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ÖZ
Amaç: Bu çalışmada farklı direkt oral antikoagülanların geçici infrarenal 
aort tıkanıklığının neden olduğu deneysel böbrek hasarı üzerindeki etkileri 
araştırıldı.
Ça­lış­ma pla­nı: Toplam 35 adet erkek Wistar sıçanı (250 to 350 g) rastgele 
beş gruptan birine ayrıldı: sham, iskemi-reperfüzyon, rivaroksaban, 
dabigatran ve apixaban grupları. Sham grubuna median laparotomi yapıldı. 
İskemi-reperfüzyon grubuna bir hafta süreyle salin gavaj verildi. Diğer 
gruplardaki hayvanlara bir hafta boyunca günde bir kez rivaroksaban 
(3 mg/kg), dabigatran (15 mg/kg) veya apiksaban (10 mg/kg) oral gavaj 
ile verildi. İnfrarenal abdominal aorta 60 dk. boyunca klemplendi ve 
iskemi-reperfüzyon, rivaroksaban, dabigatran ve apiksaban gruplarında 
120 dk. süreyle reperfüzyon sağlandı. Reperfüzyon sonunda böbrekler 
biyokimyasal ve histopatolojik analiz için örneklendi.
Bulgular: Renal total antioksidan kapasitesi azalmış ve total oksidan 
kapasite, interlökin-1 beta ve tümör nekroz faktör-alfa iskemi-reperfüzyon 
grubunda sham grubuna kıyasla yüksek bulundu (p<0.005). Histolojik 
hasar skorları da, iskemi-reperfüzyon grubunda daha yüksekti (p<0.005). 
Direkt oral antikoagülan uygulaması, rivaroksaban, dabigatran ve apiksaban 
gruplarında, iskemi-reperfüzyon grubuna kıyasla total antioksidan 
kapasitesinde artışa ve total oksidan kapasitesi, tümör nekroz faktör-alfa ve 
interlökin-1 beta da azalmaya neden oldu (p<0.005). Histolojik hasar skorları 
rivaroksaban ve dabigatran gruplarında, iskemi-reperfüzyon grup skorlarına 
kıyasla daha düşüktü (p<0.005).
So­nuç: Direkt oral antikoagülanlar, aortik klemplemenin neden olduğu böbrek 
dokusu oksidasyonunu ve enflamasyonunu azaltır. Rivaroksaban ve dabigatran, 
böbreklerde iskemi-reperfüzyon ile ilişkili histolojik hasarı hafifletir.
Anah­tar söz­cük­ler: Apiksaban, dabigatran, enflamasyon, iskemi-reperfüzyon, böbrek 
hasarı, rivaroksaban.

ABSTRACT
Background: This study aims to investigate the effects of different direct 
oral anticoagulants on experimental renal injury induced by temporary 
infrarenal aortic occlusion.
Methods: A total of 35 male Wistar rats (250 to 350 g) were randomly 
allocated to any of the five groups: sham, ischemia-reperfusion, rivaroxaban, 
dabigatran, and apixaban groups. Sham group underwent median laparotomy. 
Ischemia-reperfusion group was given saline gavage for one week. Animals 
in the other groups received rivaroxaban (3 mg/kg), dabigatran (15 mg/kg), or 
apixaban (10 mg/kg) daily once for one week via oral gavage. The infrarenal 
abdominal aorta was clamped for 60 min, and reperfusion was maintained for 
120 min in the ischemia-reperfusion, rivaroxaban, dabigatran, and apixaban 
groups. At the end of reperfusion, kidneys were harvested for biochemical 
and histopathological analysis.
Results: Renal total antioxidant capacity was reduced, and total oxidant 
status, interleukin-1 beta, and tumor necrosis factor-alpha were elevated in 
the ischemia-reperfusion group, compared to the sham group (p<0.005). 
Histological damage scores were also higher in the ischemia-reperfusion 
group (p<0.005). Administration of direct oral anticoagulants caused an 
increase of total antioxidant capacity and reduction of total oxidant status, 
tumor necrosis factor-alpha, and interleukin-1 beta in the rivaroxaban, 
dabigatran, and apixaban groups compared to the ischemia-reperfusion 
group (p<0.005). Histological damage scores were lower in the rivaroxaban 
and dabigatran groups than the ischemia-reperfusion group scores (p<0.005).
Conclusion: Direct oral anticoagulants reduce aortic clamping-induced renal 
tissue oxidation and inflammation. Rivaroxaban and dabigatran attenuate 
ischemia-reperfusion-related histological damage in kidneys.
Keywords: Apixaban, dabigatran, inflammation, ischemia-reperfusion, kidney injury, 
rivaroxaban.
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Arterial embolism, intravascular thrombus 
formation, rupture of atherosclerotic plaques, 
hypercoagulability, propagation of the previously 
present mural thrombus, or vascular graft thrombosis 
may cause acute arterial occlusion. The maintenance 
of the perfusion through endovascular or surgical 
techniques is essential in preventing tissue damage.

