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Abstract

Purpose: To evaluate histological parameters in rat renal tissue after tadalafil use during hot 
ischemia for 45 minutes and reperfusion for 24 hours. 
Methods: Twenty rats were divided into 2 groups. In the experimental group 10 mg/
kg of tadalafil was used per gavage before the procedure. All cases underwent left 
partial nephrectomy, followed by 45 minutes of warm ischemia. Left nephrectomy of the 
remaining kidney was performed after 24 hours from the initial procedure. The histological 
parameters analyzed were: detachment of tubular cells, accumulation of desquamated cells 
in the proximal tubule, loss of brush border, tubular cylinders, interstitial edema, leukocyte 
infiltration, capillary congestion, vacuolization, tubular dilatation, necrosis and collapse of the 
capillary tuft. 
Results: Two rats from each group died and were excluded from the study. Tadalafil 
significantly reduced leukocyte infiltration (p = 0.036). The remaining histological parameters 
did not show statistical difference between the groups. 
Conclusion: The use of tadalafil during warm ischemia and reperfusion demonstrates 
statistically significant reduction of leukocyte infiltration in the renal interstitium. 
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Their levels increase in the period of ischemia, 
acting as inhibitor of platelet aggregation, thus 
preventing renal microcirculation thrombosis 
during reperfusion. It also acts as a stabilizer 
of the endothelial membrane against free 
radicals, blocking monocyte activation, 
decreasing leukocyte infiltration, and having a 
direct vasodilator effect in the microcirculation 
during the reperfusion period4.
	 Besides NO, another important 
mediator of lesion caused by hypoxia is the 
intracellular calcium. This is responsible 
for the degradation of DNA during the I / 
R event. Inhibition of phosphodiesterase-5 
increases the concentration of guanosine cyclic 
monophosphate (cGMP) and causes a decrease 
in intracellular calcium, which would explain 
a protective effect of phosphodiesterase-5 
inhibitory medications during periods of 
ischemia5.
	 Tadalafil has a pharmacodynamics 
profile different from the other 
phosphodiesterase-5 inhibitor drugs, with a 
half-life approximately 4 times longer (17.5 
hours), maintaining pharmacological action 
for up to 36 hours after ingestion6. The first 
experimental study with tadalafil in ischemia 
was performed in cardiomyocytes7, where the 
use of tadalafil prior to coronary occlusion 
in rats led to improved endothelial function 
and decreased ischemic area in myocardial 
infarction. In 2011, the first experimental study 
of the use of tadalafil in the kidney during 
ischemia was published, with a finding of a 
decrease in leukocyte infiltration in animals 
that used this medication8.
	 The present study analyzed the 
histological parameters in rat kidney tissue 
with the use of tadalafil during warm ischemia 
for 45 minutes and reperfusion for 24 hours.

