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LABORATORY STUDY

Renoprotective effect of aliskiren on renal ischemia/reperfusion injury
in rats: electron microscopy and molecular study

Tevfik Ziypak1, Zekai Halici?, Erdal Alkan?, Erol Akpinarz, Beyzagul Polat*, Senol Adanur’, Elif Cadirci®, Irmak Ferah?,
Yasin Bayir®, Emre Karakus®, and Tolga Mercantepe’

"Department of Urology, Faculty of Medicine, Ataturk University, Erzurum, Turkey, 2Department of Pharmacology, Faculty of Medicine, Ataturk
University, Erzurum, Turkey, >Department of Urology, Sisli Memorial Hospital, istanbul, Turkey, “Department of Pharmacology, Faculty of Pharmacy,
Ataturk University, Erzurum, Turkey, *Department of Biochemistry, Faculty of Pharmacy, Ataturk University, Erzurum, Turkey, ®Department of
Pharmacology and Toxicology, Faculty of Veterinary Medicine, Ataturk University, Erzurum, Turkey, and ’Department of Histology and Embryology,
Faculty of Medicine, Ataturk University, Erzurum, Turkey

Abstract
Purpose: To determine the protective effect of aliskiren on ischemia-reperfusion (I/R) injury in a

Keywords
Aliskiren, antioxidant, ischemia/reperfusion,

rat renal (I/R) model. Methods: Rats were randomly divided into five groups: sham control rat, renin
group; sham control with aliskiren pretreatment; I/R group and I/R with two doses of aliskiren
pretreatment. Rats were unilaterally nephrectomized and subjected to 45 min of renal pedicle History

occlusion followed by 24 h reperfusion. Aliskiren (50 and 100 mg/kg) was administered orally by
gavage 24 and 1 h prior to ischemia. After 24 h reperfusion, kidney samples were taken for the
determination of malondialdehyde (MDA) level, superoxide dismutase (SOD), glutathione (GSH)
activity and histological evaluation. The level of serum creatinine (SCR) and blood urea nitrogen
(BUN), renin and angiotensin Il (AT-2) was measured in serum samples. Results: Kidneys from I/R
groups showed significant increase in MDA level and significant decrease in GSH, and SOD
activity. IL-1p, iNOS and NFkB gene expression significantly increased in the I/R groups in the rat
kidney tissue. Aliskiren treatment showed a significant down-regulatory effect on IL-1f, iINOS
and NFkB mRNA expression. Compared with the sham group, SCR and BUN, renin and AT-2
were significantly increased in the I/R rats, accompanied by histopathological damage to the
kidney. Conclusion: Pretreatment with aliskiren ameliorated I/R-induced renal injury through
decreasing nitric oxide and AT-2 levels and by the reduction of injury induced by I/R injury and
ameliorated renal histopathological molecular and biochemical changes.
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Introduction

Due to decreased arterial and venous blood flow, impaired
tissue perfusion (or ischemia) results in cellular death. This is
largely due to the depletion of energy stores and toxic
metabolite accumulation. However, restoration of blood flow
to the ischemic tissue may paradoxically exacerbate the
injury. Although there are many mechanisms underlying
ischemic-reperfusion injury, the primary mechanism is the
reintroduction of molecular oxygen to a previously hypoxic
tissue, resulting in quickly formed reactive oxygen species.’

Nephron sparing surgery helps to maintain long-term renal
function, and prevents chronic kidney disease in patients with
small renal masses.” Extended warm ischemia time (WIT)
greater than 30min during open or laparoscopic partial
nephrectomy can lead to considerable renal injury, and
continues to be a limiting factor in performing larger, more
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complex partial nephrectomies. Renal damage is also propor-
tional to increasing WIT due to a sudden lack of nutrients,
severe hypoxia and/or anoxia of the renal parenchyma.’**
Thus, the optimal function of the kidney postoperatively is
determined by the integrity of the renal parenchyma
preserved, and the extent and duration of ischemic injury.’

ARI (acute renal injury) is believed to result from I/R
(ischemia/reperfusion) injuries occurring during the course of
hypovolemia, septic shock, renal transplantation or nephron
sparing surgery. I/R leads to renal vascular dysfunction and
the subsequent impairment of renal blood flow, further
worsening the initial renal injury.”® The molecular mechan-
isms underlying I/R-induced ARI are not fully understood, but
it has been reported that several causal factors, such as ATP
depletion, production of reactive oxygen species (ROS),
phospholipase activation, neutrophil filtration and release of
vasoactive peptides, contribute to the pathogenesis of renal
damage.” Among the diversity of mediators that take part in
this process, the RAS (renin—angiotensin system) has pro-
gressively assumed an important role.
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Many studies have shown that angiotensin II (AT-2)
contributes to renal injury in ARI models.*” The RAS
consists of several peptides which interact in a cascading
fashion to produce AT-2. Renin is the enzyme responsible for
catalyzing the metabolism of angiotensinogen to angiotensin
I, which is subsequently converted by the action of
angiotensin converting enzyme (ACE) to the active hormone
angiotensin II. Therefore, the effect of RAS can be blocked by
interrupting this cascade at different levels by agents such as
ACE inhibitors and ARBs. The RAS blockade can also be
achieved by renin inhibitors. Renin inhibition is expected, at
least theoretically, to be more effective than the ACE
inhibitors or the ARBs in blocking the function of RAS.

