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ABSTRACT

PURPOSE: To investigate amniotic membrane as a biological dressing in infected wound healing in rabbits.

METHODS: The use of preserved amniotic membranes (AMs) was examined using 15 rabbits with experimentally induced
wound infections on their backs. Healing was histologically evaluated during different phases including inflammation, granulation,
epithelialization, and fibroplasia. The animals were distributed into three groups for histological study at seven, 14, 21, and 28 days post-
wound induction. Group A did not receive treatment: the wound was left exposed and dry; Group B received a daily exposure treatment
with collagenase; and Group C received one AM, which also remained exposed.

RESULTS: A marked reduction of the inflammatory phase was observed in Group C at 21 days, and the granulation phase of this
healing increased at 14 days. Epithelialization was similar among the three groups, and fibroplasia was more pronounced in Group C at
14 days. Furthermore, gradual collagen organization also began for the animals in Group B at 14 days.

CONCLUSION: The amniotic membrane did not significantly alter the inflammation, epithelialization, or fibroplasia phases but did
increase angiogenesis up to Day 14 compared with the dry dressing and collagenase treatments.
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Introduction

Wounds can be defined as the recent or old discontinuity
of any bodily soft tissues, with or without the loss of basic function.
Infected wounds have a much longer tissue repair time and usually
have associated complications'™.

Wound healing is a complex event that involves reactions
and interactions between cells and biochemical mediators that
attempt to repair the injured area and begins immediately following
an injury**. Several methods and dressings are available to enhance
and accelerate the healing process. Amniotic membranes (AMs)
have been used for this purpose. According to Fontenla et al.’,
Ivanova published an article in 1890 regarding the transplant of fetal
skin onto burn victims; in 1910, Davis announced his intention to
inject fragments of the amniotic sac into open wounds. According
to Schwaner al.%, the use of AM began with De Rotth in 1940 in
ophthalmology, the specialty in which AM is currently most heavily
researched. Studies have described its application in varicose ulcers’,
burns®, neovaginal reconstruction’, urinary bladder reconstruction',
nerve damage'', oral wounds'?, skin trauma'’, ocular injuries'*,
adhesion control, and peritoneal structure scarring'®.

The clinical applicability of AM has become increasingly
important due to their low antigenicity and antimicrobial action as
well as their ability to decrease exudate and adhesions, accelerate
epithelialization, reduce local pain, act as a substrate for the
growth of tissues, and so on'®'". These properties suggest that
AM could be used as a biological dressing, thereby providing an
alternative for chronic wound treatment and benefitting certain
phases of the healing process including inflammation, granulation,
epithelialization, and fibroplasia. This study evaluated the efficacy
of AM as a biological dressing in the infected wound healing of
rabbits by histologically assessing the following phases of wound
healing: a-inflammation, b-granulation, c-epithelialization, and

d-fibroplasia.

Methods

The Ethics Committee for Animal Experimentation at the
Federal University of Minas Gerais (UFMGQG) approved this study
under Protocol No. 039/05.

A total of 15 adult male New Zealand rabbits were used
(average weight = 2.706 g). The rabbits were provided standard
chow and water ad libitum during the entire experimentation period.

The animals were randomly divided into three groups of
five rabbits. All animals received experimentally induced wound

infections on their backs via the application of a solid gel containing

1.5 X 10°CFU of Staphylococcus epidermidis following general
anesthesia. Care related to water intake was monitored for two
hours, and food intake was monitored for eight hours.

Cleaning and debridement were performed five days
post-wound induction. On Day 7, the wounds of the animals
in Group A were cleaned with a 0.9% saline solution to
remove biopsies, and the exposure and dry treatment without a
dressing or daily cleaning began. The wounds of the animals in
Group B were cleaned with a 0.9%, saline solution to remove
biopsies, and the collagenase exposure treatment began on Day
7 without a dressing, except for a layer of medication on the
wound surface without daily cleanings. The AM dressing was
applied following the cleaning and biopsy removal with 0.9%
saline in Group C on Day 7. This dressing was removed from
the refrigerator 30 minutes prior to use and rehydrated for 10
minutes in a 0.9% saline solution.

The AMs were separated from the paper and placed
on the wounds with their stromal faces in contact with the open
wound and fixed to intact skin with separated 5.0 mononylon
sutures. The wounds were dried, and small air bubbles were
removed. The membranes were not changed during the treatment
period. Biopsies were taken from the three groups following the
antisepsis on Days 14, 21, and 28.

