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Abstract
Background and Objective: Although many agents have successful clinical results in experimental studies in order to prevent
ischemia-reperfusion (I-R) injury, only a few of them have come into use clinically. In this study, the effects of ticagrelor-a new antiplatelet
agent on skeletal muscle viability and blood asymmetric dimethylarginine, malondialdehyde and glutathione levels after experimental
ischemia-reperfusion injury of lower limb have been analyzed. Materials and Methods: In this study, 21 male rats have been used. To
induce lower limbischemia surgically at the ischemia-reperfusion group (n = 7) and ticagrelor group (n = 7) it clamped Infrarenal
Abdominal Aorta (IAA) for 2 h after that were moved the clamp for reperfusion for 2 h. At the end of reperfusion, muscle tissue and blood
samples of the rats were taken by sacrificing and excising their soleus muscles. Histopathological search was made in tissue samples and
ADMA, MDA, GSH levels were studied in blood and muscle tissue. Results: The ADMA and MDA levels in blood and muscle tissue were
more increased on I-R group than control group. This increase was less in ticagrelor administered group. Blood GSH levels were
significantly more increased in the I-R group than control group. Compared to I-R group it was significantly decreased in ticagrelor group.
Increase of muscle tissue GSH level was more significant in I-R group than in control group. In ticagrelor group muscle tissue GSH level
was decreased significantly compared to I-R group. Conclusion: It was observed that ticagrelor reduces oxidant level and injury of
skeletal muscle at lower limb ischemia-reper fusion injury. It is observed that ticagrelor is protective against ischemia-reperfusion injury.
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development of ischemia reperfusion injury. But according to
our knowledge, it is not known whether ticagrelor, a new
antiplatelet agent, has a protective effect in ischemia
reperfusion injury. The aim of this study was to investigate
the effects of ticagrelor (a new antiplatelet agent) on skeletal
muscle viability and the levels of asymmetric dimethylarginine
(ADMA), malondialdehyde (MDA) and glutathione (GSH)
following lower extremity experimental ischemia-reperfusion
in a rat model.

INTRODUCTION
Microvascular dysfunction due to ischemia-reperfusion
(I-R) injury is a potentially serious problem that may
occur during various medical and surgical interventions,
such as thrombolytic therapy, coronary angioplasty and
cardiopulmonary bypass1. Oxidized metabolites are formed
by the return of the blood flow to normal after ischemia
enters into the bloodstream and spreads through the body,
thus leading to distant organ damage. It has been suggested
that oxygen free radicals are more likely to have a harmful
effect, which can kill some cells that are susceptible to
damage during ischemia.
The skeletal muscle plays an important role in the
development of ischemia-reperfusion injury, because it has a
large mass and is one of the tissues most susceptible to
ischemic injury2. The inflammatory response, which begins
with reperfusion in ischemic tissues, increases local damage.
Degradation products released from the damaged tissues
activate the coagulation process and cause microvascular
injury and thrombosis, resulting in widespread muscle
damage. Therefore, some studies have shown that high-dose
heparin may reduce the permeability changes, improve the
collateral flow and decrease the level of ischemic
demarcation3-5. It is known that there is a significant increase
in the mortality rate due to renal failure in the period
following ischemia-reperfusion injury in extremities. Here,
myoglobin or other toxic factors released from ischemic
tissues are considered to play an important role6. The lung,
liver, central nervous system, gastrointestinal system and
myocardial dysfunctions may also be found. Some
experimental studies have revealed that antioxidants,
antithromboxanes, antileukotrienes and antiplatelet activating
factors may be used to prevent systemic effects of
reperfusion7-9.
Asymmetric dimethylarginine (ADMA) impairs
endothelium-dependent vasorelaxation and increases blood
pressure by reducing NO levels via NOS inhibition10. Elevated
ADMA levels significantly contribute to the increased risk of
CVD. It is also known that ADMA increases and worsens
oxidative stress and triggers inflammation11,12.
Ticagrelor is a cyclo-pentyl-triazolo-pyrimidine (CPTP)
and a reversible oral P2Y12 receptor antagonist13. Both
thienopyridines and CPTPs act by blocking the P2Y12
receptor (one of two adenosine diphosphate (ADP) receptors
on platelets) to inhibit ADP-induced platelet activation and
aggregation14.
It has been reported in the literature that
antithrombositer agents may be effective in preventing the