Aliskiren is the first oral direct renin inhibitor which has
been approved for the treatment of hypertension by the US
Food and Drug Administration. The protective effect of
aliskiren on myocardial ischemia/reperfusion injury has been
shown by previous studies.'®'" The effects of aliskiren on
kidney function in different renal conditions, such as unilat-
eral ureteral obstruction and chronic kidney disease, have also
been studied.'*"*

We hypothesized that direct renin inhibition with aliskiren
may protect against renal I/R injury through decreasing nitric
oxide and AT-2 levels and by the reduction of injury induced
by I/R injury in a rat model of renal ischemia—reperfusion.

Materials and methods
Animals

In this study, 40 adult male Wistar albino rats, weighing 220-
260g (5 months old), were obtained from the Ataturk
University Experimental Animal Laboratory. The rats were
divided into five groups as described in Table 1. The animals
were housed at a constant temperature (22+20°C) and
humidity, with a 12h light and 12h dark cycle. During the
acclimatization period, the rats were fed a diet of standard
commercial rat pellets. All animal procedures were approved
by the Institutional Animal Care and Use committee.

Chemicals

All chemicals for the laboratory experiments were purchased
from the Sigma Chemical Company (Germany). Thiopental
sodium (Pentothal sodium) was purchased from Abbott in
Istanbul, Turkey. The aliskiren (Rasilez, 300mg tb) was
obtained from the Novartis Drug Company.

Experimental design and surgical technique

The rats used in this study were randomly assigned to five
experimental groups. Group 1 was the sham group (n=38),

Table 1. Experimental design.
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where sham operations were performed and the animals
underwent only laparotomies. The sham operated animals
underwent exposure of the left renal pedicles, but did not
receive any I/R. Group 2 was the sham + aliskiren 100 mg/kg
group (n=28), where the animals were administered aliskiren
at 24 and 1h before the operation, and underwent only
laparotomies. Group 3 was the I/R group (n = 8), in which the
animals were subjected to 45min of left renal ischemia
followed by 24h of reperfusion. Group 4 was the I/
R + aliskiren 50 mg/kg group (rn=38), and the animals were
given aliskiren (50 mg/kg dose orally by gavage) 24 and 1 h
prior to the ischemia, and then subjected to 45 min of left
renal ischemia followed by 24 h of reperfusion. Group 5 was
the I/R+aliskiren 100mg/kg group (n=38), where the
animals were given aliskiren (100mg/kg dose) orally by
gavage 24 and 1 h prior to the ischemia, and then subjected to
45 min of left renal ischemia followed by 24 h of reperfusion.

All animals were anesthetized with an injection of
thiopental sodium (25 mg/kg, i.p.), and a midline abdominal
incision was performed after disinfection of the abdominal
wall using povidone iodine. A right nephrectomy was
performed and, in order to achieve kidney IRI in the animals,
the renal artery and vein were simultaneously occluded in
both kidneys by placing a clamp on the vessels for 45 min.
Special care was paid to avoid damage to the organ itself. The
efficacy of occlusion was confirmed by color changes in the
entire kidney. After which, the clamp was removed and the
rats were reperfused with care to ensure that the blood flowed
into the kidneys, subjecting them to reperfusion for 24 h. To
protect the rats from hypothermia, all of the animals were
kept warm after surgery. At the end of 24 h of reperfusion, the
animals were euthanized with a high dose of anesthesia, and
blood samples were collected with the left kidneys being
obtained from each rat. The serum was isolated and used for
the assessment of renal function analysis. Some kidneys from
each group were used as samples for histological studies,
while the remaining kidneys were then stored at —80°C for
biochemical and molecular analysis.

Biochemical investigation of tissues

The tissue samples from each rat were first perfused with
PBS/heparin and then ground in liquid nitrogen using the
TissueLyser II grinding Jar Set. Approximately 100 mg of
ground tissue was homogenized in 1 ml PBS homogenate
buffer in an Eppendorf tube with TissueLyser II, and the
samples were then centrifuged. Superoxide dismutase (SOD)
activity,'® glutathione (GSH) levels,'® and malondialdehyde
(MDA) levels'” from each sample supernatant and standards
were measured at room temperature in duplicate according to

24 and 1 h before

Groups operation Oth hour ischemia-induced 45 min after ischemia Sacrification
1 Sham Sham operation 24th hour
2 Sham + aliskiren 100 mg/kg ALS Sham operation 24th hour
31/R I/R Water ad libitum 24th hour
4 I/R + aliskiren 50 mg/kg ALS I/R Water ad libitum 24th hour
5 I/R + aliskiren 50 mg/kg ALS I/R Water ad libitum 24th hour
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the modified methods with an ELISA reader. The average
absorbances of each sample and standard were calculated, a
standard curve was plotted, and the equation was obtained
from the absorbance of the standards. Linear SOD, GSH, and
MDA concentrations were calculated according to this
equation, and all data are presented as the mean + standard
deviation results based on per mg protein.

