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Use of the amniotic membrane to cover the peritoneal cavity in
the reconstruction of the abdominal wall with polypropylene

mesh in rats

Uso da membrana amnidética como cobertura da cavidade abdominal na
reconstru¢cdo da parede com tela de polipropileno em ratos
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ABSTRACT

Objective: to evaluate the efficacy of the amniotic membrane used with polypropylene mesh against the formation of adhesions
and its influence on healing. Methods: twenty five female Wistar rats were anesthetized for creating a parietal defect in the
anterior abdominal wall. Its correction was made with polypropylene mesh alone and associated with amniotic membrane. In the
control group (n=11), the screen was inserted alone. In group A (n=7) we interposed the amniotic membrane between the screen
and the abdominal wall. In group B, the amniotic membrane was placed on the mesh, covering it. After seven days, the animals were
euthanized for macroscopic and microscopic evaluation of healing. Results: adhesions were observed in all animals except one in the
control group. Severe inflammation was observed in all animals in groups A and B and in three of the control group, with significant
difference between them (A and B with p=0.01). Pronounced angiogenic activity was noted in one animal in the control group, six
in group A and four in group B, with a significant difference between the control group and group A (p=0.002) and group B (p=0.05).
The scar collagen was predominantly mature, except in five animals of the control group, with significant difference between the
control group and group A (p=0.05) and group B (p=0.05). Conclusion: The amniotic membrane did not alter the formation of
adhesions in the first postoperative week. There were also pronounced inflammation, high angiogenic activity and predominance of

mature collagen fibers, regardless of the anatomical plane that it was inserted in.
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INTRODUCTION

he incisional hernia is a common condition. Lima'

described that Kozoll and McVay reported incidence of
incisional hernia in 5.7% of laparostomies performed in
private hospitals and 11.1% in public hospitals.

Currently, the treatment of incisional hernias, as
well as the repair of abdominal wall defects with loss of
aponeurotic tissue, has been made with the use of
polypropylene meshes. The polypropylene prosthesis can
be inserted both in the above-aponeurotic and the sub-
aponeurotic positions, and in the latter option it can be
allocated in the pre-peritoneal or intra-abdominal region.

Studies have shown that the best position for the
placement of the polypropylene mesh is in the pre-peritoneal
subaponeurotic position. However, in many situations, such
as the giant hernias or those multi-relapsed, the large wall
resections, such as tumors, or in the loss of large amounts

of tissue wall, as in trauma, it is not possible to cover the
prosthesis with the peritoneum. In these cases, the
polypropylene mesh is placed in direct contact with the
organs and intra-abdominal tissues, resulting in the onset
of adhesions and consequent intestinal obstructionor fistula.
Many technigues and biological and synthetic materialshave
been used to minimize these changes, such as coverage of
the abdominal cavity with omentum, bovine pericardium
prosthesis with organic and inorganic component, among
others,but without ideal results.

Lately, some authors have suggested the use of
amniotic membrane in the repair of tissue defects. Since
the first half of the last century, some researchers have
been studying the use of amniotic membrane in the
reconstitution of tissue lesions, especially the skin, as
recommended by Fontenla et al.?2. Davis, in 1910,
announced the intention of injecting amniotic sac fragments
in order favoring the open wound granulation, and
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subsequently in eye tissues®. Fontenla et al.? and del Cam-
po et al*, report that in 1995, Kim and Tseng reintroduced
the use of amniotic membrane in the treatment of ocular
lesions, ophthalmology being the specialty where more
research is made on the use of amniotic membrane today.
There are other studies on its use for burns>¢, varicose
ulcers®’, neovagina reconstruction>®, urinary bladder>?,
nerve damage®'°, mouth sores>'", adhesions control and
early healing of peritoneal lesions>'?, among others.

The study of clinical use of amniotic membrane
is of increasing importance due to its low antigenicity, anti-
microbial activity, ability to decrease exudate and
adhesions, to accelerate epithelization, reducing the local
pain, actingas a substrate for tissue growth, among many
other actions®.

