
Original Article

Effects of the Application of Decellularized Amniotic Membrane

Solubilized with Hyaluronic Acid on Wound Healing
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Extremo Sul Catarinense, Av. Universitária, 1105 Universitário – Block S, Room 16, Criciúma, SC CEP: 88806-000, Brazil

(Received 15 April 2022; accepted 3 July 2022; published online 8 July 2022)

Associate Editor Stefan M. Duma oversaw the review of this article.

Abstract—A perfect graft for wound care must be readily
available without affecting the immune response, covering
and protecting the wound bed. Considering previous studies
have already established the use of hyaluronic acid (HA) for
the treatment of wounds but the data presented on the
amniotic membrane (AM) and its promising effects on
healing still requires further investigation, this study aimed to
evaluate the effects of the application of a decellularized
amniotic membrane solubilized with hyaluronic acid on the
healing process of cutaneous wounds on the 7th and 14th
day, to evaluate the evolution of the wound and the
inflammatory phases in these two times. Cutaneous lesions
were excised from the dorsal region and 96 Wistar rats were
divided into four groups: I–Excisional wound (EW); II–
EW + AM; III–EW + HA; IV–EW + AM + HA. The
present study demonstrated that the proposed combined
therapy favors the tissue repair process of the epithelial
lesion. Results showed a reduction in pro-inflammatory
cytokines, an increase in anti-inflammatory cytokines, an
increase in TGF-b, and attenuation of oxidative stress,
reducing the acute inflammatory response and promoting the
beginning of tissue repair. We concluded that the proposed
therapies accelerated the inflammatory process with antici-
pation of the repair phase.
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INTRODUCTION

It is expected that 1% of the population will expe-
rience ulcerations over their lives. Wounds impact an
average of five million people in the United States
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alone, and the cost of treating these wounds is esti-
mated to be up to $10 billion each year. An increase in
the number of patients who have received insufficient
treatment for chronic wounds over lengthy periods is
of special concern.28 Whatever the cause, wounds have
a substantial but often unrecognized impact on people
who suffer from them, caregivers, and the healthcare
system. The phenomenon of wounds has been called
the ‘silent epidemic’,37 as it inflicts pain and suffering,
lowers the life quality, raises healthcare expenses,
lengthens hospital stays, and increases morbidity.19

Wounds are characterized by loss of skin integrity.32

Deep wounds that destroy the epidermis and a portion
of the dermis have functional consequences, such as
reduced skin oxygenation and impaired tissue heal-
ing.30

Wound healing is a dynamic process that consists of
four continuous, overlapping, and precisely timed
phases. The events of each phase must occur in a
precise and regulated manner, as any interruption or
even prolongation of the process can lead to a delay in
healing or a chronic wound that does not heal. Opti-
mal wound healing involves the following events: (1)
rapid hemostasis; (2) appropriate inflammation; (3)
differentiation, proliferation, and migration of cells to
the wound site; (4) adequate angiogenesis; (5) imme-
diate reepithelialization and (6) adequate collagen
synthesis to provide strength to the scar tissue.22

Growth factors and cytokines, such as interleukin 1
(IL-1) and tumor necrosis factor-alpha (TNF-a), pro-
mote and govern the healing process. Neutrophils re-
move necrotic tissue and pathogens through
phagocytosis and release of reactive oxygen species
(ROS) in response to pro-inflammatory signals and
activation of inflammatory signaling pathways (e.g.,
NF-jB).41

A perfect graft for wound care must be readily
available without affecting the immune response, cov-
ering and protecting the wound bed, improving the
healing process, decreasing patient pain, and resulting
in little or no scar formation.18,42

The presence of several important growth factors, as
well as clinically important characteristics such as anti-
inflammatory behavior, angiogenic properties, epithe-
lialization induction, antimicrobial action, and non-
immunogenicity,15 make the amniotic membrane
(AM) a potential candidate for wound healing,16,38

because its structure makes it an ideal biological
material for dressings. Most of these characteristics are
based on the presence of collagen types I, II, III, IV,
laminin, and fibronectin in the basement membrane, in
addition to growth factors (EGF, TGFa, and b, KGF,
HGF, FGF, VEGF, PDGF).36

