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Chronic partial urethral obstruction in female rats. Description of an experimental
model and initial results1
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ABSTRACT
PURPOSE: To develop an experimental model of infravesical urinary obstruction in female rats.
METHODS: After median caudal laparotomy, the urethra of 14 female rats was delicately separated from the vagina and loosely
wrapped with cellophane tape measuring 0.4 x 1.0 cm. The animals were evaluated 4 (n=7) and 8 (n=7) weeks later. Five additional
control animals were only subjected to separation of the urethra and vagina and monitored for 12 weeks.
RESULTS: After four weeks, three rats presented vesical dilation associated with discrete ureteral ectasis in 2 animals, with the third
presenting discrete hydronephrosis in one kidney. After eight weeks, five rats (71.4%) presented vesical distension with bilateral
ureterohydronephrosis. No significant changes (p>0.05) in serum urea or creatinine occurred in any group compared to preoperative
values.
CONCLUSION: We present here an inexpensive and simple method for the slow induction of urethral obstruction in adult female rats,
with the development of progressive vesical hypertrophy and ureterohydronephrosis, which may be used as an experimental model for
the study of different aspects of obstructive nephropathy.
Key words: Urethral Obstruction. Urinary Bladder. Rats.

RESUMO
OBJETIVO: Desenvolver modelo experimental de obstrução urinária infravesical em ratas.
MÉTODOS: Após laparotomia caudal mediana, as uretras de 14 ratas foram delicadamente separadas da vagina e frouxamente envoltas
com fita de celofane medindo 0.4 x 1.0 cm. Os animais foram avaliados 4 (n=7) e 8 (n=7) semanas depois. Cinco animais adicionais
(controle) foram submetidos apenas à separação da uretra e da vagina e monitoradas por 12 semanas.
RESULTADOS: Após quatro semanas, três ratas apresentaram dilatação vesical associada a discreta ectasia ureteral em 2 animais,
com o terceiro apresentando discreta hidronefrose em um rim. Após oito semanas, cinco ratas (71.4%) apresentaram distensão vesical
com ureterohidronefrose bilateral. Não ocorreram alterações significativas (p>0.05) nos valores de uréia ou creatinina em qualquer
grupo, comparado com valores pré-operatórios.
CONCLUSÃO: Apresentamos aqui um método barato e simples para a indução lenta de obstrução uretral em ratas adultas, com
desenvolvimento progressivo de hipertrofia vesical e ureterohidronefrose, podendo ser utilizado como modelo experimental para
estudo de diferentes aspectos da nefropatia obstrutiva.
Descritores: Obstrução Uretral. Bexiga Urinária. Ratos.
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Introduction

Infravesical obstruction implies numerous functional
changes in the middle and upper urinary tract, eventually reaching
chronic renal insufficiency as an extreme result. Thus, animal
models of urine flow obstruction provide the opportunity to study
the most varied aspects of this clinical condition so frequently
occurring in humans. In addition to changes in the renal
parenchyma, there are also functional changes in the bladder
secondary to muscle hypertrophy, such as vesical hyperactivity1,2.
Most experimental models of urethral obstruction are conditioned
to partial urethra ligation in adult animals or to the positioning of
a periurethral ring3.

We present here the initial results of an experimental
model of chronic infravesical obstruction using adult animals.

Methods

Nineteen female Wistar rats weighing 270 to 310 g were
used. The animals were provided by the Animal House of the
Faculty of Medicine of Ribeirão Preto, University of São Paulo.

The procedures were carried out under general anesthesia
induced with a combination of Ketamine® and Xylazine®
administered by the intramuscular route. After shaving and
antisepsis of the abdominal skin with an iodine solution, caudal
medial laparotomy measuring about 2 cm in length was performed
for exposure of the bladder and urethra. Using a microsurgery
forceps, the urethra and vagina were delicately separated for an
extension of 5 to 7 mm. In 14 animals the urethra was loosely
wrapped with cellophane tape measuring 0.4 cm in width and 1.0
cm in length, kept in place with a single non-absorbable
monofilament suture transfixing only its extremities (Figure 1).
The incision was closed on two planes and the animals were kept
in cages with free access to water and ration.

The animals that received the periurethral cellophane tape
were divided into two groups of 7 animals each which differed in
terms of the length of postoperative observation (group A – 4
weeks; group B – 8 weeks).  The remaining five animals, only
submitted to separation of the urethra from the vagina, were used
as controls and kept in cages for a period of 12 weeks.

