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Introduction

The purpose of this study was to prove the conserved ovine tunica albuginea (OTA) as a practicable and adequate biomaterial for 
bladder scaffolds even as its histopathological cicatrization aspects. The conserved heterologous OTA implant was experimentally 
used for cystoplasty in 20 Wistar rats. The operated bladder areas of all rats from test (n = 20) and simulation (n = 20) groups were 
examined macroscopically and histologically at 7, 14, 2, 8 and 42 postoperative days. Test group animals underwent partial cystectomy 
followed by cystoplasty with OTA graft application, and simulation group rats to partial cystectomy. There was no mortality in any 
group, and all animals showed good post-surgery recovery. Bladders histopathological analysis showed that the test group obtained 
more intensive blood vessels and had the first signs of total regeneration earlier than the simulation group. Our findings pointed 
that macroscopic and histological results, easiness of surgical technique and graft availability, OTA can be used as an alternative 
biomaterial graft for bladder wall reconstruction in rats which represent a valuable animal model to comparative studies with the 
human being and other species.

Bladder diseases such as cancer, traumatisms, congenital and 
chronic injuries can make a reconstructive surgery needed [1,2]. 
A potential strategy to minimize possible postoperative complica-
tions is tissue engineering, a good promise for bladder repair and 
reconstruction [3,4]. In this context, techniques have been pro-
posed such as the use of epithelial cells and biomaterials of col-
lagen [5-7].

Biomaterials used for bladder reconstruction must have fast 
degradation since one of the main related complications is the 
formation of urolithiasis by a foreign body. Therefore, a scaffold 

with a mechanical force that facilitates the regeneration process 
and amplifies bladder capacity and complacency is required [8]. In 
this regard, some studies had good results using tunica albuginea 
biomaterial as tissue engineering [9-13]. The tunica albuginea is a 
thick capsule of connective tissue, composed of two layers of col-
lagen bundles [14,15].

Aim of the Study
Therefore, the aim of this study was to prove the conserved 

ovine tunica albuginea (OTA) as a practicable and adequate bioma-
terial for bladder scaffolds even as its histopathological cicatriza-
tion aspects.
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Materials and Methods
This experiment was approved by the Committee on Ethics in 

the Use of Animals of Universidade Federal Fluminense with the 
number 955/17 in accordance with the welfare standards of ani-
mals use.

The OTA fragment was collected by the open orchiectomy tech-
nique of a healthy Santa Inês sheep. After this procedure, a section 
was made in the largest axis of the testis, where the epididymis is 
attached to the tunica albuginea, thus finding a point of cleavage, 
and releasing the parenchyma of the tunica. Washing was then per-
formed with a 0.9% sterile physiological solution. The extracted 
tunica albuginea was conserved in a container with 300 ml of ster-
ile 98% glycerin solution. It was stored at room temperature (not 
above 35°C) for at least 60 days to guarantee immunogenic attenu-
ation as well as its antimicrobial effect.

A total of 40 four-month-old male Wistar rats (Rattus noverg-
icus albinus) from Animal Center Laboratory of Universidade Fed-
eral Fluminense were selected. They were kept in individual boxes 
with sawdust bed, controlled temperature (22 ± 2°C) and luminos-
ity conditions (12 hours light-dark cycles), receiving drinkable wa-
ter and food ad libitum.

A Test (T) and a Simulation (S) group were created with 20 ani-
mals each, further subdivided into 8 subgroups - T7, T14, T28, T42, 
and S7, S14, S28 and S42 respectively according to euthanasia pe-
riod at postoperative day 7, 14, 28 and 42, containing five animals 
each as shown in table 1. The difference between T and S group 
was OTA graft placement in T group rats cystoplasty.

Nomenclature Xenograft 
implantation

Euthanasia post-
operative day n

Group Subgroup
T T7 Yes 7 5

T14 14 5
T28 28 5
T42 42 5

S S7 No 7 5
S14 14 5
S28 28 5
S42 42 5

Total of animals 40

Table 1: Wistar rats assigned to Test (T) and Simulation (S) 
groups and subsequently into subgroups named according to 

euthanasia post-surgery day 7, 14, 28 and 42.

