131.20 ± 41.57) in CAD cases show that the 

fact that HDL’s protective mechanism is lower in 

the patients as seen by the genotype namely QR 

and RR. 

PON1 - ARE activity comparison between R+ 

genotype (QR,RR) and R genotype (QQ) showed 

a significantly low PON1-ARE activity among R+ 

genotypic individuals (QR = 89.46 ± 16.01, RR = 

69.64±31.67 ) compared with R (QQ = 128.52 ± 

35.47 ) , suggesting the fact that R+ genotype is 

associated with low-PON1 activity and it makes a 

person more susceptible to CAD (Table 4). The 

possible mechanism for this R+ genotype and the 

resultant replacement of glutamine by arginine in 

192nd position reduces the affinity of N- terminal 

amphipathic helix PON1 - ARE enzyme with HDL 

there by the enzyme gets destabilized and the 

activity is lowered. Hence R+ genotype and the 

resultant low-PON1 - ARE activity can be 

considered as an independent risk factor for CAD. 

PON1- ARE activity correlated positively with 

HDL among cases and controls. Increase in HDL 

was associated with an increase in PON1-ARE 

activity in controls. Similarly, decrease in HDL 

was associated with decrease in PON1 – ARE 

activity in CAD cases. This is because the enzyme 

gets inactivated or used up during an ischemic 

episode in CAD cases. The basis for this 

phenomenon is that the enzyme active site 

sulphydryl group is found to be essential for its aryl 

esterase and peroxide activity and this group gets 

oxidised during its activity against oxidised LDL, 

hence HDL level estimation should always be 

supplemented by PON1-ARE activity estimation. 

HDL level alone might be misleading because the 

actual antioxidant capacity will be low. 

CONCLUSION  

In this study we have documented a highly 

significant association between the CAD, the R+ 

genotype and altered lipid profile in south Indian 

population. The risky genotype R+ combined with 

environmental and nutritional factors documented 

in our population throw some light on the emphasis 

of life style modification and pollution free 

environment. These factors may decrease the 

incidence of CAD in our population. 

Low PON1-ARE activity and R+ genotype were 

documented in CAD patients. Having a risky 

genotype R+ in our population there should be a 

greater emphasis on modifying the life style and 

improving the environmental and living condition. 

This may decrease the mortality and morbidity of 

CAD. However, PON1- ARE activity may be 

added as a parameter for screening CAD Risk. 
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Table 4:  Biochemical Characteristics according to PON1 192 Q/R genotypes in CAD patients and 

controls. 

 

HDL = high density lipoprotein; LDL = low density lipoprotein; PON1- ARE = arylesterase. 

Values are M ± SD *p < 0.05; **p < 0.01; compared with control. 
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LIST OF ABBREVIATIONS 

 

CAD = coronary artery disease; HDL= high density 

lipoprotein; LDL = low density lipoprotein; PON1= 

paraoxonase; PCR = Polymerase chain reaction; 

BMI = Body Mass Index; BMI = body mass index; 

SBP = systolic blood pressure; DBP = diastolic 

blood pressure; NEB = New England Bio Labs  

 

 


