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ABSTRACT
Background: Ischemia/reperfusion injury (IRI) is a foremost reason for acute kidney injury, which is a common clinical 
complication having high morbidity rate and lacks effective therapy. Renin-angiotensin system (RAS) activation and 
angiotensin II level elevation are important risk factors in IRI. Aliskiren (ALS) is the first oral direct rennin inhibitor that 
blocks the first step in RAS and has been approved for treating hypertension.
Aim of work: Investigating whether ALS pretreatment protects the renal cortex of adult male albino rats subjected to IRI.
Material and Methods: Thirty adult male albino rats were divided into 3 groups: group I (control group), group II (IRI 
group): were subjected to IRI procedure, group III (ALS group): rats were pretreated with aliskiren (ALS, 100 mg/kg) twice 
orally 24h and 1h before IRI and left for 24h of reperfusion before scarification. Blood samples were taken to estimate the 
levels of blood urea nitrogen (BUN), serum creatinine (SCr) and superoxide dismutase enzyme (SOD). Kidneys sections 
were stained with HandE and PAS stains and immunohistochemical staining against COX-2 and caspase-3. This was followed 
by morphometric and statistical analysis.
Results: IRI group showed deterioration in renal function tests with massive histological alterations in the Malpighian renal 
corpuscles and the convoluted tubules. There was significant decrease in optical density of PAS reaction, with significant 
increase in the mean area% of COX-2 and caspase-3 immunoexpression. ALS group showed significant improvement in renal 
function tests with preserved normal histology of the renal cortex. There was significant increase in the optical density of PAS 
reaction, with significant decrease in the mean area% of COX-2 and caspase-3 immunoexpression.
Conclusion: A protective effect of ALS was detected in IRI-induced renal cortical damage in adult male albino rats. This was 
evidenced by laboratory results, histological and immunohistochemical evaluation.

Received: 19 March 2019, Accepted: 20 April 2019

Key Words: Apoptosis; inflammation; ischemia/reperfusion injury; oxidative stress.
Corresponding Author: Dalia Ibrahim Ismail, MD,  Department of Histology, Faculty of Medicine, Cairo University, 
Cairo, Egypt, Tel.: +20 1005050870, E-mail: drdaliaibrahim@hotmail.com
ISSN: 1110-0559, Vol. 42, No. 4 

INTRODUCTION                                                                  

Ischemia/reperfusion injury (IRI) refers to a 
pathological condition characterized by preliminary 
reduction in the blood supply to an organ followed by blood 
restoration with subsequent re-oxygenation. The reduction 
in blood flow leads to decreased oxygenation and delivery 
of nutrients, together with decreased removal of waste 
products[1]. This is of particular importance in the kidneys, 
because of its high perfusion rate; the renal injury resulting 
from IRI does not improve but usually worsens over time[2]. 
It frequently leads to acute kidney injury (AKI), which is 
a life-threatening clinical condition; having high morbidity 
and prolonged hospitalization of patients and consequent 
high mortality rate[3]. 

Renal IRI occurs frequently during the postoperative 
period of partial nephrectomy, the surgical repair of 
traumatic kidney lesions, and during renal transplantation. 
However the reperfusion is more destructive and causes 
injury to the renal tissues by a number of mechanisms, 

such as the release of free radicals, oxidative stress, 
inflammation, glomerular necrosis, leukocyte infiltration, 
and stimulation of apoptosis[1,4].

Among the variety of mediators that take part in 
IRI, renin-angiotensin system (RAS) has progressively 
presumed to have an important role. RAS consists of 
several peptides that act together in a cascading manner 
to produce angiotensin II (AT-2) that contributes largely to 
renal injury. Renin is the enzyme in charge for catalyzing 
angiotensinogen to angiotensin I, which is then converted 
by angiotensin converting enzyme (ACE) to active                      
AT-2. Therefore, the effect of RAS can be blocked by renin 
inhibition[5].

Until recently direct renin inhibition has not been 
clinically successful; because of the lack of good 
bio¬availability or potency. Aliskiren (ALS) is the first 
oral direct renin inhibitor that has been approved by the 
US Food and Drug Administration[6]. It has been proved to 
have favorable effects in differ¬ent renal conditions[7, 8,9,10]. 
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Therefore, this study was planned to explore the 
effect of direct renin inhibition by aliskiren on renal IRI. 
This included serum antioxidant superoxide dismutase, 
kidney function parameters (blood urea nitrogen and 
serum creatinine), histological and immunohistochemical 
examination for detecting inflammation and apoptosis. 
This was followed by morphometric and statistical analysis 
for the obtained data. 

MATERIALS AND METHODS                                                

Material

Drugs
• Aliskiren (ALS): It carries the trade name 

"Tekturna" (Novartis Pharma Stein AG, Stein, 
Basle, Switzerland) and was supplied as tablets, 
each of 150 mg, that was dissolved in saline. 

