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Abstract

Acute renal failure due to ischemia-reperfusion (I/R) injury is
acommon complication in cardiovascular surgery. We deter-
mined the influence of tadalafil on renal injury in a renal I/R
model in rats. For this purpose, 21 male Wistar albino rats
were separated into 3 groups: sham, placebo and tadalafil. A
right nephrectomy was performed, and the left renal pedi-
cles were occluded for 60 min and reperfused for 60 min in
the placebo and tadalafil groups. A single dose of tadalafil
(10 mg/kg) through an orogastric tube was administered to
the tadalafil group. Tubular atrophy with acute inflammation
in renal histology, total oxidant status (TOS) and total anti-
oxidant status (TAS) were determined in tissue homoge-
nates. Compared to the tadalafil group, tubular atrophy and
acute inflammation was significant in the placebo group.
TAS levels were significantly higher in the tadalafil group
compared to the placebo (p = 0.01) and sham groups (p =
0.04). While TOS levels were significantly higher in the pla-
cebo group (p = 0.03), tadalafil did not significantly alter the
TOS levels. The beneficial effects of tadalafil can be attrib-

uted to its protective effects on renal tubular cells and inhibi-
tion of leukocyte infiltration in renal tissue. We think that
tadalafil treatment has an important role in reducing renal

injury resulting from renal I/R.  Copyright © 2010 5. Karger AG, Basel

Introduction

Acute renal failure due to ischemia-reperfusion (I/R)
injury is one of the most severe complications which oc-
curs after clamping the aorta above the renal artery level
in conditions such as coarctation of the aorta, thoracoab-
dominal aortic aneurysm and aortic dissection [1, 2].

Renal ischemia results in cell damage and cell death
via a decrease in cellular energy; an accumulation in in-
tracellular sodium, calcium and reactive oxygen species;
and activation in multiple enzyme systems [3]. Although
reperfusion is vital to prevent tissue death, it causes local
injury secondary to an acute inflammatory response that
involves tissue infiltration by activated polymorphonu-
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clear leukocytes and platelets [4]. Tissue damage is medi-
ated by cytokines, a local imbalance in nitric oxide levels,
endothelial-cell adhesion molecules, platelet-activating
factors and free radicals [5].

Phosphodiesterases (PDEs) are intracellular enzymes
that hydrolyze cyclic adenosine monophosphate and gua-
nosine 3’,5'-cyclic phosphate (cGMP) into inactive me-
tabolites (adenosine monophosphate and guanosine mo-
nophosphate, respectively). PDE5 effectively decreases
the level of cGMP; therefore, inhibition of PDE5 may in-
crease the level of intracellular cGMP [6]. PDES5 inhibi-
tors, including sildenafil, vardenafil and tadalafil (one of
the newest members of the group), are routinely used in
the treatment of erectile dysfunction [7, 8].

In experimental studies performed with PDE5 inhibi-
tors, it has been demonstrated that these substances im-
prove endothelial function [9] and reduce the size of the
ischemic area after myocardial infarction [10-12]. The
protective effect of tadalafil against myocardial infarc-
tion in rats reported by Sesti et al. [10] has received con-
siderable attention and is one of the latest contributions
demonstrating the cardioprotective effects of PDE5 in-
hibitors, which are commonly used to treat erectile dys-
function in males. The study provides further support to
the original hypothesis that PDE5 inhibitors have anti-
infarct effects against I/R injury [13].

The minimum operation duration of thoracoabdom-
inal vascular surgery that requires the clamping of the
aorta above the renal arteries is 4-5 h. As the drug has
to be administered orally during the preoperative
period, tadalafil, which has the longest half-life, is the
best alternative among the PDES5 inhibitors for use in
clinical practice to protect the kidney against renal I/R
injury.

In light of this information, we aimed to investigate
the effects of tadalafil, one of the newest members of
PDES5 inhibitors, on histopathological changes and oxi-
dative status in rats with renal injuries using an experi-
mental renal I/R model.

Materials and Methods

All experiments in this study were performed in accordance
with the guidelines for animal research from the National Insti-
tutes of Health and were approved by the Dokuz Eylul University
Animal Ethics Committee.

Experimental Groups
Twenty-one male Wistar albino rats, weighing 250-300 g,
were randomly divided into 3 groups, each consisting of 7 ani-
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mals. After the rats were anesthetized with 75 mg/kg of ketamine
and 8 mg/kg of xylazine intraperitoneally, an upper abdominal
midline incision was made and renal blood vessels were isolated
bilaterally with minimal dissection. A right nephrectomy was
performed in group I (sham group). In group II [I/R group (pla-
cebo group)] and group III (tadalafil group), the rats underwent a
right nephrectomy, followed by occlusion of the left renal pedicle
for 60 min and reperfusion for 60 min. Additionally, the rats in
group III were administered tadalafil dissolved in saline solution
as a single dose (10 mg/kg) through an orogastric tube 60 min
before the operation. Physiological saline was administered to the
rats in Group II at the same doses. Tadalafil was administered at
a dose of 10 mg/kg as previously described [14]. At the end of the
experimental procedure, the rats underwent a left nephrectomy.
The left kidneys were cut in halfand immediately fixed by immer-
sion in 10% neutral buffered formalin and Zenker’s fluid for his-
tological evaluation, or stored at —-80°C for subsequent biochemi-
cal analyses.