Blood samples were obtained from all animals for the
determination of serum urea and creatinine preoperatively and at
the time of sacrifice. At the end of the observation period the
animals were again anesthetized and the urinary tract was examined
for macroscopic changes, with kidney, ureters, bladder and urethra
being removed en bloc. Fragments of the vesical wall were stained
with hematoxylin-eosin for analysis by light microscopy.

Serum urea and creatinine values were analyzed
statistically by the Kruskal-Wallis test.

Results

All animals survived the initial procedure. In group A,
evaluated after four weeks of follow-up, three rats showed vesical
dilation associated with discrete ureteral ectasis in two and with
discrete hydronephrosis in one renal unit. The other animals
showed no changes in the urinary tract. In group B, evaluated eight
weeks after surgery, five rats (71.4%) showed vesical distension
with ureterohydronephrosis. Vesical distension was easily
visualized at inspection before the opening of the abdominal cavity
(Figure 2).

FIGURE 1 – cellophane tape loosely fixed around the urethra.

FIGURE 2 – Bladder distension after 8 weeks.

After en bloc removal of the urinary tract, the anterior
wall of the bladder was opened and a polyethylene catheter was
introduced through the bladder neck and easily exteriorized through
the urethra, revealing urethral permeability despite the local
obstructive process (Figure 3). Control animals evaluated 12 weeks
after surgery showed no macroscopic anatomical changes in the
urinary tract. There were no significant changes (p>0.05) in serum
urea or creatinine values in any of the three groups compared to
preoperative values (Table 1).
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The histological study confirmed the presence of detrusor
hypertrophy.

FIGURE 3 – Ureterohydronephrosis and bladder distension after 8 weeks.

TABLE 1 – Mean serum urea and creatinine values in the different
groups.

Preoperative urea (mg/%) creatinine (mg/%) 

Control 48.5 0.55 

Group A 54.9 0.54 

Group B 55.5 0.68 

Postoperative urea (mg%) creatinine (mg%) 

Control 49.5 0.57 

Group A 53.2 0.55 

Group B 54.1 0.58 

Discussion

Cellophane has been reported to be able to induce an
inflammatory process causing intense local connective tissue
deposition. This has led to the creation of an experimental model
of arterial hypertension in which the kidney is fully wrapped with
this material4,5. In another study, the use of a cellophane tape loosely
wrapping the ureter caused a progressive development of
experimental hydronephrosis with signs and symptoms similar to
those of ureteropyelic junction stenosis6,7.

In the present study, 74.1% of the animals showed
macroscopic evidence of urinary flow obstruction characterized
by vesical distension and ureterohydronephrosis, although without
changes in serum urea or creatinine levels during the postoperative
follow-up of 8 weeks. This last fact was probably due to the short
period of observation.

Detrusor hypertrophy was clearly visible by macroscopic
observation and could be quantified and properly studied by
histological analysis (not shown here). Because of the
characteristics of the method, the degree of urethral obstruction
may vary in each animal, possibly resulting in detrusor hypertrophy
and hydronephrosis of different intensities for the same period of
observation. This should not be an obstacle to the use of this
technique in experimental studies since other methods also do not
always permit a proportional obstruction. However, to bypass this
situation, a catheter could be place externally to the urethra just at
the time of fixation of the cellophane band.

Particularly important was the intensity of the local
inflammatory process, with deposition of connective tissue causing
urethral obstruction. However the periurethral tape can be removed
if proper caution is used. The inflammatory process leads to
extrinsic compression of the urethra but permits passage of the
catheter through its lumen. The macroscopic data obtained for the
control group support the importance of the inflammatory process
as a cause of obstruction since simple separation between the
urethra and vagina did not cause macroscopic changes in the
urinary tract or changes in serum urea and creatinine even after a
longer period of postoperative follow-up.

Despite the intensity of vesical distension observed in
some animals, spontaeous micturition episodes still occurred in
these animals.

Finally this method showed positive results only when
applied to females, whereas it was not possible to promote
obstruction in males.

Conclusion

We have presented here a very inexpensive and simple
model of slow and progressive urethral obstruction in adult female
rats with development of progressive vesical hypertrophy and
ureterohydronephrosis, which may serve as an experimental model
for the study of different aspects of obstructive nephropathy.
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