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Abstract 

Kidney damage due to ischemia-reperfusion injury (IRI) is a serious cause of morbidity and mortality. 

We induced an experimental kidney ischemia-reperfusion model in rats where intraperitoneal dexpanthenol 

were given and compared to controls in terms of oxidative stress, tubular damage, apoptosis, and its effect 

on renal inflammation. Twelve-week-old male albino Wistar rats were used for creating the experimental model 

and the study sample were divided into three groups (n=16); control group (intraperitoneal 2cc/kg saline was 

injected), IRI group and IRI+dexpanthenol group via intraperitoneal injection. Blood samples were obtained 

from rats 24 hours after perfusion and their left kidneys were removed. In order to determine the percentage 

of apoptotic cells, a total of 100 cells were counted in each region and the number of cells with caspase-3 

positivity was recorded for each region. Mortality was lower, although not statistically significant in the 

IRI+dexpanthenol group (n=3; 18.8%) compared to the IRI group (n=6; 37.5%) (p=0.216). In addition, 

kidney parenchyma and tubular damages were significantly lower in the dexpanthenol group compared to the 

IRI group (p<0.05). Dexpanthenol significantly decreased oxidative stress and inflammation. Caspase-3 

positive stained cell numbers were lower in the dexpanthenol group and also apoptosis rates were significantly 

lower (p<0.05). Dexpanthenol treatment in kidney ischemia-reperfusion models showed significant recovery 

in kidney tubular cell and parenchyma damages, apoptosis, oxidative stress, and inflammation. These results 

show us that dexpanthenol treatment can be a promising alternative in improving the prognosis of adults with 

kidney IRI. 

Keywords: Ischemia-reperfusion injury, Kidney, Dexpanthenol, Oxidative stress, Inflammation. 

 

Özet 

İskemi-reperfüzyon injürisine (IRI) bağlı böbrek hasarı ciddi bir morbidite ve mortalite nedenidir. 

İntraperitoneal dekspantenol verilen ratlarda deneysel bir böbrek iskemi-reperfüzyon modeli oluşturduk ve 
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oksidatif stres, tübüler hasar, apoptoz ve renal inflamasyon üzerindeki etkisi açısından kontrollerle 

karşılaştırdık. Deneysel modelin oluşturulmasında 12 haftalık erkek albino Wistar ratlar kullanıldı ve çalışma 

örneklemi 3 gruba ayrıldı (n=16); kontrol grubu (intraperitoneal 2cc/kg salin enjekte edildi), IRI grubu ve 

intraperitoneal enjeksiyon uygulaması ile oluşturulan IRI+dekspantenol grubu. Perfüzyondan 24 saat sonra 

ratlardan kan örnekleri toplandı ve sol böbrekleri alındı. Apoptotik hücre yüzdesini belirlemek için her bölgede 

toplam 100 hücre sayıldı ve her bölge için kaspaz-3 pozitifliği olan hücre sayısı kaydedildi. Mortalite 

IRI+dekspantenol grubunda (n=3; 18.8), IRI grubuna (n=6; %37.5) göre istatistiksel olarak anlamlı düzeyde 

olmamakla beraber daha düşüktü (p=0.216). Ayrıca böbrek parankimi ve tübüler hasarlar dekspantenol 

grubunda IRI grubuna göre anlamlı olarak daha düşüktü (p<0.05). Dekspantenol, oksidatif stresi ve 

enflamasyonu önemli ölçüde azaltmıştı. Dekspantenol grubunda kaspaz-3 pozitif boyanan hücre sayıları ve 

apoptoz oranları anlamlı olarak düşüktü (p<0.05). Böbrek iskemi-reperfüzyon modellerinde dekspantenol 

tedavisi, böbrek tübüler hücre ve parankim hasarlarında, apoptozda, oksidatif streste ve inflamasyonda önemli 

iyileşme gösterdi. Bu sonuçlar bize dekspantenol tedavisinin böbrek IRI'si olan yetişkinlerin prognozunu 

iyileştirmede umut verici bir alternatif olabileceğini göstermektedir. 

