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ABSTRACT

Objective: Epidemiological and experimental studies indicate that kidney disease is associated with increased
oxidative stress. Our aim was to determine whether paraoxonase 1 (PON1) activity is altered in patients with
moderately decreased glomerular filtration rates (GFRs) compared to healthy controls. Material and methods:
Forty-eight patients showing relatively low GFRs upon renal scintigraphy with 99mTc-DTPA were compared to
40 age-matched healthy subjects. Serum PON1 activity was measured spectrophotometrically. Lipid hydro-
peroxide levels were measured via iodometric assay. Results: The mean ages of the patient and control groups
were 32.09 ± 6.10 (range 23–50) and 31.30 ± 5.30 (range 20–46) years, respectively. Serum PON1 (p = 0.949)
and high-density lipoprotein (p = 0.473) levels did not differ between groups. Significant differences were
detected between groups in terms of mean triglyceride (p = 0.009), very-low-density lipoprotein (p = 0.010),
lipid hydroperoxide (p = 0.026), urea (p = 0.012), and creatinine (p = 0.001) levels, whereas total cholesterol
(p = 0.520) and low-density lipoprotein (p = 0.161) were similar between groups. Mean GFR was significantly
lower in the low GFR group compared to the control (p = 0.000). Conclusion: Our results indicate that PON1
activity and high-density lipoprotein levels may not be determining factors in premature vascular aging in
patients with moderately decreased GFRs. Instead, some other undetermined factor(s) may be involved in
modulating enzymatic activity.
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INTRODUCTION

Numerous anatomical and functional changes in the
kidney lead to decreased renal blood flow and subse-
quent decreases in glomerular filtration rate (GFR).
This condition, known as impaired renal autoregula-
tion, may lead to an earlier death in patients with
chronic kidney disease (CKD).1,2 For example, data
from the third National Health and Nutrition Examina-
tion Survey (NHANES III) suggest that the prevalence
of CKD among adults in the United States may be as
high as 11%, constituting 19.2 million individuals.3

Recently, several studies have demonstrated that low-
density lipoprotein (LDL) is more susceptible to oxi-
dation in CKD patients, suggesting that antioxidative
mechanisms may be impaired in these individuals.4,5

Similarly, LDL oxidation appears to play a key role in
atherosclerosis.6 During the previous 15 years, a great
deal of information regarding the basic physiology and
pathology of reduced GFR has been reported. These
include many disorders that effect vascular and renal
systems such as atherosclerosis, diabetes mellitus,

cardiac insufficiency, glomerulopathies, and aging.
However, several controversial points remain, one of
which being the relationship between the high-density
lipoprotein (HDL)-dependent antioxidant enzyme,
paraoxonase 1 (PON1), and decreased GFR.

PON1 protects LDL and HDL from lipid peroxida-
tion and it is thought to function as the primary anti-
atherosclerotic component of HDL. There are at least
two enzymes present in HDL, PON1,7–9 and platelet-
activating factor acetylhydrolase, which have been
shown to prevent the formation of oxidized LDL in
vitro.10 PON1 hydrolyzes oxidized lipids, inhibits cell-
mediated LDL oxidation, and protects macrophages
from oxidative stress by decreasing the uptake of
oxidized LDL; furthermore, PON1 inhibits choles-
terol biosynthesis in macrophages.11

Previous studies showed that individuals with low
PON1 activities are susceptible to atherosclerosis-
related pathologies, such as diabetes mellitus, familial
hypercholesterolemia, and renal disease.12 Serum high
LDL/lipid levels, low PON1 activity, low HDL levels,
and a number of other major and minor factors cause
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to increase the risk of coronary artery disease,13–15

which is the primary cause of death in approximately
50% of CKD patients.16,17

Lipid peroxidation leads to the generation of lipid
hydroperoxides (LOOHs) from unsaturated phospho-
lipids, glycolipids, and cholesterol. LOOHs mediate
peroxidative reactions and are typically more persis-
tent than any free radical precursor, making inter-
membrane translocation within a cell, between cells,
or between lipoproteins and cells possible.18 LOOHs
can be used as an indicator of oxidative stress in cells
and tissues, and increased levels of lipid peroxidation
products have been observed in a variety of diseases in
both humans and model systems.19 Our objective was
to elucidate the role of oxidative stress in patients with
moderately decreased GFRs and to determine whether
PON1 activity differs in these patients, as compared to
healthy controls.

