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ÖZ
Amaç: Bu çalışmada, uzun bir reperfüzyon süresinden sonra iskemi-
reperfüzyon hasarına karşı klopidogrel ve rivaroksaban karşılaştırıldı ve 
çeşitli dokular üzerindeki etkileri araştırıldı.

Ça­lış­ma pla­nı: Toplamda 40 Wistar sıçan çalışmaya dahil edildi ve 
rastgele dört gruba ayrıldı (grup başına n=10). Gruplar şu şekilde 
belirlendi: kontrol (Grup 1), sham (Grup 2), klopidogrel ön tedavisi 
(Grup 3) ve rivaroksaban ön tedavisi (Grup 4). Grup 2, 3 ve 4'te 
sıçanların arka bacaklarında iskemi (6 saat) ve reperfüzyon (8 saat) 
indüklendi. Oksidan (malondialdehit) ve antioksidanları (glutatyon, 
süperoksit dismutaz ve nitrik oksit) çalışmak için, deneklerin iskemik 
kas, kalp, böbrek, karaciğer ve plazma dokuları incelendi.

Bulgular: Malondialdehit sham grubunda tüm dokularda kontrollere 
kıyasla anlamlı düzeyde yüksekti. Klopidogrel ve rivaroksaban ön 
tedavisi sham grubun kalp, iskemik kas, karaciğer ve kan dokularında 
malondialdehit düzeylerini anlamlı düzeyde düşürdü. Böbrek 
malondialdehit düzeyleri, yalnızca rivaroksaban ile azaldı. Grup 4’te, 
Grup 3'e kıyasla, iskemik kasta malondialdehit anlamlı düzeyde 
düşük bulundu (p<0.010). Böbrekte glutatyon düşüşü, sham grubuna 
kıyasla, yalnızca Grup 4 için anlamlıydı (p<0.050). Klopidogrel 
ve rivaroksaban ön tedavisi ile nitrik oksit düzeyleri, yalnızca kalp 
dokusunda sham grubuna kıyasla anlamlı düzeyde azaldı (sırasıyla 
p<0.001 ve p<0.050).

So­nuç: Çalışma sonuçları, rivaroksaban ve klopidogrelin kalp, iskemik 
kas, karaciğer ve kandaki iskemi-reperfüzyon hasarını azaltmada etkili 
olduğunu göstermektedir. Ayrıca rivaroksaban böbrekleri korur ve 
iskemik kas korumasında klopidogrelden üstündür.
Anah­tar söz­cük­ler: Hayvan deneyi, klopidogrel, iskemi, reperfüzyon hasarı, 
rivaroksaban.

ABSTRACT
Background: This study aims to compare clopidogrel and rivaroxaban 
against ischemia-reperfusion injury after a long reperfusion time and to 
investigate its effects on various tissues.

Methods: A total of 40 Wistar rats were included in the study and were 
randomly divided into four groups (n=10 per group). Groups were defined 
as follows: control (Group 1), sham (Group 2), clopidogrel pre-treatment 
(Group 3), and rivaroxaban pre-treatment (Group 4). Ischemia (6 h) and 
reperfusion (8 h) were induced at the lower hind limb in Groups 2, 3, and 4. 
The ischemic muscle, heart, kidney, liver, and plasma tissues of the subjects 
were obtained to test for the oxidant (malondialdehyde) and antioxidants 
(glutathione, superoxide dismutase, and nitric oxide).

Results: Malondialdehyde levels were significantly higher in the 
sham group, compared to the controls in all tissues. Clopidogrel and 
rivaroxaban pre-treatment significantly decreased malondialdehyde 
levels, compared to the heart, ischemic muscle, liver, and blood tissues 
of the sham group. Kidney malondialdehyde levels were reduced only 
by rivaroxaban. Group 4 had significantly decreased malondialdehyde 
levels, compared to Group 3 in ischemic muscle (p<0.010). The 
glutathione reduction, compared to sham group, in the kidney was only 
significant for Group 4 (p<0.050). With clopidogrel and rivaroxaban pre-
treatment, nitric oxide levels significantly decreased only in the heart 
tissue, compared to sham group (p<0.001 and p<0.050, respectively).