MATERIALS AND METHODS
This study was conducted after it was approved by the
Local Ethics Committee (Decision Date: 12/03/2014 and
Decision No.: 2014/7/65). In this study, 21 male SpragueDawley rats (8-10 weeks old, 250±20 g) were used. The rats
were randomly divided into 3 groups (n = 7). They were
placed in special cages, with ambient temperatures of
24-26EC (constant temperature and ventilated rooms) and a
12:12 h light-dark cycle, under standard conditions before and
during the experiment. They were fed a standard rat pellet
diet and provided drinking water. Animal treatment and
maintenance were carried out in accordance with the
Principles of Laboratory Animal Care formulated by the
National Society for Medical Research and the Guide for the
Care and Use of Laboratory Animals, prepared by the Institute
of Laboratory Animal Resources (NIH publication No. 85-23,
revised 1985).
The rats in Group 3 were treated with 20 mg kgG1
Ticagrelor (BRILINTA, AstraZeneca) twice daily by oral gavage
for 1 week before experimental ischemia-reperfusion injury.
Preparation of subjects and operation technique:
Anesthesia was induced by the intramuscular administration
of ketamine hydrochloride (Ketalar, Pfizer, Groton, CT) at a
dose of 30 mg kgG1 and xylazine hydrochloride (Rompun;
Bayer, Leverkusen, Germany) at a dose of 3 mg kgG1. The rats
were monitored during anesthesia without the need for
respiratory support. The operation was performed in a supine
position under a heating lamp to prevent possible
hypothermia. The antiseptic solution was used to prepare the
skin before the operation. The laparotomy was performed
through midline abdominal incision. In the peritoneal cavity,
10 mL of warm saline was instilled to protect the fluid balance.
The abdominal aorta was reached by pulling the intestines
to the left side with a wet gauze. Before aortic clamping,
heparin
(Nevparin,
Mustafa
Nevzat
150 U kgG1
Pharmaceuticals) was administered intravenously via the
tail vein for 2 min. A non-traumatic microvascular clamp
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was inserted into the Infrarenal Abdominal Aorta (IAA) to
create a laboratory model of lower limb ischemia in the rats.
The absence of blood flow in the distal part of the clamp was
confirmed by a hand-held Doppler. The abdominal incision
was kept closed to minimize heat and fluid loss. Ischemia was
observed for 2 h. The abdomen was opened again following
occlusion. After the microvascular clamp in the infrarenal
abdominal aorta was removed, reperfusion was conducted
for 2 h. During the ischemia-reperfusion process with aortic
clamping, the absence of blood flow in the distal aorta during
clamping and the presence of blood flow in the distal aorta
after the removal of the clamp were confirmed by a hand-held
Doppler. After all rats were sacrificed under anesthesia,
following the experiment, the necessary blood and tissue
samples were taken15,16.

muscle tissue samples were scored semiquantitatively,
according to the criteria for necrosis, loss of muscular striae,
muscle fiber separation, edema and inflammation.
Biochemical analysis: The obtained blood samples were
taken into a normal biochemical tube, to analyze the ADMA
and MDA levels and into an EDTA tube, to analyze the GSH
level. The ADMA, MDA and GSH levels were examined in the
plasma, serum and whole blood, respectively. The results were
expressed as µmol LG1.
The tissue samples removed from a deep freezer on
the analysis day were divided into equal amounts (100 mg).
Tissue homogenates were prepared and injected into the
device. The AMDA, MDA and GSH levels were calculated by
measuring the peak area and were expressed as µmol gG1.
The Shimadzu HPLC device was used for ADMA, MDA and

Experimental model: The rats were randomly divided into

GSH measurements.

