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ABSTRACT

PURPOSE: To investigate the effect of vardenafil in kidney of rats submitted to acute ischemia and reperfusion.

METHODS: Twenty-eight rats were randomly distributed into two groups. Right nephrectomy was performed and the vardenafil
group received vardenafil solution (at a concentration of 1 mg/ml in 10 mg/kg) while the control group received 0.9% saline solution
(SS) one hour prior to the ligature of the left renal pedicle. After one hour of ischemia, animals were submitted to twenty-four hours of
reperfusion, followed by left nephrectomy. The kidney’s histological parameters evaluated on the study included vacuolar degeneration
and tubular necrosis. Apoptosis was assessed by immunohistochemistry for cleaved caspase-3 using the point-counting and digital
methods (Cytophotometry). Also, a biochemical analysis for creatinine was conducted.

RESULTS: There were statistically significant differences between groups only with regards to the vacuolar degeneration parameter
and to the cleaved caspase-3 digital method.

CONCLUSION: Vardenafil showed a protective effect on the kidney of rats subjected to acute ischemia and reperfusion in this model
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Introduction

The Acute Renal Failure (ARF) caused by renal ischemia
is among the most common clinical problems associated with high
mortality and morbidity' and is characterized by the abrupt decline
in renal function, which lasts for variable periods, resulting in
renal failure on its basic functions of excretion and maintenance of
electrolyte homeostasis.

Complex pathological changes occur in different
cellular systems during ischemia. Over time, these changes are
increased in intensity, eventually reaching critical biochemical
and structural components, resulting in cell death. However,
the injury is recoverable within a period that varies among the
different types of cells and thus, the affected cells can recover
if oxygen and metabolic substrates are offered again, restoring
blood flow.

The reperfusion syndrome is characterized by metabolic
acidosis; hyperkalemia caused by the loss of intracellular
potassium and increased serum creatinine. Coagulation disorders,
extracellular fluid accumulation and acute pulmonary distress
can result in acute renal failure’. Some changes may be fatal to
the cell, such as mitochondrial calcifications, nuclear pyknosis,
chromatin marginalization and rupture of cell membrane. Some of
these changes result from apoptosis, which is a form of cell death
destined to eliminate unwanted host cells through the activation of
a series of coordinated, internally programmed events executed by
a unique set of gene products.

Caspases constitute a group of essential protease for
apoptosis that performs the irreversible cleavage of DNA.
The caspase cascade activation can be triggered by various
factors such as the presence of superoxide, a derivative of
muscle ischemia®. Often, reperfusion cannot be immediately
performed after the beginning of ischemia, as the period of
time between the first symptoms and the emergency medical
care is variable.

Vardenafil is a phosphodiesterase-5 inhibitor,
preserving and increasing the levels of cGMP (cyclic guanosine
monophosphate) in soft muscle of the penis and increasing the
erection duration. These vasodilators and inotropic agents have
protective effects on vascular structures®. The effects of several
drugs on this pharmacological class have been studied, especially
on renal ischemia/reperfusion.

The aim of this study is to evaluate the vardenafil effect
on kidney of Wistar rats after acute ischemia and reperfusion in
view of the experimental models that have been reported on the

subject.
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Methods

The study was approved by the Ethics Committee
on Animal Experimentation and Handling (CEMEA) on
17.10.2012 in accordance with the Federal Law No. 11.794,
of October 8, 2008, and Decree No. 6689 of July 15, 2009,
regulating Law 11.794.

Twenty-eight adult male Wistar rats, aged 10 months
and weighing 300 grams were used for the experiment. The
experiment was conducted at the Technology Research Center
(NPT) of University of Mogi das Cruzes from November/2012
to September/2013.

The animals were anesthetized with zolazepam/tiletamine
(Zoletil® Virbac, Sao Paulo-SP) ata dose of 20 mg/kg intramuscularly
in the quadriceps in an attempt to prevent depression of cardiac and
respiratory. Were considered anesthetized rats showed immobility,
inability to straighten the body, and no reaction to painful stimuli.

Study phases

Animals were submitted to an orogastric tube. A 4-cm
long laparotomy was performed. The renal pedicle was ligated
with 7.0 propylene.

