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Abstract

In this study, the rectus sheath and amniotic membrane were utilized to repair tunica albuginea damage in rabbits. Ten male New Zealand
white rabbits were included in the study. Group 1 consisted of 5 rabbits in which the tunica albuginea injury was repaired using amniotic
membrane from pregnant rabbits. Group 2 consisted of 5 rabbits in which their rectus sheath was used to repair the tunica albuginea injury.
Our results showed that both the use of amniotic membrane and rectus sheath are effective in repairing tunica albuginea damage in rabbits.
Based on our macroscopic and microscopic findings, there was no statistically significant difference between the effectiveness of amniotic
membrane and rectus sheath in repairing tunica albuginea damage. Both the amniotic membrane and the rectus sheath were equally
effective in repairing tunica albuginea damage.
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Introduction

In the past decade, significant progress has been made
in andrological surgery, leading to better treatment for
conditions like Peyronie’s disease (PD), tumor resection,
organ reconstruction, and penile augmentation. All surgical
approaches for these conditions involve repairing or
reconstructing the tunica albuginea (TA), which surrounds
the corpora cavernosa penis [1,2]. Despite extensive research
on using various biological materials like skin, muscle
aponeurosis, human dura mater, tunica vaginalis, and

pericardium, engineered TA suitable for graft use has not
yet been successfully developed [3,4]. Recent efforts using
acellular matrices prepared from different tissues have also not
produced the anticipated results in PD penile reconstruction
[5,6].

The human penis is structurally and functionally unique.
This characteristic, along with the distinctive biochemical,
structural, and ultrastructural features of its extracellular
matrix (ECM), differentiates it from the reproductive organs
of other mammals and all other human organs. This makes it
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challenging to find biocompatible materials [5,7]. Advances
in microsurgery and transplantation immunology have made
allogeneic tissue transfer the preferred method for managing
patients with severe penile conditions. Clinical studies have
documented composite tissue allograft transplantation [8,9].

The amniotic membrane has been used extensively to treat
various diseases and injuries because it stimulates the immune
system and helps repair damaged tissue. It has a long history
of use in different parts of the body. This membrane provides
anti-inflammatory, antimicrobial, and anti-scar properties, as
well as low immune stimulation, promotes new blood vessel
growth, and reduces oxidative stress to aid in tissue repair [10-
13]. The first report of using amniotic membrane in urology
dates back to 1982 when it was stabilized with glutaraldehyde
for bladder reconstruction [14]. Unfortunately, there have not
been proper studies in this field since then, despite the high
potential for helping patients in urology [15,16]. On the other
hand, although the rectus sheath is mentioned as a suitable
graft for repairing tunica albuginea in various articles, limited
studies have been conducted in this area [17].

This study reports on the role of the amniotic membrane and
the rectus sheath in causing damage to the rabbit penis, as
well as the transplantation of the human amniotic membrane
and the rectus sheath. It also examines the histopathological
changes of the samples after transplantation.

Materials and Methods
Animals
The study was conducted on rabbits using the tunica

albuginea penile injury model. Rabbits were chosen for their
penile similarity to humans, availability, and well-known

histology. After obtaining approval from the educational
council and the specialized committee on ethics in working
with laboratory animals of Jundishapur University of Medical
Sciences, Ahvaz (IR.AJUMS.HGOLESTAN.REC.1402.134), ten
male New Zealand white rabbits of similar age and weight
(about 2 to 4 months old and weighing 2.5 to 3.5 kg) were
included in the study. These rabbits were procured from
Tehran Pasteur Institute. The rabbits were placed in the ward
one week before the study began and were maintained under
controlled conditions: air temperature between 16 and 22
degrees Celsius, air humidity between 30 and 70%, a 12-hour
light cycle, a 12-hour darkness cycle, and access to food and
drinking water.

Group 1: Five rabbits were used to repair the damage to the
amniotic membrane of pregnant rabbits. Group 2: It consisted
of five rabbits, and their rectus sheath was used to repair the
injury.

Tissue damage

Anesthesia was administered with a face mask under the
supervision of a veterinary anesthesiologist in the operating
room. A nerve block of the penis was carried out using 2%
prilocaine. A 0.5 x 0.5 cm incision was then carefully made
in the tunica albuginea with a scalpel blade. After surgery,
rabbits were given 15 mg/kg of acetaminophen, followed
by the same dose administered as a suppository, effectively
controlling pain for up to 6 hours (Figure 1).

