
How to cite

Complete issue

More information about this article

Journal's webpage in redalyc.org

Scientific Information System Redalyc

Network of Scientific Journals from Latin America and the Caribbean, Spain and
Portugal

Project academic non-profit, developed under the open access initiative

Brazilian Journal of Cardiovascular Surgery
ISSN: 0102-7638
ISSN: 1678-9741

Sociedade Brasileira de Cirurgia Cardiovascular

Dokumacioglu, Eda; Duzcan, Ibrahim; Iskender, Hatice; Sahin, Arzu
RhoA/ROCK-1 Signaling Pathway and Oxidative Stress in Coronary Artery Disease Patients
Brazilian Journal of Cardiovascular Surgery, vol. 37, no. 2, 2022, March-April, pp. 212-218

Sociedade Brasileira de Cirurgia Cardiovascular

DOI: https://doi.org/10.21470/1678-9741-2020-0525

Available in: https://www.redalyc.org/articulo.oa?id=398970817010

https://www.redalyc.org/comocitar.oa?id=398970817010
https://www.redalyc.org/fasciculo.oa?id=3989&numero=70817
https://www.redalyc.org/articulo.oa?id=398970817010
https://www.redalyc.org/revista.oa?id=3989
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=3989
https://www.redalyc.org/articulo.oa?id=398970817010


212
Brazilian Journal of Cardiovascular Surgery 

Correspondence Address:
Eda Dokumacioglu

https://orcid.org/0000-0002-2223-1331 
Department of Nutrition and Dietetics, Faculty of Healthy Sciences, Artvin Coruh 
University
Central Campüs, Artvin Coruh University, Artvin, Turkey - Zip Code: 08000
E-mail: edadokumacioglu@yahoo.com 

Article received on October 1st, 2020.
Article accepted on October 7th, 2020.

ORIGINAL ARTICLE

RhoA/ROCK-1 Signaling Pathway and 
Oxidative Stress in Coronary Artery Disease 
Patients
Eda Dokumacioglu1, PhD; Ibrahim Duzcan2, MD; Hatice Iskender1, PhD; Arzu Sahin3, PhD

Abstract
Introduction: Coronary artery disease (CAD) is an ischemic 

condition that occurs as a result of partial or complete interruption of 
blood flow by narrowing or complete blockage of the vessels supplying 
the heart, which are called coronary arteries. Our objective in this study 
is to investigate the RhoA/Rho-associated kinase (ROCK)-1 signaling 
pathway and oxidative stress in CAD patients.

Methods: A total of 81 individuals aged between 40-70 years 
— including 45 patients (15 females and 30 males) who were 
admitted to the Artvin State Hospital Cardiovascular Surgery 
Clinic and were diagnosed with CAD and 36 healthy volunteers 
(15 females and 21 males) — participated in this study. Serum 
samples were tested for total cholesterol, triglyceride, low-
density lipoprotein, high-density lipoprotein, malondialdehyde 
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(MDA), superoxide dismutase (SOD), RhoA, and ROCK-1 values.
Results: Serum RhoA, MDA levels, and ROCK-1 activity in the CAD 

group were found to be statistically significantly higher than in the 
control group (P<0.001). Concordantly, serum SOD activity was found to 
be statistically significantly lower in the CAD group than in the control 
group (P<0.001).

Conclusion: Inhibition of the activity of RhoA/ROCK-1 pathway 
would be beneficial in treating cardiovascular diseases since this 
pathway plays an important role in the development of these diseases.

Keywords: Coronary Artery Disease. Malondialdehyde. RHOA 
protein, human. Rho-Associated Kinases. Oxidative Stress. Superoxide 
Dismutase. Signal Transduction.

