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Abstract:

It has been proposed that paraoxonase1 (PON1), a high density lipoprotein (HDL)-associated esterase/lactonase, has anti-

atherosclerotic properties. The activity of PON1 is influenced by PON1 polymorphisms. However, the influence of PON1 polymor-

phisms on PON1 activity and oxidative stress in response to lipid-lowering drugs remains poorly understood. The objective of the

present study was to investigate the effects of atorvastatin on PON1 activity and oxidative status. The influence of PON1 polymor-

phisms on PON1 activity and oxidative status in response to atorvastatin treatment was also evaluated. In total, 22 hypercholestero-

lemic patients were treated with atorvastatin at a dose of 10 mg/day for 3 months. Lipid profile, lipid oxidation markers

(malondialdehyde (MDA), conjugated diene (CD), total peroxides (TP)), total antioxidant substance (TAS), oxidative stress index

(OSI), and paraoxonase1 activity were determined before and after treatment. L55M, Q192R, and T(-107)C PON1 polymorphisms

were also determined. Atorvastatin treatment significantly reduced the levels of total cholesterol (24.5%), low density lipoprotein

(LDL) cholesterol (25.4%), triglycerides (24.4%), CD (4.4%), MDA (15.2%), TP (13.0%) and OSI (24.0%), and significantly in-

creased the levels of TAS (27.3%), and PON1 activity (14.0%). Interestingly, the increase in PON1 activity and the reduction in oxi-

dative stress in response to atorvastatin were influenced only by the PON1 T-107C polymorphism. Atorvastatin treatment improved

the lipid profile, lipid oxidation, and oxidative/antioxidative status markers including the activity of PON1 towards paraoxon. These

beneficial effects may be attributed to the antioxidant properties of statins and the increase in PON1 activity. The increase in PON1

activity was enhanced by the PON1 T-107C polymorphism.
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Abbreviations: CD – conjugated diene, HDL-C – high density

lipoproteins cholesterol, LDL-C – low density lipoproteins

cholesterol, MDA – malondialdehyde, OSI – oxidative stress

index, PON1 – paraoxonase1, TP – total peroxides

Introduction

Among non-infectious diseases, heart and brain disor-

ders are the leading causes of death, and atherosclero-

sis is the main underlying mechanism of these disor-

ders [47]. Oxidative modification of low density lipo-

protein (LDL) is a key event in atherosclerosis lesion

formation [38]. In the past few decades, it has become

evident that high density lipoprotein (HDL) has anti-

oxidant properties that protect LDL and HDL parti-

cles from oxidation. During this process, the HDL-

associated enzyme paraoxonase1 (PON1) has been

suggested as a possible mechanistic cause of this phe-

nomenon [3, 28, 29, 33, 49]. PON1 belongs to the

paraoxonase (PON) gene family which is located on

chromosome 7q21.3-22.1 [37]. PON1 has protective

action against atherosclerosis in both in vitro and in

vivo models. Indeed, PON1 protects LDL particles

against copper-induced lipid oxidation in vitro [3, 28,

29] and transgenic mice overexpressing the human

PON1 gene have reduced atherosclerotic lesions [48].

Moreover, PON1 knockout mice display accelerated

atherosclerosis progression and increased lipid oxida-

tion [40, 42, 43]. Epidemiological studies indicate

that high PON1 activity is inversely associated with

the progression of atherosclerosis and reduction in the

incidence of coronary artery disease [2, 4, 25, 26, 30,

33]. Serum PON1 activity is influenced by environ-

mental and genetic factors and varies among individu-

als in all populations. These variations in PON1 activ-

ity are mainly related to the expression of two poly-

morphisms located in the coding regions of the PON1

gene; Q192R (Q: glutamine, R: arginine) and L55M

(L: leucine, M: methionine) [1, 9, 13, 17, 23, 27].

Subsequent studies on polymorphisms contained in

the promoter region of the PON1 locus have shown

that the polymorphism located in the promoter region

T(-107)C has a dominant effect on PON1 gene ex-

pression and enzymatic activity [5, 14, 22]. However,

the roles of these polymorphisms in atherosclerosis

progression and in atherosclerosis therapy await ex-

perimental investigation.

Several anti-atherogenic mechanisms, including

a reduction in serum lipids and reduced oxidative

stress have been proposed. Data from multiple trials

demonstrate that atorvastatin, a HMG-CoA reductase

inhibitor, is a high efficacious drug with minimal side

effects in the treatment of hypercholesterolemia. It

has also been suggested that atorvastatin may possess

additional beneficial effects on atherosclerosis, inde-

pendent of its cholesterol lowering properties, by in-

creasing PON1 activity [20, 36, 50]. In addition,

PON1 polymorphisms may play a role in the mecha-

nism of action of atorvastatin. Therefore, this study

investigates the effects of atorvastatin on PON1 activ-

ity as well as its association with oxidative status and

the influence of PON1 polymorphisms during ator-

vastatin treatment.