The OTA fragment was rehydrated in a 0.9% sterile physiologi-
cal solution at least 30 minutes before manipulation, so it could re-
turn to its properties.

Briefly, animals were anesthetized using ketamine (75 mg/kg) 
and midazolam (10 mg/kg) and tramadol (4 mg/kg) combined by 
intraperitoneal injection, then shaved and antisepsis (1% chlorhex-
idine digluconate and alcohol) of the operative field was performed. 
A low 1.5 cm midline laparotomy incision was made, and underly-
ing tissue was dissected, including rectal muscle and peritoneum to 
expose the bladder (Figure 1A) which was emptied with a 30-gauge 
hypodermic needle attached to a 1ml syringe (Figure 1B). Then, 
two seromuscular manipulation points were fixed in both bladder 
laterals and the partial cystectomy was finally made, withdraw-
ing one-third of bladder diameter with scissors (Figure 1C). The S 
group had bladder closed with 6-0 polydioxanone absorbable sim-
ple continuous suture pattern. Otherwise, a square piece of the OTA 
scaffold was implanted to the T group bladder site using a simple 
continuous suture pattern with 6-0 polydioxanone thread (Figure 
1D). After cystorrhaphy, the integrity of closure test by filling the 
bladder with sterile 0.9% NaCl solution was performed to verify 
possible extravasation points in both groups. After, the omentaliza-
tion of cystorrhaphy sites was made in T and S groups, followed 
by laparorrhaphy and skin enclosure with simple pattern suture 
(in absorbable monofilament 3-0 thread). The two groups were as-
sessed for seven days after surgery, receiving topic chlorhexidine 
spray-on surgical wound (every 24 hours), enrofloxacin (5 mg/kg 
SC every 24 hours), ketoprofen (10 mg/kg SC every 24 hours) and 
dipyrone (100 mg/kg SC every 24 hours). Animals where evaluated 
whole postoperative period considering behavior and clinical as-
pects such as general condition, appetite, activity, surgical wound, 
defecation, and urination.

At 7,14, 28, and 42 post-surgery days, five animals from each 
group were euthanized by isoflurane overdose. A macroscopic anal-
ysis was performed during the necropsy. Bladder and annexes were 
collected and preserved in a 10% buffered formaldehyde solution 
for 48 hours to until histological processing. Urinary vesicle frag-
ments excised and fixed were embedded in paraffin tissue blocks. 
Sections (5 μm) were cut, stained with hematoxylin and eosin (HE) 
and then evaluated under a light microscope as described by Tolo-
sa., et al. [16]. The slides were assessed by the same observer with 
the following parameters: inflammatory infiltrate and its constitu-
tion, neovascularization, and graft integration to bladder tissue. 
These characteristics were analyzed by comparison and graduated 
in absent (-), low (+), moderate (++), and high (+++) levels.
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Figure 1: T group surgical procedure of cystoplasty with ovine 
albugenous tunic as xenograft in Wistar rat. Sequence: (A) Blad-

der exposure; (B) Cystocentesis; (C) Cistectomy; and (D) OTA 
xenograft implantation in bladder.

Results and Discussion
All 40 animals had an uneventful anesthetic return to be re-

ported with maintenance of habitual behavior and appetite, with 
no deaths after the procedures. Albrecht., et al. [17] also reported 
similar results, but different to this 50% mortality of animals was 
recorded by Pokrywczynska., et al. [18] in rats underwent synthet-
ic membrane cystoplasty. Iijima., et al. [19] reported 42% of deaths 
using human amniotic membrane xenograft in cystoplasty in mice. 
Zhou., et al. [20] reported only two deaths linked to urine leakage 
and consequently uroperitoneum following bladder augmentation 
surgery in rats.