Based on literature data, it is possible to imagine
that, due to its properties that favor the restructuring of the
damaged portions of the tissue, the amniotic membrane
could be used as biological coverage of the abdominal cavity
in the abdominal wall reconstruction using polypropylene
prosthesis, representing an alternative in cases where there
is no viable peritoneum. Its action at different stages of the
healing process (inflammation, proliferation and maturation)
could bring beneficial effects, such as decreased adhesions
and reconstitution of the peritoneum?,

This study aimed to evaluate the efficacy of the
amniotic membrane associated with a polypropylene mesh
and its influence on adhesion formation and wound healing.

METHODS

This study was approved by the Ethicsin Research
Committee of the Universidade José do Rosario Vellano
(UNIFENAS) under 25A/2008 number and developed in
accordance with the rules of the Brazilian College of Ani-
mal Experimentation.

We used 25 female Wistar rats, weighing 400g
and about six months old. The animals were from the
Central Animal Laboratory of the Universidade Federal
de Minas Gerais and were kept in the animal house of
the Universidade José do Rosario Vellano, Bonaventure
Campus, Belo Horizonte. Throughout the study, animals
were subjected to natural conditions in their own cages,
up to five per cage and fed standard chow and water ad
libitum.

The animals were randomly divided into three
groups: control group (n=11): animals with defect in the
abdominal wall repaired with polypropylene mesh in intra-
abdominal position. Group A (n=7): animals with defects
in the abdominal wall repaired with polypropylene mesh in
intra-abdominal position and amniotic membrane interposed
between the implant and the abdominal wall. Group B
(n=7): Animals with defects in the abdominal wall repaired
with polypropylene mesh in intra-abdominal position and
amniotic membrane covering it.

The preparation of the amniotic membrane®
occurred in the Research Laboratory of the Faculty of
Medicine, Universidade Federal de Minas Gerais (FM/
UFMG). It was obtained from an adult femalerabbit from
the UFMG Veterinary School. The rabbit was surgically
subjected to pregnancy interruption, and from each fetus
the placenta was collected along with the fetal membranes.
The amniotic membranes were isolated from other fetal
membranes and placed in metal trays containing sterile
0.9% saline solution in sufficient quantity to cover them, in
order to wash the tissue, removing clots. This solution was
exchanged six times, until the membrane was clean. After
washing, the amniotic membranes were immersed in a
Becker flask containing 500ml of phosphate-buffered saline
(SSQ), pH 7.2, containing 0.15M/mL sodium chloride and
6.5mM/mL potassium phosphate (Buffer PBS®- Laborclin
Ltda., Pinhais, Brazil) for 40 minutes. Thereafter, each
membrane was carefully laid on a sterile nitrocellulose
paper (Hybond - ECL®, Amersham Pharmacia Biotech,
Buckhingham shire, England) with a pore size of 0.2 microns
thickness and dimensions 20cm x 20cm. The stromal side
of the membrane was placed in contact with the
nitrocellulose paper and then the excess paper was cut,
forming strips of 10cm x 8cm, which were stored in sterile
plastic containers. This material was completely immersed
in a 98% glycerol solution and kept refrigerated at 8°C
until the date of their use, which occurred two weeks after
preparation and conservation.

The creation of defects in the abdominal wall
was performed using clean technique, but not aseptic. The
animals were anesthetized with intraperitoneal injection of
ketamine hydrochloride solution (50mg/kg) and xylazine
(8mg/kg). After anesthesia weincised the skin and
subcutaneous tissue and created a defect in the abdominal
wall in the mesogastrium region, through the resection of
a 1.0cm diameter fragment of muscle-aponeurotic layer
and the parietal peritoneum’.