Animals were randomly distributed into two groups:

Vardenafil group - 14 animals received vardenafil
solution (Levitra®, Bayer) in a probe at a concentration of 1 mg/
ml in 10 mg/kg.

Group 1I (Saline Group) - 14 animals received 0.9%
saline solution of 10 mL/kg. Solutions were administered one hour

before ligature of renal pedicle.

Timing for ischemia

After ligation of the renal pedicle, the time of ischemia
started to be measured and was proceeded by the laparotomy
closure. Relaparotomy was performed one hour after ischemia for
removal of the renal pedicle ligature and subsequent laparotomy

resuture.

Timing for reperfusion

Right after the removal of the pedicle ligature, the time of
reperfusion started to be measured: twenty-four hours. Two animals
were excluded from the earlier stages of the experiment because
they died before the end of reperfusion time. Twenty-six animals

were subjected to a second stage and were kept in the study.
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Kidney and euthanasia

The animals were anesthetized and the left nephrectomy
was performed, followed by euthanasia.

The euthanasia method chosen was the exsanguination.

The left kidney was identified and fixed in 10% buffered
formalin for paraffin embedding. One part was used for histological

analysis and another in immunohistochemical analysis.

Histological and immunohistochemical analysis

Histological variables examined in the kidney included:

vacuolar degeneration and necrosis (Figure 1).

FIGURE 1 - Photomicrograph of necrosis (arrowheads) in renal cell
stained with HE (x400 magnification).

Ten non-overlapping microscopic fields from each sample
were analyzed, being increased on 400 times for the quantification
of histological variables. The results of all variables were semi-
quantitatively expressed as percentage, according to the expression ratio
of the changes in relation to the total observed, as follows: O=absent,
1=less than 10%, 2=11% to 25%, 3=26% to 50%, 4=more than 51%.

The

immunohistochemistry using the cleaved caspase-3 expression

presence of apoptosis was assessed by
performed both by the point-counting and digital methods
(Cytophotometry). A microscope equipped with ocular and a grid of
50-lines and 100 points per x400 magnification was used. Ten non-
coincident microscopic fields in each piece were examined in order to
quantify all points that fell into the stained parts, totaling 1000 points and
covering 62.500 um? by field of study. Points that fell on stained areas
represent the proportion of positively stained cells in the tissue areas®.
The quantification of caspase-3 was obtained by computer
images generated by Image-Pro® Plus7.0 (Figures 2 and 3) software,
numerically showing the expression of cleaved caspase-3. This method
allowed the comparison between the point-counting and digital
methods. The results of the histological and immunohistochemical
analyses for the marker expression were analyzed by the nonparametric
Mann-Whitney test (Wilcoxon Rank-Sum Test) for two independent
samples with p<0.05. A chart of the 95% confidence interval of the
average for immunohistochemical between the two groups - on twenty-

four hours of reperfusion - was performed.

FIGURE 2 — Photograph of the image analyzer with microscope camera,
image analyzer (hardware) and computer (with software) (Source:
Laboratory of Pathology, USP).

lesem (| i

FIGURE 3 - Photograph showing on screen by thé image scanning software Image-Pro Image Plus7.0®. Note that the red stained cells expressing areas

stained for cleaved caspase 3 (Source: Laboratory of Pathology, USP).
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Results Immunohistochemistry assessment

Histological assessment The expression of cleaved caspase-3 levels is shown in
Tables 1 and 2.
The vacuolar degeneration histological change was

statistically significant in the group receiving vardenafil.

TABLE 1 - Expression of cleaved caspase-3 in groups with 24 hours of reperfusion (manual method).

Vardenafil Group Saline Solution Group
. Caspase 3 . Caspase 3
Number of animal (number of cells /fields) Number of animal (number of cells /fields)

1 75 3 192

2 120 7 212

5 47 8 275

6 102 9 320

10 52 13 189

12 172 17 305

14 394 19 98

16 317 21 198

18 96 23 260
20 243 25 272
22 221 27 266
24 312 31
26 312 332
28 318

Mean 198.64 243.25

The comparison between the two groups through the Mann Whitney (p bi) test for cleaved Caspase-3 parameter was 0.3284.

TABLE 2 - Expression of cleaved caspase-3 in groups with 24 hours of reperfusion in cytophotometry.

