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Abstract

Background: Cardiovascular disease (CVD), particularly coronary artery disease (CAD), constitutes the leading cause of death across
the world. They are responsible for the highest mortality rate in Iran. The traditional risk factors for CAD are smoking, obesity,
hypertension, family history, diabetes mellitus, and hyperlipidemia. Furthermore, enhanced oxidative stress is known as a novel
risk factor for CAD.
Objectives: The associations of oxidative and antioxidative markers were investigated relative to the occurrence and severity of
CAD.
Methods: A total of 286 participants, including 141 males and 145 females aged 30 - 70, were classified as CAD case and control groups,
based on their coronary angiography results. The CAD severity scoring was done based on the number and extent of lesions in coro-
nary arteries. The activity of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and Total antioxidant capac-
ity (TAC) was assayed using the ferric reducing ability of plasma (FRAP) method. Meantime, malondialdehyde (MDA) was measured
as a lipid peroxidation product.
Results: The results demonstrated a significant increase in SOD activity (P = 0.019) and the uric acid concentration (P = 0.000) of CAD
patients compared to the control group. Although no change was seen in GPx and CAT activity, as well as FRAP and MDA, a significant
positive correlation was found between CAT and SOD activity (P = 0.011) and between FRAP and uric acid (P = 0.000) levels.
Conclusions: The results suggest that some antioxidants are significantly associated with the severity of CAD, thereby helping pre-
dict the risk of cardiovascular events. However, extra studies are needed to endorse the significance of these findings.

Keywords: Coronary Artery Disease, Enzymatic Antioxidants, Oxidative Stress

1. Background

Coronary artery disease (CAD) is an important cardio-
vascular condition (1), causing 7.4 million deaths annu-
ally worldwide (2). As a multifactor disease, CAD is asso-
ciated with upwards of 250 various risk factors (3). Some
of these risk factors are hypertension, hyperlipidemia, di-
abetes, age, sex, obesity, smoking, and positive family his-
tory. Besides these traditional risk factors, oxidative stress
constitutes an important novel risk factor for CAD (4). Ox-
idative stress is introduced as a key regulator of CAD patho-
genesis and progression (1, 2). It stems from the fact that in-
creased oxidative stress is suggested to be associated with
hyperlipidemia and diabetes mellitus (1).

Oxidative stress is a complication occurring where

there is an imbalance between reactive oxygen species
generation and antioxidant capacity (1). Reactive oxy-
gen species (ROS), which are produced through normal
metabolic processes, are likely to cause oxidative damage
to DNA, proteins, lipids, and sugars (5). However, ROS
shows physiological functions at concentrations ranging
from low to moderate (6). Given the difficulty of ROS mea-
surement, it would be appropriate to detect the modified
products of these macromolecules as biomarkers of oxida-
tive stress (5). Malondialdehyde (MDA) is an unsaturated
aldehyde that is generated as secondary products during
lipid peroxidation and a current and importantly accepted
marker of oxidative stress (7, 8).

In normal homeostasis, antioxidant defense systems
protect cells against the destructive effects of excess ROS
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(5). Antioxidant defense mechanisms are divided into en-
zymatic antioxidants and non-enzymatic antioxidant sys-
tems (9). Superoxide dismutase (SOD), Catalase (CAT), and
Glutathione peroxidase (GPx) represent three of the pri-
mary antioxidant enzymes (10). Superoxide dismutase
converts superoxide anion (O2

-) into hydrogen peroxide.
Subsequently, glutathione peroxidase or CAT reduces H2O2

to H2O and O2. Unlike SOD and CAT functioning at high effi-
ciency, GPx needs multiple cofactors (reduced glutathione,
NADPH, and glucose 6-phosphate) and secondary enzymes
(glutathione reductase and glucose-6-phosphate dehydro-
genase). Non-enzymatic antioxidants contain vitamins
C and E, b-carotene, albumin, bilirubin, uric acid, glu-
tathione, etc. (11, 12). Due to the difficulty of separately mea-
suring each of these antioxidants (11), some tests like the
Ferric Reducing/Antioxidant Potential (FRAP) assay may be
instrumental in measuring the total antioxidant status in
a sample (13). This method is based on the reducing power
of ferric by serum antioxidants (13).