3 groups (n = 7):

EUREKA test kits were used for the ADMA assay in
C

Group 1 (Sham control group) (n = 7): Basal oxidant and

plasma. The IMMUCHROM test kits were used for the MDA
assay in serum and for the GSH assay in whole blood.

C

antioxidant parameters were obtained
Group 2 (Ischemia-reperfusion group) (n = 7): After the

Liquid Chromatography (HPLC) method17-19.

C

abdominal aorta was clamped by the surgical method,
ischemia was applied for 2 h. The microvascular clamp
in the infrarenal abdominal aorta was removed to provide
reperfusion. After lower limb reperfusion was conducted
for 2 h, the blood and tissue samples taken from the
sacrificed rats were examined biochemically and
histopathologically
Group 3 (Ticagrelor+ischemia-reperfusion group)
(n = 7): Ticagrelor was administered at 20 mg kgG1 twice

bi-directional variance analysis. In all analyses, p<0.05 was

daily by oral gavage for 1 week before experimental
ischemia-reperfusion injury. The microvascular clamp in
the infrarenal abdominal aorta was removed to provide
reperfusion. After lower limb reperfusion was conducted
for 2 h, the blood and tissue samples taken from the
sacrificed rats were examined biochemically and
histopathologically

considered statistically significant.

Measurements were conducted by the High-Performance

Statistical analysis: Biochemical values were expressed as
the mean with Standard Error (SE). Statistical analyzes and
graphs were made using SPSS 21.0 and Sigma Plot 8.0
programs, respectively. The bi-directional variance analysis
and chi-square test were used for statistical analysis.
The Tukey's test was used for post-hoc calculation of the

In the experimental groups, histopathologic scoring was
performed, according to histopathologic features, such as
necrosis, loss of muscular striae, muscle fiber separation,
edema and inflammation. All data analyses were performed
with SPSS 21.0 and Sigma Plot 8.0 package programs.
Continuous independent variables with normal distribution
were analyzed by the Mann-Whitney U-test. A p-value of

Histopathological techniques: The obtained muscle tissue

<0.05 was considered statistically significant.

samples were delivered to the Department of Medical
Pathology of the F2rat University, Faculty of Medicine for
histopathological examination. All prepared slides were
evaluated microscopically using the Olympus BX-51
microscope of the same pathologist, who was unaware of the
experimental groups. They were photographed with an
Olympus DP-71 digital camera.
At least two different sections were examined in each

RESULTS
ADMA, MDA and GSH values obtained from blood samples:
The ADMA value was significantly higher statistically in the
I-R group than in the control group (p = 0.001). There was no
significant increase in the ticagrelor group, compared to the
control group (p = 0.08).

sample. The skeletal muscle viability of all slides containing
488
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The MDA value was significantly higher statistically in

The GSH-R value was significantly higher statistically

the I-R group than in the control group (p = 0.001). There

in the I-R group than in the control group (p = 0.001). The

was no significant increase in the ticagrelor group, compared

GSH-R value was significantly lower statistically in the

to the control group (p = 0.09).

ticagrelor group than in the I-R group (p = 0.001). However,

The GSH-T value was significantly higher statistically in

there was no significant increase in the ticagrelor group,

the I-R group than in the control group (p = 0.001). The

compared to the control group (p = 0.94).

GSH-T value was significantly lower statistically in the

The ADMA, MDA and GSH levels obtained from muscle

ticagrelor group than in the I-R group (p = 0.03). The GSH-T

samples are shown in Table 2.

value was significantly higher statistically in the ticagrelor
group than in the control group (p = 0.007).

