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Abstract

Background: The oxidative stress and inflammation are cooperative events involved in atherosclerosis devel opment. In the
present study we assessed the association of MDA, antioxidant markers, high sensitive C - reactive protein (hs-CRP) and
lipid status parameters in the patients with coronary artery disease (CAD). Sgnificant risk factors such as cigarette and
diabet were excluded from the study.

Methods. Oxidative stress parameters for example Malondialdehyde (MDA), antioxidant markers including: erythrocyte
superoxide dismutase(SOD), Glutathion peroxidase (GPX), Total antioxidant capacity(TAC), The inflammation marker and
serum lipid status parameters were measured in 120 subjects including 60 CAD patients with angiographically diagnosed
CAD and 60 CAD-free subjects as a control group, also diabetics, smoking patients, patients with malignancy, renal and
liver disease, and other disease were excluded from the study.

Results: The serum MDA and hs-CRP levels were increased significantly as compared to controls. However, erythrocyte
OD, GPX activities and TAC level were reduced significantly in patients (P<0.05 in all cases). The levels of total
cholesterol, Triglyceride, LDL-C were significantly higher and that of HDL-C was meaningfully lower than those of
control (P<0.05 in all cases).

Conclusion: The association between oxidative stress parameters, antioxidant markers, the inflammation index and lipid
status parameters suggest their involvement in atherosclerosis development that may lead to CAD progression.
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| ntroduction

Coronary Artery Disease (CAD) is the mgjor cause of
mortality and morbidity in most countries! Among
many traditional risk factors for CAD development
including: hypertension, hyperlipidemia, diabetes,
age, s, oObedty, cigarette smoking and postive
family history;” oxidative stress and inflammetion are
now being consdered as significant and novd risk
factors.®® According to Kutuk et al., lipid peroxidation
and inflammation are cooperative events involved in
atherosclerosis development.? Endothdial dysfunction
occurs in conjunction with CAD. The risk factors of
CAD have been amost universally associated with a
degree of endothdial dysfunction in humans.” ® It has
been reported that endothdial dysfunction and
increasad oxidative stress may predict future events in
patients with CAD.° Low density lipoprotein
cholesteral (LDL) is considered as the most important
risk factor of CAD. The lipoprotein is bdieved to have
a centrd role in atherogenesis™ High density
lipopratein (HDL) is one of the most important
independent  protective factors againgt atherosclerosis
and CAD.” * Malondialdehyde (MDA), a carbonile
group produced during lipid peroxidation, is used
widdy in determining oxidative stress.® The activities
of antioxidant enzymes, superoxide dismutase (SOD),
catalase, glutathione peroxidase (GPX) in erythrocytes
and non-enzymatic antioxidants along  with tota
antioxidant capacity (TAC) have been reported as
predictive indices of CAD.™® The lipoprotein (a), hs-
CRP, fibrinogen and homocystein are new risk factors
and inflammation markers which are used in
prediction of atherosclerosis and CAD.™™ The study
designed to evaluate the frequency of risk factors of
CAD, inflammation markers, dydipidemia and
oxidative stress and influence of  antioxidant
parameters in decrease this disease in non-smoker and
non-diabetic patients suffering from coronary artery
disease

Methods

We studied 60 CAD patients and 60 controls. The
CAD group included 30 females and, 30 males with a
mean age of 58 years, ranging from 40-78 years. They
had various degrees of stenosis in one or more of the
main branch of coronary artery documented by
coronary angiography. Patients with diabetes mdlitus,
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rena disease, chronic obstructive pulmonary disesse,
hepatitis and smoker were excluded from the study
group. The controls included 30 females, 30 males
with a mean age of 57 years, ranging from 40-76
years. The subjects proved to be hedthy by health
screening and had no obstructions in the coronary
artery by angiography. Blood samples were collected
in the morning by venipuncture after an overnight fast
and were dlowed to clot a room temperature for
about 1 hour. Sera were separated from cdls by
centrifugation at 1500xg for 10 min and kept at -80°C
and blood samples were stored at -20°C until analysis.