Anahtar Kelimeler: İskemi-reperfüzyon hasarı, Böbrek, Dekspantenol, Oksidatif stres, İnflamasyon. 

 

Introduction 

Ischemia of an organ or a system usually 

results in varying degrees of tissue damage, 

depending on the volume and the period of 

obstructed arterial blood flow [1]. Reestablishing 

the blood flow following ischemia is named 

ischemia-reperfusion injury (IRI) [1]. Reperfusion 

mostly causes an issue which damages the tissues 

more than ischemic damage [2]. IRI is usually 

related with the disturbed microvascular perfusion 

following low oxygenation of the tissue [3]. Renal 

insufficiency caused by renal parenchymal 

damage due to renovascular obstruction might 

vary with obstruction degree and period. Kidney 

failure may also occur following renovascular 

occlusion. 

Dexpanthenol (Dxp) is an alcohol analog and 

the biologically active form of pantothenic acid 

(vitamin B5) [4]. Dxp can be introduced via oral 

or parenteral route in mammals to benefit from its 

active form [5,6]. Dxp changes into D-

pantothenic acid through oral or parenteral route 

in rats and mammals. Pantothenic acid treatment 

causes an increase in reduced glutathione (GSH), 

co-enzyme A (CoA) and intracellular adenosine 

triphosphate (ATP) synthesis [7,8]. Those GSH 

and glutathione-dependent peroxidases are the 

most important protective systems against 

oxidative stress and lipid peroxidation seen in 

ischemia-reperfusion injuries [8,9].  

Kidney IRI is a severe morbidity and mortality 

cause. In this study, we aimed to investigate the 

effect of intraperitoneal Dxp in rats with an 

experimental kidney IRI model on oxidative 

stress, tubular damage, apoptosis and renal 

inflammation, by comparing with the control 

group.  
 

Material and Method 

All procedures were carried out in accordance 

with national guidelines and laws for using and 

caring of laboratory animals and the Guideline of 

National Health Institutes for the Care and Use of 

Laboratory Animals. The study and procedures 

were approved by the Animal Ethics Committee of 

Ankara Training and Research Hospital 

(11.06.2020-60/622).  
 

Animal model 

Twelve-week-old, male albino Wistar rats 

weighing between 250-300 grams were divided 

into 3 groups with 16 rats in each group. Groups 

were labeled as controls, kidney IRI damage 

model group and IRI+ Dxp treatment group. The 

rats were put under anesthesia using 

intramuscular 15 mg/kg xylazine (Rompun, 

Bayer, Türkiye) and 50 mg/kg ketamine (Ketalar, 

Eczacıbaşı, Türkiye) and placed on a 

homeothermic pad to keep the 37°C body 

temperature. Anterior abdominal wall was opened 

using a midline section. Right kidney was 

removed, and the left kidney vessels were 

separated by blunt dissection. Renal artery was 

clamped using atraumatic vascular clamps and 

another atraumatic vascular clamp (FST, Essen, 

Germany) was applied to left kidney pedicle. 

Clamp was removed following 45 minutes of 
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ischemia and blood flow was reintroduced into the 

kidney. Then, the other vascular clamp was 

removed for kidney reperfusion. Occlusion was 

visually confirmed after confirming the color 

change in the kidneys with atropurpureus shade 

and reperfusion was visually confirmed by 

observing the change in color (blushing) of 

kidneys. Abdominal cavity was closed.  

In the control group, rats' right kidneys were 

excised without blocking left kidney pedicles. 

Anterior abdominal wall incision was closed and 

disinfected using 10% povidone-iodine solution. 