Assessment of renal function

As indicators of renal function, the blood urea nitrogen (BUN)),
creatinine (Cr) (BEN Biochemical Enterprise Ref BK151,
BEN Biochemical Enterprise Ref Cr280, respectively) levels
were measured with the Chemwell biochemistry analyzer.

Determination of serum renin and angiotensin Il
concentration

Commercially available ELISA kits were used to determine
the serum concentrations of renin (Catalog No: 201-11-0549,
SunRed, China) and angiotensin II (Catalog No: 201-11-0656,
SunRed, China). All analyses were performed in accordance
with the manufacturer’s instructions. All data are presented as
the mean =+ standard deviation.

Protein determination

The protein concentrations were determined with the Lowry
method using commercial protein standards (Sigma Aldrich,
Total Protein Kit-TP0300-1KT-USA).

Total RNA extraction and cDNA synthesis

The tissues (20mg) were stabilized in RNA Stabilization
Reagent (RNAlater, Qiagen), and then disrupted using the
TissueLyser II (Qiagen). The total RNA was purified using
the RNeasy Mini Kit (Qiagen) according to the manufac-
turer’s instructions in a QIAcube (Qiagen). The RNA samples
were then reverse-transcribed into complementary DNA with
the High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems). The cDNA concentration and quality were
assessed and quantified using the Epoch Spectrophotometer
System and Take3 Plate (BioTek).

Relative quantification of gene expression (real-time
reverse transcriptase-polymerase chain reaction)

The relative interleukin 1 beta (IL-1f), inducible nitric oxide
synthase (iNOS), and nuclear factor kappa beta (NFkB)
expression analyses were performed with StepOnePlus Real
Time PCR System technology (Applied Biosystems) using
cDNA synthesized from rat kidney RNA. The real-time
reverse transcriptase-polymerase chain reaction (QPCR) was
run using the Primer Perfect Probe mix, TagMan Probe-based
technology (Primer Design Ltd., Southampton, UK), and the
results are expressed as the relative-fold compared to the
control animals. The expression data for 3-actin in each tissue
was used as the endogenous control, and the primers and
probes for the B-actin were designed by Primer Design
(Table 2). For each tissue, triplicate determinations were
performed in a 96-well optical plate for both targets using 9 pl
of cDNA (100 ng), 1 pl of Primer Perfect Probe mix, and 10 pl
of QuantiTect Probe PCR Master mix (Qiagen, Hilden,
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Table 2. Primer design.

Gene
IL-1B Forwardl, 5'-AGT GCT GAC AAT CTG TAT GTA
Re\i(r:;;g’— ACT AGG CTT TGC TCT TCT CTT
NFkB For/:vi;?l,;S/ - ATC ATC AAC ATG AGA AAC GAT
CTG TA-3;

Reverse, 5'- CAG CGG TCC AGA AGA CTC AG-3';
Rn00561646_m1

Forward: 5'- TGG TGG GTA TGG GTC AGA AG-3’
Reverse: 5'- GAC AAT GCC GTG TTC AAT GG-3’

iNOS (NOS-2)
B-Actin

Germany) in each 20 pl reaction. The plates were heated for
2 min at 50 °C and 10 min at 95 °C, and then 40 cycles of 15s
at 94 °C and 60 s at 60 °C were applied. All data are expressed
as the fold-change in expression compared to the expression
in other animal groups, using the 272 method. 18

Histopathological procedures
Light microscopy

The kidneys were fixed in 10% formalin, embedded in
paraffin, sectioned at 3 um, and stained with Harris
Hematoxylin and Eosin (H&E) and Periodic Acid Schiff
(PAS) using standard methods. For the light microscope
(Leica DM 6400, Germany) findings, the photos were taken
with an Olympus DP72 camera.

Transmission electron microscopy

The kidney tissue was cut into small pieces (1mm3) and
processed for the studies of the kidney in plastic sections and
by transmission electron microscopy. The steps for processing
the kidney tissue samples for electron microscopy included
(in order): sampling, pre-fixation, washing, post-fixation,
washing, dehydration, saturation, embedding, polymerization,
ultrathin sectioning, observation and photographic image
capture. The 1 mm pieces of kidney were fixed in 100 mM
phosphate buffer containing 2.5% glutaraldehyde for 2h at
4°C. The kidneys were then washed in phosphate buffer and
stored at 4 °C for later processing. The kidney tissue was post-
fixed in 1% osmium tetroxide, dehydrated in an ethanol series,
and then embedded in an epoxy resin (Araldite CY212) kit
(Agar scientific, Essex, United Kingdom). Then, 750 nm thick
sagittal sections were cut and toluidine-blue stained for light
microscopic analysis. The stained sections were visualized
and imaged using a Leica DM 6400 (Leica Microsystems,
Wetzlar, Germany). For electron microscopic analysis,
ultrathin sections (60-70 nm) were cut in an ultra-microtome
(LKB Nova, Sweden) set on 200-mesh copper or nickel grids.
Ultrathin sections at the top of the nickel grid were stained
with uranyl acetate and Reynold’s lead citrate for transmission
electron microscopic analysis. These were imaged on a JEOL
100SX transmission electron microscope (JEOL Ltd.,
Akishima, Tokyo, Japan) with photographic image capture
(Kodak 4489, Eastman Kodak Company, Rochester, NY).