The lipid and lipoprotein parameters were measured
by standard methods. GPX method is based on that of
Paglia and Valentine” Glutathione Peroxidase (GPX)
catalyses the oxidation of glutathione (GSH) by
Cumene Hydroperoxide In the presence of
Glutathione Reductase (GR) and NADPH the
oxidized Glutathione (GSSG) is immediatdy
converted to the reduced form with a concomitant
oxidation of NADPH to NADP+. The decrease in
absorbance at 340 nm is measured. The activity of
GPX in blood samples wee measured using
commercidly available Kit (Ransd: Randox
laboratories Crumin U.K). The role of superoxide
dismutase (SOD) is to accderate the dismutation of
the toxic superoxide radical (O2°), produced during
oxidative energy processes, to hydrogen peroxide and
molecular oxygen. The The activity of SOD in blood
samples were measured using commertialy available
Kit (Ransd: Randox laboratories Crumin U.K). GPX
and SOD results were reported as u/g Hb.® ABTS (2,
2-Azino-di-[3-ethylbenzthiazoline  sulphonate]) s
incubated with a peroxidase (metmyoglobin) and
H202 to produce the radical cation ABTS+. This has
a rdativdy dable bluegreen colour, which is
measured at 600 nm. Antioxidants in the added sample
cause suppression of this colour production to a degree
which is proportiona to their concentration. Plasma
total antioxidant capacity was determined using
Randox total antioxidant satus Kit (Randox)
(NX2332). Hs-CRP was measured by Commercial Kit
(PARS AZMON.IRAN) by Immuno Torbidometry.®
Malonedialdehyde (MDA) was measured using
Thiobarbituric acid-  reactive substances assay
employing the molar absorption coefficient of 1.56x10
5 M-1cm1 and spectrophotometry at 532nm. Data
were analyzed with t-test and expressed as mean + SD.
Data were compared in the groups by using SPSS
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software version 16. P<0.05 was chosen as the levd of
sgnificance

Results

Table 1 indicates the general characteristics of the
obsaved sudy population. No differences were
noticed between the mean values of age sex and
family history of CAD in patient and control groups.
The percat of hypertensve subject in the patient
groups was significantly higher than that of control
group (P<0.05) (Table 1). The mean levds of MDA in
the patient group were markedly higher than that of
the contral group (P<0.05) (Table 2). The activities of
SOD and GPX and mean value of total antioxidant
capacity in the patients group were meaningfully
lower than those of the contral group (P<0.001) (Table
2). HsCRP was aso measured in the patient group
and comparing with control group significant
devation was noticed (P<0.001) (Table2, Figure). The
mean leveds of total cholesterol, Triglyceride and
LDL-C in the patient group were significantly higher,
but that of HDL-C was lower than those of control
group (P<0.001 in all cases) (Tablel).

Table 1- The demographic and clinical data of the patient and
control groups (mean + SD)

Patients Controls
Char acteristics (n=60) (n=60) P Value
mean + SD mean + SD
Female/male, n 30/30 30/30 NS
Age, years 58+ 9.92 57 +11.02 NS
Hypertension, n (%) 33 (55%) 22(36.7%) P=0.04

Family history, n (%) 25(41.7%) 19 (31.7%) NS

* NS: None-Significant.

Table 2- Status of oxidants/antioxidants and hs-CRP levels in
CAD patients and healthy controls

Patients(n=60)  Controls(n=60)

Par ameter mean+SD mean+SD P value
MDA (nmol/ml) 3.39+1.19 1.56+1.17 p<0.001
SOD(U/gHb) 972.49+216.96  1317.32+273.78  p<0.001
GPX(U/gHb) 40.61+10.09 48.23+8.85 p<0.001
hs-CRP(mg/dl) 3.81+2.57 1.64+1.43 p<0.001
TAC(mmol/L) 0.88+0.22 1.14+0.16 p<0.001

Table 3- Serum lipid profiles in CAD patients and healthy
controls

Patient (n=60)  Control (n=60)

Par ameter mean + SD mean + SD P value
TC (mg/dl) 195.6+41.71 174.88+49.26 P=0.01
HDL-C (mg/dl) 44.53+14.02 53.33+12.92 P=0.001
LDL-C (mg/dl) 130.67+41.67 112.43+35.07 P=0.01
TG (mg/dl) 163.21+65.21 133.06+61.37 P=0.01
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Fig- The Difference in hs-CRP levels in the patient and control
groups.

