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Abstract

Purpose: To evaluate the effect of tadalafil in renal ischemia/reperfusion (I/R) injury in rats.
Methods: Group I/R saline rats (n=6) were subjected to 45 minutes of left renal ischemia and
treated with saline; the I/R tadalafil rats (n=6) received oral 10mg/kg tadalafil microemulsion
one hour before ischemia. In both groups, 8 hours after ischemia, laboratory analysis were
performed.

Results: Better tissue perfusion was lower in ischemic left/kidney than in right/kidney in
saline group, suggesting reduced kidney clearance. Fluorescence in left/kidneys of tadalafil
treated rats was lower than in right/kidneys (difference not significant). The fluorescence
signal intensity in kidneys of tadafil treated rats was higher than in saline rats. TNF-a levels
were significantly lower in I/R tadalafil group rats compared to I/R saline group (154+10.3 vs
391.3+12.3),aswellas IL-1B (163.4+13.2 vs 279+11.5pg/dL), and IL-6 (122.9+8.1 vs 173.746.3
respectively; p=0.0001). Urea, creatinine and C-reactive protein were significantly lower in
tadafil treated rats then in saline group.

Conclusion: Tadalafil therapy decreased the expression of circulating pro-inflammatory
cytokines in a renal I/R rodent model, while improving kidney function proofs.
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n Introduction

Ischemia and reperfusion renal injury
(I/R) is one of the main causes of acute renal
failure, which may be accompanied by acute
inflammation and secondary tissue injury’.
I/R is frequently observed during and in the
postoperative period of partial nephrectomies
and in surgical repair of traumatic renal
lesions?. Death of renal epithelial cells and
delayed recovery of kidney function in the
posttransplantation period can lead to
interstitial fibrosis and may aggravate chronic
kidney disease?. Renal I/R has been analyzed in
experimental models using rodents*®, in which
many of allopathic and phytotherapeutic drugs
have already been examined. Some of them
were effective and others ineffective®’.

Renal ischemia is unavoidable during
transplantation, but its reperfusion is more
damaging and causes injury to the renal tissue
by several mechanisms, such as free radical
release, apoptosis stimulation, inflammation,
glomerular necrosis, leukocyte infiltration
into the renal graft, Being able to arrive
at the bankruptcy of multiple organs and
systems®®, At the same time, impairment of
microcirculation following renal graft ischemia
affects the function of the early transplanted
organ®®, In this regard, renal arterial flow should
be evaluated whenever possible by Doppler or
fluorescence examination®?.

Various drugs have been used in
experimental studies, supposed to protect the
organs from the effects of I/R*>?°, Some the
attention has turned to phosphodiesterase
type-5 inhibitors such as sildenafil, which
increase the concentration of cyclic guanosine
3,5-monophosphate  (cGMP) resulting in
release of nitric oxide, and subsequent
arterial vasodilation?. Sildenafil has proved
protective against endothelial dysfunction in
the transplanted heart, and hemodynamic
improvement in self-transplanted kidneys*’8,

91

The renoprotective effect of oral Tadalafil pretreatment on ischemia/reperfusion injury in rats

Medeiros VFLP et al.

I/R has been studied in several
experimental models, and some synthetic or
plant extracts have been used, supposedly to
protect the ischemic and reperfused organs'**>,
Inhibitors of type 5 phosphodiesterase, such as
sildenafil, which have well-characterized effects
in the arterial flow, increase the production
of cyclic guanosine 3,5-monophosphate
(cGMP), consequently of nitric oxide, resulting
in vasodilation®®. Sildenafil has been shown
to protect cardiovascular endothelium after
heart transplantation, and has improved renal
function in I/R model*"2,

In a previous study we demonstrated
that the pretreatment with sildenafil has
a positive effect on I/R of kidneys of rats®.
There have been few studies on the effects of
tadalafil on kidney I/R?>%, The present study
aims to examine the effects of tadalafil on the
prevention of renal damage after normothermic
renal ischemia/reperfusion in rats.

n Methods

This protocol was approved by the
institutional Ethics Committee on Animal Use
(Protocol n2 028/2012).

