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Abstract

As the role of oxidative stress on human diseasescluding the cardiovascular system disorders,
has accentuated, the ultimate need of reliable maets of oxidative stress becomes more
imperative. We aimed to measure: activities of HDLassociated antioxidant enzymes,
paraoxonase (PON1) and arylesterase (ARE); total adative (TOS) and antioxidative status
(TAS), in heart failure (HF) patients, and search ér correlations of these markers. The study
group consisted of 70 subjects with HF. The patieatwere classified in three groups according to
the suggestions of New York Heart Association. Semu levels of PON1, ARE, TOS, TAS, brain
natriuretic peptide (BNP), uric acid (UA), creatinine, and lipid parameters were determined.
The oxidative status index (OSI) was calculated. Bsma PON1 activity was significantly
decreased (p=0.04), while BNP and UA levels wergasificantly increased(p<0.0001, p= 0.03,
respectively), with the severity of the disease. AR TAS, TOS, and OSI did not show any
statistically significant difference. Statistical aalysis showed negative correlation between
PON1, ARE activities and BNP; positive correlationbetween disease duration, UA and BNP.
Also, a positive correlation was determined betweefRAS and UA. We report for the first time a
notable relationship between HDL-associated anti-adant PON-1 activity and New York Heart
Association classification for HF .These prominentesults provide further support for the role
for oxidative processes in the disease progressioh HF and for the anti-oxidant compensatory
role of HDL. We believe in the potential of antioxilant medications in HF and promote proper
oxidative stress markers in routine use in diagnosiand follow-up.
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Introduction industrialized countries. The prevalence of heaiturfe
approximately doubles with each decade of life. As
Heart failure (HF) is defined as a complex clinicalpeople live longer, the incidence of heart failuises,
syndrome that can result from any structural ocfiomal  along with other conditions which further complieats
cardiac disorder that impairs the ability of thewiele to  treatment [2].
fill with or eject blood. It is a progressive diser that
must be managed with regard to, not only the sththe  The high prevalence of cardiovascular diseasesrizae
heart, but the condition of the circulation, lungs,oxidative stress an ongoing focus of medical re$edts
neuroendocrine system and other organs as well. Thele in the development of cardiovascular injurheess
major causes of HF are myocardial infarction, higrer been reliably established [3]. Over the past fewades,
sion, cardiomyopathy and valvular heart disease If§] clinical and experimental studies have provided
prevalence is between 0.8% and 2% in the geneml-po substantial evidence that oxidative stress, defiagdan
lation. HF is a leading cause of morbidity and ralist in ~ excess production of reactive oxygen species (ROS)
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relative to antioxidant defense, is enhanced in HFRnost studies showed that brain natriureticpepiiéR) is a
(Oxidative stress represents an imbalance betwesn f marker with a higher sensitivity and specificityhet
radical production and endogenous antioxidant defen application of this analysis in clinical practiseoiften limited
and is known to be elevated in HF). Indeed, anemsed by the absence of a universally accepted normgerdBNP
concentration of free radicals, particularly sup@e, is a hormone that is secreted predominantly byehdricles,
have been linked to peripheral hypoperfusion, gl  and reaches very high plasma concentrations ieacishyith
endothelial dysfunction, and exaggerated sympatheticongestive HF. BNP is synthesized in the heartraaeion
nerve activity in patients with HF. Recently, oxidla to cardiac wall distension and stretching and reamaonal
stress has been reported as being involved in thectivation [11].

athogenesis of HF [4,5]. ) .
P 9 [4.5] In this study we measured: the serum activity ONR

There is substantial evidence that oxidative stems and arlyesterase (ARE), the total antioxidant statu

activate many cellular responses that are charsiiteof _(TAS)’ the total oxide_ltive sta_tus(TOS), oxidat!vleess_
what occurs in heart failure, including cellular Nd€x (OSI) and routine cardiac parameters, inepisi

hypertrophy, changes in gene expression, and eathd with Sy_StOI'_C c_hromc HF. Here we sought to detexni

Classic stimuli for ventricular remodeling includinvall the_ gntleldat!ve roIe_ of serum HDL ass_oua;ed HON

stress, inflammatory cytokines and neurohormone@CtVity in subjects with HF, particularly in reian to

including catecholamines and angiotensin Il allegpto  esStablished HF biomarkers.

