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Abstract
The goal of this study was to determine the protective effect of ticagrelor against ischemia-reperfusion injury in the kidney of rats via histological 
examination, biochemical parameters, and immunohistochemical analysis. Thirty male rats were randomized into five groups. The animals 
received ticagrelor 5 mg/kg, 10 mg/kg and 20 mg/kg or normal saline 0.1 mL/kg (control) orally before the procedure. The shame group only 
had laparatomy. An ischemia-reperfusion injury was done by clamping the renal hilus. There was less malondealdehyde assay (MDA) in ticagrelor 
groups than the control group, and this decrease was statistically significant (P=0.001 in all ticagrelor received groups). The glutathione peroxidase 
(GPx) and glutathione reductase (GR) were elevated in ticagrelor groups at all doses. Similar findings were observed in all treatment groups. The 5 
mg ticagrelor treated group had no changes in glomerules and tubules relative to the control group via histology. Dilated tubular structures were 
similar to the sham group-both at 10 and 20 mg ticagrelor. Caspas-3 and NF-KB activity was similar in ticagrelor treated groups to sham group. Our 
study showed that ticagrelor is an effective agent to protect kidney from renal ischemia-reperfusion injury. Ticagrelor may protect the tissues by 
reducing the concentration of reactive oxygen species and inducing the antioxidant system-especially with the pleiotropic effect.
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Böbrekte İskemi-Reperfüzyon Hasarında Ticagrelor’un Etkisi: Pleiotropik 
Etki Geçerli Bir Faktör mü?

Özet
Bu çalışmada, ticagrelor’un ratların böbreğinde oluşturulan iskemi-reperfüzyon hasarına karşı koruyucu etkisinin histolojik, biyokimyasal 
ve immünohistokimyasal yöntemler kullanılarak tanımlanması amaçlanmıştır. Bu amaçla, 30 erkek rat rastgele olarak 5 gruba ayırılmıştır. Bu 
hayvanlara, yapılacak işlemlerden önce ticagrelor 5 mg/kg, 10 mg/kg ve 20 mg/kg dozlarında, kontrol grubuna da 0.1 mL/kg serum fizyolojik oral 
olarak verilmiştir. Sham grubunda ise sadece laparatomi yapılmıştır. İskemi-reperfüzyon hasarı renal hilusun klemplenmesi yoluyla yapılmıştır. 
Ticagrelor verilen gruplarda saptanan malondialdehit (MDA) düzeyinin kontrol grubundan daha az olduğu ve bu düşüklüğün istatistiksel olarak 
anlamlı olduğu tespit edildi (tüm ticagrelor grupları için P=0.001). Glutatyonperoksidaz (GPx) ve glutatyonredüktaz (GR) düzeyleride ticagrelor 
verilen tüm gruplarda artmış olarak bulundu. Histopatolojik incelemelerde, tedavi verilen tüm gruplarda benzer sonuçlar gözlendi. Ancak 5 mg 
ticagrelor verilen grupta glomerul ve tübül yapısında kontrol grubu arasında fark olmadığı belirlendi. 10 ve 20 mg ticagrelor verilen gruplarda, 
sham grubuna benzer özellikte dilate tübüler yapılar olduğu gözlendi. Caspas-3 ve NF-KB aktiviteleri ticagrelor verilen gruplarda sham grubuna 
benzer özelliklerdeydi. Çalışmamız, ticagrelorun böbreğin iskemi-reperfüzyon hasarına karşı korunmasında etkili bir ajan olduğunu göstermiştir. 
Ticagrelor, pleiotropik etkisiyle reaktif oksijen türlerinin konsantrasyonunu azaltarak ve antioksidan sistemi aktive ederek dokuları koruyabilir.

Anahtar sözcükler: Böbrek, İskemi, Reperfüzyon, Hasar, Ticagrelor

INTRODUCTION

Partial nephrectomy is a complex procedure performed in 
the practice of urologic oncology. The most important part 
of this procedure is cross-clamping of the renal vessels. 

