
Paraoxonase Activity and Oxidized LDL Levels as Cardiovascular 
Risk Factors in Patients with Coronary Artery Disease
Koroner Arter Hastalarında Kardiyovasküler Risk Faktörü Olarak Paraoksonaz 
Aktivitesi ve Okside LDL Düzeyleri

Amaç: Bu çalışmada koroner arter hastalarında damar tıkanıklığının 
şiddetine bağlı olarak serum Okside LDL (Ox-LDL) konsantrasyonu; son 
zamanlarda kardiyovasküler risk faktör olarak tanımlanan Paraoksonaz 
1 (PON1) aktivitesi ve tiobarbitürik asit reaktif substansları (TBARS)  düzey-
leri arasındaki olası ilişki araştırıldı. 

Yöntemler: Okside LDL, Apolipoprotein AI (Apo AI), TBARS düzeyleri, PON1 
aktivitesi lipid profili (Total Kolesterol (TK), Trigliserid (TG), LDL Kolesterol 
(LDL-K), HDL Kolesterol (HDL-K), VLDL Kolesterol (VLDL-K) düzeyleri 42 ko-
roner arter hastası ve 17 sağlıklı bireyde belirlendi. Hasta grubu anjiografi 
sonuçlarına göre tek damar (n:13), iki damar (n:15) ve üç damar (n:14) 
olarak 3 alt gruba bölündü. PONI aktivitesi ve TBARS düzeyleri spektrofo-
tometrik, Ox-LDL düzeyleri Eliza, Apo-AI immunoturbidimetrik, TK, TG ve 
HDL-K düzeyleri ise enzimatik yöntemlerle tayin edildi. 

Bulgular: Çalışmamızda damar tıkanıklık derecesi arttıkça PON1 aktivite-
sinin azaldığı gözlendi (r: -0,537, p<0,01). Tek damar, iki damar, üç damar 
ve total hasta grubunda Ox-LDL düzeyleri kontrol grubuna göre istatistik-
sel olarak yüksek bulundu (p<0,01). TBARS düzeyleri tek, iki ve üç damar 
tıkanıklığı bulunan hasta grubunda kontrol grubuna göre istatistiksel ola-
rak anlamlı düzeyde yüksek bulundu (p<0,01). Tek, iki ve üç damar tıka-
nıklığı bulunan bireylerde Apo AI düzeyleri ise kontrol grubundan düşük 
bulundu (p<0,01). 

Sonuç: Sonuçlarınmız düşük PON1aktivitesi, yüksek Ox-LDLve TBARS dü-
zeyleri, düşük Apo AI düzeylerinin koroner arter hastalığının patogenezin-
de önemli rol oynayabileceğini göstermektedir. 

Anahtar Kelimeler: PON1, protein, insan, okside LDL, tiobarbitürik asit 
reaktif substansları

Objective: The aim of this study was to investigate the possible relati-
onship between serum oxidized low-density lipoprotein (Ox-LDL) concent-
ration, recently shown to be a cardiovascular risk factor, paraoxonase 1 
(PON1) activity and Thiobarbituric Acid Reactive Substance (TBARS) levels, 
and the severity of Coronary Artery Disease (CAD) as determined by the 
obstructive vessel number inpatients. 

Methods: We determined plasma PON1 activity, serum Ox-LDL concent-
ration, Apolipoprotein A1 (ApoA1) levels, TBARS levels and lipid profiles, 
including total cholesterol (TC), triglycerides (TG), Low-Density Lipoprote-
in cholesterol (LDL-C), High-Density Lipoprotein cholesterol (HDL-C), and 
Very Low-Density Lipoprotein cholesterol (VLDL-C), in patients with CAD 
(n=42) and in a healthy control group (n=17). The CAD group was divided 
into three subgroups with single- (n=13), double- (n=15) and triple-vessel 
(n=14) disease according to their angiography results. PON1 activity and 
TBARS levels were measured spectrophotometrically; Ox-LDL levels were 
determined by ELISA; ApoA1levels were determined immunoturbidomet-
rically; and TC, TG, and HDL-C levels were determined enzymatically.

Results: In the study we observed that PON1 activity decreases when the 
number of affected vessels increases (r=-0,537, p<0.01). Ox-LDL levels in 
single-, double- and triple-vessel disease groups and in the total CAD gro-
up were significantly higher than in the healthy control group (p <0.01). 
TBARS levels in single-, double- and triple-vessel disease groups were signi-
ficantly higher than the healthy control group (p<0.01). Moreover, ApoA1 
levels in the single-, double- and triple-vessel disease groups were signifi-
cantly lower than in the healthy control group (p<0.01). 

Conclusion: Our results show that low PON1 activity, high Ox-LDL levels, 
high TBARS levels and low ApoA1 levels may play an important role in the 
pathogenesis of CAD. 

Key Words: PON1, protein, human, oxidized low-density lipoprotein, Thi-
obarbituric Acid Reactive Substances

Introduction

CAD is the major cause of death in North America and the rest of the western world. It is also being 
recognized as an important contributor to morbidity and mortality in the developing countries of 
the world. CAD is a multifactorial disease. Elevated levels of TC and LDL-C and low levels of HDL-C 
have been reported as the most important risk factors for CAD. Enhanced formation of reactive 
oxygen species (ROS) may affect four fundamental mechanisms that contribute to atherogen-
esis, namely: oxidation of low-density lipoprotein (LDL), endothelial dysfunction, vascular smooth 
muscle cell growth, and monocyte migration (1, 2).