Conclusion: The study results suggest that rivaroxaban and clopidogrel 
are effective in reducing ischemia-reperfusion injury in the heart, 
ischemic muscle, liver, and blood. Rivaroxaban also protects the kidneys 
and is superior to clopidogrel in ischemic muscle protection.
Keywords: Animal experiment, clopidogrel, ischemia, reperfusion injury, 
rivaroxaban.
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Reperfusion of ischemic tissue is known as 
ischemia-reperfusion (I/R).[1] Inflammatory mediators 
and toxic oxygen products generated during I/R may 
cause damage both locally and in remote organs, and 
I/R conditions are usually seen in vascular diseases. 
Rivaroxaban is used to prevent arterial embolism and 
has a debated place in peripheral vascular disease 
treatment, while clopidogrel is used in peripheral 
vascular disease, and both drugs are prescribed 
to prevent acute limb ischemia.[2-4] However, acute 
arterial occlusion can occur, even if these drugs are 
administered for thromboprophylaxis, and reperfusion 
is essential for tissue survival.[5] It is well-known that 
systemic inflammation after reperfusion becomes 
more severe over time, and a nine-fold increase of 
interleukin (IL)-6 has been demonstrated after three 
h of reperfusion, compared to a one h reperfusion.[1,6] 
Clinically, multiorgan dysfunction manifests after 
24 h of I/R.[7]

There are limited reports of rivaroxaban or 
clopidogrel treatments preventing I/R injury induced 
by an ischemic extremity in rats with a reperfusion 
time varying between 30 min and four h.[5,8-10] To the 
best of our knowledge, only a study by Demirtas et al.[5] 
compared the effects of rivaroxaban and clopidogrel 
on I/R injury and the blood, heart, and kidney tissues 
after six h of ischemia and one h of reperfusion were 
examined. However, no comparison including ischemic 
muscle and the liver has yet been made.

In the present study, we aimed to compare the 
effect of pre-treatment with rivaroxaban or clopidogrel 
on ischemic muscle, heart, kidneys, liver, and plasma 
by measuring levels of the oxidant malondialdehyde 
(MDA) and the antioxidants glutathione (GSH), 
superoxide dismutase (SOD), and nitric oxide (NO) 
after ischemia for a longer reperfusion time (8 h).

MATERIALS AND METHODS
This study was carried out after approval was 

obtained from the Kocaeli University Experimental 
Animals Ethical Committee (KOÜ HADYEK 
3/6-2013). A total of 40 male Wistar rats, 8 to 12 weeks 
old with a mean weight of 350±37 g were included 
in the study. All rats were kept in an appropriate 
humidity (50±5%) and temperature condition (22±2°C) 
under a 12:12 hour light/dark cycle. The rats were 
randomly divided into four equal groups of 10 rats 
each. All rats were given distilled water and standard 
rat chow. The rats in the control group (Group 1) 
were used to collect baseline values without I/R. In 
the sham group (Group 2), I/R was initiated to obtain 
the results of I/R without pre-treatment. The rats in 

the clopidogrel pre-treatment group (Group 3) were 
administered 0.2 mg/kg/day clopidogrel, and those in 
the rivaroxaban pre-treatment group (Group 4) were 
administered 3 mg/kg/day rivaroxaban, all via oral 
gavage for 10 days before I/R induction.[8,10] At the 
end of 10 days, the rats were anesthetized with ether, 
and ischemia was initiated by blockade of circulation 
of the right lower extremity at the trochanter major in 
Groups 2, 3, and 4 as described in previous studies.[8,9] 
Ischemia was confirmed by Doppler ultrasonography 
(MD2, Huntleigh Diagnostics Ltd., South Glamorgan, 
UK). Following six h of ischemia, reperfusion was 
allowed by means of tourniquet removal in the right 
lower extremity. Reperfusion was also confirmed by 
Doppler ultrasound scan. After reperfusion for eight h, 
all rats were sacrificed for investigation.

Blood samples were collected intracardially. 
Tissues were washed by administration of 100 mL 0.9% 
NaCl per rat. The liver, heart, kidney, and ischemic 
muscle tissues were extracted and homogenized in 
cold Tris-HCl buffer (pH 7.4). The blood, liver, heart, 
kidneys, and ischemic muscles were, then, used 
to collect measurements of the oxidant parameter 
MDA and the antioxidant parameters GSH, SOD, 
and NO. Plasma and tissue lipid peroxide levels, 
expressed in terms of MDA, were determined 
according to the method described by Buege and 
Aust[11] and expressed in nmoL/100 mg protein. 