Discussion

The role of oxidative dress in the devdopment of
coronary artery disease is wel known.® Reactive
oxidant species can damage al types of biomolecules

including; lipids, protens and DNA. Antioxidative
defence comprising of enzymatic and non enzymatic
defence inactivate reactive species™ ° Kostner e .
reported high MDA levds in coronary artery
patients” In a study of cavalca et al. in which serum
free and total MDA were measured synchronoudy,
dgnificantly higher MDA levels were noticed in
coronary artery patients in comparison to the control
group.” Our study on CAD patients shows a
dgnificant increese in saeum MDA levds. This
finding is in accordance with the finding of Kostner et
a. This increase in MDA levds might be resulted
from increase in lipid peroxidation which increased
lipid peroxidation itsdf is resulted from an increase in
oxidative stress levels. NO is a potent stimulus for the
expression of SOD.” SOD is an important antioxidant
enzyme having an antitoxic effect against super oxide
anion. The overexpresson of SOD might be an
adaptive response, and it results in increased
dismutation of superoxide to hydrogen peroxide®
Glutathion peroxidase (GPX), a sdenium containing
enzyme, iS an important antioxidant enzyme of
aythrocytes™ * GPX plays a significant role in the
peroxyl scavenging mechanism, and in maintaining
functional integration of the cdl membranes! Our
study indicated a significant decrease in SOD and
GPX activities in CAD patients. The results of this
study are in agreement with those reported by
Kayyum e a.®> SOD is a key antioxidant enzyme
located drategicaly between the endothdium and
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vascular smooth muscle cdls in the compartment of
the arterial wall where nitric oxide (NO) is capable of
being inactivated by 02~ .Theefore conditions
resulting in NO depletion, such as atherosclercss,
could be associated with a concomitant decrease in
extracdlular SOD. In their study TAC levds were also
gsgnificantly lower in CAD patients and association
was observed between the measured parameters and
the severity of the disease® Fazendas e a, reported
that TAC leves decreasad in young survivors of acute
MI, Yegin & a,® also showed reduction in the leve
of TAC. Our findings are in congstent with them, and
a decreased TAC levd might be associated with an
enhanced protective mechanism to oxidative stress in
CAD. It is the conclusion of the authors that because
of low levels of antioxidant parameters in our subjects,
we advocate digt supplementation with antioxidants
(vitamins E and C) for CAD patients. This will reduce
the progresson of cardiovascular diseases through
endothelial  dysfunction and lipoproten oxidation.
There is increasing evidence that inflammeation plays
an important role in pathogenesis of atherosclerosis
and its complications. It has been suggested that hs-
CRP may not only be a marker of geneadized
inflammation but also directly and actively participate
in atherogenesis®’ Increased hs-CRP concentration is
associated  with  metabolic  disorders  such  as
dydipidemia. Thus, increesed CRP levds and
dydipidemia have dgnificant risk prediction value
compared with those based on lipids aone in CAD
patients. Many studies have shown an increase in
sarum hs-CRP levds in CAD patients of more than 50
years of age in males and females.”” ® Present studies
on CAD patients revealed a significant increase in the
levd of hsCRP in these patients. The results are in
agreement with those reported by Espliguero et al.
This increese in CRP concentrations might be
associated by the fact that CRP binds to the LDL
particle in atherosclerotic plagues leading to activation

References

1. Vishnu-Priya V, Surapaneni KM. Erythrocyte Lipid
Peroxidation, Glutathione, Ascorbic Acid, Vitamin E,
Antioxidant Enzymes and Serum Homocysteine
Levels In Patients With Coronary Artery Disease. J
Clin Diag Res 2008; 2: 1180-1185.