Histopathological

The GSH-R value was significantly higher statistically in

evaluation:

According

to

the

histopathological results, necrosis was not observed in any

the I-R group than in the control group (p = 0.001). The GSH-R

group.

value was significantly lower statistically in the ticagrelor

In the statistical analysis performed to determine the

group than in the I-R group (p = 0.01). The GSH-R value was

loss of muscular striae, the loss of muscular striae was

significantly higher statistically in the ticagrelor group than in

significantly higher statistically in the I-R group than in the

the control group (p = 0.006).

control group (p = 0.001). Similarly, the loss of muscular striae

The ADMA, MDA and GSH levels obtained from blood

was significantly higher statistically in the ticagrelor group

samples are shown in Table 1.

than in the control group (p = 0.007). However, the loss of
muscular striae was significantly lower statistically in the

ADMA, MDA and GSH values obtained from muscle

ticagrelor group than in the I-R group (p<0.01).

samples: The ADMA value was significantly higher statistically

In the statistical analysis performed to determine the

in the I-R group than in the control group (p = 0.001). The

muscle fiber separation, the muscle fiber separation was

ADMA value in the ticagrelor group and the control group

significantly higher statistically in the I-R group than in the

were similar (p = 0.99).

control group (p = 0.001). Similarly, the muscle fiber

The MDA value was significantly higher statistically in

separation was significantly higher statistically in the ticagrelor

the I-R group than in the control group (p = 0.001). The MDA

group than in the control group (p = 0.023). However, the

value was higher in the ticagrelor group than in the control

muscle fiber separation was significantly lower statistically in

group. However, there was no significant increase in the

the ticagrelor group than in the I-R group (p = 0.01).
In the statistical analysis performed to determine the

ticagrelor group, compared to the control group (p = 0.2).
The GSH-T value was significantly higher statistically

edema, the edema was significantly higher statistically in

in the I-R group than in the control group (p = 0.001). The

the I-R group than in the control group (p = 0.002). Similarly,

GSH-T value was significantly lower statistically in the

the edema was significantly higher statistically in the

ticagrelor group than in the I-R group (p = 0.001). However,

ticagrelor group than in the control group (p = 0.037).

there was no significant increase in the ticagrelor group,

However, the edema was significantly lower statistically in

compared to the control group (p = 0.6).

the ticagrelor group than in the I-R group (p = 0.03).

Table 1: ADMA, MDA and GSH values in rat blood samples
Parameters

Control group (n = 7)

I-R group (n = 7)

Ticagrelor grubu (n = 7)

ADMA (µmol LG1)

0.29±0.0262

0.64±0.058* (p = 0.001)

0.42±0.039+ (p = 0.007)

MDA (µmol LG1)

0.57±0.0436

1.48±0.114* (p = 0.001)

0.82±0.053+ (p = 0.001)

GSH-T (µmol LG1)

1003.85±61.288

1468.85±47.515* (p = 0.001)

1263.57±47.818+;* (p = 0.033, p = 0.007)

1

1183.00±43.127

1757.14±45.862* (p = 0.001)

1377.85±23.193+,* (p = 0.001, p = 0.006)

GSH-R (µmol/ LG )

*p<0.05 compared with control group, +: p<0.05 compared with I-R group
Table 2: ADMA, MDA and GSH values in rat muscle tissue specimens
Parameters

Control group (n = 7)

I-R group (n = 7)

Ticagrelor group (n = 7)

ADMA (µmol gG1)

0.08±0.078

0.40±0.044* (p = 0.001)

0.08±0.051+ (p = 0.001)

MDA (µmol gG1)

0.33±0.098

0.85±0.112* (p = 0.001)

0.42±0.119+ (p = 0.001)

GSH-T (µmol gG1)

530.14±131.117

815.71±47.908* (p = 0.001)

577.14±102.910+ (p = 0.001)

GSH-R (µmol gG1)

746.00±166.564

918.57±76.478* (p = 0.02)

765.71±49.280+ (p = 0.04)

*p<0.05 compared with control group, +: p<0.05 compared with I-R group
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Table 3: Histopathological examination of rat muscle tissue
Parameters