Serum and tissue GSH levels were measured with 
5,5’-dithiobis (2-nitrobenzoate) at 412 nm, according 
to the method described by Ellman, and expressed 
in nmoL/mg protein.[12] Total NO metabolites were 
calculated by summing nitrate (reduced to nitrite on 
exposure to cadmium granules) and nitrite levels, 
detected calorimetrically using the Griess reaction, 
and expressed in nmoL/100 mg protein.[13] Serum 
and tissue SOD levels were measured using an SOD 
ELISA assay kit (Cayman Chemical Company, Ann 
Arbor, MI, USA). Protein concentrations of tissue 
homogenates were determined using the method 
described by Lowry et al.[14]

Statistical analysis

Statistical analysis was performed using the 
GraphPad Prism 3.0 (GraphPad Inc., CA, USA) and 
IBM SPSS version 19 software (IBM Corp., Armonk, 
NY, USA). The data were expressed in mean ± 
standard deviation (SD). All data were tested for normal 
distribution. The analysis of variance (ANOVA) (post-
test Tukey’s multiple comparison test) was used to 
evaluate the data. A p value of <0.05 was considered 
statistically significant.
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RESULTS
Malondialdehyde
The MDA levels in all tissues and the paired 

comparisons among the groups are shown in Table 1. 
Statistical analysis revealed a significant increase in 
the MDA levels in all tissues in the sham group, 
compared to the control group. In the clopidogrel 
pre-treatment group, the increase in the MDA in 
blood was not significant compared to baseline values 
(p>0.050). In the rivaroxaban pre-treatment group, 
the increase in the MDA in the ischemic muscle, 
kidneys, and blood was not significant compared to 
baseline values. However, in the paired analysis among 
the control group and the treatment groups for the 

remaining tissues, a significant increase in the MDA 
was observed.

Paired analysis of the MDA levels in the treatment 
groups and the sham group were made. In the 
clopidogrel pre-treatment group, MDA was lower 
in kidney tissue, but not significant compared to 
sham (p>0.050). On the other hand, the rivaroxaban 
pre-treatment group had significantly decreased 
kidney MDA levels, compared to the sham group 
(p<0.010). In the clopidogrel and rivaroxaban pre-
treatment, MDA levels significantly decreased in 
all the remaining tissues. The rivaroxaban group 
had significantly lower MDA levels, compared to 
the clopidogrel group (p<0.010) in ischemic muscle, 

Table 1. Malondialdehyde results

Group 1 Group 2 Group 3 Group 4 Group 1 vs. 3§ Group 1 vs. 4§

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Heart 46.9±16.4* 99.8±46.9 61.7±15.9† 62.6±23.8‡ <0.01 <0.05

Ischemic muscle 20.2±16.1** 58.1±16.4 40.4±10.1† 23.6±7.0‡‡‡ <0.01 >0.05

Kidney 30.5±12.2** 66.4±22.4 56.2±17.6 40.8±7.6‡‡ <0.01 >0.05

Liver 22.9±14.8** 63.4±33.8 43.1±17.3† 44.9±14.4‡ <0.05 <0.05

Blood 0.5±0.1* 0.6±0.0 0.5±0.0 ††† 0.54±0.0‡‡‡ >0.05 >0.05
SD: Standard deviation; Passed the normality tests conducted using ANOVA and Tukey’s multiple comparison tests; Heart, ischemic muscle, kidney, liver 
(nmoL/100 mg protein), and blood (µmol/L) MDA levels.
For paired comparison of sham with Groups 1, 3, and 4, p values are:
Group 1 vs. Group 2: * <0.010; ** <0.001;
Group 2 vs. Group 3: † <0.050; †† <0.010; ††† <0.001;
Group 2 vs. Group 4: ‡ <0.050; ‡‡ <0.010; ‡‡‡ <0.001; (comparisons without notations are statistically not significant [p>0.05]).
§ P values.
Group 1: Control group; Group 2: Sham group; Group 3: Clopidogrel pre-treatment group; Group 4: Rivaroxaban pre-treatment group.

Table 2. Superoxide dismutase results

Group 1 Group 2 Group 3 Group 4 Group 1 vs. 3§ Group 1 vs. 4§

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Heart 129.6±21.8** 90.8±40.4 36.8±8.9††† 52.9±9.6‡‡ <0.001 <0.001

Ischemic muscle 214.4±33.0* 170.1±40.6 154.5±23.5 126.4±18.4‡ <0.001 <0.001

Kidney 142.6±39.2*** 43.0±11.5 33.9±9.5 30.9±7.7‡ <0.001 <0.001

Liver 44.6±11.2*** 26.3±11.0 24.1±5.7†† 28.6±9.3‡ <0.001 <0.01

Blood 63.4±5.5* 52.1±9.0 39.2±8.2†† 40.2±8.0‡ <0.001 <0.001
SD: Standard deviation; Passed normality test. The ANOVA test and Tukey’s multiple comparison test were used; Heart, ischemic muscle, kidney, liver (U/100 
mg protein) and blood (U/mL) SOD levels.
For paired comparison of sham with Groups 1, 3 and 4 p values are :
Group 1 vs. Group 2: * <0.05; ** <0.01; *** <0.001;
Group 2 vs. Group 3: †† <0.01; ††† <0.001;
Group 2 vs. Group 4: ‡ <0.05; ‡‡ <0.01; (comparisons without notations and comparisons between group 3 and 4 are statistically not significant [p>0.05]).
§ P values.
Group 1: Control group; Group 2: Sham group; Group 3: Clopidogrel pre-treatment group; Group 4: Rivaroxaban pre-treatment group.
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and no significant difference was observed in the 
remaining tissues (p>0.05).

