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ABSTRACT

INTRODUCTION  Obesity is an important risk factor for atherosclerotic cardiovascular disease. Paraoxonase-1
(PONT) may play a significant role in the prevention of obesity-related accelerated atherosclerosis by
hydrolyzing lipid peroxides in oxidized low-density lipoproteins.

0BJECTIVES The aim of this study was to evaluate PON1 and arylesterase enzyme activities and lipid
hydroperoxide (LOOH) levels, and to investigate whether there is increased susceptibility to atherogenesis
in obese subjects, which might be reflected by increased oxidative stress and decreased PON1 activity.
We also aimed to investigate the association between PON1 activity and body mass index (BMI) in this
patient group.

PATIENTS AND METHODS  The study involved 25 obese subjects and 23 controls. Serum PON1 and arylesterase
activity was measured spectrophotometrically. LOOH levels were measured by the FOX-2 assay.
RESULTS Serum basal/salt-stimulated PON1 and arylesterase activities were significantly lower in
obese subjects than in controls (P <0.001 for both enzymes), while LOOH levels were significantly higher
(P <0.001). BMI was significantly correlated with PON1, arylesterase and LOOH levels (P <0.001,
r =-0.720; P <0.001, r = —-0.634; P <0.001, r = 0.491; respectively). Serum high-density lipoprotein
(HDL) levels were positively correlated with PON1 activity (r = 0.347, P <0.05).

concLusions Qur results indicate that obese subjects have increased oxidative stress and decreased
PON1 activity, which might contribute to accelerated atherosclerosis. A decrease in PON1 activity seems

positively correlated with BMI and inversely correlated with HDL levels.

INTRODUCTION Oxidative stress has been de-
fined as the disturbance of equilibrium between
prooxidant and antioxidant systems in favor of ox-
idation. The term “oxidative stress” is used to de-
scribe a number of chemical reactions involved in
the production of free radicals and other reactive
molecules that can potentially induce cellular in-
jury.! Accordingly, oxidative stress has emerged as
one of the principal causes of atherogenic modifi-
cations in low-density lipoproteins (LDL) and, con-
sequently, of atherosclerotic disease.? High-density
lipoproteins (HDL) have a well-established inverse
correlation with the incidence of coronary disease.’
Oxidation of LDL is recognized as an early stage
in the development of atherosclerosis, leading to

LDL uptake by the macrophage scavenger receptor
and hence to formation of foam cells.3*

Several studies have shown that paraoxonase-1
(PON1) protects LDL and HDL against oxidative
modification. It can destroy active lipids in mildly
oxidized LDL, thereby protecting against the in-
duction of inflammatory responses in arterial wall
cells. It has been demonstrated that PON1 deficien-
cy is related to increased susceptibility to LDL ox-
idation and development of atherosclerosis.® Two
PONT1 polymorphisms have been identified: PON1
Arg/GIn 192 and PON1 Met/Leu 55. Position-192
polymorphism is the major determinant of PON1
activity polymorphisms. However, position-55
polymorphisms also exert a significant but smaller
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effect on PON1 activity.” These genetic polymor-
phisms have been suggested to be independent
risk factors for coronary artery diseases.’

Obesity is a significant health problem in west-
ern countries. It is associated with major risk fac-
tors for atherosclerosis including hyperlipidemia,
diabetes, hypertension, and metabolic syndrome.?
Obesity and oxidative stress have been shown to
play an essential role in the pathogenesis of ath-
erosclerosis. Moreover, oxidative stress has been
reported to be involved in the pathogenesis of
various diseases such as hyperlipidemia, diabe-
tes, hypertension, which are also associated with
obesity and atherosclerosis.’

Several experimental and clinical trials have
shown that serum PON1 activity is decreased in
obese subjects.'"'? However, we still have limit-
ed knowledge about the association between se-
rum PON1 activity and obesity.'?'3

The aim of this study was to evaluate PON1 ac-
tivity and lipid hydroperoxide (LOOH) levels in
obese subjects and to investigate whether these
subjects are more susceptible to atherogenesis,
which might be reflected by increased oxidative
stress and decreased PON1 activity. We also aimed
to investigate the association between serum
PONT1 activity and body mass index (BMI) in this
patient group.