Death incidents and life periods were recorded for 

all groups. In controls, intraperitoneal 2cc/kg 

saline was injected and samples from the left 

kidney were collected after 24 hours. In other rats 

with induced kidney IRI, dexpanthenol 

(Bepanthene ampoule, 500 mg, Bayer Corp., 

Istanbul, Türkiye) was introduced via 

intraperitoneal route in the treatment group 15 

minutes following surgical intervention. In IRI and 

IRI+Dxp groups, blood samples were taken from 

rats and their left kidneys were removed under 

anesthesia 24 hours after reperfusion. After 

removing the renal capsule using a surgical blade, 

the kidney was separated into two parts. A part 

was preserved in 10 % formaldehyde solution for 

histopathological and immunohistochemical 

analysis. The other part was preserved for 

biochemical analysis. 
 

Histopathological assessment  

The kidney tissues obtained were fixed in 

10% formaldehyde solution for 48 hours and then 

embedded in paraffin. The paraffin blocks were 

cut into 4-5 mm sections, then mounted onto 

poly-L-lysine-coated slides (Paul Marienfeld 

GmbH & Co., Lauda-Königshofen, Germany). 

Hematoxylin-eosin staining was carried out for 

histopathological evaluation. The sections were 

examined under 200× magnification using a light 

microscope (Figure 1). As for grading, 

histopathological changes were evaluated by 

tubular injury, according to tubular epithelial cell 

swelling, interstitial expansion, intratubular 

hemorrhaging, brush border loss, vacuolar 

degeneration, necrotic tubules, cast formation 

and desquamation. Histological sections were 

evaluated by two pathologists blinded to the 

groups, and photos were taken. 

 

Immunohistochemical analysis  

For immunohistochemical evaluation, the 

cross sections were stained with properly diluted 

primary antibodies specific for Caspase-3 [1:100; 

(CPP32) Ab-4 (rabbit PAP), 1 ml, Labvision 

(Thermo), RB-1197-P]. Each and every section 

was examined for apoptosis. All counting 

procedures and measurements were performed 

blind to the study groups. In order to determine 

the percentage of apoptotic cells, 10 fields of view 

were randomly selected for each subject, and 100 

cells were counted in each field and the number 

of caspase-3 positive cells were recorded. As a 

result, 1000 cells were counted for each subject 

and the number of apoptotic cells was given as a 

percentage (Figure 2).  
 

Biochemical analysis 

The levels of serum creatinine (SCr) and 

blood urea nitrogen (BUN) were determined using 

an automated Biochemical Analyzer (Beckman 

Coulter, Inc., CA, USA). Obtained renal tissue 

samples were homogenized in normal saline (1 g 

in 5 ml) by using a homogenizer (IKA T18 Basic 

Ultra-Turrax, Germany). Subsequently, the 

homogenates were centrifuged at 4000 × g (NF 

800 R, Nüve, Türkiye) for 20 min to remove 

supernatants for the analysis. A 

spectrophotometer (UV-1700, Shimadzu, Japan) 

was used for all measurements. Tissue protein 

concentrations were calculated by the Lowry 

method [10]. Superoxide dismutase (SOD) 

activity was determined by using a method 

described by Sun et al. [11] and GSH level was 

measured as described by Koyuncu et al. [12]. 

Tissue total antioxidant status (TAS) and total 

oxidant status (TOS) were measured with an 

autoanalyzer (Cobas Integra 800, Roche) using 

commercially available kits (Rel Assay Diagnostics 

kit; Mega Medical, Gaziantep, Türkiye) by means 

of a method developed by Erel et al. [13]. 

Oxidative stress index (OSI) was calculated using 

the formula OSI=TOS/TAS. Tissue lipid 

hydroperoxide (LPO) levels were measured by 

using commercially available kits (LPO Assay Kit, 

Item No. 705003, Cayman Chemical Company, 

Ann Arbor, USA). Levels of 8-

Hydroxydeoxyguanosine (8-OHdG), an indicator 

of oxidative-dependent DNA damage, were 
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measured by using OXISELECT Oxidative DNA 

damage ELISA Kit (Cell Biolabs, San Diego, CA). 