Superoxide dismutase
The SOD levels in all tissues and the paired 

comparisons among the groups are shown in 
Table 2. Paired analysis showed that the SOD levels 
were significantly lower than control in all groups. 
In the clopidogrel group, the decreased SOD levels 
in the ischemic muscle and kidney tissues were not 
significant, compared to the sham group (p>0.050). 
However, a significant decrease of SOD in the ischemic 
muscle and kidney was present in the rivaroxaban 
pre-treatment group, compared to the sham group 
(p<0.050). The decrease of SOD compared to sham 

was significant in both treatment groups for the heart, 
liver, and blood.

Glutathione
The GSH levels in all tissues and the paired 

comparisons among the groups are shown in 
Table 3. Paired analysis showed that the GSH levels 
were significantly lower than control in all groups. In 
both treatment groups, the differences in GSH levels 
were not significant compared to the sham group 
for ischemic muscle and liver. In the clopidogrel 
pre-treatment group, the decrease of kidney GSH 
levels was not significantly different from the sham 
group (p>0.050); however, this measurement was 
significant for the rivaroxaban group (p<0.050). Both 

Table 4. Nitric oxide results

Group 1 Group 2 Group 3 Group 4 Group 1 vs. 3§ Group 1 vs. 4§

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Heart 32.4±12.3*** 91.6±40.8 43.0±9.6††† 56.8±23.8‡ >0.05 >0.05

Ischemic muscle 38.7±15.1*** 80.7±9.6 80.9±1.6 68.7±14.1 <0.001 <0.001

Kidney 23.7±9.4*** 53.9±19.3  49.0±16.7 38.1±5.8 <0.01 >0.05

Liver 30.3±8.3*** 54.4±15.8 52.9±7.0 54.9±8.7 <0.001 <0.001

Blood 15.3±3.5** 20.8±2.5 21.2±4.0 20.7±3.3 <0.01 <0.01
SD: Standard deviation; Passed normality test. The ANOVA test and Tukey’s multiple comparison test were used; Heart, ischemic muscle, kidney, liver 
(µmoL/1000 mg protein) and blood (µmol /L) NO levels.
For paired comparison of sham with Groups 1,3 and 4 p values are:
Group 1 vs. Group 2: ** <0.01; *** <0.001
Group 2 vs. Group 3: ††† <0.001
Group 2 vs. Group 4: ‡ <0.05; (comparisons without notations and comparisons between group 3 and 4 are statistically not significant [p>0.05]).
§: P values
Group 1: Control group; Group 2: Sham group; Group 3: Clopidogrel pre-treatment group; Group 4: Rivaroxaban pre-treatment group.

Table 3. Glutathione results

Group 1 Group 2 Group 3 Group 4 Group 1 vs. 3§ Group 1 vs. 4§

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Heart 77.4±12.6** 54.1±24.0 26.8±6.1††† 33.4±7.6‡ <0.001 <0.001

Ischemic muscle 78.3±18.3*** 53.3±5.9 48.9±5.5 43.5±6.8 <0.001 <0.001

Kidney 80.5±12.5*** 35.6±9.2 28.5±6.8 26.7±3.6‡ <0.001 <0.001

Liver 31.5±5.5*** 19.7±3.6 21.8±3.4 21.7±3.0 <0.001 <0.001

Blood 27.3±6.6* 21.4±4.6 15.8±3.0†† 16.9±2.2‡ <0.001 <0.001
SD: Standard deviation; Passed normality test. The ANOVA test and Tukey’s multiple comparison test were used; Heart, Ischemic muscle, Kidney, liver 
(nmoL/mg protein) and blood (mg/dL) GSH levels.
For paired comparison of sham with Groups 1, 3 and 4 p values are:
Group 1 vs. Group 2: * <0.05; ** <0.01; *** <0.001
Group 2 vs. Group 3: † <0.05; †† <0.01; ††† <0.001
Group 2 vs. Group 4: ‡ <0.05; (comparisons without notations and comparisons between group 3 and 4 are statistically not significant [p>0.05]).
§ P values.
Group 1: Control group; Group 2: Sham group; Group 3: Clopidogrel pre-treatment group; Group 4: Rivaroxaban pre-treatment group.