2. Objectives

This study was designed to evaluate the antioxidant
status by determining SOD, CAT, GPx, uric acid, and FRAP
in CAD patients. Also, MDA was measured in investigating
lipid peroxidation.

3. Methods

3.1. Study Design and Population

Blood samples were collected from 141 men and 145
women aged 30 - 70 years - all suspected of CAD - follow-
ing coronary angiography at Zahra Hospital of the Uni-
versity of Mazandaran. Patients with a history of acute
myocardial infarction, percutaneous transluminal coro-
nary angioplasty, infectious or inflammatory disease, se-
vere liver or renal disease, neoplasm, and hematologic dis-
orders were excluded from the study. who were classified
as CAD cases and controls according to the results of coro-
nary angiography., while subjects with no luminal stenosis
or < 10% stenosis were classified in the control group. Fur-
thermore, the severity of CAD was scored on the basis of the
number and the extent of lesions at coronary arteries.: 2
(mild), 3 (moderate), and 4 (severe) (14). Written informed
consent was taken from all patients.

Biochemical and hematological measurements: Ve-
nous blood samples were obtained from patients before
angiography following 12-h fasting. After the isolation of
serum, whole blood, and washed red cells, all samples were
stored at -80°C before analysis for a maximum of three
weeks.

3.2. Antioxidant Enzymes
Since the expression of antioxidant enzyme mRNA and

protein does not necessarily indicate their activity levels,
we measured the activity of SOD, catalase, and GPx, which
are the most important antioxidant enzymes in biological
systems (10). All analyses were done by colorimetric assays.

3.3. SOD Assays
Erythrocyte SOD measurement was carried out with a

commercially available kit (Ransel: Randox laboratories
Crumlin, U.K.). First, the xanthine/xanthine oxidase system
produces superoxide radicals that will, in turn, generate a
red formazan dye via reaction with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride (I.N.T.). Then,
the superoxide dismutase activity measurement was per-
formed by the rate of inhibition of such a reaction. The
activity of SOD was calculated from an external standard
curve and reported as unit per gram of hemoglobin (U/g
Hb).

3.4. GPx Assays
The GPX enzyme activation in blood samples was per-

formed based on the method of Paglia and Valentina using
a commercially available kit (Ransel: Randox laboratories
Crumlin, U.K.). In this assay, GPX catalyzes glutathione ox-
idation by cumene hydroperoxide. Then, the oxidized glu-
tathione (GSSG) is immediately converted to the reduced
form with concomitant oxidation of NADPH to NADP+ in
the presence of glutathione reductase (GR) and Nicoti-
namide Adenine Dinucleotide Phosphate (NADPH). A de-
crease in absorbance at 340 nm was assessed. The GPX and
SOD results were reported in u/g Hb.

3.5. CAT Assays
The catalase activity in the erythrocyte lysate was deter-

mined according to Aebi (12), by monitoring the decrease
in absorbance at the rate of decomposition of H2O2 at 240
nm.

3.6. Non-enzymatic Antioxidant
Plasma antioxidant status was evaluated using the uric

acid and FRAP assays.
FRAP assays: The ferric tripyridyltriazine (Fe3+ TPTZ)

complex is reduced to ferrous (Fe2+) at low pH, which
is blue and can be monitored by measuring changes in
absorbance at 593 nm. Absorbance changes are directly
proportional to the reducing power of electron-donating
antioxidants present in the plasma. The change in ab-
sorbance is translated into a FRAP value by relating 593 nm
absorbance changes in the test sample to that of a standard
solution with a known FRAP value.