Histopathological Evaluation

The fixed kidneys were dehydrated through graded alcohols.
5-mm thick sections were cut, embedded in paraffin wax by stan-
dard methods and stained with hematoxylin and eosin, Masson’s
trichrome and periodic acid-Schiff according to standard proto-
cols, and photographed using a Leica DM6000 microscope fitted
with a DC280 digital camera (Leica, Wetzlar, Germany).

For the histopathological analysis, the sections were examined
by 2 histologists who were blinded to the treatment groups. 25
tubules, each from 4 different areas of the kidney (outer cortex,
inner cortex, outer stripe of the outer medulla and medullary
rays), were randomly evaluated. 100 tubules were scored for each
section. The mean score was calculated for each of the 4 regions.
A mean overall renal tubular score that included all 4 regions was
also calculated for each rat. Tubular atrophy was graded as fol-
lows: 0 = no atrophy, 1 = <25%, 2 = between 25% and 50% and
3 =>50% [15]. Additionally, acute inflammation was assessed us-
ing a 4-point scoring system: 0 = no detectable inflammation, 1 =
minimal focal inflammation, 2 = multifocal polymorphonuclear
leukocytes and 3 = moderate patchy-form polymorphonuclear
leukocytes.

Biochemical Examination

Tissue samples were kept at —-80°C, then homogenized in
50 mmol phosphate buffer (pH = 7.4) when ready for use. Total
antioxidant status (TAS) and total oxidant status (TOS) levels
were determined with spectrophotometric kits (Rel Assay Diag-
nostics, Gaziantep, Turkey) as previously described [16].

Statistical Analysis

Data were analyzed using SPSS, version 15.0 for Windows
(SPSS Inc., Chicago, I1l., USA). For the evaluation of biochemical
data, the groups were analyzed with the 1-sample Kolmogorov-
Smirnov test. Since the TAS values of all groups were normally
distributed, a 1-way analysis of variance (ANOVA) test was per-
formed and post hoc multiple comparisons were performed with
least-squares differences. Since other data were not normally dis-
tributed, a nonparametric Mann-Whitney U test was used. The
results are presented as the mean * standard deviation (SD). The
significance level was set at p < 0.05.
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Fig. 1. a, b Hematoxylin and eosin staining of the cortex and medullary regions of the sham group. ¢, d Per-
iodic acid-Schiff staining of the cortex and medullary regions of the sham group (20X).

Table 1. TAS and TOS levels in rat renal tissues

Sham (n = 7) Placebo (n = 7) Tadalafil (n = 7)
TAS!, mmol Trolox Eq/l 0.682 %103 0.648 £0.152 0.821 £0.087%7
TOS?, mmol H,0, Eq/l 8.98+3.01 15.51 * 4.99% 12.65*+6.17

Values are represented as mean * SD. * p < 0.05 compared with placebo group; * p < 0.05 compared with

sham group.

! One-way ANOVA and post hoc LSD test was used. > Mann-Whitney U test was used.

Results

The TAS and TOS levels of the groups are summarized
in table 1. The TAS levels were significantly higher in tis-
sues of the tadalafil group compared with the placebo
(p = 0.01) and sham groups (p = 0.04). There was no dif-
ference between the placebo and sham groups in terms of
TAS levels. The tissue levels of TOS were significantly

Beneficial Effects of Tadalafil on Renal
I/R Injury in Rats

higher in the placebo group as compared to the sham
group (p = 0.03). Although the TOS levels were lower in
the tadalafil group when compared with the placebo
group, the change was not significant.

Normal morphological findings were observed in re-
nal tissues in the sham group on histopathological evalu-
ation (fig. 1). Diffuse tubular necrosis, intracytoplasmic
vacuolization, congestion and mononuclear cell infiltra-
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Fig. 2. a-c Hematoxylin and eosin stain-
ing of the cortex and medullary regions of
the placebo group. d, e Periodic acid-Schiff
staining of the cortex and medullary re-
gions of the placebo group (20x).

tion was observed in the medullary regions and cortex of
the placebo group (fig. 2). In addition to the minimal con-
gestion and tubular necrosis, a slight mononuclear cell
infiltration was observed in the tadalafil group (fig. 3).
The histopathological findings are presented in table 2.

Renal artery occlusion caused significant acute in-
flammation and tubular atrophy in renal tissues of the
placebo group (p <0.001). Pretreatment with tadalafil re-
duced renal injuries significantly in the tadalafil group
(p < 0.001).