The AMs were obtained from an adult rabbit during a
cesarean section following a full-term pregnancy. The AMs were
removed from nine pups, isolated from other fetal membranes,
and washed in a sterile vessel containing a 0.9% saline solution
until all coagulants were completely removed. The AMs were
then immersed in 745 ml of sterile buffer solution containing
potassium phosphate monobasic (6.8 mg/ml), sodium hydroxide
(1.39 mg/ml), penicillin G (1.000 IU/ml), and Amphotericin B (5
mcg/ml). Each membrane was spread on nitrocellulose filter paper
with its stromal face in contact with the paper and immersed in
sterile plastic vials containing 10 ml of 98% glycerin and 1.5 ml
of the Ophthalmos® corneal conservation medium for storage. The
AM were then refrigerated at 8°C until use or 36 days after being
prepared and preserved.

The incisional wound biopsies were conducted in the
upper right quadrant (Day 7), lower right quadrant (Day 14),
lower left quadrant (Day 21), and upper left quadrant (Day 28)
by removing a portion of the injured area and the underlying skin.
The biopsied areas were sutured with simple 5.0-mononylon
sutures. The tissue fragments were placed in vials containing 10%
formalin, identified, stained with hematoxylin and eosin, and sent
for histological examination. The following parameters were then

examined: I - Angiogenesis and inflammatory cell infiltration,
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classified as absent, mild, moderate, or severe; II—cell types present
in inflammatory infiltrate, i.e., mononuclear cells (macrophages,
plasmocytes, and lymphocytes), polymorphonuclear leukocytes
(neutrophils), and mixtures of the two; III — the presence of
foreign-body giant cells reactions; and IV — the presence of
fibrosis composed of young and old fibers, categorized as absent,
mild, moderate, or severe.

All animals were sacrificed on Day 28 according to the
euthanasia parameters recommended by DG XI of the Commission
of European Communities.

Fisher’s exact test for non-parametric samples was used
to evaluate the qualitative microscopy findings for each time point
between groups and the disease evolution from Day 7 to Day 28
within each group. The significance level was set at 5% for all
analyses (p < 0.05).

Results

One animal in Group C was excluded from the study
because it had an extensive area of necrosis at the lesion site and

the surrounding area 24 hours after the AM was placed.

Inflammatory infiltrate

Four of the animals in Group A, five in Group B, and
four in Group C had moderate/severe inflammatory infiltrates
on Day 7 that did not significantly differ between groups and
consisted mainly of mixed cells. One animal (20%) in Group A
(p = 0.006), four (80%) in Group B, and four (100%) in Group
C had predominantly mononuclear cells on Day 14. Only one
animal from Groups B and one from Group C (20% and 25%,
respectively) had predominantly mononuclear cells on Day 21;
however, these cells were absent from Group A (N.S.). On Day
28, these cells were noted in one Group A animal and one Group
B animal (20% and 20%, respectively); however, they were absent

in Group C animals (N.S.; Table 1 and Figure 1).

TABLE 1 - Inflammatory infiltrate of infected wounds among rabbits: A,
untreated (control); B, collagenase-treated (control); and C, treated with
AM at 7, 14, 21, and 28 days post-wound induction

DAYS
GROUPS 7 14 21 28
n % n % n % n %
A (control) 4 80 1* 20 0 O 1 20
B (collagenase) 5 100 4 &80 1e¢ 20 1 20
C (AM) 4 100 4 100 1« 25 0 O

*p=0.006; ¢p=0.01; *p=0.002
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FIGURE 1 - The evolution of the inflammatory infiltrate in infected
wounds among rabbits: A, untreated (control); B, collagenase treated,
and C, treated with AM at 7, 14, 21, and 28 days post-wound induction
(*p=0.006 #p=0.01 *p=0.002).
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Granulation

On Day 7, the granulation tissue was moderate/severe in
three of the Group A animals (60%), one of the Group B animals
(20%), and none of the Group C animals. On Day 14, the granulation
tissue was observed in one of the Group A animals (20%), one of
the Group B animals (20%), and all of the Group C animals (100%).
Granulation tissue was not observed in any animal on Day 21, and
none of the Group A and C animals had granulation tissue on Day
28; however, some granulation tissue was present in one of the
Group B animals (20%; Table 2 and Figure 2).