induce cellular changes at least in part, via diidaor  \1aterials and Methods

nitrosative stress. The pathways for activatiorcedfular

phenotypes of hypertrophy and apoptosis appear ®tudy population

involve one or more stress-responsive protein kisas The present analysis included 70 consecutive stsbjec

many of which are activated by ROS [6]. with systolic heart failure (left ventricular ejewt
fraction [LVEF] < 45%) as determined by echocardio-

Normal functional HDL has high levels of anti-oxids,  graphy. The patients included were suffering frdimical

active anti-oxidant proteins and enzymes with hegii-  heart failure as diagnosed by the treating HF sfistin

oxidant potential and anti-inflammatory activity.aly  the cardiology center. Patients were classifiecbmating

pathological ~processes associated with systemig the suggestions of New York Heart Associatios, a

inflammation are characterized by the presence dflass Il, Ill, and IV [12]. In total, 18 patients tlass II,

dysfunctional or pro-inflammatory HDL, including HF 32 patients in class I, and 20 patients in cldsswere
cardiovascular disease, migraine, metabolic syndromenrolled as the study group.

chronic kidney disease, infections and some rhentmat

logical diseases [7]. Major exclusion criteria were: (i) chronic heartldiee
with preserved left ventricular ejection fraction

Multifunctional enzyme paraoxonase (PONL1) is a HDLy|VEF>45%); (ii) acute heart failure, acute myodatd

associated esterase/lactonase, which derivedrite fi®m infarction and myocarditis; (i) known current oagt

one of its most commonly used in vitro substrgiegaoxon.  gllergic diseases, autoimmune diseases, inflamgnator

Chronic pathOIOgicaI conditions associated withdative diseases or ma"gnant diseases. Smokers and alecsdral
stress, such as HF, chronic renal failure, rheuhatthritis,  \ere also excluded.

migraine and Alzheimer's disease, are frequentpaated

with reduced activity of PON1 enzyme activites1f8:  This study was performed in accordance with thécath

PONL1 exerts a protective effect against oxidatamage of standards set by the Declaration of Helsinki and wa

cells and lipoproteins and modulates the suschigtiof  approved by the local ethics committee.

HDL and LDL to atherogenic modifications such as

homocysteinylation [9]. There are two polymorphismthe  Analytical methods

PON1 coding region at positions GIn192rg (Q192R)

and Leu55-Met (L55M). Paraoxon is hydrolysed six times BNP assay

faster by PON1 192R than by PON1 192Q, wherea®the BNP assay is a fully automated (ADVIA Centaur) two-

form is more active towards sarin, soman and dmzokhe site sandwich immunoassay using direct chemilumines

Q192R polymorphism also alters the enzyme’s abitity cent technology, which uses constant amounts of two

protect LDL from oxidation in vitro, the Q form Ingj the =~ monoclonal antibodies.

most protective [9]. The precise pathophysiologic

mechanism of PON-1 activity in human HF has nonmbeeMeasurement of paraoxonase and arylesterase enzyme

previously examined. activities in serum. PON1 and ARE enzyme activities
were measured using commercially available

European Guidelines (2008) emphasized the role dfits(Relassay®, Turkey). The fully automated PON1

natriuretic peptides as potential markers for HEh@ugh  activity measurement method consists of two difiere
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sequential reagents; the first reagent is an apipteplris  determined by the Student’s unpaired t-test fonmadr
buffer and it also contains calciumion, which isodactor  distributions, and by the Mann—-Whithey U-test in
of PON1 enzyme. Phenylacetate was used as a debstrabnormal distribution. Pearson correlation coegfitiand

to measure the ARE activity. Spearman correlation coefficient were used to teet
strength of any associations between differentdes. P
Paraoxonase phenotype distribution: values less than 0.05 was accepted as the sigriéca

The genetic polymorphism Q/R in codon 192 islevel.

responsible for three isotypes: QQ (low activitf)R

(intermediate activity), and RR (high activity).The Results

phenotype distribution of PON1 was determined usiireg

dual substrate method. The ratio of paraoxon hydi®l The demographic characteristics, clinical findings,
in the presence of 1 mol/L NaCl (salt stimulatedmedications and laboratory data of the HF are shiown
paraoxonase: stPON) to phenylacetate hydrolysis wagple 1 and table 2. 70 patients (54 male, 16 fejnal
used to assign individuals to one of the phenotypee \vere enrolled for data collection. The median ages w
cut-off values for assigning a participant to amitgpe 69 4+11.8 years. 85.7% of patients reported heart
were <2.0 for QQ, 2.0 to 5.0 for QR and >5.0 for RRgisease family history. The mean disease duration o

[13,14]. the study group was 10.9 years. Ischemic causes wer
observed to be prominent in the etiology of theedsse
Measurement of the total oxidant status of serum (75.7%).

