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Positive outcomes of phosphodiesterase type 
5 inhibitor on histopathologic and biochemical 
changes induced by ureteral obstruction
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SUMMARY
OBJECTIVES: We examined the effects of tadalafil, one of the phosphodiesterase type 5 (PDE5) inhibitors, in a rat model of with partial 
and complete unilateral ureteral obstruction (UUO).
METHODS: The rats were divided into 5 groups: sham (n=6), partial unilateral ureteral obstruction (PUUO, n=6), PUUO with tadalafil 
treatment (PUUO+T; Cialis, 10 mg/72 h, intragastric; Lilly, Indianapolis, Indiana, USA), complete unilateral ureteral obstruction (CUUO, 
n=6), and CUUO with tadalafil treatment (CUUO+T). 
RESULTS: Fifteen days after the UUO, the ureter presented changes in the layers of urothelium and significant infiltration of inflamma-
tory cells in the PUUO and CUUO groups. Compared with the sham, PUUO and CUUO groups had severe increased inflammatory 
cell infiltration. The urothelial epithelium exhibited cell degeneration and loss because of the swollen, atrophic, and denuded epithelial 
cells in the PUUO and CUUO groups. In the PUUO+T and CUUO+T groups, the urothelium revealed less epithelial cell degeneration 
and loss.
The expressions of α-smooth muscle actin (α-SMA) and transforming growth factor-β (TGF-β) exhibited up-regulation in the 
PUUO and CUUO groups. The expression of TGF-β decreased positively correlated with that of α-SMA in the tadalafil therapy groups, 
PUUO+T and CUUO+T.
CONCLUSION: The phosphodiesterase type 5 inhibitor’s tadalafil reduced expressions of α-SMA and TGF-β in the obstructed ureters, 
measured by biochemical examinations. In addition, tadalafil decreased urothelium degeneration due to the decreased epithelial cell 
loss and inflammatory cell infiltration. Our results show that tadalafil prevents or slows down the onset of ureter inflammation and 
urothelial degeneration in rats with UUO.
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PDE5 inhibitors in a rat model of partial and com-
plete unilateral ureteral obstruction in the ureter. 
The histopathologic and biochemical changes in ob-
structed ureters were determined using Hematoxy-
line and Eosin staining and tissue analysis of α-SMA 
and TGF-β in Sprague-Dawley rats. 

METHODS 

The study comprised male Sprague-Dawley rats 
(body weight 250-300 g). All experimental protocols 
followed the principles of the Declaration of Helsinki 
and received full approval from the Animal Ethical 
Committee of the Ordu University, Turkey. 

The rats were divided into five groups, sham-op-
erated (n=6); partial unilateral ureteral obstruction 
(PUUO, n=6); and PUUO with tadalafil treatment 
(PUUO+T; Cialis, 10 mg/72 h, intragastric; Lilly, Indi-
anapolis, Indiana, USA); complete unilateral ureteral 
obstruction (CUUO, n=6); and CUUO with tadalafil 
treatment (CUUO+T).

The unilateral ligation of the left ureters was 
performed in the ureteral obstruction groups, as 
described previously 1. Briefly, under general anes-
thesia (ketamine, 50 mg/kg, im), laparotomy was 
performed on the ureter. The PUUO and PUUO+T 
groups were then received a 24-gauge intravenous 
catheter into the proximal ureter, and the ureter and 
catheter around the ureter were connected using a 
4-0 silk suture. The remainder ureters were subse-
quently narrowed by placing a ligature over the cath-
eter. After partial ureteral obstruction, the abdomi-
nal incision was closed. In the CUUO and CUUO+T 
groups, the left ureter was ligated with silk at two 
points and cut between the ligatures. After ureteric 
ligation, the surgical incision was closed.

The sham rats underwent the same procedure, 
except that the left ureters were not ligated.  The rats 
were killed for examination 15 days after the ligation. 
The ureters were removed and divided; some por-
tions were stored at -80 °C for tissue analysis, while 
others were fixed in 4% paraformaldehyde. Following 
fixation, the tissues were embedded in paraffin, and 
about 5 μm sections were cut for histopathologic ex-
aminations.

HISTOPATHOLOGIC EXAMINATION

The proximal portion of the ureter was prepared 
for light microscopy by staining with hematoxylin 

INTRODUCTION

Ureteric obstruction, one of the most common 
diseases in the urinary tract, can lead to obstructive 
uropathy 1. During ureteric obstruction, the dilated 
ureter presents hypertrophy of the ureteric smooth 
muscle and proliferation of connective tissues 2, 3. 

UUO, a commonly used experimental model of 
chronic kidney injury is characterized by tubular 
atrophy, inflammation, and interstitial fibrosis4,5. 
Unilateral ureteral obstruction causes significant 
tubulointerstitial fibrosis in the kidney. Ureteric ob-
struction, both complete and incomplete, can lead to 
severe ureteric injury1. Nevertheless, the degenera-
tion, proliferation, and regeneration of the uretheli-
al layer in the obstructed ureters have not been well 
documented and fully understood6.

