Tadalafil and its effects in renal function after kidney ischemia and
reperfusion in rats
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ABSTRACT

Background/purpose: Renal ischemia/reperfusion (I/R) occurs in kidney transplantation
and in partial nephrectomyes and it may result in acute tubular necrosis and other
postoperative complications. We hypothesized that administration of tadalafii may
attenuate circulating inflammatory biomarkers and improve fasting plasma urea, creatinine
and C-reactive protein after renal ischemia/reperfusion injury in rats. Methods: two
groups of Wistar rats we used, both underwent right nephrectomy. Group I/R saline rats
(n=6) were subjected to 30 minutes of renal ischemia by clamping the left renal artery and
treated with saline; the I/R tadalafil rats (n=6) received 10mg/kg tadalafil by gavage one
hour before ischemia. 24 hours after ischemia, laboratory analysis were performed.
Results: The anti-inflammatory cytokine IL-10 was increased in the I/R tadalafil
(152.8+6.8 pg / dL) rats, compared to I/R saline (53.5+5.2) (p<0.001). TNF-a level was
significantly lower in I/R tadalafil group rats compared to I/R saline group (267+11.5 vs.
405.3+12.3), as well as IL-1B (160.4+12.3 vs 274+18.4 pg/dL, respectively; P = 0.0001)
Conclusion: We have provided evidence that tadalafil therapy ameliorates circulating
pro-inflammatory cytokines in a renal I/R rodent model, while improving kidney function
proofs levels and reducing C-reactive protein. Further trials may lead to potential clinical
application of tadalafil in cases of renal I/R.
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RESUMO

Introducao/Objetivo: A isquemia/reperfusdo renal ocorre nos transplantes renais e nas
nefrectomias parciais, podendo resultar em necrose tubular aguda e outras complicacfes
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poés-operatérias. O presente estudo teve o objetivo de analisar se o tratamento com
tadalafil pode atenuar os niveis de biomarcadores inflamatérios e melhorar provas de
funcado renalapds isquemia/reperfusdo do rim em ratos. Métodos: foram utilizados dois
grupos de animais, ambos submetidos previamente a nefrectomia direita. No grupo I/R
salina (n=6) ratos Wistar foram submetidos a 30 minutos de isquemia renal por
clampeamento de artéria renal esquerda e tratados com salina; no grupo I/R tadalafil
(n=6) os animais receberam 10mg/Kg de tadalafil uma hora antes da isquemia, por
gavagem. 24 horas apés isquemia, dosagens plasmaticas foram realizadas. Resultados:
O nivel plasmético da citocina antiinflamatéria 1L-10 foi maior no grupo de ratos I/R
tadalafil (152,8+8,06 pg/dL) quando comparado com o grupo I/R salina (53,5+5.2),
(p<0,001). O nivel de TNF-a foi significativamente menor no grupo de ratos I/R tadalafil
guando comparado com o grupo I/R salina (267+11,5 vs. 405,3+£12,3), do mesmo modo
que a IL-1B (160,4+12,3 vs 274+18,4 pg/dL, respectivamente; p=0,0001). Concluséo:
Ficou evidenciado que o tratamento com tadalafil reduziu a expressao das citocinas pro-
inflamatodrias circulantes em modelo de I/R renal em ratos, enquanto que melhorou as
provas de funcédo renal e os niveis de proteina-C reativa. Tornam-se necessarios futuros
ensaios que possam avaliar o potencial de aplicagéo clinica do tadalafil em casos de I/R
renal.

Descritores: Isquemia. Reperfusdo. Rim Tadalafil. Ratos.

INTRODUCTION

Renal injury caused by ischemia/reperfusion (I/R) inevitably occurs in surgical
procedures in which the kidneys remain without receiving blood supply. It is observed
during renal transplantation, vascular surgery of the aorta and renal arteries and partial
nephrectomy. In renal transplantation, the graft dysfunction, acute rejection and chronic
kidney disease correlate with the degree of ischemic injury and increases with the
presence of normothermic ischemia, especially when the kidneys are from donors heart
arrest’. In partial nephrectomy, although the objective is to preserve kidney function, injury
by I/R often occurs in the remaining renal tissue due to the temporary clamping of the
renal artery, performed in order to avoid bleeding, and to permit adequate visualization of

organs and tissues® >

The reperfusion is the main responsible for tissue injury during transplantation,
after the kidney go through a period of ischemia. After renal transplantation this is the
most common situation of such injury®. The pathophysiology of this injury is explained by
the production of oxygen free radicals after reoxygenation, which initiates a cascade of
apoptosis and tissue necrosis, with local inflammation, cell death and subsequent organ
failure. The damage depends on the ischemic period, time when cells spend without

oxygenation®.
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In cases of partial nephrectomy, endothelial injury causes changes in vascular
responses to vasoactive substances®. Ischemia causes increased vascular resistance by
the loss of the ability of renal vascular endothelium to produce nitric oxide, and thus an
imbalance in the production of endothelin-1/nitric oxide, essential for the function that
regulates the organ vascular perfusion, since the lower nitric oxide (NO) production will
cease to inhibit the expression of endothelin-1 gene, which is a vasoconstrictor. Thus,
higher levels of vascular resistance have been associated with a higher percentage of
early renal graft dysfunction and even shorter survival”®. Furthermore, ischemic injury
promotes the infiltration of neutrophils and mononuclear cells, and this has been
associated with the progression of tissue injury®.