Late reepithelialization and persistent inflammation,
often triggered by infections, are the primary initiators

of scar tissue development. AM also helps reduce
scarring in skin wounds by secreting EGF, KGF, and
HGF, which are important growth factors in epithe-
lialization and wound healing. AM’s anti-inflamma-
tory effect is mediated through the migration
inhibitory factor (MIF) and suppression of the pro-
duction of pro-inflammatory cytokines such as IL1.17

Hyaluronic acid (HA), a natural polymer of the
glycosaminoglycan (GAGs) family, is an attractive and
profitable alternative for the creation of medical de-
vices for the treatment of epidermal and dermal
wounds.30 High tissue concentrations of HA are pre-
sent during the activation of essential biological pro-
cesses such as remodeling, regeneration,
morphogenesis and are also responsible for migration,
cell differentiation, and progenitor cell tissue collec-
tion.20

Considering previous studies have already estab-
lished the use of hyaluronic acid for the treatment of
wounds and skin disorders, and the data presented on
the amniotic membrane and its promising effects on
healing that still requires further investigation, the
objective of this work was to evaluate the effect of the
application of decellularized amniotic membrane sol-
ubilized with hyaluronic acid in the healing process of
cutaneous wounds in an experimental model of rats.

MATERIALS AND METHODS

Animals

Ninety-six male Wistar rats (2 months weighing
between 250 and 300 g) were divided into two groups
of 48 animals each, so that one of these groups was
euthanized on the 7th and the other on the 14th day, to
evaluate the entire tissue repair process, from the
inflammatory to the remodeling phase. In addition,
each group of 48 animals was subdivided into four
groups with 12 animals each, grouped in specific cages,
with a controlled room temperature between 20 ±/�C,
12/12 h light–dark cycle, and free access, fed a stan-
dard diet for rodents and water ad libitum.

The animals were randomly divided into four
groups with n = 12 each:

I. Excisional wound (EW);
II. EW + hyaluronic acid (HA) 0.9%;
III. EW + amniotic membrane (AM);
IV. EW + AM + HA.

Excisional Wound Model

The excisional wound model was induced as de-
scribed by Mendes et al.32 Animals were anesthetized
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with 4% isoflurane. The dorsal region of each animal
was trichotomized, cleaned, and disinfected with 70%
alcohol. The medial-dorsal region, between the inter-
scapular line and the tail, was removed with a circular
surgical incision with a diameter of approximately
2 cm. The wounds were uniform in diameter, depth,
and location.

Amniotic Membrane

Amniotic membranes were obtained from parturi-
ents (n = 2, with 36–40 weeks of gestational age) fol-
lowing approval by the ethics committee (CEUA-
PUCPR) under protocol 01288. After collection, the
membranes were processed within 6–12 h after normal
delivery.

Decellularization of the amniotic matrix was per-
formed using an aseptic technique, according to the
methodology described by Hopper et al.23 The effec-
tiveness of the decellularization process was confirmed
by sampling in histological analysis with HE staining
and scanning electron microscopy (MEV) according to
Jorge et al.25

Treatment

First, solubilization of AM with HA (0.9%) was
performed by immersion of the membrane in hya-
luronic acid (1 mL) for an hour. No tests were per-
formed on the stability of AM with HA for reasons
that a single solution was not made with the two
components, but a topical application of AM solubi-
lized by immersion of the membrane in hyaluronic
acid.

In animals of group II, HA (0.9%) was applied
topically to the wound. HA used was high-molecular-
weight HA, above 1000 kDa, based on the work of
Corrêa et al.11 and Mendes et al.32

As for groups III and IV, the wound bed was
completely covered by AM and/or HA (0.9%). The
size/amount of membrane used was related to the size
of the wound, which was a diameter of 2 cm.

After the application of treatments, all animals had
the induced wounds covered with a transparent and
adhesive dressing (Tegaderm). These applications were
made only once.

The effectiveness of the protocol was evaluated after
a healing period of 7 days in half of the animals and
14 days in the other half, aiming to evaluate the evo-
lution of the wound and the inflammatory phases in
these two times.

After these procedures, the animals were anes-
thetized with 4% isoflurane and killed by guillotine
decapitation on the 7th and 14th days of treatment.

Sample Preparation for Biochemical and Molecular
Analysis

The outer edge of the wound of eight animals per
group was surgically removed, processed, and stored in
a freezer at 2 80 �C for subsequent biochemical and
molecular analysis.