The formation of Ox-LDL is an indiscernible reaction that causes altered membrane proteins and 
phospholipids, and increased expression of signaling molecules that recruit monocytes (3). Mem-
brane damage caused by Ox-LDL impairs endothelial function. Attempts to measure plasma levels 
of Ox-LDL have been reported (4, 5).

PON1 (EC 3.1.8.1) is an HDL-associated arylesterase that hydrolyzes paraoxon, the active toxic me-
tabolite of the organophosphate parathion. Serum PON1 is associated with high-density lipoprotein 
(HDL). PON1 functions in preventing lipid oxidation not only of LDL, but also of HDL itself (6). This 
protection is most probably related to the PON1-hydrolyzing activity of some activated phospholip-
ids and/or lipid peroxide products (7, 8). The free thiol at cysteine-284 of PON1 is required to prevent 
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LDL oxidation and is thought to be the active site for the antioxidant 
activity of PON1 (9). There is now growing evidence that PON1 plays 
an important role in lipoprotein metabolism and thus may affect 
the risk of CAD and atherosclerosis in the general population (10).

To our knowledge, no previous studies have investigated the 
changes in PON1 activity and the circulating Ox-LDL and TBARS 
levels in patients with angiographically defined CAD. The aim of 
this study was to investigate the possible relationship between se-
rum Ox-LDL concentration, recently shown to be a cardiovascular 
risk factor, and PON1 activity and TBARS levels in patients with 
angiographically defined CAD.

Methods

Subjects 
The profiles of the study population are presented in Table 1. The 
study groups included patients with CAD (n=42) and the healthy 
control group (n=17). The patient group was divided into three 
subgroups with single- (n=13), double- (n=15) and triple-vessel 
(n=14) disease according to their angiography results. Diagnostic 
coronary arteriography was carried out using the Judkins tech-
nique and all the coronary angiograms were determined visually 
by two different cardiologists. The severity of coronary artery ste-
nosis was assessed and classified according to the American Heart 
Association System (AHA) (11). According to AHA, significant angio-
graphic coronary stenosis is defined as the presence of stenosis in 
excess of 70% of the luminal diameter. Multi-vessel disease was 
defined as the presence of significant stenoses in more than 1 of 
the 3 major epicardial coronary arteries. All subjects were exam-
ined by a cardiologist and information on medical histories, habits 
and medications was obtained via a questionnaire. The following 
conventional cardiovascular risk factors were defined (12): arterial 
hypertension (systolic blood pressure > 140 mm Hg and/or dia-
stolic blood pressure > 90mm Hg and/or use of antihypertensive 
drugs), dyslipidemia (TC ≥ 200 mg/dL and/or LDL-C ≥ 130 mg/dL 
and/or use of cholesterol lowering drugs), diabetes (fasting glucose 
≥ 127 mg/dL and/or use of pharmacological treatment), family 
history of cardiovascular disease (symptomatic CAD occurring in 
first-degree male relatives aged < 55 years or first-degree female 
relatives aged < 65 years), obesity (body mass index, BMI ≥ 30 kg/
m2) and smoking (regular smoking or quitting < 3 months ago). Ex-
clusion criteria were the presence of neoplastic diseases, concomi-

tant inflammatory diseases such as infections and auto-immune 
disorders, major depression, liver and kidney diseases and recent 
major surgical procedures. The healthy control group was enrolled 
from non-medical staff of the hospital and their relatives, and was 
selected to match the CAD group by gender and age. For inclu-
sion into the control group, subjects were selected who had no 
known coronary risk factors or cardiac symptoms, normal electro-
cardiographic and echo-cardiographic examinations and negative 
exercise stress tests. Coronary angiography was not performed on 
the control group. All the subjects gave informed consent prior to 
the study.

Peripheral venous blood samples were drawn from all subjects af-
ter an overnight fast to analyze all parameters. Plasma samples 
for PON1 activity determination were collected from 0.5 ml 3.8% 
citrate / 5 mL of venous blood. following centrifugation at 3500 g 
for 15 minutes (min). Serum samples for the determinations of Ox-
LDL and lipids were obtained from venous blood after a 12 hour 
(h) fasting period by centrifugation of the clotted specimen within 
30 min of collection. The separated plasma and serum was stored 
in several small aliquots at -80 ºC until assayed. All icteric or hae-
molytic blood samples were discarded. All reagents were analyti-
cal grade and were purchased from Sigma Chemical Company (St.
Louis, MO, USA) and Merck (Darmstadt, Germany). All the healthy 
control and CAD patient samples were collected as outlined in the 
protocol above and the parameters measured and analyzed simul-
taneously.

Assay of  TBARS: 
Lipid peroxidation levels were measured with the Thiobarbituric 
Acid (TBA) reaction by the method of Angel (13). This method was 
used to obtain a spectrophotometric measurement of the color 
produced during the reaction to TBA with TBARS at 535 nm. TBARS 
concentration was calculated using 1.56x10-5 M-1cm-1 as the mol/L 
extinction coefficient. The results were expressed as micromolar 
(µM). 