MATERIAL AND METHODS

Forty-eight patients (12 (25%) females) and 36 (75%)
males) showing relatively low GFRs upon routine
laboratory tests and renal scintigraphy with 99mTc-
DTPA were enrolled, and 40 age-matched men were
included as control. This study was approved by our
institutional review board and was performed in accor-
dance with the ethical standards laid down in the 1964
Declaration of Helsinki. All participants provided writ-
ten informed consent. Patients and control subjects
who had undergone renal surgery or developed a sys-
temic disease, such as malignancy, diabetes mellitus,
acute coronary disease, hypertension, renal disease,
fever, or renal stones, were excluded. Patients who
were taking anti-lipidemic drugs or steroids or who
showed elevated liver enzyme levels were also excluded.

Blood sample collection
Serum samples were collected from patients and
controls at 9:00 and 11:00 a.m. after an overnight fast.
The samples were centrifuged within 2 h after with-
drawal and stored at −80°C until analysis. Blood was
analyzed only once.

Measurement of PON1
PON1 activity was assayed using paraoxon as a
substrate, as previously described.19 Briefly, PON1
activity was measured at 25°C by adding 50 μL of
serum to 1 mL Tris–HCl buffer (100 mM at pH 8.0)
containing 2 mM CaCl2 and 5.5 mM of paraoxon.
Increased absorbance at 412 nm as a result of 4-nitro-
phenol formation was used as an indicator of PON1
activity. Enzymatic activity was calculated by using the
molar extinction coefficient 17100 M−1 cm−1.

Lipid profile analysis
Serum levels of triglyceride (TG), total cholesterol
(TC), HDL, LDL, and very-low-density lipoprotein
(VLDL) were measured using commercially available
assay kits (Abbott, Turkey) and an autoanalyzer
(Aeroset, Abbott, Turkey).

Measurement of LOOH levels
Tri-iodide complex formation as a result of reaction
between LOOH and iodine was evaluated via spectro-
photometry at 365 nm. LOOH levels were calculated
using the extinction coefficient of tri-iodide (e = 2.46 ×
104 M−1 cm−1).20

Statistical analysis
Results are expressed as the mean ± SD for all contin-
uous variables. Differences between patient and con-
trol groups were assessed using Student’s t-test. The
relationship between PON1 activities and LOOH level
was evaluated using Spearman’s correlation, and
serum lipids were evaluated using Pearson’s correla-
tion test.

RESULTS

The mean ages of the low GFR and control groups
were 32.09 ± 6.10 years (range 23–50 years) and
31.30 ± 5.30 years (range 20–46 years), respectively
(p > 0.05). Serum PON1 activity (p = 0.949) and
HDL (p = 0.473) levels did not differ between groups.
Significant differences were detected between groups
in terms of mean TG (p = 0.009), VLDL (p = 0.010),
LOOH (p = 0.026), urea (p = 0.012), and creatinine
(p = 0.001) levels, whereas TC (p = 0.520) and LDL
(p = 0.161) were similar between groups (Table 1).
Mean GFR was significantly lower in the low GFR
group, compared to the control (p = 0.000). Further-
more, among all subjects, we observed a negative corre-
lation between PON1 and LOOH activity (r = −0.453,
p = 0.023) (Figure 1).

DISCUSSION

The National Kidney Foundation Kidney Disease
Outcomes Quality Initiative has recently adopted the
use of GFR to stage CKD. According to this classifica-
tion, stage 3 CKD is defined by a moderately
decreased GFR of 30–59 mL/min/1.73 m2. The
NHANES III data suggest that there are more than 8
million adults in the United States with an estimated
GFR of less than 60 mL/min/1.73 m2.21 In this study,
we examined an adult sample showing stage 3 CKD or
higher. However, we did not observe a significant
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difference in PON1 activity and HDL levels between
the two groups. These results are consistent with those
of Payson et al.,22 who found no significant correlation
between any biomarker of oxidative stress or inflam-
mation and GFR. A potential explanation for the
limited correlation of biomarkers of oxidative stress
and inflammation with GFR may be that many of the