Male Wistar (Rattus norvegicus) rats
weighing 285+25g were used. 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 (22°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. The rats were
randomly allocated into 02 groups of 06 each
and anesthetized with Xylazine (10mg/kg) and
Ketamine (70mg/kg) intraperitoneally (i.p.).
All surgical procedures were performed by
experienced surgeon in experimental surgery
using aseptic technique. The postoperative pain
was prevented with meperidine (10mg/kg s.c.).
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Study design

I/R saline group (n=6): one hour before
renal ischemia, rats received 1 mL of saline
0.9% orally by gavage;

I/R tadalafil group (n=6): one hour
before subjecting the rat to ischemia, 1 mL of
10 mg/kg tadalafil microemulsion was injected
orally by gavage.

An abdominal median laparotomy was
performed. The left renal vascular pedicle was
occluded with a nontraumatic vascular clamp
for 45 minutes, during which time the rats
were kept warm using a thermal pad (Insight,
Ribeirdo Preto, SP, Brazil). The clamp was then
removed, and the kidney was inspected for
immediate color change, indicating successful
reperfusion; the incision was then sutured.
The body temperature was maintained
normothermic during and after surgery using
a thermal pad. After 8 hours of reperfusion,
blood was collected for dosages.

Fluorescence imaging

Immediately after blood collection,
rats were injected into the femoral vein with
indocyanine green 10mg/Kg, (Ophthalmos,
Sdo Paulo, Brazil). Ten minutes after, rats
were sacrificed using anesthetic overdose
(thiopental 100 mg/Kg i.p.) and both kidneys
were removed and imaged ex-vivo. The
uninjured right kidney served as a control for
each animal. Optical imaging was performed
using a FX In Vivo fluorescence reflectance
imaging device (Carestream  Molecular
Imaging). Adequate filters for excitation and
emission were used. The kidneys were placed
atthe equipment chamber. Animaging protocol
(exposure time 20 seconds, 2x2 binning, f-stop
2.8, field of view 120 mm, and focal plane
10 mm) was maintained for all images, and
comparative images were taken comparing
groups. The optical images of the ex-vivo study
were evaluated qualitatively by assessing
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the presence or absence of visibly increased
fluorescence in the kidneys. Fluorescence
grayscale images were colored for depiction
purposes according to a color scale set to
the highest and lowest levels of fluorescence
intensity (red and purple indicated maximum
and minimum light intensity, respectively).

Measurement of plasma inflammatory
cytokines and biochemistry

Blood samples were collected by cardiac
puncture into 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 -409C until analysis. Plasma
expression of TNF-a, IL-1B and IL-6 were
qguantified using ELISA assay kits (PeproTec,
USA). Plasma samples were used to measure
urea, creatinine and C-reative protein using
commercially available colorimetric assay Kkits.
The biochemical analysis were performed
using autoanalyzer (Weiner Lab BT Plus 3000)
and spectrophotometer Konelab 60i, (kit
da Weiner, Sdo Paulo, Brazil). The rats were
euthanased with thiopental overdose (100mg/
Kgi.p.), associated with lidocaine.

The statistical analysis 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

Fluorescence imaging of kidneys in rats
using indocyanine green (ICG)

We  examined ex-vivo kidneys
fluorescenceimages of each group. Topographic
representation of the ex-vivo kidneys images
of I/R saline treated rats (I/R saline group)
demonstrated lower ICG signal in the left
ischemic kidneys in contrast to fluorescence
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signal in the contralateral kidney (Figure
1A). As can be observed in Figure 1B, the I/R
tadalafil treated group rats expressed renal ICG
fluorescence signals higher than in saline I/R
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group rats. Comparing the fluorescence signals
of right and left (ischemic) kidneys under the
effect of tadalafil, no difference was observed
(Figure 1B).

A - Ischemia/reperfusion kidneys of saline treated rats (I/R saline)

B - Ischemia/reperfusion of tadalafil treated rats (I/R tadafil)

Figure 1 - Ex-vivo contrast enhanced fluorescence imaging of kidneys dissected from rats subjected to
unilateral left kidney I/R, and treated with saline (A) or tadalafil (B). Fluorescence grayscale images were
colored according to a color scale set to the highest and lowest levels of fluorescence intensity. Red and
purple indicated maximum and minimum light intensity, respectively. A- I/R saline; B- I/R tadalafil (R, right;
L, left).

to saline-control (254+10.3 vs 391.3+12.3),
as well as IL-1B (163.4+13.3 vs 279+11.5 pg/
dL, respectively; p=0.0001). The cytokine IL-6
was decreased in the tadalafil (122.948.1 pg/
dL) treated rats as compared to saline-treated
(173.7%6.3), (p<0.001, n = 6/group; Table 1).

