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Abstract The duration of damage to the mucosal barrier
of the urinary bladder after overdistension was investi-
gated in a rat model. Overdistension was induced for 3 h
in 48 female Sprague-Dawley rats by forced diuresis and
balloon obstruction of the bladder neck. In 24 rats
0.5 ml of 2% solution of Trypan blue in 0.9% NaCl
solution was instilled into the bladder for 1 h at 0 h,
24 h, 48 h, 7 days and 21 days after overdistension.
After dyeing, full-thickness samples were taken from the
wall of the bladder dome and body immediately above
the ureteral ori®ces for histological studies. In¯amma-
tory reaction was investigated histologically without
Trypan blue dyeing in 24 rats at 0 h, 24 h, 48 h, 7 days
and 21 days after overdistension. At 0, 24 and 48 h after
overdistension the bladder wall was deep blue through-
out. The dome and body were similar. At 7 days there
was only slight staining of the bladder surface urotheli-
um and subjacent connective tissue, while at 21 days
there was no longer any dye in the bladder wall or
urothelium. Oedema reached its maximum at 48 h, and
large numbers of in¯ammatory cells were seen in the
submucosa at 48 h. These changes had normalized by
7 days. After overdistension urothelial integrity is de-
stroyed for several days, making it possible for di�erent
substances in the urine to penetrate into the bladder
wall. This renders questionable the use of bladder dis-
tension in the treatment of interstitial cystitis, as it may
only increase leakage of the urothelium and accelerate
in¯ammatory reaction in the bladder wall. However, in
the present study of healthy rat bladders the integrity of

the urothelium had recovered to a large extent after
1 week and completely after 3 weeks.
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Introduction

The bladder has both anatomical and biochemical
mechanisms of defence against urine and bacterial ad-
herence. The umbrella cell layer, three to seven cells
thick, has unique tight junctions that in part serve to
reduce the permeability of the urothelium [81]. In addi-
tion, the mucosal surface of the urinary bladder is lined
with a highly anionic glycosaminoglycan (GAG) layer
that has been reported to prevent bacterial adherence
and penetration of substances from the urine across the
mucosal epithelium into the bladder wall [14, 15, 17, 22,
23] . The bladder surface proteoglycans may actually be
the principal mechanism in maintaining the barrier.
Sulphated polysaccharides are negatively charged and
have a high a�nity to bond ionically with water. When
GAG is bound to the bladder surface the water mole-
cules become interposed between bladder surface and
urine [6]. Any mechanism by which the mucosal lining or
surface GAG layer is disturbed may result in both
increased microbial attachment to the bladder wall and
the penetration of urinary solutes into the bladder wall
[13, 20].

A considerable body of evidence has accumulated
to suggest that a defect in the permeability control of the
bladder is an aetiological factor in interstitial cystitis, the
symptom complex resulting from penetration of
the urothelium by urinary solutes [7, 15, 16, 18].

Overdistension of the bladder has been used as a
method for treating urgency [1, 21], bladder instability
[9, 19] and interstitial cystitis [2]. Some patients experi-
ence symptomatic relief following distension [5], pre-
sumably due to damage to sensory [24] or cholinergic
innervation [10]. In any case, a rapid reappearance of the
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symptoms is often observed after initial success with
distension therapy [2, 9].

The colloidal dye Trypan blue can be used as a
marker for defects in the integrity of the mucosal epi-
thelium [12, 13]. The aim of the present work was to
investigate the e�ect of bladder distension on urothelial
permeability of normal rat bladder, focusing especially
on the recovery time of urothelial integrity after damage.

Materials and methods

Animals

Three-month-old female Sprague-Dawley rats (250±315 g) were
used throughout. All animals received water and food ad libitum.