This maneuver results in ischemia, while declamping after 
completing the procedure causes reperfusion. The rapid 
release of oxygen free radicals and inflammatory mediators-
especially polymorphonuclear leukocytes-induce both 
systemic and local damage with reperfusion [1,2]. These 
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products may lead to complications due to systemic 
inflammatory response such as multiorgan failure and 
even death [3]. The lungs, heart, and kidneys are distant 
organs that are especially damaged after ischemia and 
reperfusion.

Ticagrelor is one of the second group of non-thieno-
pyridine derivatives such as elinogrel and cangrelor. It is 
a direct-acting antagonist of P2Y12, which is a purinergic 
receptor for adenosine diphosphate (ADP) expressed by 
platelets. P2Y12 plays an important role in thrombosis and 
homeostasis and defects in P2Y12 to result in bleeding due  
to its role in ADP-induced platelet aggregation [4-6]. Due to 
these effects, ticagrelor is widely used to prevent stroke 
and acute coronary syndrome [7]. 

There is a significant debate that adenosine-related 
complexes also have extra-platelet effects, i.e., pleiotropic 
effects. The best explanation is that unlike platelets, P2Y12 

receptors are found in many cells including leukocytes, 
vascular smooth muscle cells, macrophages, microglial, 
specific subregions of the brain, and dendritic cells. This 
increases the number of potential effects of ticagrelor [8-12]. 
Furthermore, the “pleiotropic effects” of ticagrelor may 
also occur due to different mechanisms other than 
interaction with the P2Y12 receptor [13].

ADP plasma levels increase after injury, inflammation, 
and ischemia-reperfusion [14]. Ticagrelor inhibits uptake of 
adenosine into the cell, and subsequent to this, elevated 
levels of endogenous adenosine decrease levels of 
inflammatory markers [15,16].

To the best of our knowledge, there is no previous study 
in the literature about the protective effects of ticagrelor 
on renal injury. The aim of our study was to determine the 
protective effect of ticagrelor against ischemia-reperfusion 
injury in the kidney of rats via histological examination 
and biochemical parameters.

MATERIAL and METHODS

Our study was approved by the Animal Experiments Local 
Ethics Committee at Kafkas University (KAÜ-HADYEK 2015-
072). Thirty, male Spraque-Dawley rats weighing 350-
400 g were randomly divided into five groups. The animals 
were initially anesthetized with intraperitoneal ketamine 
HCl 20 mg/kg (Ketalar, Parke-Davis, Detroit, USA), then 
propofol 80 mg/kg induction, and 3 mg/kg/min propofol 
infusion was done, and administered ticagrelor (BRILINTA, 
Astra Zeneca, Södertalje, Sweden) at doses of 5 mg/kg, 10 
mg/kg, and 20 mg/kg or 0.1 mL/kg normal saline orally 
via gastric gavage before the procedure. All groups had 
laparotomy: a ischemia-reperfusion injury was induced 
by clamping the renal hilus through a midline incision on 
the approach to the left kidney. Then, atraumatic vascular 
clamps were applied to the renal vessels for 2 h. The 
clamps were removed afterwards for 4 h of reperfusion.  

At the end of these procedures, the animals were sacrificed 
with lethal injection of thiopental (Pentothal Sodium, 
Fako, Turkey). After sacrifice, the left kidneys of the animals 
were extracted and washed with 0.9% saline solution 
before both histopathological and biochemical analysis 
(malondealdehyde assay (MDA), glutathione reductase 
(GR) and glutathione peroxidase assays (GPx)).

Biochemical Analysis

Liquid nitrogen was used to freeze kidney tissues, and  
the tissues were stored at -80°C. Tissue sections were 
prepared and dried under vacuum overnight at 20°C. 
Freeze-dried sections were stored at -20°C until bio-
chemical analysis. MDA, GPx, and GR levels were performed 
with enzyme-linked immunosorbant assays. The levels 
of these oxidant and antioxidant enzymes in renal tissues 
were measured using a Biotin double antibody sandwich 
technology (Bioassay Technology Laboratory, Shanghai, 
China). The MDA concentrations were expressed as  
nmol/mL, and the concentrations of GPx and GR were 
expressed as ng/mL.