2. Surekha RH, Srikanth BBMV, Jharna P, et al.
Oxidative stress and total antioxidant gatusin

16 /J Cardiovasc Thorac Res

of complement, thus, beng proinflammatory and
contributing to atherogenesis. CRP may also increases
ischemic tissue damage by complement dependent
mechanism  and tissue factor production by
macrophages. Dydipidemia has been shown to be an
important  risk factor for CAD.® The high
concentration of triglycerides and LDL-C and low
levds of HDL-C have been reported in most studies.”
Our study showed significant increase in serum LDL,
TG and TC levds in CAD patients and aso significant
decrease in serum HDL in the patients. This might be
associated by triglycerides bring change in LDL
particle size, dendity, distribution and composition
producing small dense LDL which is more
atherogenic. Thus, estimation of serum triglyceride
levdls may be an indirect marker of LDL particlesize

Conclusion

It was concluded that oxidative stress is a consequence
of low levd inflammation one of the mechanisms by
which inflammation causes atherogenesis. The study
supports the smultaneous use of antioxidative, anti-
inflammatory agents and also lipid lowering regimen
against the onset and progression of atherosclerasis.

Acknowledgment

We gratefully thank to Dr.M. Ghojazadeh, PHD., in
Biostatistics for asssting us in peforming statistical
andyss. | also want to thank to A.M. Vatankhah,
M.SC., for hdp in paramgters of experimental and
also Authors are Thankful to Radio pharmacy Lab,
Drug Applied Reserch Ceter and Devdopment
Complex, cardiovascular Research Ceter and
Department of Clinica Biochemistry Faculty of
Medicine, Tabriz University of Medical Sciences,
Tabriz, Iran.

myocardial infarction. Singapore Med J 2007; 48(2):
137-142.

3. Kayyum-Shaikh A, Suryakar AN. Oxidative stress
and antioxidant datus before and  after
supplementation of A-Z anti-oxidant tablets in
coronary artery disease. Biom Res 2009; 20 (2): 136-
140.

4. Kotur-Stevuljevic J, Memon L, Stefanovic A, et al.
Correlation of oxidative stress parameters and




Evauation of hs-CRP, Antioxidant Markersand ...

Tabriz University of Medical Sciences ml

inflammatory markers in coronary artery disease
patients. Clin Biochem 2007; 40: 181-187.

5. Soyding S, Cdik A, Demiryirek S, et al. The
relationship between oxidative stress, nitric oxide,
and coronary artery disease. Eur J Gen Med 2007;
4(2): 62-66.

6. Kutuk O, Basaga H: Inflammation meets oxidation.
NF-kB as a mediator of initial lesion development in
atherosclerosis. Trends Mol Med 2003; 9(12): 549-
557.

7. Drexler H, Hornig B. Endothdial dysfunction: a
novel therapeutic target. Endothelial dysfunction in
human disease. J Mol Cell Cardiol 1999; 31: 51- 60.

8. Landmesser U, Hornig B, Drexler H. Endothelial
function. A critical determinant in atherosclerosis?
Circulation 2004; 190 (21): 27- 33.

9. Heitzer T, Schlinzig T, Krohn K, et al. Endothelia
dysfunction, oxidative dstress, and risk of
cardiovascular eventsin patients with coronary artery
disease. Circulation 2001; 104: 2673-2678.

10. Gardnabi M, Selvargian K, Litvinov D, et al.
Dietary oxidized linoleic acid lowers triglycerides via
APOAS5/APOCIII dependent mechanisms.
Atherosclerosis 2008; 199(2): 304-309.

11. Staprans I, Pan XM, Rapp JH, et a. The role of
dietary oxidized cholesterol and oxidized fatty acids
in the devel opment of atherosclerosis. Mol Nutr Food
Res 2005; 49(11): 1075-1082.

12. Surapaneni-Krishna M, Vishnu-Priya V. Serum
Paraoxonase Activity, Protein Oxidation and Lipid
Peroxidation Levels in Patients with Coronary Artery
Disease. Asian J Exp Biol Sci 2010; 1(2): 254 -261.

