ISSN: 1812-1217

The Effects of Dried Amniotic Membrane
on Epithelialization in Secondary Wound
Healing : An Experimental Study

Zaid A. Muhammad Department of Oral and Maxillofacial Surgery

BDS (Assist Lect) College of Dentistry, University of Mosul

Dr. Attalla Fathi Rejab Department of Oral and Maxillofacial Surgery

BDS, M.Sc., FIMS ( Lect) College of Dentistry, University of Mosul
il

LS oLiaS (o shull eliall alaaiuly (il 1 8 A I g el QL) Ja) el Al adalial) anii ) aad) Caagy cilaaY)
dihie b Cpaloa Gue sl al @3 385 S (e Llse Ll G e pladin Jaghadill a5 Ayl ol a) i jal 1dard) (il kg 2 gall
O Gl s el slaally had a3 (5 glull elially ipdass o5 (el dga e il (g 3 JSy 5 ala 10 ety Lagia JS ¢ el
IS 2y Lasy (30 €14 7 63 ) Bamall Al s e qsalas wf () il V) Caand a8 Jadd gl dlaally ol L) dea
o pelal Tl A sl dm gl Al ol (i ad syl g alley sil) 8 Clisal) a1 a1 b Apmaail) amy el Ciren
Laias ¢ shall sLial) Ao sana lleal ( p-value < 0.05) aie U1 il e gy (14) Jf e sana 3 sina G papull aill il
O Sy 5 shaall ezl hedsl )l 238 (e LY (Say ;LAY Loy (30 14 7 ) e sane b (5 sine (5 llia (S Al
Al s pad) (8 ) dlee Siail (5 s LGRS padiy

ABSTRACT
Aims:To investigate the efficacy of dried gamma-irradiated amniotic membrane dressing for the healing of

full-thickness skin wounds, using a rabbit model. Materials and Methods: This study was performed in
the Oral and Maxillofacial sugery Department, College of Dentistry, University of Mosul, Irag. Twenty,
locally bred, six to eight months old male rabbits were planned to conduct the study. Bilateral full-thickness
circular segments approximately 10 mm in diameter and nearly (3-4)mm in thickness were excised from
the the back of each rabbit ( near to the mid-dorsum area) with a surgical blade; one dorsal skin wounding
was performed lateral to the midline on right side, the other wound was performed lateral to the midline on
left side. The right wound was used as an experimental wound and covered with dried amniotic membrane
whereas the left wound was considered as a control wound. All wounds were covered with non adherent
moist occlusive gauze. Animals were divided into four groups according to sacrificing date ( 3, 7, 14, 30)
days. Skin specimens were collected after sacrificing the rabbits. The specimens were placed in formalde-
hyde and sent for histopathological examination and scoring for wound healing. Results: The histopatho-
logical findings of this study revealed that there was a significant difference of reepithelialization between
the two groups at two weeks period, at p-value < 0.05, while there was no significant difference at 3 days,
one week, and one month. Conclusions: This study concluded that amniotic membrane can be used as a
safe dressing, promoting epithelialization on secondary wounds.
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INTRODUCTION

Wound healing is the body’s natu-
ral biological process for regenerating
dermal and epidermal tissue. This
process involves time and a balanced ac-
tivity of inflammatory, vascular, connec-
tive tissue, and epithelial cells leading to
the restoration of skin integrity " Al-
though many efforts have been made,
wound healing has become an increa-
singly difficult clinical, scientific and
economic problem, especially taking into
account the current population develop-
ment @ In clinical practice, the best way
to heal a wound is to close it according to
surgical standards as quickly as possible
after injury. However, this procedure is
limited to those wounds located in ana-
tomical regions that permit adaptation of
wound borders allowing wound closure
by primary intention. This means closing
it by suturing and restoring of the skin
continuity @.In large-surface and deep
wounds in which primary wound closure
is neither possible nor practicable, the
most important issue is to dress the
wound with appropriate materials in or-
der to keep it free from

infection, to reduce or eliminate pain and
all potential factors inhibiting natural
healing, and to replace or substitute the
missing tissue as much as possible ¢

