
J. Biomedical Science and Engineering, 2017, 10, 257-272 
http://www.scirp.org/journal/jbise 

ISSN Online: 1937-688X 
ISSN Print: 1937-6871 

 
 
 

Effects of At2 Receptor Agonist Novokinin on 
Oxidative Stress, Inflammation and Infarct Size 
Due to Myocardial Ischemia-Reperfusion 

Esra Gunduz1, Engin Sahna2 

1Bitlis Eren University, Bitlis, Turkey 
2Firat University, Elazığ, Turkey 

 
 
 

Abstract 
Aim: Ischemia and reperfusion (IR) injury is a serious problem that is oc-
curred during thrombolytic therapy, organ transplantation, coronary angiop-
lasty, and cardiopulmonary bypass. There is an increase in the number of AT2 
receptors in some pathological conditions such as cardiac hypertrophy, myo-
cardial infarction, congestive heart failure. This study was designed to inves-
tigate the effects AT2 receptor agonist Novokinin on infarct size, caveolin-1 
(CAV-1), HSP90, ADMA, NADPH oxidase and Rhokinase associated to en-
dothelial dysfunction and oxidative stress, and NFκB and TLR-4 levels in-
duced by inflammation on myocardial IR. Methods: The experimental 
groups: Sham (C), Novokinin (N), IR and IRN. Novokinin was performed 
with infusion pump before ischemia, and during IR. The left main coronary 
artery was occluded for 30 minutes ischemia followed by 120 minutes reper-
fusion in anesthetized rats. CAV-1, HSP90, and NFκB levels were measured 
by the quantitative reverse transcriptase polymerase chain reaction 
(qRT-PCR), ADMA, TLR-4, NADPH oxidase, and Rhokinase levels were 
measured by ELISA, infarct size was measured by ImageJ, an image analysis 
software, in the heart tissue. Results: NFκB, HSP90, NADPH oxidase and 
TLR-4 levels increased with IR and significantly decreased with Novokinin. 
CAV-1 levels were not different between the groups. ADMA and Rhokinase 
levels were increased due to IR but decreased with Novokinin. Novokinin re-
duced infarct size due to IR. Conclusion: Our results showed that, ADMA, 
HSP90, NFκB, TLR-4, Rhokinase, and NADPH oxidase levels play important 
roles on IR injury. AT2 receptor agonist Novokinin may affect positively 
oxidative changes, inflammation, and endothelial function in myocardial IR 
injury. 
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1. Introduction 

Ischemic heart disease remains one of the most important causes of morbidity 
and mortality throughout the world [1]. The most common form is “coronary 
atherosclerotic heart disease” and the coronary blood flow to myocardium due 
to atherosclerotic plaques and vasospasm is reduced [2]. Ischemia and reperfu- 
sion (IR) injury is a serious problem that is occurred during a variety of medical 
and surgical procedures, such as thrombolytic therapy, organ transplantation, 
coronary angioplasty, and cardiopulmonary bypass [3]. Endothelial dysfunction, 
oxidative stress and inflammation are among the most common mechanisms of 
IR injury [4].  

Nuclear factor kappa-B (NFκB) is responsible for the production of inflam- 
matory genes redox-sensitive transcription factors, which activate in response to 
oxidative stress. NFκB activation stimulates the expression of proinflammatory 
cytokines. NFκB pathway is involved in the pathological process and activates 
cell death pathways [5].  

Toll-like receptor 4 (TLR-4) was involved in the inflammatory response of 
myocardial IR injury, which could promote the formation of active oxygen free 
radicals and also activate many cytokine [6]. 

The heat shock protein 90 (HSP90) secretion regulates endothelial nitric oxide 
synthase (eNOS) activity, modulates subsequent nitric oxide (NO) production 
and provides myocardial protection against IR damage [7].  

Asymmetrical dimethyl arginine (ADMA) is an eNOS inhibitor. Increased 
ADMA levels caused by oxidative stress, increases the production of reactive 
oxygen species and activates Renin-Angiotensin-Aldosteron-System (RAAS) [4]. 
ADMA is regarded as a marker of cardiovascular risk. 

Caveolin-1 (CAV-1) is regulatory of NO, eNOS and calcium (Ca2+) in cardi-
ovascular endothelium. In addition, the effects of CAV-1 via NO in myocardial 
IR is protective for the heart and the CAV-1 deficiency is exacerbated cardiac 
dysfunction reduces the survival rate [8].  