The TOS of the plasma was measured using a novel

automated colorimetric measurement method for TO$aple 2 includes the overall summary of laboratbaya.
developed by Erel. The results are expressed mst@f BNP levels were very high as expected. The urid aci
micromolar hydrogen peroxide equivalent per li{em¢l  mean was higher than the upper reference rangamSer

H202 Equiv./L) [15]. HDL-C mean was about the lower reference rangeinSer
creatinine, TC, TG, means were within referencatéim
Measurement of the total antioxidant status of serum LDL-C mean was above optimal.

The TAS of the serum was measured using a novel
automated colorimetric measurement method for TA
developed by Erel. The results are expressed
micromolar trolox equivalent per liter [15].

%’able 3 shows the laboratory data of patients,daidi
#® 3 groups according to suggestions of NYHA
functional class, we found the plasma PONL1 activity
L ) significantly decreased with the severity of theedise
Oxidative stress index (p=0.04). On the contrary, BNP and UA levels were
The percentage ratio of TOS level to TAS level wassignificantly increased with the severity of thesetise
accepted as oxidative stress index(OSI) [10]. FO(p<0.0001, p=0.03, respectively) (Figure 1). Nogabl
calculation, the resulting micromolar unit of TASa®V ja |evels in class IV patients were over the upper
changed to millimoles per liter, and the OSI vaw@s | oference limit, namely a state of hyperuircemi®EA

calculated according to the following formula: OSItas TOS and OSI did not show any statistically
(arbitrary unit) = TOS(micromolar hydrogen perOXidesigni’ficantaifference.

equivalent per liter)/TAS (micromolar trolox equieat

per liter) [15]. . . .
Table 1. Clinical and demographic characteristics of 70

Routine parameters patients with HF.
The levels of triglycerides (TG), total choleste(dr),
HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), Parameters HF Patients (n=70)
uric acid and serum creatinine were determine b‘{é
using commercially available assay kits(Abbott) wit ~emaléMale 16 (22,9%] 54 (77,1%)
an autoanalyzer (Architect ®c16000, Abbott Diagn-Age 69,4+11,8 years
ostics). BMI 25,6 + 4,34 kgm?

o _ Heart disease family history 60 (85,7%)
Statistical analysis NYHA class (I/II1/1V) 18/32/20

Statistical analyses were carried out using thésstal

software version 11.5.1.0 (MedCalc, Mariakerke,BlC)Od pressure systolaiastolic 120+289+13 mm/hg

Belgium). In normal distributed groups the resuisre  LVEF 29,7+8,03%
presented with a mean and SD. In abnormal distdbut Treatments 33 (46%)
groups, the results were presented with mediangs. TiSpironolactone 41 (58%)
significance of the differences between groups wakoop diuretics 27 (39%)
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Table 2. Laboratory data of all patients with HF.

Parameters MeanzSD Reference
range

BNP pg/ml 1193,6+£1575,3 0-100

PON1 U/L 110+74,2 -

ARE kU/L 114,7+55,6 -

TAS nmol Trolox/L 2,610,3 -

TOSumol H202 Equiv./L  5,7+4,8 -

oSl 0,22+0,19 -

UA mg/dl 7,5+4,3 2,6-7,2

eGFR (ml/min) 66.7+3.2 >90

TC mg/dl 164+41,3 112-200

HDL-C mg/dl 35.5+12.1 35-70

LDL-C mg/dI 108.5+34.5 60-130

TG mg/dl 99.5+41.8 50-179
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Statistical analysis showed negative correlatiotwben
HDL- associated PON1, ARE activities and BNP.
Positive correlation between disease duration, Ul a
BNP was observed. Also, positive correlation wateide
mined between TAS and UA (Figure 2).

