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Abstract The use of bowel segments for bladder
augmentation has been associated with metabolic
complications, infections, stones, and cancer at the
vesicoenteric anastomosis. The establishment of a tran-
sitional epithelium over the de-epithelialized surface of a
segment of intestine might alleviate these complications.
In this study, chemical de-epithelialization and uro-
thelial re-epithelialization were attempted using silver
nitrate (AgNOs3) solutions at different concentrations.
Augmentation cystoplasty was performed in 55 female
Swiss-Albino rats using a 1.5-cm detubularized segment
of sigmoid. Forty-one rats survived and were killed 12
weeks postoperatively. There were four groups, includ-
ing one group of eight rats that underwent augmentation
alone (group 1, control), while the other three groups
were treated with 1 g/100 ml (11 rats), 5 g/100 ml (10
rats), and 10 g/100 ml (12 rats) AgNO; solutions,
respectively, before augmentation. Histopathological
analysis demonstrated almost complete de-epithelializa-
tion and urothelialization of the sigmoid segment treated
with 10 g/100 ml AgNOj; solution, which did not occur
in the other groups. Postoperative bladder capacities
were increased in all groups. There was no obvious
histological difference in the level of collagen deposition
and/or fibrosis in the augmented tissues in any of the
experimental groups. We conclude that 10 g/100 ml
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AgNOs solution can be successfully used for chemical
de-epithelialization and urothelial re-epithelialization of
augmented intestinal segments, and are worthy of fur-
ther investigation.
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Introduction

The detection of various risks and multiple short- and
long-term complications resulting from the use of gas-
trointestinal segments for augmentation, substitution or
replacement of the urinary bladder [1, 2, 7, 8, 18, 20, 28]
gave rise to alternative approaches. Removal of the
bowel mucosa has been advocated. The most frequently
used approach has been the mechanical stripping of the
mucosa, leaving the underlying structures to be repop-
ulated with transitional epithelium migrating from the
adjacent bladder [3, 5, 21, 24, 26, 27]. However, retrac-
tion and fibrosis of the intestinal segment may occur
with little or no increase in bladder capacity [3-5, 9, 19,
21, 26]. Furthermore, if the mucosa is not entirely re-
moved, the segment re-epithelializes with normal intes-
tinal mucosa. In an effort to overcome the complications
associated with this method, some authors described
successful results with the use of photodynamic therapy
and protamine sulfate and urea solution to de-epitheli-
alize an intestinal segment before augmentation [10, 22].

Silver nitrate (AgINOs3) is a widely used substance and
has been applied topically for cauterizing bleeding and
healing wounds. Inorganic silver salts in solution are
strongly bactericidal [16, 29, 30]. Silver ions precipitate
protein and give rise silver-dependent cell loss [12]. The
inhibitory action on deoxyribonucleic acid (DNA) syn-
thesis is the primary event in AgNOj; cytotoxicity and is
associated with a significant loss of cell protein. A con-
centration- and time-dependent depletion of intracellu-
lar adenosine triphosphate (ATP) content is also caused
by ionic silver [12]. Taking the cytodestructive effects of
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silver ions into consideration, it would be possible to de-
epithelialize the segment of sigmoid prior to augmenta-
tion cystoplasty, and this may promote epithelialization
of the augmented intestinal segment by transitional ep-
ithelium. In this study, chemical de-epithelialization and
urothelial re-epithelialization of the bowel segment for
bladder augmentation were attempted using AgNO;
solutions at different concentrations. Success with this
procedure could theoretically have implications for
human surgery.

Materials and methods

Fifty-five female Swiss-Albino rats weighing between 195 and 210 g
were used in this study. Fourteen rats died in the first postoperative
week secondary to surgery-related causes. The remaining 41 rats
were divided into one control group and three treatment groups.
The control group, comprising eight rats (2 of the 10 died), un-
derwent augmentation alone (group 1, control). The first treatment
group of 11 rats (4 of the 15 died) underwent bladder augmentation
after the application of 1 g/100 ml AgNO; solution (group 2); the
second treatment group of 10 rats (5 of the 15 died) underwent
augmentation after the application of 5 g/100 ml AgNO; solution
(group 3); and the third treatment group of 12 rats (3 of the 15
died) underwent augmentation after the application of 10 g/100 ml
AgNOj; solution (group 4).

All of the animals were anesthetized with ketamine before the
operation. A lower midline incision was used in all cases. The
bladder was opened in the sagittal plane. A 1.5-cm segment of
sigmoid colon was isolated, keeping its mesentery intact. The in-
testinal continuity was re-established by an end-to-end anastomosis
with a single layer running suture of 6-zero polyglactin. The iso-
lated segment was detubularized by an incision in its antimesenteric
border. The patch was anastomosed to the bladder with a single
layer running suture of 6-zero polyglactin. In the treatment groups,
AgNO; solution was applied to the patch surface using a soaked
microtampon for 1 min. Following application of the AgNO; so-
lution, the patch surface was irrigated with saline and wiped before
augmentation.