• Ketamine: It has the trade name "ketalar" (Pfizer, 
NJ, USA) and was purchased as 20 mL vials 
containing ketamine hydrochloride 10mg/mL 
solution for injection.  

• Xylazine: It has trade name "Xyla-Ject" (Adwia 
Pharmaceuticals, Cairo, Egypt). It was supplied 
as 50 mL vials containing xylazine hydrochloride 
2mg/mL solution for injection.  

Animals and experimental design
Thirty adult male albino rats were included, with 

average body weight 180-200 grams. Animals were 
provided with veterinary care by the Animal House of 
Faculty of Medicine, Cairo University. They were caged in 
a conventional clean facility at 22-25◦C and allowed food 
and water ad libitum. All animal experiments were carried 
out in strict compliance with the guidelines provided by 
the Animal Ethics Committee, Faculty of medicine, Cairo 
University, for the care and use of laboratory animals. The 
rats were equally divided into 3 groups, 10 rats each.

• Group I (Control group): Rats were subdivided into:

- Subgroup IA: Served as negative control and were 
sham-operated only.

- Subgroup IB: Sham-operated control rats that were 
given saline twice orally via gastric tube; 24 hours and 1 
hour prior to laparotomy. They were subjected to the same 
surgical procedure as groups II and III without induction 
of IRI.

• Group II (IRI group): Rats were subjected to 45 min 
of left renal ischemia followed by 24 h of reperfusion[11].

• Group III (ALS group): Rats were given aliskiren 
(ALS; 100 mg/kg) twice orally via gastric tube; 24h and 
1h prior to induction of ischemia, and then subjected to 
45 min of left renal ischemia followed by 24 hours of 
reperfusion[5].

Induction of renal IRI model
Rats were anesthetized with injection of ketamine 

(50mg/kg) and xylazine hydrochloride (10mg/kg) both 
intraperitoneally. Hair shaving and disinfection of the 
abdominal wall using povidone iodine was performed, 
followed by a midline abdominal incision, and then the 
left renal pedicle was occluded with a non traumatic 
microvascular clamp for 45 min. The efficiency of 
occlusion was established by the change in the color of 
kidney. During this time the rats were kept warm using a 
thermal pad. After 45 min, the clips were removed to allow 
blood reperfusion; the kidneys were checked for a change 
in color within 3min to ensure reperfusion, and then the 
incision was then sutured[4,5,12].

Methods

Laboratory investigations
At the end of 24 hours of reperfusion, blood samples 

were taken from tail vein in heparinized tubes and sent 
to the Medical Biochemistry Department, Faculty of 
Medicine, Cairo University, to measure the levels of 
blood urea nitrogen (BUN), serum creatinine (SCr) and 
superoxide dismutase enzyme (SOD).

Histological examination
Rats were sacrificed 24 hours after kidney reperfusion 

with intraperitoneal injection of 60 mg/kg pentobarbital 
sodium[13]. Left kidney specimens were fixed in 10% 
buffered formalin then embedded in paraffin. Serial 
sections of 5-7 µm thickness were cut and subjected to: 

a. Hematoxylin and eosin stain[14]. 

b. Periodic acid Schiff reaction (PAS)[14].

c. Immunohistochemical stain[15] for cyclooxygenase-2 
(COX-2) antibody, which is a rabbit polyclonal 
antibody (NeoMarkers, Lab Vision Corporation, 
CA, USA). COX-2 reaction appears as brown 
cytoplasmic deposits.

d. Immunohistochemical stain[15] for caspase-3 
antibody, which is a rabbit polyclonal antibody 
(Thermo Fisher scientific Laboratories, MA, USA). 
Caspase-3 marker shows brown cytoplasmic and 
nuclear localization.

Morphometric study
This was done using ״Leica Qwin 500״ software image 

analyzer computer system (Leica image system Ltd; 
Cambridge, England), and was done using an objective 
lens of x40 magnification and were detected in 10 non-
overlapping randomly chosen fields for each section 
(except the size of Malpighian renal corpuscles). The 
following parameters were measured:

a. Size of Malpighian renal corpuscles was detected 
in 30 randomly chosen corpuscles per section

b. Optical density of PAS +ve reaction

c. The area percent of COX-2 immunoexpression

d. The area percent of caspase-3 immunoexpression
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Statistical Analysis
It was done for the laboratory and morphometric 

results. Data were statistically analyzed using statistical 
package SPSS version 16 (SPSS Inc., Chicago, USA). 
Comparisons between groups were done using ANOVA 
(analysis of variance) followed by post hoc test for 
multiple comparisons between each 2 groups. Data were 
expressed as mean and standard deviation (SD) for the 
quantitative variable. Results were considered significant 
when p<0.05[16].

