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Abstract
Objectives:  Study investigates erythropoietin’s nephroprotective effect in adult male rats with renal ischemia and reperfusion injury, 
examining biochemical parameters and renal tissue alterations.
Methods:  Twenty-eight male rats of Sprague Dawley randomized into four groups: Sham, Iscemia/Reperfusion, NS, and Erythropoietin. 
Sham group treated kidneys identically without clamping pedicles. Ischemia/Reperfusion group underwent midline laparotomy, 30 
minutes ischemia, 2 hours reperfusion, Rats received NS vehicle for Erythropoietin 30 minutes before ischemia, Erythropoietin dose 
administered 30 minutes before ischemia/reperfusion. Operation performed under maintained anesthesia using ketamine and xylazine 
injections.
Results: Renal ischemia /reperfusion increased serum Cr, BUN, IL-1β, NF-kB, Caspase-3, while SOD, GSH, Bcl-2 decreased in induced rats. 
Erythropoietin treatment reduced Cr and BUN levels, Reduced inflammation, and inflammatory markers. Renal tissue antioxidant markers 
increased; apoptotic markers decreased. Significant increase in Bcl-2 antiapoptotic marker. Erythropoietin-treated group had significantly 
better renal histological score compared to induced group.
Conclusion: Erythropoietin protects against Ischemia/Reperfusion-mediated renal injury, possessing antioxidant, anti-inflammatory, and 
anti-apoptotic properties.
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Introduction
Ischemia/reperfusion injury (IRI) is defined as a decrease in 
blood flow to an organ followed by reoxygenation and restora-
tion of blood flow. Injuries are predictable after an sepsis, 
infarction, or organ transplantation, and this phenomenon 
exacerbates tissue damage by triggering an inflammatory cas-
cade of reactive oxygen species (ROS), chemokines, cytokines, 
and leukocyte activation.1,2 Clinical manifestations of I/R 
include myocardial hibernation/stun, reperfusion arrhyth-
mias, systemic inflammatory response syndrome, impaired 
cerebral function, gastrointestinal barrier breakdown, and, 
most tragically, multiorgan dysfunction syndrome.3 Several 
physiological mechanisms, including atherosclerosis and 
acute myocardial infarction, promote ischemia and lead to 
hypoxia and hypoperfusion.4 One of the leading causes of 
renal dysfunction and acute kidney injury is renal ischemia/
reperfusion injury (RIRI), which is also common in renal 
transplantation and is linked to increased morbidity, mor-
tality, and length of hospital stay. Unfortunately, there are no 
preventative or therapeutic drugs currently available for 
RIRI.5,6 Direct injury to the kidneys, including the tubules, glo-
meruli, renal blood vessels, or interstitium, is what defines 
RIRI.7 Acute kidney injury (AKI) is a syndrome characterized 
by rapid kidney dysfunction and high mortality, both of which 
are exacerbated by IRI in the kidney.8 AKI, also known as 
acute kidney failure, occurs in the renal system as a result of a 
decrease in blood flow (renal ischemia), which results in a 
decreased oxygen supply to the organ (renal hypoxia). It causes 
a decrease in renal output and glomerular filtration rate, 
increasing morbidity and mortality. The kidney is one of the 

organs sensitive to IRI because of its unique tissue function 
and structure, as well as its high oxygen demand.9,10 Some 
pathological pathways, such as neutrophil activation, the 
release of reactive oxygen species, and inflammatory media-
tors such as adhesion molecules and a variety of cytokines, are 
involved in the development of renal I/R.11 A depletion of ATP, 
a lack of glycogen and oxygen, DNA damage, an activated 
immune system, leaking blood vessels, activated endothelial 
cells, and adhering leukocytes are the hallmarks of RIRI.12 
Consequently, Vascular leakage and interstitial edema are 
exacerbated by the damage done to renal tubular epithelial 
cells and endothelial cells, as well as the activation of tis-
sue-resident leukocytes.13