The preoperative bladder capacity and end-filling pressures
were measured in each group of animals. At the 12th week of the
experiment all of the animals were killed under anesthesia. Before
death, the bladder capacity and end-filling pressures were measured
again under ketamine anesthesia. A needle (20 gauge) was inserted
into the bladder to facilitate these measurements. Complete filling
and bladder capacity were defined as notification of an initial drop
of urine from the urethra. Bladder capacity and end-filling pressure
were measured with a water manometer connected to the needle.

For the histological examination, augmented bladders were
carefully removed and fixed in 10% formalin. Portions of the
specimen, including the transitional zone between the graft and
bladder, random areas of the graft, and a cross-section of the
vascular pedicle, were embedded in paraffin. The resulting paraffin
blocks were sectioned (5 pm) and the slides stained with hemat-
oxylin and eosin (H&E), periodic acid-Schiff (PAS), and Masson’s
trichrome stain. Each slide was reviewed by the study pathologist

(HIO) for the following: (1) intestinal de-epithelialization and mi-
gration of the urothelium; (2) presence or absence of remaining
mucous glands; (3) thickness of epithelium by number of cell layers;
and 4) presence or absence of fibrous scar tissue. A semiquantita-
tive analysis for collagen deposition was done by staining
full-thickness sections of both the control and the treatment rat
specimens with Masson’s trichrome stain. A grading scale was
established from 0 to 3+, as presented in Table 1.

Results

The pre- and postoperative bladder capacity and end-
filling pressure levels are summarized in Table 2. The
increase in bladder capacity was statistically significant
in all groups. No statistically significant differences were
observed in end-filling pressure measurements in any of
the rat groups. At the end of the 12-week experimental
period, the augmented segment of the intestine indicated
that varying degrees of de-epithelialization occurred in
the treatment groups (Table 3). There was no de-epi-
thelialization and transitional epithelialization in group
2 rats. Group 3 rats indicated some degree of de-epi-
thelialization, ranging from a minimum of approxi-
mately 30% to a maximum of 70% (mean = 45%).
Almost complete de-epithelialization and urothelializa-
tion were observed in the rats treated with 10 g/100 ml
AgNO; solution (Fig. 1). Microscopical foci of residual
colonic epithelia representing less than 5% of the graft
surface area were identified in only 3 of the 11 animals in
group 4. Collagen deposition (fibrosis) was minimal in
all groups (Masson’s trichrome stain) with no apparent
differences between the groups (Fig. 2; Table 3). Aug-
mented segments stained positively with PAS (indicating
the presence of a well-defined mucus coating as well as a
normal number of goblet cells) completely in group 1
and 2 rats, partially in group 3 rats (Fig. 3), but not in
group 4 rats. All augmented sigmoid segments were in-
flamed. Inflammatory cells were mostly lymphocytes
and plasmacytes, and these were distributed throughout

Table 1 A grading scale for collagen deposition

Criterion Score

None 0

Submucosal collagen at least twice the 1+
thickness of the muscularis mucosa

Submucosal collagen more than twice 2+

the thickness of the muscularis mucosa
Collagen deposition around the smooth muscle fibers 3+

Table 2 Bladder capacity and
end-filling pressure values pre-

Bladder capacity (ml)

End-filling pressure (cm/H,0)

and postoperatively in each

group of rats (mean + standard Preoperation Postoperation Preoperation Postoperation

deviation) Group 1 24 £ 02 3.5 402 145 + 1.4 154 + 1.4
Group 2 2.3 + 0.15 33 + 0.15 14.1 £ 1.1 149 + 1.1
Group 3 23 £ 0.1 34 + 0.1 139 £ 1.2 149 £ 1.2
Group 4 24 + 0.15 34 + 0.15 141 £ 1.6 152 £ 0.8
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Table 3 Histological findings for each group of rats. PAS periodic acid-Schiff

Group 1 Group 2 Group 3 Group 4
De-epithelialization - - 30-70% (mean = 45%) 95-100% (mean = 98%)
Migration of urothelium - - 30-70% 95-100%
Collagen deposition 0.875 £ 0.35 0.833 + 0.54 1 + 047 1.083 + 0.51
(Masson’s trichrome stain)
Mucous glands (PAS) + + —/+ -

Fig. 1 A section of the sigmoid patch of a group 3 rat demonstrates
complete transitional cell epithelialization of the mucosa with no
microscopical foci of residual mucosa. H&E, x40

Fig. 2 A section of the sigmoid patch of a group 3 rat demonstrates
complete urothelialization of the mucosa and minimal collagen
deposition in the submucosa. Masson’s trichrome stain, x40

the mucosal and submucosal tissue of the augmented
intestine. The mean thickness of the proliferating tran-
sitional epithelium ranged between three and four cells
over the submucosa. In the normal portions of the
bladder, the mucosa was six to seven cell layers thick.

In summary, chemical de-epithelialization and ur-
othelialization of the augmented intestine with the use of
10 g/100 ml AgNOj; solution preserved the underlying
bowel structure such that pseudovilli covered with
transitional epithelium were observed.