Histological Analysis

Histopathological and immunohistochemical examination  
of kidney tissue samples were completed after being 
fixed in 10% tamponed formaline for 72 h. Sections were 
prepared after fixation with bright field microscopic 
techniques, and a microtome (Leica RM2125RT) was used 
to obtain 5-micron-thick kidney section. The sections were 
stained with PAS and Masson triple coating.

The scores for the kidney were measured semi-quantita-
tively. Parameters including histopathological changes such 
as tubular dilatation, cast formation, loss of tubular brush 
border, congestion, cellular degeneration, and atrophic 
tubules were used for scoring. Evaluation was done at 
400X magnification. The parameters were evaluated in five 
randomly selected areas in each section of the kidney. Five 
assessments were made for each selected area for each 
parameter and averaged to obtain scores from 0 to 4. The 
scoring was (0) normal, (1) mild, (2) moderate, (3) severe, 
and (4) extremely severe. 

Immunohistochemical Analysis

To observe the nephroprotective effects, caspase-3 
levels and NF-KB (p65) were analyzed with immunohisto-
chemistry. Immunohistochemical staining for NF-KB and 
caspase-3 was performed with a VENTANA BenchMark 
GX System (Ventana Medical Systems, Inc.), which is a 
Universal DAB Detection Kit with ultraview. The antibody 
for caspase-3 staining was a rabbit polyclonal caspase-3 
primary antibody (ab4051; abcam) used at 1:50 for 32 min  
at 37°C. The primary antibody for NF-KB staining was a 
mouse monoclonal NF-KB (p65) (sc-8008; Santa Cruz) used  
at 1:80 dilution at the same time and temperature. After  
the slides were incubated with the diluted antibody, 
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they were exposed to Ventana. DAB was used as the 
chromogen, and hematoxylin was the counter stain. These 
sections were photographed with a light photomicroscope 
(Olympus BX 43) and digital camera (Olympus, DP21) 
for light microscopy studies. The staining intensity of 
immunopositive cells was examined in five random high-
power fields (200X) per section with cellSens software 
(Olympus). 

Semi-quantitative scoring for NF-KB and caspase-3 activities 
was made according to several parameters. These were 
evaluated according to the degree of nuclear and cyto-
plasmic staining in the proximal, distal, and medulla 
collecting tubules as well as the glomerule. According to  
the staining intensity, the sections were graded as follows:  
0 (none), 1 (mild), 2 (moderate), 3 (severe), or 4 (extremely 
severe).

Statistical Analysis

All data were statistically evaluated using the Mann-
Whitney U test. The significance of the differences was 
accepted as p at the 5% level.

RESULTS

Biochemical Results

MDA is a marker of free-radical-mediated lipid per- 
oxidation. There was less lipid peroxidation product in the 
animals that received ticagrelor than the control group, 
and this decrease was statistically significant (P=0.001 in 
all 5 mg/ kg, 10 mg/kg, and 20 mg/kg groups). Fig. 1 presents 
the results for MDA assays in renal tissues. GPx and GR are 
antioxidant enzymes, and our results showed that both  
GPx and GR were elevated in all groups that received 
ticagrelor (P=0.000 in 5 mg/kg, 10 mg/kg, and 20 mg/kg 
groups). Fig. 2 and Fig. 3 show the GPx and GR assays in renal 
tissues. MDA, GPx, and GR levels were not significantly 
different among the animals administered ticagrelor at 5 
mg/kg, 10 mg/kg, and 20 mg/kg (Table 1).

Histological Results

In the control group, minimal cortical and medullary 
congestion was observed while no obvious morphological 
changes were observed (Fig. 4C, Fig. 5C) in the sham group. 