solutes used as biomarkers undergo renal clearance
primarily via renal tubular metabolism rather than
glomerular filtration.23–25 However, several studies
have associated changes in GFR with biomarkers of
inflammation, particularly in patients with advanced
disease.26–29 National Kidney Foundation reported
that oxidative stress was associated with stage 3 CKD.
These stage 3 CKD patients were at risk for progres-
sion of kidney disease and the development of end-
stage renal disease (ESRD). Furthermore, these
patients appeared to be at even greater risk for the
development of cardiovascular disease and associated
morbidity and mortality. Thus, most patients with
stage 3 CKD will die of cardiovascular complications
prior to developing ESRD.21 Another study demon-
strated that decreased paraoxonase activity and the
subsequent loss of its antiatherogenic effects in renal
failure may be a key factor in premature vascular
aging.30 In this study, mean serum TC and LDL levels
were similar between the low GFR and control groups.
Similarly, Vanholder et al.23 and Schiavon et al.31

found no significant difference between lipid profiles
of patients and control subjects.

In this study, we detected a negative correlation
between PON1 activity and LOOH levels in all sub-
jects, which may reflect the fact that LOOH is a physi-
ological substrate of PON1. Thus, as PON1 activity
decreases, LOOH levels would be expected to
increase. Elevated serum LOOH may also be depen-
dent upon serum TG and VLDL, which were signifi-
cantly higher in the low GFR group. These results
suggest that the level of paraoxonase activity prevents
premature vascular aging in low GFR patients under
high oxidative stress.

Previous studies have demonstrated a close rela-
tionship between CKD and oxidative stress. Bolton et
al.32 examined 17 CKD patients (GFR < 50 mL/min)
and demonstrated an increase in autoantibody pro-
duction against oxidized LDL.24 Mezzano et al.33

examined 64 advanced CKD patients and observed
increases in lipid peroxidation and advanced oxidation
protein products (AOPP). Witko-Sarsat et al.34 exam-
ined a cohort of 162 uremic patients and detected a
strong relationship between AOPP accumulation and
decreased GFR.34 In contrast, we did not observe a
relationship between increased oxidative stresses and
lower GFR in this study.

In conclusion, our results indicate that HDL
levels and PON1 activity may not be determining
factors in the accelerated development of premature
vascular aging in patients with moderately decreased
GFRs. Instead, some other undetermined factor(s)
may modulate enzyme activity. Further prospective
studies with larger sample sizes are required to clar-
ify this issue.

TABLE 1. Serum PON1 activity and LOOH, HDL, mean
serum lipid, urea, creatinine levels, mean GFR rate values in
patient and control groups.

Parameters
Control (n = 40) Patient (n = 48)

p-Value
Mean ± SD Mean ± SD

Age (years) 32.09 ± 6.10 31.30 ± 5.30 >0.05

PONI 198 ± 91 197 ± 88 0.949

HDL 35.10 ± 3.30 34.29 ± 3.18 0.473

LOOH 15.5 ± 5.1 18.7 ± 4.0 0.026

TG (mg/dL) 100.43 ± 12.80 110.35 ± 11.33 0.009

TC (mg/dL) 156.25 ± 26.00 126.22 ± 28.05 0.520

LDL (mg/dL) 78.58 ± 10.71 83.39 ± 11.47 0.161

VLDL (mg/dL) 24.59 ± 2.68 27.43 ± 4.01 0.010

Urea 27.52 ± 10.8 37.00 ± 12.8 0.012

Creatinine 0.65 ± 0.23 1.08 ± 0.49 0.001

TGFR 101.77 ± 5.66 54.045 ± 14.20 0.000

Notes: TG, triglyceride; TC, total cholesterol; LDL, low-den-
sity lipoprotein; VLDL, very-low-density lipoprotein; TGFR,
total glomerular filtration rate; PON1, serum paraoxonase;
LOOH, lipid hydroperoxide; HDL, high-density lipoprotein;
p < 0.05, t-test for independent samples.

FIGURE 1. The relationship between LOOH and PON1
(Spearman’s correlation).
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