Discussion

Acute renal failure is a common problem in the con-
text of cardiac surgery. In addition to vascular surgical
interventions in which the aorta is clamped above the re-
nal artery level, postoperative renal failure is frequently
encountered in patients who undergo open heart surgery
and also in patients who remain hypotensive in the course
of surgery; acute renal failure negatively affects the prog-
nosis of these patients. Acute renal failure due to I/R in-
jury may appear in various forms, ranging from prerenal
azotemia without remarkable tissue damage to severe
acute renal failure from tubular or cortical necrosis [17-
19].
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Table 2. Histopathological results based on the study groups

Sham Placebo Tadalafil

(n=7) (n=7) (n=7)
Tubular atrophy! 0+0 3+0* 1.85+0.69%%
Acute inflammation!  0£0 2+07 1+0*

Values are represented as mean = SD. * p < 0.05 compared
with placebo group; * p < 0.05 compared with sham group.
! Mann-Whitney U test.

Renal ischemia triggers a series of complex biochemi-
cal events and results in cellular damage and death [3].
Reperfusion following renal ischemia paradoxically leads
to secondary tissue damage due to acute inflammation.
The formation of reactive oxygen species at this stage is
one of the causes of tissue damage. Endogenous antioxi-
dant enzymes protect the cells from the devastating ef-
fects of reactive oxygen species. The amounts of these en-
zymes represent the severity of oxidative stress that de-
velops during I/R [20].

It was demonstrated in previous studies that free oxy-
gen radicals are mostly produced within the first few
minutes of reperfusion, thus reperfusion injury is the
highest during the early period [21]. Different measures,
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Fig. 3. a, b Hematoxylin and eosin staining of the cortex and medullary regions of the tadalafil group.
¢, d Periodic acid-Schiff staining of the cortex and medullary regions of the tadalafil group (20X).

including the use of antioxidant agents, have been used
to reduce the devastating effects of reperfusion in tissues
5, 22-25].

PDES5 is widely expressed in the vasculature, platelets,
kidneys and other tissues in the body. In a study conduct-
ed by Dousa [26], PDE5 was shown to localize in the
glomeruli, mesangial cells, cortical tubules and inner
medullary collecting duct cells in the rat kidney. PDE5
induced cGMP breakdown and the inhibition of PDE5
increased intracellular cGMP levels [27]. PDE5 inhibi-
tors, including sildenafil, vardenafil and tadalafil are rou-
tinely used in the treatment of erectile dysfunction [7]. In
experimental studies performed with PDES5 inhibitors, it
has been demonstrated that these substances reduce the
ischemic area after myocardial infarction [10-12]. How-
ever, the degree of reduction in infarct size was shown to
be lower with tadalafil in comparison with sildenafil or
vardenafil [10]. Additionally, in an experimental study
performed with sildenafil, which is a short-acting PDE5
inhibitor, it was demonstrated that treatment with sil-

Beneficial Effects of Tadalafil on Renal
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denafil prior to ischemia can substantially reduce the re-
nal injury that occurs due to renal I/R [5].

To the best of our knowledge, the effects of tadalafil
treatment on renal I/R and TAS and TOS levels have not
been reported yet. In the current study we determined the
acute effects of tadalafil, a long-acting PDE5 inhibitor
and a cGMP-specific hydrolytic enzyme, on the histo-
pathological features and TAS and TOS levels of tissues
in a rat renal I/R injury model. Previous experimental
studies have shown that cGMP has an important role in
the regulation of platelet functions and intracellular Ca**
level during renal I/R injury [28].

Tadalafil differs from sildenafil and vardenafil with its
pharmacokinetic profile; a half-life of 17.5 h, reaching a
maximum plasma concentration 2 h after being admin-
istered orally, and an ongoing efficacy for 36 h are other
differences between tadalafil and other PDES5 inhibitors
[7]. Although sildenafil and tadalafil have a similar onset
of action, tadalafil has a considerably longer duration of
activity as compared to sildenafil [29].

Urol Int 2011;86:197-203 201
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Our results demonstrated that TAS was increased in
the tadalafil pretreated group, with an insignificant
change in the total TOS levels compared with the placebo
group. Accordingly, the cause of the positive histological
effect observed in tadalafil-administered rats is the pro-
tective effect of tadalafil on tissues, which is character-
ized by the increased antioxidant capacity.

Veritetal. [30] confirmed that tadalafil revealed a ben-
eficial effect on the cardiovascular system by reducing
serum levels of oxidative stress. It has also been demon-
strated that oral administration of tadalafil (10 mg/kg)
2 h before a 30-min coronary artery occlusion results in
a smaller infarct size (42 * 2%) compared with vehicle-
treated animals (54  3%; p = 0.01). This infarct-limiting
protection by tadalafil is only associated with a mild de-
cline in mean arterial blood pressure [10].

In a previous study on spinal cord injuries, Serarslan
etal. [31] demonstrated that the administration of tadala-
fil decreased the level of MDA as the level of SOD and
GSH-px were increased. The outcomes of this study in
which a single dose of tadalafil was administered support
the findings in our study.

Normal morphological findings were observed in re-
nal tissue in the sham group based on histopathological
evaluation. Diffuse tubular necrosis, intracytoplasmic
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