Abbreviations, acronyms & symbols

CAD
DNA
ELISA
HDL
LDL
MDA
NBT
PUFAs
ROCK
ROS
SOD
TC
TG
VSMCs

 = Coronary artery disease
 = Deoxyribonucleic acid
 = Enzyme-linked immunosorbent assay
 = High-density lipoprotein
 = Low-density lipoprotein
 = Malondialdehyde
 = Nitroblue tetrazolium
 = Polyunsaturated fatty acids
 = Rho-associated kinase
 = Reactive oxygen species
 = Superoxide dismutase
 = Total cholesterol
 = Triglyceride
 = Vascular smooth muscle cells

INTRODUCTION

Coronary artery disease (CAD) is an ischemic condition that 
occurs as a result of partial or complete interruption of blood flow 
by narrowing or complete blockage of the vessels supplying the 
heart, which are called coronary arteries[1]. As the leading cause 
of deaths, CAD is responsible for approximately 48% of deaths in 
the world population. About 17.3 million people died due to heart 
attack in 2008, and the World Health Organization predicted that 
around 23.6 million people will die from cardiovascular disease 
by 2030[2]. Although atherosclerosis is the primary factor causing 
CAD, many other reasons such as coronary vasospasm, coronary 
artery embolism, coronary artery anomalies, vasculitis, rheumatic 
diseases, and trauma can also lead to CAD[3]. Atherosclerosis is a 
chronic inflammatory disease characterized by the formation of 
fibrous-fatty plaques called “atheroma” in the intimal layers of the 
medium and large arteries[4].
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METHODS

Ethical approval for the study was obtained from the Ethics 
Committee of Non-Invasive Clinical Research, Faculty of Medicine 
of Uşak University, in the session with date 12.12.2018 and 
number 2018/16, and written consent was obtained from the 
provincial health directorate of Artvin. The study was conducted 
in accordance with the guidelines proposed in the Declaration of 
Helsinki and was approved by the local ethics committee. Written 
informed consent was obtained from all patients. A total of 81 
individuals aged between 40-70 years – including 45 patients 
(15 females and 30 males) who were admitted to the Artvin 
State Hospital Cardiovascular Surgery Clinic and were diagnosed 
with CAD and 36 healthy volunteers (15 females and 21 males) 
— participated in this study. The volunteers were questioned 
about atherosclerosis risk factors such as hypertension, diabetes, 
heart disease, family history of early myocardial infarction, and 
smoking, and those who meet these criteria were eliminated; 
ultimately, 36 individuals were included. However, chronic renal 
failure, chronic liver disease, thyroid diseases, an active infection, 
cancer history, and chronic inflammatory disease history 
were determined as exclusion criteria for both groups. All the 
participants were non-smokers and non-drinkers.

Blood Sample Collection and Storage

Venous blood samples were taken after 10-12 hours of 
fasting into tubes with no anticoagulants for biochemical tests. 
These samples were centrifuged at 4000 rpm for 10 minutes 
after coagulation was completed to obtain serum samples. 
After centrifugation, serum samples were tested for TC, TG, LDL, 
and HDL values. After the required immediate routine tests, the 
remaining serum samples were stored at -80 ºC until testing for 
MDA, SOD, RhoA, and ROCK-1.

Test Protocol of RhoA and ROCK-1 Enzyme-linked Immuno-
sorbent Assay (ELISA) Kits

RhoA and ROCK levels of the study groups were measured 
by the ELISA method, using ELISA test kits (MyBioSource, Inc., San 
Diego, California, United States of America). The ELISA method 
is based on investigating activity of the enzyme linked to the 
antibody, on the basis of antigen-antibody relationship. The 
principle is based on showing the antigen-antibody complex 
formed as a result of the reaction between the antigen or 
antibody labeled and the enzyme and free antigen or antibody, 
in the presence of an enzyme-specific substrate. RhoA results are 
presented in pg/ml. ROCK-1 results are presented in ng/ml.

Measurement of Superoxide Dismutase Enzyme Activity

SOD enzyme activity was measured using the method 
developed by Sun et al.[16] In the measurement of serum SOD activity, 
a color is formed when the superoxide radical produced by the 
xanthine-xanthine oxidase system reduces the nitroblue tetrazolium 
(NBT). The resulting color change, that is the reduction of NBT by 
superoxide radical, ends with the formation of blue colored formazan, 
giving the maximal absorbance, and the change is determined by 
spectrophotometer at 560 nm. The results are presented in U/ml.

Epidemiological studies have clearly determined today 
the relationship between the risk of developing CAD and total 
cholesterol (TC), triglyceride (TG), low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL) levels. HDL level was 
shown to be inversely associated with the risk of developing 
CAD, because cholesterol is carried mostly by HDL. Therefore, 
an increase in HDL level is correlated with a decrease in CAD 
risk. Thus, a close relationship was determined between HDL 
metabolism, reverse cholesterol transport, and atherogenesis, 
and the course of CAD can change according to how these three 
different processes function. The inverse relationship between 
HDL and the formation of atherosclerosis is partially due to 
factors other than cholesterol transport[5].