Fig 2. GPx. Effect of pretreatment with ticagrelor on renal 
injury after abdominal aorta ischemia reperfusion injury 
in rats. The animals received 0.9% saline solution (control), 
ticagrelor 5 mg/kg, 10 mg/kg, and 20 mg/kg; sham group 
represents the manipulated animals

Fig 1.The effect of ticagrelor pretreatment on MDA levels 
after renal vessel clamping and renal ischemia reperfusion 
injury in rats. The animals received 0.9% saline solution 
(control), ticagrelor 5 mg/kg, 10 mg/kg and 20 mg/kg; 
sham group represents the manipulated animals

Fig 3. GR levels. Effect of pretreatment with ticagrelor on 
renal injury after abdominal aorta ischemia reperfusion 
injury in rats. The animals received 0.9% saline solution 
(control), ticagrelor 5 mg/kg, 10 mg/kg, and 20 mg/kg; sham 
group represents the manipulated animals
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In the sham group, we observed a higher filtration range 
(Fig. 4, Fig. 5B). Both glomerular capillaries and Bowman 
ranges showed significant dilatation. Cast formation 
(Fig. 5B) was most intense in this group. Based on these 
evaluation criteria, some effects were found and shown  
in Table 2. Similar findings were observed in all treatment 

groups, although the 5 mg ticagrelor treated group  
(Fig. 4D, Fig. 5D) showed no changes in glomerules  
and/or tubules compared to the control group. Dilated 
tubular structures were similar to the sham group and 
were noted  in both 10 and 20 mg ticagrelor treatment 
groups (Fig. 4, Fig. 5)

Immunohistochemical Results

When caspase-3 activity was examined in the control 
group’s renal cortex, the proximal and distal tubule cells 
had a nuclear immune reaction. The caspase-3 activity 
was more intense in the nucleus of proximal tubule cells;  
it was moderate in the distal tubules. The cytoplasm of  
the proximal tubule cells had a mild immune reaction; 
there was no immune reaction in the distal tubules.

Collector tubules in the medulla were slightly positive. 
Glomerular, vascular smooth muscle, and transitional 
epithelium showed no immune reactions. The immune 
activity was more intense-especially in neighboring regions  
of the cortex through the medulla (Fig. 6A). In general, 
other groups have similar findings as the control group,  

Table 1. Effect of different doses of ticagrelor on MDA, GPx, and GR levels

Parameters
Ticagrelor Doses

P
5 mg/kg 10 mg/kg 20 mg/kg

MDA (nmol/mL) 1.61±0.60 1.58±0.41 1.74±0.49
0.926a

0.680b

0.547c

GPx (ng/mL) 47.16±2.91 48.82±2.38 51.79±4.84
0.306a

0.073b

0.208c

GR (ng/mL) 34.43±2.55 37.29±5.08 37.65±4.03
0.245a

0.130b

0.897c

a level of significance between 5 mg/kg dose of ticagrelor and 10 mg/kg dose, 
b level of significance between 5 mg/kg dose of ticagrelor and 20 mg/kg dose, 
c level of significance between 10 mg/kg dose of ticagrelor and 20 mg/kg dose

Fig 4. The histological appearance of 
renal tissue obtained from subjects 
belonging to the experimental group. 
While the view of kidney sections of 
group C was normal, the sham (A-B) 
group had areas with hemosiderin 
(black arrows) in kidney sections. In 
other treatment groups (D: 5 mg 
ticagrelor, E: 10 mg ticagrelor, F: 20 mg 
ticagrelor) dilatations in the Bowman 
capsule were observed (Dye: PAS; 
Mag: 40X, A-B: Sham Group, C: Control 
Group, D: 5 mg Group, E: 10 mg Group, 
and F: 20 mg Group; G: Glomerules, DT: 
Distal Tubule, PT: Proximal Tubule, black 
arrow: hemosiderin area)
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and we indicate the differences between the groups as 
follows (Table 3).

In the sham group, the medullar area with collecting 

tubules was slightly positive. The 5, 10, and 20 mg groups 
were similar to the sham group (Fig. 6). The NF-KB activity 
in the control group was observed differently in the 
renal cortex, proximal, and distal tubules. The proximal 
tubule had a granular appearance, and there was a severe 
cytoplasmic view. Distal tubule immunostaining observed 
homogeneity and mild intensity in the cytoplasm.