Control group (n = 7)

I-R group (n = 7)

Ticagrelor group (n = 7)

Necrosis
Loss of muscle fibers
Splitting in muscle fibers
Edema
Inflammation

0.00
0.00
0.00
0.00
0.00

0.00
1.57±0.53* (p = 0.001)
1.57±0.53* (p = 0.001)
1.42±0.53* (p = 0.002)
0.14±0.37

0.00
0.71±0.48*,+ (p = 0.007, p = 0.01)
0.57±0.53*,+ (p = 0.023, p = 0.01)
0.71±0.48*,+ (p = 0.037, p = 0.03)
0.00

*p<0.05 compared with control group, +: p<0.05 compared with I-R group

Fig. 1: Light microscopic appearance of normal soleus. Ovary
skeletal cells and peripheral oval nuclei (HE, X400)

Fig. 3: Ischemia-reperfusion group, streak in gloss and edema
(HE, X200)

Fig. 2: Ischemia-reperfusion group; edema, loss of streaking
and separation in muscle fibers, (HE, X400)

Fig. 4: Ticagrelor group; decrease in edema and separation in
muscle fibers (HEX400)

There was no statistically significant difference between
the three groups in terms of inflammation.
According to the histopathological results, the loss of
muscular striae, muscle fiber separation and edema were
significantly higher statistically in the ticagrelor and I-R groups
than in the control group. However, the loss of muscular striae,
muscle fiber separation and edema were significantly lower
statistically in the ticagrelor group than in the I-R group
(p<0.05). The histopathological data are shown in Table 3.

The slides prepared from rat muscle tissues were
evaluated microscopically using an Olympus BX-51
microscope. The obtained images were photographed with
an Olympus DP-71 digital camera (Fig. 1-4).
DISCUSSION
In this experimental study, investigating the effects of
ticagrelor on skeletal muscle viability and the levels of ADMA,
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I-R groups, compared with those in the control group, the
administration of ticagrelor reduced this increase by a
statistically significant degree.
In our study, the GSH level was significantly higher in the
I-R group than in the control group. The GSH level was
higher in the ticagrelor group than in the control group,
although the GSH level was lower in the ticagrelor group
than in the I-R group. In the ischemia-reperfusion group,
GSH increased compensatory, whereas in the ticagrelor
treated group GSH may be reduced due to decreased
oxidative stress. This result may confirmed that ticagrelor
reduces oxidative stress in ischemia reperfusion injury.
In a study by creating an experimental ischemiareperfusion model in rats, the effect of clopidogrel was
investigated. The right lower extremity circulation was
blocked for 6 h at the trochanter major level and then
reperfused for 4 h. It has been observed that ischemiareperfusion caused free radical production with a
compensatory decrease in GSH levels and SOD activity and
pretreatment with clopidogrel prevented these changes28.
The MDA was reduced in our study similarly, on the other
hand GSH was reduced in our study and this is the difference
between two studies. These differences can be caused by
differences in drugs, ischemia-reperfusion procedure or
differences in sample tissues. In a study conducted in rabbits
by applying the ischemia reperfusion model, the suprarenal
aorta was clamped for 30 min. Oxidative stress-related
parameters such as SOD, MDA and catalase, myocardial
damage and edema were decreased in the iloprost treated
group29. Iloprost, prostacyclin (PgI 2) is a stable analogue
with long-term action30. It showed cell-protective effects of
prostacyclin through several mechanisms such as inhibition
of leucocyte activation, reduction in thrombocyte aggregation
and vasodilatation31.
In the histopathological evaluation of the groups, it was
shown that there was a significant difference between the
control, I-R and ticagrelor groups in terms of loss of muscular
striae, muscle fiber separation and edema in the soleus
muscle. This damage was found to be lower in the ticagrelor
group, compared to the I-R group. The antiaggregant effect
of ticagrelor may also reduce oxidative stress and related
parameters by suppressing the inflammatory response. Thus,
the development of tissue damage may be less.

