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Objective(s): Acute kidney injury (AKI), a syndrome characterized by decreased glomerular 
filtration, occurs in every 1 of 5 hospitalized patients.  Renal ischemia-reperfusion, one of the main 
causes of AKI, is of particular importance in the setting of kidney transplantation. 
Materials and Methods: Sixty male rats were divided into four groups including control, 
nephrectomy, sham surgery and renal ischemia-reperfusion (IRI) group. The rats were 
anesthetized with intraperitonealketamin and xylazin. For making IRI group, right 
nephrectomywas performed, and after a week, the left kidney pedicle was occluded for 45 min for 
making ischemia that followed by 24 hr reperfusion. At the end of reperfusion phase, the lung 
tissues were isolated to be used in immunohistochemical and histological assays. 
Immunohistochemical assay was used to evaluate Bcl-2 and TNF-α, and hematoxylin-eosin 
staining assay was used to histopathology. 
Results: lung tissues injury after renal ischemia-reperfusion was revealed by 
immunohistochemistry analysis to increase TNF-α level and decrease Bcl-2 (an anti-apoptotic 
protein) level.  Lung injury and necrosis was discovered by hematoxylin-eosin staining to be more 
evident in IRI group than sham and control groups. 
Conclusion: The results demonstrated that increase in TNF-α and decrease in Bcl-2 levels in lungs 
induces the pulmonary inflammatory damage in renal IRI model. 
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Introduction 
Acute kidney injury (AKI) is a syndrome 

characterized by decreased glomerular filtration. 
This syndrome, which  happened in each 1 of 5 
hospitalized patients,  is associated with an over 
fourfold increased mortality – findings that appear to 
persist over the last decade (1). 

AKI occurs in various clinical settings including 
shock, sepsis, transplantation, and vascular surgery. 
Despite advances in renal transplantation, the 
mortality of patients with Acute kidney injury has 
continued high over the past few decades, and renal 
insufficiency continues to be a sensitive marker for a 
poor outcome in critically ill patients (2, 3). 

 The etiology of AKI is various, and ischemia-
reperfusion constitutes the main cause of this 
condition. Ischemic AKI is a dynamic procedure that 
often coexists with multiple organ failure and 
involved hemodynamic variation, inflammation, and 
direct damage to the tubular epithelium(4). AKI  has 
been reported to induce  acute lung injury (ALI) as 
well as to cause injuries to other remote organs, 
including the lungs (5). 

ALI is a life-threatening circumstance that is 

frequently complicated with acute kidney injury, 
which is a serious condition in intensive care units.  

ALI mortality has been reported to be higher 
than 50% and reach to over 80% when combined 
with ALI (6, 7). AKI leads to a systemic increase in 
serum chemokines and cytokines such as TNF-α  
that can mediate these lung alterations and 
characteristics of a secondary insult in lungs, AKI 
can change the damage response to mechanical 
ventilation (8-12). Acute lung inflammatory 
response is also associated to epithelial cytokine 
expression (13) as well as to the expression of the 
signaling cascade leading to apoptosis. Activation of 
epithelial proinflammatory signaling cascades is 
mediated by TNF-α a prototypic member of a 
cytokine family which regulates essential biologic 
functions (e.g. cell proliferation, differentiation, 
apoptosis, survival) and an extensive spectrum of 
responses to stress and injury (14). 

The present study was planned to investigate the 
effects of unilateral renal ischemia reperfusion injury 
after right nephrectomy similar to kidney 
transplantation model on lung injury and 
inflammatory responses in male rat. 
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Figure 1. Immunohistochemical assay: Expression of TNF-α level in the lungs. (A) sham, (B) nephrectomy, (C) ischemia-reperfusion group. 
Expression of Bcl-2 levels in the lungs. (D) sham (E) nephrectomy, (F) ischemia-reperfusion group. Arrows show expression of TNF-α and 
Bcl-2 levels. Magnification × 40 

 

Materials and Methods 
Animals 

In this study, sixty male Wistar- Albino (200-
250g) were obtained from the experimental animal 
research center, Faculty of Medicine, Tabriz 
University, Iran. The animals were housed in a room 
temperature (21±2°C) and humidity (60±5%) 
controlled room in which a 12-12 hr light-dark cycle 
was maintained. They had free access to standard 
water and food. The study was approved by the 
University Ethics Committee. 
 