RESULTS                                                                                      

Mortality
Two animals from group II (IRI group) and one animal 

from group III (ALS group) died during the 24 hours of 
reperfusion, and they were excluded from the study.

Laboratory investigations results
Laboratory investigation results are illustrated in      

(Table 1).

Histological Results

Hematoxylin and Eosin-stained sections
Sections from both control subgroups (IA and IB) 

showed similar picture with no differences. The renal 
cortex presented normal histological architecture; the 
Malpighian renal corpuscle (MRC) appeared formed of 
tuft of glomerular capillaries surrounded by Bowman's 
space that was lined by simple squamous epithelium. 
The proximal convoluted tubules (PCT) were lined with 
cuboidal cells with rounded basal nuclei and and apical 
clear brush borders, so having narrow lumina. The distal 
convoluted tubules (DCT) were lined with cubical cells 
with rounded central nuclei and nonclear brush border, 
thus having wider lumina (Figures 1 and 2). 

Renal cortical sections from group II (IRI group) 
revealed some enlarged MRC with large segmented 
glomeruli, while other MRC appeared small with small or 
even atrophic glomeruli leaving a wide Bowman’s space. 
The renal interstitium showed focal areas of inflammatory 
cells infiltration and congested blood vessels (Figure 3). 
The PCT were seen with almost lost brush border. Many 
of the tubular lining cells show vacuolated cytoplasm 
and some cells were completely detached and presented 
small pyknotic nuclei and minimal cytoplasm. Other cells 
showed disintegrated very faint nuclei. Cell ghosts were 
also detected. Some renal tubules displayed desquamated 
epithelium lining and casts within their lumina in the form 
of sloughed cytoplasmic fragments or cellular debris. The 
basement membranes of both the glomeruli and renal 
tubules appear interrupted at some areas (Figure 4).

Sections from group III (ALS group) showed apparently 
normal MRC containing normal glomeruli that were 
surrounded with Bowman's space. Most PCT preserved 
their brush borders but few tubular cells appeared with 
small darkly stained shrunken nuclei. Few renal tubules 
showed sloughed cytoplasmic fragments or cellular debris 
within their lumens (Figures 5 and 6). 

PAS stained sections
Examined renal cortex form group I (control group) 

exhibited a strong PAS-positive reaction in the apical 
brush borders of the cells lining the PCT, in addition to 
the basement membranes of the MRC, the glomeruli and 
the renal tubules (Figure 7). Sections from group II (IRI 
group) displayed weak interrupted PAS staining of the 
apical brush borders of some PCT, while others showed 
complete loss of their brush borders. Also, PAS-positive 
casts were seen inside the tubular lumina. In addition a 
weak PAS-positive reaction was detected in the basement 
membranes of the MRC, the glomeruli and the renal tubules                                                                                              
(Figure 8). Whereas examined sections from group III 
(ALS group) showed a strong PAS-positive reaction in 
the apical brush borders of the cells lining the PCT, in 
addition to the capsular, glomerular and tubular basement 
membranes (Figure 9). 
Immunohistochemical results
COX-2 immunostained sections

The examined renal cortex from the control                           
(group I) showed scarce brown COX-2 immunoreaction, 
which appeared in the cytoplasm of the cells of macula 
densa.  But there was negative immunoreaction in PCT, 
DCT and glomeruli (Figure 10). As for group II (IRI group), 
marked brown cytoplasmic COX-2 immunoreactivity in 
the cells of macula densa and DCT were evident. Cells of 
the PCT and glomeruli showed moderate immunoreaction 
(Figure 11). Group III (ALS group) revealed mild COX-2 
immunoreactivity in few cells of macula densa and DCT. 
However cells of the PCT and glomeruli exhibited almost 
negative immunoreaction (Figure 12).
Caspase-3 immunostained sections

Renal cortical sections from Group I (control group) 
presented negative caspase-3 immunoreactivity in the PCT, 
DCT and the glomeruli (Figure 13). Sections from group II 
(IRI group) showed widespread caspase-3 immunoreaction 
in the cytoplasm and nuclei of the cells of PCT, DCT and 
glomeruli (Figure 14). Regarding group III (ALS group); 
there was mild caspase-3 immunoreactivity in cells of the 
PCT, DCT and the glomeruli (Figure 15).  