Rhokinase is one enzyme that is activated during IR. Inhibition of Rhokinase 
causes eNOS activation, reduction vascular inflammation and atherosclerosis 
[9]. In addition, it is believed that inhibition of Rhokinase may be a useful the-
rapeutic target in cardiovascular disease or associated risk factors in individuals 
[10]. 

A common result of active mechanisms during IR period is necrosis of cardiac 
cells [11]. Releasing the cell contents to intracellular space after cell death causes 
inflammation. Macrophages and neutrophils migrate to the necrotic tissue and 
then phagocytose necrotic tissue. Thus, inflammation is an important sign of 
necrosis. 

In the cardiovascular system, Angiotensin II (AII) generated during oxidative 
stress and vascular inflammation leads to endothelial dysfunction, cell growth 
and inflammation by activating NADPH oxidase [12] [13]. A large part of car-
diovascular effects of AII are regulated through Angiotensin type 1 receptor 
(AT1) receptors. Tissue RAAS activity and AT1 receptor synthesis are increased 
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after hypertensive hypertrophy, cardiac insufficiency and myocardial infarction 
(MI] [14]. It is known that Angiotensin type 2 receptor (AT2) receptors ba-
lanced the effects of AT1 and had antagonistic effect to AT1. AT2 receptor inhi-
bits growth and has antihypertrophic and proapoptotic properties [15]. There is 
an increase in the number of AT2 receptors in pathological conditions such as 
cardiac hypertrophy, MI, congestive heart failure [16]. 

Novokinin (Arg-Pro-Leu-Lys-Pro-Trp), having affinity for the AT2 receptor, 
is a potent vasorelaxing and hypotensive peptide designed based on the structure 
of ovokinin [2]-[7], a bioactive peptide derived from ovalbumin [17]. 

To our knowledge, the effects of Novokinin on NFκB, TLR-4, HSP90, ADMA, 
CAV-1, NADPH oxidase and Rhokinase levels, and infarct size are not known in 
cardiac IR injury. In this study, we aimed to investigate the influence of AT2 re-
ceptor agonist Novokinin on NFκB and TLR-4 levels induced by inflammation, 
HSP90, ADMA, CAV-1, NADPH oxidase and Rhokinase associated due to en-
dothelial dysfunction and oxidative stress, and infarct size in a rat model of 
myocardial IR injury. 

2. Methods 
2.1. Experimental Groups 

Twenty-eight male Sprague Dawley rats weighing 200 - 250 g were placed in a 
quiet, temperature (21˚C ± 1˚C) and humidity (60% ± 5%) controlled room in 
which a 12 - 12 h light-dark cycle was maintained. All experiments were per-
formed between 9:00 and 17:00 h. All experiments in this study were perfor- 
med in accordance with the guidelines for animal research from the National 
Institutes of Health and were approved by the Committee on Animal Research at 
Firat University, Elazig (FUBAP TF.12.90). 

2.2. Experiment Plan and Drug Applications 

Rats were divided into four groups of seven rats each:  
Group 1 (Sham, C) received 0.09% normal saline with infusion pump via 

cannula were placed the jugular vein under general anesthesia for 150 minutes at 
2 ml/min. The chest was opened and every step carried out except ligation. 

Group 2 (Novokinin, N) received Novokinin (0.05 mg/kg) [18] with infusion 
pump via cannula were placed the jugular vein under general anesthesia for 150 
minutes at 2 ml/min. The chest was opened and every step carried out except li-
gation. 

Group 3 (Ischemia-reperfusion, IR) received 0.09% normal saline with in-
fusion pump via cannula were placed the jugular vein under general anesthesia 
for 30 minutes before ischemia and during IR at 2 ml/min. This group was sub-
jected to the myocardial IR. 

Group 4 (Ischemia-reperfusion+Novokinin, IRN) received Novokinin 
(0.05 mg/kg) with infusion pump via cannula were placed the jugular vein under 
general anesthesia for 30 minutes before ischemia and during IR at 2 ml/min. 
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This group was subjected to the myocardial IR. 

2.3. Ischemia-Reperfusion Procedure 

Rats were anesthetized with urethane (1.2 - 1.4 g/kg) administered intraperito- 
neally. The trachea was cannulated for artificial respiration. The chest was 
opened by a left thoracotomy. Positive-pressure artificial respiration was started 
immediately with room air, using a volume of 1.5 mL/100 g body weight at a rate 
60 beats/min to maintain normal pCO2, pO2, and pH parameters. A 6/0 silk su-
ture attached to a 10 mm micropoint reverse-cutting needle was quickly placed 
under the left main coronary artery. The artery was occluded for 30 min and 
then reperfused for 120 min. 