Surgery and experimental protocol 

Rats were divided in four groups (n=15) 
including control group (without any procedure), 
nephrectomy (right kidney excision   without any 
occlusion), sham surgery (only laparotomy), and IRI. 
The animals were anesthetized with intraperitoneal 
ketamin (50 mg/kg) and xylazin (10 mg/kg) and 
placed on a homeothermic table to maintain core 
body temperature at approximately 37˚C. Right 
nephrectomy was performed to make IRI group and 
after a week, the left kidney pedicle was occluded for 
45 min via micrvascular clamp for making ischemia 
that followed 24 hr reperfusion. At the end of 
reperfusion phase, after anesthesia the lungs were 
isolated to be used in immunohistochemical and 
histological assays. Immunohistochemical assay was 
used for evaluation of Bcl-2 and TNF-α, and 
Hematoxylin-Eosin staining was used for 
histopathological assessment. 

Immunohistochemistry 
Lung tissue was fixed in buffered formalin for 3 to 

6 days, dehydrated in rising cycle of ethanol 
concentrations (60, 70, 90, 96, and 100%) and 
acetone, and then fixed in paraffin. Four-micrometer 
sections were dewaxed in xylene and rehydrated by a 
downward cycle of ethanol concentrations (100, 90, 
and 70%). Sections were then bathed in deionized 
water. Endogenous peroxidase was blocked by 
insertion sections in 0.3% peroxide diluted with 
methanol for 30 min and washed with PBS (phosphate 
buffered saline). General antibody binding was 
blocked by incubating sections for 1 hr in 2% rabbit 
blocking serum (Abcam, Cambridge, UK) diluted in 
PBS (1:50 dilution). Sections were incubated with the 
primary antibody diluted in phosphate buffered saline 
(1:100) in 1/2000 for TNF-α (rabbit polyclonal TNF-α, 
Abcam) and 1/100 for Bcl-2 (rabbit polyclonal to Bcl-
2, Abcam) for 30 min to 1 hr at room temperature. The 
sections were washed of primary antibody with PBS 
and then the secondary antibody diluted in PBS and 
blocking serum was applied for 30 min. The sections 
were then stained using ABC-peroxidase substrate kit 
(Vector Laboratories Inc.) and washed. 3, 3′-
diaminobenzidine tetrahydrochloride (Vektor DAB 
Peroxide Substrate; Vector Laboratories Inc) was 
applied to the sections for 15 min. The sections were 
washed with PBS, dehydrated in graded ethanol (75%, 
95%, 100%), counterstained with hematoxylin (for 
visualization), and coverslipped. Color reaction 
(brown) can be seen under microscope, and the 
reaction can then be closed with water.

F E D 

C B A 
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Figure 2. Histological assay: sham group (A-C) via normal alveolar and bronchial geometry. Magnification × 20. Ischemia-reperfusion 
group: (D) severe alveolar collapse and loss of alveolar geometry and deposition of eosinophilic material in the alveoli. Magnification × 20. 
(E) Intense mononuclear leukocyte infiltration and intraalveolar hemorrhage. Magnification×40. (F) Leukocyte infiltration and 
intravascular perfusion. Magnification×40. (G) Sever infiltration of mononuclear leukocyte and peribronchiolar polymorphonuclear. 
Magnification × 40. (H) Accumulation of leukocytes and hyperplasia. Magnification × 40. (I) Foci necrosis. Magnification × 40 

 
Immunohistochemical staining for TNF-α and Bcl-2 
was studied using light microscopy at a magnification 
of 40x. In each group, eight representative lung 
sections were investigated, 20 view fields were 
counted per lung section. 
 
Histopathological assessment 

For histopathological analyses, 45 min of renal 
ischemia followed by 24 hr of reperfusion was 
conducted. Isolated lungs were fixed in 10% formalin. 
The samples were dehydrated and embedded in 
paraffin. Sections (4 µm thickness) were cut and 
stained with hematoxylin and eosin. Histological 
changes were scored on a 4-point scale: (-) none, (+) 
mild, (++) moderate, and (+++) severe damage. 