PATIENTS AND METHODS  The study involved 25
obese subjects and 23 controls. BMI was calculat-
ed as weight in kilograms divided by the square
of height in meters. The study was conducted ac-
cording to the Helsinki Declaration as revised in
1989 and approved by the local ethics committee.
All subjects were informed about the study proto-
col and provided their written consent.

All obese subjects and controls underwent stan-
dard physical examination, chest X-ray, baseline
electrocardiogram, and routine clinical laborato-
ry tests, including liver and kidney function tests.
None of the patients had diabetes, hyperlipidemia,
hypertension, coronary artery disease, or psychi-
atric, metabolic, hepatic, or renal disease. None
of the subjects used supplemental vitamins or
smoked cigarettes.

Control subjects underwent routine physical
and laboratory tests to exclude diabetes, hyper-
lipidemia, hypertension, coronary artery disease,
smoking, use of supplemental vitamins, as well as
psychiatric, metabolic, hepatic, or renal disease.

Blood sample collection Blood samples were col-
lected into empty tubes and immediately stored
on ice at 4°C. Serum samples were then separat-
ed from the cells by centrifugation at 3000 rpm
for 10 minutes; lipid parameters and enzyme ac-
tivity were measured. The remaining serum por-
tions were stored at -80°C and used to analyze
LOOH levels.

Measurement of paraoxonase and arylesterase
activity PONI and arylesterase activity was
measured using paraoxon and phenyl acetate

substrates. The rate of paraoxon hydrolysis (die

-thyl-p-nitrophenylphosphate) was measured by
monitoring the increase of absorbance at 412 nm
at 37°C. The amount of generated p-nitrophenol
was calculated from the molar absorptivity co-
efficient at pH 8, which was 17000 M-1 cm-1."
PONT1 activity was expressed as U/l serum. Phe-
nyl acetate was used as a substrate to measure
arylesterase activity. Enzyme activity was calcu-
lated from the molar absorptivity coefficient of
the produced phenol, 1310 M-1 cm-1. One unit
of arylesterase activity was defined as 1 pmol
phenol generated/min under the above condi-
tions and expressed as U/l serum.'®

Phenotype distribution of PON1 activity The phe-
notype distribution of PON1 activity was deter-
mined by the double-substrate method, which
calculates the ratio of salt-stimulated PON1 and
arylesterase activities, using paraoxon and phe-
nyl acetate as substrates." The ratio of salt-stim-
ulated PONT1 activity to arylesterase activity was
used to assign individuals to 1 of 3 possible phe-
notypes.'* The genetic polymorphism at codon 192
QR is responsible for the presence of 2 isotypes:
A (low activity) and B (high activity). The ratio of
the hydrolysis of paraoxon in the presence of I M
NaCl (salt-stimulated PON1 activity) to the hy-
drolysis of phenyl acetate was used to assign in-
dividuals to 1 of 3 possible phenotypes: AA (low
activity), AB (intermiediate activity), BB (high ac-
tivity). Individuals were assigned to 1 of 3 pos-
sible phenotypes: QQ (homozygous low activ-
ity), QR (heterozygous activity), RR (homozy-
gous high activity), which are defined as the ra-
tios of activity with the ranges of 1.56 +0.32 for
QQ (AA),1.62 +0.33 for QR (AB), and 1.87 +0.38
for RR (BB).

Measurement of lipid hydroperoxide levels Serum
LOOH levels were measured with a ferrous ion
oxidation-xylenol orange (FOX-2) assay. It in-
volves the oxidation of ferrous ion to ferric ion
via the effect of various oxidants. The ferric ion
is then measured with xylenol orange. The levels
of LOOH are reduced by the application of triph-
enyl phosphine (TPP), which is a specific reduc-
tant for lipids. LOOH levels can be estimated as
the difference in values that appear due to the ab-
sence or presence of TPP.'®

Other parameters The levels of triglycerides
(TG), total cholesterol (TC), HDL cholester-
ol (HDL-C), and glucose were determined us-
ing commercially available assay kits (Abbott®)
with an autoanalyzer (Aeroset®, Abbott®, Germa-
ny). LDL cholesterol (LDL-C) was obtained using
the formula: LDL-C = TC - HDL-C - TG/5.