Pinto Filho., et al. [21] reported good recovery of surgical wound 
with no local sensitivity, no hyperthermia, or suture dehiscence in 
animals. During necropsy, no signs of infection or graft rejection 
were recorded indicating good application of surgical technique 
and adequate use of biomaterial as graft. Zhou., et al. [20] observed 
one death in the control group and one in the test group due to in-
fection secondary to extravasation of urine into the abdominal cav-
ity. Nevertheless, no suture dehiscence at the graft site was noted 
in any experimental animal. Five animals (12.5%, n = 5/40), in-

cluding three rats from S group and two from the T group, showed 
granuloma formation at cystoplasty site. Wongsetthachai., et al. 
[22] also reported granulomatous reaction around suture thread in 
dogs underwent autologous tunica vaginalis bladder graft. Zhou., et 
al. [20] observed good incorporation of the chitosan scaffold seed-
ed into stem cells in rats’ bladder, aiming to improve urinary vesicle 
regeneration. It also confirms the results of Albrecht., et al. [17] in 
the incorporation of porcine pericardium membrane into rabbit 
cystoplasty, becoming almost indistinguishable from the bladder 
wall after 14 and 21 postoperative days.

It is noteworthy that during necropsy, crystals, mucus and/or 
calculus were present in 30 animals (75%, n = 30/40), 15 of which 
were from S group (75%, n = 15/20) and 15 from T group (75%, n = 
15/20). Similarly, Zhao., et al. [23] also reported calculi and crystals 
in animals underwent cystotomy, concluding that uroliths develop-
ment is common with the use of biodegradable materials in re-
constructive cystoplasty in rats. Kosan., et al. [24] compared three 
types of suture: polyglactin 910, chromium catgut and polydioxa-
none in bladder suture. The last one was the only group where 
urolith formation was not seen. This finding was different from the 
current study, in which the uroliths formations were equally divid-
ed between the S and T groups, both sutured with polydioxanone 
absorbable threads, suggesting no exclusively correlation between 
calculi and OTA graft.

S group animals showed good postoperative recovery and cica-
trization, obtaining urothelization and complete layers reorgani-
zation at 42 post-surgery days. Similarly, it was also reported by 
Moraes., et al. [13] in the S group in addition to a longer delay in the 
reorganization of smooth muscle tissue, linking this finding to the 
lack of a scaffold for cell migration when compared to the porcine 
tunica albuginea T group. The main histopathological findings in 
both T and S groups were depicted in table 2.

The T7 subgroup (100%, n = 5/5) showed moderate inflam-
matory infiltrate at graft periphery, initial urothelial formation as 
well as serous and muscular layers regeneration (Figure 2A). All 
T14 animals (100%, n = 5/5) showed an intense inflammatory re-
action spreading over and fragmenting the tunica albuginea, com-
plete urothelization and serous, and muscular layers organization 
(Figure 2C). This was compatible with Albrecht., et al. [17] findings, 
where animals showed acute inflammation at 7 days post-surgery, 
evolving to chronic at 14 days, ranging from absent epithelization 
in 7 days to complete only at 21 days. In the same study, neoangio-
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Figure 2: Rat bladder photomicrography after partial cystectomy 
surgery. A. T7 subgroup with intense inflammatory infiltrate 

around tunica albuginea implant and dense collagen (**), devel-
opment of the muscular layer and initial urothelization (*). HE, 

10x. B. S7 subgroup showing continuous but disorganized urothe-
lium (*) as well as the muscular layer and rare polymorphonucle-
ar cells. HE, 10x. C. T14 subgroup with complete urothelization, 

moderate inflammatory infiltrate spreading over tunica albuginea 
xenograft. HE, 4x. D. S14 subgroup presenting complete urotheli-

zation and intense neovascularization. HE, 10x.

genesis was found to be increased up to the 14th day and remained 
until day 21. Moraes., et al. [13] also found clear regeneration of 
the grafted areas whereas that used porcine tunica albuginea in 
rats cystoplasty.

Figures 2A and 2C showed bladder microscopic findings in ani-
mals from subgroups T7 and T14, at post-surgery days 7 and 14 
in animals who had OTA grafted. Meanwhile, figures 2B and 2D 
showed histopathological features in rats bladder from subgroups 
S7 and S14, at postoperative days 7 and 14.