 

Results  
The effect of renal ischemia reperfusion on lungs 

injury was investigated in 45 min of renal ischemia 
followed by 24 hr reperfusion. Via using 

immunohistochemistry (IHC), expression of anti-
apoptotic Bcl2 and inflammatory mediator TNF-α 
were assessed in lungs sections after IR. Also 
histological changes in lung were assessed via H-E 
after 24 hr renal reperfusion. 

 
TNF-α expression levels in lung 

In the present study, we further defined the 
increases in lung TNF-α. Before ischemia and after 
sham surgery, TNF-α was undetectable in the lung. 
TNF-α levels increased by 24 hr post-ischemia-
reperfusion, remained elevated compared with levels of 
sham surgery after 24 hr reperfusion (A-C in Figure 1). 

 
Bcl-2 expression levels in lung 

Protein levels of Bcl-2 in lung were reduced in 
nephrectomia and IRI group after 24 hr reperfusion. 
Renal IRI decreased lung Bcl-2 at 24 hr after 
reperfusion. It was shown in Figure 1 (D-F). Whereas 
Bcl-2 levels in control group was elevated. 

I H G 

F E D 

C B A 
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Table 1. Histological changes in the lungs after 24 hr renal ischemia reperfusion (H&E) 

Groups 
Alveolar 
collapse 

Intra alveolar mononuclear 
leukocyte infiltration 

Intra alveolar 
hemorrhage 

Intravascular leukocyte 
infiltration and perfusion 

Infiltration of  peribronchiolar 
polymorphonuclear 

Foci necrosis 
and hyperplasia 

Control - - - - - - 
Sham - - - - - - 
Nephrectomy + + ++ ++ + + 
IR +++ +++ +++ +++ +++ +++ 
A minimum of 10 fields for each kidney slide were examined and assigned for severity of changes using scores on a scale of: (–) none, (+) 
mild, (++) moderate, and (+++) severe damage. (n = 7 for each group) 

 
Histological changes 

We examined histopathologically the effects                
of renal ischemia reperfusion on rat lungs. Routine 
H-E staining revealed that Severe alveolar collapse 
and loss of alveolar geometry and deposition of 
eosinophilic material in the alveoli (Figure 2). As well 
as intense mononuclear leukocyte infiltration and 
intra alveolar hemorrhage, leukocyte infiltration, 
intravascular perfusion, severs infiltration of 
mononuclear leukocyte and peribronchiolar 
polymorphonuclear was observed. Also 
accumulation of leukocytes, hyperplasia and Focal 
necrosis were present in lungs tissue compared to 
the sham-operated and control group after 24 hr 
renal reperfusion (Table 1). 
 

Discussion 
AKI is associated with decreased allograft 

survival in transplanted kidney recipients and with 
high mortality in patients with native kidneys (15). 
The major cause of AKI is ischemia and reperfusion 
injury. The pathogenesis of renal IRI is complex and 
still not entirely understood, however inflammation 
is presently accepted as an important pathogenic 
component (16). IRI results in endothelial and 
leukocyte activation, production of reactive oxygen 
species, tubular cell death and release of 
inflammatory mediators, such as cytokines and 
chemokines (16). IR is initiated by production of 
reactive oxygen species, which initially seem to be 
responsible for the generation of chemotactic activity 
for neutrophils. In reperfusion injury, a variety of 
cytokines and mediators may be responsible for 
priming neutrophils (17, 18). Besides the local 
damage caused by IRI, distant organs can also be 
affected (19-21). Although many studies have been 
performed to demonstrate the systemic effect of IRI, 
the mechanism is not well established. To study the 
systemic effects of inflammatory mediators released 
from renal ischemia reperfusion injury, we used a rat 
model of unilateral renal ischemia injury after right 
nephrectomy similar to kidney transplanation. TNF-
α, Bcl-2 levels and injury in lung tissue in mal rat 
were subjected to 45 min of renal ischemia injury, 
and lungs were studied at 24 hr after reperfusion. 

One of the goals of this project was determining 
the amount of TNF-α in the lungs following renal IRI. 
It was observed that renal IR causes increase in the 
expression of TNF-α in the lungs of ischemia group 
compared with the control group and increases its 

expression, which causes necrosis and injury in the 
lungs. These proinflammatory molecules can induce 
direct tissue damage and are also potent activators of 
leukocytes and thereby promote their sequestration 
in organs susceptible to leukocyte mediating injury 
such as the lung alveolar capillary bed, leading to 
endothelial cell injury, the development of 
pulmonary hypertension and increased vascular 
permeability (17, 18). 