Spectrophotometric measurement of advanced 

oxidation protein products (AOPP) was carried out 

by using a method described by Witko et al. [14]. 

Tissue caspase-3 levels were measured with a 

Caspase-3 ELISA kit designed for rats (BioSource 

Europe S.A., Nivelles, Belgium). TNF-α and IL-6 

levels were measured in duplicate using ELISA 

kits (BioSource Europe S.A., Nivelles, Belgium) in 

accordance with the manufacturer's instructions. 

Myeloperoxidase (MPO) activity was determined 

by using a method described by Krawisz et al. 

[15]. Total thiol levels were measured with Total 

Thiol Assay Kit.  
 

Statistical analysis 

SPSS statistical program (v20.0, IL, USA) 

was used for statistical analysis. Data was 

expressed as mean ± standard deviation (SD) and 

median-interquartile range (IQR). Biochemical 

and pathological parameters were analyzed by 

appropriate post hoc tests involving Analysis of 

Variance (ANOVA) and multiple comparison test 

[Fisher's Least Significant Difference (LSD)]. 

Statistical analyses for pathological scores of renal 

IRI and IRI+Dxp groups were performed in ranks, 

by using Kruskal Wallis or one-way ANOVA. Mann-

Whitney non-parametric test was used for 

independent samples in the comparisons between 

two groups.  

Differences were considered statistically 

significant for p value <0.05. Power analysis was 

performed, and 16 animals were found to be 

sufficient in each group to obtain a test power of 

80% with the effect size=0.80, ɑ=0.05, β=0.20 

values.  
 

Results 

Mortality was lower, although not statistically 

significant in the IRI+Dxp group (n=3; 18.8%) 

compared to the IRI group (n=6; 37.5%) 

(p=0.216). Kidney parenchyma and tubular 

damage was significantly lower in IRI+Dxp group 

when compared to the IRI group (p<0.05) (Table 

1, Figure 1). Dxp application was also found to 

significantly decrease oxidative stress and 

inflammation in IRI following biochemical marker 

analysis (Table 2). Immunohistochemical analysis 

showed decreased Caspase-3 positive cell 

numbers as well as apoptosis (p<0.05) (Table 1, 

Figure 2). 
 

 

 

 

Figure 1. (A) Controls: Normal histology. (B) Renal Ischemia Reperfusion Injury (IRI): IRI- increased renal 

tubular damage in kidney, swelling in tubule epithelium, brush-border loss, interstitial widening, vacuole 

degeneration, necrotic tubules, cast formation and desquamation. (C) Renal ischemia reperfusion with 

dexpanthenol treatment: Renal tubular damage decreased following the treatment with dexpanthenol. All 

figures hematoxylin-eosin stained, 200×. 
 

 

 

Table 1. Mortality and histopathological analysis of the groups 

Variables Control (n=16) IRI (n=16) IRI+dexpanthenol (n=16) P 

Death (n / %) 0 6 / 37.5 3 / 18.8 0.216* 

Histopathologic score; median (IQR) 1(0) 3(2) 2(1) 0.023 

Caspase-3-positive cell (%) 0.5 17.3 8.2 0.001 

IRI; Ischemia Reperfusion Injury. IQR; Interquartile range. *IRI and IRI+dexpanthenol (Fisher's exact test 2×2) 
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Figure 2. (A) Controls: Minimal staining in control group. (B) Renal Ischemia Reperfusion Injury (IRI): IRI - 

caspase-3 positive cell density increased in the kidney, renal tubules and parenchyma. (C) Renal Ischemia 

Reperfusion with dexpanthenol treatment: Caspase-3 positive cell density decreased following treatment with 

dexpanthenol. All figures caspase-3 stained, 200×. 

 

 

Table 2. Biochemical results on kidney tissues and serum samples. 