2.4. Evaluation of Hemodynamic Parameters 

Blood Pressure (BP) measurement were carried using direct and indirect me- 
thods. Indirect BP was performed on conscious rat with tail-cuff method by us-
ing MAY BPHR 9610-PC TAIL CUFF before one day from experiments. On the 
day of experiment, BP was monitored from the carotid artery by a Harvard 
model 50 - 8952 transducer (Harvard Apparatus, Inc., Shrewsbury, Massachu- 
setts, USA) and displayed on a Harvard Universal pen recorder (Harvard Appa-
ratus, Inc.). IR groups, BP and electrocardiogram (ECG) were monitored during 
stabilization period until ischemia, at the onset and end of ischemia and at the 
onset, first and second hours of reperfusion. 

2.5. Evaluation of Tissue Death 

The heart was quickly removed and was flushed with saline at room temperature 
for 60 s. The heart was frozen and cut into 2 mm transverse slices. The slices 
were incubated in 1% triphenyl tetrazolium chloride (TTC) in pH 7.4 buffer at 
37˚C for 20 min. TTC stains living tissue a deep red color while necrotic tissue is 
TTC negative and appears tan. The volume of infarct size was determined by 
planimetry of each tracing and multiplying by the slice thickness. 

2.6. Genetic Analysis 

2 mm transverse slices were included in 1.5 ml Eppendorf tubes containing RNA 
later solution. It was waited at +4˚C afterward a night, it was stored at −80˚C in 
deep frozen making until RNA isolation. 

2.7. RNA Isolation  

After approximately 50 to 100 mg which tissues removed from RNA later solu-
tion was dried with blotting paper. The dried tissues were collected into 1.5 ml 
micro centrifuge tubes containing 1 ml Trizol reagent and then it was homoge-
nized using a sterile steel balls in the homogenizer. The homogenized samples 
were incubated 5 minutes at room temperature and centrifuged at 12,000× g and 
the supernatants were centrifuged for 2 minutes was transferred to a new tube. 
By adding 0.2 ml chloroform was vortexed and incubated for 2 - 3 minutes at 
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room temperature. Samples were centrifuged at 12,000 × g for 15 minutes. The 
supernatant was transferred to a new tube and added onto 0.5 ml of isopropyl 
alcohol. Samples were incubated at 15˚C - 30˚C for 10 minutes and were centri-
fuged at 12,000 × g at +4˚C for 10 minutes. Supernatants were removed com-
pletely. RNA pellet was first washed with 1 ml 75% ethanol. This washing pro-
cedure was repeated and the remaining ethanol was all removed. RNA pellet was 
exposed to air drying process for 5 - 10 minutes. It was diluted with DNase/ 
RNase-free water and was stored at −80˚C until cDNA obtained.  

2.8. Determination of RNA Concentration 

The amount of isolated RNA was measured using a Qubit device (Invitrogen, 
Carlsbad, CA). RNA pool was created according to the values of 4 groups meas-
ured by the Qubit device. 

2.9. Synthesis of cDNA  

cDNA synthesis from RNA sample was performed using the High Capacity 
cDNA synthesis kit.  

2.10. Real Time-PCR 

The obtained cDNAs, to investigate the gene expression of HSP90, NFκB and 
CAV-1 by using Tag Man expression assays (Invitrogen, Carlsbad, CA) were 
analyzed with ABI Prism 7500 Fast Real Time PCR (Applied Biosystems, Foster 
City, CA). 3 gene expressions on the 4 groups were compared using 2-ΔΔCT val-
ues. 

2.11. ELISA 

Tissue ADMA, TLR-4, Rhokinase and the NADPH oxidase levels were measured 
by ELISA method. ADMA, TLR4, Rho Kinase and NADPH oxidase measure- 
ments in tissue samples from rats, were determined by ELISA kits according to 
protocol of commercial firms (Eastbiopharma, Cat No: CK-E90206-Ref: 
E20121120049-Lot: 20121120; Sunred, Cat No: 201110081-Ref: D2E201110081- 
Lot: 201303; Eastbiopharma, Cat No: CK-E90094; Cusabio, Cat No: 
CSBEL015959 RA-Lot No: 24069902, respectively).  