Fig. 3 A section of the sigmoid patch of a group B rat demonstrates
incomplete transitional cell epithelialization of the mucosa with PAS
(+) mucin-secreting cells. PAS, x10

Discussion

Bowel segments proved to be a very useful source for the
reconstruction of the urinary tract in the management of
various problems [11, 25]. Almost all parts of the in-
testinal system have been successfully incorporated into
the urinary tract for purposes of urinary diversion,
bladder augmentation or substitution in the damaged
urinary structure [6]. Despite the successful use of bowel
segments for bladder augmentation many complications
have been reported. Metabolic complications are among
the most important of these undesired effects, mainly as
a result of a functional enteric epithelium that is capable
of normal absorptive and secretary activities. Mucus
production, chronic bacteriuria, infection, stone forma-
tion, perforation, and malignant transformation at the
vesicoenteric anastomosis are some of the major draw-
backs of these surgical procedures [1, 2, 7, 8, 18, 20,
23, 28].

To obviate these problems, removal of the bowel
mucosa has been advocated [3-5, 9, 19, 21, 24, 26, 27].
The rationale behind this approach is that repopulation
of the augmented bladder with transitional cells will
provide a more physiological lining and, thus, fewer
electrolyte abnormalities and decreased mucin produc-
tion. The most frequently used approach has been the
mechanical stripping of the mucosa, leaving the under-
lying structures to be repopulated with transitional epi-
thelium migrating from the adjacent bladder. However,
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in animal models, surgical de-epithelialization results in
retraction and fibrosis of the intestinal segment with little
or no increase in bladder capacity [3-5, 19, 21, 26]. Some
authors think that removing the bowel epithelium chem-
ically or enzymatically would prevent mechanical trauma
and possible ischamia, which is purposed to be responsi-
ble for any subsequent fibrosis when the mucosa is phys-
ically stripped. Recently, cytodestruction of the bladder
epithelium and large intestine epithelium using protamine
sulfate and urea has been reported. Although the initial
effort to achieve intestinal de-epithelialization by
chemical means was encouraging, the intestinal mucosa
was associated with urothelial cells in this study [22].

Silver is one of several chemical agents currently being
used as a local antiseptic in daily clinical practice. Silver
ions precipitate protein and also interfere with essential
metabolic activities of microbial cells. Inorganic silver
salts in solution are strongly bactericidal. It has been
shown that silver salts exert an inhibitory effect on pro-
liferation and differentiation of several cell lines: bone
marrow cells and keratinocytes [13], hepatocytes [17],
lymphocytes, and leukocytes [14, 15]. After 24 h of
exposure to AgNOs, all assayed antiseptic concentrations
markedly affected DNA synthesis, thereby demonstrat-
ing that this is a major cytotoxic mechanism [12]. Another
pathway by which silver ions may cause cell injury is
through mitochondrial dysfunction, which leads to inhi-
bition of ATP synthesis. Silver ions result in intracellular
ATP depletion of fibroblasts after 8 h of exposure [12].
This toxic effect may be the result of blockage of the
electron transport system, depolarization or altered
permeability of the mitochondrial membrane, or mito-
chondrial DNA damage [12]. In summary, the toxic
effects of silver ions result from basal cytotoxic mecha-
nisms that affect basic metabolic functions common to all
mammalian cells. This study evaluated the potential
usefulness of AgNOj solutions for chemical ablation of
intestinal mucosa before augmentation in rats.

Our results confirm that the application of AgNO; at
a concentration of 10 g/100 ml leads to sloughing of the
sigmoid mucosa with preservation of the underlying
submucosa, muscle, and serosa in the rat model (Fig. 1).
Over the 12-week period, the transitional epithelium
almost completely lined the intestinal augmented seg-
ment in that group of rats (Figs. 1 and 2). Minute foci of
intestinal mucosa were found in 3 of the 11 rats. Unlike
previous attempts to remove surgically the intestinal
mucosa, chemical de-epithelialization with AgNO; so-
lution (10 g/100 ml) did not result in shrinkage or con-
tracture of the augmented segment. No statistically
significant differences were observed in bladder capacity
or end-filling pressure measurements in any of the rat
groups (Table 2). There was no obvious histological
difference in the level of collagen deposition in the
augmented tissues in any of the experimental groups
(Table 3).

The use of chemical therapy with 10 g/100 ml AgNO3
solution as an adjunct to enterocystoplasty appears to be
promising. Removing the bowel epithelium chemically

could prevent the mechanical trauma and possible
ischemia that is purposed to be responsible for any sub-
sequent fibrosis when the mucosa is physically stripped.
The ability to replace the intestinal mucosa of the augu-
mented bladder with transitional epithelium using
AgNOs solution at a concentration of 10 g/100 ml could
obviate many of the complications associated with stan-
dard enterocystoplasty. Further experimentation is re-
quired in larger animal models to substantiate our results.
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