■■ Methods

	 This study was performed after 
approval by the Ethics Committee for the Use 

■■ Introduction

	 Cell injury occurs according to 
several degrees after procedures that cause 
interruption of blood flow and temporary 
ischemia of the kidney. The clinical 
manifestations of cell injury, such as renal 
failure, may have high morbidity and mortality 
rates. Cardiac, aortic, partial nephrectomy, 
and renal transplantation may lead to renal 
cell damage both in the ischemic period or 
during reperfusion. In partial nephrectomies, 
where the aim of the procedure is the removal 
of the tumor with the maximum preservation 
of the renal parenchyma, various degrees of 
damage to the healthy parenchyma occur, 
especially in prolonged surgeries. During the 
partial nephrectomy procedure, it is necessary 
to interrupt blood flow to the kidney in order 
to reduce intraoperative bleeding and increase 
the safety of the procedure, leading to a 
temporary renal tissue ischemia1.
	 With the advent of laparoscopic partial 
nephrectomy as a gold standard method for 
treatment of renal tumors, hypothermia, 
that was routinely used in open surgeries to 
increase the period of ischemia, is no longer 
performed due to technical aspects. A period 
of 20 to 30 minutes of warm ischemia is 
considered safe for performing the procedure 
without repercussion to the functioning of the 
kidney, which makes the preservation of renal 
cells challenging in surgery of greater technical 
difficulty2.
	 The kidney damage process involves 
complex sequences that are present in 
both ischemia and reperfusion periods. The 
binomial ischemia-reperfusion (I / R) causes 
vasoconstriction, tubular edema, tubular 
epithelium necrosis, endothelial injury, 
leukocyte activation, free radical production 
and mitochondrial dysfunction. Cell injury 
begins immediately after renal ischemia is 
established3.
	 During the cascade of events that occurs 
in the I / R, nitric oxide (NO) has a central action. 
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of Animals, Faculdade Evangélica do Paraná 
(protocol 2660/2014).
	 Twenty male Wistar rats (Rattus 
norvegicus albinus), heterogenic, aged 
between 3 and 4 months, weighing between 
309 and 328 grams, were used. All animals were 
housed in individual polypropylene cages, with 
luminosity obeying the murine circadian cycle 
(12 hours of light and 12 hours of darkness). 
The animals were given drinking water and 
ration (Nuvilab CR1) with a free supply, without 
addition of protein, caloric or lipid supplement 
of any kind during the period of the research). 
Twelve hours before the procedure the animals 
were fasted. All the ethical principles of animal 
experimentation of the National Council of 

Control of Animal Experimentation (CONCEA) 
were strictly respected.
	 The animals were randomly assigned 
to two groups of ten (Figure 1). The animals 
were anesthetized with a combination of 
ketamine hydrochloride (Ketalar®, Pfizer, São 
Paulo) at a dose of 90 mg / kg body weight, and 
xylazine hydrochloride (Rompum®, Bayer, São 
Paulo) at a dose of 10 mg / Kg body weight, 
intraperitoneally in the left lower abdominal 
quadrant, with posterior abdominal trichotomy 
and immobilization with elastics on a surgical 
table, in position of dorsal decubitus. Antisepsis 
was performed with 10% polyvinylpyrrolidone-
iodine solution and placement of sterile 
fenestrated operative field.

Figure 1 - Study design.
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	 In the control group, 1 ml of physiological 
saline was given per gavage one hour before 
the procedure. In the tadalafil group, tadalafil 
was administered at a concentration of 10 mg/
kg per gavage one hour before the procedure 
(Figure 2). The subsequent steps were the 
same for both groups, as follows: median 
laparotomy and abdominal wall opening by 
planes, medial retraction of the abdominal 
viscera with exposure of the left kidney and 
left renal pedicle, dissection of the left renal 
pedicle with en-block occlusion with a vascular 
micro clamp and then nephrectomy of the 

lower third of the left kidney. The lower pole 
of the kidney was removed and referred for 
pathological evaluation. Maintenance of the 
pedicle clamping of the left kidney (warm 
ischemia) for 45 minutes was achieved. After 
this period, renal blood flow was restored. 
Hemostasis with digital compression or with 
electrocautery in case of persistent bleeding 
was performed. Abdominal wall closure 
was done with continuous suture for both 
aponeurosis and skin with 3-0 nylon continuous 
suture.

Figure 2 - Experimental process steps: A) Medium laparotomy with exposure of the left kid and renal pedicle; 
B) Warm ischemia with clamping of the renal pedicle with vascular microclamps; C) Partial nefrectomy: lower 
poly section of the kidney.

	 In the postoperative period, the rats 
received analgesic medication (tramadol at 
15mg/kg subcutaneously) for pain control, 
and it were kept in cages with a maximum of 4 
animals per cage, being provided free supply of 
water and food.
	 After 24 hours of the initial procedure 
the animals were anesthetized again, as 
described above, and fixed in a surgical table. 
After abdominal antisepsis, a new median 
laparotomy was performed with removal of the 
remaining left kidney after ligation of the left 
renal artery and vein with 3-0 cotton thread. 
The removed kidney was fixed in 10% formalin 
solution. The euthanasia of the animals was 
performed with potassium chloride 19.1% 