The abdominal defect was corrected using a
polypropylene mesh of approximately 2.7cm x 4.0cm
(Marlex mesh, CR BARD, Salt Lake City, UT). In the control
group the prosthesis was inserted into the intra-abdominal
position, spanning the parietal defect, with its major axis in
the longitudinal direction, and sutured to the abdominal
wall with simple stitches with 5-Opolyglactin in the four
corners of the prosthesis. The intestines were protected
with an omentum coverage in an attempt to minimize
contact with the prosthesis. Then we proceeded to the
synthesis of the skin and subcutaneous tissue with 2-0
chromic catgut running suture and finally wound antisepsis
with 10% aqueous povidone-iodine (PVP). In the other
groups, the surgical technique for the treatment of the
defect was similar; in group A, we inserted the amniotic
membrane between the prosthesis and the abdominal wall;
and in group B, the amniotic membrane was positioned
underneath the mesh, creating acover on its abdominal
surface (Figure 1).
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In the first 12 hours after surgery the animals
were fed with oral 20% glucose solution and, from there,
water and standard rodent chow ad libitum. For analgesia,
all animals received nalbuphine hydrochloride injection 3mg/
kg/day (12/12 hours) within the first 48 postoperative hours.
The first dose was taken at surgery due to the synergistic
anesthetic effect.

The macroscopic assessment occurred seven days
after the abdominal walldefect correction. The animals were
again anesthetized and subjected to a U-shaped laparotomy
around the sides and bottom edges of the prosthesis. Then
we carried out the inventory of the peritoneal cavity in order
to observe the presence of fistulas, abscesses and adhesions
between the implant and the abdominal contents.
Adhesions, when present, were classified according to the
force applied to loosen the attached structures like the
following: Grade | (loose) - easily detaching at manipulation;
Grade Il (firm) - easily detaching atstructurestraction; and
Grade Il (very firm) - not detaching easily at structures
traction. Results were recorded in an appropriate protocol
for statistical evaluation.

Biopsy specimens were collected spanning the
full thickness of the abdominal wall and the polypropylene
mesh that was in direct contact (Control group), and the
amniotic tissue, in the case of animals in which the
membrane wasimplanted (groups A and B).

The specimens preserved in 10% formalin were
embedded in paraffin, submitted to section of 4,0im thick,
mounted on glass slides and stained with hematoxylin-eosin.
The tissue sections were included in the slide, so as to meet
all the layers of the abdominal wall, in addition to the
polypropylene mesh, and amniotic membrane (in the case
of groups A and B). The slides were analyzed at 40x
magnification by a single pathologist blinded to the study
groups, to evaluate the following parameters:inflammatory

reaction -analyzed the presence or absence of inflammatory
activity and, in the presence of inflammation, this was
classified as mild, moderate or severe;Predominant
inflammatory infiltrate type - the fields were evaluated in
order to classify the inflammatory infiltrate in acute or chronic
according to the predominant cell type: polymorphonuclear,
mononuclear or mixed; Granulation changes - search for
common giants inflammatory cells, common in the
inflammatory processes stimulated by substances or
allergens agents (foreign body reaction); Angiogenesis -
search for neovascularization and, when present, classified
as mild, moderate or severe, according to the activity and
amount of angioblasts and other cells associated with
angiogenesis; Proportion macrophage/fibroblast - analyzed
the prevalence of macrophages or fibroblasts in the scar
tissue, by counting these cells; Proportion of collagen fibers
- the type of collagen fiber (immature or mature)
predominantly deposited in the scar matrix. All results were
recorded in their own protocols for subsequent statistical
evaluation .

At the end of the collection of the abdominal
wall biopsy material, animals, still under anesthesia, were
killed by exsanguination via the abdominal aorta section
on the seventh day'.

The collected data were analyzed, the differences
were considered significant at p<0.05. Quantitative variables
were compared using the Kruskal-Wallis test and the
qualitative variables, by Fischer test.

RESULTS

No animal had intra-abdominal abscess. Most
animals had adhesions between the polypropylene
prosthesis and the omentum and, more rarely, the intesti-

Group A

Abdominal wall

Amniotic membrane

XXXRXRRXRRXKNOCOOKKXKXANXKKXXX  Polypropylene mash

(Abdominal cavitm
-~

Control group

Abdominal wall

XOOOOOOKRXXNOKXXKXNXXIOHXXXK  Polypropylene mash

—
Abdominal cavity

Group B

Abdominal wall

Polypropylene mash  xxxxxo000ax XK KKK XOO0GK

Q Abdominal cavity )
—

Amniotic membrane

Figure 1 -

Schematic drawing showing the attachment position of the polypropylene prosthesis and insertion of amniotic membrane in the

study groups with respect to the wall and the abdominal cavity.
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nal loops, but one Animal in the Control group. There was
no significant difference when the groups were compared.
Similarly, there was no difference between groups when
comparing the degree of adhesions (Table 1).