RhoA is a small, guanosine-5’-triphosphate binding protein, 
bound to the plasma membrane. It is known that Rho regulates 
the Ca+2 sensitivity of vascular smooth muscle cells (VSMCs) by 
inhibiting myosin phosphatase activity[6]. The enzyme called 
Rho-associated kinase (ROCK) is one of the key targets of Rho 
proteins in the regulation of cytoskeletal changes. ROCKs are the 
principal mediators of RhoA activity. ROCK is a serine/threonine 
protein kinase with a molecular weight of about 160 kDa. There 
are two isoforms of the Rho-kinase enzyme, ROCK-1 and ROCK-
2. Both enzymes are expressed in all cells[7]. The RhoA/ROCK 
signaling pathway is shown to have important functions on 
vascular physiology and cardiovascular disorders. Although it is 
recognized as the major regulator of cell contraction, the ROCK 
enzyme is also known to control migration, proliferation, cell 
apoptosis, and gene transcription and differentiation. Therefore, 
ROCK activation appears to be a key factor in initiating the 
angiogenic process through increased endothelial permeability 
and migration[8,9]. The RhoA/ROCK-1 signaling pathway is known 
to be associated with several pathological conditions including 
hypertension, atherosclerosis, stroke ischemia-reperfusion injury, 
and heart failure[10,11].

Oxidative stress has an important role in the initiation and 
progression of CAD. And oxidative stress occurs as a result 
of excessive free oxygen radical production and inadequate 
antioxidant defense against oxidant radicals[12]. Oxidative 
and antioxidative parameters play an important role in the 
pathophysiology of atherosclerosis and atherosclerosis-induced 
CAD. Malondialdehyde (MDA) is one of the important parameters 
of lipid peroxidation. Oxidative stress increases in correlation 
with the increase in MDA levels in the development of CAD[13]. 
Oxidative stress can increase reactive oxygen species (ROS) 
reducing the formation of antioxidant defenses. The reduction 
of activity of antioxidant enzymes such as superoxide dismutase 
(SOD) facilitates the oxidative aggression to the cells, especially 
in subjects with CAD[14]. Some authors have demonstrated that 
in the early stages of CAD, SOD level increased to protect and 
prevent lipid peroxidation whereas they decreased significantly 
with the worsening of the disease[15].

The RhoA/ROCK-1 pathway plays an important role in various 
cellular events involved in the pathogenesis of cardiovascular 
diseases as well as in the development of the effects of many 
vasoactive substances. Our objective in this study is to investigate 
the RhoA/ROCK-1 signaling pathway and oxidative stress in CAD 
patients.
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Measurement of Malondialdehyde Levels

MDA levels were measured using the method developed by 
Ohkawa et al.[17] The principle of the test is based on measuring 
the intensity of the pink-red color spectrophotometrically at 532 
nm wavelength; where the color was displayed by the compound 
formed by MDA with thiobarbituric acid in hot environment, and 
MDA is one of the end products produced in the peroxidation of 
polyunsaturated fatty acids (PUFAs). The results are presented in 
nmol/ml.

Statistical Analysis

Statistical analyses were performed using the IBM Corp. 
Released 2013, IBM SPSS Statistics for Windows, Version 22.0, 
Armonk, NY: IBM Corp. Numerical data were given as mean 
± standard deviation. Kolmogorov-Smirnov test was used 
for normal distribution of data. One-way analysis of variance 
and independent sample t-test were used for comparing 
more than two variables. For intragroup significance, Tukey’s 
least significance difference test was used for variables with 
homogenous variances, and Mann-Whitney U test for non-
homogeneous variables. For the correlation analysis of the data, 
Pearson’s correlation analysis was performed for the data with 
normal distribution, and Spearman’s correlation analysis for the 
data with non-normal distribution. P<0.05 was determined as 
the threshold for statistical significance.

RESULTS

Forty-five patients with CAD were included in our study 
(mean age 58.07± 6.51 years; 30 males and 15 females). Thirty-
six healthy volunteers were included in the control group (mean 
age 56,75± 8,27 years; 21 males and 15 females).