Current strategies point out the acce-
leration of the wound repair by systemat-
ically designed dressing materials. By
this direction, most efforts have experi-
mentally and clinically utilized the bio-
logically derived, which are capable of
accelerating the healing processes at mo-
lecular, cellular, and systemic levels, as
materials to produce wound dressings
G&7- Amniotic membrane is a tissue of
interest as a biological dressing due to its
biological properties and immunologic
characteristics. It has low immunogenici-
ty and beneficial re -epithelialization ef-
fects, with anti-inflammatory, anti-
fibrotic, anti-microbial, and non-
tumorigenic properties > The amniotic
membrane is the innermost layer of the
fetal membrane, which first appears at
about days 7-8 following conception. It
results from a separation from the inner
cell mass of the germ disk at the peri-
phery of the ectodermal layer ©As
shown in Figure (1)

Basement membrane

Compact layer
Fibroblast layer

Spongy layer

Figure(1): Haematoxylin and eosin staining of the fresh amniotic membrane(9). Scale bar: 50 pum

The amniotic membrane(AM) con-
sists of five layers from within outward:
epithelium, basement membrane, compact
layer, fibroblast layer and spongy layer (9).
The epithelium consists of a single layer of

epithelial cells which are polygonal in shape
@The basement membrane of the AM
which contains types I, I, IV, V collagen,
laminin-1, laminin-5 and fibronectin, plays
an important role in the other cells prolifera-
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tion and differentiation®*"*The compact
layer is a dense layer almost totally devoid
of cells and consists mainly of a complex
reticular network. The fibroblastic layer is
the thickest layer of the amnion and consists
of mesenchymal cells. The spongy layer
forms the interface between the AM and
chorion and consists of wavy bundles of
reticulum bathed in mucin. This layer is
normally separated from fibroblast layer
when the AM is peeled from the underlying
chorion. The AM varies in thickness from
0.02 mm to 0.5 mm, so it can easily be used
as a biological dressing in ischemic areas
(10).

The AM has low immunogenicity, and
well-documented re-epithelialization effects,
anti-inflammatory, anti-fibrotic, anti-
microbial, and non-tumorigenic properties.
The AM has low immunogenicity, and well-
documented re-epithelialization effects, an-
ti-inflammatory, anti-fibrotic, anti-
microbial, and non-tumorigenic properties.
These pleiotropic functions are related in

part to its capacity to synthesize and re-
lease biological active substances including
cytokines and signaling molecules such as
the tumor necrosis factor, interferon, trans-
forming growth factor (TGF)-a, TGF-b, ba-
sic fibroblastic growth factor, epidermal
growth factor, keratinocyte growth factor,
hepatic growth factor, interleukin-4 (IL-4),
IL-6, IL-8, natural inhibitors of metallopro-
teases,b-defensins,prostaglandins etc ***

In wounds healing by secondary inten-
tion reepithelialization occurs after the
wound defect is filled with granulation tis-
sue. As the cells migrate, they increase in
number by mitosis. Once the wound is cov-
ered with cells, cellular differentiation oc-
curs, restoring normal epithelial layers. Epi-
thelialization proceeds at approximately 1
mm/day (23,24).

The mechanism by which amniotic
membrane enhance epithelialization could
be attributed to the production of growth
factors, and the basement membrane of am-
niotic membrane facilitates migration of
epithelial cells which reinforces the adhe-
sion of basal epithelial cells, and may pro-
mote epithelial differentiation®?”- Amniot-
ic membrane exerts anti-scaring effect
through secreting anti-inflammatory cyto-
kines and suppressing TGF- signaling at
the transcriptional level, leading to down-
regulation of several downstream genes that
are responsible for scar formation®

MATERIALS AND METHODS
This study was performed in the

Oral and Maxillofacial Surgery Department,
College of Dentistry, University of Mosul,
Irag, from 28/2/2013 to 21/6/2013.Twenty,
locally bred, 6-8 months old male rabbits
were planned to conduct the study. The
weight of each rabbit was about 1.5 + 0.5
kg. The animals were housed in an animal
house prepared for that purpose, given free
access to water and food, and maintained on
a 12-h light—dark cycle.