13. Ritu S, Balwant S, Mridula M. High Density
Lipoprotein Associated Paraoxonase 1 Activity in
Relation to Oxidative Stress in CAD Patients. Curr
Card Rev 2006; 2(2): 125-129.

14. Sngh S, VenkEtesh S, Vema JS e 4.
Paraoxonase(PON1) activity in north west Indian
Punjabis with coronary artery disease and type Il
diabetes mdlitus. Indian J Med Res 2007; 25: 783-
787.

15. Mutlu-Turkoglu U, Akalin Z, Ilhan E, et al.
Increased plasma maondialdehyde and protein
carbonyl levels and lymphocyte DNA damage in
patients with angiographically defined coronary artery
disease. Clin Biochem 2005; 38: 1059- 1065.

16. Serdar Z, Adan K, Dirican M, et al. lipid and protein
oxidation and antioxidant status in patients with
angiographically proven coronary artery disease. Clin
Biochem 2006; 39: 794- 803.

17. Paglia DE, Vaentine WN. Sudies on the
guantitative and qualitative characterization of
erythrocyte glutathione peroxidase. J Lab Clin Med
1967; 70: 158-161.

18. Woolliams JA, Wiener G, Andeson PH and
McMurray CH. Variation in the activities of
glutathione peroxidase and superoxide dismutase and
in the concentration of copper in the blood in various
breed crosses of sheep. Res Vet Sci 1983; 34: 253- 256.

19. Miller NJ, Diplock AT, Rice-Evans C, Davies MJ,
Gopinathan V, Milner A. A nove method for
measuring antioxidant capacity and its application to
monitoring the antioxidant status in premature
neonates. Clin Sci 1993; 84: 407-412.

20. Thompson D, Milford-Ward A, Whicher JT. The
value of acute phase protein measurements in clinical
practice. Ann Clin Biochem 1992; 29: 123-131.

21. Kostner K, Hornykewycz S, Yang P. Is oxidative
stress causally linked to ungtable angina pectoris? A
study in 100 CAD patients and matched controls.
Cardiovasc Res 1997; 36: 330-336.

22. Cavalca V, Cighetti G, Bamonti F. Oxidative stress
and homocysteine in coronary artery disease. Clin
Chem 2001; 47(5): 887-892.

23. Harrison D, Griendling K, Landmesser U, et a. Role
of oxidative stress in atherosclerosis. Am J Cardiol
2003; 91: 7- 11.

24. Kaur K, Bedi G, Kaur M, et al. Lipid peroxidation
and the levels of antioxidant enzymes in coronary
artery disease. Indian J Clin Biochem, 2008; 23 (1):
33-37.

25. Fazendas P, Joao IF, Llobet S. Plasma Total antioxi-
dant status in young survivors of myocardia
infarction. Rev Port Card 2000; 19: 463-467.

26. Yegin A, Yegin H, Aliciguzd Y, et a. Erythrocyte
Selenium glutathione peroxide activity is lower in
patients with Coronary atherosclerosis. Jpn Heart Jr
1997; 38: 793-797.

27. Espliguero RA, Avanzas P, Sales JC, et al. C-reactive
protein elevation and disease activity in patients with
coronary artery disease. Eur Heart J 2004; 25: 401-
408.

28. Kip KE, Marroquin OC, Shaw L J. Global
inflammation predicts cardiovascular risk in women:
A report from the Women's Ischemia Syndrome
Evaluation (WISE) study. Am Heart J 2005; 150:
900-905.

29. Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults.  Executive
Summary of the third report of the National Cholesterol
Education Program (NCEP): Expert Paned on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Pane IlI).
JAMA 2001; 285: 2486-2497.

30. Yusuf S, Hawken S, Ounpuu S, et al. Effect of
potentially modifiable risk factors associated with
myocardial  infarction in 52 countries (the
INTERHEART STUDY). Lancet 2004; 364: 937-952.

J Cardiovasc Thorac Res / 17