Morphometric results
Morphometric results are illustrated in (Table 2 and 

Histograms 1,2,3).
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Fig. 1: Photomicrograph of a section in the renal cortex of a rat from 
Group I (control group) displaying Malpighian renal corpuscles 
containing glomeruli (G) and surrounded with Bowman's space (S). 
Proximal convoluted tubules (PCT) appear with narrow lumina and apical 
clear brush borders. Distal convoluted tubules (DCT) appear with wider 
lumina and nonclear brush border. (HandE X100)

Fig. 2: Photomicrograph of a section in the renal cortex of a rat from Group I 
(control group). It shows Malpighian renal corpuscle containing glomerulus 
(G) with many capillaries (C) and surrounded with Bowman's space (S) 
which is clear of any cell debris. The parietal layer of Bowman’s capsule 
is lined by flat squamous cells resting on a basement membrane. Proximal 
convoluted tubules (PCT) appear with rounded basal vesicular nuclei and 
apical clear brush borders. Distal convoluted tubule (DCT) appears with 
central rounded nuclei and nonclear brush border. (HandE X400)

Fig. 3: Photomicrograph of a section in the renal cortex of a rat from 
Group II (IRI group) reveals enlarged renal corpuscles with large 
segmented glomeruli (G1) while others appear small with small glomeruli 
or even atrophic (G2), leaving a wide Bowman’s space (S). The renal 
interstitium showed focal areas of infiltration with inflammatory cells (I) 
and congestion of blood vessels (BV).  (HandE X100)

Fig. 4: Photomicrograph of a section in the renal cortex of a rat from Group 
II. It displays segmented glomerulus (G) with dilated congested capillaries 
(C) and dilated Bowman’s space (S) filled with cell debris. Many tubular 
and glomerular cells have small darkly stained nuclei (thin arrows). 
Proximal tubule is seen with almost lost brush border (PCT). Many 
tubular lining cells show vacuolated cytoplasm (curved arrows). Some 
tubular cells are detached with small dark nuclei and minimal cytoplasm 
(arrowheads) while others have disintegrated nuclei (thick arrows). Cell 
ghost is also detected (short arrow). Some renal tubules show desquamated 
epithelial lining (stars) and casts (sloughed cytoplasmic fragments/
cellular debris) within their lumina (asterisk). The glomerular and tubular 
basement membranes appear interrupted (wavy arrows). (HandE X400)

Fig. 5: Photomicrograph of a section in the renal cortex of a rat from Group 
III (ALS group) showing apparently normal Malpighian renal corpuscle 
containing apparently normal glomerulus (G) and Bowman's space 
(S). Most proximal convoluted tubules (PCT) have regained their brush 
borders. Some tubular cells still have small darkly stained shrunken nuclei 
(arrows). A cast is seen within the tubular lumen (asterisk).  (HandE X200)

Fig. 6: Photomicrograph of a section in the renal cortex of a rat from 
Group III with apparently normal Malpighian renal corpuscle containing 
glomerulus (G) with many capillaries (C) and surrounded by Bowman's 
space (S). Most proximal convoluted tubules (PCT) preserve their brush 
borders. Few tubular and glomerular cells still have small darkly stained 
shrunken nuclei (arrows). (HandE X400)
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Fig. 7: Photomicrograph of a section in the renal cortex from a control 
rat showing a strong PAS-positive reaction in the apical brush borders 
of cells lining PCTs (arrowheads), in addition to the capsular basement 
membrane (arrow), tubular basement membrane (wavy arrow) and 
glomerular basement membrane (curved arrow).  (PAS X400)

Fig. 8: Photomicrograph of a section in the renal cortex of a rat from 
Group II (IRI group) revealing weak PAS-positive reaction in the capsular 
basement membrane (arrow), tubular basement membrane (wavy arrow) 
and the glomerular basement membrane (curved arrow). Some tubules 
show weak interrupted staining of the apical brush borders (arrowheads), 
while others show complete loss of the brush borders (stars). A PAS-
positive cast (asterisk) is also seen inside the tubular lumen. (PAS X400)

Fig. 9: Photomicrograph of a section in the renal cortex of a rat from 
Group III (ALS group) displays a strong PAS-positive reaction in the 
apical brush borders of the cells lining PCTs (arrowheads), in addition to 
the capsular basement membrane (arrow), tubular basement membrane 
(wavy arrow) and the glomerular basement membrane (curved arrow). 
(PAS X400)

Fig. 10: Photomicrograph of a section in the renal cortex from a control 
rat presenting scarce brown cytoplasmic immunoreactivity to COX-2 in 
the cells of macula densa (arrows) and negative immunoreaction in PCT, 
DCT and glomerulus (G). (COX-2 X200)

Fig. 11: Photomicrograph of a section in the renal cortex of a rat from 
Group II shows marked brown cytoplasmic COX-2 immunoreactivity in 
the cells of macula densa (arrows) and distal convoluted tubules (DCT). 
Cells of the proximal convoluted tubules (PCT) and glomerulus (G) 
reveal moderate immunoreaction. (COX-2 X200)