Red blood cell (RBC) production requires the glycopro-
tein hormone erythropoietin (EPO). In adults, peritubular cells 
in the kidney are responsible for synthesizing EPO and 
secreting it into the bloodstream. Red blood cell (RBC) pro-
duction is stimulated by EPO when it binds to the EPO receptor 
expressed on erythroid progenitor cells in the bone marrow.14 
When bound to red series progenitor cell receptors, EPO pro-
motes their proliferation and differentiation. Because of this, it 
causes a dose-dependent rise in hematocrit by stimulating the 
release of reticulocytes from the bone marrow into the periph-
eral blood, where they can develop into erythrocytes.15 With 
the aid of revolutionary recombinant DNA technology, an 
erythropoiesis stimulating agent such as rhEOP has been cre-
ated. Epoetin alfa was the first rhEPO to be approved by regu-
latory authorities.16 EPOR is not restricted to erythroid cells in 
terms of tissue expression. Non-hematopoietic tissues, such as 
the brain, heart, and skeletal muscle, all show EPO response in 
animal models, indicating EPOR-mediated EPO activity.17
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We measured biochemical parameters, renal function 
parameters (urea, creatinine), anti-inflammatory markers (IL-1, 
NF-kB), antioxidant markers (SOD, GSH), anti-apoptotic 
marker (Bcl-2), and apoptotic marker(caspase-3), and histo-
pathological alterations in renal tissue to evaluate the potential 
nephroprotective effect of erythropoietin in adult male rats with 
renal ischemia and reperfusion injury.

Methods 

Animals preparation
Overall, the University of Kufa/Faculty of Science provided 28 
male Sprague Dawley rats weighing 150-250g and aged 15-20 
weeks. The rats were housed in the animal facility at the Uni-
versity of Kufa/Faculty of Pharmacy. The animals were kept in 
a separate chamber, in a group-caging system, with tempera-
ture and humidity regulated to 24±2 C° and 60-65 percent, 
respectively, and a 12/12-hour light/dark cycle. The rats were 
fed a standard diet consisting of food and water. After submit-
ting the necessary applications, the Institutional Animal Care 
and Use Committee (IACUC) at the University of Kufa 
approved all experimental protocols.

Study Design
A total of twenty- eight adult male of Sprague Dawley rats 
were randomized into four groups (n = 7 in each group): Sham 
group, I/R group, NS group and Erythropoietin group. In the 
Sham group, the kidneys were treated identically with I/R 
group, without clamping the renal pedicles, in the ischemic/
reperfusion injury (I/R) group, the midline laparotomy was 
performed and both renal pedicles were subjected to 30 min-
utes of ischemia followed by 2 hr reperfusion, in NS group rats 
received NS vehicle for Erythropoietin by intraperitoneal 
injection at 30 minutes before ischemia.,18 in the erythropoi-
etin group, erythropoietin was administered at a dose of 1000 
IU/kg intraperitonially 30 min prior to suffering I/R.19,20 In 
summary, the operation was performed under fully main-
tained anesthesia with intraperitoneal injections of 100 mg/kg 
ketamine and 10 mg/kg xylazine.

Preparation of the drug
Erythropoietin was given in 0.9% N/S (200 µl in 800 µl a stock 
solution), as standard vehicle prepared immediately before 
use. The dose was administered intraperitoneally according to 
body weight.18, 19

Collection of Samples

Blood sample collection

At the conclusion of the procedure, while the rats were still 
sedated, approximately 2–4 milliliters of blood were extracted 
directly from the heart. The blood sample was placed in a gel 
tube without anticoagulant, and it will be centrifuged at 6000 
rpm for 10 minutes to obtain serum that will be used to deter-
mine urea, creatinine, NF-kB, and IL-1β using commercially 
available ELISA Kits.