517

Özbudak et al.
An evaluation of rivaroxaban and clopidogrel in a rat lower extremity ischemia-reperfusion model

pre-treatment groups had a significant reduction in 
heart and blood GSH levels.

Nitric oxide

The NO levels in all tissues and the paired 
comparison among the groups are shown in Table 4. 
NO levels in the sham group were significantly higher 
compared to the control group for all tissues. The 
NO levels in the heart tissue of the clopidogrel and 
rivaroxaban pre-treatment groups were significantly 
lower than in the sham group (p<0.001 and p<0.050, 
respectively), but there was no significant difference 
from baseline in the control group. There were no 
significant differences among the sham and treatment 
groups in ischemic muscle, kidney, liver, or blood. 
In addition, NO levels in the kidney tissue of the 
rivaroxaban pre-treatment group showed no significant 
difference from baseline values.

DISCUSSION
Oxygen free radicals are generated in tissues 

throughout the ischemic period. During reperfusion, 
these oxygen free radicals and superoxide radicals 
lead to endothelial damage, increased microvascular 
permeability, and tissue edema. Furthermore, activated 
adhesion molecules and cytokines can initiate a systemic 
inflammatory response which can lead to multiorgan 
dysfunction or death. This chain of events is termed 
an I/R injury.[15] Biochemically and histologically, a 
growing number of evidence shows that the systemic 
inflammatory response following I/R is more severe 
than with ischemia alone.[6] Antioxidants are defense 
mechanisms against free radical-induced oxidative 
damage, and I/R injury consists of a balance between 
oxidant production and oxidant removal.[16]

The I/R injury is an important risk with cardiac, 
vascular, and transplantation surgery, and acute lower 
extremity ischemia is associated with a high rate of 
compartment syndrome, fasciotomy, amputation, and 
mortality, despite reperfusion.[17-19] Further, the effects 
on ischemic tissue leading to reperfusion compartment 
syndrome and remote organ injury, come over time 
rather than immediately after reperfusion.[7,20] We 
believe that our study on the effects of clopidogrel 
and rivaroxaban on an I/R injury after a prolonged 
duration of reperfusion is more compatible with 
clinical practice. 

Theoretically, an elevation of oxidant products and 
consumption of antioxidants could be expected in the 
sham group. Lipid peroxidation of the cell membrane 
is an important factor in I/R injury, and MDA is 
considered the final product of this reaction, as well as 

a sensitive indicator of lipid peroxidation. The MDA is 
commonly used as a biomarker to measure the levels 
of oxidative stress in reperfused organs.[10,21] In our 
study, a significant increase in the MDA levels was 
observed in all tissues in the sham group, compared to 
baseline levels. This finding demonstrates a successful 
I/R model. Also, the significant reduction of MDA 
in the rivaroxaban pre-treatment group demonstrated 
its beneficial effects on the ischemic tissue, heart, 
kidney, liver, and blood (p<0.001, <0.010, <0.050, and 
<0.001, respectively). Similarly, significant decreases 
in the MDA levels after clopidogrel pre-treatment 
in ischemic muscle, heart, liver, and blood tissue 
(p<0.001, <0.050, <0.050, and <0.001, respectively) 
indicate that clopidogrel confers beneficial protection 
against I/R injury. Furthermore, significant decreases 
of MDA in the rivaroxaban group, compared to the 
clopidogrel group, suggest that rivaroxaban provides 
superior protection against I/R injury in ischemic tissue 
(p<0.050). The significant reduction of blood MDA 
levels from both drugs is considered an evidence of the 
drugs, providing remote organ protection. However, 
there was no protection provided by clopidogrel for 
kidney tissues, compared to the MDA levels of the 
sham group (p>0.050).

In the present study, the differences in the MDA 
levels were non-significant, compared to baseline 
levels in ischemic muscle and kidney tissues in the 
rivaroxaban pre-treatment group. Additionally, the 
MDA difference from baseline was non-significant 
in the clopidogrel and rivaroxaban pre-treatment 
groups for blood levels. The protection shown by the 
near-baseline values of MDA in the pre-treatment 
groups indicates a significant protection against I/R 
injury. Our results where low plasma MDA levels show 
the protective effects of rivaroxaban are also consistent 
with the results from Caliskan et al.[10] after ischemia 
for six h and a short reperfusion time of 30 min. The 
reduction of the oxidant MDA in tissues might be 
related to a direct action of the drugs. We also believe 
that clopidogrel and rivaroxaban exert their effects via 
increased utilization of antioxidants, thereby, leading 
to decreased SOD, GSH, and NO levels.