MDA and GSH following lower extremity experimental
ischemia-reperfusion in a rat model, the vascular occlusion
technique was used by clamping the infrarenal abdominal
aorta, with the help of a microvascular clamp, in order to
create ischemia20,21. The authors advocated the tourniquet
method, since it is non-invasive and easy to apply22,23,
although the tourniquet method was not preferred in this
study, because it can cause venous and lymphatic occlusion
as well as muscle and nerve damage due to prolonged
mechanical compression and it does not create a clear
ischemia condition.
The protective effect of ticagrelor against oxidative
stress-related parameters such as MDA, ADMA, GSH and the
development of ischemia-reperfusion injury was first
investigated in this study.
An experimental study, rats in the drug group, before the
day of the experiment for five days 50 mg/day ticlopidin,
orogastric tube given twice a day by preconditioning was
created. In the study, the right lower extremities of the rats
were fixed with a tourniquet at the hip joint and only 4 h of
ischemia in 1 group and 4 h of ischemia in the other groups
followed by 2 h of reperfusion. As a result of the study,
Enkaya et al.24 found that lower extremity damage caused
by lower extremity damage after 2 h of ischemia of the
lower extremities and the antithrombotic agent, ticlopidine,
prevented this. Kiris et al.25 investigated renal injury in the
infrarenal aortic ischemia reperfusion model. About 30 min
of ischemia and 60 min of reperfusion with ischemia
reperfusion injury in the distal organs proximal to the
occlusion of MDA levels and antioxidant enzyme activity
were determined by the increase.
In cases where oxidative stress increases in the body,
ADMA levels increase. The number of studies showing a
close relationship between the oxidant/antioxidant system
and ADMA has been increasing steadily26. Prolonged
exposured to ADMA may increase atherogenesis and cause
hypertensive damage to target organs. Prolonged NOS
inhibition by ADMA may lead to left ventricular hypertrophy.
In a study on experimental animals, the protective
effects of trapidil were investigated after abdominal aortic
occlusion and reperfusion injury in the lung. As a result of
histopathological and biochemical evaluations, MDA, PMN
infiltration, interstitial edema and hemorrhagic score were
significantly decreased in the group exposured trapidil27. It
has been discussed that trapidil with its vasodilatator, NO
release, inhibition of thrombocyte aggregation effects might
have some potential to diminish the tissue injury27. In the
current study, it was observed that, although ADMA and
MDA levels were significantly increased in the ticagrelor and

CONCLUSION
As a result, the full understanding of the mechanism of
ischemia-reperfusion injury will help to prevent damage
quickly and properly. Our study has revealed that ticagrelor
491
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6.

decreases oxidant levels and skeletal muscle injury by a
statistically significant degree in lower extremity ischemiareperfusion injury. However, there is a need for new and more
extensive experimental studies to fully elucidate the
mechanisms that mediate this beneficial effect. If the results
of large-scale studies to be performed onthis subject support
our study, it is thought to provide great benefits in daily
clinical use.
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8.

SIGNIFICANCE STATEMENT

9.

Today, many treatment strategies have been developed
to prevent and reduce ischemia-reperfusion injury. Despite
improvements in cardiovascular surgical techniques and early
postoperative follow-up, ischemia-reperfusion injury,
following aortic interventions, is a serious problem affecting
postoperative morbidity and mortality. The most appropriate
strategy for treatment is still a matter of debate. One of the
important points leading to the progression of tissue damage
depends on the inflammatory mediators that form due to
coagulation. It has observed that ticagrelor reduces oxidant
level and injury of skeletal muscle at lower limb ischemiareperfusion injury. More extensive studies should be
performed to scientifically determine ticagrelor's potential to
reduce ischemia-reperfusion injury. It is thought that ticagrelor
may have protective effects against ischemia-reperfusion
injury as a clinical agent and may be included in the treatment
strategies.