The demographic and clinical characteristics of the CAD 
group and the healthy control group are shown in Table 1. There 
was no statistical difference between the groups in terms of age 
and body weight (P>0.05). TC, TG, and LDL levels were found 

to be statistically significantly higher in the CAD group than in 
the control group (P<0.001). However, serum HDL levels were 
statistically significantly lower in the CAD group than in the 
control group (P<0.001). In our study, serum RhoA levels in the 
CAD group were found to be statistically significantly higher than 
in the control group (P<0.001) (Figure 1). Concordantly, serum 
ROCK activity was found to be statistically significantly higher in 
the CAD group than in the control group (P<0.001) (Figure 2). 
Serum MDA levels are shown in Figure 3. According to these 
findings, MDA levels were found to be statistically significantly 

Table 1. Demographic and clinical characteristics of the 
groups.

Control group
(n=36)

CAD group
(n=45) P-value

Age (years) 56.75± 8.27 58.07± 6.51 0.539

Weight (kg) 76.26± 8.21 82.45± 6;32 0.561

TG (mg/dl) 134.14± 29.82 298.69± 152.74 0.000

TC (mg/dl) 134.28± 36.23 236.24± 41.35 0.000

LDL (mg/dl) 113.89± 30.65 159.07± 20.25 0.000

HDL (mg/dl) 59.25±17.53 36.20 ± 7.97 0.000

CAD=coronary artery disease; HDL=high-density lipoprotein; 
LDL=low-density lipoprotein; TC=total cholesterol; 
TG=triglyceride

Fig. 1 - Serum RhoA levels of the groups. CAD=coronary artery 
disease.

Fig. 2 - Serum Rho-associated kinase (ROCK)-1 activity of the 
groups. CAD=coronary artery disease

Braz J Cardiovasc Surg 2022;37(2):212-218Dokumacioglu E, et al. - Sugestão: RhoA/ROCK-1 Signaling Pathway and 
Oxidative Stress in Coronary Artery Disease Patients



215
Brazilian Journal of Cardiovascular Surgery 

215
Brazilian Journal of Cardiovascular Surgery 

Fig. 4 - Serum superoxide dismutase (SOD) activity of the groups. 
CAD=coronary artery disease.

Fig. 3 - Serum malondialdehyde (MDA) levels of the groups. 
CAD=coronary artery disease.

Correlation analysis results of our study data are presented in 
Table 2. Statistical evaluation of our data displayed a significant 
positive correlation between RhoA and ROCK-1 (r=0.550, 
P<0.001) and between RhoA and MDA (r=0.587, P<0.001), and 
a significant negative correlation between RhoA and SOD (r=-
0.575, P<0.001). A significant positive correlation was observed 
between ROCK-1 and MDA (r=0.728, P<0.001) and between 
ROCK-1 and LDL (r=0.603, P<0.001); and a significant negative 
correlation (r=-0.717, P<0.001) was observed between ROCK-1 
and SOD.

A significant positive correlation was found between MDA 
and TG (r=0.721, P<0.001) and between MDA and LDL (r=0.524, 
P<0.001). A significant negative correlation was observed 
between MDA and SOD (r=-0.656, P<0.001) and between MDA 
and HDL (r=-0.608, P<0.001).

SOD and HDL displayed a significant positive correlation 
(r=0.538, P<0.001). And finally, a significant negative correlation 
was determined between SOD and TG (r=-0.658, P<0.001) and 
between SOD and LDL (r=-0.514, P<0.001).

DISCUSSION

CAD is the foremost cause of morbidity and mortality in 
the world. Developing new screening tests for CAD gained 
acceleration recently because CAD is the first cause of death 
in developed societies, and many patients present with a 
severe clinical presentation without showing early symptoms. 
In the context of new signaling pathways and tests, it is aimed 
to determine high-risk patients before symptoms appear to 
prevent major cardiac events. In our study aiming to reveal 
the relationship between MDA and SOD levels, which are 
used for evaluating the oxidative stress status of the organism 
in CAD patients as well as the RhoA/ROCK-1 signal pathway, it 
was observed that RhoA, ROCK-1, and MDA levels of the CAD 
group increased compared to the control group, and SOD levels 
decreased.