The phenotype distribution of PON1 was determingd b
using the dual substrate method. The resulting nats
used to assign a phenotype to each participant: @R,
and RR. The following phenotype distributions were
assessed in the HF patients (n=70): QQ in 36(51,4%)
patients, QR in 25(35,7%) patients and RR in 1584},
patients.

However there were no significant differences itween
the phenotype distribution and BNP, LVEF(%), HF
classes and disease duration.

Table 3. NYHA functional class and biomarkers(Kruskal- \fgadinalysis, mean£SD for all parameters).

NYHA class (n) BNP PON1 TAS TOS oSl UA
Il (18) 265,2+201 144482 132461 2,5+0,5 7,3+47 0,2 3,711
I (32) 569+360 96+52 111457 2,6+0,3 5,2+46 0,20 5,8+1,7
IV (20) 1403+780 84+45 105+46 2,9+0,3 48+51 00728 9,245
P <0,0001 0,04 0,43 0,1 0.5 0,03
Means
10000
1000
100
classes
m 11
10 m 111
| BAY
1
0,1
0,01

BNP

PON

Osl uric_acid

Figure 1. Presents the incline in BNP and UA, while a decinPON1 and OSI as the severity of the diseaseases

from class Il to class IV.
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Figure 2: Graphics of significant correlations in CHF patisnt{A) BNP and ARE (r= -0.31, p=0.01); (B) BNP and
PON1 (r=-0.25, p=0.04); C)BNP and disease duration0.23, p=0.04); D) BNP and OSI (r=-0.3, p=0.01E}BNP
and UA(r=0.41, p=0.01); (F) TAS and UA (r=0,31 p£d).

Statistical analysis showed negative correlatiotwben between the phenotype distribution and BNP, LVEFE(%)
HDL- associated PON1, ARE activiies and BNP.HF classes and disease duration.

Positive correlation between disease duration, U8 a

BNP was observed. Also, positive correlation waghjscussion

determined between TAS and UA (Figure 2).

The results of this study suggest that HDL-assediat
The phenotype distribution of PON1 was determingd bPON1 levels may influence HF. We report for thestfir
using the dual substrate method. The resulting ratis  time, a notable relationship between HDL-associate@
used to assign a phenotype to each participant: @R, oxidant PON-1 activity and NYHA classification féif.
and RR. The following phenotype distributions wereln the only similar study to ours, Tang et al. népd
assessed in the HF patients (n=70): QQ in 36(51,4%)iminished HDL-associated anti-oxidant PON-1 attiv
patients, QR in 25(35,7%) patients and RR in 1B@%®, (as monitored by serum ARE activity) in stable @atis
patients. However there were no significant diffiees in ~ with impaired LV systolic function [16]. It wouldppear
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that, the precise pathophysiologic mechanism of PONxanthine oxidoreductase catalyze the conversion of
activity in human chronic HF is still obscure. Our hypoxanthine to xanthine and xanthine to uric acid,
prominent results provide further support for aerébr  however only the oxidase form generatés-Cand HO?.
oxidative processes in the disease progressionFofittl XO may also contribute to oxidative damage in
for a potential anti-oxidant compensatory role @flH myocardium [24,25].

The expression and variability of systemic PON1

activities over the natural history of HF is langel Hyperuricaemia may also promote oxygenation of low-
unknown, although it is reasonable that reducednser density lipoprotein cholesterol and may facilitdigid
PONL1 activities can adversely lend to disease ps®jon  peroxidation, increasing the production of oxygeeef

in a various of ways [16,17]. The chiefly descripte radicals [26,27]. In this study, the class IV HFi@ats did
mechanism is the association between PON1 activitichave hiperuricemia even though they had normallrena
and protection against lipoprotein oxidation, tigre function and no hiperlipidemia. In the current stuthe
antagonizing progression of atherosclerotic compnarNYHA class IV HF patients also showed a 2.48-fold
artery disease, a major cause of heart failureeireldped higher serum levels of uric acid than the HF pasietass
societies [18]. Another potential preventive figfifor 1l, as shown in Table 3. Serum uric acid would have
HDL-associated PON1 activities may include theprotective antioxidant activity. This action couielp to
possibility for preventing micro-vascular dysfumctias a reduce or counteract the processes that causegeamlps
result of endothelial dysfunction [19]. Phenotypica result of HF [26-28]. However, these protective
predisposition has also been suggested as a mechaniproperties would disappear in the intracellular
for HF development, although few studies havesnvironment or in highly hydrophobic areas such as
elucidated the genes and genetic variants invoMedira  atherosclerotic plaques and adipose tissue. Iregiqars
et.al reported that the PON1 genotype Q192R SNRamas study by Leyva F et al. , serum UA levels were éased
important effect on calcific aortic valve stenodisease in parallel to disease severity in HF patients, arete
progression [20]. inversely associated with NYHA disease catego@6%.