10.

11.
12.

13.

14.

REFERENCES
1.

2.

3.
4.

5.

15.

Franz, A., M. Behringer, J.F. Harmsen, C. Mayer, R. Krauspe,
C. Zilkens and M. Schumann, 2018. Ischemic preconditioning
blunts muscle damage responses induced by eccentric
exercise. Med. Sci. Sports Exercise, 50: 109-115.
Shen, S.Q., Y. Zhang, J.J. Xiang and C.L. Xiong, 2007. Protective
effect of curcumin against liver warm ischemia/reperfusion
injury in rat model is associated with regulation of heat shock
protein and antioxidant enzymes. World J. Gastroenterol.,
13: 1953-1961.
Kalogeris, T., C.P. Baines, M. Krenz and R.J. Korthuis, 2017.
Ischemia/reperfusion. Compr. Physiol., 7: 113-170.
Giustino, G. and G.D. Dangas, 2017. Ischemia-reperfusion
injury and ischemic post-conditioning in acute myocardial
infarction: Lost in translation. Catheteriz. Cardiovasc.
Intervent., 90: 1068-1069.
Becker, M., M.D. Menger and H.A. Lehr, 1994. Heparinreleased superoxide dismutase inhibits postischemic
leukocyte adhesion to venular endothelium. Am. J. Physiol.Heart Circ. Physiol., 267: H925-H930.

16.

17.

18.

19.

20.

492

Carden, D.L. and D.N. Granger, 2000. Pathophysiology of
ischaemia-reperfusion injury. J. Pathol., 190: 255-266.
Loubele, S.T.B.G., H. ten Cate and H.M.H. Spronk, 2010.
Anticoagulant therapy in critical organ ischaemia/reperfusion
injury. Thromb. Haemost., 104: 136-142.
Castillo, R., R. Rodrigo, F. Perez, M. Cereceda and
R. Asenjo et al., 2011. Antioxidant therapy reduces oxidative
and inflammatory tissue damage in patients subjected to
cardiac surgery with extracorporeal circulation. Basic Clin.
Pharmacol. Toxicol., 108: 256-262.
Neuzil, J., B.S. Rayner, H.C. Lowe and P.K. Witting, 2005.
Oxidative stress in myocardial ischaemia reperfusion injury: A
renewed focus on a long-standing area of heart research.
Redox Rep., 10: 187-197.
Pitocco, D., F. Zaccardi, E. Di Stasio, F. Romitelli and
F. Martini et al., 2009. Role of asymmetric-dimethyl-L-arginine
(ADMA) and nitrite/nitrate (NOx) in the pathogenesis of
oxidative stress in female subjects with uncomplicated type
1 diabetes mellitus. Diabetes Res. Clin. Pract., 86: 173-176.
Sydow, K. and T. Munzel, 2003. ADMA and oxidative stress.
Atheroscl. Suppl., 4: 41-51.
Mookerjee, R.P., R.N. Dalton, N.A. Davies, S.J. Hodges,
C. Turner, R. Williams and R. Jalan, 2007. Inflammation is an
important determinant of levels of the endogenous nitric
oxide synthase inhibitor Asymmetric Dimethylarginine
(ADMA) in acute liver failure. Liver Transplant., 13: 400-405.
Van Giezen, J.J.J. and R.G. Humphries, 2005. Preclinical and
clinical studies with selective reversible direct P2Y12
antagonists. Semin. Thrombosis Haemostasis, 31: 195-204.
Storey, R.F., 2006. Biology and pharmacology of the platelet
P2Y12 receptor. Curr. Pharmaceut. Des., 12: 1255-1259.
Oxburgh, L. and M.P. de Caestecker, 2012. Ischemiareperfusion injury of the mouse kidney. Methods Mol. Biol.,
886: 363-379.
Kosieradzki, M. and W. Rowinski, 2008. Ischemia/reperfusion
injury in kidney transplantation: mechanisms and prevention.
Transplant. Proc., 40: 3279-3288.
Snyder, L.R., J.J. Kirkland and J.L. Glajch, 1997. Practical HPLC
Method Development. 2nd Edn., John Willey and Sons,
Hoboken, NJ., USA., ISBN-13: 9780471007036, Pages: 800.
Simoni, R.D., R.L. Hill and M. Vaughan, 2002. The use of
chromatography in biochemistry. J. Biol. Chem., Vol. 277,
No. 40.
Miller, C.E., 2003. Gastrointestinal and Pancreatic Function.
In:
Clinical Chemistry: Concepts and Applications,
Anderson, S.C. and S. Cockayne (Eds.). Chapter 32,
McGraw-Hill, New Yotk, USA., ISBN-13: 9780071360470,
pp: 557-578.
Chang, W.C. and F.L. Hsu, 1989. Inhibition of platelet
aggregation and arachidonate metabolism in platelets by
procyanidins. Prostagland. Leukotrienes Essent. Fatty Acids,
38: 181-188.