2.12. Statistical Analysis 

Data are expressed as mean ± SEM of the number (n) of experiments; A P-value 
of <0.05 was considered to be statistically significant. To determine the statistical 
significance of the data, computer software program was used. Mann Whitney U 
test was used for evaluation of statistical differences after Kruskal Wallis.  

3. Results 

1. Blood Pressure: Mean blood pressure (MBP), systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) values are summarized in Table 1. Between  
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Table 1. Effects of Novokinin on Blood Pressure (mmHg). a: Significantly different from 
IR group (p < 0.05). Sham (C), Novokinin (N), Ischemia Reperfusion (IR), IR + Novoki-
nin (IRN). MBP: Mean Blood Pressure, SBP: Systolic Blood Pressure and DBP: Diastolic 
Blood Pressure. 

Groups BP Basal 
Before 

ischemia 
Onset of 
ischemia 

End of 
ischemia 

Onset of  
reperfusion 

End of  
reperfusion 

 
IR 

SBP 145 ± 4  133 ± 5 130 ± 3 147 ± 6 149 ± 3 

DBP 82 ± 4  77 ± 3 75 ± 4 84 ± 4 85 ± 6 

MBP 105 ± 1  99 ± 3 98 ± 4 110 ± 4 108 ± 5 

 
IRN 

SBP 145 ± 6 134 ± 6 122 ±4a 119 ± 5a 134±4a 143 ± 4a 

DBP 79 ± 5 74 ± 4 72 ± 3a 72 ± 3 77 ± 6 81 ± 2 

MBP 106 ± 4 98 ± 4 93 ± 3a 91 ± 3a 99 ± 4a 106 ± 1 

 
groups, there was no difference in baseline MBP, SBP and DBP. Novokinin ad-
ministration significantly decreased SBP values in N group compared with IRN 
group. SBP values were significantly lower in IR group than IRN group during 
both IR. Although DBP and MBP values were significantly lower in IRN group 
than IR group at the beginning of ischemia, MBP value was significantly lower at 
the end of ischemia and at the beginning of reperfusion (Table 1). 2. NFκB le-
vels: NFκB levels were determined as 1.1 ± 0.3, 1 ± 0.2, 2.2 ± 0.3 and 1.25 ± 0.21 
in C, N, IR and IRN groups, respectively. NFκB levels increased significantly in 
IR group compared to C and N groups but significantly decreased with adminis-
tration of Novokinin (Figure 1). 

3. TLR-4 levels: TLR-4 levels were determined as 19 ± 2, 18 ± 2, 24 ± 3 and 20 
± 1 in C, N, IR and IRN groups, respectively. TLR-4 levels increased in IR group 
compared to C group but significantly decreased with Novokinin administration 
(Figure 2). 

4. HSP90 levels: HSP90 levels were determined as 1 ± 0.2, 1 ± 0.3, 1.5 ± 0.2 
and 1.2 ± 0.2 in C, N, IR and IRN groups, respectively. Although HSP90 levels 
increased significantly in IR group compared with C and N groups, was signifi-
cantly decreased by Novokinin application (Figure 3). 

5. ADMA levels: ADMA levels were determined as 3.9 ± 1.1, 3.7 ± 1.2, 8.3 ± 
1.7and 7.6 ± 1.5 in C, N, IR and IRN groups, respectively. ADMA level increased 
significantly in IR group compared to C group, although it tended to decrease 
with administration of Novokinin, but this was not statistically significant 
(Figure 4). 

6. CAV-1 levels: CAV-1 levels were determined as 1.1 ± 0.12, 1 ± 0.19, 0.8 ± 
0.2 and 1.3 ± 0.25 in C, N, IR and IRN groups, respectively. Decreased CAV-1 
levels in the IR group increased with administration of Novokinin, but this was 
not statistically significant (Figure 5).  

7. NADPH oxidase levels: NADPH oxidase levels were determined as 2948 ± 
100, 2870 ± 102, 4821 ± 180 and 2858 ± 200 in C, N, IR and IRN groups, respec- 
tively. NADPH oxidase levels increased significantly in IR group compared to C 
group, this elevation significantly decreased with Novokinin administration  
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Figure 1. The effects of Novokinin on NFκB levels. *: Significantly different from C and 
N groups, **: Significantly different from IR group, (p < 0.05). Sham (C), Novokinin (N), 
Ischemia Reperfusion (IR), IR + Novokinin (IRN). 
 