According to sacrificing time, animals
could be divided into four groups:

G1: Animals sacrificed after 3 days.

G2: Animals sacrificed after 1 week.

G3: Animals sacrificed after 2 weeks.

G4: Animals sacrificed after 1 month.

Each one of these groups included two
sub groups which are:

Subgroup C: Which included the control
group.

Subgroup AM: Which included the study
group. For achieving general anesthesia
each animal was given intramuscular dose
of xylazine base (sedative and muscle re-
laxant) (5 mg/kg) and ketamine hydrochlo-
ride (anesthetic and analgesic) (50 mg/kg)
injected into rabbit’s thigh muscle ®® . The
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animal was laid on its ventral side on the
surgical board ,the hair was shaved using
lotion hair remover, the area was washed
with a tap water. The animal was covered
with sterile towel exposing dorsal side only.
The surgical area was then disinfected by
scrapping using piece of gauze with povi-
done-iodine solution (10 %) before perform-
ing the wound. A metal template measuring
10 mm in diameter was placed on the skin
and an outline of the template was traced on
the skin using a pen marker. The wound was
made by excising the skin,within the border
of the template. Bilateral full-thickness cir-
cular segments approximately 10 mm in
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diameter and nearly (3-4) mm in thickness
were excised from the back of each rabbit (
near to the mid-dorsum area) with a surgical
blade (No. 11), one dorsal skin wounding
was performed lateral to the midline on
right side, another was performed lateral to
the midline on left side, (with at least 1 cm
the distance between two wounds). The
right wound was used as experimental
wound and covered with dried amniotic
membrane, the left wound was considered
as a control wound. All wounds were cov-
ered with non adherent moist occlusive
gauze ™ Figure (2).

{TETLERN

Figure (2).Surgical Procedure

A:The hair was shaved using lotion hair remover.

B: Bilateral full-thickness circular segments approximately 10 mm in diameter were excised from the

back of each rabbit

C: The Amniotic Membrane was cut into appropriate size.
D: The material was put on gauze and moistened with normal saline.

E: The material was applied to the study wound.

F: Both control and study wounds were covered with moist occlusive gauze.
G: Both control and study wounds were covered with strips
H: A bandage was wrapped around the trunk of animals

At day of sacrifice ,samples were taken
and placed in 10% formalin and sent for
histopathological study. Histopathological

Examination used to assess scoring for
reepthelialization wich include ®®-

Score 0: Reepithelialization at the edge
of the wound.

Score 1. Reepithelialization covering
less than half of the wound.
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Score 2: Reepithelialization covering
more than half of the wound.

Score 3: Reepithelialization covering the
entire wound, irregular thickness.

Score 4: Reepithelialization covering the
entire wound, normal thickness.

Statistical analysis was made by using
spss 19 computer soft ware program. Data

were analyzed by using Mann - Whitney

NPar Test was used to compare means
between groups .

RESULTS AND DISCUSSION

In this study the effects of gamma-
irradiated amniotic membrane on the
epithelialization of the secondary wound
sites were assessed. Since the use of gauze
dressing is cheaper as compared to other
commercial available dressings and is the
normal practice for coverage of wound,
healing of secondary wound with gamma
irradiated amniotic membrane dressing and
standard gauze dressing was compared. The
results included reepithelialization
examination in the four periods of the study
as shown in Table (1),Chart (1).

Table 1. Mann-Whitney Statistical Test (p-value) of reepithelialization score Comparing be-
tween Control and Amniotic membrane Groups.

Duration Reepithelialization (p-value)
3Days 1.000

7 Days 0.606

14 Days 0.005*

30 Days 1.000

Significance (*): p value <0.05

8

B 7.7
g 6
& s 5.9
o=
= a4
1=
v 3
£

2

1

(4]

3 T 14~

Time period/day

Chart (1) Mean Rank Differences between amniotic membrane group and control group at 3, 7,
14 and 30 Days Respectively For Reepithelialization

In the three days period, there is a minimal

reepithelialization at the wound edge in both
groups Figure (3).
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Figure (3): Three Days periods. A: for control group. B: for Amniotic membrane group (Magnifi-
cation power x100).