There was inflammation in all animals, except
for one animal of the Control group. The intensity of the
inflammatory process was marked in all animals of groups
A and B, with the difference whencompared with the control
group, both with p=0.01 (Figure 2).

There was a predominance of mononuclear
infiltrate over polymorphonuclear or mixed infiltrates, but
no difference when each type of cell infiltrate was compared
between groups. Angiogenesis was present in all animals,
being classified as sharp predominantly in groups A and B,
with a significant difference when compared with the control
group, with p=0.002 and p=0.05, respectively (Figure 2).

There was a predominance of fibroblasts
overmacrophages in all groups, being more intense in groups
A and B, but without significant differences when compared
to fibroblasts from each group together. Collagens deposited
in the wound areas were mainly mature fibers, with the
exception of five animals of the control group, in which
prevailed immature collagen fibers. There was statistical
difference in the predominance of immature collagen fibers
in the control group compared with groups A (p=0.05) and
B (p=0.05), respectively (Table 2, Figure 3).

DISCUSSION

The use of polypropylene mesh in various abdo-
minal wall defects is common'. In our country, in dire
financial constraints for public health sustainability, the
search for new therapeutic alternatives, associated or
isolated, is very important. Amniotic membrane obtained
from the placenta™ is a tissue rich in stem cells. It can be
used in its fresh form, after processing, or conserved form
and maintained in stock solution. In fresh form, pluripotent
cells multiply rapidly, forming a tissue similar to those around
it, but there is the drawback of the short time to use, since
it deteriorates rapidly.

Table 1 -

| |

The conservation of amniotic membrane in stock
solution increases its usage time.However, some studies
have reported the loss of part of the living tissue, the mate-
rial preserved retaining cells and growth factors sufficient
to possibly stimulate healing and accelerate the repair
process tissue'°,

In general, adhesions arise from any tissue
damage in the first week after injury’”'®. The healing time
or termination of that cell proliferation is dependent on the
extent of the lesion and the healing process leads to
migration of fibroblasts, macrophages and giant cells.
Fibroblasts promote the initial deposit of fibrin and collagen™.
The higher tissue injury, the more increased collagen and
fibrindeposition, making the peritoneal fibrinolysis and
increasing the adhesive capacity of the wound line,
progressing to the formation of adhesions'” 8.

In this study, we used thepreserved amniotic
membrane and the observation time was a week after the
initial tissue injury. The presence of the amniotic membrane

Animals

129
94
= mild
L] angiogenesis
61 M Moderate
e angiogenesis
[] Severe
3 E . .
angiogenesis
]
04
CONTROL GROUP A GROUP B
Figure 2 - Wistar rats with mild angiogenesis activity, moderate

or severe scarring in the region of abdominal wall
defects corrected with polypropylene mesh use
(Control) associated with amniotic membrane in the
prosthesis surface region (A) or deep (B).

Hp=0002 ep=0.05

Evaluation of macroscopic parameters of the abdominal cavity of rats after treatment of abdominal defect with use of

polypropylene prosthesis, with or without the use of amniotic membrane.

Parameter studied Group p value
Control (n=11) The study (n=07) B study (n=07)
N % N % N %
Adhesions 10 91 07 100 07 100 ns
Grade | Adhesions 03 27.3 03 43.0 05 71.5 ns
Grade Il Adhesions 06 54.6 02 28.5 02 28.5 ns
Grade Il Adhesions 01 9.1 02 28.5 0 0 ns
Abscesses 0 0 0 0 0 0 ns
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did not change the formation of adhesions between the
polypropylene mesh and the peritoneal content. This may
be due to the short time of observation. Despite the healing
stimulus and the formation covering tissue on the inserted
polypropylene mesh, there wasprobably not enough time
for this tissueto organize, thus allowing the adhesion
between the prosthesis and the intra-abdominal tissues.

Angiogenesis occurred significantly in animals
where the amniotic membrane was inserted, indicating the
likely presence of proinflammatory substances in the
conserved membrane. In addition, the amniotic membrane
changed the type of collagen fibers found in the repair
process.