 
Figure 2. The effects of Novokinin on TLR-4 levels. *: Significantly different from IR 
group, (p < 0.05). Sham (C), Novokinin (N), Ischemia Reperfusion (IR), IR + Novokinin 
(IRN). 
 

 
Figure 3. The effects of Novokinin on HSP90 levels. *: Significantly different from C and 
N groups , **: Significantly different from IR group, (p < 0.05). Sham (C), Novokinin (N), 
Ischemia Reperfusion (IR), IR + Novokinin (IRN). 
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Figure 4. The effects of Novokinin on ADMA levels, *: Significantly different from C and 
N groups (p < 0.05). Sham (C), Novokinin (N), Ischemia Reperfusion (IR), IR + Novoki-
nin (IRN). 
 

 
Figure 5. The effects of Novokinin on CAV-1 levels. Sham (C), Novokinin (N), Ischemia 
Reperfusion (IR), IR + Novokinin (IRN). 
 
(Figure 6). 

8. Rhokinase levels: Rhokinase levels were determined as 109 ± 11, 105 ± 10, 
130 ± 14 and 117 ± 16 in C, N, IR and IRN groups, respectively. Increased Rho-
kinase levels in C and N groups compared to IR group decreased with Novoki-
nin administration but this was not significant (Figure 7). 

9. Evaluation of myocardial infarct size Infarct size due to IR were evaluated 
as 0.3939 ± 0.05 and 0.2339 ± 0.04 in IR and IRN groups, respectively. Infarct 
size was significantly reduced depending on Novokinin in IRN group compared 
to IR group (Figure 8). 

4. Discussion 

In our study, there was no difference between the groups in baseline BP values. 
Before the ischemia, during IR Novokinin, decreased MBP, SBP and DBP com- 
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Figure 6. The effects of Novokinin on NADPH oxidase levels, *: Significantly different 
from C group, **: Significantly different from IR group, (p < 0.05). Sham (C), Novokinin 
(N), Ischemia Reperfusion (IR), IR + Novokinin (IRN). 
 

 
Figure 7. The effects of Novokinin on Rhokinase levels. Sham (C), Novokinin (N), 
Ischemia Reperfusion (IR), IR + Novokinin (IRN). 
 

 
Figure 8. Effects of Novokinin on infarct size. *:Significantly different from IR group, (p 
< 0.05). Ischemia Reperfusion (IR), IR + Novokinin (IRN). 
 
pared to IR group. Increased NFκB, NADPH oxidase, HSP90, TLR-4 levels and 
the infarct size due to IR significantly reduced with Novokinin administration. 
Increases in ADMA and Rhokinase values decreased with Novokinin applica-
tion. 

Administration of Novokinin significantly decreased SBP values during IR, 
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DBP values in the onset of ischemia and MBP values except for the end of reper- 
fusion compared to the IR group in our study. In another study with Novokinin, 
Novokinin significantly lowered SBP in spontaneously hypertensive rats (SHRs), 
at a dose of 0.03 and 0.1 mg/kg after intravenous (i.v.) and oral administration, 
respectively, and the hypotensive activity was blocked by PD123319, an anta-
gonist of the AT2 receptor. In AT2 receptor-deficient mice, Novokinin did not 
reduce BP. These results demonstrate that the hypotensive activity of Novokinin 
is mediated by the AT2 receptor [18]. The hypotensive activity of Novokinin in 
SHRs was completely blocked by Indomethacin and CAY10441, an inhibitor of 
cyclooxygenase and an antagonist of the prostaglandin IP receptor, respectively. 
These suggest that the hypotensive activity is mediated by prostacyclin and the 
IP receptor downstream of the AT2 receptor [18]. Novokinin dilated intact me-
senteric artery isolated from SHRs dose-dependently above 10 µM. In endothe-
lium-denuded artery, it did not show relaxing activity, indicating that the activi-
ty is mediated by an endothelium-derived relaxing factor. The relaxing effect of 
Novokinin was significantly blocked by AT2 receptor antagonist PD123319 (100 
µM) suggests that the effects of vasodilator was mediated AT2 receptor [19]. The 
results of our study are similar to the literatures which showing hypotensive ef-
fect of Novokinin. 