The SOD is an enzyme which catalyzes the 
dismutation of the superoxide radical to hydrogen 
peroxide and oxygen. Superoxide, a byproduct of 
oxygen metabolism, can cause many types of cell 
damage,[22] and SOD, known to be a part of antioxidant 
defenses against superoxides, has been demonstrated 
to reduce plasma MDA levels.[21] The GSH is another 
endogenous antioxidant which plays a role in the 
elimination of hydrogen peroxide generated by SOD.[22]
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In our study, the SOD and GSH levels decreased 
after I/R in the sham group, compared to the baseline 
levels of the control group. In the pre-treatment groups, 
a shift toward augmented consumption of SOD and 
GSH was evident. In particular, rivaroxaban use was 
more effective than clopidogrel against I/R injury due 
to higher SOD and GSH consumption in ischemic 
muscle and kidney.

The NO synthase is stimulated by cytokines, 
endotoxins, and lipopolysaccharides. It is a 
free radical which protects the cell through its 
inhibition of alkoxyl and peroxyl radicals.[9] The 
NO causes vasodilatation, prevents thrombocyte 
adhesion and aggregation, and modulates leukocyte-
endothelial cell interactions and microvascular 
permeability.[15] The protective effect of NO in I/R 
is well-documented.[23,24] However, after ischemic 
endothelial damage, the production of NO decreases, 
and peroxynitrite molecules are formed, which are 
extremely toxic in the presence of cellular superoxide 
anions.[9,25] Yavuz et al.[26] found that NO levels had 
a peak concentration at two h of ischemia and, then, 
decreases over time, although the changes over time 
after reperfusion have not been studied, yet. 

In our study, NO levels significantly increased after 
I/R in the sham group, compared to baseline values. 
This is similar to the results of Kanko et al.,[9] for 
ischemia (six h) and reperfusion (four h) in the liver, 
lungs, muscles, and plasma. In the study by Demirtas 
et al.,[5] plasma, heart, and kidney NO alterations after 
ischemia (six h) and reperfusion (one h), compared to 
the control and sham groups were not significant. On 
the other hand, Caliskan et al.[10] found decreased NO 
levels in the sham group, compared to baseline (six h) 
and reperfusion (30 min). The changes of NO levels 
might depend on reperfusion time. In our study, with 
the pre-treatment with clopidogrel or rivaroxaban, the 
only significant decreases of NO levels, compared 
to the sham group were found in the heart tissue 
(p<0.001 and p<0.050 for clopidogrel and rivaroxaban, 
respectively).

Demirtas et al.[5] compared the effects of clopidogrel 
and rivaroxaban, along with other drugs, against I/R 
injury in plasma, the heart, and kidneys after ischemia 
(6 h) and reperfusion (1 h). Elevation of MDA in the 
sham group and lower blood and heart levels in the 
groups on therapy with rivaroxaban and clopidogrel are 
similar to our results. In our study, decreases of kidney 
MDA levels in the clopidogrel pre-treatment group 
had no statistical significance, compared to the sham 
group, after reperfusion for eight h, indicating that 
no significant protection was conferred. Contrarily, 

kidney MDA levels were significantly lower after the 
rivaroxaban treatment, compared to sham. Thus, it can 
be concluded that clopidogrel loses its protective action 
in the kidney over time, while rivaroxaban is still 
protective. Kanko et al.[8] evaluated I/R injury induced 
by hind limb ischemia for six h and reperfusion 
for four h, comparing the effects of clopidogrel to 
placebo by measuring MDA, GSH, and SOD in liver, 
lung, kidney, and plasma tissues. The clopidogrel 
pre-treatment group had significantly lower MDA 
levels, compared to the sham group in the liver, 
kidneys, and plasma. It can be concluded that the 
significant protective effects of clopidogrel in the 
kidney, compared to the sham group, is lost between 
four and six h of reperfusion.

The variation of ischemia and reperfusion times 
between the aforementioned studies may be the cause 
of the different outcomes due to the broad range of 
chemical reactions, the mechanism of tissue injury, 
the interactions between reactive products and, time-
dependent changes.