However, reperfusion after the ischemic phase 
leads to the depletion of cellular antioxidant 
defense mechanisms and the formation of reactive 
oxidant species (ROS) in tissues. Cytokines are 
also released into circulation upon reperfusion, and 
these may mediate inflammation and organ damage. 
Inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-α) and interleukin-1 (IL-1β) are the major 
mediators of ischemia-reperfusion (IR) injury.[1]

Direct oral anticoagulants (DOACs) are agents 
used for direct inhibition of factor Xa (FXa) or 
factor II (thrombin) of the coagulation cascade. 
These agents can pharmacologically prevent target 
clot formation and fibrin accumulation.[2] Direct oral 
anticoagulants have emerged as reliable alternatives 
to vitamin K antagonists, as they reduce drug 
interactions, lower the risk of major bleeding 
and eliminate the need for routine laboratory 
monitoring. Dabigatran, rivaroxaban, and apixaban 
are DOACs that are commonly used to prevent 
and treat thrombotic and embolic complications in 
cases of non-valvular atrial fibrillation and venous 
thromboembolism.[3]

As well as their primary effects on the coagulation 
cascade, it is postulated that DOACs may also have 
some effects on the modulation of oxidative and 
inflammatory responses. The evidence gained from 
experimental studies suggests a possible protective 
role of FXa and thrombin inhibition in organ damage 
triggered by IR.[4]

The kidneys are one of the important targets 
of ischemia-mediated damage, and although many 
treatment modalities have been studied to reduce 
this damage, it is still a clinically important cause of 
acute renal failure.[5] To the best of our knowledge, the 
comparative effects of DOACs on aortic IR-induced 
renal tissue damage in the same experimental setting 
have not been investigated previously.

In this experimental study, we aimed to investigate 
the effects of different DOACs on temporary infra-
renal aortic occlusion induced renal injury by the 
examination of renal histology, kidney TNF-α, IL-1β, 
total antioxidant capacity, and total antioxidant status 
levels.

MATERIALS AND METHODS
In the study, 35 male Wistar albino rats (250 to 350 g) 

were used. The animals were simply randomized into 
five groups, each of seven animals. The rats were 
kept in cages of four animals per cell. Prior to the 
experiment, the animals were housed in humidity 
(45 to 50%) and temperature (22±2°C) controlled 
room. The rats were fed a daily diet and had unlimited 
access to tap water, but the food and water access were 
restricted 12 h before the experimental surgery.

Ischemia-reperfusion and surgical procedures

A mixture of the ketamine (90 mg/kg) (Ketalar®, 
Parker-Dawis, Pfizer, Istanbul, Türkiye) and xylazine 
(10 mg/kg) (Rompun®, Bayer AG, Leverkusen, 
Germany) was administered by intraperitoneal (i.p.) 
injection for anesthesia induction. The abdominal hair 
was shaved, scrubbed with povidone-iodine solution, 
and covered in a sterile manner. The skin was opened 
with a No. 15 scalpel and a median laparotomy 
was performed with Mayo scissors. Intestines were 
positioned to reach the abdominal aorta. Traction by 
4/0 silk sutures was applied to the abdominal aorta 
at the level of the renal arteries and, then, occluded 
with an atraumatic clamp (Vascu-Statt II-Scanlan, St. 
Paul, MN, USA) for 60 min. At the end of the ischemic 
period, the clamp was removed, and the rats remained 
in the reperfusion phase for 120 min.[6]

