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Relationship Between Paraoxonase-1
Activity and Lipid Peroxidation Marker
Levels in Coronary Artery Disease Patients
with and without Diabetes

Koroner Arter Hastalig1 Olan Diyabetik ve
Nondiyabetik Hastalarda Paraoksonaz 1
Aktivitesi ve Lipid Peroksidasyonu
Belirte¢ Diizeyleri Arasindaki Iliski

ABSTRACT Objective: Increase in blood glucose concentration can inactivate paraoxonase-1
(PONT1) and increase lipid peroxidation. The lack of protective effect of PON1 on lipid peroxidati-
on may be a factor in acceleration of coronary artery disease (CAD) in diabetic patients. We there-
fore aimed to investigate the changes in PON1 activity and lipid peroxidation markers in diabetic
and non-diabetic CAD patients. Material and Methods: We investigated the relationship between
serum lipids, lipoproteins, thiobarbituric acid reactive-substances (TBARS), conjugated dienes (CD)
and lipoprotein(a) (Lp(a)) levels and PON1 activity in CAD patients with and without diabetes. Re-
sults: Elevated levels of Lp(a), CD and TBARS and decreased level of high-density lipoprotein cho-
lesterol (HDL-C) and the activity of PON1 were observed in CAD patients with and without
diabetes by comparison to controls. Total cholesterol and HDL-C have increased, TBARS and CD
have decreased in CAD patients without diabetes compared to those with diabetes. On multiple lo-
gistic regression analysis, risk factors associated with CAD were CD, TBARS and PON1/HDL-C
ratio in non diabetic CAD patients whereas only glucose levels were associated with CAD in dia-
betic CAD patients. Conclusion: PONT1 activity and lipid peroxidation markers have associated with
glucose levels in diabetic patients and were also found to be the major risk factor for CAD in dia-
betes. We suggest that maintaining the optimum glucose levels can be vital to regulate the oxida-
tive balance in diabetic patients. Further studies with a large number of individuals might be
performed for enhance our knowledge.
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OZET Amag: Kan glukoz konsantrasyonundaki artis, paraoksonaz—1 (PON1) inaktivasyonuna ve li-
pid peroksidasyonunda artigsa neden olabilir. Lipid peroksidasyonu tizerine PON1 koruyucu etkisi-
nin azalmasi diyabetik hastalarda, koroner arter hastaligin1 (KAH) hizlandiric1 bir etki yaratabilir.
Bu nedenle biz bu ¢alismada, PON1 ve lipid peroksidasyonu belirteglerinin diyabetik ve non-diya-
betik KAH olanlardaki degisimini gozlemlemeyi amagladik. Gereg ve Yéntemler: Biz, diyabetik ve
non-diyabetik KAH olan bireylerde, serum lipitlerini, lipoproteinleri, tiyobarbiturik asit reaktif-
bilesikleri (TBARS), konjuge dienler (KD), ve lipoprotein(a) (Lp(a)) diizeyleri ve PONT1 aktivitesi
arasindaki iligkiyi arastirdik. Bulgular: Hem diyabetik hem de non-diyabetik KAH hastalarinda,
Lp(a), KD ve TBARS diizeylerinde artig gozlenirken, kontrollere kiyasla yiiksek dansiteli lipopro-
tein kolesterol (HDL-K) diizeyi ve PON1 aktivitesinde azalma gozlenmistir. Diyabetiklere kiyasla,
non-diyabetik KAH hastalarinda total kolesterol ve HDL-K diizeyleri daha yiiksek iken, TBARS ve
KD diizeyleri daha diisiiktiir. Coklu regresyon analizi yapildiginda, non-diyabetiklerdeki KAH risk
faktorleri arasinda KD, TBARS ve PON1/HDL-C orani bulunurken, diyabetik hastalarda KAH ile
iligkili risk faktorii olarak yalmz glukoz saptanmugtir. Sonug: Diyabetik hastalarda, PON1 aktivite-
si, lipid peroksidasyon belirtegleri ile glukoz diizeyleri arasinda iligki vardir ve diyabette goriilen
KAH’da lipid peroksidasyon belirtegleri major risk faktoriidiir. Diyabetik hastalarda, optimum gli-
koz seviyelerininin korunmasinin, oksidatif dengeyi diizenlemek icin hayati olabilecegi fikrinde-
yiz. Bilgimizin arttirilmasi i¢in daha ¢ok sayidaki bireyleri kapsayan daha ileri galismalar yapilabilir.