In recent years, the RhoA/ROCK-1 signaling pathway aroused 
interest among researchers of cardiovascular diseases. The 
first reason for this interest is that the RhoA/ROCK signaling 
pathway plays an important role in various cellular functions 
involved in the pathogenesis of cardiovascular diseases. 
Another reason is the considerable influence of RhoA/ROCK 
pathway over various vasoactive substances involved in the 
pathogenesis of cardiovascular diseases, such as angiotensin 
II, 5-hydroxytryptamine, thrombin, and platelet-derived 
growth factor. Nonetheless, statins, which are 3-hydroxy-3-
methylglutaryl coenzyme A (or HMG-CoA) reductase inhibitors, 
were also reported to have inhibitory effects on the RhoA/
ROCK signaling pathway[18,19]. Hartman et al.[20] reported that 
increased ROCK enzyme activities in the processes leading 
to cardiovascular diseases such as hypertension, angina 
pectoris, heart failure, and stroke play an important role in 

the pathogenesis of these diseases. At the same time, they 
also stated that pharmacological inhibition of ROCK signaling 
provided considerable improvements in the medical conditions 
of cardiovascular patients. In our CAD group, a significant increase 
was determined in both RhoA levels and ROCK-1 activity. Our 
findings are compatible with the literature. Aghajanian et al.[21] 
reported in their study that superoxide radicals cause an increase 
in RhoA levels. In another study by Knock et al.[22], superoxide 
radicals were also noted to cause an increase in ROCK activities.

Free radicals are molecules containing unpaired electrons 
generated through biochemical redox reactions that occur 

higher  in  the  CAD  group  than  in  the  control  group  (P<0.001). 
Serum activity of SOD, one of the antioxidant enzymes, is shown 
in  Figure  4.  Serum  SOD  activity  was  found  to  be  statistically  
significantly  lower  in  the  CAD  group  than  in  the  control  
group  (P<0.001).
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was also found. HDL is involved in the reverse cholesterol 
transport from tissues. It also has antioxidant, anti-inflammatory, 
and antiapoptotic effects. By virtue of these properties, HDL 
contributes to the prevention of atherosclerosis by reducing the 
adverse effects of oxidative stress involved in the initiation and 
development of this disease[32].

LDL accounts for approximately 70% of plasma cholesterol, 
providing cholesterol to peripheral tissues. The PUFAs contained 
in LDL are vulnerable to free radical attacks. Against this oxidative 
attack, LDL tries to prevent the oxidation of PUFAs by means of 
vitamin E, which is a powerful antioxidant that LDL contains[33]. 
Increased levels of excessive free radical activity in this region 
due to decreased antioxidant levels or impaired endothelial 
function will make PUFAs vulnerable for free radical attacks and 
initiate a peroxidation chain reaction on LDL. In this case, LDL 
is changed by modification mechanisms such as glycosylation, 
oxidation, and acetylation, acquiring atherogenic properties[34,35]. 
Dyslipidemia in our CAD group may have triggered the formation 
of oxidative stress by causing an increase in MDA levels and a 
decrease in SOD levels.

Oxidative stress is an important factor in the initiation and 
progression of CAD, and increased free radicals due to oxidative 
stress may cause the activation of the RhoA/ROCK signaling 
pathway.

CONCLUSION

Our findings suggest that the RhoA/ROCK signaling pathway 
is important in the pathogenesis of CAD, so the inhibition of the 
activity of RhoA/ROCK-1 pathway would be beneficial in treating 
cardiovascular diseases.

In our study, significantly increased MDA and LDL levels and 
decreased SOD levels were also observed in the CAD group. Our 
findings are compatible with the results in the literature. A strong 
positive correlation was found between MDA and LDL whereas 
a negative correlation was found between MDA and SOD. In 
addition, an increase in MDA levels showed a positive correlation 
with RhoA and ROCK levels. It was reported in the literature that 
excessive ROS production can cause deoxyribonucleic acid (DNA) 
damage and DNA strand breaks. However, studies indicated that 
the progression of atherosclerotic plaques were induced by 
oxidative stress, increasing DNA breaks[27,28]. The accumulation 
of damaged DNA can trigger cell apoptosis or cause permanent 
cell cycle arrest leading to vascular cell senescence. Vascular cell 
senescence promotes impaired VSMC proliferation[29].