Wound Size Analysis

The photographic method is a precise alternative to
measure the wound area, being an appropriate tech-
nique for clean wounds, contaminated or not. Digital
images of the wounds were taken at the resolution of
3264 9 2448 pixels and analyzed by the ImageJ� 1.51
software. The images of the lesions were obtained on
days 0, 7, and 14, and the number of animals pho-
tographed per group was N = 12, for visual verifica-
tion of the evolution of the healing process and
measurement of the size (length and width) calculating
the variation of the areas of wounds in this period in
cm2. These measurements were made by the same
researcher, three measurements were made for each
wound, and the average value was used.

Histological Analyses

The wound samples of four animals per group were
conditioned for 48 h in a 10% formaldehyde buffered
solution (pH 7.4 phosphate buffer), followed by his-
tological processing, and were then embedded in
paraffin. Thereafter, 5.0 lm sections were subjected
simultaneously to respective hematoxylin and eosin
(HE) staining, to quantify the inflammatory infiltrate,
blood vessels, and fibroblasts. Moreover, Ponceau S
staining was performed to quantify the percentage area
of total collagen compaction.3,24,40

Furthermore, all histological sections were visual-
ized in the LEICA� DM-2000B optical microscope
with a LEICA�DFC-300 FX camera connected to the
computer with LAS� software—Leica Application
Suite (version 3.3.0), to capture the images.

For simultaneous quantification (evaluated by a
trained pathologist) of the inflammatory infiltrate and
fibroblasts, the ‘‘Cell Counter’’ plug-in of the ImageJ
software (five images/animal/time/treatment in
9400 magnification) was used, and for blood vessels
quantification at 9200 magnification (HE stain). To
quantify the percentage area of total collagen com-
paction (stained area in red: total collagen compaction
stained by Ponceau S) at 9400 (five images/ani-
mal/time/treatment), the ‘‘Color deconvolution’’ plu-
gin from ImageJ software was used
(‘‘Vector’’ <FastRed FastBlue DAB>).12
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RT-qPCR

Gene expression analyses of NF-kb and Nrf2
markers were performed using PCR—Real-Time, in
samples from the 7th day after treatment. b-Actin was
used as reference gene for normalization. Relative
expression levels were determined with 7500 Fast Real-
Time System Sequence Detection Software v.2.0.5
(Applied Biosystems). Relative mRNA expression le-
vels were determined using the target/actin method.
Total RNA was extracted using TRIzol� reagent (Life
Technologies) and following the manufacturer’s rec-
ommended instructions. The RNA obtained was sol-
ubilized in 30 ll of Milli-Q water treated with 0.1%
DEPC (Sigma), grouped in a single tube, and stored at
2 20 �C. Total extracted RNA was quantified by
spectrophotometry in absorbance at 260 nm and
280 nm. The 260/280 nm absorbance ratio was used to
estimate protein contamination. RNAs whose 260/
280 nm ratio were between 1.8 and 2.0 were considered
to be of good quality. Soon after, complementary
DNA was synthesized using M-MLV reverse tran-
scriptase, which promotes a complementary DNA
strand from single-stranded RNA. The final part in-
cluded real-time polymerase chain reaction (PCR)
using the SYBR Green dye system, which has highly
specific binding to double-stranded DNA, to detect the
PCR product as it accumulates during cycles of the
reaction.

Determination of the Cytokine Content Using ELISA

The samples were processed and then the plate was
sensitized for further incubation with the antibody. To
measure cytokines (TNF-a, IL-1b, IL-6, IL-4, IL-10,
TGF-b) the enzyme-linked immunoabsorbent assay
(Duoset ELISA) capture method (R&D system, Inc.,
Minneapolis, USA) was used.