TABLE 2 - Tissue granulation of infected wounds among rabbits: A,
untreated (control); B, collagenase-treated (control); and C, treated with
AM at 7, 14, 21, and 28 days post-wound induction

DAYS
GROUPS 7 14 21 28
n % n % n % n %
A (control) 3 60 1 20 0 0 0 0
B (collagenase) 1 20 1 20 0 0 1 20
C (AM) 0 0 4 100 0 0 0 0
«p=0.001
100% 5
80%
¥ control
60% collagenase
B amniotic membrane
A0%
20%
0%
7days 14days 21days 28days

FIGURE 2 - The evolution of tissue granulation among infected wounds
in rabbits: A, untreated (control); B, collagenase treated; and C, treated
with AM at 7, 14, 21, and 28 days post-wound induction. (¢p=0.001).
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Epithelialization

The wounds evolved similarly among the three groups on
Day 7, when fibrin and exudate were the predominant indicators.
On Day 14, there were Signs of epithelialization were observed
in four (80%) Group A wounds, three (60%) Group B wounds
(p = 0.05), and no Group C wounds. On Day 21, three (60%),
five (100%), and two (50%) of the wounds in Groups A, B, and
C, respectively, showed signs of re-epithelialization. Moreover,
hyperplasia was present in the Group A and C animals; these
groups were not significantly different. On Day 28, signs of re-
epithelialization were observed in two Group A animals (40%),
three Group B animals (60%), and two (50%) Group C animals.
The evolutions of wound re-epithelialization in each individual
group (assessed using the proliferation of basal layer during the
various healing phases) were significantly different in the dry (p =
0.01) and collagenase (p = 0.05) control groups but not in the AM
group (p = 0.08, Table 3 and Figure 3).

TABLE 3 - Signs of infected wound re-epithelialization among rabbits:
A, untreated (control); B, collagenase-treated (control); and C, treated
with AM at 7, 14, 21, and 28 days post-wound induction

DAYS
GROUPS 7 14 21 28
n % n % n % n %
A (control) 0 0 4* 80 3 60 2 40
B (collagenase) 0 0 60 5 100 3 60
C (AM) 0 0 0 0 2 5 2 50
*p=0.05
100%
80% x
M control
60%
collagenase
40% ¥ amniotic membrane
20%
0%
7 days 14 days 21 days 28 days

FIGURE 3 - The evolution of the re-epithelialization signs of infected
wounds among rabbits: A, untreated (control); B, collagenase treated; and C,
treated with AM at 7, 14, 21, and 28 days post-wound induction (*p=0.05).

Fibroplasia
Organized fibrosis with more collagen fibers and fewer

fibroblasts (which classified as moderate/severe) was not observed
on Day 7 in any group. On Day 14, fibrosis was observed in three

(60%) of Group A animals, five (100%) Group B animals and three
(75%) Group C animals. On Day 21, fibrosis was present in three
(60%) Group A animals as well as five and four (100%) of the
animals in Groups B and C, respectively. On Day 28, fibrosis was
observed in 100% of animals in Groups A and C (p = 0.001) and
80% of the animals in Group B (p = 0.006; Table 4 and Figure 4).

TABLE 4 - Organized fibrosis signs of infected wounds among rabbits:
A, untreated (control); B, collagenase-treated (control); and C, treated
with AM at 7, 14, 21, and 28 days post-wound induction

DAYS
GROUPS 7 14 21 28
n % n % n % n %
A (control) 0O 0 3 60 3 60 5« 100
B (collagenase) 0 0 5 100 5 100 4* 80
C (AM) o 0 3 75 4 100 4+ 100
*p=0.006; *p=0,001
100% :
*
80%
60% B control
40% collagenase
B amniotic
20% membrane
0%

7 days 14 days 21days 28 days

FIGURE 4 - The evolution of infected wound organized fibrosis among
rabbits: A, untreated (control); B, collagenase treated; and C, treated with
AM at 7, 14, 21, and 28 days post-wound induction (*p=0.006 p=0.001).

Discussion

A wound is any loss of soft tissue continuity with
or without local function loss. The body starts repairing this
damage immediately after it occurs!2. The current study tested
a solution capable of affecting the angiogenesis, fibroplasia, and
epithelialization of chronic wounds.

A dry wound was selected as a control group without
medical interference (Group A). Collagenase treatment was
selected as a second control group (Group B) because it is a widely
used, easily accessible, and affordable medication.