Materials and Methods

Subjects

In total, 22 hypercholesterolemic patients with a mean

age of 57.7 years were recruited from the Cardiology

Department of Chest Disease Institute, Ministry of

Public Health, Nonthaburi, Thailand. All subjects were

screened for medical history, physical examination,

and laboratory tests including full hematological and

biochemical parameters. Hypercholesterolemia is de-

fined as levels of total cholesterol and LDL choles-

terol (LDL-C) exceeding 6.2 and 3.4 mmol/l, respec-

tively. Subjects with any one of the following condi-

tions were excluded: previous treatment with lipid

reducing therapy, diagnosed to have cardiovascular

disease, diabetes mellitus or a fasting glucose of

7 mmol/l and above during the screening visit, high

blood pressure, liver disease (blood alanine amino-

transferase or aspartate aminotransferase of 1.5 times

the upper normal limits), renal dysfunction, hyperthy-

roidism, malignancy, alcoholism, smoking habit, drug

addiction, and pregnancy or lactation in women. In-

formed consent was obtained from all subjects and the

principles of experimentation in humans according to

the agreement of the Helsinki Declaration were re-

spected. Fasting blood samples were obtained before

initiating the treatment (10 mg/day atorvastatin) and

after 3 months of treatment.
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Lipid and lipoprotein measurements

Serum total cholesterol, HDL-C, and triglycerides

were measured by using commercially available en-

zymatic kits (Roche diagnostic) and LDL-C was cal-

culated by the Friedewald formula.

Oxidative status determinations

Lipid oxidation markers in various stages of lipid oxi-

dation were determined by measuring the levels of se-

rum conjugated diene (CD), total peroxides (TP), and

malondialdehyde (MDA). The formation of conju-

gated diene was determined by absorbance at 233 nm

[6]. MDA was determined using the thiobarbituric

acid reaction [12]. TP was determined by the FOX2

method as previously described by Kosecik with mi-

nor modifications [19]. Total antioxidant status (TAS)

was determined by modifying a novel automated

measurement method as previously described [19].

The oxidative stress index (OSI) was calculated using

the following formula: OSI = (total peroxides, mM)/(TAS,

mM trolox equivalent/l) × 100] [19].

Determination of PON1 activity

PON1 activity was measured by a spectrophotometric

assay using paraoxon and phenyl acetate as substrates

according to Eckerson with minor modifications [11].

Serum was added to Tris-HCl buffer (100 mM at pH

8.0) containing 2 mM CaCl2 and 1.1 mM paraoxon.

The rate of hydrolysis of paraoxon was continuously

monitored at 405 nm at 37°C. PON1 activity towards

paraoxon was expressed as the nanomoles of hydroly-

sis products formed per minute per milliliter. For aryl-

esterase (ARE) activity, serum was added to Tris-HCl

buffer (10 mM, pH 8.0) containing 0.9 mM CaCl2 and

1.0 mM phenyl acetate. The rate of hydrolysis of

phenyl acetate was continuously monitored at 270 nm

at 37°C. PON1 activity towards phenyl acetate was

expressed as the micromoles of hydrolysis products

formed per minute per milliliter.

Genotype determinations

Genomic DNA was extracted from whole blood using

standard methods. L55M, Q192R, and T(-107)C PON1

polymorphisms were determined by restriction frag-

ment length polymorphism (RFLP). The PON1 L55M,

Q192R, and PON1 T(-107)C were detected by diges-

tion of PCR products with NlaIII, AlwI, and BsrBI,

respectively, as previously described [7].

Statistical analysis

Statistical analysis was performed using SPSS version

16.0 for Windows®. The normality of the sample dis-

tribution for each continuous parameter was tested

with the Kolmogorov-Smirnov test. Parameters with

normal distribution were analyzed by Student’s paired

t-test for comparisons before and after treatment. The

Mann-Whitney U test was used to compare the differ-

ences before and after treatment for non-normally dis-

tributed parameters. The influence of PON1 L55M,

Q192R, and T-107C genotypes on the investigated pa-

rameters were tested by ANCOVA using baseline lev-

els of each parameter as the covariate. The continuous

parameters were expressed as the mean ± standard de-

viation. A p-value of less than 0.05 was considered

statistically significant.

Results

Atorvastatin significantly reduced the levels of serum

cholesterol by 24.5% (p < 0.001), triglycerides 24.4%

(p < 0.005), and LDL-C 25.4% (p < 0.001), but did

not influence the level of HDL-C (p > 0.05) (Tab. 1).