Variables 
Controls 
(n=16) 

IRI 
(n=10) 

Dexpanthenol 
(n=13) 

p 

TAS (mmol Trolox equivalent/g protein) 9.23±0.91 3.13±0.51 6.34±0.82 <0.001 

TOS (µmol H2O2 equivalent/g protein) 5.77±1.95 53.67 ±16.67 29.32±5.33 <0.001 

OSI (Arbitrary Units) 0.65±0.21 18.36±6.48 4.76±1.65 <0.001 

GSH (nmol/g) 13.78±3.89 4.34±1.94 8.98±1.57 <0.001 

AOPP (ng/mg protein) 4.87±1.76 21.44±6.83 13.45±5.56 <0.001 

Lipid hydroperoxide (nmol/L) 0.376±0.0651 1.57±0.622 0.86±0.32 <0.001 

8-OHdG (ng/ml) 1.67±0.51 9.47±1.87 4.57±1.89 <0.001 

Total thiol (μmol/L) 0.984±0.265 0.186±0.132 0.657±0.064 <0.001 

MPO (ng/mg protein) 23.49 ±10.76 183.54±40.51 87.56±18.37 <0.001 

TNF-α (pg/mg protein) 32.31±6.2 189.5±29.7 79.34±15.5 <0.001 

IL-6 (pg/mg protein) 16.8± 4.9 97.8±18.1 35.9±8.4 <0.001 

Caspase-3 (ng/g protein) 9.2±3.5 79.4±12.6 30.6±6.9 <0.001 

NFR2 (pg/mg protein) 128.32±33.56 269.65±17.56 495.26±64.28 <0.001 

Hsp70 (ng/mg protein) 136.65.±39.37 534.57±55.34 296.71±42.21 0.002 

Serum creatinine (μmol/L) 48.89±7.02 158.45±41.26 69.35±5.34 <0.001 

Serum BUN (mmol/L) 12.56±3.45 49.6±5.78 24.3±6.3 0.001 

TAS; Tissue total antioxidant status. TOS; Total oxidant status. OSI; Oxidative stress index. GSH; Glutathione. AOPP; Advanced 
oxidation protein products. 8-OHdG; 8-Hydroxydeoxyguanosine. MPO; Myeloperoxidase. NFR2; nuclear factor erythroid 2-related 
factor 2. Hsp70; Heat shock protein 70. IRI; Ischemia reperfusion injury. BUN; Blood urea nitrogen. TNF; Tumor necrosis factor. 

 

 

 

Discussion 

Acute renovascular obstruction is a 

challenging clinical condition posing difficulties in 

diagnosis, which can be identified following a 

thorough examination based on clinical suspicion 

[16,17]. Treatment options for revascularization 

following renovascular occlusion include medical 

treatment, angioplasty, and open surgery. 

However, renal parenchymal damage continues to 

develop until the treatment begins. Moreover, 

reperfusion injuries after the removal of occlusion 

can cause increased tissue damage. The main 

culprit of these injuries are free oxygen radicals.  

All tissues continuously produce an amount of free 

oxygen radicals. However, as they are low in 

volume, they can be removed by enzymatic 

antioxidant systems within tissues such as SOD, 

CAT, and GSH-Px [18]. During IRI, activated 

neutrophils migrate towards the inflamed region 

and increase tissue damage by producing and 

expressing reactive oxygen products, as well as 

secreting some toxic enzymes such as 

myeloperoxidase (MPO) [19]. Lipid peroxidation is 

a chemical process, which is initiated by free 

radicals, causing oxidation of polyunsaturated 

fatty acids on membrane phospholipids and 
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damaging cellular structure and functions by 

changing membrane lipid structures [20]. 

