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Abstract

Objective: To study the effect of erythropoietin (EPO) treat-
ment on renal and lung injury following renal ischemia/re-
perfusion (I/R). Materials and Methods: Thirty male Wistar
rats were assigned to three groups of 10 rats each. The first
group was sham-operated, the second was subjected to re-
nal I/R (30 min of ischemia followed by 24 h of reperfusion).
The third group was subjected to renal I/R and treated with
EPO in two doses: the first dose 1 h prior to ischemia (1,000
U/kg) and the second dose 6 h after ischemia (1,000 U/kg).
Results: The renal and lung tissue injury index, tissue serum
blood urea nitrogen and creatinine (Cr) were higher in the
renal I/R group compared to the renal I/R + EPO group; the
difference was statistically significant (p < 0.05). Kidney and
lung tissue glutathione peroxidase and superoxide dis-
mutase levels were higher in the renal I/R + EPO group than
the renal I/R group; the difference was also statistically sig-
nificant (p < 0.05). Conclusion: The data showed that EPO

pretreatment could be effective in reducing renal and lung
injury following renal I/R and could improve the cellular an-
tioxidant defense system. Hence EPO pretreatment may be
effective for attenuating renal and lung injury after renal I/R-
induced injury during surgical procedures, hypotension, re-
nal transplantation and other conditions inducing renal I/R.

Copyright © 2012 S. Karger AG, Basel

Introduction

Renal ischemia/reperfusion (I/R) injury occurring
after hemorrhagic shock or major cardiovascular sur-
gery and renal transplantation contributes to kidney
dysfunction and patient morbidity and it is the most
common cause of delayed graft function or organ failure
[1]. Reperfusion of previously ischemic renal tissue initi-
ates complex cellular events that result in injury and the
eventual death of renal cells [2]. Although reperfusion is
essential for the survival of ischemic tissue, there is evi-
dence that reperfusion itself causes additional cellular
injury [3]. Although the pathophysiologic mechanisms
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leading to acute ischemic renal failure are not fully un-
derstood, it still continues to be associated with a high
mortality rate.

The remote organ dysfunction in acute renal failure is
thought to be due to humoral and/or cellular mediators
circulating in the blood [4]. Cytokines that are released
during I/R may play an important role in the pathogen-
esis of tissue injury. Tumor necrosis factor-o, which is
produced by tubular epithelial cells, as well as by activat-
ed leukocytes, induces the expression of adhesion mole-
cules in endothelial cells, possibly enhancing leukocyte
infiltration in I/R [5]. Several mechanisms such as pro-
duction of reactive oxygen species (ROS) and oxidative
damage are thought to directly contribute to the activa-
tion of inflammatory pathways and worsening of organ
function in a variety of diseases [6, 7]. Thus, ROS can be
considered as signaling molecules, which trigger several
pivotal mechanisms of reperfusion injury [8]. Moreover,
ROS, which are produced at the sites of inflammation by
neutrophils, augment the tissue injury by operating with
proteases [9, 10]. Since the lung tissue represents one of
the vascular beds into which these cytokines and ROS are
delivered, it would be likely to manifest a number of tox-
ic effects of these molecules.

Erythropoietin (EPO) is produced by the kidney in re-
sponse to hypoxia and stimulates erythroid progenitor
cells to increase the number of mature erythrocytes with-
in the circulation, EPO has widespread actions that reach
far beyond its capacity to stimulate erythroid precursors
[11]. Previous studies have shown that EPO administra-
tion decreased the levels of proinflammatory cytokines
in the circulation, preserved microvascular endothelial
cell integrity and reduced oxidative stress-associated lip-
id peroxidation [12].

The aim of this research was to study EPO pretreat-
ment on renal I/R-induced renal and lung injury and
their antioxidant enzyme contents.

Materials and Methods

Thirty male Wistar rats (210-270 g) were used for this study
and they were divided into three groups of 10 rats in each group.
Sham-operated: rats in this group were anesthetized and under-
went laparotomy but did not experience I/R. In the second group,
the rats were subjected to renal I/R, and in the third group the rats
were treated with EPO in two doses: before ischemia induction
(1 h with 1,000 U/kg) and the second dose 6 h after ischemia in-
duction, also 1,000 U/kg. Animals were kept in accordance with
the ‘Principles of Laboratory Animal Care and the Guide for the
Care and Use of Laboratory Animals’.