Anahtar Kelimeler: Diabetes mellitus; arildialkilfosfataz; lipid peroksitler; lipidler
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iabetes is described as “one of the main
D threats to human health in the twenty-first

century”.! Diabetes is associated with hy-
perglycaemia and autooxidation of glucose may le-
ad to increased free radical synthesis, which in turn
may lead to DNA mutations, changes in structure
and function of proteins and peroxidation of lipids
in combination with certain lipid abnormalities.?
Lipid peroxides are high toxic molecules. They
might disturb the balance between vasoconstricti-
on and vasodilatation by decreasing the synthesis
of prostoglandins and increasing the vessel wall
sensitivity to angiotensin II. All of these events
might indicate elevated risks for cardiovascular and
other macrovascular morbidity and mortality in
type 2 diabetic patients.

High levels of glucose can produce permanent
chemical alterations in high density lipoprotein
(HDL) and increase lipid peroxidation while glyca-
ted HDL is less capable of binding the antioxidant
enzyme paraoxonase-1 (PON1), a HDL-associated
esterase/lactonase that metabolizes lipid hydrope-
roxides.* Serum PON1 activity was found to be de-
creased in Diabetes Mellitus (DM), and could
therefore be one of the reasons to increased morta-
lity due to coronary artery disease (CAD).*

Epidemiological data shows that the preva-
lence of diabetes and CAD are influenced by envi-
ronmental factors.>® According to the results of the
Turkish Diabetes Epidemiology (TURDEP) study,
the prevalence of diabetes is 7.2 % in Turkey 7. We
previously reported an association between PON1
activity and lipid peroxidation levels in CAD pati-
ents®. In this study we concerned the relation be-
tween PONI1 activity and lipid peroxidation
indicators in CAD patients with diabetes. We
matched the subjects for age and sex to eliminate
the influence of age and gender and determine the
relationship between lipids, lipoproteins, lipid pe-
roxidation markers [thiobarbituric acid reactive
substances (TBARS) and conjugated dienes (CD)]
and PONI1 activity. On the other hand, we wan-
ted to compare all of the above parameters with
diabetic and non-diabetic CAD patients and he-
althy controls.
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I MATERIAL AND METHODS
SUBJECTS

28 patients were with type-2 diabetes (16 male,
66.06 + 2.62 old years (mean + SEM) and 12 fema-
les, 64.25 + 2.66 old years), 28 non-diabetic CAD
patients (16 male, 65.38 + 2.30 old years and 12 fe-
males, 62.67 + 2.40 old years) and 28 healthy con-
trols (16 male, 62.00 + 2.27 old years and 12 females,
62.08 + 2.89 old years) who underwent coronary
angiography for diagnostic purposes. Diabetes was
defined according to WHO criteria.’ Standard Jud-
kin technique was used in coronary arteriographic
examination and images were interpreted by a pa-
nel of experienced cardiologists blinded to data on
biochemical parameters. The presence of CAD was
characterized from irregularity of coronary wall to
significant coronary lesions in at least one major co-
ronary artery and non-diabetic subjects with no de-
tectable CAD were classified as controls. All the
subjects in 3 groups were age and sex matched. The
study was approved by the University Ethics Com-
mittee of the Faculty of Medicine.

SERUM SAMPLES

After a 12 hour fasting, venous blood samples we-
re obtained in the morning by the biochemists per-
forming laboratory analyses that were blinded to
the clinical status of patients. Serum was separated
immediately by low-speed centrifugation (600 g for
10 min at 4°C). Serum samples were used freshly
for analysis.

LIPID ASSAYS

Total cholesterol (TC), HDL-C and triglycerides
(TG) were measured enzymatically using commer-
cial kits (Abbott Aeroset system, Laboratories, Ab-
bott Park, Illinois). The low density lipoprotein-
cholesterol (LDL-C) fraction was calculated indi-
rectly using the Friedewald equation.'® The factor
[triglyceride] / 5'° was used to estimate very low
density lipoprotein cholesterol (VLDL-C) concen-
tration. Lp(a) concentrations were measured by au-
tomated immunoturbidimetric method on a
Roche/Hitachi 911 analyzer (Tina-quant; Roche
Diagnostics, Mannheim, Germany) using specific
antisera.
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Levels of glucose and Hb, ;. were determined
on a Hitachi 911 automatic analyzer (Boehringer
Mannheim, Mannheim, Germany).