Uric acid assays: Uric acid was measured by the uricase
method.
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3.7. Statistical Analyses

Statistical analysis was performed using SPSS software
(v.21, IBM Corporation). Data are presented as mean ±
SEM. To study different parameters with the prevalence of
CAD, the results were analyzed using Student’s t-tests be-
tween the CAD and control groups. Correlation between
the severities of CAD and antioxidative parameters was pre-
sented using multiple linear regression.

4. Results

4.1. Association of Variables with CAD Incidence

Table 1 indicates the general characteristics and oxida-
tive stress status parameters in controls and CAD patients.
As expected, the CAD population had a higher percentage
of smoking patients. The results showed that the values of
antioxidative parameters (SOX and UA) were significantly
higher when compared to the control population. There
was no statistically significant difference in the activity of
CAT and GPx between patients with CAD and the control
group.

4.2. Relationship Between Severity of CADandAntioxidative Pa-
rameters

The association between the status of antioxidative pa-
rameters and the severity of CAD is shown in Table 2. We
used backward stepwise regression to evaluate the rela-
tionship between the severity of CAD and other variables
(Figure 1).
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Figure 1. Significantly positive correlation between SOD and CAT activity

5. Discussion

In this work, we investigated differences in the levels of
enzymatic antioxidants (SOD, CAT, GPx) and FRAP (as a non-
enzymatic antioxidant) between CAD patients and healthy
persons. We also determined MDA (as a mediator of in-
flammation). Although our results revealed no statistically
significant differences in CAT and GPx activities, FRAP, and
MDA, some studies have already indicated significant dif-
ferences in these factors in patients with cardiovascular
diseases (2, 7, 15, 16).

On the other hand, SOD activity was found to be signif-
icantly higher in CAD patients than in controls. In agree-
ment with our result, Weinbrenner et al. and Bagatini et
al. observed an increase in SOD in patients with CHD when
compared to healthy persons (17, 18). It may be explained
by the fact that the rise in SOD activity could be a protective
mechanism for preventing tissue damage caused by oxida-
tive stress (17).

However, Senthil et al. (15) and Pandey et al. (19), in dis-
agreement with our results, have shown decreasing SOD
activities in erythrocytes and platelets in patients with my-
ocardial infarction. The decrease in SOD activity may be ex-
plained by increased oxygen-derived free radicals. Hence,
fewer O2- concentrations increase the SOD activity while
higher O2- concentrations inhibit it (16). In the present
study, it seems that the reason for not observing this re-
lationship was increased uric acid (data not shown), as
uric acid is one of the major antioxidants of plasma act-
ing as scavenging oxygen radicals (14). As mentioned pre-
viously in our study, increased uric acid was proportionate
to changes in the Total antioxidant capacity (TAC) or FRAP
test, and a significant correlation was shown between uric
acid and FRAP. Uric acid also showed a significant correla-
tion not only with the occurrence but also with the severity
of CAD (20).

The results of multiple linear regression analysis also
showed that after adjusting for other variables in the
model, with an increase in the severity of CAD, the SOD ac-
tivity increased by 0.151 folds on average. This supports the
notion that the rise in SOD activity could be a protective
mechanism in CAD patients. Although there are no signif-
icant differences in CAT activity between patient and con-
trol groups, a direct correlation was observed between SOD
and CAT. This correlation was directly proportional to the
activity of both enzymes. As known, SOD converts super-
oxide radical (O2-) into hydrogen peroxide (H2O2), thereby
being detoxified by catalase (21).

5.1. Conclusion

The results showed higher total antioxidant capacity
and SOD activity in CAD patients than in controls. Such en-
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Table 1. General Characteristics and Oxidative Stress Status Parameters in Coronary Artery Disease Patients and Controls