Fig. 12: Photomicrograph of a section in the renal cortex of a rat from 
Group III shows mild COX-2 immunoreactivity in few cells of macula 
densa (arrows) and distal convoluted tubules (DCT). Cells of proximal 
convoluted tubules (PCT) and glomerulus (G) show almost negative 
immunoreaction. (COX-2 X200)
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Fig. 13: Photomicrograph of a section in the renal cortex of a rat from 
Group I (control) displaying negative caspase-3 immunoreactivity in the 
PCT, DCT and the glomerulus (G). (Caspase-3 X400)

Fig. 14: Photomicrograph of a section in the renal cortex of a rat from 
Group II shows widespread caspase-3 immunoreaction in the cytoplasm 
and nuclei of the cells of PCT, DCT and glomerulus (G) (arrows). 
(Caspase-3 X400)

Fig. 15: Photomicrograph of a section in the renal cortex of a rat from 
Group III revealing mild caspase-3 immunoreactivity in cells of the PCT, 
DCT and the glomerulus (G) (arrows).  (Caspase-3 X400)

Table 1: Mean values (±SD) of chemical parameters in the 
studied groups.

Parameters Group I 
(Control)

Group II
(IRI group)

Group III
(ALS group)

BUN (mg/dl) 35.8 ± 1.5 85.3 ± 3.3* 51.23 ± 2.4*□

SCr (mg/dl) 0.35 ± 0.02 1.92 ± 0.15* 1.3 ± 0.05*□

SOD (U/L) 86.0 ± 6.2 67.7 ± 4.1○ 81.0 ± 7.1#

* Increased significantly versus group I.

□ Decreased significantly versus groups II.

○ Decreased significantly versus groups I

# Increased significantly versus group II with no significant difference 
versus group I.

Table 2: Mean values (±SD) of morphometric parameters in the 
studied groups.

Parameters Group I 
(Control)

Group II
(IRI group)

Group III
(ALS group)

Mean area of 
renal corpuscles 

(µm2)
4341.06±1235.2 9259.38±2115.3* 4567.65±1315.7#

Optical density 
of PAS 1.98 ± 0.21 0.67 ± 0.13○ 1.84 ± 0.17#

Mean area % 
of COX-2 1.02 ± 0.2 19.36 ± 4.3* 7.68 ± 1.71*□

Mean area % 
Caspase-3 1.66 ± 0.05 20.34 ± 3.05* 9.13 ± 2.11*□

* Increased significantly versus group I.

# Decreased significantly versus group II with no significant difference 
versus group I.

○ Decreased significantly versus groups I

□ Decreased significantly versus groups II.

Histogram 1: Mean values (±SD) of renal corpuscles’ area (µm2) in the 
studied groups.
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Histogram 2: Mean values (±SD) of optical density of PAS in the studied 
groups.

Histogram 3: Mean values (±SD) of area % of COX2 and Caspase 3 
immunoreactivity in the studied groups.

DISCUSSION                                                                                    

Renal Ischemia/reperfusion injury (IRI) can be induced 
in experimental animals via two different methods, either 
unilateral renal pedicle or renal artery clamping or bilateral 
renal pedicle or renal artery clamping. Additionally, the 
duration of renal ischemia is imperative and generally it 
is limited to 30-60 minutes, because this ischemia time 
allows for intermediate survival. If it is more than 60 
minutes, it will lead to acute tubular necrosis and renal 
failure. Renal ischemia of less than 30 minutes results in 
rapid proliferation of tubular epithelial cells and repair 
of the damaged renal tubules, which is accompanied by 
improved renal functions. Accordingly, 45 minutes of renal 
ischemia is found to cause findings of IRI regarding tubular 
epithelial cell injury and irreversible acute tubular necrosis 
with a known survival rate of 100% at 7 days and 85% at 
30 days in rats. This may be followed by reperfusion for 
4, 6, 12, or 24 h[4,12,17]. In view of that, the rat model of 
renal IRI in this work was established by left renal pedicle 
occlusion for 45 minutes followed by reperfusion for 24 h.

In the present study, the influence on renal functions 
after IRI (group II) was established based on the significant 
increase in BUN and SCr levels. This is in agreement with 
previous studies carried on renal IRI models[5,18,19,20,21]. 
Renal ischemia results in functional impairment through 
a combination of events; renal vasoconstriction, tubular 
obstruction, reduced glomerular permeability and tubular 
back-leakage of glomerular filtrate[22]. Several mechanisms 

were found to exacerbate the cellular injury resulting from 
reperfusion of ischemic tissues as oxygen free radicals that 
account for increasing oxidative stress and the expression of 
pro-apoptotic mediators and inflammatory cytokines[19,21]. 