Renal fibrosis is a common feature of various 
kidney diseases leading to end-stage renal failure7. 
Epithelial-to-mesenchymal transition contributes to 
renal fibrosis in chronic kidney disease8. Transform-
ing growth factor-β (TGF-β), one of the profibrotic 
growth factors produced by epithelial cells and mac-
rophages, plays a crucial role in the pathogenesis of 
tissue fibrosis9,10.

The myofibroblasts are major contributors to the 
increased extracellular matrix deposition seen in 
kidney fibrosis11. Fibrosis is characterized by the ac-
cumulation of myofibroblasts defined by the expres-
sion of α-smooth muscle actin (α-SMA). Fibroblast 
differentiation to the myofibroblast phenotype is as-
sociated with α-SMA expression and regulated by cy-
tokines. The TGF-β can stimulate and inhibit myofi-
broblast differentiation 12. Many studies demonstrate 
that renal tubular cells can be converted to myofi-
broblasts during epithelial-mesenchymal transition 
stimulated by TGF-β13. The TGF-β promoted α-SMA 
expression or myofibroblast differentiation12.

Tadalafil is one of the most commonly used phos-
phodiesterase type 5 (PDE5) inhibitors 14. It has a 
markedly different molecular structure than sildenafil 
and vardenafil, and these structural differences have 
implications for the selectivity and pharmacokinetics 
of the three PDE5 inhibitors 15. In 2011, the first ex-
perimental study to use tadalafil in the kidney during 
ischemia was published, with a finding of a decrease in 
leukocyte infiltration in animals that used this medica-
tion 16. However, the effect of tadalafil on inflamma-
tion and the urothelial layer in the ureter has not been 
studied.

We examined the effects of tadalafil one from 
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FIGURE 1: Photomicrographs of the urothelium and lamina 
propria layer from groups showing: A. The normal transitional 
epithelium and the lamina propria of the ureter in the sham 
group. B. In the PUUO group, there is an apparent increase in 
the layers of the epithelium with intraepithelial inflammatory 
cells. In the PUUO group, there is an apparent increase espe-
cially in the basal layer-superficial cells with high eosinophilia 
of the epithelium. C. In the CUUO group, spaces of sloughed 
and denuded epithelial cells. Notice the marked increase in 
the inflammatory cell mass in the lumen (asterisk). D. and 
E. PUUO+T and CUUO+T groups had decreased urethelial 
degeneration and inflammation. H&E x400.  

and eosin (H&E) for morphological evaluations. 
The loss of epithelial cells was assessed by the 

total number of urothelial nuclei in a selected field 
(magnification x400). The mean value was calculated 
from randomly 2 selected fields per ureter  in the 6 
animals for each group 17.

The ureter sections were acquired systemati-
cally and sampled randomly. They were scored de-

pending on the quantity of the inflammatory cell in-
filtration as follows: score 0: no cells; score 1: a few 
cells; score 2: many cells; and score 3: many cells in 
the in the ureter 18.

Finally, images of the stained sections were cap-
tured with a Leica DFC295 HD color digital camera 
mounted on a Leica DM2500 microscope and stored 
as Tagged Image File Format images. 
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FIGURE 2: A. Tissue analysis of α 
–smooth muscle (α-SMA) and  B. 
Transforming growth factor-β (TGF-β) 
expressions in ureters using ELISA. 
The α-SMA and TGF-β expression 
levels were up-regulated in the PUUO 
and CUUO groups; however, they 
were down-regulated in the PUUO+T 
and CUUO+T groups ( * P < 0.0001 
versus control).

BIOCHEMICAL EXAMINATIONS

Tissue analyzes of α-SMA and TGF-β were per-
formed in the ureter tissue homogenates (Witeg 
Labortechnik GmgH, WiseTis HG-15D Homogeniz-
er). After two freeze-thaw cycles, the homogenates 
were centrifuged for 5 minutes at 5000 g (2-8 °C). 
In the supernates, α-SMA and TGF-β levels were 
assayed using appropriate enzyme-linked immuno-
sorbent assay (ELISA) kits (Cusabio CSB-E14027r 
and Boster EK0514, respectively). The analyses were 
performed according to the product instruction and 
read using an absorbance microplate reader (BioTek, 
ELx800). The concentration of total proteins in the 
homogenates was determined by the Bradford meth-
od using Coomassie reagent (Thermo scientific; 
23200) and bovine serum albumin as standard. 

Statistics
Data were expressed as mean ± standard error 

of the mean (SEM) and analyzed using analysis of 
variance (ANOVA) for comparison among multiple 
groups using the Tukey post-test analysis for com-
parison and KaleidaGraph 4.0 software. All p-values 

lower than 0.05 were considered to be statistically 
significant. 

RESULTS

The histopathologic examination using H&E 
staining showed normal urothelium and lamina 
propria layer in the ureters of the sham group. The 
urothelium of the ureter was histologically normal 
in the sham group. The normal ureter was lined by 
three to four cells deep transitional epithelium and 
no inflammatory cell infiltration (score 0, Figure 1A).