Tissue sample preparation

Following the collection of blood samples, samples of left 
kidney tissue were obtained immediately. One portion of the 

tissue was fixed in 10% formaldehyde for histopathological 
analysis, while the other was frozen at -80°C. After that, it will 
be homogenized in a 1:10 W/V phosphate-buffered saline 
solution containing 1% Triton X- 100 and a protease inhibitor 
cocktail using a high-intensity ultrasonic liquid processor.21 
The homogenate was centrifuged at 5000 rpm at 4 for 10 min-
utes, and the supernatants were analyzed with commercially 
available ELISA Kits for GSH, SOD, Caspase-3, and Bcl-2.

Tissue Sampling for Histopathology

Section of kidney tissue that was fixed in 10% formalde-
hyde, dehydrated in an alcohol series, cleared in xylene, and 
then embedded in paraffin. Kidney tissues were embedded in 
paraffin and then cut into 5-m thick sections. The tissue was 
then stained with hematoxylin and eosin.22

Measurement of study parameters

Measurement of urea and creatinine 

Using urea Elisa kit obtained from SunLong Biotech Co., Ltd, 
China and creatinine Elisa kit obtained from Bioassay Tech-
nology Laboratory, China, the levels of urea and creatinine 
were measured in accordance with the manufacturer’s 
instructions.

Measurement of NF-kB, and IL-1β

NF-kB and IL-1β levels were measured using NF-kB and IL-1β 
Elisa kits purchased from Bioassay Technology Laboratory, 
China, in accordance with the manufacturer’s instructions.

Measurement of GSH and SOD

GSH and SOD levels were measured using GSH and SOD 
Elisa kits purchased from Bioassay Technology Laboratory, 
China, in accordance with the manufacturer’s instructions.

Measurement-of Caspase -3, and Bcl-2

Caspase -3 and Bcl-2 levels were determined using Caspase -3 
and Bcl-2 Elisa kits purchased from Bioassay Technology Lab-
oratory, China, in accordance with the manufacturer’s 
instructions.

Statistical-Analysis
SPSS version 27 was used for the analyses. Data were expressed 
as mean ± standard error mean. For the numerous compari-
sons between all groups, one-way analysis of variance 
(ANOVA) was used, followed by LSD post-hoc testing. Addi-
tionally, Kruskal-Wallis one-way ANOVA and Fisher’s exact 
test were used to compare changes in histopathology between 
groups. In every test, the level of statistical significance was set 
at P <0.05.

Results
Serum Cr, BUN, IL-1β, NF-kB, and Caspase-3 were all signif-
icantly increased in the induced group compared to the sham 
group after renal I/R, while SOD, GSH, and Bcl-2 were all 
significantly decreased. Treatment with erythropoietin sig-
nificantly decreased serum Cr and BUN levels (Figure 1, 
Figure 2), as well as the levels of inflammatory markers 
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Fig. 1 Serum creatinine level of study groups. Rats were sub-
jected to ischemia for 30 min and reperfusion for 2 hr. Rats were 
pretreated with either vehicle NS, erythropoietin (1000 IU\kg) or 
left untreated (sham, and induced group) 30 min before ischemia. 
Creatinine concentration was determined using creatinine ELISA 
kit. One-way ANOVA followed by LSD multiple comparison test 
was used for analysis. Data are presented as mean ± SEM. +++ P < 
0.001 vs sham group, ***P < 0.001 vs induced group.

Fig. 2 Blood urea level of study groups. Ischemia for 30 min and 
reperfusion for 2 hr rats were exposed to. They were pretreated 30 
min before ischemia with either vehicle NS, erythropoietin (1000 
IU\kg) or left untreated (sham, and induced group). BUN concen-
tration was determined using BUN ELISA kit. One-way ANOVA 
followed by LSD multiple comparison test was used for analysis. 
Documents are presented as mean ± SEM. +++ P < 0.001 vs sham 
group, **P < 0.01 vs induced group.