Assay of  PON1 activity: 
PON1 activity was assayed using synthetic paraoxon (diethyl-p-
nitrophenyl phosphate) as the substrate. PONl activity was de-
termined by measuring the initial rate of substrate hydrolysis to 
p-nitrophenol with absorbance monitored at 412 nm using an as-
say mixture containing 2 mM paraoxon, 2 mM CaCl2 and 20 mL 
of plasma in 100 mM Tris-HCI buffer (pH 8.0). The blank sample 
containing incubation mixture without plasma was run simulta-
neously to correct for spontaneous substrate breakdown. The en-
zyme activity was calculated from E412 of p-nitrophenol (18.290 
per M/cm) and was expressed as U/mL; 1 U of enzyme hydrolyses 
1 nmol of paraoxon/min (14, 15). 

Assay of  Ox-LDL: 
The concentration of Ox-LDL in serum was measured by a sand-
wich ELISA kit (Mercodia, Uppsala, Sweden). Briefly, the procedure 
was conducted using the murine monoclonal antibody, mAb-4E6 
as the capture antibody bound to microtitration wells and a perox-
idase-conjugated anti-apolipoprotein B antibody recognizing Ox-
LDL bound to the solid phase. 

Assay of  ApoA1 and Lipid Parameters:
ApoA1 measurement was performed by the immunoturbidimetric 
assay kit (Diasis, İstanbul, Turkey). 

Table 1. Profile of the study population

 Healthy individuals CAD patients

Number 17 42

Age (Years)

Mean±SD 53.88±8.97 54.59±6.87£

Range 39-73 43-72

Gender

Male, n (%) 9 (52.94) 31(73.81)

Female, n (%) 8 (47.06) 11(26.19)

BMI 24.14±2.06 25.26±2.83£

Smoker - 17

DM - 5

HT - 4

BMI: body mass index, DM: diabetes mellitus, HT: hypertension, £Not significant
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TC, TG and HDL-C were determined by routine laboratory methods 
using the Hitachi 704 autoanalyzer (Boehringer Mannheim, Tokyo, 
Japan). HDL-C was measured after precipitation of the apolipopro-
tein B-containing lipoproteins with phosphotungistic acid. LDL-C 
was calculated using the Friedewald formula. 

Statistical analysis
Conventional methods were used for the calculation of the mean, 
and the standard errors of the mean (SEM). The data are expressed 
as the mean±SEM. The significance of differences between vari-
ables of the CAD and the healthy control groups was determined 
by the Student’s t-test, Mann-Whitney U test, One-Way Analysis of 
Variance (ANOVA), and Bonferroni’s t-test. For correlation analy-
sis, Pearson and Spearman correlations were used. P values ≤ 0.05 
were considered significant.

Results

Results of Ox-LDL, TBARS, PON1, and ApoA1 levels in the CAD 
patient and healthy control groups are presented in Table 2. 
The average serum Ox-LDL levels in the CAD patient group were 
significantly higher than in the healthy control group (p<0.01). 
Moreover, in CAD patients with single-, double- and triple-vessel 
disease, serum Ox-LDL levels were found to be significantly higher 
than in the healthy control group (p<0.01). Furthermore, serum 
TBARS levels in patients with CAD were found to be significantly 
higher than those in the healthy control group (p<0.01). However, 
we could not find any significant differences in TBARS levels be-
tween the CAD patient subgroups.

In our study, plasma PON1 activities in patients with CAD were 
found to be significantly lower than those in the healthy con-
trol group (p<0.01). In CAD patients with double- (p<0.01) and 
triple-vessel (p<0.01) disease, plasma PON1 activities were 

found to be significantly lower than in the healthy control 
group. In addition, in CAD patients with single-vessel disease, 
plasma PON1 activities were found to be significantly higher 
than in the double- (p<0.05) and the triple-vessel (p<0.01) CAD 
patient groups.

The average serum ApoA1 levels in the CAD patient group of sin-
gle-, double- and triple-vessel disease subgroups were lower than 
those in the healthy control group (p<0.01). In addition, the aver-
age serum ApoA1 levels in CAD patients with double-vessel disease 
were found to be significantly higher than in CAD patients with 
triple-vessel disease (p<0.05).

Table 3 lists serum TG, TC, HDL-C, LDL-C, and VLDL-C levels in pa-
tients with CAD and in the healthy control groups. In the CAD pa-
tient group, TG levels were found to be significantly higher than 
those in the heathy control group. However, we could not find any 
significant differences in TC and LDL-C levels between the CAD pa-
tients and the healthy control group. In addition, in patients with 
CAD, serum HDL-C levels were found to be significantly lower than 
in the healthy control group (p<0.01). However, there was no sig-
nificant difference in serum HDL-C levels between CAD patients 
with single-, double- or triple-vessel disease.

Table 4 shows the LDL-C/HDL-C, TC/HDL-C, and Ox-LDL/LDL-C ra-
tios in patients with CAD and in the healthy control group. LDL-C/
HDL-C (p<0.01), TC/HDL-C (p<0.01), and Ox-LDL/LDL-C (p<0.01) ra-
tios were found to be significantly higher in the CAD patients than 
in the healthy control group.

Table 5 shows the ApoA1/PON1, HDL-C/PON1, and HDL-C/ApoA1 
ratios in patients with CAD and in the healthy control group. 
ApoA1/PON1 (p<0.01) and HDL-C/PON1 (p<0.01) ratios were 
found to be significantly higher in the CAD patients than in the 
healthy control group.