The predominance of mature collagen fibers was
observed in all animals in which the membrane was inserted,
which did not occur in other animals. This demonstrates
that the presence of the membrane accelerates the healing
process with mature repair tissue formation, already at the
early stage of tissue repair.

The association of the amniotic membrane with
the polypropylene mesh in the treatment of abdominal wall
defects of Wistar rats did not alter the formation of adhesions
after the first week of operation. However, the amniotic
membrane was associated with a marked increased

Table 2 -

Animals

12 1

94

n O immature
6 ° collagen fibers

n .
= mature
34 collagen fibers
0 T
CONTROL GROUP A GROUP B
Figure 3 - Wistar rats with a predominance of immature or

mature collagen fibers in scar region of abdominal
wall defects corrected with polypropylene mesh use
(Control) associated with amniotic membrane in the
prosthesis surface region (A) or deep (B).

inflammation and angiogenesis activity and the
predominance of mature collagen fibers, regardless of the
anatomical plane in which it was inserted, accelerating
healing.

use of polypropylene mesh associated or not to amniotic membrane.

Evaluation of microscopic parameters of the abdominal wall of rats subjected to treatment of abdominal defect with

Study parameter Group p value
Control (n=11) A study (n=07) B study (n=07)
N % N % N %
Inflammation Degree* Take 0 0 0 0 0 0
Moderate 07 63.6 0 0 0 0 a=0.01
Sharp 03 ° 27.3 07th 100 07° 100 b =0.01
Type of inflammatory infiltrate PMN 0 0 0 0 0 0
Mono 09 81.8 07 100 06 85.7 NS
Mixed 02 18.2 0 0 01 14.3
Activity of angiogenesis Mild 05 45.4 0 0 0 0
Moderate 05 454 01 14.3 03 429 c=0.002
Intense 010 9.2 06¢ 85.7 04¢ 57.1 d=0.05
Fibro/macro Ratio** Fibroblast 07 63.6 07 100 07 100
Macrophage 04 46.4 0 0 0 0 NS
Collagen fibers Immature 05@ ® 546 Qand 0 of 0 e=0.05
Mature 06 454 07 100 07 100 f=0.05

* In one Control Group animal, the intensity of inflammation has not been classified.

* * Ratio between Fibroblasts and Macrophages.
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RESUMDPO

Objetivo: avaliar a eficdcia da membrana amnidtica usada com tela de polipropileno contra a formacdo de aderéncias e sua
influéncia na cicatrizacdo. Métodos: vinte e cinco ratas Wistar foram anestesiadas para criacdo de um defeito parietal na parede
abdominal anterior. Sua correcdo foi feita com tela de polipropileno isolada e associada & membrana amnidtica. No grupo Controle
(n=11), a tela foi inserida isoladamente intra-abdominal. No grupo A (n=7), interpds-se a membrana amnidtica entre a tela e a
parede abdominal. No grupo B, a membrana amnidtica foi colocada sobre a tela, recobrindo-a. Apds sete dias, os animais foram
eutanasiados para avaliacdo macroscépica e microscopica da cicatrizacao. Resultados: aderéncias foram observadas em todos os
animais, exceto em um do grupo Controle. Inflamacdo acentuada foi observada em todos os animais dos grupos A e B e em trés do
grupo Controle, com diferenca significativa entre eles (A e B com p=0,01). Acentuada atividade angiogénica foi notada em um
animal do grupo Controle, seis do grupo A e quatro do grupo B, com diferenca significativa entre o grupo Controle e os grupos A
(p=0,002) e B (p=0,05). O colageno cicatricial foi predominantemente maduro, exceto em cinco animais do grupo Controle, com
diferenca significativa entre o grupo Controle e os grupos A (p=0,05) e B (p=0,05). Conclusdo: a presenca da membrana amniotica
nédo alterou a formacao de aderéncias na primeira semana de pds-operatério. Associou-se a inflamacdo acentuada, elevada
atividade angiogénica e predominio de fibras coldagenas maduras, independente do plano anatémico em que foi inserida.

Descritores: Aderéncias Teciduais. Membrana Amnidtica. Parede Abdominal. Ratos. Coldgeno.
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