Erythropoietin and Renal Ischemia/
Reperfusion

Kidney I/R Injury Animal Model

The rats were anesthetized by intraperitoneal injection with
ketamine (50 mg/kg) and xylazine (10 mg/kg). A midline abdom-
inal incision was made, and both kidneys were exposed. Renal
ischemia was induced by nontraumatic microvascular clamps
over the pedicles for 30 min [13]. After clamps were released, the
incision was closed in two layers with 2-0 sutures. Sham-operat-
ed animals underwent anesthesia, laparotomy, and renal pedicle
dissection only. All animal procedures were performed in accor-
dance with Tabriz Medical University guidelines for animal care.
After 24-hour reperfusion, rats were anesthetized and kidneys
were removed. A part of the kidney was used for histological as-
sessment and the other for biochemical assays.

Histology

The kidney and lung tissues were fixed overnight in buffered
neutral formalin, processed to paraffin wax, sectioned at 4 pm,
and stained with hematoxylin and eosin for examination using
light microscopy. The histopathologic scoring analysis was per-
formed according to previously described methods [14, 15]. For
kidney and lung, the assessment was expressed as the sum of the
individual score grades from no findings (0), mild (1), moderate
(2), severe (3), for four parameters from kidney sections (tubular
cell swelling, cellular vacuolization, pyknotic nuclei, medullary
congestion), or for six parameters from lung sections (interstitial
edema, alveolar edema, alveolar hemorrhage, atelectasis, inflam-
matory cellular infiltration, and pulmonary congestion).

Biochemical Measurements

Creatinine and Blood Urea Nitrogen Assay. The blood was cen-
trifuged at 1,000 g for 10 min within 1 h after collection. The se-
rum samples were stored in the -20°C freezer before they were
analyzed. Samples were analyzed for creatinine (Cr) and blood
urea nitrogen (BUN) with commercial kits (Pars Azmoon, Teh-
ran, Iran) by an autoanalyzer (ALCYON 300-Abbott, USA).

Glutathione Peroxidase Assay. Glutathione peroxidase (GPx)
activity in kidney and lung tissues was measured using the meth-
od described by Paglia and Valentine [16]. GPx catalyzes the oxi-
dation of glutathione by cumene hydroperoxide. In the presence
of glutathione reductase and NADPH, the oxidized glutathione is
immediately converted to reduced form with a concomitant oxi-
dation of NADPH to NADP". The decrease in absorbance at
340 nm was measured (Ransod, Randox Laboratories Ltd., Ant-
rim, UK). Results were obtained as GPx units per milligram pro-
tein [16].

Superoxide Dismutase Assay. The kidney and lung tissues were
frozen in liquid nitrogen and stored at -20°C until further prepa-
ration. In order to measure antioxidant enzyme activity, the sam-
ples were homogenized in 1.15% KCI solution. Superoxide dis-
mutase (SOD) activities in liver tissue was determined by using
xanthine and xanthine oxidase to generate superoxide radicals,
which then reacted with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride to form a red formazan dye. The SOD
activity was then measured by the degree of inhibition of this re-
action (Ransod, Randox Laboratories Ltd.). Results were obtained
as SOD units per milligram protein [17].

Data were analyzed using SPSS software 13. All data are re-
ported as mean £ SD. Statistical comparisons of the groups were
performed followed by Tukey post test; p < 0.05 was considered
significant.
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Fig. 1. a Sham-operated group. b Renal I/R. ¢ I/R + EPO.
P = Proximal tubule; D = distal tubule; R = red blood cell; G =
glomerulus.

Table 1. Effect of EPO on biochemical factors after renal I/R

Sham-operated Renal I/R Renal I/R+EPO
group
Kidney GPx, U/mg protein 3.22+0.31 1.61£0.26 2.46%0.20
Lung GPx, U/mg protein 3.54%0.54 1.83+0.19 2.45%0.20
Kidney SOD, U/mg protein 3.79%0.14 2.17%0.17 2.76£0.18
Lung SOD, U/mg protein 3.83%£0.19 2.73%£0.23 3.31%0.38
BUN, mg/dl 13.40*£1.94 25.60+3.64 18.20%£1.92
Cr, mg/dl 0.46£0.10 1.94£0.42 1.15%£0.43

Results

Renal and Lung Injury Indexes

The renal tissue injury index was higher in the renal
I/R group (8.60 * 1.14) compared to the renal I/R + EPO
group (6.20 * 1.30) and the difference was statistically
significant (p < 0.05, table 1). However, the renal injury
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index was significantly higher in the I/R + EPO group
compared to the sham-operated group (0.60 * 0.54, p <
0.05) (fig. 1).