Table 2. Comparison of Ox-LDL, TBARS, PON1, and Apo A1 levels in patients with CAD and in the control group

Group N Ox-LDL TBARS PON-1 Apo A1 
  (U/L) (µM) (U/mL) (mg/dL)

Control 17 33.19±7.76 4.66±1.07 131.40±46.75 114.41±9.94

1 Vessel 13 59.60±10.77a 7.65±1.49a 97.75±19.381, Ω 81.54±13.11a

2 Vessel 15 58.74±9.19a 8.71±2+25a 60.19±33+092 91+47 ±16+92a,b

3 Vessel 14 64.72±9.95a 8.07±1.71a 52+11±23+972 77.64±11+35a

All patients 42 61.00±10+07* 8+17±187* 69+12±32.46* 83.79±15.00*
ap<0.01 (1, 2, 3 Vessel-Control), 1p<0.05 (1 Vessel-2 Vessel), *p<0.01 (All patients-Control), 2p<0.01 (2, 3 Vessel-Control), Ωp<0.01 (1 Vessel-3 Vessel), bp<0.05 (2 Vessel-3 Vessel)

Table 3. Comparison of triglyceride, total cholesterol, HDL, LDL and VLDL cholesterol levels in patients with CAD and in the 
control group

Group N TG TC HDL-C LDL-C VLDL-C 
  (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

Control 17 78.35±43.30 180.59±25.79 52.65±12.43 112.27±21.84 15.67±8.66

1 Vessel 13 111.77±40.98 187.92±28.64 42.23±9.861  123.34±26.39 22.35±8.20

2 Vessel 15 127.33±53.12a 184.60±19.28 43.00±9.24 116.13±19.99 25.47±10.62a

3 Vessel 14 103.07±47.97 191.36±37.85 41.50±9.092 129.24±38.48 20.61±6.59

All patients 42 114.43±47.87b 187.88±28.80 42.26±9.18b 122.73±28.98 22.89±9.57b

ap<0.05 (2 Vessel-Control), 2p<0.05 (3 Vessel-Control), bp<0.01 (All patients-Control, 1p=0.051 (1 Vessel-Control)
71
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In Table 6, the Pearson correlation results are shown in patients 
with CAD. We found a significant negative correlation between 
HDL-C and Body Mass Index (BMI) (r= -0.331; p<0.05). 

Moreover, we have also found significant correlation between 
some lipid parameters. In addition, there was a negative but sta-
tistically insignificant (r=- 0.173; p>0.05) correlation between Ox-
LDL and PON1 activity. 

On the other hand, according to the Spearman correlation test, 
there was a strong negative correlation between PON1 and the 
extent of disease (r=-0.537; p<0.01). In addition, there was a posi-
tive but statistically insignificant (r= 0.234; p>0.05) correlation 
between Ox-LDL levels and the severity of disease.

Discussion

Reactive oxygen species (ROS) production is induced under sev-
eral pathological conditions by various stimuli. Risk factors for 

atherosclerosis, such as hypertension and hyperlipidemia, are 
also associated with increased generation of ROS, and it is likely 
that cigarette smoking and diabetes mellitus share oxidative 
heritages (16). A number of studies suggest that ROS oxidize lip-
ids and that Ox-LDL is a more potent pro-atherosclerotic me-
diator than the native, unmodified LDL (17). The suggestion is 
based on the observations that high plasma levels of Ox-LDL 
are present in patients with atherosclerosis and that antibod-
ies to Ox-LDL are detected in the plasma of most patients with 
atherosclerosis (18).

The average plasma Ox-LDL levels in the CAD patient group were 
significantly higher than in the healthy control group. Moreover, in 
patients with single-, double- and triple-vessel disease, plasma Ox-
LDL levels were found to be significantly higher than in the healthy 
control group. These results are in agreement with those reported 
by Hasegawa et al. (19). This observation strongly suggests that Ox-
LDL in circulating serum could serve as a marker for cardiovascular 

Table 6. Pearson correlation results in patients with CAD

  PON1  Ox-LDL APO A1 TBARS TC TG HDL -C LDL-C VLDL-C BMI

PON1  - -0.173 0.207 -0.034 -0.196 -0.011 0.048 -0.206 -0.011 0.135

Ox-LDL   - -0.217 0.148 0.042 -0.122 -0.014 0.086 -0.122 -0.135

APO A1     - 0.236 0.018 0.123 -0.022 -0.016 0.123 0.020

TBARS       - -0.026 -0.145 -0.068 0.044 -0.145 0.282

TC         - -0.085 0.295 0.928** -0.085 0.076

TG          - -0.317* -0.314* 1.000** 0.146

HDL-C             - 0.081 -0.317* -0.331*

LDL-C              - -0.314 0.132

VLDL-C                - 0.146

BMI                   -
ap<0.05, **p<0.01

APOA1: Apoprotein A1, BMI: Body Mass Index, HDL-C: HDL cholesterol, LDL-C: LDL cholesterol, Ox-LDL: Oxidized LDL, PON1: Paraoxonase, TBARS: Thiobarbituric acid reactive 
substances, TC: Total cholesterol, TG: Triglyceride, VLDL-C: VLDL cholesterol

Table 4. TC/HDL-C, LDL-C/HDL-C, and Ox-LDL/LDL-C ratios in patients with CAD and in the control group