Variables Without CAD With CAD Pb

Age (y) 52.34 ± 1.3 58.86 ± 0.7 0.000a

Gender, male/female No. (%) 23 (18.0) 105 (82.0) 0.001 a

Physical activity, No. (%) 36 (28.3) 91 (71.7) 0.258

Smoking, No. (%) 5 (12.2) 36 (87.8) 0.021 a

BMI, Kg/m2 27.30 ± 0.53 26.90 ± 0.33 0.525

Uric acid, mg/dL 4.41 ± 0.11 5.14 ± 0.10 0.000 a

Catalase, K/mg Hb 2.12 ± 0.10 2.09 ± 0.05 0.765

GPx, Units/g Hb 41.17 ± 2.60 37.19 ± 1.50 0.175

FRAP, µM/L 612.3 ± 12.3 644.5 ± 9.90 0.072

SOD, Units/mL 186.3 ± 8.98 214.3 ± 6.59 0.019 a

MDA (µmoL/L) 4.71 ± 0.199 4.80 ± 0.120 0.689

a Significant P values are shown.
b P-value was estimated from t and χ2 tests.

Table 2. Multiple Linear Regression Between Severity of Coronary Artery Disease and Antioxidative Parametersa

Dependent
Variable

Independent
Variable

Unstandardized Coefficients Standardized
Coefficients

t P Valuesb

B SE Beta

Severity of
CAD

Constant 0.734 0.488 1.502 0.135

SOD 0.002 0.001 0.151 2.233 0.027

FRAP 0.001 0.001 0.147 2.191 0.030

a Linear regression (backward) equation: The severity of CAD = 0.151 SOD + 0.147 FRAP.
b P ≤ 0.05 indicates significant differences between variables and severity of CAD.

hancement is significantly associated with the severity of
CAD and may help predict risks of cardiovascular events.
However, further studies are needed to clarify if it would be
possible to inhibit the progress of cardiovascular diseases
by applying changes.

Footnotes

Authors’ Contribution: Dr. Zargari designed the study
and experiments. Dr. Rasouli assisted with study design.
F. Meshkini and N. Dinarvand performed experiments. N.
Dinarvand analyzed data and wrote the paper. All authors
read and approved the final manuscript.

Conflict of Interests: The authors declare that there are
no conflict of interests.

Funding/Support: Mazandaran University of Medical Sci-
ences

References

1. Chan SH, Hung CH, Shih JY, Chu PM, Cheng YH, Lin HC, et al.
SIRT1 inhibition causes oxidative stress and inflammation in pa-

tients with coronary artery disease. Redox Biol. 2017;13:301–9. doi:
10.1016/j.redox.2017.05.027. [PubMed: 28601780]. [PubMed Central:
PMC5466584].

2. Musthafa QA, Abdul Shukor MF, Ismail NAS, Mohd Ghazi A, Mohd Ali
R, M. Nor IF, et al. Oxidative status and reduced glutathione levels in
premature coronary artery disease and coronary artery disease. Free
Radic Res. 2017;51(9-10):787–98. doi: 10.1080/10715762.2017.1379602.
[PubMed: 28899235].

3. Bagheri B, Meshkini F, Dinarvand K, Alikhani Z, Haysom M, Rasouli
M. Life psychosocial stresses and coronary artery disease. Int J Prev
Med. 2016;7:106. doi: 10.4103/2008-7802.190598. [PubMed: 27833720].
[PubMed Central: PMC5036281].

4. khaki-khatibi F, Samadi N, Yaghoubi A. Association between in-
flammatory factor, lipid peroxidation and total-antioxidant in non-
diabetic patients of coronary artery disease. J Anal Res Clin Med.
2014;2(1):30–5. doi: 10.5681/jarcm.2014.005.

5. Ogino K, Wang DH. Biomarkers of oxidative/nitrosative stress: an ap-
proach to disease prevention. Acta Med Okayama. 2007;61(4):181–9.
doi: 10.18926/AMO/32871. [PubMed: 17726507].

6. Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative
stress and antioxidant defense. World Allergy Organ J. 2012;5(1):9–19.
doi: 10.1097/WOX.0b013e3182439613. [PubMed: 23268465]. [PubMed
Central: PMC3488923].

7. Bastani A, Rajabi S, Daliran A, Saadat H, Karimi-Busheri F. Oxi-
dant and antioxidant status in coronary artery disease. Biomed
Rep. 2018;9(4):327–32. doi: 10.3892/br.2018.1130. [PubMed: 30233785].
[PubMed Central: PMC6142042].