PARAOXONASE-1 ACTIVITY ASSAY

Serum PONI activity was assayed spectrophoto-
metrically as described previously." Briefly, the as-
say mixture consisted of 1500 pL of 6 mmol/L
paraoxon substrate solution in 0.1 mol/L Tris-HCl
buffer, pH 8.0, containing 1 mmol/L CaCI2 and 60
pL of fresh serum specimen. The absorbance was
monitored photometrically at 405 nm and at 37°C
at 1 minute intervals on a spectrophotometer (pho-
tometer 4010, Boehringer Mannheim, GmbH, Ger-
many). One unit of PON1 activity was defined as 1
pmol of p-nitrophenol formed per minute and the
activity expressed as U/L of serum.

CONJUGATED DIENE ASSAY

Conjugated diene levels were measured by the
method of Recknagel and Glende'?. Lipids were ex-
tracted with 2:1 (v/v) chloroform—methanol; the
extract was evaporated to dryness under a stream of
nitrogen and then redissolved in cyclohexane. The
cyclohexane solution was assayed at 234 nm. The
results were expressed as pmol/L using emax =
25.200 M cm™.

THIOBARBITURIC ACID REACTIVE-SUBSTANCES ASSAY

Thiobarbituric acid reactive-substances levels we-
re measured by a fluorometric method described
by Gumuslu et al.”® with minimal modifications
described by Wasowicz et al."* using 1,1,3,3-tet-
ramethoxypropane as a standard. In brief, 50 pL
of serum or plasma or an adequate volume of
MDA working standard solution was introduced
into 10-mL glass tubes containing 1 mL of distil-
led water. After addition of 1 mL of the solution
containing TBA in acetic acid (pH of the reaction
mixture, 2.5). After mixing, the samples were pla-
ced in a water bath and heated for 1 h at 95-100
°C. After the samples were cooled, 25 pL HCI was
added and the reaction mixture was extracted by
5 mm with 3.5 mL of n-butanol. We separated the
butanol phase by centrifugation at 1500 x g for 10
min, and measured the fluorescence of the buta-
nol extract with the fluorescence of the butanol
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extract was measured in a spectrofluorometer
(Shimadzu RF-5000; Shimadzu Corp, Japan) using
wavelengths of 525 nm for excitation and 547 nm
for emission. The results were presented in pmol
MDA/L.

Statistical Analysis

The data were expressed as means + SEM. Compa-
risons of parameters between groups were perfor-
med using One-way ANOVA test. The correlations
between the variables were evaluated by linear re-
gression analysis. Calculations were performed by
SPSS version 13-0 (SPSS Inc., Chicago, IL, USA). P-
values less than 0-05 were defined as statistically
significant.

I RESULTS

Table 1 shows the data related to the glucose, li-
pids, lipoprotein (a), paraoxonase and lipid peroxi-
dation markers observed in controls and both
group of patients.

Table 2 shows the correlation coefficients
among various parameters including HDL-C,
PONT1, TBARS, CD, glucose and Hb,;. non diabe-
tic and diabetic CAD patients and controls.

We chose PONT1 activity as a dependent vari-
able and found that CD, HDL-C, LDL-C levels and
we found that TC/HDL-C and LDL-C/HDL-C rati-
os correlated (R=0.96, p<0.001) with PON1 acti-
vity. These parameters were explaining the 92%
change in PONI1 activity in this study population
(Durbin Watson coefficient = 2.11).

On multiple logistic regression analysis, risk
factors associated with CAD included TBARS (OR
= 1394530, p< 0.001), PON1/HDL-C (OR = 0.234,
p< 0.05) and LDL-C (OR = 2,542, p< 0.05) when di-
abetic and non diabetic patients were assayed aga-
inst controls. When non diabetic CAD patients
were compared against controls, lipid peroxidation
markers (CD (OR = 1125, p< 0.001) and TBARS
(OR = 164274, p< 0.05)) and PON1/HDL-C (OR =
0,229, p< 0.05) ratio whereas when diabetic CAD
patients were assayed against controls only gluco-
se (OR =1.247, p< 0.05) levels were found to be as-
sociated with CAD risk.
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TABLE 1: Glucose, lipids, lipid peroxidation markers (CD and TBARS) and Lp(a) levels
and PON1 activity of non-diabetic and diabetic CAD patients and controls.