Group N TC/HDL-C LDL-C/HDL-C Ox-LDL/LDL-C

Control 17 3.57±0.83 2.24±0.67 0.30±0.08

1 Vessel 13 4.56±0.70a 3.00±0.67 0.50±0.12#

2 Vessel 15 4.50±1.10 2.87±0.99 0.53±0.15#

3 Vessel 14 4.77±1.21b 3.22±1.061 0.53±0.13#

All patients 42 4.60±1.022 3.03±0.922 0.52±0.13#

ap=0.051 (1 Vessel-Control ), 1p<0.05 (3 Vessel-Control), bp<0.01 (3 Vessel-Control), 2p<0.01 (All patients-Control), #p<0.01 (1, 2, 3 Vessel, and All patients-Control)

Table 5. Apo A1/PON1, HDL-C/PON1, and HDL-C/Apo A1 ratios in patients with CAD and in the control group

Group N Apo A1/PON 1 HDL-C/PON 1 HDL-C/APO A1

Control 17 0.94±0.22 0.43±0.16 0.46±0.10

1 Vessel 13 0.86±0.201 0.44±0.091 0.52±0.12

2 Vessel 15 1.91±0.97a 0.94±0.532 0.49±0.15

3 Vessel 14 1.78±0.84a 0.94±0.392 0.55±0.18

All patients 42 1.54±0.88a 0.79±0.452 0.52±0.15
ap<0.01 (2, 3 Vessel, and All patients-Control), 1p<0.01 (1 Vessel-2, 3 Vessel), 2p<0.01 (2, 3 Vessel, and All patients-Control)
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events. Direct visualization of Ox-LDL in the vessel wall would be 
an ideal marker to measure the risk of cardiovascular events and 
is an area of active study, but this approach is not currently fea-
sible in humans. The use of Ox-LDL biomarkers, however, show 
promise in diagnosing pre-clinical atherosclerosis in symptomatic 
individuals, monitoring active disease and predicting cardiovascu-
lar outcomes (20).

Oxidative stress may cause plaque rupture in coronary heart dis-
ease (CHD) patients. The oxidative stress is likely to either induce or 
intensify the inflammatory action, and may act together with in-
flammatory factors to cause or accelerate plaque rupture (21). Our 
present findings show a greatly increased production of plasma 
TBARS, which is an indicator of lipid peroxidation, in CAD patients, 
consistent with the findings of Serdar et al. (22). In their study, 
plasma TBARS and the change in plasma TBARS levels (D-TBARS) 
were significantly elevated in parallel with increased stenosed ves-
sel number. The basal value was subtracted from the 3 h value to 
obtain D-TBARS which represents the degree of oxidative modi-
fication (capacity for peroxidation). However, we could not find 
any significant differences in TBARS levels between CAD patient 
subgroups (23, 24). Some investigators have found a relationship 
between elevated plasma lipid peroxides and LDL oxidation and 
the severity of coronary lesions (25, 26). However, controversial 
data have also been obtained in patients with CAD (27-30). Mutlu-
Turkoglu et al. (31) reported that although plasma TBARS levels 
were increased in patients with CAD, these values did not vary in 
patients grouped according to affected vessel number. In addition, 
there was no significant correlation between Duke scores, a pa-
rameter that defines the extent of coronary disease, and plasma 
TBARS levels. 

PON1 has been suggested as the factor largely responsible for the 
antioxidant role of HDL (8). PON1 is an enzyme with three activi-
ties: paraoxonase, arylesterase and diazoxonase (32), and its activ-
ity is inversely related to the risk of CAD (33). In our study, serum 
PON1 activities in patients with CAD were found to be significantly 
lower than those in the healthy control group. In addition, in CAD 
patients with double- and triple-vessel disease, the serum PON1 
activities were found to be significantly lower than in the healthy 
control group. 

On the other hand, there was a strong negative correlation be-
tween PON1 and the severity of disease. In addition, there was a 
positive, but statistically insignificant, correlation between Ox-LDL 
levels and the severity of disease. However, the relationship be-
tween the extent of CAD and the level of oxidant and anti-oxidant 
markers is not well known. Although most studies have stated that 
PON1 activity was decreased in patients with CAD (22, 34, 35), stud-
ies on the relationship between PON1 activity and the extent of 
coronary stenosis are very limited (22, 35-38). 

Paraoxonase is present in a distinct HDL subspecies containing 
ApoA1 and clusterin or apoliprotein J (apoJ) (39). La Du et al. 
(40) showed that it is extremely difficult to remove ApoA1 from 
PON1 during purification from human serum, which has led to 
the suggestion that ApoA1 and PON1 are closely associated. The 
average serum ApoA1 levels in healthy control groups were high-
er than those in the group of single-, double- and triple-vessel 

CAD disease groups in this study. In addition, CAD patients with 
double-vessel disease were found to have significantly higher se-
rum ApoA1 levels than CAD patients with triple-vessel disease. 
Rozek et al. (41) reported that in 91 male subjects with severe 
carotid artery disease and 184 control subjects, PON1 activity in 
the disease group was strongly correlated with LDL-C and VLDL-C 
in the absence of the expected HDL3 and ApoA1 associations. 
In the present study, however, we could not confirm their find-
ings, possibly in part because of the different study design and 
the patient populations studied. Graner et al. (36) suggested that 
PON1 activity toward phenylacetate and PON1 concentrations 
are lower in subjects with significant CAD, and there is a signifi-
cant relationship between activity and concentration of PON1 
and the severity and extent of coronary atherosclerosis. The re-
sults show the relevance of PON1 activity and concentration for 
describing associations between atherosclerotic disease and the 
enzyme. More importantly, the study shows how the protective 
role of HDL could be modulated by its components such that 
equivalent serum concentrations of HDL-C may not equate with 
an equivalent potential protective capacity.