To test whether atorvastatin possesses pleiotropic an-

tioxidant properties, we examined the impact of ator-

vastatin on oxidative status by determining the levels

of several markers of lipid oxidation at various stages

of the lipid oxidation process. We also measured total

levels of antioxidant substances to evaluate the oxida-

tive stress index (OSI). Atorvastatin caused a signifi-

cant decrease in the levels of all lipid oxidation mark-

ers, CD, TP, and MDA with p = 0.05, p < 0.01, and

p < 0.01, respectively. Atorvastatin mediated a sig-

nificant increase in the levels of TAS (p < 0.001). We

also found atorvastatin significantly reduced the OSI

(p < 0.001) (Tab. 1). Three months of atorvastatin

treatment significantly increased the activity of PON1

towards paraoxon by 14.0% (p < 0.04). However,

PON1 activity towards phenyl acetate was not mark-

edly altered after atorvastatin treatment (Tab. 1).

The influence of PON1 polymorphisms on PON 1

activity, lipid profile, and oxidative status in response

to atorvastatin treatment is shown in Table 2. No sig-
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Tab. 1. 6�������
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Before treatment After treatment % Change p

Cholesterol (mmol/l) 6.54 ± 1.03 5.15 ± 0.93 –24.5 < 0.001

Triglycerides (mmol/l) 2.09 ± 0.23 1.59 ± 0.17 –24.4 < 0.005

HDL-C (mmol/l) 1.30 ± 0.32 1.30 ± 0.24 3.3 0.23

LDL-C (mmol/l) 4.09 ± 0.83 3.05 ± 0.7 –25.4 < 0.001

CD (OD 233 nm) 0.38 ± 0.06 0.34 ± 0.05 –4.4 0.05

Total peroxides (µmol H
�
O
�
/l)� 18.4 (13.6–26.6) 15.9 (11.1–24.0) –13.0 < 0.01

MDA (mmol/l) 17.6 ± 2.7 14.8 ± 2.9 –15.2 < 0.01

TAS (mmol Trolox Equiv/l) 0.81 ± 0.14 1.01 ± 0.17 27.3 < 0.001

OSI 2.42 ± 0.73 1.79 ± 0.56 –24.0 <0.001

PON1 activity

paraoxon (nmol/min/ml)

phenyl acetate (µmol/min/ml)

178 ± 77

142 ± 25

202 ± 90

145 ± 33

14.0

1.3

< 0.04

0.39
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PON1 L55M PON1 Q192R PON1T-107C

Parameters LL
(n = 16)

LM
(n = 5)

MM
(n = 1)

p QQ
(n = 10)

QR
(n = 8)

RR
(n = 4)

p CC
(n = 10)

CT
(n = 8)

TT
(n = 4)

p

� Cholesterol (%) –24.03 –25.30 –23.26 0.48 –22.56 –25.25 –24.09 0.75 –24.63 –24.35 –24.58 0.86

� Triglycerides (%) –24.31 –24.29 –25.33 0.85 –24.98 –22.30 –23.72 0.79 –24.89 –23.6 –24.79 0.79

� HDL-C (%) 3.37 3.20 2.93 0.98 3.01 3.96 3.44 0.89 3.71 2.42 2.97 0.25

� LDL-C (%) –25.28 –25.79 –24.98 0.81 –25.91 –24.65 –25.63 0.76 –24.89 –26.01 –25.44 0.79

� CD (%) –4.42 –4.55 –4.39 0.71 –4.38 –4.40 –4.50 0.95 –4.86 –4.38 –3.94 0.03

� TP (%) –13.04 –12.74 –13.42 0.62 –13.18 –11.95 –12.39 0.68 –17.65 –10.56 –6.02 < 0.01

� MDA (%) –15.22 –14.86 –15.72 0.28 –15.36 –15.04 –15.33 0.96 –19.37 –13.68 –7.92 < 0.01

� TAS (%) 28.38 26.09 26.36 0.84 26.90 28.28 25.67 0.43 36.33 23.68 11.85 < 0.01

� OSI (%) –23.82 –20.07 –24.80 0.67 –24.56 –23.50 –22.03 0.88 –30.47 –21.87 –11.72 < 0.01

� PON1 (%) Paraoxon 13.84 12.93 14.04 0.32 14.89 13.72 13.01 0.97 19.10 10.97 6.48 < 0.01
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nificant differences were found between PON1 L55M

and Q192R genotype groups in terms of lipid parame-

ters, oxidative stress parameters, and PON1 activity

towards both paraoxon and phenyl acetate before or

after atorvastatin treatment. However, we found a sta-

tistically significant association between the PON1

T(-107)C polymorphism in oxidative status, and

PON1 activity towards paraoxon after atorvastatin

treatment (Tab. 2). The (-107) CC genotype showed

lowest oxidative stress with highest TAS and PON1

activity.