Statistical analysis

For the molecular analyses, we used GraphPad Prism, version
5.0, and the results are presented as the means + standard
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deviation (SD). Comparisons between the groups were
performed using the one-way ANOVA and Tukey’s multiple
comparison test; significance was accepted at p<0.001. For
the biochemical analyses, we used the IBM SPSS Program,
version 20, and the results are presented as the means + stand-
ard deviation (SD). Comparisons between the groups were
performed using the one-way ANOVA and Duncan’s multiple
comparison test; significance was accepted at p <0.05.

Results
Biochemical results

In the I/R group, the kidney tissue SOD activity and GSH
levels were significantly decreased, but the tissue MDA levels
were significantly increased when compared with the control
group (Figures 1-3). In the I/R + aliskiren groups, the SOD
activity and GSH levels were significantly improved when
compared with the I/R group (non-dose-dependent manner).
The MDA levels were significantly decreased in the treatment
groups in comparison to the I/R group (Figures 1-3).

The serum biochemical analysis demonstrated a significant
increase in the serum BUN, Cr, renin and AT-2 for the I/R
group when compared with the sham group, as shown in
Figure 1. The administration of aliskiren decreased the serum
levels of BUN, Cr, renin and AT-2 in comparison with the I/R
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Figure 1. Effect of aliskiren treatment on SOD activity in the rats’
kidney tissues. ALI: aliskiren, I/R: ischemia/reperfusion. Notes: Means
in the same column by the same letter are not significantly different to
the test of Duncan (p =0.05). Results are means + SD.
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Figure 2. Effect of aliskiren treatment on GSH levels in the rats’ kidney
tissues. ALI: aliskiren, I/R: ischemia/reperfusion. Notes: Means in the
same column by the same letter are not significantly different to the test
of Duncan (p =0.05). Results are means + SD.
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group, while only renin was significantly increased in the
I/R + aliskiren groups (Figures 4-7).

IL-1B, iNOS and NFkB mRNA gene expression

Our results showed that the IL-1B and NFkB gene expression
increased in response to I/R injury in the I/R group when
compared to the control group (Figures 8 and 10). The

MDA (nmol/mg protein)
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Figure 3. Effect of aliskiren treatment on MDA levels in the rats’ kidney
tissues. ALI: aliskiren, I/R: ischemia/reperfusion. Notes: Means in the
same column by the same letter are not significantly different to the test
of Duncan (p =0.05). Results are means + SD.
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Figure 4. Effect of aliskiren treatment on serum BUN levels in rats.
Notes: ALI: aliskiren, I/R: ischemia/reperfusion. Means in the same
column by the same letter are not significantly different to the test of
Duncan (p =0.05). Results are means + SD.
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Figure 5. Effect of aliskiren treatment on serum creatinine levels in rats.
Notes: ALI: Aliskiren, I/R: ischemia/reperfusion. Means in the same
column by the same letter are not significantly different to the test of
Duncan (p =0.05). Results are means + SD.
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Figure 6. Effect of aliskiren treatment on serum renin levels in rats.
Notes: ALI: aliskiren, I/R: ischemia/reperfusion. Means in the same
column by the same letter are not significantly different to the test of
Duncan (p =0.05). Results are means + SD.
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Figure 7. Effect of aliskiren treatment on serum angiotensin II levels in
rats. Notes: ALI: aliskiren, I/R: ischemia/reperfusion. Means in the same
column by the same letter are not significantly different to the test of
Duncan (p =0.05). Results are means + SD.

‘m_. 101 " Rokk "
A ] dokk
:5 8 ——
£ g4 . -
o
W
e
S 4
& *
g 24 —r—
('3 I_-_I =
E c T T T T T
S S
.@“\ N B \,\Q ,\QQ
% o > >
& g M
A\ \\Q' é(‘
X
=)

Figure 8. Effects of aliskiren treatment on relative mRNA expression
levels of IL-1P in rats’ kidney tissues. Notes: Expressions of mRNAs
were detected by quantitative real time PCR analysis. f-actin was used as
the reference gene. Gene-specific probes were used as outlined under
‘“Material and methods’’. The relative expression levels were calculated
by the 27T method. ALI: aliskiren, I/R: ischemia/reperfusion. Values
of all significant correlations are given with degree of significance
indicated (*p <0.05, ***p <0.0001).

aliskiren treatment groups showed a significant up-regulatory
effect on IL-1B, iNOS and NFkB mRNA expression
(p<0.0001) in the I/R + aliskiren groups (Figures 9 and 10).