Conclusion

Our findings provide evidence that both elevated levels of serum 
Ox-LDL and reduced PON1 activity in CAD patients are associated 
with the severity of CAD and with the occurrence and number of 
obstructed vessels. This observation may assist in providing more 
information as to how the unbalanced antioxidant/oxidant equi-
librium may predispose individuals to atherogenesis.

Study Limitations
The sample size of this study is too small to investigate the possible 
relationship between Ox-LDL, PON1 activity and TBARS levels in 
patients with angiographically defined CAD.

Conflict of Interest 
No conflict of interest was declared by the authors.

Peer-review: Externally peer-reviewed.

Author Contributions 
Concept - Ö.B.A., H.U., A.B.; Design  - Ö.B.A., H.U., R.U.A.; Supervi-
sion - H.E., H.U.; Funding - Ö.B.E., Ö.B.A.; Materials - Ö.B.A., H.U.; 
Data Collection and/or Processing - Ö.B.E., H.E.;  Analysis and/or 
Interpretation - Ö.B.A., H.U., Ö.B.E., H.E.; Literature Review - Ö.B.A., 
H.U., Ö.B.E., R.U.A.; Writing - Ö.B.A., H.U., H.E.; Critical Review - 
Ö.B.A., H.U., Ö.B.E., R.U.A.;  Other - A.B., R.U.A.

Çıkar Çatışması
Yazarlar herhangi bir çıkar çatışması bildirmemişlerdir.

Hakem değerlendirmesi: Dış bağımsız.

Yazar Katkıları
Fikir - Ö.B.A., H.U., A.B.;  Tasarım - Ö.B.A., H.U., R.U.A.;  Denetleme 
- H.E., H.U.; Kaynaklar - Ö.B.E., Ö.B.A.; Malzemeler  - Ö.B.A., H.U.; 
Veri toplanması ve/veya işlemesi - Ö.B.E., H.E.; Analiz ve/veya yo-
rum - Ö.B.A., H.U., Ö.B.E., H.E.; Literatür taraması - Ö.B.A., H.U., 
Ö.B.E., R.U.A.; Yazıyı yazan - Ö.B.A., H.U., H.E.; Eleştirel İnceleme 
- Ö.B.A., H.U., Ö.B.E., R.U.A.;  Diğer - A.B., R.U.A. 73

Ayoğlu et al. Paraoxonase and Oxidized LDL in Coronary Artery Disease



References

1. Betteridge DJ. What is oxidative stress? Metabolism 2000; 49: 3-8. 
[CrossRef]

2. Pandya DP. Oxidant injury in coronary heart disease (Part-I): Compr 
Ther 2001; 27: 284-92. [CrossRef]

3.  Bonnefont-Rousselot D, Therond P, Beaudeux JL, Peynet J, Legrand A, 
Delattre J. High density lipoproteins (HDL) and oxidative hypothesis of 
atherosclerosis. Clin Chem Lab Med 1999; 37: 938-48. [CrossRef]

4.  Holvoet P, Stassen JM, Van Cleemput J, Collen D, Vanhaecke J. Oxi-
dized low density lipoproteins in patients with transplant-associated 
coronary artery disease. Arterioscler Thromb Vasc Biol 1998; 18: 100-7. 
[CrossRef]

5.  Holvoet P, Vanhaecke J, Janssens S, Van de Werf F, Collen D. Oxidized 
LDL andmalondialdehyde-modified LDL in patients with acute coro-
nary syndromes and stable coronary artery disease. Circulation 1998; 
98: 1487-94. [CrossRef]

6.  Costa LG, Vitalone A, Cole TB, Furlong CE. Modulation of paraoxonase 
(PON1) activity. Biochem Pharmacol 2005; 69: 541-50. [CrossRef]

7.  Watson AD, Berliner JA, Hama SY, La Du BN, Faull KF, Fogelman AM, 
et al. Protective effect of high density lipoprotein associated paraox-
onase: inhibition of the biological activity of minimally oxidized low 
density lipoprotein. J Clin Invest 1995; 96: 2882-91. [CrossRef]

8.  Aviram M, Rosenblat M, Bisgaier CL, Newton RS, Primo-Parmo SL, La 
Du BN. Paraoxonase inhibits high density lipoprotein oxidation and 
preserves its function: a possible peroxidative role for paraoxonase. J 
Clin Invest 1998; 101: 1581-90. [CrossRef]

9.  Jaouad L, Guise C, Berrougui H, Cloutier M, Isabelle M, Fulop T, et al. 
Age-related decrease in high-density lipoproteins antioxidant activity 
is due to an alteration in the PON1’s free sulfhydyl groups. Atheroscle-
rosis 2006; 185: 191-200. [CrossRef]

10.  Sanghera DK, Saha N, Aston CE, Kamboh MI. Genetic Polymorphism of 
Paraoxonase and the Risk of Coronary Heart Disease Arteriosclerosis, 
Thrombosis, and Vascular Biology. 1997; 17: 1067-73. [CrossRef]

11.  Austen WG, Edwards JE, Frye RL, Gensini GG, Gott VL, Griffith LS, et al. 
A reporting system on patients evaluated for coronary artery disease. 
Circulation 1975; 51: 5-40. [CrossRef]