There is little information concerning a direct f@ctive A variety of enzymatic and non-enzymatic processas
effect of HDL on the heart. Recent mass spectrametrgenerate ROS in mammalian cells. Some of the most
analyses revealed that the protein composition@E ks  important sources are the mitochondrial respirathain,
complex, thus expanding our understanding of th&lADP oxidases, XO, lipoxygenase, uncoupled nitrous
functions and structures of lipoproteins. HDL iolm to  oxide synthase and myeloperoxidase. Consideralite da
remove cholesterol from peripheral tissues in acgge indicate that ROS and oxidative stress are impbrtan
known as reverse cholesterol transport [7]. Beydnsl features of cardiovascular diseases including
function, HDL has been shown to exert cardiovasculaatherosclerosis, hypertension, and HF [27,30]. &s loe
protective effects in endothelial and vascular siimoo seen best, oxidative stress results from an imbalan
muscle cells by generating a cascade of intraeellul between ROS generation and antioxidant defenseanech
signals including the activation of mitogen-actect nisms. Therefore, impaired antioxidant defense mech
protein kinase [21]. These properties are medidtgd isms (i.e PON1 and ARE) or increased concentratidns
activation of kinases such as protein kinase C(PKCkome endogenous antioxidants (i.e UA and TAS) may
PKC-dependent phosphorylation modifies Cx43 gamenerate balance ROS levels in patients with HF.
junction channel properties, which are present in

ventricular cardiomyocytes, and is involved in d¢ard Although this study was carried out with a smaliner
protection [22]. Decreased HDL levels in relatiao a  Of participants, this is the first report to pretsanelation
higher risk of incident HF has been demonstratddripe ~ Of cardiac biomarker BNP and redox potential in

epidemiology studies [23]. Raghava S.et.al. repotiat individual HDL —associated PON1 levels in HF. We
elevated non—HDL-C and decreased HDL-C werdurther demonstrated a correlation between low raeru

associated with increased risk of HF [23]. PON1, ARE activities and BNP levels in these pasien

Surprisingly, in this study, class IV HF patienteowed
Serum UA levels were frequently observed to behigher TAS levels, decreased PON1, ARE activitied a
increased in patients with HF and were strongly andhcreased BNP, higher UA levels than lower clatarid
independently related to mortality from HF, in goaws  1ll) HF patients. Also negative correlations betwemme
studies. The possible link between UA overproductio biomarkers (PON1, TOS and OSI) and NYHA categories
and myocardial damage would appear to be the upvere observed. Unfortunately, very few studies lois t
regulation of xanthine oxidase (XO) activity. XOdan issue are available to predict strict comparis@is32].
xanthine dehydrogenase are forms of the same enzynmfthough they did not show any correlations, anti-
known as xanthine oxidoreductase. This enzymedghlyi oxidative parameters (TAS and UA), and their atters
distributed in mammalian tissues and with partidula in antioxidative levels and disease duration wewdl w
high expression in capillary endothelium. Both ferof  correlated [33,34].
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Serum BNP levels were increased in the NYHA class | 11.

patients vs. class Il patients, in line with prexsctudies
(p<0.0001) [35-37]. Serum levels of PON1 were lovwer
class IV patients than in class Il patients (p=D.04ese
results suggest enhanced oxidative stress duri
worsening of HF. We found, however, significant
correlations between the NYHA classes (1I-1V) ar@NAL
activity, TOS and OSI levels. These analyses mggest
that oxidative stress is enhanced even with mildHRY

functional classes. 13.
Further investigations into the relationship ofuserARE
activity ,BNP and disease duration are warrantsdara 14.
studies aimed at modulating PON-1 activity as ansed
potentially protecting the failing heart from disea 15

progression. Finally we would propose the hypoth#sat
NYHA classes of HF promotes free radical generation
and UA synthesis, presumably by the failing myoard 16
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