In order to protect the organs from the effects of I/R, various substances have
been used in experimental studies, many of them related to the performance of NO™. In
the last two decades, the attention has turned to phosphodiesterase type 5 inhibitors
which increase the concentration of cyclic guanosine 3,5-monophosphate (cGMP)

resulting in release of NO, and thus indirectly causing arterial vasodilation™®.

Sildenafil is a potent inhibitor of phosphodiesterase-5, enzyme which degrades
cGMP in smooth muscle cells that with the increase of cGMP receives less calcium ions
from the external environment, which causes the relaxation of the muscle cell and
prolonged vasodilation. Studies have demonstrated the presence of phosphodiesterase-5
in smooth muscle of vessels, bronchi and also in platelets'. The use of sildenafil proved
protective against endothelial dysfunction in the transplanted heart, and a hemodynamic
improvement in self-transplanted kidneys have been shown in pre-conditioned animals
with sildenafil, for increasing glomerular filtration rate by reducing the vascular resistance
due vasodilation of efferent arterioles'®**. The effect of sildenafil in ischemia/reperfusion
injury procedure has been studied. Sildenafil contributes to the early recovery of the heart
debt after ischemia, and reduces the extent of the infarcted area. Thus, it is possible that
can be used to prevent further damage in cardiac surgery using cardiopulmonary bypass,
with pauses in breathing or even in children with congenital heart disease who have low

blood flow.

A previous study in our laboratory demonstrated that sildenafil has a positive effect
on I/R of kidney when administered one hour before renal ischemia. This positive effect
was shown by a lower area of cellular necrosis, as evaluated by radionuclide imaging and

histopathology™.
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There have been few studies on the effects of tadalafil on kidney ischemia and
reperfusion’®??, So, we designed this study that aims to evaluate the effects of tadalafil in

the prevention of kidney injury after normothermic renal ischemia/reperfusion in rats.
METHODS

Twelve male Wistar (Rattus norvegicus) rats weighing 280+27g were used,
provided by the vivarium of the Center for Health Sciences, Federal University of Rio
Grande do Norte, Brazil. All animals were distributed in individual cages with water and
rodent feed (Presence®) ad libitum and acclimatized in the laboratory for 7 days. They
were kept under temperature control (21°C), humidity (60-70%), 12/12 hours light/dark
cycle, and handled in accordance with the precepts of ethics in animal experiments
required by the Brazilian Law no. 11794/08. This project was approved by the institutional
Ethics Committee on Animal Use. The animals were randomly distributed into 02 groups
of 06 each and anesthetized with Xylazine (10mg/kg) and Ketamine (70mg/kg)
intraperitoneally. All surgical procedures were performed by experienced surgeon in

experimental surgery using aseptic technique.

An abdominal median laparotomy was conducted, proceeding to right
nephrectomy and isolation of the left renal artery. I/R saline group: The left kidney artery
was clamped for 30 minutes with a nontraumatic microvascular bulldog clamp, and the
kidney was subjected to ischemia. Following ischemia, the left kidney artery clamp was
removed, and the kidney was perfused for 24 hours. I/R tadalafil group: One hour before
subjecting the rat to ischemia, a 1 mL microemulsion of 10 mg/kg tadalafil was injected
orally by gavage. Then, the left kidney pedicle was clamped for 30 min, as described for
the I/R saline group. Following ischemia, the left kidney was subjected to 24-hour

reperfusion by removing the clamp from the left artery.

During surgery 05 ml of 0.9% saline were injected in the peritoneal cavity, and 5 ml
subcutaneously in the immediate postoperative period for hydration. The abdominal wall
was closed in layers with nylon 4-0. Postoperative pain was controlled with meperidine 10

mg/kg subcutaneously every 12 hours.
Measurement of plasma inflammatory cytokines and biochemistry

After observation for 24 hs the rats were anesthetized again and a 5 mL blood
sample was collected by cardiac puncture into 2 separate ethylenediamine-tetraacetic
acid (EDTA) tubes, stored immediately on ice and centrifuged at 3,000 rpm for 10

minutes. The plasma was separated and stored at -40°C until analysis. Plasma
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concentrations of representative cytokines IL-10, TNF-a and IL-13 were quantified using
ELISA assay kits (PeproTec, USA). Plasma samples were used to measure urea,
creatinine and C-reative protein using commercially available colorimetric assay kits. The
biochemical analysis were performed using autoanalyzer (Weiner Lab BT Plus 3000) and
spectrophotometer Konelab 60i, (kit da Weiner, Sdo Paulo, Brazil). After that, rats were
euthanased with overdose of thiopental (100mg/Kg i.p.).