4 Trends in Med Sci. 2021; 1(1):e115238.

http://dx.doi.org/10.1016/j.redox.2017.05.027
http://www.ncbi.nlm.nih.gov/pubmed/28601780
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5466584
http://dx.doi.org/10.1080/10715762.2017.1379602
http://www.ncbi.nlm.nih.gov/pubmed/28899235
http://dx.doi.org/10.4103/2008-7802.190598
http://www.ncbi.nlm.nih.gov/pubmed/27833720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5036281
http://dx.doi.org/10.5681/jarcm.2014.005
http://dx.doi.org/10.18926/AMO/32871
http://www.ncbi.nlm.nih.gov/pubmed/17726507
http://dx.doi.org/10.1097/WOX.0b013e3182439613
http://www.ncbi.nlm.nih.gov/pubmed/23268465
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3488923
http://dx.doi.org/10.3892/br.2018.1130
http://www.ncbi.nlm.nih.gov/pubmed/30233785
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6142042


Dinarvand N et al.

8. Del Rio D, Stewart AJ, Pellegrini N. A review of recent studies
on malondialdehyde as toxic molecule and biological marker of
oxidative stress. Nutr Metab Cardiovasc Dis. 2005;15(4):316–28. doi:
10.1016/j.numecd.2005.05.003. [PubMed: 16054557].

9. de Zwart LL, Meerman JH, Commandeur JN, Vermeulen NP. Biomark-
ers of free radical damage: Applications in experimental ani-
mals and in humans. Free Radic. Biol. Med. 1999;26(1-2):202–26. doi:
10.1016/s0891-5849(98)00196-8.

10. Weydert CJ, Cullen JJ. Measurement of superoxide dismutase, cata-
lase and glutathione peroxidase in cultured cells and tissue. Nat Pro-
toc. 2010;5(1):51–66. doi: 10.1038/nprot.2009.197. [PubMed: 20057381].
[PubMed Central: PMC2830880].

11. Prior RL, Cao G. In vivo total antioxidant capacity: Comparison of dif-
ferent analytical methods1. Free Radic. Biol. Med. 1999;27(11-12):1173–81.
doi: 10.1016/s0891-5849(99)00203-8.

12. Katzke VA, Sookthai D, Johnson T, Kuhn T, Kaaks R. Blood lipids and
lipoproteins in relation to incidence and mortality risks for CVD
and cancer in the prospective EPIC-Heidelberg cohort. BMC Med.
2017;15(1):218. doi: 10.1186/s12916-017-0976-4. [PubMed: 29254484].
[PubMed Central: PMC5735858].

13. Griffin SP, Bhagooli R. Measuring antioxidant potential in corals
using the FRAP assay. J Exp Mar Biol Ecol. 2004;302(2):201–11. doi:
10.1016/j.jembe.2003.10.008.

14. Kang DH, Ha SK. Uric acid puzzle: Dual role as anti-
oxidantand pro-oxidant. Electrolyte Blood Press. 2014;12(1):1–6. doi:
10.5049/EBP.2014.12.1.1. [PubMed: 25061467]. [PubMed Central:
PMC4105384].

15. Senthil S, Veerappan RM, Ramakrishna Rao M, Pugalendi KV. Oxida-
tive stress and antioxidants in patients with cardiogenic shock com-

plicating acute myocardial infarction. Clin Chim Acta. 2004;348(1-
2):131–7. doi: 10.1016/j.cccn.2004.05.004. [PubMed: 15369746].

16. Karajibani M, Hashemi M, Montazerifar F, Bolouri A, Dikshit M. The
status of glutathione peroxidase, superoxide dismutase, vitamins A,
C, E and malondialdehyde in patients with cardiovascular disease in
Zahedan, Southeast Iran. J Nutr Sci Vitaminol (Tokyo). 2009;55(4):309–
16. doi: 10.3177/jnsv.55.309. [PubMed: 19763031].