NFκB levels were increased due to IR and significantly decreased with Novo-
kinin administration in our study. Studies conducted with different experimen-
tal models support that NFκB protects cells from death. Loss of one of subunits 
of NFκB decreases cellular death in IR model [20]. Detection of NFκB activation 
in myocardial tissue of patients with heart failure due to various reasons makes 
us thought that inflammatory pathways in development of heart failure are ac-
quired. It has been thought that NFκB promotes cardiovascular diseases via its 
proinflammatory, pro-adhesion and pro-oxidant gene transcription characteris-
tics in arteries.  

In our study, TLR-4 receptor level which increased due to IR was significantly 
decreased by Novokinin administration. Evidence concerning that TLR plays 
important roles in cardiovascular pathologies such as especially myocardial IR 
and atherosclerosis is getting increased [21]. It has been demonstrated that 
extracellular O2

- which develops due to Xantine oxidase in IR injury activates 
neutrophils and induced neutrophil-related proinflammatory response occurs 
via TLR-4-related mechanisms [22]. In a study conducted with mice, high level 
of TLR-4 expression was determined in ventricular muscle 4 days after MI and it 
was reported that protection against myocardial inflammatory injury occurs in 
TLR-4 knock-out mice [23]. In a study conducted with carvedilol, it was ex-
pressed that inflammation was suppressed in infarct area due to inhibition of 
NFκB and TLR-4 expression and cardioprotection occurred [24]. These results 
make us thought that TLR-4 plays a proinflammatory role in myocardial IR. 

HSP90 is regulator of eNOS and have shown its endothelial function, its role 
in NO release and its importance in terms of cardiovascular diseases. HSP90 le-
vels increased due to IR, and significantly decreased with Novokinin administra-
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tion in our study. In a study which was conducted with male and female patients 
who had coronary artery disease, it was determined that HSP90 levels in arteries 
of both male and female patients were much less compared to healthy individu-
als [25]. In a study conducted with Brown Norway and Dahl S rats, however, it 
was determined that eNOS-dependent HSP90 levels increased 2-fold after 
ischemia in Brown Norway rats, a decrease of 63% in infarct size and when 
blockade was performed with L-NMA, the infarct size was enlarged. These re-
sults have led to thought of that HSP90-eNOS couple increases NO synthesis 
and this, in turn, is the mechanism underlying why Brown Norway rats are more 
resistant to ischemia [26]. In swine IR model to which HSP90 was transfected, it 
was determined that a decrease of 33% occurred in infarct size within the 
ischemic area in which HSP90 expression existed [7].  

In our study, ADMA level which increased with IR, although it tended to de-
crease with administration of Novokinin, but this was not statistically signifi- 
cant. Mechanism of endothelial dysfunction induced by ADMA occurs through 
decrease of availability of vascular NO and increase of vascular O2

- levels [27]. In 
various experimental animal models and diseases, significant relationships have 
been established among increased ADMA level, increased oxidative stress and 
endothelial dysfunction. In a study containing 150 middle-aged individuals, it 
was demonstrated that increased ADMA levels increased risk for acute coronary 
artery disease 3.9-fold [28]. In mice for which different reperfusion times fol-
lowing 30-minute ischemia were applied, a significant accumulation of ADMA 
was determined in myocardial tissue and highest ADMA level was determined at 
4th hour of reperfusion. In mice for which oral L-Arginine was administered, re-
perfusion injury was decreased with 40% - 50% at 4th hour of reperfusion. It has 
been thought that ADMA exhibits its effects in reperfusion injury via decreasing 
activity and phosphorylation of eNOS, expression of adhesion molecules and 
leukocyte activity [29].  

No change in CAV-1 level which increased with IR was determined by Novo-
kinin administration. It has been observed that CAV-1 peptide is cardioprotec-
tive in myocardial IR and it exhibits this effect via an NO-mediated mechanism 
[30]. It has been determined that CAV-1 deficiency exacerbates cardiac dysfunc-
tion and decreases survival rate in rats that experienced myocardial infarction 
(MI] [8]. It has been reported that a decrease occurs in myocardial CAV-1 con-
tent following IR. CAV-1 peptides which were administration i.v. before 1 hour 
decreased neutrophilic infiltration and associated cardiac dysfunction. Also in 
the same study, it was determined that in the group to which CAV-1 was admi-
nistered, basal NO release was increased 2.2-fold compared to the controls. It 
has been thought that CAV-1 decreases neutrophilic infiltration and cardiac 
dysfunction by increasing endothelial NO release. Superoxide (O2

-) inhibition 
and increased NO release in coronary vascular bed exhibit protective effect of 
CAV-1 in IR [30]. Modulation of endogenous CAV-1 expression has been 
shown in ischemic renal failure, MI and cerebral ischemia [8]. It has been 
thought that caveolins provide cardiac protection via its effects such as prevent-
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ing eNOS inhibition, accelerating NO release, decreasing O2
- production, im-

proving post-ischemic left ventricular function and increasing superoxide dis-
mutase (SOD) activity [31]. 