Vardenafil Group o Total analyzed Caspase Total Analyzed (10 fields)
(number of animal) Caspase (%) (u?) (n?)
1 13.74 1798.302 13080.819
2 10.26 1340.961 13069.243
5 17.24 2253.169 13064.914
6 11.06 1447.008 13072.419
12 7.63 997.057 13063.641
14 23.25 3036.367 13059.250
16 12.44 1622.671 13041.874
18 10.60 1385.762 13064.703
20 20.49 2674.886 13054.020
22 15.03 1965.446 13073.298
24 20.32 2657.254 13073.189
26 21.94 2868.641 13070.346
28 24.55 2922.399 11903.279
Mean 2,074,609 12,976,230
Saline Solution Group
3 23.72 3096.583 13050.141
7 21.80 2845.105 13046.672
8 17.07 2226.023 13035.803
9 20.63 2691.779 13044.154
13 16.57 2163.397 13055.307
17 23.20 3034.215 13078.001
19 29.96 3914.426 13065.305
21 30.28 3600.046 11887.363
23 21.34 2791.126 13075.093
25 26.58 3476.425 13077.532
27 21.59 2538.969 13084.708
31 27.42 3582.051 13063.232
Mean 2996.679 11988.609
Mann-Whitney 3096.583 13050.141
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The results showed that the total number of cells
undergoing quantified apoptosis by cleaved caspase-3 was lower
in kidneys of animals receiving vardenafil with 24-hours of
reperfusion. These differences were not statistically significant,
but the quantification of cleaved caspase-3 by cytophotometry was

statistically significant at p = 0.0055.

Discussion

The proposed model tries to reproduce a real situation
to which the surgeon is often exposed, on trying to cause the least
possible damage to both the physiological and renal histology
when temporary renal ischemia is necessary for the surgical
procedure.

Different substances have been used in experimental

studies with the goal of protecting the kidney against the effects of

ischemia/reperfusion®.

Among the most widely wused, we find the
phosphodiesterase-5 inhibitors; compounds which inhibit
or antagonize the biosynthesis of that enzyme. The

phosphodiesterase-5 is frequently and widely used in the treatment
of pulmonary hypertension and erectile dysfunction in men®”’.

In the literature, sildenafil citrate and sildenafil are the
most commonly phosphodiesterase-5 inhibitors investigated for
this purpose®. Vardenafil is a phosphodiesterase-5 which role is of
inhibiting the increase on this enzyme increase and maintain levels
of cGMP (cyclic guanosine monophosphate) in the smooth muscle
of the penis, increasing the duration of erection.

Experimental studies have demonstrated that inhibitors
of phosphodiesterase-5 had a protective effect against ischemic
injury in animal models when used in other organs. Several
experiments had models which were similar to those used in the
present study, when investigating the effectiveness of other drugs
on ischemia-reperfusion process.

A recently published study’ using doses of
0.02; 0.2; 2 and 20pg/kg vardenafil concluded that there was a
significant attenuation of the process of ischemia/reperfusion
injury in the group treated with this drug when compared to the
control group, with reduced levels of creatinine, histological
score, sodium excretion and scintigraphic standard. However,
these results were dependent on the vardenafil dose used. It is also
noted that the author used an ischemia period of forty-five minutes
and a reperfusion period of 4 hours and seventy-one rats.

The pathological alteration of vacuolar degeneration
of tubular cells was statistically significant in the control group

when compared to the vardenafil group. Necrosis was also higher

in the control group, though not significant. Creatinine results
were slightly higher in the vardenafil group, but not statistically
significant.

The cleaved caspase-3 expression obtained by manual
and digital methods (cytophotometry)’ has been currently used.
By the manual method, the expression was lower in the vardenafil
group with twenty-four hours of reperfusion, but not statistically
significant. This fact may suggest a trend for protection of
vardenafil on the renal cell injury through 24 hours of reperfusion,
and therefore, the assessment through the Cytophotometry method
was statistically significant. The explanation for the imaging
method having been statistically more significant than the manual

method is because of its higher specificity.

Conclusion

Vardenafil showed a protective effect on kidney of rats
subjected to acute ischemia and reperfusion in the model under

study.
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