Statistical analysis Data were presented as mean
+ standard deviation for parametric variables.
The Student t test was used to compare the para-
meters of obese subjects and healthy controls.
The x? test was used to compare PON1 phenotype
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TABLE 1 Demographic and clinical data of obese subjects and controls
Parameters Controls (n = 23) Obese subjects P

(n = 25)
age, y 26 =3 28 £2 NS
sex, women/men 10/13 14/1 NS
BMI, kg/m? 21.50 =1.87 32.21 =1.34 <0.001
glucose, mmol/l 5.22 +0.22 5.38 =0.11 NS
TG, mmol/l 1.52 +0.24 2.01 =0.42 <0.01
TC, mmol/l 3.68 +0.67 4.54 +0.81 <0.01
HDL-C, mmol/I 1.37 £0.27 0.89 +0.15 <0.05
LDL-C, mmol/l 1.61 £0.55 2.73 =0.69 <0.01

Values are presented as mean = standard deviation

Abbreviations: BMI — body mass index, HDL-C — high-density lipoprotein cholesterol,
LDL-C — low-density lipoprotein cholesterol, NS — nonsignificant, TC — total
cholesterol, TG — triglycerides

TABLE 2 Oxidative and antioxidative parameters in obese subjects and in controls

Parameters Controls (n = 23) Obese subjects P
(n = 25)

PON1, U/l 62.29 +13.99 33.53 £9.86 <0.001
salt-stimulated 112.04 +9.44 72.37 =15.46 <0.001

PON1, U/
PON1/HDL-C ratio 1.32 +0.48 0.92 +0.34 <0.01
arylesterase, U/l 58.03 =6.53 45.90 =4.53 <0.001
LOOH, umol/l 11.02 =2.86 14.98 +3.63 <0.001
Values are presented as mean = standard deviation
Abbreviations: LOOH — lipid hydroperoxide, PON1 — paraoxonase-1,
others — see TABLE 1
TABLE 3 Phenotype distribution in obese subjects and controls
Phenotype distribution Controls, n Obese subjects, n P
BB 10 9 >0.05
AB 9 8 >0.05
AA 4 4 >0.05

distribution in patients and controls. The Pearson

correlation analysis was used to establish the cor-
relations between BMI and PONI, arylesterase,
or LOOH. For examining the impact of indepen-
dent variables on PON1 activity, linear regres-
sion analysis was conducted. The analyses were

performed using the SPSS software for Windows

Release 11.5 (SPSSInc.). The P value of <0.05 was

considered statistically significant.

RESULTS Demographic and clinical character-
istics of the subjects are shown in TABLE 1. BMI
was significantly higher in obese subjects than
in controls (P <0.001).

Serum TG, TC, and LDL-C levels were signifi-
cantly higher in obese subjects than in controls
(P <0.01 for both groups), while HDL-C levels
were significantly lower (P <0.05; TABLE 1).

Serum basal/salt-stimulated PON1 and ary-
lesterase activities were significantly lower in
obese subjects than in controls (P <0.001 for both
groups), while LOOH levels were significantly
higher (P <0.001; TABLE 2).
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LOOH levels were inversely correlated
with PON1 and arylesterase in obese subjects
(r=0.527, P <0.001 and r = -0.547, P <0.001,
respectively).

There was a significant negative correlation be-
tween LDL-C levels and PON1 and arylesterase
activity (r = -0.330, P <0.05 and r = -0.373,
P <0.01, respectively), as well as between HDL-C
and LOOH levels in obese subjects (r = 0.298,
P <0.05). In addition, there was a significant posi-
tive correlation between HDL-C levels and PON1
and arylesterase activity (r = 0.347, P <0.05 and
r = 0.369, P <0.01, respectively), as well as be-
tween LDL-C and LOOH levels in obese subjects
(r=0.359, P <0.01).

BMI was significantly correlated with PON1,
arylesterase, and LOOH levels in obese subjects
(r=-0.720, P <0.001; r = -0.634, P <0.001;
r = 0.491, P <0.001; respectively).

Alinear regression analysis was performed to
identify the factors that exert an independent ef-
fect on PON1 activity. Glucose levels, lipid para-
meters, age, BMI, and LOOH levels were included
as independent variables. PON1 activity was cor-
related with BMI (B = -0.821, P = 0.002), HDL-C
(B =0.257, P = 0.042), and LOOH (B = -0.242,
P =0.038).