Treatment and assessment

After preparing the amniotic grafts and rectus sheath, the
repair was done using 0.6 and 0.7 Vicryl threads in a running
stitch loop. Tetracycline ointment was applied to the repair site.

Figure 1. Damage caused to the tunica albuginea of the rabbit penis.
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After delivery, the amniotic membrane was retrieved from the
placenta of the female rabbit and separated from the chorion
under sterile conditions. The membrane was then washed
with a normal saline solution that contained antibiotics. The
antibiotic composition included 50 mg/ml of penicillin, 100
mg/ml of gentamicin, 50 mg/ml of streptomycin, and 2.5 mg/
ml of amphotericin B. After washing, the amniotic membrane
was cut into suitable pieces and used immediately in the
surgical procedure.

To prepare the rectus sheath, after incising the skin and
subcutaneous tissue, the rectus sheath was sectioned into
1 x 1 cm pieces, detached from the surrounding tissues, and
utilized as a graft.

After four weeks, the operation site was examined to evaluate
postoperative bleeding, inflammation, induration around the
wound, infection at the wound site, and possible death of the
animal.

At the microscopic level, rabbits were euthanized using an
anesthetic overdose method (sodium thiopental at a dose of
300 mg per kilogram intravenously) to obtain samples from
the penile tissue in the repair site. The samples were fixed in
formalin and transferred to the pathology laboratory.

After preparing suitable slides from the samples and
performing hematoxylin-eosin staining, a pathologist
examined the samples using a light microscope to assess
the formation of necrosis and scarring in the operation site,
the presence of inflammation, and the degree of typical
restoration of epithelial tissue.

Statistical analysis

The data from the study was analyzed using Graph Pad Prism
version 8 software. After checking for normality, we used
parametric tests for comparing two groups in cases of normal
data and non-parametric tests for non-normal data. We
considered a significance level of less than 5 percent (p<0.05).

Descriptive data were reported as numbers and percentages.

Results

The results revealed that in the group treated with amniotic
membrane, 2 cases of mild bleeding occurred after surgery,
which resolved on their own without any intervention. In
the group treated with the rectus sheath, no bleeding was
observed after surgery. Two cases of inflammation and
induration around the wound were reported in the amniotic
membrane group, and one case in the rectus sheath group.
There were no instances of infection at the wound site in any
of the groups studied. One animal in the amniotic membrane
group did not survive (Table 1). There was no significant
difference in the parameters mentioned between the two
groups.

During the histological examination, normal re-
epithelialization was observed in three cases of the amniotic
membrane group (rabbits No. 1, 2, and 3) and three cases in
the rectus sheath group (rabbit’s No. 1, 2, and 3). The thickness
of the epithelial layer was less than usual (close to normal) in
one case from each group (No. 1 in the amniotic membrane
group and No. 2 in the rectus sheath group). Incomplete re-
epithelialization was reported in one case of the amniotic
membrane group (No. 4) and two instances of the rectus
sheath group (No. 4 and 5). In rabbit’s No. 4 in both groups,
incomplete re-epithelialization, inflammation, and fibrosis
were observed; however, in rabbit’s No. 5 in the rectus sheath
group, only mild fibrosis was seen without any inflammation.
Mild inflammation was observed in two cases (No. 1 and 4) of
the amniotic membrane group and one (No. 4) of the rectus
sheath group. No severe inflammation was observed in either
group. Additionally, mild fibrosis was noted in two cases (No. 1
and 4) of the amniotic membrane group and three cases (No.
2, 4, and 5) of the rectus sheath group. However, there were
no cases of moderate or severe fibrosis in either group. There
was no significant difference in the parameters mentioned
between the two groups (Table 2 and Figure 2).

Table 1. Basic information.

Amniotic Membrane Group Rectus Sheath Group ¢)
Bleeding after surgery 1(20) 0(0) >0.05
Inflammation and induration 2 (40) 1(20) >0.05
Infection 0(0) 0(0) >0.05
Animal death 1(20) 0(0) >0.05

Table 2. Appearance characteristics of wounds in the studied groups based on frequency and percentage.