(IL-1β, NF-kB)also reduced (Figure 3, Figure 4), Renal tissue 
antioxidant markers (SOD, GSH) increased significantly 
(Figure 5, Figure 6), Significantly decreased levels of the 
apoptotic marker (Caspase-3) in renal tissue (Figure 7), 
whereas antiapoptotic marker (Bcl-2) increased significantly 
(Figure 8), compared to the induced group. In addition, the 
renal histological score of the erythropoietin-treated group 
was significantly better than that of the induced group 
(Figure 9, Figure 10).

Discussion
In this study, erythropoietin significantly lowers the levels of 
urea and creatinine as compared with that of induced group 
(Figure 1, Figure 2), representing maintenance of the renal 
function. This result is agreement with those reported by 
Kwak and colleagues indicated that the pretreatment of rats 
with erythropoietin appreciably reduced the level of BUN, 
serum creatinine and restored normal renal function.23

Inflammation appears to link the various cell types and 
play a significant role in the pathophysiology of kidney IRI 

Fig. 3 IL-1β level among study groups. Animals were exposed to 
ischemia for 30 min and reperfusion for 2 hr. Approximately 30 
minutes prior to ischemia, rats were pretreated with either vehi-
cle NS, erythropoietin (1000 IUkg), or left untreated (sham, and 
induced group). IL-1β concentration was determined using IL-1β 
ELISA kit. One-way ANOVA followed by LSD multiple comparison 
test was used for analysis. Data are presented as mean ± SEM. +++ 
P < 0.001 vs sham group, ***P < 0.001 vs induced group.

Fig. 4 NF-kB level of study groups. Ischemia lasted for 30 minutes 
and reperfusion lasted for 2 hours in these rats. Approximately 
30 minutes prior to ischemia, rats were pretreated with either 
vehicle NS, erythropoietin (1000 IUkg), or left untreated (sham, 
and induced group). The NF-KB ELISA kit was used to measure the 
levels of NF-KB in the sample. The data was analyzed with one-
way ANOVA and then the LSD multiple comparison test. Data are 
presented as mean ± SEM. + P < 0.05 vs sham group, **P < 0.01 
vs induced group.

Fig. 5 SOD level of study groups. Ischemia lasted for 30 minutes, 
and then the rats were given 2 hours of reperfusion. Thirty min-
utes before ischemia, rats were given either vehicle NS, erythro-
poietin (1000 IUkg), or were left untreated (sham, and induced 
group). Concentration of SOD was determined using SOD ELISA kit. 
One-way ANOVA followed by LSD multiple comparison test was 
used for analysis. Data are presented as mean ± SEM. ++ P < 0.01 
vs sham group, *P < 0.05 vs induced group.
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as a common abnormality. Because RIRI initiates an inflam-
matory cascade that contributes to renal tissue damage, 
inhibiting inflammatory responses is a therapeutic 
approach for protecting renal tissue.24 Pro-inflammatory 
factors such as IL-1 β, IL-6, and TNF α are found at injury 
and inflammation sites and can stimulate the production of 
a number of other pro-inflammatory cytokines and inflam-
matory mediators. Patients with chronic renal failure, as 
well as AKI rats induced by cisplatin and paraquat, have 
significantly elevated levels of IL-1β, IL-6, and TNF α25. 
NF-kB is a key signal transduction mediator that is involved 
in the effector phase of inflammation after being triggered 
by a number of major inflammatory cytokines such as 
tumor necrosis factor alpha and interleukin-1.26 A positive 
feedback mechanism of NF-kB regulation occurs because 
of the interaction between I/R and TNFα, which increases 
TNFα production in an NF-kB-dependent manner, and 

Fig. 6 GSH level of study groups. Rats were imperiled to ischemia 
for 30 min and reperfusion for 2 hours. Pretreatment with either 
vehicle NS, erythropoietin (1000 IU\kg) or left untreated (sham, 
and induced group) 30 min before ischemia. Using GSH ELISA kit 
for the determination of GSH concentration. One-way ANOVA fol-
lowed by LSD multiple comparison test was used for analysis. Data 
are presented as mean ± SEM. ++P < 0.01 vs sham group, ***P < 
0.001 vs induced group.