When compared to the control group, the iNOS mRNA
level in the I/R group was significantly higher (p <0.0001)
(Figure 9), which suggested that aliskiren reduced the iNOS
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Figure 9. Effects of aliskiren treatment on relative mRNA expression
levels of iNOS in rats’ kidney tissues. Notes: Expressions of mRNAs
were detected by quantitative real time PCR analysis. B-actin was used as
the reference gene. Gene-specific probes were used as outlined under
‘‘Material and methods’’. The relative expression levels were calculated
by the 22T method. ALI: aliskiren, I/R: ischemia/reperfusion. Values
of all significant correlations are given with degree of significance
indicated (***p <0.0001).
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Figure 10. Effects of aliskiren treatment on relative mRNA expression
levels of NFkB in rats’ kidney tissues. Notes: Expressions of mRNAs
were detected by quantitative real time PCR analysis. B-actin was used as
the reference gene. Gene-specific probes were used as outlined under
‘“‘Material and methods’’. The relative expression levels were calculated
by the 274" method. ALI: aliskiren, I/R: ischemia/reperfusion. Values
of all significant correlations are given with degree of significance
indicated (¥*p <0.05, ***p <0.0001).

expression in the rat kidney. The iNOS expression of the
treatment groups that were administered aliskiren at 50 and
100 mg/kg showed decreases when compared to the control
group (Figure 9).

The NFkB gene expression increased in the I/R groups
when compared to the control group (Figure 10). Aliskiren
significantly decreased the NF-kB mRNA expression
(p<0.0001) in the I/R + aliskiren groups (Figure 10).

Histopathological results
Light microscopy results

Under light microscopy, the slides from the control group
showed glomeruli demonstrating normal Bowman’s capsules
and tubular structures, as well as typical podocytes, mesangial
cells and capsular space. The medullary area of the kidney
showed normal tubules and tubular basement membranes,
which appeared to be clear (Figure 11). The light microscopic
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Figure 11. (Sham Group) (A) Light microscopy of a glomerulus demonstrating typically glomerular (g) structures. Podocyte, mesangial cell appear
clear (arrow). Capsular spice is shown (s). H&E stain. (B) Light microscopy of medullar region. Tubular (t) structure and tubular basement membrane
(tailed arrow) appear clear. H&E stain. (C) Kidneys showing typically structured tubules (t) and glomeruli (g). Tubular basement membrane clear
appeared (arrow head). Capsular spice is shown (s). Podocyte (arrow), mesangial cell (curved arrow) appear clear PAS stain, 10x.

Figure 12. (Sham + aliskiren 100 mg/kg) (A) Light microscopy of a glomerulus demonstrating normal thickening of the glomerular capillary wall.
Podocyte (arrow) and mesangial cell (curved arrow). Typical capsular spice (s) and tubular structure (t). H&E stain. (B) Light microscopy of
a glomerulus demonstrating normal glomerular structure and typical bowman space (arrow). Typical tubular basement membrane (tailed arrow).

H&E stain.

findings of the sham + aliskiren 100 mg/kg group were similar
to those of the control group (Figure 12). To summarize:
normal structures of the tubules and Bowman’s capsules were
observed, and the tubular basement membrane had obvious
limits. Under light microscopy, the samples from the ischemic
group showed glomerulosclerosis and widespread tubular
necrosis, with tubular vacuolation, hypertrophic glomeruli
and narrowing of the Bowman’s space, cast formation and
capillary dilatation (Figure 13).

A hemorrhagic area was seen in the kidney medulla, and
light microscopy has indicated necrotic cellular debris.
Tubular vacuolation could also be seen. In the hemorrhagic
area of the kidney medulla, infiltration and -capillary
basement thickening could be seen. Light microscopic
samples from the ischemia+ aliskiren 50mg/kg showed

normal thickening of the glomerular capillary wall, with
typical podocytes and mesangial cells. The tubular base-
ment membrane could be seen clearly. On one slide, a
glomerulus demonstrating normal thickening of the glom-
erular capillary wall and normal tubular structure could be
seen. The Bowman’s capsular space appeared to be typical
(Figure 14).

Light microscopy samples from the ischemia + aliskiren
100 mg/kg group incurred no tubular or glomerular injury,
with normal glomeruli and typical podocytes, mesangial cells
and tubular basement membranes appearing clearly. The
medulla of the kidney showed normal tubules with no
infiltration or hemorrhage. The ischemia + aliskiren 100 mg/
kg group and ischemia + aliskiren 50 mg/kg group exhibited
similar findings (Figure 15).
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Figure 13. (Ischemia/reperfusion group) (A) Light microscopy of a glomerulosclerosis (spiral arrow) demonstrating and Bowman’s space lose (arrow).
Many tubules show dense hyaline casts (arrow head). H&E stain. (B) Light microscopy of a glomerulosclerosis (spirally arrow) demonstrating and
Bowman’s space lose (arrow). Many tubules show dense hyaline casts (arrow head). H&E stain. (C) Light microscopy of a glomerulosclerosis (spirally
arrow). Many tubules show necrotic tubules (arrow head). H&E stain. (D) Light microscopy of a many tubules showing dense hyaline casts (arrow
head).H&E stain. (E) Light microscopy of a glomerulosclerosis (spirally arrow) demonstrating and Bowman’s space lose (arrow). Many tubules show
dense hyaline casts (arrow head). PAS stain. (F) Light microscopy of a glomerulosclerosis (spirally arrow) demonstrating and Bowman’s space lose
(arrow). Many tubules show dense hyaline casts (arrow head). PAS stain.