Overdistension

The rats were anaesthetized with pentobarbithal sodium (35 mg/
kg, i.p.) and the bladder was catheterized with a Fogarty (3 Fr)
arterial embolectomy catheter (Baxter, Santa Ana, Calif., USA).
The balloon was ®lled with 0.05 ml water and pulled into the
bladder neck. The rats were then given furosemide, 12 mg/kg i.m.,
and Ringer solution, 12 ml/kg i.p., to induce diuresis and maximal
bladder distension, which was palpated as a hard resistance in the
lower abdomen. After distension for 3 h, the bladders were emptied
(2.5±3 ml; normal cystometric capacity in female rats of similar
body weight is known to be around 0.4 ml [26]) and the rats allowed
to recover. Each rat was then given i.m. cefuroxime, 30 mg/kg, to
prevent infection. Buprenorphine, 0.1±0.3 mg/kg s.c., was given if

the animals seemed to be in pain. They were then watched carefully
to check bladder emptying. Control animals were anaesthetized
similarly but their bladders were not distended.

Samples

Using the same anaesthesia as previously described, 0.5 ml of 2%
solution of Trypan blue in 0.9% NaCl solution was instilled and
left in the bladder for up to 1 h. After 1 h the dye was removed and
the bladders washed with four 0.5 ml saline washes to remove all
unabsorbed dye. Full-thickness samples were taken from the wall
of the bladder dome and posterior corpus immediately above the
ureteral ori®ces of 24 rats at 0 h, 24 h, 48 h, 7 days and 21 days
after distension. The rats were then killed with an overdose of the
same drug. Specimens were ®xed in bu�ered 10% formalin (pH 7),
embedded in para�n and blocks photographed at ´10 magni®ca-
tion. A semiquantitative scoring system was used for Trypan blue
staining of the bladder wall: 0 = negative, 1 = weak, 2 = inter-
mediate, 3 = strong. Similar samples were taken without intrave-
sical Trypan blue instillation from 24 rats for histological studies
with haematoxylin and eosin.

Fig. 1 At 0 h after overdistension. The whole bladder is deep blue.
The peritoneal cavity is also slightly stained in the neighbourhood of
the bladder (arrow)
Fig. 2 At 48 h after overdistension. The bladder wall is deep blue
throughout. The mucosa is marked with an arrow. Trypan blue, ´10
Fig. 3 At 7 days after overdistension. There is still marked staining of
the urothelium, but dyeing of the muscle (arrow) is very mild. Trypan
blue, ´10
Fig. 4 At 21 days after overdistension. There is no discernible
staining in the bladder wall or urothelium (arrow). Trypan blue, ´10
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Principles of Laboratory Animal Care (NIH publication no.
86±23, revised 1985) was followed, as well as speci®c national laws
were applicable.

Results

Mortality during the study was 0. No bladder ruptures
occurred. There was no evidence of the staining of tis-
sues by Trypan blue in any of the control bladders.

There was no di�erence in appearance between sam-
ples from the bladder dome and posterior corpus. Im-
mediately after overdistension there was even slight
staining of the peritoneal cavity in the neighbourhood of
the bladder (Fig. 1). At 0, 24 and 48 h after overdisten-
sion the bladder wall was deep blue throughout (Fig. 2).
At 48 h there was a multifold increase in the number of
in¯ammatory cells in the submucosa (Fig. 5b).

At 7 days after overdistension there was still consid-
erable staining of the bladder surface urothelium and
subjacent connective tissue, but dyeing of the muscle was
very mild (Fig. 3). The number of in¯ammatory cells
had normalized (Fig. 5c). At 21 days after overdisten-
sion there was no longer any evidence of staining of the
bladder wall or urothelium (Fig. 4).

The results of semiquantitative scoring are shown in
Table 1.

Discussion

Previous studies have shown that dye penetration into
and through the bladder wall does not occur until the
mucosal surface is damaged, either by overdistension,
anoxia or acid treatment [13, 25]. We demonstrated
in the present study that overdistension destroyed
urothelial integrity in the urinary bladder for several
days. On the other hand, after acid instillation the mucin
layer has been found to be fully regenerated in 24 h [14].
The di�erence in the recovery times is probably due to a
di�erence in the damage caused by these two manipu-
lations. Acid instillation merely dissolves the mucin layer
but epithelial cells stay undamaged, so reformation of
the GAG layer is very rapid, whereas overdistension not
only destroys the mucin layer but also damages the
urothelial cells and repair time is, therefore, much
longer. In overdistension the urothelial damage is
probably caused partially by mechanical overstretching
of the urothelium, while interruption of capillary per-
fusion for 3 h is presumably another reason for the
damage [11].