Amniotic Membrane Group Rectus Sheath Group
Normal re-epithelialization 3(75) 3 (60)
Incomplete re-epithelialization 1(25) 2 (40)
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Mild inflammation 2 (50) 0(0)
Moderate inflammation 0(0) 1(20)
Severe inflammation 0(0) 0(0)
Mild fibrosis 50 (50) 3(60)
Moderate fibrosis 0(0) 0(0)
Severe fibrosis 0(0) 0(0)

Figure 2. Pathological findings (hematoxylin and eosin staining). (A) Complete reepithelialization in the rectus sheath group. (B)
Complete reepithelialization in the amniotic membrane group. (C) Incomplete reepithelialization in the rectus sheath group. (D) Defective
reepithelialization in the amniotic membrane group. (E) Lamina propria around the corpus cavernosum in the rectus sheath group. Note
the moderate number of chronic inflammatory cells (arrows) in the lamina propria. (F) Lamina propria around the corpus cavernosum in
the amniotic membrane group. Note the moderate number of chronic inflammatory cells (arrows) in the lamina propria. (G) Fibrosis and
fibroblast cells in the rectus sheath group. (H) Fibrosis and fibroblast cells in the amniotic membrane group.
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Table 3. Histopathological findings.
NO re-epithelialization | Inflammation Fibrosis

Amniotic Membrane Group 1 0 1 1
2 0 0 0
3 0 0 0
4 1 1 1

Rectus Sheath Group 1 0 0 0
2 0 1 1
3 0 0 0
4 1 1 1
5 1 1 1

Discussion

PD affects nearly 10% of men and is characterized by TA
fibrosis, plaque formation, and potential calcification, leading
to painful erections and penile curvature. This condition can
complicate sexual intercourse, often requiring reconstructive
surgeryinits chronicstage.Surgical optionsinclude shortening
the convex TA, lengthening the concave side with grafts, or
penile implants. The unique structure of the human penis
complicates grafting with synthetic or heterologous materials,
often resulting in inflammatory responses and complications.
Acellular matrices are potential candidates for genitourinary
reconstruction, while autologous TA grafts show promise but
are limited by cost and inconsistent outcomes. The quest for
ideal TA materials continues [18-23].

In this study, the researchers investigated the impact of the
amniotic membrane and rectus sheath on genital damage
in rabbits. It was found that the healing of the wound was
better in the rectus sheath and amniotic membrane groups,
as indicated by the improved formation of the skin epithelium
layer and reduced inflammation. However, there was no
significant difference in the parameters mentioned between
the two groups.

The tunica albuginea may suffer damage due to PD, physical
injury, or aging. This can lead to issues like penile curvature,
painful erections, and difficulties with intercourse, typically
requiring surgical intervention. Some researchers suggest
using autologous sheaths, the submucosa of the small
intestine [24,25], the pericardium [26], muscle fascia [27], or
porcine bladder for repairing the tunica albuginea.

The use of an amniotic membrane is considered an innovative
method for treating PD, penile cancer, and congenital genital
abnormalities. Salehipour et al. [28], evaluated the effect of
human amniotic membrane transplantation on the tunica
albugineadefect of the dog’s penis.Ten healthy male dogs were
selected for the study. A 3 x 2 cm diamond cut was made on

the tunica albuginea and the squamous epithelium covering
it was removed. The amniotic membrane was folded twice and
grafted on the defect. After eight weeks, artificial erection was
performed for five dogs, and another five dogs underwent the
procedure after 12 weeks. Artificial erections were successful
in all dogs, and no infections or complications were observed.
Histopathological examination showed complete re-
epithelialization with squamous epithelium and collagen fiber
deposition [28]. Dysplasia was not observed. Despite the high
potential of the amniotic membrane for therapeutic urology,
concerns remain about the lack of a standard protocol for
its preparation and storage, its heterogeneity, as well as its
fragility and low tensile strength [16].

In a study conducted by Craatz et al. [2005], the researchers
investigated the outcomes of surgery and the incidence of
complications in 12 patients with PD who underwent grafting
with a rectus sheet to fix penile curvature. The results of the
study indicated successful correction of penile deviation in 10
patients, while two patients still had remaining deviations of
15°and 35°. Additionally, six patients experienced minor post-
surgery complications that did not necessitate further surgical
intervention. The study suggested that the rectus sheath
possesses morphological characteristics similar to the tunica
albuginea, making it an ideal autologous graft [17].