Plasma inflammatory cytokines

Pro-inflammatory  cytokines  were
decreased in rats treated with tadalafil, when
compared to the saline-treated rats (Table 1).
TNF-a was significantly reduced compared
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Table 1 - Data of comparative cytokines in renal I/R rats treated and untreated with tadalafil.

I/R Saline
TNF (pg/dL) 391.3+12.3
IL-1B (pg/dL) 279+11.5
IL-6 (pg/dL) 173.76.3

I/R tadalafil p-value
254+10.3 0.001
163.4£13.3 0.001
122.948.1 0.001

Values in meantstandard deviation.

Plasma urea, creatinine and C-reactive
protein levels were measured at the end of
experiment. The tadalafil treated rats showed a

significant decrease in plasma urea, creatinine
and C-reactive protein, compared to I/R saline
rats (Table 2).

Table 2 - Data of comparative tests of renal function and C-reactive protein in renal I/R rats

treated and untreated with tadalafil.

I/R Saline
Urea (mg/dL) 57.2+8.05
Creatinine (mg/dL) 0.62+0.08
C-reactive Protein (mg/dL) 6.310.12

I/R tadalafil p-value
44.1+4.1 0.01
0.47+0.07 0.001
4.02+0.19 0.001

Values in meantstandard deviation.

] Discussion

Tadalafil is a vasoactive agent used to
treat erectile dysfunction that has a different
chemical structure when compared with
sildenafil and vardenafil’®. Tadalafil reaches
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)®. This prolonged effect is considered
advantageous for lowering vascular resistance
and treating ischemia. In view of this fact,
we observed reperfusion for 8 hours, which
is within the range from zero to 17 hours of
tadalafil action.

The histopathological and antioxidant
effects of tadalafil was studied on renal I/R

damages, and tadalafil exerted a protective
effect on tissues by increasing the antioxidant
capacity 24. In other study the blood total
antioxidant  capacity levels decreased
significantly in the I/R group, and tadalafil was
administration 1 hour before I/R*®. Following
this method, we decide the inject tadalafil one
hour before the I/R induction .

During ischemic periods, renal
leukocyte infiltration is activated and
increased?. Activated neutrophils can release
cytokines?. In the present study, we showed
that circulating levels of the pro-inflammatory
cytokines TNF-a, IL-18 and IL-6 were
significantly reduced after tadalafil treatment.
There was a trend towards a reduction in pro-
inflammatory cytokines in tadalafil treated rats
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comparedtol/Rsaline 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'®%.

According to the literature, renal
ischemia duration of 45 to 75 minutes is
most commonly chosen in experimental
models, because this ischemia time allows for
intermediate survival. We chose 45 minutes of
renal ischemic time, based on a known survival
rate of 100% at 7 days and 85% at 30 days in
rats?.

u Conclusions

Tadalafil therapy ameliorates renal
fluorescence, and decreases the expression
of circulating pro-inflammatory cytokines
in renal I/R rodent model, while improving
renal function proofs levels. These results
suggest that pretreatment with tadalafil may
be a promising therapy for renal protection in
kidney I/R. Further trials may lead to potential
application of tadalafil in clinical practice.

n References

1. Abuelo JG. Normotensive ischemic acute
renal failure. New Engl J] Med. 2007Aug
23;357(8):797-805. doi: 10.1056/
NEJMra064398.

2. Schrier RW, Wang W, Poole B, Mitra A.
Acute renal failure: definitions, diagnosis,
pathogenesis, and therapy. J Clin Invest.
2004 Jun;114(1):5-14. doi: 10.1172/
JCI22353.

3. Rosenberger C, Rosen S, Heyman SN. Renal
parenchymal oxygenation and hypoxia
adaptation in acute kidney injury. Clin Exp
Pharmacol Physiol. 2006 Oct;33(10):980-8.
doi: 10.1111/j.1440-1681.2006.04472.x

4. Martinez-Mier G, Toledo-Pereyra LH,
McDuffie JE, Warner RL, Hsiao C, Stapleton
SR, Ward PA. Exogenous nitric oxide
downregulates MIP-2 and MIP-1alpha

95

The renoprotective effect of oral Tadalafil pretreatment on ischemia/reperfusion injury in rats

Medeiros VFLP et al.

chemokines and MAPK p44/42 after
ischemia and reperfusion of the rat kidney.
J Invest Surg. 2002 Sep-Oct;15(5):287-96.
PMID: 12396433.