Fig. 7 Caspase-3 level of study groups. The rats were put through 
30 minutes of ischemia followed by 2 hours of reperfusion. Thirty 
minutes prior to ischemia, rats were given either vehicle NS, 
erythropoietin (1000 IUkg), or were left untreated (sham, and 
induced group). Caspase-3 concentration was determined using 
caspase-3 ELISA kit. Analysis was performed using one-way ANOVA 
and the LSD multiple comparison test for further interpretation. 
Data are presented as mean ± SEM. +++P < 0.001 vs sham group, 
***P < 0.001 vs induced group.

Fig. 8 Bcl-2 level of study groups. Ischemia lasted for 30 minutes 
and reperfusion lasted for 2 hours in these rats. Approximately 
30 minutes prior to ischemia, rats were pretreated with either 
vehicle NS, erythropoietin (1000 IUkg), or left untreated (sham, 
and induced group). Bcl-2 ELISA kit was used to determine Bcl-2 
concentration. One-way ANOVA followed by LSD multiple compar-
ison test was used for analysis. As mean ± SEM. +++P < 0.001 vs 
sham group, ***P < 0.001 vs induced group data are presented.

Fig. 9 Mean score of histopathological renal tubular damage. 
+++P < 0.001 vs sham group, ***P < 0.001 vs induced group.

Fig. 10 (A) sham group, normal histology of renal tubules (blue 
arrows). H&E x400. (B) Control group, renal tubules with score 
4 damage. Cellular swelling increased cytoplasmic eosinophilia 
(black arrows), eosinophilic cast (blue arrows) & hemorrhage 
(red arrow). H&E. x400. (C) Vehicle group, renal tubules with 
score 4 damage. Cellular swelling increased cytoplasmic eosin-
ophilia (black arrows) and hemorrhage (red arrows). H&E x400. 
(D) Erythropoietin group, renal tubules with score 2 damage. 
involving 30% of the examined tubules, normal tubules (blue 
arrows). H&E x400.
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TNF α, which binds to its receptor and activates NF-kB. 
This feedback loop plays a critical role in the development 
of RIRI pathology.27 The current study discovered a signifi-
cant decrease in the level of (IL-1β and NF-kB) for erythro-
poietin pretreated group in comparison to induced group 
(Figure 3, Figure 4). Our findings showed that pretreatment 
with erythropoietin could significantly reduce pro-inflam-
matory cytokine secretion following renal I/R injury. In 
agreement with a study conducted on a rat model that 
underwent 30 minutes of ischemia and 24 hours of reperfu-
sion, our findings showed that pretreatment with EPO sig-
nificantly reduced the level of IL-1β and NF-kB in the 
serum as compared with that of induced group28. Another 
study confirmed anti-inflammatory effect of erythropoietin 
through lowering IL-1β, IL-6, TNF-a, and NF-kB when 
compared to induced group by subjecting rats to bilateral 
renal ischemia 45 min followed by reperfusion 24hr which 
indicate that erythropoietin has nephroprotective effect 
through suppressing inflammatory response.29