12.  Greenland P, Smith SC Jr, Grundy SM. Improving coronary heart dis-
ease assessment in asymptomatic people. Role of traditional risk 
factors and noninvasive cardiovascular tests. Circulation 2001; 104:  
1863-7. [CrossRef]

13.  Angel MF, Ramasastry SS, Swartz WM, Narayanan K, Kuhns DB, Basford 
RE, et al. The critical relationship between free radicals and degrees of 
ischemia: evidence for tissue intolerance of marginal perfusion. Plast 
Reconstr Surg. 1988; 81: 233-9. [CrossRef]

14.  Harrangi M, Remenyik E, Seres I, Varga Z, Katona E, Paragh G. Determi-
nation of DNA damage induced by oxidative stress in hyperlipidemic 
patients. Mut Res 2002; 513: 17-25. [CrossRef]

15.  Hasselwander O, Savage DA, McMaster D, Loughrey CM, McName PT, 
Middleton D, et al. Paraoxonase polymorphisms are not associated 
with cardiovascular risk in renal transplant recipients. Kidney Int 1999; 
56: 289-98. [CrossRef]

16.  Patterson C, Madamanchi NR, Runge MS. The oxidative paradox: an-
other piece in the puzzle. Circ Res 2000; 87: 1074-6. [CrossRef]

17.  Heinecke JW. Oxidants and antioxidants in the pathogenesis of athero-
sclerosis: implications for the oxidized low-density lipoprotein hypoth-
esis. Atherosclerosis 1998; 141: 1-15. [CrossRef]

18.  Weinbrenner T, Cladellas M, Isabel Covas M, Fito M, Tomas M, Senti 
M, et al. High oxidative stress in patients with stable coronary heart 
disease. Atherosclerosis 2003; 168: 99-106. [CrossRef]

19.  Hasegawa A, Toshima S, Nakano A, Nagai R. Oxidized LDL in patients 
with coronary heart disease and normal subjects. Nippon Rinsho 
1999; 57: 2754-8. 

20.  Fraley AE, Tsimikas S. Clinical applications of circulating oxidized low-
density lipoprotein biomarkers in cardiovascular disease. Curr Opin 
Lipidol 2006; 17: 502-9. [CrossRef]

21.  Zhang ZH, Zhou SH, Qi SS, Li XP. Oxidative stress and inflammation 
with angiographic morphology of coronary lesions in patients with 
coronary heart disease. Zhong Nan Da Xue Xue Bao Yi Xue Ban 2006; 
31: 556-9.

22.  Serdar Z, Aslan K, Dirican M, Sarandol E, Yesilbursa D, Serdar A. Lipid 
and protein oxidation and antioxidant status in patients with angio-
graphically proven coronary artery disease. Clin Biochem 2006; 39: 
794-803. [CrossRef]

23.  Bridges AB, Scott NA, Pringle TH, McNeill GP, Belch JJ. Relationship 
between the extent of coronary artery disease and indicators of free 
radical activity. Clin Cardiol 1992; 15: 169-74. [CrossRef]

24.  Tamer L, Sucu N, Polat G. Decreased serum total antioxidant status and 
erythrocyte-reduced glutathione levels are associated with increased 
serum malondialdehyde in atherosclerotic patients. Arch Med Res 
2002; 33: 257-60. [CrossRef]

25.  Regnstro¨m J, Nilsson J, Tornvall P, Landou C, Hamsten A. Susceptibility 
to low-density lipoprotein oxidation and Coronary atherosclerosis in 
man. Lancet 992; 339: 1183-6. 

26.  Craig WY, Rawstron MW, Rundell CA, Robinson E, Poulin SE, Neveux 
LM, et al. Relationship between lipoprotein- and oxidationrelated vari-
ables and atheroma lipid composition in subjects undergoing coro-
nary artery bypass graft surgery. Arterioscler Thromb Vasc Biol 1999; 
19: 1512-7. [CrossRef]

27.  Croft KD, Dimmitt SB, Moulton C, Beilin LJ. Low-density lipoprotein 
composition and oxidizability in coronary disease-apparent favorable 
effect of beta-blockers. Atherosclerosis 1992; 97: 123-30. [CrossRef]

28.  Virella G, Virella I, Leman RB, Pryor MB, Lopes-Virella MF. Antioxidized 
low-density lipoprotein antibodies in patients with Coronary heart 
disease and normal healthy volunteers. Int J Clin Lab Res 1993; 23: 
95-101. [CrossRef]

29.  Van de Vijyer LPL, Steyger R, Van Poppel G, Boer JMA, Kruijssen ACM, 
Seidell JC. Autoantibodies against MDA-LDL in subjects with severe and 
minor atherosclerosis and healthy population controls. Atherosclerosis 
1996; 122: 245-53. [CrossRef]

30.  Van de Vijyer LPL, Kardinaal AFM, Van Duyvenvoorde W, Kruijssen ACM, 
robbee DE, Van Poppel G. LDL oxidation and extent of coronary athero-
sclerosis. Arterioscler Thromb Vasc Biol 1998; 18: 193-9. [CrossRef]

31.  Mutlu-Turkoglu U, Akalin Z, Ilhan E, Yilmaz E, Bilge A, Nisanci Y, et al. 
Increased plasma malondialdehyde and protein carbonyl levels and 
lymphocyte DNA damage in patients with angiographically defined 
coronary artery disease. Clin Biochem. 2005; 38: 1059-65. [CrossRef]