The PON1 phenotype distribution was calcu-
lated in both groups. The resulting ratio was used
to identify subject phenotypes: homozygous AA
(PON1192QQ), heterozygous AB (PON1192QR),
and homozygous BB (PON1192RR). PON1 pheno-
type distribution of the subjects was not signifi-
cantly different between these 3 groups (P >0.05).
There was no significant difference in PON1192Q
and R polymorphism distribution between obese
subjects and controls (P >0.05; TABLE 3).

DISCUSSION We observed that PON1 and ary-
lesterase activity was significantly lower and
LOOH levels significantly higher in obese sub-
jects than in controls.

Several studies have suggested that there is an
association between increased oxidative stress
and BMI in obese subjects.!”'® We observed a pos-
itive correlation between LOOH levels and BML
Our finding was consistent with the previous re-
ports."'® A number of studies have also suggested
that there is a negative correlation between PON1
activity and BMI in this patient group.'>'3 How-
ever, Rector et al.”® described lower serum PON1
activity in patients with reduced body weight.
In the present study, we demonstrated a nega-
tive correlation between BMI and PON1 or ary-
lesterase activity in obese patients.

PON1 is an antioxidant enzyme that inhibits
oxidative modification of LDL and contributes to
most of the antioxidative activity that has been
attributed to HDL. PON1 can destroy active lip-
ids in mildly oxidized LDL.? Most serum PON1
is bound to the surface of HDL. Sorenson et al.”
demonstrated that PON1 is a lipid-dependent en-
zyme; in fact, the conformation of PON1 within
the hydrophobic environment of HDL is crucial
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for its activity. Phospholipids, especially those
with long fatty acid chains, stabilize PON1 en-
zyme and are required to bind PON1 to lipopro-
tein surface.?’

Several studies have shown modifications of
lipid and lipoprotein metabolism in obese sub-
jects. Hypercholesterolemia, high TG and LDL-C
levels, and low HDL-C levels are frequently ob-
served in this patient group.???* Modifications of
lipoprotein levels and composition are possibly
related to the higher risk of cardiovascular dis-
ease associated with obesity.? Furthermore, sev-
eral studies have suggested increased oxidative
stress in obese subjects, with a higher suscepti-
bility to lipid peroxidation of LDL isolated from
obese subjects compared with healthy subjects.®?°
It has been suggested that an increase in oxida-
tive damage could be due to a decrease in antioxi-
dant activity. In fact, low levels of B-carotene and
a-tocopherol have been observed in serum and in
LDL obtained from obese subjects.?®

Atherosclerosis, the major cause of morbidity
and death in western countries, involves compli-
cated interactions between arterial cells, blood
cells, and plasma lipoproteins.” Oxidative stress,
that is, imbalance between the amount of reactive
oxygen species (ROS) and antioxidant defence
mechanisms, plays an important role in athero-
genesis.”’ Oxidative modification of LDL is the key
stage during early atherogenesis, which contrib-
utes to cholesterol and oxysterol accumulation in
the arterial wall and to lesion development.? Oxi-
dizedlipids are observed in atherosclerotic lesions
and have been shown to berelated to the progres-
sion of atherosclerosis.” During the development
of atherosclerosis, PON1 accumulatesin the ar-
terial wall.?® In addition, PON1 hydrolyzes lipid
peroxides in atherosclerotic lesions,’®' where they
promote progression of atherogenesis.’ ROS and
lipid peroxidation products decrease PON1 pro-
duction in the liver®? and inactivate HDL-bound
enzyme.”’ On the other hand, reduced PON1 ac-
tivity may cause increase in plasma lipid perox-
idation products. Furthermore, PON1 activity
is reduced in atherosclerotic vascular diseases
(e.g., acute myocardial infarction) or conditions,
in which atherosclerosis is common (e.g., diabe-
tes, familial hypercholesterolemia).’%3

Although reduced serum PON1 activity is well
documented in obese subjects, the cause of this
alteration remains unclear. However, there are
two important points to note. First, since PON1
is associated with HDL-C, reduced PON1 activi-
ty could be associated with decreased HDL-C lev-
els.?® Second, it is well known that serum PON1
activity is generally considered to vary in response
to the consumption of PON1 for the prevention
of oxidation.?’ Our findings of decreased HDL-C
levels and increased serum LOOH levels in obese
subjects, which reflect oxidative stress, were con-
sistent with other reports. In our study, serum
HDL-C levels were positively correlated with
PONT1 activity, so decreased serum HDL-C levels
do not seem to be responsible for reduced PON1

activity, at least in our subjects. In contrast, PON1
activity was inversely correlated with LOOH lev-
els; thus, it can be suggested that decreased PON1
activity may be, in part, due to consumption of
PON1 for the prevention of oxidation.