Increased production of free radicals is counterbalanced 
by endogenous antioxidants. SOD is one of the most potent 
enzymatic antioxidants inhibiting free radical formation. 
Increased SOD levels play a protective role against acute or 
chronic oxidative damage, including atherosclerosis. But, this 
increase in SOD levels is provided by foods containing exogenous 
antioxidants[30]. In their study on CAD patients, Gupta et al.[31] 
reported decreased SOD activities. In our study, SOD levels were 
also decreased in CAD patients compared to the healthy control 
group.

When our study groups were examined in terms of 
dyslipidemia, there was a significant increase in serum TG, TC, 
and LDL levels in the CAD group, and a decrease in HDL levels 

Table 2. Correlation between biochemical parameters.

RhoA ROCK-1 MDA SOD TC TG LDL HDL

RhoA
r-value 0.550 0.587 -575 0,542 0,569 0,507 -0,464

P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

ROCK-1
r-value 0.550 0.728 -717 0,596 0,665 0,603 -0,602

P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

MDA
r-value 0.587 0.728 -0,656 0,736 0,721 0,524 -608

P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

SOD
r-value -575 -717 -0,656 -0,587 -0,658 0,514 0,538

P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

HDL=high-density lipoprotein; LDL=low-density lipoprotein; MDA=malondialdehyde; ROCK=Rho-associated kinase; 
SOD=superoxide dismutase; TC=total cholesterol; TG=triglyceride

No financial support.
No conflict of interest. 

during cell metabolism. It is well known that oxidative stress and 
free  radicals  have  important  roles  in  the  process  of  developing  
cardiovascular  diseases[23].  MDA,  a  carbonyl  group  produced  
during lipid peroxidation, is widely used in determining oxidative 
stress.  Increased  MDA  levels  in  CAD  were  demonstrated  in  
several clinical studies[24,25]. It was reported in the literature that 
serum  MDA  level  was  a  diagnostic  parameter  in  patients  
with  CAD  and  that  there  was  a  strong  relation  between  MDA  
levels,  LDL oxidation, and the development of coronary lesions[26].

Braz J Cardiovasc Surg 2022;37(2):212-218Dokumacioglu E, et al. - Sugestão: RhoA/ROCK-1 Signaling Pathway and 
Oxidative Stress in Coronary Artery Disease Patients



217
Brazilian Journal of Cardiovascular Surgery 

217
Brazilian Journal of Cardiovascular Surgery 

Authors' roles & responsibilities

ED

ID

HI

AS

Substantial contributions to the conception of the work; 
drafting the work; agreement to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated 
and resolved; final approval of the version to be published

Substantial contributions to the conception of the work; 
interpretation of data for the work; drafting the work; final 
approval of the version to be published

Substantial contributions to the conception of the work; 
interpretation of data for the work; revising the work critically 
for important intellectual content; final approval of the version 
to be published

Substantial contributions to the conception of the work; 
interpretation of data for the work; drafting the work; final 
approval of the version to be published

REFERENCES

1.	 Travisano SI, Oliveira VL, Prados B, Grego-Bessa J, Piñeiro-Sabarís R, Bou V, 
et al. Coronary arterial development is regulated by a Dll4-Jag1-EphrinB2 
signaling cascade. Elife. 2019;8:e49977. doi:10.7554/eLife.49977. 

2.	 Erçin U, Bilgihan A, Erkan AF, Yücel H. New Parameters of Coronary 
Artery Diseases: Oxidative Stress Markers. Tur Klin Biyokimya Derg. 
2019;17(1):48-55.

3.	 Bauersachs R, Zeymer U, Brière JB, Marre C, Bowrin K, Huelsebeck 
M. Burden of coronary artery disease and peripheral artery 
disease: a literature review. Cardiovasc Ther. 2019;2019:8295054. 
doi:10.1155/2019/8295054. 

4.	 Scott J. Pathophysiology and biochemistry of cardiovascular disease. 
Curr Opin Genet Dev. 2004;14(3):271-9. doi:10.1016/j.gde.2004.04.012. 