Collector tubules in the medulla area were slightly positive 
(Fig. 7C). The sham group and control groups had a positive 
immune response (Fig. 7A,B). Some distal tubules had 
obvious cytoplasmic NF-KB activity. In the 5 mg group, 
while NF-KB activity was observed in the glomeruli, some 
DT cytoplasmic NF-KB activity was also seen. The 5, 10 
and 20 mg groups were similar to the sham group (Fig. 7);  
immunohistochemical values are given as intensity scores 
(Table 3).

DISCUSSION
Free oxygen radicals and reactive oxygen species cause 
ischemia-reperfusion injury and the effects on many tissues  

BAĞCIOĞLU, KOCAASLAN, USLU 
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Fig 5. The histological appearance of 
renal tissue obtained from subjects 
belonging to the experimental group. 
Dilatations were observed in the 
filtration range of kidney sections, 
additionally cast formations were 
observed (black arrow) in the sham 
group (A-B). While control group (C) had 
normal appearance, 5 mg (D), 10 mg 
(E) and 20 mg (F) ticagrelor treatment 
groups had ischemic results such as 
loss of tubulin in the microvilli brushes, 
and dilated tubules observed (Dye: 
TRIPLE; A-B: Sham Group, C: Control 
Group, D: 5 mg Group, E: 10 mg Group, 
and F: 20 mg Group, G: Glomerules, DT: 
Distal Tubule, PT: Proximal Tubule, black 
arrow: cast formation)

Table 2. Histopathological scores of groups ((0) normal, (1) mild, (2) 
moderate, (3) severe, (4) extremely severe)

PAS & Triple Control 
Group

Sham 
Group

5 mg 
Ticagrelor

10 mg 
Ticagrelor

20 mg 
Ticagrelor

Loss of tubular 
brush border 1 2 1 2 2

Tubular 
dilatation 1 2 2 2 2

Cellular 
degeneration 1 2 1 1 2

Congestion 0 1 1 1 1

Cast formation 0 3 1 1 1

Atrophic 
tubules 0 1 0 1 1

Total score 3 11 6 7 9
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are well-known [17,18]. These effects include changes in 
the level of ATP depletion, oxidative phosphorylation, 
increases in the level of intracellular calcium, and protein 

kinase activation. The release of nucleases, lipase proteases, 
and phosphatases can damage the cell’s integrity and 
function [19].

Reperfusion of ischemic tissue can stimulate the production  
of reactive oxygen species [20], which can lead to pre-
oxidation of cellular structures and components such as 
nucleic acids, proteins, and lipids [21]. Kidney ischemia-
reperfusion injury -together with a reduction in anti-
oxidant defense- is associated with oxidative stress in the 
kidney [22-24].

Nitric oxide synthase inhibitors, statins, betacarotene, 
erythropoietin, ascorbic acid, phenolic acid, antioxidants, 
and antioxidant enzyme mimetics have all been shown to 
have potential positive effects that protect renal function 
and reduce kidney ischemia-reperfusion injury [23-26].

The use of ticagrelor increases adenosine levels. Adenosine 
accumulation during ischemia and inflammation protects 
tissue from damage. In ischemic tissue, adenosine 
accumulates because of inhibited adenosine kinase.In 
inflamed tissue, adenosine consists of adenine nucleotides 
that are delivered from numerous cells including mast 

Fig 6. View of caspase-3 immune 
activity in kidneys. In all groups, the 
tubules’ nuclear caspase activity is seen 
with different concentrations (black 
arrow);sham (white arrow) and 25 mg 
group intensive cyto-plasmic reactions 
(white arrow) were also observed 
(Dye: Caspase-3; A-B: Sham Group, C: 
Control Group, D: 5 mg Group, E: 10 
mg Group, and F: 20 mg Group, black 
arrow: nuclear Caspase-3 activity, white 
arrow: cytoplasmic Caspase-3 activity, 
G: Glomerules)