Parameters Controls (n=28)
Glucose mg/dl 87.82+1.36
HbA1c (%) 451+£0.06
TC (mg/dl) 178.27 + 20.50
LDL-C (mg/d|) 47.18+1.93
TG (mg/dl) 300.25 + 18.60
VLDL-C (mg/dl) 59.34 + 3.54
HDL-C {mg/d]) 42.54 +1.55
CD (umol/L) 1.23 0.06
TBARS (umol MDA/L) 1.15 +0.05
Lp(a) (mg/dl) 12.41+£1.90
PON1 (U/L) 399.40 £ 21.50
PON1/HDL-C (U/mmol) 361.14 £ 12.95
TC/HDL 4.28 +0.15
LDL-C/HDL-C 2.61£0.13
Age (years) 62.04 +1.76

Non-diabetic CAD patients (n=28) Diabetic CAD patients (n=28)
88.43+£2.48 167.61 £ 6.79%, =
4.75 +0.06 7.61+0.197, =
213.46 + 7.35* 194.12 £ 541
62.26 +3.09 * 55.68 + 2.32**
380.85+31.89 325.05 + 23.91
76.17£6.20 65.54 +4.43
3712+1.93* 32.10 £ 1.55%, ***
2.13+0.08" 2.38 £0.08*, ***
1.81+£0.051* 2.00 £0.04%, =+
38.79+3.78" 30.90 + 4.31*
212.34+13.54* 176.21 + 11.08*
222.39 + 8.08* 220.98 + 15.05**
6.25 + 0.46* 6.47 + 0.40
427 £0.42* 4.22+0.27
64.21 £ 1.66 65.29 +1.87

Values are given as mean + SEM.

TG, total cholesterol; LDL-C, low density lipoprotein-cholesterol; TG, triglycerides; VLDL-C, very low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol;
CD, conjugated dienes; TBARS, thiobarbituric acid-reactive substances; Lp(a), lipoprotein (a); PON1, paraoxonase-1;

CAD, coronary artery disease; n denotes the number of subjects.
*P < 0.05, non-diabetic CAD patients vs. controls.

** P < 0.05, diabetic CAD patients vs. controls.

***P < 0.05, diabetic CAD patients vs. non-diabetic CAD patients.

TABLE 2: Correlation coefficients between HDL-C, PON1, TBARS, CD, glucose and HbA1c levels.

HDL-C

Controls HDL-C 1.000
PON1 0.778 **

Non diabatic CAD patients HDL-C 1.000
PON1 0.852 **

Diabetic CAD patients TBARS -0.467*

PON1
0.778 **
1.000
0.852 **
1.000
-0.550

TBARS CcD Glucose HbA1c
- -0.486*
-0.554*
- -0.287
-0.735*

1.000 0.339 0.395* 0.390

HDL-C, high density lipoprotein-cholesterol; PON1, paraoxonase-1; TBARS, thiobarbituric acid-reactive substances; CD, conjugated dienes; CAD, coronary artery disease.

I DISCUSSION

This study demonstrates the levels of lipids, Lp(a),

lipid peroxidation markers and the activity of
PONT1 in serum of CAD patients with and without

diabetes, matched for age and gender.

The levels of TC were significantly higher in

non-diabetic CAD patients than in controls and di-

abetic CAD patients in agreement with the report

of Gazzaruso et al." that the greatest risk factor for

coronary artery disease is hypercholesterolemia.

Coronary artery disease patients in both gro-

ups had elevated levels of LDL-C in respect to con-

Turkiye Klinikleri ] Endocrin 2010;5(2)

trol group. Lahdenpera et al.'® reported that LDL-
C was lower in type 2 diabetic patients than in non-
diabetic subjects. But we could not find any
significant difference between CAD patients with
and without diabetes.

The role of plasma TG as CAD risk factor has
been controversial.'” The present study indicated
that fasting TG and VLDL-C levels were signifi-
cantly increased in non-diabetic CAD patients
compared to controls supporting Acarturk et al.”
who reported that serum TG and VLDL-C were in-
creased in patients with CAD as compared to sub-
jects without the disease. This result is in
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accordance with the study of Turner et al.’®, possi-
bly because of the greater biological variability of
triglyceride than cholesterol measurements and be-
cause patients were receiving dietary advice, lipid
lowering drugs and had a more uniform dietary in-
take than in the general population. Postprandial
triglyceride values may have an additional athero-
genic role to the fasting values that were measu-
red.’®

Earlier prospective studies have demonstrated
that HDL cholesterol'™®' is a significant predictor
of cardiovascular events among patients with dia-
betes. In the present study, we showed that the
presence of diabetes had substantially lowered
HDL-C levels. The mechanism by which HDL-C
level is reduced in diabetes is poorly understood,
but may be associated with an increase in blood
glucose concentration. Glycation can increase lipid
peroxidation in HDL. Glycated HDL also has a re-
duced ability to protect against oxidation.?’ Howe-
ver, even normal levels of high-density lipoprotein
cholesterol may have a diminished protective po-
wer in diabetes because of structural and functional
alterations in HDL.”!