5.	 Zhao X, Zhang HW, Sun D, Xu RX, Guo YL, Sun J, et al. Relation of 
oxidized-low-density lipoprotein and high-density lipoprotein 
subfractions in non-treated patients with coronary artery disease. 
Prostaglandins Other Lipid Mediat. 2019;144:106345. doi:10.1016/j.
prostaglandins.2019.106345. 

6.	 Nunes KP, Rigsby CS, Webb RC. RhoA/Rho-kinase and vascular diseases: 
what is the link? Cell Mol Life Sci. 2010;67(22):3823-36. doi:10.1007/
s00018-010-0460-1. 

7.	 Zhou H, Li YJ. Rho kinase inhibitors: potential treatments for diabetes 
and diabetic complications. Curr Pharm Des. 2012;18(20):2964-73. do
i:10.2174/138161212800672688. 

8.	 Büssemaker E, Pistrosch F, Förster S, Herbrig K, Gross P, Passauer J, et 
al. Rho kinase contributes to basal vascular tone in humans: role of 
endothelium-derived nitric oxide. Am J Physiol Heart Circ Physiol. 
2007;293(1):H541-7. doi:10.1152/ajpheart.00770.2006. 

9.	 Chitaley K, Weber D, Webb RC. RhoA/Rho-kinase, vascular changes, 
and hypertension. Curr Hypertens Rep. 2001;3(2):139-44. doi:10.1007/
s11906-001-0028-4. 

10.	Hamid SA, Bower HS, Baxter GF. Rho kinase activation plays a major 
role as a mediator of irreversible injury in reperfused myocardium. 
Am J Physiol Heart Circ Physiol. 2007;292(6):H2598-606. doi:10.1152/
ajpheart.01393.2006. 

11.	Sun Z, Wu X, Li W, Peng H, Shen X, Ma L, et al. RhoA/rock signaling 
mediates peroxynitrite-induced functional impairment of Rat coronary 

vessels. BMC Cardiovasc Disord. 2016;16(1):193. doi:10.1186/s12872-
016-0372-6. 

12.	Senoner T, Dichtl W. Oxidative stress in cardiovascular diseases: still a 
therapeutic target? Nutrients. 2019;11(9):2090. doi:10.3390/nu11092090. 

13.	Yılmaz M, Altın C, Özyıldız A, Müderrisoğlu H. Are oxidative stress markers 
helpful for diagnosing the disease and determining its complexity or 
extent in patients with stable coronary artery disease? Turk Kardiyol 
Dern Ars. 2017;45(7):599-605. doi:10.5543/tkda.2017.80733. 

14.	Lubrano V, Balzan S. Enzymatic antioxidant system in vascular 
inflammation and coronary artery disease. World J Exp Med. 
2015;5(4):218-24. doi:10.5493/wjem.v5.i4.218. 

15.	Lubrano V, Di Cecco P, Zucchelli GC. Role of superoxide dismutase in 
vascular inflammation and in coronary artery disease. Clin Exp Med. 
2006;6(2):84-8. doi:10.1007/s10238-006-0100-0. 

16.	Sun Y, Oberley LW, Li Y. A simple method for clinical assay of superoxide 
dismutase. Clin Chem. 1988;34(3):497-500. 

17.	Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues 
by thiobarbituric acid reaction. Anal Biochem. 1979;95(2):351-8. 
doi:10.1016/0003-2697(79)90738-3. 

18.	Shimokawa H, Rashid M. Development of Rho-kinase inhibitors for 
cardiovascular medicine. Trends Pharmacol Sci. 2007;28(6):296-302. 
doi:10.1016/j.tips.2007.04.006. 

19.	Shimokawa H, Takeshita A. Rho-kinase is an important therapeutic 
target in cardiovascular medicine. Arterioscler Thromb Vasc Biol. 
2005;25(9):1767-75. doi:10.1161/01.ATV.0000176193.83629.c8. 

20.	Hartmann S, Ridley AJ, Lutz S. The function of Rho-associated kinases 
ROCK1 and ROCK2 in the pathogenesis of cardiovascular disease. Front 
Pharmacol. 2015;6:276. doi:10.3389/fphar.2015.00276. 

21.	Aghajanian A, Wittchen ES, Campbell SL, Burridge K. Direct activation 
of RhoA by reactive oxygen species requires a redox-sensitive motif. 
PLoS One. 2009;4(11):e8045. doi:10.1371/journal.pone.0008045. 