Figure 14. (Ischemia/reperfusion + aliskiren 50 mg/kg). (A) Light microscopy of a glomerulus demonstrating normal thickening of the glomerular
capillary wall (arrow head) and typical podocyte (arrow), mesangial cell (curved arrow). Parietal endothelial cell (tailed arrow). Typical capsular spice
(S). H&E stain. (B) Light microscopy of demonstrating normal tubular (t) structure. H&E stain. (C) Light microscopy of a glomerulus demonstrating
normal thickening of the glomerular capillary wall (arrow head) and typical podocyte (arrow), mesangial cell (curved arrow). Tubular basement
membrane appears clear (tailed arrow). Typical capsular space (s). Kidney medulla showing normal tubular structure (t) PAS stain.

Electron microscopy results . ..
: py resu typical podocytes and foot processes. Additional electron

The electron micrographs showed a peritubular capillary  micrographs showed peritubular capillaries with normal basal
together with a normal basal lamina in one control, as well as lamina, as well as typical podocytes and foot processes
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Figure 15. (Ischemia/reperfusion + aliskiren 100 mg/kg) (A) Light microscopy of a glomerulus (g) demonstrating normal glomerular structure and
typical podocyte (arrow), mesangial cell (curved arrow). Typical capsular space (s). Normally tubular structure (t). H&E stain. (B) Light microscopy of
a glomerulus demonstrating normal glomerular structure and typical podocyte (arrow), mesangial cell (curved arrow). Typical capsular space (s).
Normally tubular structure (t). H&E stain. (C) Light microscopy of a glomerulus demonstrating normal glomerular structure and typical podocyte
(arrow), mesangial cell (curved arrow). Typical capsular space (s) and normally tubular structure (t). Tubular basement membrane appears clear (tail
arrow). Typical parietal epithelial cell (arrow head) H&E stain. (D) Light microscopy of a glomerulus demonstrating normal glomerular structure and
typical podocyte (arrow), mesangial cell (curved arrow). Typical capsular space (s) and normal tubular structure (t). Tubular basement membrane

appears clear (tail arrow). PAS stain.

Figure 16. (Electron micrographs show sham group ultrastructure).
Electron micrographs showing peritubular capillary with normal basal
lamina (arrow head) in a control. Electron microscopic findings show
typical podocyte foot process (arrow). Capillary (c). Erythrocyte 3000 x.

(Figures 16 and 17). In the I/R groups, the electron
micrographs showed degenerative glomeruli, while the capil-
lary basement membrane lamina densa, lamina rara interna
and externa disappeared. Necrotic podocytes and mesangial

cells, and podocyte infolding with pedicel degeneration, were
also seen (Figure 18).

In the I/R + aliskiren 50 mg/kg group, the electron micro-
graphs showed a peritubular capillary with normal basal
lamina. The capillary basement membrane lamina densa,
lamina rara interna and externa were clearly present.
Additionally, the electron microscopic findings showed
typical podocytes and foot processes (Figure 19). In the I/
R + 100 mg/kg electron micrographs, there was a peritubular
capillary with normal basal lamina. The capillary basement
membrane lamina densa, lamina rara interna and externa
appeared clearly, along with typical podocytes and foot
processes, as well as mesangial cells (Figures 20 and 21).

Discussion

Our study examined the effect of aliskiren, which is a renin
inhibitor, on renal ischemia—reperfusion using histopatho-
logical electron microscopy, both biochemically and molecu-
larly. The effect of renin, and thus, AT-2 on ischemia—
reperfusion (I/R) damage and the role of this pathway’s
inhibition in preventing ischemia—reperfusion damage are
shown through various methods. This renal ischemia—
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Figure 17. (Electron micrographs show Sham + aliskiren 100 mg/kg
group ultrastructure). Electron micrographs showing a glomerular
capillary (asterisk) with normal basal lamina and podocyte foot process
(arrow head). Electron microscopic findings show typical parietal
epitalial cell (Ep). Erythrocyte (e). Capillary (asterisk). Podocytes (P).
Bowman’s capsular space (s). 25,000%.

Figure 18. (Electron micrographs show ischemia—reperfusion group
ultrastructure). Electron micrographs showing a glomerulosclerosis.
Capillary basement membrane lamina densa, lamina rara interna and
externa disappear (arrow head). Necrotic podocytes (p) and mesangial
cell (m). Podocytes infolding (arrow). Necrotic paritel epithelial cell
(Ep). Vacuoles in the cytoplasm of the parietal epithelial cells (tailed
arrow). Small vacuoles in capillary basement membrane (spiral arrow).
Capillary (c). Mesangial cell (m). Necrotic tubules (t). 15,000%.

reperfusion study is clinically quite important, in that it is one
of the first structures which are influenced in renal surgery as
well as by anything that disrupts the hemodynamics of the
organ. The results of our study show that IL-1f, and NF-xf3
increase as molecular parameters in ischemia-reperfusion
damage, while free oxygen radicals increase and the amount
of iNOS increases in parallel. We could say that AT-2 is
highly correlated with ischemia—reperfusion based on the
thesis upon which our hypothesis relies. When we look at the
routine biochemical kidney function test, which is the most
objective finding of this damage, we see that the I/R damage
also substantially disrupts kidney functions.