5. Sanchez-Pérez-Verdia E, Lopez-Neblina
F, Portilla E, Ortiz GG, Gonzalez-Ojeda A,
Alvares R. Exogenous nitric oxide protects
kidney from ischemia/reperfusion. J Invest
Surg. 2001 Nov-Dec;14(6):313-20. PMID:
11905499.

6. Dorai T, Fishman Al, Ding C, Batinic-Haberle
I, Goldfarb DS, Grasso M. Amelioration
of renal ischemia-reperfusion injury with
a novel protective cocktail. J Urol. 2011
Dec;186(6):2448-54. doi: 10.1016/j.
juro.2011.08.010.

7. Erdogan H, Fadillioglu E, Yagmurca M,
Ucar M, Irmak MK. Protein oxidation and
lipid peroxidation after renal ischemia-
reperfusion injury: protective effects of
erdosteine and N-acetylcysteine. Urol Res.
2006 Feb;34(1):41-6. doi: 10.1007/s00240-
005-0031-3.

8. YamakiVN, Gongalves TB, CoelhoJVB, Pontes
RVS, Costa FLS, Brito MVH. Efeito protetor
do per-condicionamento isquémico remoto
nas lesdes da sindrome de isquemia e
reperfusdo renal em ratos. Rev Col Bras Cir.
2012 Dec;39(6):529-33. PMID: 23348651.

9. Salvadori M, Rosso G, Bertoni E. Update
on ischemia-reperfusion injury in kidney
transplantation: pathogenesis and
treatment. World J Transplant. 2015
Jun;5(2):52-67. doi: 10.5500/wjt.v5.i2.52.

10. Jeong GY, Chung KY, Lee WJ, Kim YS,
Sung SH. The effect of a nitric oxide donor
on endogenous endothelin-1 expression
in renal ischemia-reperfusion injury.
Transplant Proc. 2004 Sept;36(7):1943-5.
PMID: 15518706.

11. Derweesh IH, Novick AC. Mechanisms of
renal ischaemic injury and their clinical
impact. BJU Int. 2005 May;95:948-50. doi:
10.1111/j.1464-410X.2005.05444 x.

12. Takhtfooladi MA, Asghari A, Hoseinzadeh
HA, Mokhtari F. Effect of Otostegia persica
extract on ischemia/reperfusion induced
renal damage in diabetic rats. A biochemical
study. Acta Cir Bras. 2016 Jun;31(6):417-21.



The renoprotective effect of oral Tadalafil pretreatment on ischemia/reperfusion injury in rats

Medeiros VFLP et al.

doi: 10.1590/50102-865020160060000009.

13. Zhou JQ, Qiu T, Zhang L, Chen ZB, Wang
ZS, Ma XX, Li D. Allopurinol preconditioning
attenuates renal ischemia/reperfusion
injury by inhibiting HMGB1 expression
in a rat model. Acta Cir Bras. 2016
Mar;31(3):176-82. doi: 10.1590/S0102-
865020160030000005.

14. Liu G, Song H, Qiu L, He A, Tong F, Wan Q,
Wang X, Xia Y, Huang L. Dexmedetomidine
preconditioning inhibits the long term
inflammation induced by renal ischemia/
reperfusion injury in rats. Acta Cir Bras.
2016 Jan;31(1):8-14. doi: 10.1590/S0102-
865020160010000002.

15. Calistro Neto JP, Torres Rda C, Gongalves
GM, Silva LM, Domingues MA, Mdédolo NS,
Barros GA. Parecoxib reduces renal injury
in an ischemia/reperfusion model in rats.
Acta Cir Bras. 2015 Apr;30(4):270-6. doi:
10.1590/50102-865020150040000006.

16. Saenz de Tejada |, Angulo J, Cuevas
P, Ferna’ndez A, Moncada |. The
phosphodiesterase inhibitory selectivity and
the in vitro and in vivo potency of the new
PDES inhibitor Vardenafil. Int J Impot Res.
2001 Oct;13(5):282-90. PMID: 11890515.

17. Lledo-Garcia E, Rodriguez-Martinez D,
Cabello-Benavente R, Moncada-Iribarren
|, Tejedor-Jorge A, Dulin E, Hernandez-
Fernandez C, Del Canizo-Lopez JF. Sildenafil
improves immediate posttransplant
parameters in warm-ischemic kidney
transplants. Experimental Study. Transplant
Proc. 2007 Jun;39(5): 1354-6. doi:
10.1016/j.transproceed.2007.01.082.