Discussion

In face of mortality from cardiovascular diseases

world wide, emphasis is put into cardiovascular re-

search. In this era of molecular medicine, information

on the pleiotropic effects of lipid lowering drugs and

influence of genetic background are still required for

benefit in cardiovascular treatment [35]. A common

method to prevent atherosclerosis is to reduce plasma

lipids and oxidative stress. Atorvastatin is a drug of

choice for reducing lipids in hypercholesterolemic pa-

tients. Many studies have demonstrated that atorvasta-

tin induces a significant reduction in total cholesterol,

LDL-C, and triglycerides levels, but the effect of ator-

vastatin on HDL-C remains unchanged [16, 20, 31,

36, 41]. Similarly to previous studies, we found that

atorvastatin significantly reduces total cholesterol

(24.5%), LDL-C (25.4%) and triglyceride (24.4%)

levels; however, there were insignificant changes in

HDL-C levels.

Oxidative stress and/or weak antioxidant defense

systems are considered to be important players in the

multimechanistic pathogenesis of atherosclerosis.

Based on numbers of evidences, atorvastatin has been

found to exert beneficial cardiovascular effects inde-

pendent of its lipid lowering ability, possibly due to

its antioxidant properties [18, 23]. Our results support

the initial hypothesis that atorvastatin possesses anti-

oxidant properties as assessed by a decrease in oxida-

tive makers as shown in other studies [20, 21, 32, 41,

44, 46]. We observed that atorvastatin treatment

causes a significant reduction in oxidative stress by

decreasing the levels of all lipid oxidation markers

(TP (–13.0%), MDA (–15.2%), and CD (–4.4%)) and

increases TAS. Together, these events decreased the

OSI after three months of atorvastatin administration.

The mechanism involved in this phenomenon may be

the ability of atorvastatin to reduce the production of

reactive oxygen species [34, 39, 40, 45]. On the other

hand, atorvastatin may play a role in protecting LDL,

and HDL from oxidation by increasing antioxidant ac-

tivity of the HDL-associated enzyme, PON1 [16, 20,

31, 36, 41]. However, the outcome and consistency of

the effect of atorvastatin on PON1 activity varies in

the literature. We found that PON1 activity towards

paraoxon significantly increased after atorvastatin ad-

ministration over three months. However, we did not

observe an increase in PON1 activity toward phenyl

acetate after atorvastatin treatment, which is similar to

recent reports [8, 31].

According to results from our polymorphisms

study, the PON1 L55M and Q192R polymorphisms

did not affect the levels of lipid parameters, oxidative

stress parameters, and activity of PON1 towards both

paraoxon and phenyl acetate either before or after

atorvastatin treatment. These results suggest that

these genotypes are not associated with physiological

responses to atorvastatin, which has been observed by

others [8, 16]. However, we found that the PON1

T(-107)C polymorphism significantly influences the

levels of oxidative stress parameters after atorvastatin

treatment, which is in contrast with a previous report

[41]. Unlike Sardo et al., we observed that the PON1

T(-107)C polymorphism has a significant influence

on PON1 activity towards paraoxon after atorvastatin

treatment [41]. We also found that the (-107) CC

genotype has a stronger influence on oxidative status

and PON1 activity after atorvastatin treatment. Re-

cently, Deakin et al. reported that the (-107) CC geno-

type has the highest response to simvastatin treatment

and the C at the -107 position of the PON1 promoter

is required for Sp1 binding and for simvastatin-

induced PON1 promoter activity [10]. We speculate

that the change from C to T may reduce PON1 activ-

ity towards paraoxon and result in an ineffective re-

sponse to atorvastatin treatment in our study. This re-

sult indicates that the PON1 T(-107)C polymorphism

may also exert a beneficial response during atorvasta-

tin treatment.

In conclusion, we found that hypercholesterolemic

patients administered atorvastatin (10 mg/day) for

three months, showed improved lipid profiles and

oxidative/antioxidative status with an increase in the

activity of PON1 towards paraoxon. We also demon-

strated that only the PON1 T(-107)C polymorphism
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influences PON1 activity towards paraoxon, TAS and

OSI levels during atorvastatin treatment. Atorvastatin

can reduce oxidative stress through its antioxidant

properties, particularly through an increase in PON1

activity among. Thus, benefits of atorvastatin on car-

diovascular risk reach far beyond its cholesterol low-

ering effect.

Limitation

This study was limited to new hypercholesterolemic

patients who have never gone through any previous

treatment with lipid lowering drugs. This is the reason

for the small sample size that does not comply with

the statistical requirement. An increase in the size of

the study population is needed for future investiga-

tions.
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