Intracellular Determination of Reactive Oxygen Species
(ROS) and Nitric Oxide

The intracellular levels of oxidized 2,7-dichloroflu-
orescein (DCF) were monitored at excitation and
emission wavelengths of 488 and 525 nm, as described
by Dong.13 The endothelial function was assessed by
evaluating the nitric oxide levels by measuring its
stable nitrite metabolite, and quantified by spec-
trophotometer at 540 nm as described in the litera-
ture.9

Determination of Oxidative Damage Marker Levels

The oxidative damage to protein was measured by
the determination of carbonyl groups, based on a
reaction with dinitrophenylhydrazine (DNTP), and the

carbonyl contents were determined by measuring the
absorbance at 370 nm.27

Total thiol content was determined using the 5,5-
dithiobis (2-nitrobenzoic acid) (2-nitrobenzoic acid)
(DTNB) method, the absorbance at 412 nm was
measured, and the amount of TNB formed (equivalent
to the amount of sulfhydryl (SH) groups) was calcu-
lated.1

Determination of Antioxidant Defenses

Adapted from Bannister and Calabrese,4 SOD
activity was quantified by inhibiting the oxidation of
adrenaline and measured in a SpectraMax i3xELISA
reader at 480 nm. Values were expressed as unit SOD/
mg protein (U/mg protein). Glutathione levels were
measured through a reaction between DTNB and thi-
ols, promoting color development as a result. Total
glutathione (GSH) levels were expressed in lmol per
mg of protein-based on absorbance at 412 nm.21

Protein Content

The protein content was determined using the Folin
phenol reagent (phosphomolybdic–phosphotungstic
reagent) by Lowry et al.31 The bovine serum albumin
was used to perform a standard curve. The results were
expressed as mg protein (mg).

Statistical Analysis

Data are expressed as the mean ± standard error of
the mean (SEM). Data were assessed for normal dis-
tribution using the Shapiro–Wilk test, and for
homoscedasticity using Levene’s test. Then, data were
analyzed statistically by one-way analysis of variance
(ANOVA) tests, followed by the Tukey post hoc test.
The significance level for statistical tests is p < 0.05.
SPSS (Statistical Package for the Social Sciences) ver-
sion 17.0 was used.

RESULTS

Wound Contraction Analysis

Figure 1a shows representative images of the wound
sizes. Figures 1b and 1c represent the wound contrac-
tion area in cm2. On the 7th day after wound induction
(Fig. 1b) the groups showed no significant difference.
However, when analyzed on the 14th day after wound
induction (Fig. 1c), it was possible to see a significant
increase in wound contraction in the EW + AM and
EW + AM + HA (p < 0.01 and p < 0.001, respec-
tively) groups compared to the Excisional Wound
(EW) group.
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Histological Analysis

Figure 2a shows representative images of histologi-
cal sections of the integumentary system on the 7th day
after wound induction, which were quantified for the
mean number of inflammatory infiltrate (Fig. 2b) and
the mean number of blood vessels (Fig. 2c), which
showed no significant difference. The mean number of
fibroblasts (Fig. 2d) showed a significant increase in
the combined therapy group (EW + AM + HA)
compared to the EW group, while in the analysis of
collagen fiber compaction (Fig. 2e) there was a signif-
icant increase in the EW + AM group when com-
pared to control.

Figure 3a shows representative images of histologi-
cal sections of the integumentary system now on the
14th day after wound induction. When quantifying the
mean number of inflammatory infiltrates (Fig. 3b),
there was a significant decrease in the combined ther-
apy group (EW + AM + HA) compared to the EW
group. Regarding the mean number of blood vessels
(Fig. 3c), the mean number of fibroblasts (Fig. 3d),
and collagen fiber compaction (Fig. 3e) there was no
significant difference.

RT-PCR

Figure 4 shows the analysis of gene expression of
Nf-jb and Nrf2 markers on the 7th day after wound
induction. When analyzing the content of Nf-jb
(Fig. 4a), there was a significant decrease in the
EW + AM and EW + AM + HA groups when
compared to the EW group (p < 0.05). In the analysis
of Nrf2 content (Fig. 4b), there was no significant
difference between groups.

Pro-Inflammatory Cytokines

Figure 5 shows the protein levels of the pro-in-
flammatory cytokines TNF-a, IL1b, and IL6 on the
7th day after wound induction. When TNF-a levels
were evaluated (Fig. 5a), there was a significant de-
crease in the EW + AM and EW + AM + HA
groups compared to the EW group, and this difference
was greater (p < 0.01) for the EW + AM group. On
the other hand, IL1b levels (Fig. 5b) showed a signif-
icant decrease only in the EW + AM + AH group
when compared to the EW group. As for the cytokine

FIGURE 1. Effects of treatment with amniotic membrane and hyaluronic acid on wound contraction parameters where (a)
representative images of the wound sizes; (b) wound contraction at 7 days; (c) wound contraction at 14 days. Data are presented
as mean + SEM, in which: *p < 0.05 vs. EW Group; **p < 0.01 vs. EW Group;***p < 0.001 vs. EW Group; columns which no symbol
are non-significant; (One-way ANOVA followed by Tukey post hoc test).
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IL6 (Fig. 5c), there was a significant decrease
(p < 0.01) in all groups when compared to the EW
group.