Dxp is the alcohol analogue of pantothenic 

acid, which is a member of B-complex vitamins 

[21]. Protective properties of pantothenic acid and 

its derivatives against cellular damage caused by 

reactive oxygen radicals were shown in a number 

of studies previously [6,7,9]. Pantothenic acid 

causes an increase in cellular CoA content and 

also intracellular ATP and GSH synthesis [7,9]. 

Recent studies also showed its anti-inflammatory 

effects and lipid peroxidation decreasing 

properties as well [21–24]. There are a number of 

studies which show the protective effect of Dxp 

for ischemia and reperfusion injury. One of those 

studies was conducted by Etensel et al. [24], in 

which they reported decreased testicular injury 

and lipid peroxidation in experimental testicular 

ischemia reperfusion injuries. Another study by 

Slyshenkov et al. reported that Dxp protected rats 

against some of the harmful effects of gamma 

radiation [6]. Authors also reported that Dxp 

protected jurkat cells against ultraviolet rays [6]. 

As opposed to those studies, Etensel et al. [24], 

studying the effects of Dxp on renal ischemia 

reperfusion reported that, even though 

biochemical parameters showed that there was a 

protective effect on antioxidant mechanisms 

within the tissue, it was not statistically significant 

and therefore, Dxp had no protective effect in 

renal ischemia reperfusion injuries.  

In our experimental study, we assessed 

biochemical and pathological parameters of 

controls, renal IRI and renal IRI+Dxp groups. In 

pathological assessment, control group showed 

normal histology whereas IRI group showed 

increased renal tubular damage within kidney, 

swelling in tubule epithelium, loss of brush-

border, interstitial expansion, vacuolar 

degeneration, necrotic tubules, cast formation 

and desquamation. Renal tubular damage was 

decreased in IRI+Dxp treatment group. When 

Caspase-3 activity was assessed, the control 

group showed minimal staining. The IRI group 

showed an increased concentration of caspase-3 

positive cells within renal tubules and parenchyma 

cells within the kidney. However, a significant 

decrease in caspase-3 positive cell concentration 

was seen in IRI+Dxp group. TOS and OSI, which 

shows increased oxidative stress, was 

significantly lower in IRI+Dxp group when 

compared to IRI, yet still high when compared to 

the control group. This shows us that although 

Dxp was able to decrease renal damage by 

lowering oxidative stress, it was not able to turn 

it back to its original state completely. In our 

study, we found an increase in total oxidant 

capacity and lipid hydroperoxides, while a 

decrease in total thiol and antioxidant capacity as 

well as in GSH, Nfr2 in renal parenchymal tissue. 

There was also a decrease in AOPP, 8-OHdG, MPO, 

and Hsp70 levels. There was an increase in the 

levels of TNF-alpha and IL-6, inflammatory 

system indicators, and caspase-3, apoptosis 

indicator. Antioxidant defense systems such as 

reduced GSH and thiol were significantly 

decreased in renal parenchymal tissue, whereas 

OSI index and oxidative stress as well as 

indicators of oxidative stress (Lipid 

hydroperoxide, 8-OHdG, AOPP, Nfr2, MPO, 

Hsp70) were found to be statistically significantly 

higher. Oxidative stress parameters and 

antioxidant capacity improved in the Dxp 

treatment group. In the meantime, caspase-3, 

apoptosis indicator, regressed by treatment. It 

was shown that Dxp treatment reduced oxidative 

stress and displayed anti-inflammatory and anti-

apoptotic effects. In addition to all these, a 

decrease in mortality was also shown. 

Dxp, which is used as an epithelizing and 

cicatrizing agent, was also shown to have anti-

inflammatory and lipid peroxidase-decreasing 

properties in recent studies [21–24]. TNF-α and 

IL-6 are pro-inflammatory cytokines. In renal 

tissues, MPO, IL-6, TNF-a levels and other 

parameters indicating neutrophil infiltration and 

inflammation displayed a significant increase 

compared to other groups in the IRI group.  