Oxidative stress was also important in renal I/R injury. 
Renal tissue injury is brought on by free radical formation, 
which in turn peroxidizes membrane lipids and causes oxi-
dative damage to proteins and DNA, ultimately leading to 
apoptosis and cell death. Catalase, glutathione peroxidase 
and superoxide dismutase, are all antioxidant enzyme sys-
tems that may play a role in the pathophysiology of 
ischemia-reperfusion injury through their downregulation. 
Thus, protecting tissue during IRI entails inhibiting this 
pathway or preventing free radical production.30 ROS are 
important in the development of hypertension, acute and 
chronic kidney injury, and diabetes-induced nephrop-
athy 31. SOD and GSH levels in ischemic renal tissues were 
found to be significantly higher in the erythropoietin-pre-
treated group compared to the induced group in this study 
(Figure 5, Figure 6). Based on these findings, it can be con-
cluded that erythropoietin exhibits antioxidant activity in 
kidney tissues that have been subjected to I/R. These results 
are consistent with research into the effects of oxidative 
stress on renal function using an adiabatic rat model of 
ischemia/reperfusion. Oxidative stress has been shown to 
increase cellular damage and death via peroxidation of 
membrane lipids, protein oxidation, and DNA damage. It 
was found in this study that the activity of SOD and GSH 
level was decreased in the renal tissue in diabetic RIRI, 
indicating an oxidative injury, when pretreated with eryth-
ropoietin SOD and GSH levels were both significantly 
increased, in comparison to the I/R group. The results indi-
cate the nephroprotective effect of erythropoietin via anti-
oxidant activity.32

The death of cells is a key factor in the development of 
many diseases. IRI causes activation of cell death pathways, 
with necrosis and apoptosis being suggested as the primary 
contributors to IRI pathology.33 During hypoxic stress in 

ischemic injury and during the production of reactive oxygen 
species (ROS) in reperfusion injury, cells undergo a pro-
grammed death process known as apoptosis.34 Caspases’ acti-
vation is a crucial biochemical aspect of apoptosis in cells. 
Procedures for apoptosis in mammals are initiated and carried 
out with the help of the caspase family of cysteine proteases. 
Caspase-3 is generated from a zymogen through the death 
ligand and mitochondrial pathways. This zymogen is a caspase 
effector that triggers cell death during the terminal stages of 
apoptosis. Bcl-2, an anti-apoptotic protein, inhibits not only 
the production of free radicals and lipid peroxides, but also the 
release of endoplasmic reticulum Ca2+. By decreasing Bcl-2, 
IRI induced renal cell apoptosis.35,36 The results of the study 
demonstrated significant elevated level of Bcl2 and decrease 
level of caspase-3 in erythropoietin pretreated group as com-
pared with induced and vehicle groups (Figure 7, Figure 8), 
these findings suggest that erythropoietin has antiapoptotic 
effect after RIRI. These results are compatible with the study 
in which rat was subjected to bilateral renal ischemia for 45 
min followed by reperfusion 24or 48 hr, which demonstrated 
that pretreatment with erythropoietin prior to I/R injury 
resulted in an elevated Bcl-2 protein Level and caspase-3 
activity decreased significantly compared with that in the I/R 
group. erythropoietin exerts its antiapoptotic effect by 
inducing Bcl-2 protein in kidneys.37

Rats pretreated with erythropoietin before ischemia 
induction enhanced renal damage significantly when com-
pared to induce group and average group severity scores indi-
cated mild renal injury (Figure 9, Figure 10). This means that 
erythropoietin pretreatment, which was given before renal I/R 
injury, prevented renal injury over histopathological parame-
ters. Other Studies have proven the protective effect of eryth-
ropoietin in preserving normal morphology of renal tissue by 
exposing rat models to renal ischemia 45min/24hr reperfu-
sion. Following IRI, there were significant tubular changes, 
including dilation of renal tubules, loss of brush border, and 
degeneration and necrosis of renal tubular epithelial cells. 
EPO treatment, on the other hand, significantly improved 
tubular lesions.29,32

Conclusion
Erythropoietin was found to have a nephroprotective effect 
against I/R-mediated renal injury. Inhibiting inflammation, 
modulating oxidative stress, and apoptotic markers were all 
ways in which erythropoietin showed its antioxidant, anti-in-
flammatory, and anti-apoptotic properties following renal I/R 
injury.
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