17. Bagatini MD, Martins CC, Battisti V, Gasparetto D, da Rosa CS, Spanev-
ello RM, et al. Oxidative stress versus antioxidant defenses in patients
with acute myocardial infarction. Heart Vessels. 2011;26(1):55–63. doi:
10.1007/s00380-010-0029-9. [PubMed: 20978900].

18. Weinbrenner T, Cladellas M, Isabel Covas M, Fitó M, Tomás M, Sentı´
M, et al. High oxidative stress in patients with stable coronary
heart disease. Atherosclerosis. 2003;168(1):99–106. doi: 10.1016/s0021-
9150(03)00053-4.

19. Pandey NR, Kaur G, Chandra M, Sanwal GG, Misra MK. Enzymatic
oxidant and antioxidants of human blood platelets in unstable
angina and myocardial infarction. International Journal of Cardiology.
2000;76(1):33–8. doi: 10.1016/s0167-5273(00)00344-2.

20. Bagheri B, Zargari M, Meshkini F, Dinarvand K, Mokhberi V, Az-
izi S, et al. Uric acid and coronary artery disease, two sides of
a single coin: A determinant of antioxidant system or a factor
in metabolic syndrome. J Clin Diagn Res. 2016;10(2):OC27–31. doi:
10.7860/JCDR/2016/16335.7281. [PubMed: 27042498]. [PubMed Central:
PMC4800564].

21. Yenkoyan K, Harutyunyan H, Harutyunyan A. A certain role
of SOD/CAT imbalance in pathogenesis of autism spec-
trum disorders. Free Radic Biol Med. 2018;123:85–95. doi:
10.1016/j.freeradbiomed.2018.05.070. [PubMed: 29782990].

Trends in Med Sci. 2021; 1(1):e115238. 5

http://dx.doi.org/10.1016/j.numecd.2005.05.003
http://www.ncbi.nlm.nih.gov/pubmed/16054557
http://dx.doi.org/10.1016/s0891-5849(98)00196-8
http://dx.doi.org/10.1038/nprot.2009.197
http://www.ncbi.nlm.nih.gov/pubmed/20057381
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2830880
http://dx.doi.org/10.1016/s0891-5849(99)00203-8
http://dx.doi.org/10.1186/s12916-017-0976-4
http://www.ncbi.nlm.nih.gov/pubmed/29254484
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5735858
http://dx.doi.org/10.1016/j.jembe.2003.10.008
http://dx.doi.org/10.5049/EBP.2014.12.1.1
http://www.ncbi.nlm.nih.gov/pubmed/25061467
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4105384
http://dx.doi.org/10.1016/j.cccn.2004.05.004
http://www.ncbi.nlm.nih.gov/pubmed/15369746
http://dx.doi.org/10.3177/jnsv.55.309
http://www.ncbi.nlm.nih.gov/pubmed/19763031
http://dx.doi.org/10.1007/s00380-010-0029-9
http://www.ncbi.nlm.nih.gov/pubmed/20978900
http://dx.doi.org/10.1016/s0021-9150(03)00053-4
http://dx.doi.org/10.1016/s0021-9150(03)00053-4
http://dx.doi.org/10.1016/s0167-5273(00)00344-2
http://dx.doi.org/10.7860/JCDR/2016/16335.7281
http://www.ncbi.nlm.nih.gov/pubmed/27042498
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800564
http://dx.doi.org/10.1016/j.freeradbiomed.2018.05.070
http://www.ncbi.nlm.nih.gov/pubmed/29782990

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Design and Population
	3.2. Antioxidant Enzymes
	3.3. SOD Assays
	3.4. GPx Assays
	3.5. CAT Assays
	3.6. Non-enzymatic Antioxidant
	3.7. Statistical Analyses

	4. Results
	4.1. Association of Variables with CAD Incidence
	Table 1

	4.2. Relationship Between Severity of CAD and Antioxidative Parameters
	Table 2
	Figure 1


	5. Discussion
	5.1. Conclusion

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