The statistical analyses were carried out using BioEstat 5.0 software. The Student
t test was used to compare laboratory data. A value of p<0.05 indicated statistical

significance.

RESULTS

Plasma Inflammatory Cytokine Levels

The anti-inflammatory cytokine IL-10 was increased in the tadalafil (152.8+8.06
pg/dL) treated rats as compared to saline-treated (53.5+5.2), (p<0.001, n = 6/group; Table
1). Pro-inflammatory cytokines were decreased when measured in rats treated with
tadalafil, when compared to the saline-treated rats (Table 1). TNF-a was significantly
reduced compared to saline-control (267+11.56 vs. 405.3+12.3), as well as IL-1B (
160.4+12.3 vs 274+18.4 pg/dL, respectively; p=0.0001).

Table 1 — Data of comparative cytokines in renal I/R rats treated and untreated with
tadalafil.

Groups
Parameters p-value
I/R Saline I/R tadalafil
IL-10 53.5+5.2 152.848.6 0.001
TNF (pg/dl) 405.3+12.3 267+11.5 0.0001
IL-1B (pg/dL) 274+18.4 160.4+12.3 0.0001

Values in meanzstandard deviation

Fasting plasma urea, creatinine and C-reactive protein levels were measured upon
completion of therapy. I/R Wistar rats treated with tadalafil showed a significant decrease
in fasting plasma urea, creatinine and C-reactive protein, compared to I/R saline rats, after

the treatment period (These data are summarized in Table 2).
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Table 2 — Data of comparative tests of renal function and C-reactive protein in renal I/R
rats treated and untreated with tadalafil

Groups
Parameters p-value
I/R Saline I/R tadalafil
Urea (mg/dL) 56.8+10.06 43.5+3.2 0.01
Creatinine (mg/dL) 0.63%£0.10 0.40£0.1 0.001
C-reactive Protein (mg/dL) 5.4+014 4.08+0.24 0.0001

Values in meanzstandard deviation

DISCUSSION

Experimental reperfusion following renal ischemia may cause acute inflammation
and secondary tissue damage. Development of reactive oxygen species at this stage
may increase damage. Endogenous antioxidant enzymes exert protective effects on cells
by decreasing the effects of reactive oxygen, and the amounts of antioxidant enzymes
differ depending on the severity of the oxidative stress?®. Vascular endothelial damage

develops during renal ischemia®**

, while nitric oxide (NO) is released by the renal
vascular endothelium, the balance between NO and endothelin-1 is changed. This
decreases the elasticity of the renal vascular endothelium and thus increases vascular

resistence?.

When sildenafil is administered to I/R damaged kidneys during the ischemic
phase, I/ R damage was corrected due to reduced leukocyte infiltration?. Vardenafil also
plays a protective role in I/R damage; however, few studies have addressed the effects of
tadalafil on I/R damage?®. Tadalafil is a vasoactive agent used to treat erectile dysfunction

1?”. Tadalafil reaches

that has a different chemical structure than sildenafil and vardenafi
maximum plasma concentration in 2 hours, and its plasma half-life is four-fold longer (17.5
hours) than those of sildenafil and vardenafil (4 hours)?®. Because of this prolonged effect,
it is considered more advantageous for lowering vascular resistance and treating
ischemia. Considering this fact, we opted to measure the laboratory data 24 hours after

renal I/R.

Authors examined the effect of tadalafii on renal I/R damage and
histopathological and total antioxidant capacity changes in tissue®'. They observed that
tadalafil exerted a protective effect on tissues by increasing the antioxidant capacity.
Other research similarly observed that blood total antioxidant capacity levels decreased

significantly in the I/R group, but that this decrease was prevented by the administration of
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tadalafil 1 hour before ischemia (I/R-Tadalafil group)*®. We have used the methodological

data of this study to decide the injection of tadalafil one hour before the I/R induction .

In the present study, we showed that circulating levels of two key pro-
inflammatory cytokines, TNF-a and IL-18 were significantly reduced after tadalafil
treatment. There was a trend towards a reduction in pro-inflammatory cytokines, whereas
the anti-inflammatory cytokine IL-10 was significantly higher in tadalafil treated rats
compared to I/R saline group. Besides an overall decreased inflammatory profile, we
observed that tadalafil improved fasting plasma urea, creatinine and C-reactive protein
levels, and our results correlate with previously published data and known physiological
pathways'®.

In conclusion, we have provided evidence that tadalafil therapy ameliorates
circulating pro-inflammatory cytokines in renal I/R rodent model, while improving renal
function proofs levels and reducing C-reactive protein. These results suggest that
pretreatment with tadalafil may be a promising therapy for renal protection in kidney I/R

patients. Further trials may lead to potential application of tadalafil in clinical practice.
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