32.  Canales A, Sanchez-Muniz FJ. Paraoxanase, something more than an 
enzyme ? Med Clin (Barc) 2003; 121: 537-48. [CrossRef]

33.  Getz GS, Reardon CA. Paraoxonase, a cardioprotective enzyme: con-
tinuing issues. Curr Opin Lipidol 2004; 15: 261-7. [CrossRef]

34.  Kabaroglu C, Mutaf I, Boydak B, Ozmen D, Habif S, Erdener D, et al. 
Association between serum paraoxonase activity and oxidative stress 
in acute coronary syndromes. Acta Cardiol 2004; 59: 606-11. [CrossRef]

35.  Mackness B, Davies GK, Turkie W, Lee E, Roberts DH, Hill E et al. Paraox-
onase status in coronary heart disease. Are activity and concentration 
more important than genotype? Arterioscler Thromb Vasc Biol 2001; 
21: 1451-7. [CrossRef]

36.  Granér M, James RW, Kahri J, Nieminen MS, Syvänne M, Taskinen MR. 
Association of paraoxonase-1 activity and concentration with angio-
graphic severity and extent of coronary artery disease. J Am Coll Car-
diol 2006; 47: 2429-35. [CrossRef]

37.  Rahmani M, Raiszadeh F, Allahverdian S, Kiaii S, Navab M, Azizi F. Coro-
nary artery disease is associated with the ratio of apolipoprotein B, but 

İstanbul Med J 2013; 14: 69-75

74

http://dx.doi.org/10.1016/S0026-0495(00)80077-3
http://dx.doi.org/10.1007/s12019-001-0026-0
http://dx.doi.org/10.1515/CCLM.1999.139
http://dx.doi.org/10.1161/01.ATV.18.1.100
http://dx.doi.org/10.1161/01.CIR.98.15.1487
http://dx.doi.org/10.1016/j.bcp.2004.08.027
http://dx.doi.org/10.1172/JCI118359
http://dx.doi.org/10.1172/JCI1649
http://dx.doi.org/10.1016/j.atherosclerosis.2005.06.012
http://dx.doi.org/10.1161/01.ATV.17.6.1067
http://dx.doi.org/10.1161/01.CIR.51.4.5
http://dx.doi.org/10.1161/hc4201.097189
http://dx.doi.org/10.1097/00006534-198802000-00017
http://dx.doi.org/10.1016/S1383-5718(01)00285-6
http://dx.doi.org/10.1046/j.1523-1755.1999.00521.x
http://dx.doi.org/10.1161/01.RES.87.12.1074
http://dx.doi.org/10.1016/S0021-9150(98)00173-7
http://dx.doi.org/10.1016/S0021-9150(03)00053-4
http://dx.doi.org/10.1097/01.mol.0000245255.40634.b5
http://dx.doi.org/10.1016/j.clinbiochem.2006.02.004
http://dx.doi.org/10.1002/clc.4960150307
http://dx.doi.org/10.1016/S0188-4409(01)00381-2
http://dx.doi.org/10.1161/01.ATV.19.6.1512
http://dx.doi.org/10.1016/0021-9150(92)90125-Z
http://dx.doi.org/10.1007/BF02592290
http://dx.doi.org/10.1016/0021-9150(95)05759-5
http://dx.doi.org/10.1161/01.ATV.18.2.193
http://dx.doi.org/10.1016/j.clinbiochem.2005.07.001
http://dx.doi.org/10.1016/S0025-7753(03)74011-1
http://dx.doi.org/10.1097/00041433-200406000-00005
http://dx.doi.org/10.2143/AC.59.6.2005242
http://dx.doi.org/10.1161/hq0901.094247
http://dx.doi.org/10.1016/j.jacc.2006.01.074


not with paraoxonase enzyme activity in Iranian subjects. Atheroscle-
rosis 2002; 162: 381-9. [CrossRef]

38.  Azarsiz E, Kayikcioglu M, Payzin S, Sözmen EY. PON1 activities and oxi-
dative markers of LDL in patients with angiographically proven coro-
nary artery disease. Int J Cardiol 2003; 91: 43-51. [CrossRef]

39.  Blatter MC, James RW, Messmer S, Barja F, Pometta D. Identification 
of a distinct human high-density lipoprotein subspecies defined by 
a lipoprotein-associated protein, K-45. Identity of K-45 with paraox-
onase. Eur J Biochem 1993; 211: 871-9. [CrossRef]

40.  La Du BN, Novais J. Human serum organophosphatase: bio-
chemical characteristics and polymorphic inheritance. In: 
Reiner E, Aldridge WN, Hoskin CG, editors. Enzymes Hydrolysing 
Organophosphorus Compounds 3th ed. England: Ellis Horwood, 
1989: 41-52. 

41.  Rozek LS, Hatsukami TS, Richter RJ, Ranchalis J, Nakayama K, McK-
instry LA, et al. The correlation of paraoxonase (PON1) activity with 
lipid and lipoprotein levels differs with vascular disease status. J 
Lipid Res 2005; 46: 1888-95. [CrossRef]

75

Ayoğlu et al. Paraoxonase and Oxidized LDL in Coronary Artery Disease

http://dx.doi.org/10.1016/S0021-9150(01)00715-8
http://dx.doi.org/10.1016/S0167-5273(02)00595-8
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17620.x
http://dx.doi.org/10.1194/jlr.M400489-JLR200