Conclusion

The amniotic membrane and rectus sheet can be used
as effective methods for treating tunica albuginea. These
constructs are safe, affordable, biodegradable, and readily
available, and can be used to treat Peyronie’s disease,
penile cancer, congenital penile deformities, and penile
reconstructive surgery. However, the amniotic membrane
has limitations for bedside use. This membrane is thin, has
low resistance to pressure, lacks good plasticity, is difficult to
suture, and may be absorbed by the tissue before complete
repair of the damaged area. In general, our results have
shown that the use of a rectus sheet in tunica albuginea

] Exp Pathol. 2025
Volume 6, Issue 1

18



Alishahi M, Hosseini SM, Ebrahimi S, Rezaei A, Dehvari M, Bakhtiari N et al. Comparison and Investigating the
Effect of Using an Amniotic Membrane and Rectus Sheath to Repair Damage of the Tunica Albuginea in the Penis: An

Animal Study on Rabbits. ] Exp Pathol. 2025;6(1):14-20.

injury has better capabilities for macroscopic wound repair in
terms of the formation of the skin epithelium layer and the
disappearance of apparent inflammation compared to the
amniotic membrane. More comprehensive studies are needed
to investigate the impact of amniotic membrane or rectus
sheath in tunica albuginea injury.

Acknowledgements

We would like to thank Jundishapour University of Medical
Sciences for its assistance and guidance in this research.

Abbreviations

TA: Tunica Albuginea; PD: Peyronie’s Disease.

Financial Disclosure

The authors declare that no funding was received for this
study.

Conflicts of Interest
The authors declare no relevant conflicts of interest.

References

1. Sansalone S, Garaffa G, Djinovic R, Antonini G, Vespasiani G,
leria FP, et al. Simultaneous total corporal reconstruction and
implantation of a penile prosthesis in patients with erectile
dysfunction and severe fibrosis of the corpora cavernosa. J Sex
Med. 2012 Jul;9(7):1937-44.

2. Ralph D, Gonzalez-Cadavid N, Mirone V, Perovic S, Sohn M, Usta
M, et al. The management of Peyronie’s disease: evidence-based
2010 guidelines. J Sex Med. 2010 Jul;7(7):2359-74.

3. Gholami SS, Lue TF. Peyronie’s disease. Urol Clin North Am. 2001
May;28(2):377-90.

4. Sansalone S, Garaffa G, Djinovic R, Pecoraro S, Silvani M, Barbagli
G, et al. Long-term results of the surgical treatment of Peyronie’s
disease with Egydio’s technique: a European multicentre study.
Asian J Androl. 2011 Nov;13(6):842-5.

5. Taylor FL, Levine LA. Surgical correction of Peyronie’s disease
via tunica albuginea plication or partial plague excision
with pericardial graft: long-term follow up. J Sex Med. 2008
Sep;5(9):2221-8; discussion 2229-30.

6. CHUN JL, McGREGOR AN, KRISHNAN R, CARSON CC. A
comparison of dermal and cadaveric pericardial grafts in the
modified Horton-Devine procedure for Peyronie’s disease. The
Journal of urology. 2001 Jul;166(1):185-8.

7. da Silva EA, Sampaio FJ, OrtizV, Cardoso LE. Regional differences
in the extracellular matrix of the human spongy urethra as
evidenced by the composition of glycosaminoglycans. J Urol.
2002 May;167(5):2183-7.

13.

20.

21.

Dubernard JM, Owen E, Herzberg G, Lanzetta M, Martin X, Kapila
H, et al. Human hand allograft: report on first 6 months. Lancet.
1999 Apr 17;353(9161):1315-20.

Hettiaratchy S, Randolph MA, Petit F, Lee WP, Butler PE. Composite
tissue allotransplantation--a new era in plastic surgery? Br J Plast
Surg. 2004 Jul;57(5):381-91.

Nejad AR, Hamidieh AA, Amirkhani MA, Sisakht MM. Update
review on five top clinical applications of human amniotic
membrane in regenerative medicine. Placenta. 2021 Jan
1;,103:104-19.

. Sangwan VS, Burman S, Tejwani S, Mahesh SP, Murthy R. Amniotic

membrane transplantation: a review of current indications in
the management of ophthalmic disorders. Indian J Ophthalmol.
2007 Jul-Aug;55(4):251-60.

Sangwan VS, Basu S. Antimicrobial properties of amniotic
membrane. Br J Ophthalmol. 2011 Jan;95(1):1-2.

Abbasi-Kangevari M, Ghamari SH, Safaeinejad F, Bahrami
S, Niknejad H. Potential Therapeutic Features of Human
Amniotic Mesenchymal Stem Cells in Multiple Sclerosis:
Immunomodaulation, Inflammation Suppression, Angiogenesis
Promotion, Oxidative Stress Inhibition, Neurogenesis Induction,
MMPs Regulation, and Remyelination Stimulation. Front
Immunol. 2019 Feb 20;10:238.