No statistically significant variation in
the reepithelialization process between
groups at this time. This result agreed with
comparative study of Nordback etal., they
concluded that the difference in epitheliaza-
tion was not statistically significant between
the dispase de-epithelialized, glycerol cryo-
preserved amniotic membrane group and
sodium chloride-moistened gauze group at 3
day period®” A study conducted by Wai-
kakul S, etal,(1990) used freeze-dried amni-
otic membrane applied in the form of split-
thickness skin grafts over an area from
which skin had been surgically removed.
they found that covering the wound with the
amniotic membrane had good results in
terms of pain reduction, but the promotion
of healing were not demonstrated®® In con-
trast ,Woob etal.,(2001) investigated the
effects of amniotic membrane on epithelial

wound healing and stromal remodelling on
eye of the rabbits by creating a wound
6.0 mm in diameter using an excimer laser,
one eye was covered by the AM while the
other eye served as a control they found that
the course of healing was started with a
slower initial phase, a faster middle phase,
and increasing healing latency towards com-
plete epithelial closure and most of the eyes
in the AM group were entirely re-
epithelialised by 72 hours after surgery®”
Corneal and dermal epithelialisation cannot
be stated as equal because corneal wound
healing is thought to be a simpler process
than when the healing process occurs in the
skin. For instance, cornea lacks blood ves-
sels in the cornea®-

In one week period ,there was no sta-
tistically significant variation in reepithelia-
lization between groups but the degree of
reepithelialization of wounds cover by am-
niotic membrane were better Figure (4).
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Figure (4): One Week Period. A: for control group. B: for Amniotic membrane group (Magnifica-
tion power x100).

This result agreed with comparative
study of Nordback etal., they concluded that
the epithelialization was somewhat larger in
the AM group on days 7 but the difference
was not statistically significant®” In two

weeks period, There was a statistically sig-
nificant enhancement of epithelialization of
amniotic membrane group compared to con-
trol group as in Figure (5).

Figure (5): Two Week Period. A: for control group. B: for Amniotic membrane group (Magnifica-
tion power x100).

The amniotic membrane has beneficial
reepithelialization effects, the AM contains
many growth factors and the basement
membrane facilitates migration of epithelial
cells which reinforces the adhesion of basal
epithelial cells, and may promote epithelial
differentiation ,the AM provides a suitable
substrate, such as laminins for rapid attach-
ment of epithelial cells. AM might exert its

wound healing effect by accelerating kerati-
nocyte migration from the wound edge and
inducing its differentiation, thereby contri-
buting to the generation of intact epithelium
(4,19-21) .

Mermet etal., used AM on the treat-
ment of chronic venous leg ulcers, they
found that the greatest effect of AM was
observed at the 14th day but no significant
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effect was seen at the 7th day ® .Insausti et
al. concluded, although the process was
slow, AM application in human patients
with post-traumatic wounds inducing the
formation of a well-structured epidermis
with all relevant layers and restoring skin
integrity ©.

In the one month period ,both groups
showed complete epithelialization and there
was no statistically significant variation in
reepithelialization between groups. Both
groups showed well-recovered epidermal
and dermal layers. The epidermis showed
mature differentiation, and the dermal layer
showed thick collagen bundle deposition and
well-recovered skin appendages .Usually the
healing at this period is by far completed
and inflammation susbsided .

Nordback etal., found that the effect
of AM decreases in later stages. they con-
cluded that the difference in epitheliazation
was not statistically significant between the
dispase de-epithelialized, glycerol cryopre-
served amniotic membrane group and so-
dium chloride-moistened gauze group at 21
day period™”.

CONCLUSIONS
Dried Amniotic membrane has proper-
ties that are helpful in wound healing. Ac-
cording to this study, the use of amniotic
membrane as a dressing in secondary wound
to enhance epithelialization is beneficial.
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