Tissue MPO, IL-6, TNF-a levels were 

significantly lower in IRI+Dxp group and those 

results showed us that Dxp treatment caused 

decreased neutrophil infiltration/inflammation. In 

the IRI group, IL-6 and TNF-a levels were 

significantly higher compared to controls and 

IRI+Dxp group, yet the rates treated with Dxp 

showed significantly decreased tissue IL-6 and 

TNF-a levels compared to the IRI group. All those 

parameters indicate that the inflammatory 
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processes which cause renal damage due to 

renovascular occlusion can be minimized using 

Dxp. This effect may also be related to the nuclear 

factor erythroid 2-related factor 2 (Nrf2)-

antioxidant response element (ARE) pathway. The 

Nrf2-ARE pathway regulates oxidative stress by 

modulating the expression of hundreds of 

antioxidants and detoxifying genes [25,26]. This, 

as a result, can decrease the risk for renal 

insufficiency. In physiological conditions, there is 

an equilibrium between ROS formation and their 

elimination by the antioxidant system, especially 

by the SOD, glutathione peroxidase, catalase, and 

thiol group antioxidant system [27–29]. GSH 

plays a role in the final removal of detoxified 

oxidation products from the cell [9,28,29]. In 

addition to their function as a reactive oxygen 

species (ROS) scavenger, thiol and GSH are 

involved in various metabolic functions such as 

DNA repair, activation of transcription factors, cell 

cycle regulation, modulation of calcium 

homeostasis, and regulation of enzyme activities 

[9,28–31]. In the literature, pantothenic acid (PA) 

and its derivatives were reported to have a 

protective effect against the cell damage induced 

by ROS [9,30]. Pantothenic acid also prevents 

impairment of mitochondrial membrane potential 

and regulates ATP synthesis [7]. Dxp, a derivative 

of PA, stabilizes the endogenous antioxidant level 

by adjusting thiol and GSH activity [7–9,18]. In a 

study [32], the effects of Dxp treatment were 

investigated in adult rats with cerebral ischemia-

reperfusion. Dxp treatment was noted to produce 

an antioxidant effect by increasing the reduced 

glutathione in cells, which might be associated 

with intracellular CoA increase. In our study too, 

thiol and GSH activities significantly decreased in 

the IRI+Dxp group. And antioxidant capacity 

improved with Dxp treatment. 8-

hydroxydeoxyguanosine (8-OHdG) is a sensitive 

biomarker of oxidative stress, as one of the most 

abundant among the oxidative products of DNA 

[33,34]. It can manifest oxidative DNA damage, 

even at extremely low levels [33]. Advanced 

oxidation protein products (AOPP) include 

dityrosine and cross-linking protein products [34]. 

And AOPPs are recognized as oxidative stress 

biomarkers in some neuroinflammatory diseases 

seen in adults [34]. Likewise, Heat Shock Protein 

(Hsp) is found in all organisms and in all cell 

types. Hsp is expressed by cells in response to 

various stress factors including hypoxia-ischemia 

as well as high temperature, free radicals, stress, 

toxins [35]. 8-hydroxydeoxyguanosine (8-OHdG) 

and Advanced Oxidation Protein Products (AOPP), 

as the markers of oxidative stress, were also 

evaluated in this study. In our study, 8-OHdG and 

AOPP levels were found to be decreased in the 

IRI+Dxp group with respect to the IRI group. 

Similarly, in our study, Dxp treatment decreased 

hsp levels with respect to the IRI group. 
 

Conclusion 

In conclusion, when we assessed all the data 

in our study, we were able to show that Dxp had 

antioxidant, anti-inflammatory, anti-apoptosis 

and cytoprotective properties protecting the 

kidney following renal damage caused by 

renovascular occlusion. Dxp can be a treatment 

option to provide more time for other treatment 

models, in addition to alleviating functional 

impairment in kidneys, by decreasing post-IRI 

renal damages. However, further studies are 

required to clarify the renal protecting effect of Dxp.
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