Giles GB, Reed DS, Soeken TA, Davies BW. Amniotic membrane
graft in a recurrent re-fusing temporal tarsorrhaphy: a case
report. Ther Adv Ophthalmol. 2020 Dec 3;12:2515841420971927.

. Adamowicz J, Van Breda S, Tyloch D, Pokrywczynska M, Drewa

T. Application of amniotic membrane in reconstructive urology;
the promising biomaterial worth further investigation. Expert
Opin Biol Ther. 2019 Jan;19(1):9-24.

Ramuta TZ, Kreft ME. Human Amniotic Membrane and Amniotic
Membrane-Derived Cells: How Far Are We from Their Use in
Regenerative and Reconstructive Urology? Cell Transplant. 2018
Jan;27(1):77-92.

Craatz S, Spanel-Borowski K, Begemann JF, Olianas R, Fisch M,
Hohenfellner R. The dorsal lamina of the rectus sheath: a suitable
grafting material for the penile tunica albuginea in Peyronie’s
disease? BJU Int. 2006 Jan;97(1):134-7

Taylor FL, Levine LA. Peyronie’s Disease. Urol Clin North Am. 2007
Nov;34(4):517-34, vi.

Salem EA, Elkady EH, Sakr A, Maarouf AM, Bendary L, Khalil S,
et al. Lingual mucosal graft in treatment of Peyronie disease.
Urology. 2014 Dec;84(6):1374-7

Craatz S, Spanel-Borowski K, Begemann JF, Olianas R, Fisch M,
Hohenfellner R. The dorsal lamina of the rectus sheath: a suitable
grafting material for the penile tunica albuginea in Peyronie’s
disease? BJU Int. 2006 Jan;97(1):134-7.

Fu Q Cao YL. Use of tissue engineering in treatment of the
male genitourinary tract abnormalities. J Sex Med. 2010
May;7(5):1741-6.

] Exp Pathol. 2025
Volume 6, Issue 1

19



Alishahi M, Hosseini SM, Ebrahimi S, Rezaei A, Dehvari M, Bakhtiari N et al. Comparison and Investigating the
Effect of Using an Amniotic Membrane and Rectus Sheath to Repair Damage of the Tunica Albuginea in the Penis: An
Animal Study on Rabbits. ] Exp Pathol. 2025;6(1):14-20.

22.

23.

24,

25.

Kadioglu A, SanliO, AkmanT, Cakan M, Erol B, Mamadov F.Surgical
treatment of Peyronie’s disease: a single center experience with
145 patients. Eur Urol. 2008 Feb;53(2):432-9.

Loreto C, Orlandi A, Ferlosio A, Djinovic R, Basic D, Bettocchi C, et
al. Cryopreserved penile tunica albuginea for allotransplantation:
a morphological and ultrastructural investigation. J Sex Med.
2012 Sep;9(9):2378-88.

Cao G,HuangY, LiK, FanY, Xie H, Li X. Small intestinal submucosa:
superiority, limitations and solutions, and its potential to
address bottlenecks in tissue repair. J Mater Chem B. 2019 Aug
21;7(33):5038-55.

Valente P, Gomes C, Tomada N. Small Intestinal Submucosa
Grafting for Peyronie Disease: Outcomes and Patient Satisfaction.

26.

27.

28.

Urology. 2017 Feb;100:117-24.

Fiorillo A, Droghetti M, Palmisano F, Bianchi L, Piazza P, Sadini P,
et al. Long-term outcomes after plaque incision and grafting for
Peyronie’s disease: comparison of porcine dermal and bovine
pericardium grafts. Andrology. 2021 Jan;9(1):269-76.

Kadioglu A, Sanli O, Akman T, Ersay A, Guven S, Mammadov F.
Graft materials in Peyronie’s disease surgery: a comprehensive
review. J Sex Med. 2007 May;4(3):581-95.

Salehipour M, Izadpanah K, Safaei A, Kamranpoor M, Farsiani
MR. Application of human amniotic membrane in canine penile
tunica albuginea defect: first step toward an innovating new
method for treatment of Peyronie’s disease. Int Braz J Urol. 2014
May-Jun;40(3):400-7.

] Exp Pathol. 2025
Volume 6, Issue 1

20