Furthermore, there was a significant decrease in 
the serum level of SOD following IRI and this is in 
harmony with other researches[5,19,20]. SOD is an important 
endogenous antioxidant enzyme that plays a fundamental 
and crucial role in the antioxidant protective capability of 
biological systems against reactive oxygen species (ROS). 
It is the first detoxification enzyme that catalyzes the 
dismutation of two molecules of superoxide anion, which 
plays a primary role in oxidative stress and damage, to 
hydrogen peroxide and molecular oxygen, consequently 
rendering it less hazardous[23]. 

During IRI, the injured tissue produce excessive 
amount of ROS that changes mitochon¬drial oxidative 
phosphorylation, causing ATP depletion, increase in 
intracellular calcium and thus activation of membrane 
phos¬pholipids proteases[24]. In addition, among the oxide 
radicals present, there are superoxide and hydroxyl nitric 
oxide, leading to formation of peroxynitrite and nitric oxide, 
which add up to the cellular damage[5]. Simultaneously, the 
blood flow during re-perfusion can produce oxygen free 
radicals that cause renal tissue injury via membrane lipids 
peroxidation and oxidative damage of DNA and proteins 
contrib¬uting to apoptosis and cell death. Besides, down 
regu¬lation of the antioxidant enzymes such as SOD is to 
be blamed for the pathophysiology of IRI[24].

The histological findings regarding the IRI group 
(group II) was in line with the laboratory results, where 
renal IRI exerted notable injurious effect on the cortex. The 
renal cortex has the highest level of oxygenation followed 
by the outer medulla, and the lowest levels in the inner 
medulla and papillae. Consequently, the cortical cells are 
the most susceptible to ischemia, while cells in the outer 
medulla can alter to metabolism independent on oxygen, 
and the inner medullary and papillae cells depend mainly 
on anaerobic glycolysis[25].

Examined HandE and PAS-stained sections from IRI 
group revealed marked glomerular and tubular alterations. 
Some glomeruli appeared enlarged, while others were 
atrophic leaving a wide Bowman’s space with interrupted 
or thin basement membranes at some areas; this could be 
attributed to the acute and severe renal injury. Previous 
electron microscopic studies on renal IRI confirmed the 
degeneration of glomeruli, disappearance of capillaries' 
basement membranes, together with necrosis of mesangial 
and podocytic cells[5]. Moreover renal IRI is accompanied 
by changes in the glomerular filtration capability because of 
the vasoconstriction of pre-arteriolar capillaries due in part 
to endothelial injury together with vasoactive cytokines 
produced from leucocytes; all these reduce the glomerular 
forces for filtration and create a state of overwork in the 
glomeruli[26,27].
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Regarding the tubular changes, these were obvious 
in the PCT; some lining cells had vacuolated cytoplasm, 
others were completely detached and showed minimal 
cytoplasm and small pyknotic nuclei or disintegrated very 
faint nuclei. The brush border was lost and desquamated 
epithelial cells with intraluminal casts could be seen. Also, 
the tubular basement membranes appeared interrupted at 
some areas. These findings are consistent with previous 
studies[2,3,5,18,19,28]. Previous electron microscopic studies 
found that PCT lost their apical microvilli with the 
presence of cytoplasmic vacuolation and distortion of 
basal membrane infoldings[26].

It is worth to mention that during ischemia, all the 
nephron segments can be affected, but the PCT cells 
are usually the most injured; because they have a high 
metabolic rate plus a limited capacity to carry out anaerobic 
glycolysis[25]. On the contrary, DCT have a greater capacity 
to change to glycolytic metabolism, hence adapt better to 
ischemia. In addition, they have higher capacity to produce 
the anti-apoptotic protein Bcl-2 than PCT, which makes 
them more resistance to ischemic injury[29].

Moreover, the renal interstitium showed inflammatory 
cells infiltration with congested blood vessels. This was 
encountered by other researchers too[18,20,28]. It was proved 
that inflammation is a major contributor to the pathogenesis 
of IRI. Following ischemia, the injured PCT cells generate 
a number of potent mediators including pro-inflammatory 
cytokines as tumor necrosis factor (TNF), and interleukins 
(IL) -6, -1β and -8. Also, the extravasated leucocytes release 
toxic ROS, elastases and proteases, leading to increased 
microvascular permeability, thrombosis and parenchymal 
cell death[18,25].

In the present study, the inflammation and apoptosis 
found in the IRI sections were further confirmed by the 
immunohistochemical stains for both cyclooxygenase-2 
(COX-2) and caspase-3 enzymes respectively, where there 
was a significant increase in their mean area percent as 
compared to the control, and this is in accordance with 
other studies[3,20,21].