We have supported these findings through histopatho-
logical and electron microscopy, which are the gold standards
of study, and can say that aliskiren treatment (i.e. renin
inhibition) corrects all parameters which are disrupted in I/R.
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Figure 19. (Electron micrographs show ischemia/reperfusion + aliskiren
50 mg/kg group ultrastructure). Electron micrographs showing a glom-
erular capillary with normal basal lamina (arrow head). Capillary
basement membrane lamina densa, lamina rara interna and externa
clear appear (arrow). Electron microscopic findings show typical
podocytes (p) and foot process (arrow). Erythrocyte (e). Bowman’s
capsular space (s). 15,000x.

Figure 20. (Electron micrographs show ischemia-reperfusion + aliskiren
100 mg/kg group ultrastructure). Electron micrographs showing glom-
erular capillary (c) with normal basal lamina (arrow head). Electron
microscopic findings show typical podocytes (p) and foot processes
(arrow). Mesangial cell (m). Erythrocyte (e). Typical parietal epitalial
cell (Ep). 10,000x.

Figure 21. (Electron micrographs show ischemia—reperfusion + aliskiren
100 mg/kg group ultrastructure). Electron micrographs showing glom-
erular capillary (c). Capillary basement membrane (arrow head) lamina
densa, lamina rara interna and externa appear clear. Electron microscopic
findings show typical podocytes (spirally arrow) foot processes (arrow).
Erythrocyte (e). 4000x.



352 T. Ziypak et al.

Acute kidney damage is one of the most important reasons
for mortality in intensive care units."® The early diagnosis
and treatment of acute kidney damage is one of the most
important factors in the correction of the progress of this
disease. The most well-known diagnostic methods for
determining kidney damage are the BUN and serum creatine
levels.”® When taking this into account in our study, the BUN
and creatine levels substantially increased during the I/R
period and, interestingly enough, this increase was corrected
by the aliskiren treatment.

Severe tissue and organ damage occurs in ischemia and
reperfusion with regard to the restarting of the subsequently
developing blood supply.?'? Ischemia stops the oxygen
support which is necessary for the tissues to survive and
maintain their functions, and thus, ischemia occurs in every
tissue where there is blood build-up. However, ischemia in the
kidney is very important clinically. Many conditions, such as
kidney transplantation, partial nephrectomy and hydrone-
phrosis, lead to kidney ischemia and result in renal tissue
damage, and thus, dysfunction.”*** Additionally, reperfusion
damage occurs when reperfusion develops following ische-
mia. The sudden re-oxygenation of the oxygen-starved
tissues leads to oxidative stress development and regeneration
problems.

Among the oxide radicals present, there are hydroxyl
nitric oxide and superoxide, and several defense mechan-
isms step is against this extremely increased oxidative
stress. With the superoxide radicals, nitric oxide and
peroxynitrite are created and lead to cellular damage.***
However, they are deactivated by both superoxide radicals
and peroxynitrite SOD (superoxide dismutase).’**’ The
increase in the superoxide radicals and the decrease in the
antioxidant defense mechanism are ordinary occurrences in
I/R damage. In normal physiological incidents, superoxide
radicals are strongly controlled by various antioxidant
enzymes, such as SOD and catalase, but the increase of
superoxide radicals due to antioxidants and oxygen insuf-
ficiency during renal I/R leads to a decrease in antioxidant
enzymes. This is because the DNA, lipids and proteins
where these enzymes are synthesized are bombarded by the
superoxide radicals.

Studies have shown that the SOD activity decreases rapidly
during renal I/R.%*7° Our study also shows that the amount of
SOD significantly decreased in I/R when we considered free
oxygen radicals, and this decrease was corrected in the group
which was given only aliskiren. There are various studies
which show that the RAS (rennin—angiotensin system) is
effective in the functional disorders which occur in renal
I/R.*'3? The experimental studies which were done with the
angiotensin receptor blockers based on this information
showed that I/R related renal damage can be decreased® 3’3‘4;
renin converts angiotensinogen into angiotensin, while in
angiotensin I it is converted to ACE (angiotensin converting
enzyme) and angiotensin II. Such effects shown by the ARBs
(angiotensin receptor blockers) which disrupt this cascade are
natural. Additionally, the renin inhibition which is commis-
sioned in the same cascade makes one think about similar
protective effects; therefore, there was a study on aliskiren in
renal /R However, the aliskiren dosage was low, and it
does not explain the status of the cytokines and free oxygen
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radicals in showing the I/R. Additionally, the renin levels
were not measured in this study.

In another study, aliskiren-related renal I/R was conducted
as well, and although the free oxygen radicals were measured
in this study, no associated cytokine studies were done.
Further, the rennin—angiotensin systems were not only studied
in aliskiren in renal I/R, but also in the heart and brain.>¢%7
These studies showed that AT-2 substantially increased and
that the local rennin—angiotensin system had cardiac signifi-
cance.’'”® Increased AT-2 levels aggravated the oxidative
stress and inflammation39’40; therefore, it was observed that
the amount of SOD increased in the groups which were given
aliskiren.