18. Bremer YA, salloum F, Ockaili R, Chou E,
Moskowitz WB, Kukreja RC. Sildenafil citrate
(viagra) induces cardioprotective effects
after ischemia/reperfusion injury in infant
rabbits. Pediatr Res. 2005 Jan;57(1):22-7.
PMID: 15531735.

19. Medeiros PJ, Villarim Neto A, Lima FP,
Azevedo IM, Ledo LR, Medeiros AC. Effect
of sildenafil in renal ischemia/reperfusion
injury in rats. Acta Cir Bras. 2010
Dec;25(6):490-5. PMID: 21120279.

20. Kiguk A, Yucel M, Erkasap N, Tosun M,
Koken T, Ozkurt M, Erkasap S. The effects

96

Acta Cir Bras. 2017;32(2):90-97

of PDE5 inhibitory drugs on renal ischemia/
reperfusion injury in rats. Mol Biol Rep.
2012 Oct;39(10):9775-82. doi: 10.1007/
$s11033-012-1843-1.

21. Faddegon S, Best SL, Olweny EQ, Tan YK,
Park SK, Mir SA, Cadeddu JA. Tadalafil for
prevention of renal dysfunction secondary
to renal ischemia. Can J Urol. 2012
Jun;19(3):6274-9. PMID: 22704313.

22. Gasanov F, Aytac B, Vuruskan H. The effects
of tadalafil on renal ischemia reperfusion
injury: an experimental study. Bosn J Basic
Med Sci. 2011Aug;11(3):158-62. PMID:
21875417.

23. Sesti C, Florio V, Johnson EG, Kloner RA.
The phosphodiesterase-5 inhibitor Tadalafil
reduces myocardial infarct size. Int J
Impot Res. 2007 Jan-Feb;19(1):55-61. doi:
10.1038/s).ijir.3901497.

24. Guzeloglu M, Yalcinkaya F, Atmaca S,
Bagriyanik A, Oktar S, Yuksel O, Fansa |,
Hazan E. The beneficial effects of tadalafil
on renal ischemia-reperfusion injury in
rats. Urol Int. 2011 Dec;86(2):197-203. doi:
10.1159/000321927.

25. Erol B, Turker T, Tok A, Bektas S, Mungan
G, Ozkanli S, Karakas B, Tokgoz H, Akduman
B, Mungan A. The protective effects of
tadalafilon renal damage following ischemia
reperfusion injury in rats. Kaohsiung J Med
Sci. 2015 Sept;31(9):454-62. doi: 10.1016/].
kjms.2015.06.005.

26. Sutton TA, Fisher CJ, Molitoris BA.
Microvascular endothelial injury and
dysfunction during ischemic acute renal
failure. Kidney Int. 2002 Nov;62(5):1539-49.
PMID: 12371954.

27. Sener G, Tugtepe H, Yiksel M, Cetinel S,
Gedik N, Yegen BC. Resveratrol improves
ischemia/reperfusion-induced oxidative
renal injury in rats. Arch Med Res. 2006
Oct;37(7):822-9. PMID: 16971220.

28. Raman RN, Pivetti CD, Ramsamooj R,
Matthews DL, Demos SG, Troppmann
C. Factors influencing rat survival in
a warm renal ischemia model: time
to adapt the protocols. Transpl Proc.
2011 Jun;43(5):1511-4. doi: 10.1016/].
transproceed.2011.01.177.



Acta Cir Bras. 2017;32(2):90-97

The renoprotective effect of oral Tadalafil pretreatment on ischemia/reperfusion injury in rats

Medeiros VFLP et al.

Correspondence:

Aldo Cunha Medeiros
Avenida Nilo Pecanha, 620
59012-300 Natal—RN Brasil
cirurgex.ufrn@gmail.com

Conflict of interest: none
Financial source: CNPq (Grant 4449083/2014-4)

Received: Oct 19, 2016
Review: Dec 18, 2016
Accepted: Jan 20, 2017

'Research  performed at Nucleus of
Experimental Surgery, Department of Surgery,
Universidade Federal do Rio Grande do Norte
(UFRN), Brazil. Part of PhD degree thesis,
Postgraduate Program in Health Sciences.
Tutor: Aldo Cunha Medeiros.

97