Arachidonic acid metabolites have vital role in 
mediating inflammation and inflammatory cytokine 
production. This acid is released from the plasma 
membrane and then metabolized by COX-1 and COX-
2 into prostaglandins, prostacyclins and thromboxanes. 
COX-1 is expressed constitutively, but COX-2 expression 
is induced by inflammatory stimuli or mediators. Both 
prostaglandins and thromboxanes induce the production of 
cytokines and chemokines, which mediate the activation 
of neutrophils and monocytes with subsequent release of 
inflammatory mediators that cause renal IRI[30]. Studies 
have found that normally COX-2 expression in renal cortex 
is localized to the macula densa[31]. This is explained by 
the fact that COX-2 is the source of macula densa-derived 
prostaglandins that mediate the expression and release of 
renin by juxtaglomerular cells, that is why it is present at 
little but detectable levels in the macula densa under normal 

conditions, and induction of a high-renin state significantly 
increases COX-2 expression by the macula densa[32]. During 
AKI, in addition to macula densa, it is also expressed in the 
medullary interstitial cells, the endothelium of arteries and 
veins and glomerular podocytes[31]. Plus, it has been proved 
to have an important role during IRI; as its expression is 
up-regulated because of the pro-inflammatory cytokines 
such as ILs and TNF. In addition, its induction involves 
ROS generation and prostanoids synthesis which are potent 
inflammatory mediators that exacerbate the inflammatory 
process[33].

During hypoxia, there is accumulation of intracellular 
calcium that results in caspase activation in ischemic tissues 
and is an indicator of cell death[12]. Besides, following the 
decrease in effective kidney perfusion, epithelial cells 
cannot preserve sufficient intracellular ATP for essential 
processes, so cell death by necrosis or apoptosis occurs[25]. 
Adding up, oxidative stress leads to activation of the pro-
apoptotic Bax protein, which is mainly localized in renal 
tubular cells, and it plays an important role in the apoptotic 
cascade, where it promotes caspase-3 activation[21]. 

Renin-angiotensin system (RAS) activation and 
elevation of angioten¬sin II (AT-2) level are the essential 
risk factors in IRI. AT-2 results in renal injury via 
constriction of renal vessels, enhancement of vascular 
sensitivity to sympathetic nerve stimulation, oxidative 
stress and induction of apoptosis. That is why RAS 
inhibition has a protective effect against renal IRI[24]. 
RAS can be blocked at different levels by agents such as 
renin inhibitors, angiotensin converting enzyme (ACE) 
inhibitors, and angiotensin receptor blockers (ARB). Renin 
inhibition is more effective than the ACE inhibitors or the 
ARBs that have shown to cause a compensatory increase 
in the renin level thus decrease their potential effects[9]. 
Aliskiren (ALS) is a direct renin inhibitor that proved to 
have an anti-proteinuric effect in patients with diabetes 
and also exerts anti-atherosclerotic, cardioprotective, 
renoprotective, antioxidant, anti-inflammatory and anti-
apoptotic effects independent of its lowering effect on 
blood pressure[9,10]. Also it has been established to have 
beneficial effects in different renal conditions[6,8,9,10].

In the present study, pretreatment with ALS in group 
III resulted in significant decrease in the levels of BUN 
and SCr, which might indicate its protective effect against 
IRI induced impairment of renal function. In addition, 
its antioxidant action was proved as it significantly 
increased SOD level as compared to IRI group, and this 
was demonstrated by other researchers[5,10,11,20]. Since RAS 
activation aggravates the oxidative stress which further 
enhances AT-2 activity[22]. Hence, blockade of RAS by ALS 
could lessen the oxidative stress induced damage[5,9,11].

Regarding the histological findings of HandE and 
PAS-stained sections from ALS group (group III), MRC 
appeared almost normal with normal glomeruli surrounded 
with Bowman's space. Most PCT preserved their normal 
histological architecture and brush borders. This was 



846

ALISKIREN AGAINST RENAL ISCHEMIA REPERFUSION

accompanied by significant reduction in the mean area 
percent of COX-2 and caspase-3 immunoexpression. The 
observed anti-inflammatory and anti-apoptotic effects 
shown in this work is in agreement with that obtained 
before[10,34,35]. 

The anti-inflammatory effect of ALS might be due 
to inhibition of AT-2 that regulates the expression of 
inflammatory markers as cytokines, chemokines and 
adhesion molecules[36]. Furthermore, ALS inhibits the 
binding of renin and prorenin to the prorenin receptor, 
which stimulates inflammatory mediators, as transforming 
growth factor and fibronectin, via the extracellular 
signal regulated kinase 1 and 2 pathways independent of 
angiotensin[37]. Whereas the anti-apoptotic effect of ALS 
might be attributed to its antioxidant capability. This could 
be explained by the fact that oxidative stress disturbs the 
pro-apoptotic/anti-apoptotic equilibrium and thus activates 
the mitochondrial dependent apoptosis via caspase-3 
pathway[10,38]. It is known that intrinsic apoptosis is due to the 
release of mitochondrial proteins into the cytosol, leading 
to consequent caspase activation. Mitochondrial integrity 
is vastly controlled, mainly via interactions between pro-
apoptotic (Bax) and anti-apoptotic (Bcl-2) proteins, which 
incorporate different death and survival signals to decide 
the cells fate. Evidence verified that ALS adjusted the 
balance of apoptosis-regulating proteins by decreasing the 
Bax to Bcl-2 ratio thus inhibiting apoptosis[39].