Clopidogrel is an antiaggregant agent used in 
ischemic cardiovascular diseases to inhibit the platelet 
activation and aggregation induced by adenosine 
diphosphate.[8] In our study, in the clopidogrel pre-
treatment group, the decreased levels, compared to 
the sham group, were more significant than with the 
rivaroxaban pre-treatment group for SOD (p<0.001 
vs. <0.010, respectively), GSH (p<0.001 vs. <0.050, 
respectively), and NO (p< 0.001 vs. <0.050, respectively) 
levels in the heart tissue. A relationship between 
clopidogrel and higher antioxidant consumption in 
the heart after an I/R injury is apparently present, 
although the balance of synthesis and consumption 
of antioxidants is still unknown. As no differences in 
heart MDA levels were present in the pre-treatment 
groups, a benefit of clopidogrel over rivaroxaban 
cannot be claimed in the heart tissue after an eight h 
reperfusion.

Rivaroxaban is an oral anticoagulant which 
rapidly induces Factor Xa inhibition in a reversible 
manner.[27] Additionally, rivaroxaban has direct anti-
inflammatory effects by inhibiting pro-inflammatory 
protease activation receptors.[28] This can be a factor 
affecting the favorable results for rivaroxaban.

Our results show that clopidogrel and rivaroxaban 
agents seem to have protective efficacy against I/R 
damage. Clopidogrel and rivaroxaban are effective 
against I/R injury in the heart, ischemic muscle, the 
liver, and blood. Rivaroxaban is more protective on 
kidney and ischemic muscle, compared to clopidogrel 
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after eight h of reperfusion. Longer reperfusion times 
affect the results of the drugs on I/R.

One of the limitations of this study is the lack 
of pathological examinations. The main reason for 
this is that many parameters in multiple organs were 
biochemically studied simultaneously. However, the 
main strength of the study is that a wide spectrum of 
organs was studied and the ischemic muscle itself was 
also examined. This study contributes to the literature, 
as the timing of reperfusion shows the late results 
of I/R, compared to the early results examined in 
previous studies.

In conclusion, thromboprophylaxis with clopidogrel 
or rivaroxaban provide protection following I/R 
injury. Superior ischemic muscle and better remote 
organ protection is achieved with rivaroxaban in our 
ischemia-reperfusion model.

Declaration of conflicting interests
The authors declared no conflicts of interest with respect to 

the authorship and/or publication of this article.

Funding
The authors received no financial support for the research 

and/or authorship of this article.

REFERENCES
1. 	 Parks DA, Granger DN. Contributions of ischemia and 

reperfusion to mucosal lesion formation. Am J Physiol 
1986;250:749-53.

2. 	 Eikelboom JW, Connolly SJ, Bosch J, Dagenais GR, Hart 
RG, Shestakovska O, et al. Rivaroxaban with or without 
Aspirin in Stable Cardiovascular Disease. N Engl J Med 
2017;377:1319-30.

3. 	 Anand SS, Bosch J, Eikelboom JW, Connolly SJ, Diaz R, 
Widimsky P, et al. Rivaroxaban with or without aspirin in 
patients with stable peripheral or carotid artery disease: an 
international, randomised, double-blind, placebo-controlled 
trial. Lancet 2018;391:219-29.

4. 	 Aboyans V, Ricco JB, Bartelink MEL, Björck M, 
Brodmann M, Cohnert T, et al. 2017 ESC Guidelines on the 
Diagnosis and Treatment of Peripheral Arterial Diseases, 
in collaboration with the European Society for Vascular 
Surgery (ESVS): Document covering atherosclerotic 
disease of extracranial carotid and vertebral, mesenteric, 
renal, upper and lower extremity arteriesEndorsed by: the 
European Stroke Organization (ESO)The Task Force for the 
Diagnosis and Treatment of Peripheral Arterial Diseases 
of the European Society of Cardiology (ESC) and of the 
European Society for Vascular Surgery (ESVS). mEur 
Heart J 2018;39:763-816.

5. 	 Demirtas S, Karahan O, Yazıcı S, Guclu O, Calıskan A, Tezcan 
O, et al. Investigation of possible prophylactic, renoprotective, 
and cardioprotective effects of thromboprophylactic drugs 
against ischemia-reperfusion injury. Kaohsiung J Med Sci. 
2015;31:115-22.

6. 	 Yassin MM, Harkin DW, Barros D’Sa AA, Halliday MI, 
Rowlands BJ. Lower limb ischemia-reperfusion injury 
triggers a systemic inflammatory response and multiple 
organ dysfunction. World J Surg 2002;26:115-21.

7. 	 Eltzschig HK, Collard CD. Vascular ischaemia and 
reperfusion injury. Br Med Bull 2004;70:71-86.

8. 	 Kanko M, Maral H, Akbas MH, Ozden M, Bulbul S, Omay O, 
et al. Protective effects of clopidogrel on oxidant damage in a rat 
model of acute ischemia. Tohoku J Exp Med 2005;205:133-9.