0.5ml intracardiacal at this same surgical 
procedure.
	 The 10% formalin-fixed kidney was 
subjected to washing, diaphanization, inclusion 
in paraffin and successive microtome cuts of 
4 μm thickness were performed (American 
Optical, Spencer AO 820). Subsequently, the 
slides were assembled for the execution of 
histochemical hematoxylin and eosin (HE) 
techniques.
	 The analysis and the pathological 
interpretation were performed by common 
optical microscopy using the Nikon Eclipse 
E400 microscope (Nikon, Tokyo, Japan), 
without previous knowledge of the groups 
being studied by the pathologist. Samples 
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were examined at variable increases of 40 to 
200 times.
	 The slides were placed for one minute 
in Harris hematoxylin solution. It was then 
washed in running water for 10 minutes. 
Subsequently, the slides were washed in 
distilled water twice consecutively and then 
impregnated with eosin-floxin for 45 seconds. 
This material was immediately rinsed with 
distilled water and then dewaxed, dehydrated 
and mounted.
	 The analyzed parameters described 
findings on light microscopy for renal tissue 
damage after I/R9. The slides were marked 
only as group 1 and 2, with information being 
omitted where group 1 is the control group 
and group 2 is the tadalafil group. Eleven 
histological parameters were analyzed by the 
same pathologist:
	 1. Interstitial leukocyte accumulation

	 2. Detachment of basement membrane 
cells in the proximal tubule
	 3. Accumulation of desquamated cells 
in the proximal tubular lumen
	 4. Flattening and loss of brush border in 
the proximal tubules
	 5. Presence of tubular cylinders
	 6. Interstitial edema in proximal tubule 
cells
	 7. Capillary congestion in the proximal 
tubule
	 8. Cellular vacuolation in the proximal 
tubule
	 9. Dilatation of the lumen of the 
proximal tubule
	 10. Cell necrosis
	 11. Capillary tuft collapse
	 As previously described, in earlier 
studies, each histological parameter analyzed 
was classified into 6 sub-gradations (Chart 1)9,10.

Chart 1 – Classification system used for graduation of histological injury gravity in each histological 
parameter analyzed.

	 To describe the variables evaluated 
in the study, in relation to their histological 
patterns, the frequency and percentages of the 
scores of these variables were considered. The 
non-parametric Mann-Whitney test was used 
to compare the groups (control and tadalafil) 
in relation to the histological standard scores. 
P values lower than 0.05 indicated statistical 
significance.

■■ Results

	 There were no unexpected advents in 
the period of gavage, anesthesia, preparation 
and immobilization. The surgical procedure was 
performed successfully in all animals, without 
active bleeding after reperfusion period or 
intraoperative complications. Two rats from 
each group died during the postoperative 
recovery period and were excluded from the 
study.
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	 The mean weight of the animals in 
the control group was 322.6 ± 5.1g, and in 
the tadalafil group 322.3 ± 6.1g. No statistical 
difference was observed between groups (p = 
0.689) (Table 1).
	 Regarding to the analysis of the 
leukocyte accumulation in the kidney cortical 

interstitium the control group presented 
histological alterations in 5 of the 8 kidneys 
surveyed. Differently, in the tadalafil group, 
all the kidneys remained unchanged in the 
analyzed histological parameters, presenting a 
statistical difference between the control group 
and the tadalafil group (p = 0.036) (Figure 3).

Table 1 - Microscopic analysis of leukocytes accumulation in the renal interstitium.

Figure 3 - Microfotography with hematoxylin 
and eosin coloring, demonstrating the presence 
of leukocyte infiltration in the renal interstitium 
(arrow) after 

	 24 hours ischemia and reperfusion 
of the left kidney (optical microscope, x20 
objective).
	 At the evaluation of the presence 
of tubular cylinders, six animals from the 
tadalafil group presented normal histology 
or only affected focal areas. This finding was 
in agreement with the control group where 
the majority of the animals had alterations of 
greater severity. However, our sample did not 
identify a statistical difference between the 
groups (p = 0.083) (Figure 4).
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Figure 4 - Microfotography of blade with 
hematoxylin and eosin coloring, demonstrating 
tubular cells of the basal membrane (arrow) 
after ischemia and reperfusion of the left 
kidney (optical microscope, x20 objective).