Direct oral anticoagulant agents

Rivaroxaban (3 mg/kg) (Xarelto®, Bayer 
HealthCare AG, Leverkusen, Germany), dabigatran 
(15 mg/kg) (Pradaxa®, Boehringer Ingelheim, 
Ingelheim, Germany), and apixaban (10 mg/kg) 
(Eliquis®, Bristol-Myers Squibb Company, Princeton, 
USA) were given to rats by oral gavage in a 
homogeneous distribution in 2 mL distilled water. 
The drug doses were adjusted based on previous 
studies.[7-9]

Study groups

Sham group (n=7), A median laparotomy was 
performed, and the aortic clamping was not applied.

IR group (n=7), The IR model was applied after 
median laparotomy.

Rivaroxaban group (n=7), Rivaroxaban was given 
for one week before the induction of IR.

Dabigatran group (n=7), Dabigatran was given for 
one week before the induction of IR.

Apixaban group (n=7), Apixaban was given for one 
week before the induction of IR.
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Kidney tissue harvesting

After the reperfusion period, the chest cavities were 
opened. Animals were sacrificed by cardiac puncture 
exsanguination under deep general anesthesia. Right 
and left kidneys were harvested, and the collected 
tissues were allowed to be fixed for 48 h in 10% 
buffered formalin. Samples were embedded in paraffin, 
3 to 4-μm sections were obtained, and stained with 
hematoxylin and eosin (H&E).

Biochemical analysis

Tissue samples were placed in the Eppendorf tubes, 
cooled in an ice-cold container, and stored at -80°C for 
biochemical analysis. On the day of analysis, the frozen 
tissue samples were thawed, weighed, and homogenized 
in 50 mM pH 7.4 phosphate buffer (PBS) (PRO 
250 Scientology Inc., Monroe, CT, USA) and, then, 
centrifuged at 20,000 g for 15 min. The supernatants 
were obtained, and assays were performed.

Tissue levels of total antioxidant capacity (TAC) 
and total oxidant status (TOS) are biochemical tests 
that were performed based on the Fenton reaction.[10] 

The TAC and TOS levels were measured by Erel's 
colorimetric method by using commercially available 
kits (Rel Assay Diagnostics; Mega Tıp, Gaziantep, 
Türkiye). Tissue TAC levels were expressed in terms 
of Trolox equivalents per gram protein (μmol Trolox 
Eq/g protein) and TOS levels were expressed in 
micromole hydrogen peroxide equivalents per gram 
protein (μmol H2O2 Eq/g protein).

The TNF-alpha and IL-1β concentrations in 
tissue samples were determined via enzyme-
linked immunosorbent assay (ELISA). Rat-specific 
EE-EL-R0019, ELISA kits (Elabscience Biotechnology 
Co. Wuhan, PRC) were used to quantify inflammatory 
mediators in samples. For measurements, an ELISA 
microplate reader (DAR 800, Diagnostic Automation/
Cortez Diagnostic, Inc., CA, USA) was used, and the 
results were expressed as picograms per milligram of 
protein (pg/mg protein).

Histopathological evaluation of kidney tissue 
samples
Kidney tissue samples were harvested and 