When looking at the GSH (glutathione) levels, they are
expected to decrease in conditions of high oxidative stress,
like SOD. Decreased GSH was recovered in the treatment
groups in which the amount of GSH decreased in I/R. The
blocking of the aliskiren and rennin—angiotensin system
and decrease of AT-2 reduced the oxidative stress dependent
tissue damage, and thus, restored the antioxidant defense
mechanism. The findings which are supportive of this
hypothesis were found in a study which was done in relation
to aliskiren.*!

Another parameter which showed oxidative stress in our
study was the MDA. Our results showed that the MDA
increased in I/R, and the increased MDA was decreased by
aliskiren treatment. The MDA is the most important indicator
showing lipid peroxidation in the ischemia—reperfusion
induced tissue damage.*” Additionally, in another part of
our study, the iNOS was measured. It was seen that iNOS
increased in the I/R, and the increased iNOS decreased in the
treatment groups. The NO which was increased in the I/R
creates a complex with angiotensin and reactive oxygen types.
These pathways are involved in the physiopathology of
several diseases.*

It has been shown that AT-2 increases the synthesis of NO
by stimulating cardiac myositis,** and at the same time, AT-2
increases superoxide radical production, which reacts with the
increased NO, increasing the generation of peroxynitrite.*’
NO has important characteristics in renal circulation and
urine generation,*® and one study showed that iNOS expres-
sion increased in renal I/R.*” While iNOS depends on a very
low basal expression under normal conditions, its expression
increases based on cytokines and oxidative stress.*** Several
researchers have shown that iNOS increased in I/R, and the
decrease in the amount of iNOS reduced renal dysfunction
and damage.so’5 ! Additionally, iNOS expression substantially
decreased with aliskiren treatment in our study. iNOS and AT-
2 have a strong connection, in that the increase in AT-2
increases iNOS activation.>> With the aliskiren treatment, the
decrease in AT-2 naturally reduced the iNOS expression.

The SOD and GSH, as well as the iNOS parameters, were
seen to be recovered by aliskiren treatment. With regard to
what extent the aliskiren application changed the amount of
angiotensin, it was seen that the AT-2 substantially increased
in I/R, while it substantially decreased in the group which was
given aliskiren, in accordance with the literature.
Additionally, when looking at the renin level, it was seen
that the amount of renin increased in the I/R group in parallel
with the AT-2, while the same increase continued in the
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groups which were given aliskiren. This is because the
aliskiren inhibits the active enzymatic part of the renin, and it
does not stop renin production.'!

Aliskiren is a renin inhibitor, and it increases the body’s
renin expression as a defense mechanism. When looking at
both the biochemical and oxidative stress parameters, one can
see that aliskiren has very important protective effects.

With regard to the electron microscopic findings, it can be
seen that the degenerative glomerular and capillary structures
are totally disrupted in the I/R group, and that the capillary
membrane is more clearly seen in our treatment groups,
despite observing necrotic podocytes. Thus, the podocyte
structures without disruption remain steady.

When using the expressions of I/R damage, free oxygen
radicals and angiotensin, it is inevitable to discuss cytokines.
The increased oxidative stress in I/R damage as well as the
increased AT-2 inflammation increase the expression of
cytokines.” The I/R also increases the release of NF-kf in the
kidney tissue.”*> In one study, it was shown that captopril
application inhibited the NF-kf3 signal pathway and decreased
the TNF-o and iNOS.>**’ Therefore, ACE inhibitors and AT-
2 antagonist inhibition can be used in preventing chronic
complications induced by disease.”®>’

The increase in free oxygen radicals also leads to NF-k[3
activation at an early phase, and increases the release of
proinflammatory cytokines.®” A previous study has shown
that angiotensin receptor blockers led to both the inhibition of
free oxygen radicals and the inhibition of the NF-xf signal
pathway.®! In our study, however, we can say that based on the
I/R, the NF-x3 amounts substantially increased, while the NF-
k3 amount which increased with the blockage of aliskiren and
AT-2 decreased. This may have decreased the AT-2 produc-
tion and led to the decrease in free oxygen radicals, and been
effective in inhibiting NF-k[3 expression.

Inflammation has very important functions in I/R damage,
and studies have shown that neutrophils, T and B lymphocytes
and macrophages controlled the dominant damage in I/R.%*~%*
Several chemokines are released in these inflammatory cells;
in particular, IL-1pB, and TNF-0..%°® In our study, the IL-1f
levels increased in I/R damage and substantially decreased in
the treatment groups which were given aliskiren. This
decrease may have depended on the decrease in AT-2
levels, as we have mentioned before.

As a result of this study, we have shown again in the
literature that AT-2 has important effects and aggravating
properties in I/R damage. While I/R damage induced
increased AT-2 levels increasing superoxide radicals, it
inhibited the antioxidant enzymes of the body. It also
increased the inflammatory cytokines which play important
roles in I/R damage. The inhibition of the renin enzyme
activation by aliskiren decreased the nitric oxide and AT-2
levels, and I/R induced renal damage was shown at bio-
chemical, histopathological ~and molecular levels.
Additionally, these results were supported by electron micro-
scopic findings.
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