	 Microscopic analysis of the following 
items is summarized in Table 2. No statistical 
difference was identified between groups 
for the following evaluations: detachment of 
epithelial cells from the basal membrane of 
the proximal tubules (p = 0.637), accumulation 
of desquamated cells within the proximal 
tubules (p = 0.958), brush border loss in the 
proximal tubules (p = 0.753), presence of 
interstitial edema (p = 0.916), presence of 
capillary congestion (p = 0.128), presence of 
cell vacuolation (p = 0.248), proximal tubule 
light dilation ), presence of cell necrosis (p = 
0.564) and presence of capillary tuft collapse 
(p = 0.401).

Table 2 - Statistical analysis of the histological variables analyzed during the study.

■■ Discussion

	 Renal damage during ischemia occurs 
mainly in the renal tubules, involving varied and 

complex mechanisms, and is directly related 
to the time elapsed after the interruption of 
oxygenation. Ischemia triggers a cascade of 
events such as vasoconstriction, endothelial 
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cell activation, tubular edema, tubular 
epithelial cell necrosis, interstitial edema, 
calcium cell inflow, and adenosine triphosphate 
(ATP) depletion. Even after restoration of blood 
flow, with consequently oxygen supply to the 
tissue, injury to the renal cells proceeds and 
is amplified by the expression of endothelial 
adhesion molecules, which promote leukocyte 
activation and increase of active oxygen 
species, mitochondrial dysfunction and 
migration Leukocytes to the interstitium11.
	 The renal reperfusion process after 
period of hypoxia plays an important role in the 
establishment of the lesion by the activation of 
the inflammatory response. Impaired proximal 
and endothelial tubular cells trigger the 
inflammatory process by releasing cytokines 
and chemokines, leading to local infiltration 
by inflammatory cells. Inflammation of 
inflammatory cells, edema, presence of 
intratubular cylinders, brush border integrity, 
and necrosis, among others, are histological 
markers of acute renal ischemic injury12.
	 The understanding of this mechanism 
leads one to believe that the control of the 
inflammatory response may be associated 
with injury reduction by I \ R. Thus, the use of 
substances that act in this cycle can improve 
the outcome of the patient.
	 One class of medication previously 
evaluated in myocardial and renal ischemia 
is phosphodiesterase-5 inhibitors. Inhibition 
of this enzyme ultimately leads to the 
maintenance of lower levels of intracellular 
calcium, with smooth muscle relaxation and 
vasodilation. Drugs such as sildenafil, vardenafil 
and tadalafil, have been widely used in humans 
for the treatment of erectile dysfunction since 
199813.
	 Sildenafil, which has a half-life 
of approximately 4 hours, was the first 
phosphodiesterase-5 inhibitor to be evaluated 
as a protector during renal ischemia, 
demonstrating improvement after warm renal 
ischemia in renal pig transplants14.

	 New inhibitors of phosphodiesterase-5 
(I5FE), such as vardenafil and tadalafil, were 
developed and approved for the treatment of 
erectile dysfunction in 2003. In renal ischemia, 
vardenafil demonstrated improved histological 
parameters and apoptosis in kidneys which 
underwent to 24-hour ischemia Reperfusion15.
	 Tadalafil has a pharmacodynamics 
profile different from the other I5FE, with a 
half-life approximately 4 times longer (17.5 
hours), maintaining action for up to 36 hours6. 
Although one of the studies evaluated has 
used tadalafil intraperitoneally, the drug is 
available for oral use and has absorption 
and effectiveness proven by this route of 
administration. Therefore, its administration 
by gavage in this experiment was chosen.
	 The rat was chosen for its availability, 
affordability and easy handling. The size of the 
sample was defined based on studies already 
done to evaluate tadalafil in renal ischemia, 
with the aim of using as few animals as 
possible to demonstrate significant histological 
changes16.
	 We chose not to perform direct 
nephrectomy in this experiment, in order to 
reduce the trauma to the animal, since the side 
does not interfere with the final results17.
	 The defined time of warm ischemia 
was based on previous studies9, where the 
majority used 45 or 60 minutes. The use of 
the 24-hour reperfusion period for analysis 
of histological changes was defined based on 
analysis of studies that identified significant 
alterations after 24 hours of renal blood flow 
restoration9,10.
	 As previously described, infiltration 
of inflammatory cells into the renal tubules is 
one of the histological markers of acute renal 
ischemic injury12. The present study showed 
less infiltration of leukocytes in the renal 
interstitial of the animals belonging to the 
tadalafil group. This difference was statistically 
significant when compared to the control 
group (p = 0.036).
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	 Although the presence of leukocytes 
is part of the natural history of the ischemia 
and reperfusion process, its role in producing 
injury or repair, or both, remains undefined. 
Leukocytes may play an important role 
in the mechanism of parenchymal injury 
after ischemia-reperfusion, as well as in the 
regeneration process, but their exact role still 
needs to be clarified1. In the present study, 
the repair role or leukocyte damage was not 
included as part of the initial goal of the study. 
Its finding represents less local inflammation 
with tadalafil. However, for better definition, 
specific studies for leukocyte evaluation would 
be necessary, and the data presented here 