were kept in a 10% buffered formalin solution for 

Figure 1. Biochemical results of kidney tissue (a) TAC, (b) TOS, and (c) TNF-a, (d) IL-1b, proinflammatory cytokines.
TAC: Total antioxidant capacity; TOS: Total oxidant status; TNF-a: Tumor necrosis factor-alpha; IL-1b: Interleukin-1 beta; † p<0.005 compared to IR, rivaroxaban, 
dabigatran, and apixaban groups; ¥ p<0.005 compared to rivaroxaban, dabigatran, and apixaban groups; Ω p<0.005 compared to rivaroxaban and apixaban groups; Σ 
p<0.005 compared to dabigatran and apixaban groups.
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pathological assessment. Samples were embedded in 
paraffin, and 3 to 4-μm section blocks were obtained 
by using a microtome (Thermo Shandon HM 430 
Sliding Microtome, Thermo Fisher Scientific Inc., 
MA, USA). Tissue sections were stained with H-E for 
histopathological examination. The examinations were 
conducted by a single pathologist who was blinded 
to the experimental groups. A light microscope was 
used (Olympus BX53, Olympus Co., Tokyo, Japan) and 
Image Analysis Software (Olympus DP-22 Microscope 
digital camera software program, Tokyo, Japan) was 
used to examine the samples.

Kidney tissue samples were analyzed using the 
semi-quantitative method described by Koçyiğit et 
al.[11] A four-point scale was used to determine focal 
glomerular necrosis, Bowman capsule dilatation, tubular 
epithelial degeneration, tubular epithelial necrosis, 
tubular dilatation, and interstitial inflammatory 
infiltration: (0) no change, (1) focal, mild changes, (2) 
multifocal intermediate changes and (3) prominent 
extensive changes. Following the examinations, each 
histopathological characteristic score was summed to 
yield a total histological damage score for each study 
group.

Statistical analysis
Statistical analysis was performed using the IBM 

SPSS version 25.0 software (IBM Corp., Armonk, NY, 
USA). Descriptive data were expressed in median (min-
max). The Shapiro-Wilk test was used to analyze the 
normality distribution. The Kruskal-Wallis variance 
analysis was used to compare variables between 
groups. The Mann-Whitney U test was used for a 
paired analysis of the groups and Bonferroni correction 
was utilized for multiple comparisons using a p value 
of 0.005. For statistical analysis, a p value of <0.05 was 
considered statistically significant.

RESULTS
Tissue antioxidant capacity and tissue oxidant 
status 

The TAC and TOS kidney tissue levels are shown 
in Figure 1a and b, respectively. Accordingly, TAC 
levels were significantly higher in the sham group 
compared to the other groups (p<0.005). In the IR 
group, TAC levels were significantly reduced than the 
levels in the rivaroxaban, apixaban, and dabigatran 
groups (p<0.005). In the sham group, TOS levels were 
found to be significantly lower than the other study 
groups (p<0.005). The TOS levels were significantly 
increased in the IR group compared to the levels in 
the rivaroxaban, apixaban, and dabigatran groups 
(p<0.005). In the dabigatran group, TOS levels were 
found to be higher than the levels in the rivaroxaban 
and apixaban groups (p<0.005).

Tumor necrosis factor-α and interleukin-1β 
tissue levels

The kidney tissue TNF-α levels are shown in 
Figure 1c and IL-1β levels are shown in Figure 1d. 
Accordingly, TNF-α and IL-1β were found to be 
significantly lower in the sham group compared to the 
other study groups (p<0.005). In the IR group, TNF-α 
and IL-1β were significantly increased compared 
to the other study groups (p<0.005). There were 
no significant in-group differences of TNF-α levels 
among rivaroxaban, apixaban, and dabigatran groups. 
However, IL-1β was significantly reduced in the 
rivaroxaban group compared to the apixaban and the 
dabigatran groups (p<0.005).

Histopathological damage scores

The results of histopathological damage scores are 
presented in Table 1. The total damage score in the 

Table 1. Histopathological damage scores

Focal 
glomerular 

necrosis

Bowman’s 
capsule 
dilation

Degeneration 
of tubular 
epithelium

Tubular 
dilatation

Interstitial 
inflammatory 

infiltration

Total score

Median IQR Median IQR Median IQR Median IQR Median IQR Median IQR
Sham 0 0 0 0 0 0 0 0 0 0 0 1†
IR 3 0 2 0.75 1 0.75 3 1.5 1 0.75 9.5 3δ
Rivaroxaban 1.5 1 1 0 0 0 1 1 0 0 3.5 2
Dabigatran 1 1 1.5 1 0 1 1 0.75 0 0 4 3
Apixaban 2 1 1 1 1 0 3 1 0 0 6 3δ
IQR: Interquartile range; † p<0.005 compared to the IR, rivaroxaban, dabigatran, and apixaban groups; δ p<0.005 compared to the rivaroxaban and dabigatran 
groups.
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sham group was significantly lower than the scores of 
the other study groups (p<0.005). In the rivaroxaban 
and dabigatran groups, the total damage scores were 
found to be significantly reduced compared to the 
IR and the apixaban groups (p<0.005). There was no 
significant difference in total damage scores between 
the apixaban and IR groups.