AM (i.e., the amnion overlying the fetal placenta) is
derived from the epiblast (i.e., fetal ectoderm) and attached to the

corium where it can be easily separated using blunt dissection. Its
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histological structure develops from conception to birth, and it is
resilient, smooth, shiny, flexible, and slender?**'. AM consists of
five layers?*?, including an internal monolayer of non-adhesive
cuboidal epithelial cells that are rich in immunomodulatory
cytokines and epithelial growth factors. Hemidesmosomes
connect this layer to the second, which is a thick and resistant
basal layer formed primarily of type-IV collagen and laminin.
The second layer adheres to a third thin layer of connective
tissue that underlies the stromal matrix, which is completely
avascular and divided into three additional layers: a compact
layer of collagen, a layer of fibroblasts, and a spongy layer?>%.
Compared with other bodily structures, smooth muscle, nerves,
blood, and lymphatic vessels are absent™%?. The face implanted
on the wound reflects AM’s ability to act as a biological dressing:
Its epithelial face functions as a biological support, whereas its
stromal face acts as a graft>>.

The characteristics of AM such as antibacterial
activity>'*!"? that are likely due to elements such as interferon®,
lysozyme, transferrin, progesterone®-%°, 7S immunoglobulin,
and Blc/Bla globulin present in amniotic fluid**2"%. Its low
antigenicity is due to the absence of certain surface antigens on
amnioticepithelialcells(HLAA,HLAB,HLAC,andHLAD)?!3->>
232526 which promote faster epithelialization®!322232526 due
to the numerous growth factors contained (e.g., EGF, KGF,
HGF, FGF, TGF-alpha, TGF-betal, and TGF-beta2)!322:23
226 AM also creates an anti-inflammatory action resulting
from the large quantities of substances it contains that inhibit
inflammatory mediators such as proteases®!32>2%2526. AM also
reduces the formation of retracted scar most likely by acting
as a mechanical barrier against the formation of fibrosis®,
thereby increasing the rate of inflammatory cell apoptosis
and reducing the apoptosis of epithelial cells*'*?". AM also
reduces local exudates by adhering tightly to the wound?+,
while reducing the number of adhesions between neural and
peritoneal structures®!. Based on these properties, AM has
been recommended as an in vitro substrate to cultivate various
cell types®!¢18 furthermore, it has an apparent analgesic effect,
thereby preventing nerve bundle exposure?!?*2,

This study used AM with its stromal face in contact with
the open area of wounds, and the histology did not show evidence
of an AM effect; however, whether it was eliminated, resorbed, or
even removed from the animal could not be determined.

In Group A, lymphocytes and macrophages predominated
between 14 and 28 days; this effect might have occurred due
to the phagocytosis of the necrotic tissue and bacteria in these

wounds. Significant differences were not observed between the
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collagenase and AM groups on Day 14, at which point mixed
inflammatory infiltrate predominated. Mononuclear lymphocytes
were the most predominant on Days 21 and 28. We have cannot
explain this effect because we did not observe the decrease in the
inflammatory infiltrate described in the literature. These results
might be due to membrane reabsorption; however, the histology
was unable to verify this process because we could not confirm
whether phagocytized amorphous material was present inside the
foreign-body giant cells. One might question why a decrease in the
inflammatory process itself was not observed despite the decrease
in the resolution time. The resolution time was faster in Group
C, which accentuated its decrease in inflammation beginning on
Day 21 and remained discrete, whereas the process moderately
persisted after this period in Groups A and B.

A humid environment facilitates cell migration, the
formation of tissue granulation, and epithelialization. We believe
that AM maintained a more humid environment by decreasing the
loss of local exudate; thereby, explaining the moderate presence of
granulation tissue during the early phase. However, this explanation
suggests that collagenase, which also retains local moisture, should
have a similar clinical picture. One might suppose that the increased
moisture provided by collagenase increases its enzymatic action,
thereby degrading the native collagen and causing necrosis. The
increased presence of this healing promoting factor, concomitant
with the formation of granulation tissue, might be responsible for
the discrete formation of this tissue and its decreased expression
from Days 21 to 28 in Group B.

In this study, organized fibrosis with more collagen fibers
and fewer fibroblasts was observed in all the groups beginning on
Day 14. This finding was not one of the proposed characteristics
of AM (i.e., the reduction of scar retraction®*?,a process directly
related to the quantity and organization of the collagen fibers
present in the scar).

We believe that additional studies should evaluate
the efficacy of this biological dressing on wounds with poor
vascularization or in other environments that are not favorable

to healing.

Conclusions

The use of amniotic membrane as a biological dressing
for infected wounds did not significantly alter the inflammatory
phase of healing. A significant increase in angiogenesis was
observed during the granulation phase up to 14 days, but it did
not significantly affect the epithelialization or fibrosis of the

fibroplasia phase.
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