serve as a basis for future research. The finding 
of leukocyte infiltration observed is consistent 
with most of the studies performed with 
tadalafil in kidney ischemia.
	 Five of eleven articles published 
since 2011 with the use of tadalafil during 
kidney ischemia demonstrated less leukocyte 
infiltration with medication. Two of eleven did 
not report alteration and four did not evaluate 
this parameter (Table 3). The differences in the 
results probably occur because of sample size, 
time of ischemia and reperfusion variables or 
changes in dose and route of administration of 
the medication.

Table 3 - Experimental studies done with use of tadalafil in ischemia and renal reperfusion.
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	 Another histological variable suggestive 
of renal damage is the presence of tubular 
cylinders, which are the result of epithelial 
cell desquamation caused by local ischemia, 
in association with stasis within the proximal 
tubules, as a consequence of a decrease in 
glomerular filtration rate. In the present study, 
a considerable numerical difference occurred, 
where microscopic analysis exhibited the 
majority of animals with normal renal tissue 
or focal areas affected in the tadalafil group, 
differing from the control group where the 
majority of the animals presented changes 
of greater severity. Although it may suggest a 
trend of improvement with the use of tadalafil, 
the statistical analysis showed no difference (p 
= 0.083). The use of a larger sample could be 
necessary to clarify the alteration observed in 
this specific histological parameter.
	 It was not possible to conclude from 
the study whether the lower infiltration 
of leukocytes in the observed interstitium 
represents, in fact, an effective protection 
against the deleterious effects of kidney 
ischemia and reperfusion. The use of less 
comprehensive classifications of tissue injury 
severity, as well as a greater number of 
samples, would be alternatives to demonstrate 
greater statistical strength in some histological 
parameters analyzed which did not present 
statistical significance.
	 The present study was a preliminary 
evaluation, assuming that this medication has 
a histological effect on the renal tissue during 
the ischemic process, opening the perspective 
of continuing the evaluation of renal ischemia. 
The action of tadalafil in the cascade involving 
nitric oxide allows future research with 
markers of oxidative stress, in addition to 
other inflammatory markers. Since tadalafil is a 
widely used drug in humans, its study in partial 
nephrectomies, where ischemia time is a key 
factor for recovery of renal function, may be a 
future prospect of easy access and low cost.

	 Finally, in addition to the specific 
surgical protection from a partial nephrectomy, 
nephroprotective research should be 
stimulated, since a wide range of clinical 
conditions leads to renal ischemia, either by 
hypo perfusion or by the use of nephrotoxic 
drugs, aiming to reduce the incidence of renal 
failure and mortality.

■■ Conclusions

	 The analysis of the histological 
parameters in rat kidney tissue when using 
tadalafil during warm ischemia for 45 
minutes and reperfusion for 24 hours leads 
to the conclusion that there was a statistically 
significant decrease of leukocyte infiltration 
in the renal interstitium. No other histological 
changes were identified at this study.
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