DISCUSSION
In this experimental study, we used temporary 

infrarenal aortic clamping to form distant organ 
damage in the kidneys. Aortic IR provoked a 
considerable amount of tissue oxidation and utilization 
of antioxidant defenses as evidenced by increased renal 
TOS and decreased TAC concentrations in our animal 
model. We also observed that the levels of kidney 
tissue proinflammatory cytokines (TNF-α and IL-1β) 
were increased as a result of IR. The histopathological 
examination in animals subjected to IR revealed 
severe damage to renal tissue. Our findings showed 
that administrations of rivaroxaban, dabigatran, and 
apixaban before temporary infrarenal aortic clamping 
in rats prevented the consumption of renal antioxidant 
defenses. These anticoagulant agents also attenuated 
experimental IR injury by limiting the oxidative 
burst in kidneys. We observed that anticoagulant 
administration effectively limited the renal tissue 
cytokine responses induced by temporary aortic 
occlusion in our model. Rivaroxaban and dabigatran, 
but not the apixaban, application resulted in the 
reduction of histological damage in kidneys.

The kidneys are not subject to the direct effect 
of cessation of blood flow during infrarenal aortic 
clamping nevertheless they are majorly affected. In 
many studies, it has been observed that transient 
infrarenal aortic occlusion disrupts TAC/TOS 
balance, triggers an inflammatory response via 
pro-inflammatory cytokines including the IL-1β and 
TNF-α, and forms histological damage in renal 
tissue.[6] The findings of the present study are also 
similar to these studies.

Coagulation and inflammation cascades interact 
through some key elements which can play a major 
role in IR-induced tissue damage.[4] The generation of 
ROS during IR can potentially induce the release of 
tissue factor (TF) from adventitial fibroblasts, smooth 
muscle cells, and the circulating monocytes. Upon its 
release into the blood, TF triggers the activations of 
coagulation cascade factors including the elements of 
the common pathway (FXa and thrombin). Other than 
participating in the coagulation cascade, these factors 
can act as proteases and can activate the protease-
activated receptors (PARs).[12] These receptors are a 
large family of G-protein coupled membrane receptors 
that are located on various cell types such as platelets, 
endothelium, and myocytes. Activated PARs can 
increase the generation of ROS and play a major role 
in the production of pro-inflammatory cytokines.[13-15] 
It has been suggested that inhibition of PARs can be 
a therapeutic target for the reduction of inflammation 
in chronic diseases.[16] Therefore, DOACs may also 
be beneficial in reducing inflammatory responses 

Figure 2. Histopathological sections of 
kidney specimens. Photomicrographs of 
kidney tissue samples: (a) Sham group, 
(b) IR group, (c) Rivaroxaban group, 
(d) Dabigatran group, (e) Apixaban group. 
(H&E, ¥200).

(a)

(d)

(b)

(e)

(c)
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during the thrombotic conditions, by the inhibition of 
coagulation cascade triggered PARs activation.

In the current study, we observed that rivaroxaban, 
which is an FXa inhibitor, blocked the infra-renal 
aortic IR-induced renal oxidation and inflammation 
and attenuated the histological damage. In similar 
experimental models of aortic and femoral artery 
clamping, rivaroxaban pre-treatment has been 
previously reported to decrease the levels of 
biochemical markers of oxidation in renal tissue.[17,18] 
Rivaroxaban has also been shown to decrease the 
in vitro ROS production in renal tubular cells that have 
been exposed to the advanced glycation end-product 
via the thrombin/PAR-2 system.[19] In cisplatin-induced 
renal toxicity, rivaroxaban was observed to reduce 
the histological damage to kidneys by modulating 
the coagulation cascade activation.[20] Furthermore, 
rivaroxaban has attenuated angiotensin-II triggered 
hypertensive renal inflammatory damage in rats via 
inhibition of PAR-2 signaling.[21] We believe that 
the antioxidant and anti-inflammatory potentials of 
rivaroxaban are related to the renal protective effects 
in our animal model.