The PUUO group exhibited inflammatory cell 
infiltration (score 2), severe epithelial atrophy, and 
swelling of the epithelial cells. In the PUUO group, 
the epithelium was thickened and lined by three to 
eight-layered cells (P < 0.0001). In the PUUO group, 
vacuoles appeared in the squamous epithelial cells 
(Figure 1B).

In the CUUO group, the urothelium was partially 
or completely denuded with a loss of epithelial cells. 
The epithelial cells had irregularly shaped and dark-
ly stained pyknotic nuclei. In the CUUO group, the 
epithelium became thinner, down to 2-4 layers (P < 
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0.0001), and the cells were exposed to the ureteral 
lumen. The CUUO group exhibited epithelial hem-
orrhage as well as infiltration of inflammatory cells 
(score 3) into the urothelium and lamina propria lay-
er. The urothelium, interstitial spaces, and ureteral 
lumen were filled with large macrophages (Figure 1C). 

The PUUO+T group exhibited attenuated inflam-
matory cell infiltration (score 1) and less swelling of 
the epithelial cells compared with the PUUO group (P 
< 0.0001, Figure 1D). The inflammation was higher 
in the CUUO+T group than in the PUUO+T group. In 
the CUUO+T group, the inflammation was less sig-
nificant than the CUUO group ((score 2, Figure 1D).

The PUUO and CUUO groups exhibited up-regula-
tion of α-SMA and TGF-β (P < 0.0001). The PUUO+T 
and CUUO+T groups exhibited down-regulation of 
α-SMA and TGF-β (P < 0.0001). There was no sig-
nificant difference between the expressions of the 
α-SMA and TGF-β in the control, PUUO+T and CU-
UO+T groups (Figure 2A and B).

DISCUSSION

Ureteric obstruction is one of the most common 
problems faced by urologists 19,20. Ureteric obstruc-
tion, both complete and partial, can lead to severe 
ureteric injury 1.. Ureteric obstruction causes ureter-
ic injury as well as renal hemodynamic and metabolic 
changes, leading to tubular injury and renal inflam-
mation, characterized by macrophage infiltration. 
Infiltration of macrophages, causing a release of cy-
tokines to induce tubular cell apoptosis, activate and 
increase proliferation of fibroblasts 5,21. Upon recruit-
ment and activation, macrophages produce various 
pro-inflammatory cytokines, such as TGF-β, which 
in turn promote expression of adhesion molecules 
and contribute to further recruitment of circulating 
inflammatory cells 21,22. The present study demon-
strated that there was an increase in inflammatory 
cell infiltration and degenerative changes of epitheli-
al cells in the obstructed ureters. These results agree 
with the clinical changes during hydroureter 23 and 
those of other animal studies 2,3.

Several studies have shown that TGF-β stimulates 
α-SMA expression and tissue fibrosis in both exper-
imental and human kidney disease. The blocking of 
TGF-β protects mice with diabetes from renal dys-
function, especially glomerular hypertrophy and fi-
brosis 9,24. In the present study, the tadalafil therapy 
groups exhibited decreased inflammatory cell infil-
tration in the ureters. Our results also indicate that  
partial and complete unilateral ureteral obstruction 
led to a marked the up-regulation of α-SMA and 
TGF-β, whereas the tadalafil treatment moderately 
improved these effects in the ureters. 

The first experimental study with tadalafil in isch-
emia was performed in cardiomyocytes 25, in which the 
use of tadalafil prior to coronary occlusion in rats led to 
improved endothelial function and decreased ischemic 
area in myocardial infarction. Several clinical studies 
have shown favorable safety and efficacy profiles of 
tadalafil for men with erectile dysfunction and diabetes 
26, hypertension, or heart disease 27,28. The present study 
showed that tadalafil therapy decreases atrophy, vacu-
oles, swelling, and pyknotic nuclei in epithelial cells.

CONCLUSIONS

Our results suggest that tadalafil merits further 
exploration as a therapeutic agent in the prevention 
and treatment of ureteral obstruction disease. T ame-
liorate by the tadalafil, one of the PDE5 inhibitors, 
can have positive outcomes on ureteral obstruction. 
More investigation needs to be carried out, but the 
early evidence is promising for different doses and 
combination therapy.
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RESUMO

OBJETIVOS: Examinamos os efeitos do tadalafil em um dos inibidores da fosfodiesterase tipo 5 (PDE5) em um modelo de rato com 
obstrução ureteral unilateral parcial e completa (UUO).

MÉTODOS: Os ratos foram divididos em cinco grupos: sham (n = 6), obstrução ureteral unilateral parcial (PUUO, n = 6), PUUO com 
tadalafil (PUUO T; Cialis, 10 mg/72 h, intragástrica; Lilly, Indianapolis, Indiana, EUA), completa obstrução ureteral unilateral (CUUO, 
n = 6) e CUUO com tratamento com tadalafil (CUUO T).
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