We have demonstrated that Lp(a) levels were
increased in diabetic and non-diabetic CAD pati-
ents in respect to control group. Our finding does
not support the study of Gazzaruso et al."® who re-
ported that the difference between controls and di-
abetic CAD patients was not significant. On the
other hand, they have also reported that non-dia-
betic CAD patients had significantly higher Lp(a)
levels than diabetic CAD patients whereas in our
study, the increase in non-diabetic CAD patients
was not statistically significant. Our results are in
accordance with Pedreno et al.”2 who reported that
Lp(a) is not elevated with the presence of diabetes
and in angiographically defined CAD, elevated
Lp(a) levels are associated specifically with CAD
but not with type 2 diabetes mellitus.

We observed increased oxidative stress mark-
ers (IBARS and CD) in patients, as were previously
shown for diabetes? and CAD.!! Diabetic CAD pa-
tients have higher CD and TBARS levels than non-
diabetic CAD patients. The increased serum
oxidative stress markers in diabetic patients could
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be the result of glycation and glycooxidation of
LDL by glucose, or/and the decreased capability of
the patients’ HDL to protect LDL against oxidati-

on.*

These data confirm our previous observations
of low serum PONT1 activity in CAD patients,3!!
and this fact may account for the increased serum
oxidative stress. Indeed, we have demonstrated
that PON1 activity is negatively correlated with
CD levels in non-diabetic and with CD and
TBARS levels in diabetic CAD patients. In diabe-
tes, a significant amount of serum PONI is disso-
ciated from HDL to the lipoprotein deficient
serum fraction and unlike PON1 in HDL, unbo-
und PON1 is not able to protect against lipids pe-
roxidation. Our data showed that in diabetic CAD
patients, PON1 activity did not correlate with glu-
cose levels or Hbp 1. but on the other hand CD,
HDL-C and LDL-C levels were explaining the 92%
changes in PON1 activity in this study populati-
on. The present study clearly demonstrated the re-
duced PONI activity in the patients’ serum might
be due to decreased HDL-C levels, altered HDL
composition and direct PONI1 inactivation by ox-
idized lipids.”®

As glucose increases oxidative stress, increased
oxidative stress was an expected result for diabetic
CAD patients. In diabetic CAD patients, a positive
correlation was found between glucose and TBARS
levels which may account for the increased oxida-
tive stress associated with hyperglycemia. Our re-
sults agree the hypothesis that hyperglycemia
might contribute to both macrovascular and mic-
rovascular complications via increased oxidative
stress.”

In patients with CAD, association between el-
evated TBARS levels in serum and cardiovascular
risk was demonstrated by a previous longitudinal
study.” In this study, when diabetic and non dia-
betic CAD patients were tested against controls,
risk factors associated with CAD included TBARS,
PON1/HDL-C and LDL-C. An increased concen-
tration of LDL-C was found to be the major risk
factor for coronary artery disease.’®?® Qur finding
suggest that TBARS level is the major risk factor for

Turkiye Klinikleri ] Endocrin 2010;5(2)
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CAD in non diabetic patients while decreased
HDL-C associated PON1 activity and increased
LDL-C levels are risk factors that are not associa-
ted with diabetes whereas increased hyperglycae-
mia is a risk factor for CAD in diabetes.

This study made a comparison in age and gen-
der matched diabetic and non-diabetic CAD pati-
ents and controls. PON1 activity, lipid peroxidation
markers were correlated with glucose levels in di-

abetic patients and were also found to be the major
risk factor for CAD.

Ayse Yesim GOCMEN et al

Conclusion

We therefore suggest that maintaining the opti-
mum glucose levels is vital to regulate the oxidati-
ve balance in diabetic patients. However, this study
had a limited number of subjects and further stud-
ies with a large number of individuals should be
performed to further enhance our knowledge.
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