Apixaban is another FXa inhibitor investigated 
in this study. There are limited data regarding the 
biological effects of apixaban in experimental settings 
of oxidative and inflammatory conditions. Ishibashi 
et al.[22] showed that apixaban effectively inhibited 
the oxidative stress and inflammatory reactions in 
plasma-exposed renal mesangial cells via blockade of 
FXa and suppression of the thrombin-PAR-1 interaction. 
As well as through the antioxidant effect, apixaban 
reduced synovial PAR-2 expression and decreased 
serum IL-6 levels in an FXa induced arthritis model 
in rats.[23] In our study, although apixaban showed 
antioxidant and anti-inflammatory effects similar to 
the previous studies, it did not significantly prevent 
renal histological damage. We believe that, if the 
sample size of the experiment was larger, the effects 
of apixaban in terms of histological damage may 
have been more apparent. However, there may be 
other reasons to explain this result, and the effects of 
apixaban in IR-induced organ damage require further 
investigation.

Dabigatran is a direct thrombin inhibitor that 
has been reported to exert antioxidant and 
anti-inflammatory effects in addition to anticoagulant 
action.[24] Yazici et al.[8] indicated that dabigatran 
reduced tissue malondialdehyde and prolidase levels, 
which were increased in response to experimental 
renal IR. Recently, in another study, dabigatran was 
shown to inhibit PAR-1 activation, tubulointerstitial 

fibrosis, and renal inflammation induced by ureteral 
obstruction in rats.[25] In the current study, we found 
that dabigatran had a renal protective property in IR 
injury which was associated with antioxidant and 
anti-inflammatory effects.

There can be other mechanisms of the 
renoprotective effect of DOACs which we observed 
in the current study. During IR, various released 
factors and mediators may trigger endothelial injury 
and initiate microvascular thrombosis in many organ 
systems including the kidney. This thrombotic process 
may adversely affect tissue perfusion. We believe that 
some of the renal protection, which we observed in 
our IR model, can be related to the primary effect of 
the anticoagulant agents which prevents thrombosis 
and microvascular complications.

In this study, we investigated the antioxidant and 
anti-inflammatory effects of the agents, regardless of 
their primary effects. We believe that these pleiotropic 
effects may vary depending on the different molecular 
structures and mode of action of these agents 
independent from their anticoagulant activities in vivo. 
Some of the results we obtained in this study may also 
be related to the structural differences of the agents, 
but since we do not have enough data, it is not possible 
to conclude.

Certain limitations of our study should be considered 
while interpreting the results. First, physiological 
functions of renal tissue could have been assessed by 
more detailed tests, such as glomerular filtration rate 
and urinalysis. Second, determination of the levels of 
renal tissue PAR activity could have yielded important 
knowledge on the mechanism of protection provided 
by DOACs in this study. In addition, this study is a 
hypothetical animal model conducted in a limited 
number of subjects and, therefore, the translation 
of these results into clinical conditions necessitates 
confirmation in humans.

In conclusion, pre-treatment with direct oral 
anticoagulants before infrarenal aortic clamping in 
rats decreases inflammation by reducing oxidative 
stress and proinflammatory cytokine levels in the 
kidney. Rivaroxaban and dabigatran also attenuate 
the detrimental histological effects of IR in renal 
tissue. Direct oral anticoagulants may have potential 
benefits in limiting IR injury and distant tissue 
damage during acute ischemic clinical conditions, 
such as vascular stent or graft occlusion and acute 
coronary syndrome. We believe that more research 
is needed to determine the potential effects of direct 
oral anticoagulants on inflammatory responses in 
ischemic conditions.
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