In a recent study overdistension was found to cause a
rapid proliferative reaction within the bladder wall [26].
Its initial e�ects occurred within the urothelium and
were already maximal within 16 h, and the later in-
volvement of the subendothelial smooth muscle and
connective tissue was directly proportional to the degree
of bladder overdistension [26]. However, in spite of the
rapid proliferative reaction in the urothelium its integ-
rity was not completely recovered in 1 week, which
suggests either that the damaged cells in the urothelium
were not able to produce su�cient GAG or that other
structures in the bladder wall are necessary for integrity.
These other structures include tight junctions (unique to

Fig. 5 a Control rat. Normal urothelium and submucosa. b At 48 h
after overdistension submucosal oedema, haemorrhages (small arrow-
head ) and an abundance of polymorphonuclear (in¯ammatory) cells
(large arrowheads) are seen. c At 7 days in¯ammatory cells have
disappeared. Urothelial nuclei are slightly granulated (arrowhead),
probably due to increased metabolic activity. Haematoxylin and
eosin, ´400
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the bladder epithelium) and ion pumps, which have
previously been perceived as the primary mechanism by
which the transitional cells remain impermeable [3].
Obviously the mucin layer is highly susceptible to inju-
ries because even catheterization induced a proliferative
reaction [26].

The long-lasting destruction of urothelial integrity
following overdistension makes it possible for di�erent
toxic waste products of metabolism in the urine to
penetrate the mucosa into the wall. When the barrier
between the bladder wall and urine is damaged it no
longer prevents the adherence of bacteria, crystals,
proteins and ions to the bladder wall. Evidences accu-
mulating that a leaky urothelium is an aetiological
factor underlying in¯ammatory conditions in the
bladder in patients su�ering from interstitial cystitis [7,
15, 16, 18]. Therefore, although bladder distension has
been used as a method for treating an unstable bladder
and interstitial cystitis [1, 2] and may produce some
relief of symptoms via a mechanical increase in bladder
capacity and temporary damage to the innervation of
the bladder wall, there is a potential to increase the
penetration of irritative substances into the bladder
that might adversely a�ect the bladder function and
in¯ammatory reaction at a later time. Also in the
present study an in¯ammatory reaction was found,
reaching a maximum 48 h after overdistension. How-
ever, in these healthy bladders it had completely dis-
appeared after 1 week.

The induction of mucosal damage could perhaps be
avoided, and ¯uid in®ltration into the wall of the urinary
bladder prevented, if the bladder is ®lled neither too
rapidly nor to a high pressure during distension therapy
[25]. Also anionic polyelectrolytes such as heparin and
pentosanpolysulphate have been found to bind to the
areas of focal damage and thus restore resistance of the
mucosa to bacterial adherence when instilled intraves-
ically [4, 22, 23], and further to prevent dye penetration
following acute overdistension. However, heparin is not
able to eliminate dye penetration completely but only
reduces it after acetone treatment [13, 25].

In conclusion, overdistension of the urinary bladder
destroys urothelial integrity for up to 1 week, which
makes it possible for di�erent substances in the urine to

penetrate into the wall. It is thus possible that overdis-
tension in patients with interstitial cystitis may further
damage the leaking urothelium and even accelerate the
in¯ammatory reaction, rendering this therapy even
harmful. However, healthy bladders have an excellent
ability to recover, so that the mucosal barrier was mostly
recovered within 1 week, and 3 weeks after distension it
was intact. Further studies are needed to investigate in
more detail the volume-damage relationship of the wall
of the urinary bladder.
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