Table 3. Results of Caspase-3 and NF-KB activation ((0) normal, (1) mild, (2) 
moderate, (3) severe, (4) extremely severe)

Caspase-3 
Staining 

Control
Group

Sham
Group

5 mg
Ticagrelor

10 mg
Ticagrelor

20 mg
Ticagrelor

Proximal 
tubules 4 3 4 4 3 

Distal tubules 1 1 1 1 1 

Glomerule 0 1 0 0 1

Medulla 1 2 1 1 2

Total score 6 7 6 6 7

NF-KB

Proximal 
tubules 2 1 1 1 0

Distal tubules 1 2 1 1 2

Glomerule 1 3 2 3 3

Medulla 2 2 2 2 2

Total score 6 8 6 7 7
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cells, endothelium, and platelets. This is only one of the 
pleiotropic effects of this drug. Thus, it is better to indicate  
the pleiotropic effects of ticagrelor [27]. 

The P2Y12 receptor antagonists exhibit a wide range of 
actions beyond their primary anti-aggregation functions  
that is the primary indication [28]. They modulate inflamma- 
tion, improve endothelial function, and prevent vaso-
constriction while offering adenosine-likeand post-
conditioning-like effects. This offers an extra gain benefit 
for patients treated with the P2Y12 blocker ticagrelor.
This motivated us to use ticagrelor to prevent or reverse 
ischemia-reperfusion kidney damage. To the best of our 
knowledge, this is the first study to evaluate ticagrelor in  
kidney injury. Thus, we can not compare it to other studies.
There are many well-known studies of other drugs and 
their effects on ischemia-reperfusion injuries. 

In our study, the animals that received ticagrelor had 
significantly less MDA than the control group. The anti-
oxidant enzymes of both GPx and GR were elevated in 
groups administered ticagrelor at all doses (P=0.000 in 
5 mg/kg, 10 mg/kg and 20 mg/kg groups). This shows that 

ticagrelor protects kidney tissue from ischemia-reperfusion 
injury and oxidative stress. MDA, GPx, and GR levels were 
not significantly different between the ticagrelor animals 
at 3 different doses. In our study, the protective effect 
of ticagrelor was independent of the doses in terms of 
biochemistry.  

The histopathological findings have a limited similarity 
with the degree of lipid peroxidation and biochemical 
results. Tubular dilatation, which was observed in the 
ticagrelor treatment groups, may stem from precipitated 
proteins that obstruct tubules and raise the intratubular 
pressure. This is consistent with the results from animal 
models that showed increased intratubular pressure in 
ischemic injury [29]. Histopathological findings also confirmed 
the protective action of ticagrelor, but this was dose-
dependent. In the ticagrelor group, the damage was less 
severe than in the control group. The immunohistochemical 
results also showed the nephroprotective effect of this 
drug. Ticagrelor may protect renal tissue with its pleiotropic 
effect or through some other mechanism. Accordingly, our 
biochemical findings showed that the administration of 
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Fig 7. Kidney tissue NF-KB immune 
activity. No immune glomerular activity 
was seen in the control (c) group, 
otherwise severe NF-KB activity was 
observed in the sham (A-B) and other 
treatment groups (D-F) (Dye: NF-KB; 
A-B: Sham Group, C: Control Group, D: 
5 mg Group, E: 10 mg Group, and F: 
20 mg Group, Mag: 20x, white arrow: 
cytoplasmic Caspase-3 activity, G: 
Glomerule, DT: Distal Tubule)
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ticagrelor protects kidneys from ischemia-reperfusion 
injuries.

Our study showed that ticagreloris an effective agent 
to protect kidneys from renal ischemia-reperfusion 
injury. Ticagrelor may protect the tissues by reducing the 
concentration of reactive oxygen species and inducing the 
antioxidant system especially with its pleiotropic effects. 
However, further studies are needed to understand the 
possible mechanisms by which ticagrelor can prevent 
kidney ischemia-reperfusion injury.
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