Int. J. Pharmacol., 15 (4): 486-493, 2019
21. Abd-Elfattah, A.S., M.E. Jessen, J. Lekven and A.S. Wechsler,
1998. Differential cardioprotection with selective inhibitors of
adenosine metabolism and transport: Role of purine release
in ischemic and reperfusion injury. Mol. Cell. Biochem.,
180: 179-191.
22. Vollmar, B. and M.D. Menger, 2011. Intestinal
ischemia/reperfusion: microcirculatory pathology and
functional consequences. Langenbeck's Arch. Surg.,
396: 13-29.
23. Jennings, R.B., 2013. Historical perspective on the pathology
of myocardial ischemia/reperfusion injury. Circ. Res.,
113: 428-438.
24. Enkaya, I., B. Okten, D. Saba, H. Guven and M. Dirican et al.,
1999. [Ticlopidin on redicing ischemia reperfusion injury in
scaletal muscle]. Turk Gogus Kalp Damar Cerahisi Dergisi,
7: 405-410, (In Turkish).
25. Kiris, I., H. Okutan, C. Savas, Z. Yonden and N. Delibas, 2005.
[The effect of gadolinium chloride on renal injury in the
model of experimental aortic ischemia-reperfusion]. Turk.
J. Vasc. Surg., 14: 13-18, (In Turkish).
26. Kahraman, A., E. Mutlu and M. Aldag, 2017. ADMA, SDMA and
L-arginine may be novel targets in pharmacotherapy for
complications due to cardiopulmonary bypass. J. Med.
Biochem., 36: 8-17.

27. Somuncu, S., M. Cakmak, S. Erdogan, O. Caglayan and
F. Caglayan et al., 2005. Protective effects of trapidil in lung
after abdominal aorta induced ischemia-reperfusion injury:
An experimental study. Pediatr. Surg. Int., 21: 983-988.
28. Kanko, M., H. Maral, M.H. Akbas, M. Ozden and S. Bulbul et al.,
2005. Protective effects of clopidogrel on oxidant damage
in a rat model of acute ischemia. Tohoku J. Exp. Med.,
205: 133-139.
29. Iriz, E., A. Iriz, G. Take, H. Ozgul and L. Oktar et al., 2015.
Iloprost and vitamin C attenuates acute myocardial injury
induced by suprarenal aortic ischemia-reperfusion in rabbits.
Bratislava Med. J., 116: 627-631.
30. Thomson, L.A., S. Egginton, M.H. Simms and O. Hudlicka,
1996. Effect of muscle ischaemia and iloprost during
femorodistal reconstruction on capillary endothelial swelling.
Int. J. Microcirc., 16: 284-290.
31. Granger, D.N. and P. Kubes, 1994. The microcirculation and
inflammation: Modulation of leukocyte endothelial cell
adhesion. J. Leukocyte Biol., 55: 662-675.

493