Lung Injury Index
The lung injury index was higher in the renal I/R
group (12.80 * 1.92) compared to the renal I/R + EPO
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group (8.60 * 1.67) and the difference was statistically
significant (p < 0.05, table 1). However, the lung injury
index was higher in the I/R + EPO group compared to the
sham-operated group (1.40 * 0.54) and the difference
was also statistically significant (p < 0.05).

Biochemical Assays

Serum BUN and Cr levels were significantly higher in
the renal I/R group compared to the renal I/R + EPO
group (p < 0.05, table 1). The tissue GPx and SOD levels
in kidney and lung tissue in the renal I/R + EPO group
were significantly higher than in the renal I/R group (p <
0.05, table 1).

Discussion

In this study, EPO pretreatment decreased renal I/R-
induced injury in kidney and lung tissues; specifically se-
vere renal ischemia for 30 min followed by reperfusion
after 24 h caused significant renal dysfunction as as-
sessed by a marked increase in the serum concentrations
of BUN and Cr. Renal I/R also resulted in renal tubular
injury and alveolar damage in lung tissue as distant organ
injury. Renal I/R injury increases pulmonary vascular
permeability, interstitial edema, alveolar hemorrhage,
and red blood cell sludging [18, 19]. Because the lung has
the largest microcapillary network in the body, it re-
sponds to circulating proinflammatory signals with acti-
vation of lung macrophages, secretion of proinflamma-
tory cytokines, recruitment of neutrophils and macro-
phages, and resultant lung injury [20]. There are many
similarities among the local injury pathways activated af-
ter acute pulmonary and renal injury and secondary lung
injury. Renal I/R causes apoptosis and necrosis of prox-
imal straight tubules and inflammatory infiltration of
leukocytes [21].

In addition, in our study renal I/R decreased GPx and
SOD as cellular antioxidant defenses both in renal and
lung tissue. ROS-mediated cellular damage can be ex-
pected to occur when the oxygen is supplied to the tissue
by reperfusion and ROS formation exceeds the high cel-
lular detoxification capacity of kidneys. The pathogenesis
of oxygen deprivation-induced cell injury includes re-
lease of ROS, activation of leukocytes, lipid peroxidation,
disturbances of cell calcium metabolism, and loss of cell
volume. Endogenous antioxidant enzymes such as SOD,
catalase, and GPx protect cells from detrimental effects
of ROS. Activity of these enzymes indicates the magni-
tude of oxidative stress that occurs during I/R injury.

Erythropoietin and Renal Ischemia/
Reperfusion

ROS and ROS-mediated lipid peroxidation have been
highly implicated in the pathogenesis of I/R and its com-
plications [22].

Spandou et al. [23] have shown that EPO pretreatment
attenuates renal I/R-induced kidney injury through sup-
pression of apoptosis, and they reported that renal I/R
leads to activation of nuclear factor-«kB, thereby suggest-
ing that it might be a marker of injury linked to the patho-
physiology of a variety of renal disorders, including I/R,
and that its inhibition prevented in vivo cell apoptosis as-
sociated with renal I/R injury. Endogenous EPO is known
to be primarily produced by renal cortical fibroblasts in
response to hypoxia [24]. As functional EPO receptors
have been found to be expressed on renal tubular epithe-
lial, mesangial and endothelial cells, it has been hypoth-
esized that an important paracrine EPO axis with cyto-
protective functions could occur within the kidney. Dur-
ing the early phase of ischemic acute renal failure, EPO
expression is virtually absent whereas EPO receptor ex-
pression is well maintained [25]. The authors showed that
administration of exogenous EPO in both in vitro and in
vivo models of hypoxic or ischemic acute renal injury sig-
nificantly hastened renal structural and functional recov-
ery. The most well-known consequence of EPO action is
stimulation of erythropoiesis, which potentially enhances
tissue protection against ischemic injury by augmenting
the O,-carrying capacity of blood. Bagnis et al. [26] ob-
served that EPO may have directly acted as a growth fac-
tor on tubular cells in the cortex and outer medulla. Yazi-
han et al. [27] have shown that EPO decreases tumor ne-
crosis factor-a production following renal I/R, as the most
important pathways in distant organ injury of renal I/R
are inflammatory pathways, blockage of inflammatory
pathways by EPO may be responsible for the protective ef-
fect of EPO in lung injury following renal I/R.

Conclusion

Our data showed that EPO pretreatment was effective
in reducing renal and lung injury following renal I/R and
could improve the cellular antioxidant defense system, so
EPO pretreatment may be effective for attenuating renal
and lung injury after renal I/R-induced injury.
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