22.	Knock GA, Snetkov VA, Shaifta Y, Connolly M, Drndarski S, Noah A, 
et al. Superoxide constricts rat pulmonary arteries via Rho-kinase-
mediated Ca(2+) sensitization. Free Radic Biol Med. 2009;46(5):633-42. 
doi:10.1016/j.freeradbiomed.2008.11.015. 

23.	Soydinç S, Çelik A, Demiryürek S, Davutoğlu V, Tarakçıoğlu M, Aksoy M. 
The relatıonshıp between oxıdatıve stress, nıtrıc oxıde, and coronary 
artery dısease. Eur J Gen Med. 2007;4(2):62-6.

24.	Kotur-Stevuljevic J, Memon L, Stefanovic A, Spasic S, Spasojevic-
Kalimanovska V, Bogavac-Stanojevic N, et al. Correlation of oxidative 
stress parameters and inflammatory markers in coronary artery 
disease patients. Clin Biochem. 2007;40(3-4):181-7. doi:10.1016/j.
clinbiochem.2006.09.007. 

25.	Stocker R, Keaney JF Jr. Role of oxidative modifications in atherosclerosis. 
Physiol Rev. 2004;84(4):1381-478. doi:10.1152/physrev.00047.2003. 

26.	Panah Mogadam RA, Nemati A, Baghi AN. Serum MDA as a diagnostic’s 
biomarker in stable coronary heart disease. Res J Biological Sci. 
2008;3(2):206-10.

27.	Gray K, Kumar S, Figg N, Harrison J, Baker L, Mercer J, et al. Effects 
of DNA damage in smooth muscle cells in atherosclerosis. Circ Res. 
2015;116(5):816-26. doi:10.1161/CIRCRESAHA.116.304921. 

28.	Nair J, De Flora S, Izzotti A, Bartsch H. Lipid peroxidation-derived etheno-
DNA adducts in human atherosclerotic lesions. Mutat Res. 2007;621(1-
2):95-105. doi:10.1016/j.mrfmmm.2007.02.013. 

29.	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. 

30.	Peng JR, Lu TT, Chang HT, Ge X, Huang B, Li WM. Elevated levels of 
plasma superoxide dismutases 1 and 2 in patients with coronary artery 
disease. Biomed Res Int. 2016;2016:3708905. doi:10.1155/2016/3708905. 

Braz J Cardiovasc Surg 2022;37(2):212-218Dokumacioglu E, et al. - Sugestão: RhoA/ROCK-1 Signaling Pathway and 
Oxidative Stress in Coronary Artery Disease Patients



218
Brazilian Journal of Cardiovascular Surgery 

218
Brazilian Journal of Cardiovascular Surgery 

33.	Pedro-Botet J, Pintó X. LDL-cholesterol: the lower the better. Clin Investig 
Arterioscler. 2019;31 Suppl 2:16-27. doi:10.1016/j.arteri.2019.10.003.

34.	Mattiuzzi C, Sanchis-Gomar F, Lippi G. Worldwide burden of LDL 
cholesterol: Implications in cardiovascular disease. Nutr Metab 
Cardiovasc Dis. 2020;30(2):241-4. doi:10.1016/j.numecd.2019.09.008. 

35.	Arai H. Oxidative modification of lipoproteins. Subcell Biochem. 
2014;77:103-14. doi:10.1007/978-94-007-7920-4_9. 

31.	Gupta S, Sodhi S, Mahajan V. Correlation of antioxidants with lipid 
peroxidation and lipid profile in patients suffering from coronary 
artery disease. Expert Opin Ther Targets. 2009;13(8):889-94. 
doi:10.1517/14728220903099668. 

32.	Millar CL, Duclos Q, Blesso CN. Effects of dietary flavonoids on reverse 
cholesterol transport, HDL metabolism, and HDL function. Adv Nutr. 
2017;8(2):226-39. doi:10.3945/an.116.014050. 

Braz J Cardiovasc Surg 2022;37(2):212-218Dokumacioglu E, et al. - Sugestão: RhoA/ROCK-1 Signaling Pathway and 
Oxidative Stress in Coronary Artery Disease Patients

This is an open-access article distributed under the terms of the Creative Commons Attribution License.