In another study it was shown that blocking the 
lymphatic thoracic duct after ischemia-reperfusion in 
small intestine of rats, decreased TNF-α levels in the 
lungs of rats compared to the ones with open lymph 
duct and  injury is reduced (22). Inflammatory 
mediator such as TNF-α is released by renal ischemia 
and can reach the lungs and can induce inflammation 
and neutrophil accumulation and activity. It is also 
shown that the pattern of cytokine and chemokine 
expression in the lung, similar to its expression in the 
kidney after ischemic injury of the kidney (23). TNF 
has been demonstrated to play a pivotal role in 
developing pulmonary edema in ALI via activation of 
p55-mediated death signaling, rather than  activation 
of previously well-characterized p55-mediated 
proinflammatory signaling (24). Our study revealed 
that  severe mononuclear leukocyte infiltration, intra 
alveolar hemorrhage, leukocyte infiltration,  
infiltration of mononuclear leukocyte as well as 
peribronchiolar polymorphonuclear were observed in 
lungs tissue compared to the sham-operated and 
control groups after 24 hr renal ischemia-reperfusion 
and subsequently causes injury and necrosis in lungs 
tissue. Bilateral nephrectomy  has been demonstrated 
to enhance blood urea nitrogen levels, infiltrate  
neutrophil into the lung, increase pulmonary 
inflammatory cytokine expression [neutrophil, 
interleukin-6, keratinocyte-derived chemokine, 
chemokine, and TNF-α], and protein leakage in 
addition to primary increase in both systemic and 
pulmonary neutrophil elastase activity (5). 

Bcl-2 proteins family is another group of proteins 
that are involved in apoptosis. In one study it has 
been found that the expression of Bcl-2 was reduced 
after initiation of reperfusion in the gastrointestinal 
tract (25). In this study, Bcl-2 protein expressions 
increased significantly in ischemia-reperfusion of the 
gastrointestinal tract compared to the controls. 
Status of the Bcl-2 family proteins regulates the 
release of cytochrome c from the mitochondria. Bcl-2 
protein inhibits apoptosis and may facilitate survival 
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and cell differentiation (25). 
In the present study, Bcl-2 expression in lungs 

ischemia group was decreased compared to sham 
group and the findings of previous studies showed 
that one of the factors causing this increases in injury 
and apoptosis in the lungs is decrease of anti-
apoptotic Bcl-2 protein expression in these 
tissuesprobably. 

The results of the present study, the renal 
ischemia-reperfusion on lung development 
represents injury in lung inrenal ischemia and 
nephrectomy groups compared to the control. There 
is a large amount of evidence suggesting that 
pulmonary cell apoptosis may play a direct role in 
the pathophysiology of acute lung injury (26). 
Apoptosis is a mechanism of cell death that increases 
the risk of infection or injury that is associated with 
the activation of death signaling pathway. Although 
excessive cell apoptosis, is observed in a number of 
diseases, as well as increased apoptosis in epithelial 
and endothelial cells of lung, and apoptosis in acute 
lung injury is associated with inflammation (27). 

The results of this investigation agree with 
similar studies that ischemia has been established 
bilaterally. Campanholle et al showed that 
expression of TNF-α after bilateral renal ischemia-
reperfusion has been increased in both lungs and 
kidneys. The study reported that proinflammatory 
mediators such as TNF-α and IL-1β in serum 
significantly increased after renal ischemia 
reperfusion. Although it appears that IL-6 levels 
increased after IRI, there is no difference in the level 
of the sham group which can lead to injury of distant 
organs such as lungs. In this study we suggested that 
TNF-α via the thoracic lymph duct of the kidney was 
transferred to distant organs (23). 

 

Conclusion 
Renal ischemia results in distant effects and 

alterations in lung which are important in morbidity 
and mortality in clinical point of view. Renal 
ischemia-reperfusion leads to lung damage via 
inflammation and necrosis which may be caused by 
an increase in TNF-α and a decrease in Bcl-2 level. 
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