CONCLUSION                                                                         

The results of the present study demonstrated that ALS 
could protect against renal cortical IRI in albino rat model; 
possibly via inhibition of oxidative stress, inflamma¬tion 
and subsequent apoptosis. Still, further studies are required 
to explore the exact mechanisms underlying the effects of 
ALS before its application as a therapy in case where renal 
IRI could be encountered.
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الملخص العربى

تأثير األليسكرين على إصابة القشرة الكلوية باحتباس الدم وإعادة اإلرواء 
فى الجرذان البيضاء: دراسة هستولوجية وهيستوكيميائية مناعية

داليا ابراهيم اسماعيل، الشيماء جمال أبوالخير

قسم الهستولوجيا، كلية الطب، جامعة القاهرة، القاهرة، مصر

الخلفية: اإلصابة باحتباس الدم وإعادة اإلرواء هي السبب الرئيسي إلصابة الكلى الحاد والتي تعتبرأحد المضاعفات 

اإلكلينيكية الشائعة ذات المعدل المرضي المرتفع وتفتقر إلى العالج الفعال. يعتبر تنشيط نظام رينين- أنجيوتنسين ارتفاع 

مستوى األنجيوتنسين II من عوامل الخطر الهامة في إصابة احتباس الدم وإعادة اإلرواء. األليسكرين هو أول مانع 

مباشرللرينين عن طريق الفم والذي يمنع الخطوة األولى في نظام رينين- أنجيوتنسين  وقد تم اعتماده لعالج ارتفاع 

ضغط الدم.

الهدف من العمل: التحقق في ما إذا كان العالج المسبق باألليسكرين يحمي القشرة الكلوية لذكورالجرذان البيضاء البالغة 

التى تعرضت إلصابة احتباس الدم وإعادة اإلرواء.

المواد والطرق: تم تقسيم ثالثين من ذكور الجرذان البيضاء البالغة إلى ٣ مجموعات: مجموعة I (المجموعة الضابطة)، 

الجرذان  معالجة  تم  األليسكرين):  III(مجموعة  المجموعة   اإلرواء)،  وإعادة  الدم  احتباس  (مجموعة   II مجموعة 

بجرعتين من األليسكرين عن طريق الفم (١٠٠ مج/كجم) قبل إصابة احتباس الدم وإعادة اإلرواء، جرعة  قبلها بــ 

٢٤ ساعة وجرعة قبلها بساعة، وتركت لمدة ٢٤ ساعة من اإلرواء قبل التضحية بها. تم أخذ عينات من الدم لتقييم 

مستويات نيتروجين اليوريا في الدم والكرياتينين وإنزيم ديسميوتاز السوبر أوكسيد في مصل الدم. وصبغت مقاطع الكلي 

الكلى بصبغات الهيماتوكسيلين واإليوسين، حمض شيف األيودى، والصبغة الهستوكيميائية المناعية ضد إنزيم األكسدة  

الحلقى -٢ وكاسباس -٣ وتال ذلك تحليل قياسى وإحصائي.

النتائج: أظهرت مجموعة احتباس الدم وإعادة اإلرواء تدهوًرا في اختبارات وظائف الكلى مع تغيرات نسيجية هائلة 

في كريات مالبيجيان الكلوية، واألنابيب الملتوية. كما كان هناك انخفاض ذو داللة إحصائية في الكثافة البصرية لتفاعل 

حمض شيف األيودى، مع زيادة ذات داللة إحصائية في متوسط نسبة مساحة التعبير المناعي إلنزيم األكسدة الحلقى 

النسيج  الكلى مع الحفاظ علي  -٢ وكاسباس -٣. أظهرت مجموعة األليسكرين تحسنا ملحوظا في اختبارات وظائف 

الطبيعي للقشرة الكلوية. كما كانت هناك زيادة ذات داللة إحصائية في الكثافة البصرية للتفاعل حمض شيف األيودى، 

مع انخفاض ذو داللة إحصائية في متوسط نسبة مساحة التعبير المناعي إلنزيم األكسدة الحلقى -٢ وكاسباس-٣.

االستنتاج: تم الكشف عن تأثير وقائي لألليسكرين في تلف القشرة الكلوية الناجم عن احتباس الدم وإعادة اإلرواء لدى 

ذكور الجرذان البيضاء البالغة. وقد ظهر ذلك في النتائج المعملية والتقييم الهستولوجي و الهستوكيميائي المناعي.