High body weight in obese subjects is caused
by increased content of fat in body composition.
Adipose tissue has a known endocrine activity,
namely, that of adipokines. They are associated
with PON1 activity'®3¢ and atherosclerosis. On
the other hand, it is known that PON1 stability
and optimal activity is dependent on ApoAl lipo-
protein and phospholipids.®’ Pedrosa et al.*’ dem-
onstrated a decrease in HDL-C and ApoAl lipo-
protein in obese children.

Serum PONI activity greatly varies among in-
dividuals and populations due to the PON1 codon
192 genetic polymorphism.®® Jarvik et al.®® sug-
gested that the PON1 phenotype is a better pre-
dictor of vascular and carotid artery disease. Ad-
ditionally, PON1 activity may be affected by life-
style factors, such as diet and smoking, which are
accepted as controllable risk factors for athero-
sclerosis.®® In our study, there was no significant
difference in PON1192Q and R polymorphism dis-
tribution between obese subjects and controls.

In conclusion, our results indicate that in-
creased oxidative stress and decreased PON1 ac-
tivity in obese subjects could contribute to acceler-
ated atherosclerosis. This decrease in PON1 activ-
ity seems to be associated with BMI and, in part,
with lower HDL levels in obese subjects.
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STRESZCZENIE

WPROWADZENIE  Otyto$¢ stanowi wazny czynnik ryzyka rozwoju choréb ukiadu sercowo-naczyniowego
na podtozu miazdzycowym. Paraoksonaza-1 (PON1) moze odgrywa¢ wazna role w zapobieganiu rozwo-
jowi przy$pieszonej miazdzycy u os6b otytych poprzez hydrolize nadtlenkéw lipidowych w utlenionych
lipoproteinach o matej gestosci.

cELE  Celem badania byta ocena aktywnos$ci enzyméw PON1 i arylesterazy oraz pomiar poziomu nad-
tlenkdéw lipidowych u oséb otytych, a takze ustalenie, czy u oséb otytych wystepuje wzmozona podat-
no$¢ na rozwoj miazdzycy, co mogtoby wynika¢ ze zwigkszonego stresu oksydacyjnego i zmniejszonej
aktywnos$ci PON1. Badano réwniez zwigzek miedzy wskaznikiem masy ciata (body mass index — BMI)
a aktywnos$cig PON1 w tej grupie chorych.

PACJENCI I METODY Badaniem objeto 25 osdb otytych oraz 23 osoby stanowigce grupe kontrolng. Aktyw-
no$¢ PON1 i arylesterazy w surowicy zmierzono spektrofotometrycznie. Poziom nadtlenkéw lipidowych
oznaczono za pomocg metody FOX-2.

WYNIKI  Podstawowa oraz stymulowana aktywno$¢ PON1 i arylesterazy w surowicy byta znamiennie
mniejsza u 0s6b otytych w poréwnaniu z grupg kontrolng (P <0,001 dla obu enzyméw), podczas gdy
poziom nadtlenkéw lipidowych byt znaczaco wyzszy (P <0,001). Zaobserwowano znamienng korela-
cje pomiedzy BMI a poziomami PON1, arylesterazy i nadtlenkéw lipidowych (odpowiednio P <0,001,
r = -0,720; P <0,001, r = -0,634; P <0,001, r = 0,491). Stwierdzono réwniez korelacje pomigdzy
poziomami lipoprotein o duzej gestosci (high-density lipoprotein — HDL) a aktywnos$cig PON1T w surowicy
(r =0.347, P <0.05).

wnioskl  Nasze wyniki sugeruja, ze u oséb otytych wystepuje zwigkszony stres oksydacyjny i zmniej-
szona aktywno$¢ PON1, co moze sig przyczyni¢ do przy$pieszonego rozwoju miazdzycy. Zmniejszenie
aktywnosci PON1 wydaje sie korelowaé wprost proporcjonalnie z BMI, a odwrotnie proporcjonalnie
z poziomami HDL.
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