NADPH oxidase levels increased significantly due to IR, but significantly de-
creased with administration of Novokinin in this study. It has been observed 
that activity and expression of NADPH oxidase increase in experimental left 
ventricular hypertrophy [32] and MI [33]. Whereas inhibition of NADPH oxi-
dase with Apocynin decreased myocardial oxidative stress and apoptosis, it im-
proved post-MI cardiac functions [34]. It has been demonstrated that NADPH 
oxidase cause ROS production in epithelial cells, vascular smooth muscle cells, 
cardiomyocytes and fibroblasts [35]. AII can induce the enzyme NADPH oxi-
dase via AT1 receptor and may exacerbate oxidative stress. Oxidative stress 
caused by interaction between RAAS and NADPH oxidase may have a key role 
in cardiovascular pathologies (atherosclerosis, diabetes, cardiac diseases, hyper-
tension). 

Rhokinase levels decreased with Novokinin administration but this decrement 
was not statistically significant our study. In an in vivo study condected with 
dogs, Fasudil, a Rhokinase inhibitor, which was administered prior to reperfu-
sion depressed development of MI by preventing endothelial dysfunction. Fasu-
dil exhibited its effect not only by preventing smooth muscle contractions but 
also by increasing eNOS synthesis [36]. In a study in which the role of RhoA and 
Rhokinase in acute myocardial IR injury was investigated, it was determined that 
RhoA expression was increased in ischemic myocardium with application of re-
perfusion for 24 hours following 30-minute ischemia and administration of oral 
Rhokinase inhibitor Y-27632 before 1 hour and following this, Rhokinase was 
activated. Y-27632 significantly inhibited Rhokinase activation which increased 
in IR and infarct size decreased by 41.1%. In the same study, it was determined 
that post-ischemic cardiac functions were increased with Y-27632 and inflam-
matory substances and apoptosis which were increased with IR were decreased. 
These results make us thought that Rhokinase has a vital role in myocardial IR 
injury [37]. Excessive RhoA/Rhokinase activity may lead to a decrease in NO 
synthesis and to endothelial dysfunction and RhoA/Rhokinase inhibitors to re-
verse this have made RhoA/Rhokinase pathway an important therapeutic target 
in cardiovascular treatment [38]. 

 Infarct size which developed due to IR was significantly reduced by Novoki-
nin administration. In an in vivo rat myocardial IR model which was conducted 
with Captopril, an ACE inhibitor and Losartan and PD123319, AT1 and AT2 
blockers, whereas Captopril and Losartan decrease infarct size by 30.50% and 
37.75%, respectively, it was not decreased by PD23319. It has been thought that 
AT2 receptor activation is potentially protective and may occur as against to ef-
fects of AT1 receptors [39]. In a study conducted with Candesartan which is an 
AT1 receptor antagonist and C21 which is non-peptide AT2 receptor agonist; it 
was determined that whereas no difference occurred between groups in terms of 
area of necrosis [40]. 
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5. Conclusion 

In conclusion, participation of Rhokinase, NADPH oxidase, ADMA, TLR-4, 
NFκB, CAV-1 and HSP90 levels to IR injury was determined in our study. It has 
been determined that Novokinin may contribute to protectiveness of reduction 
of BP during IR in infarct size, produce protective effects on endothelium via 
NO release by increasing eNOS activation with its effects on CAV-1 and HSP90 
levels, have a protective role in cardiovascular diseases by preventing RAAS-in- 
duced oxidative stress in endothelium with decreasing NADPH oxidase level 
which is an effective enzyme in ROS, exhibit an improving effect on endothelial 
dysfunction by decreasing increased ADMA level which is an endogenous NOS 
inhibitor and increases with oxidative stress and by decreasing oxidative stress 
and has a significant role also on cardiac contractility and eNOS through de-
creasing of Rhokinase expression. 
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