In T28 subgroup, moderate inflammatory reaction in OTA graft 
and fully regenerated serosa layer were seen (100%, n = 5/5). 
Besides, the muscular layer showed initiated implant overlap, be-
ing already seen one animal (20%, n = 1/5) with total absorption 
of the grafting material (Figure 3A). The biomaterial quality had 
great importance in the regeneration induction of the bladder lay-
ers, mainly of the urothelium. However, the greatest difficulty was 
in the reorganization of the smooth muscle [23], which explains 
the faster regeneration of the serosa layer and urothelial.

Finally, in the T42 rats subgroup, all layers were completely 
regenerated, with an intact urothelium (100%, n = 5/5). Corre-
spondingly, urothelial differentiation was observed at day 56 af-
ter bladder augmentation with four-layer porcine small intestinal 
submucosa in rats [25]. All animals from the present study showed 
defined lamina propria and tunica albuginea almost completely 
absorbed by an inflammatory infiltrate (Figure 3C), different from 
that seen by Zhou., et al. [20], who only found complete forma-
tion of the smooth muscle after 8 weeks of the experiment. Wong-

Nomenclature Inflamma-
tion

Neovascu-
larization

Graft integra-
tionGroup Subgroup

T T7 + + + + -
T14 + + + + + + +
T28 + + + + + + +
T42 + + + + + + + +

S S7 + + Not applicable
S14 + + + + Not applicable
S28 + + Not applicable
S42 - + + Not applicable

Table 2: Evaluation of degree of inflammation, neovasculariza-
tion, and graft absorption in animals of group T and S at postop-

erative days 7, 14, 28, and 42.

Absent (-); Low (+); Moderate (+ +); High (+ + +) levels.

setthachai., et al. [22] observed complete coverage of the replaced 
tissue, forming mucosa at 42 postoperative days. Using a bioengi-
neered three-dimensional bladder patch comprising porous scaf-
folds and multilayered adipose-derived stem cell sheets in the rat 
model, Wang., et al. [26] also reported regeneration of urothelium, 
smooth muscle and blood vessels. The epithelization of the blad-
der wall was preceded by an inflammatory reaction, as noted in the 
current study.

Figures 3A and 3C showed bladder microscopic visualization in 
animals from subgroups T7 and T14, at post-surgery days 21 and 
42 in animals who had OTA. Meantime, figures 3B and 3D showed 
histopathological features in rats bladder from subgroups S7 and 
S14, at postoperative days 21 and 42.

Since greater neovascularization was seen at 28 and 42 post-
operative days, this alteration can be related to urinary deposits 
formation and local inflammation generated by friction. However, 
uroliths formation was equal in both T and S groups and neovas-
cularization was greater in the T group, as well as Zhou., et al. [20] 
findings.
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Figure 2: Rat bladder photomicrography after partial cystectomy 
surgery. A. T28 subgroup with complete urothelization (*) and in-
tense inflammatory infiltrate involving residual tunica albuginea 
(**). HE, 4x. B. S28 subgroup showing urothelium (*) continuity 
and lamina propria development. HE, 4x. C. T42 subgroup pre-

senting complete regeneration and inflammatory infiltrate with 
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The OTA availability, easy handling, upkeeping, simple surgical 
implantation technique, and inexpensiveness reinforce the impor-
tance of research in order to define its applicability in urinary vesi-
cle repair surgery routine. In addition, OTA promoted early healing 
and integration to bladder tissue with no rejection signs in rats.

Conclusion
Ovine tunica albuginea graft showed successful results in re-

constructing rats’ bladder without rejection. It was proved to be an 
adequate biomaterial option in cystoplasty since it showed good 
integration to original tissue, induction of neovascularization, and 
bladder layers regeneration. Still, experiments of OTA graft in rats 
represented a valuable animal model to comparative research in 
other species. Our results supported and encouraged the applica-
tion of OTA in further experimental and clinical trials to ascertain 
the best choice for bladder grafting in different species.
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