9. 	 Kanko M, Ozden M, Maral H, Acil C. Effect of clopidogrel 
on nitric oxide levels in an ischemia reperfusion model. J 
Cardiovasc Pharmacol 2006;48:797-801.

10. 	Caliskan A, Yavuz C, Karahan O, Yazici S, Guclu O, 
Demirtas S, et al. Factor-Xa inhibitors protect against 
systemic oxidant damage induced by peripheral-ischemia 
reperfusion. J Thromb Thrombolysis 2014;37:464-8.

11.	 Buege JA, Aust SD. Microsomal lipid peroxidation. Methods 
Enzymol 1978;52:302-10.

12. 	Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys 
1959;82:70-7.

13. 	Cortas NK, Wakid NW. Determination of inorganic nitrate 
in serum and urine by a kinetic cadmium-reduction method. 
Clin Chem 1990;36:1440-3.

14. 	Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem 
1951;193:265-75.

15. 	Carden DL, Granger DN. Pathophysiology of ischaemia-
reperfusion injury. J Pathol 2000;190:255-66.

16. 	Hosseini F, Naseri MK, Badavi M, Ghaffari MA, Shahbazian 
H, Rashidi I. Effect of beta carotene on lipid peroxidation 
and antioxidant status following renal ischemia/reperfusion 
injury in rat. Scand J Clin Lab Invest 2010;70:259-63.

17. 	Grip O, Wanhainen A, Michaëlsson K, Lindhagen L, Björck 
M. Open or endovascular revascularization in the treatment 
of acute lower limb ischaemia. Br J Surg 2018;105:1598-1606.

18.	 Kunt AT, İsbir S, Civelek A, Akgun S, Ergen A, Yapicier O, 
et al. Prevention of lung injury by iloprost following hind 
limb ischemia and reperfuison model in rats. Turk J Clin Lab 
2018;9:76-80.

19.	 Yeginsu A, Ergin M, Özyurt H, Elmaz Ç, Akbaş A, Çağlar 
Göktaş G, et al. The effects of methylprednisolone on the 
lung injury resulted from extremity ischemia reperfusion. 
Turk Gogus Kalp Dama 2010;18:45-51.

20.	O’Connell JB, Quiñones-Baldrich WJ. Proper evaluation 
and management of acute embolic versus thrombotic limb 
ischemia. Semin Vasc Surg 2009;22:10-6.

21. 	Wang XT, Tian Y, Xu WX, Cui LH, Xiang SY, Lü 
SC. Protective effects of modeled superoxide dismutase 
coordination compound (MSODa) against ischemia/
reperfusion injury in rat skeletal muscle. Cell Physiol 
Biochem 2015;37:465-76. 

22. 	Glantzounis GK, Salacinski HJ, Yang W, Davidson BR, 
Seifalian AM. The contemporary role of antioxidant therapy 
in attenuating liver ischemia-reperfusion injury: a review. 
Liver Transpl 2005;11:1031-47.

23. 	Peralta C, Hotter G, Closa D, Gelpí E, Bulbena O, 
Roselló-Catafau J. Protective effect of preconditioning 



520

Turk Gogus Kalp Dama
2019;27(4):513-520

on the injury associated to hepatic ischemia-reperfusion 
in the rat: role of nitric oxide and adenosine. Hepatology 
1997;25:934-7.

24. 	Jones SP, Girod WG, Palazzo AJ, Granger DN, Grisham MB, 
Jourd’Heuil D, et al. Myocardial ischemia-reperfusion injury 
is exacerbated in absence of endothelial cell nitric oxide 
synthase. Am J Physiol 1999;276:H1567-73.

25. 	Rubbo H, Darley-Usmar V, Freeman BA. Nitric oxide 
regulation of tissue free radical injury. Chem Res Toxicol 
1996;9:809-20.

26. 	Yavuz C, Yazici S, Karahan O, Demirtas S, Caliskan A, 

Guclu O, et al. Serum nitric oxide level could be a predictive 
biomarker for detection of critical ischaemia duration. 
Biomarkers 2013;18:116-20.

27. 	Samama MM. The mechanism of action of rivaroxaban-
-an oral, direct Factor Xa inhibitor--compared with other 
anticoagulants. Thromb Res 2011;127:497-504.

28. 	Goto M, Miura S, Suematsu Y, Idemoto Y, Takata K, 
Imaizumi S, et al. Rivaroxaban, a factor Xa inhibitor, induces 
the secondary prevention of cardiovascular events after 
myocardial ischemia reperfusion injury in mice. Int J Cardiol 
2016;220:602-7.