Now as for the evaluation of pro-inflammatory
cytokines on the 14th day after wound induction,
TNF-a levels (Fig. 6) showed a significant decrease in
all groups compared to the EW group (p < 0.001), as
well as the IL1b levels (Fig. 6b), in which there was a
significant decrease in all groups compared to the EW
group (p < 0.01), and in the EW + AM and EW +
AM + HA groups the difference was significantly
greater (p < 0.0001). Regarding IL6 levels, there was
no significant difference.

Anti-Inflammatory Cytokines

Figure 7 shows the protein levels of anti-inflamma-
tory cytokines (IL10, IL4, and TGF-b) on the 7th day
after wound induction. There was only a significant
difference in IL4 levels (Fig. 7b) where there is a sig-
nificant increase in the combined therapy group
(EW + AM + HA) compared to the control.

Protein levels of anti-inflammatory cytokines on the
14th day after wound induction are shown in Fig. 8. A
very significant increase in cytokine IL10 (Fig. 8a) was
observed in the EW + AM + HA group compared
to the EW group (p < 0.0001); the same occurred with
IL4 levels (p < 0.001) (Fig. 8b).

The growth factor TGF-b (Fig. 8c) showed a sig-
nificant increase in the EW + AM and EW +
AM + HA groups compared to the EW group,
whereas the differences were of p < 0.01 and
p < 0.0001, respectively.

Oxidative Parameters

The analysis of oxidants, oxidative damage, and
antioxidants was carried out in 7 and 14 days; Fig. 9
shows the results for the 7th day after wound induc-
tion.

To evaluate the oxidants, the levels of DCF and
Nitrite were analyzed. DCF results (Fig. 9a) on the 7th
day were not significantly different; on the other hand,
nitrite levels (Fig. 9b) show a significant decrease in the
EW + AM + HA group compared to the EW group
(p < 0.05).

To assess the oxidative damage, Carbonyl levels and
Sulfhydryl content were measured. We obtained a
significant reduction in the levels of carbonyl groups
(Fig. 9c) in the EW + HA (p < 0.05) and EW +
AM + HA (p < 0.01) groups when compared to the
EW group. The sulfhydryl content (Fig. 9d) was not
significantly different.

Regarding antioxidant effects, SOD and GSH en-
zymes were measured. SOD levels (Fig. 9e) showed a
significant increase (p < 0.05) in the combined therapy
group (EW + AM + HA) compared to the control
group; the same occurred with GSH levels (p < 0.01).

Figure 10 shows the results of oxidative parameters
on the 14th day after wound induction. It was observed
that the results of the oxidants DCF and Nitrite
(Figs. 10a, 10b) did not present any significant differ-
ence, as happened with the oxidative damage markers
Carbonyl and Sulfhydryl (Figs. 10c, 10d).

However, about the antioxidant system, the SOD
and GSH enzymes were measured and both of them
(Figs. 10e, 10f) showed a significant increase
(p < 0.05) in the combined therapy group (EW +
AM + HA) in relation to the control.

DISCUSSION

Deep wounds, which destroy the epidermis and part
of the dermis, compromise oxygenation and the skin’s
ability to heal, accompanied by dehydration, shock,
and infections. As these functional damages do not
occur, immediate coverage is an essential measure in
the treatment of wounds.

In this study, it was observed that the use of
amniotic membrane solubilized with hyaluronic acid
was able to accelerate wound healing, considering that
there was a significant increase in the level of wound
contraction in the groups that received this therapy
both together and separately, as well as a significant
increase in the number of fibroblasts and collagen fi-
bers in the groups treated on the 7th day after wound
induction. In addition, a reduction in the levels of the
inflammatory marker NF-jb, of the pro-inflammatory
cytokines TNF-a, IL1b, and IL6 were observed, while
an increase in the anti-inflammatory cytokines IL10,
IL4, and TGF-b was observed in both on the 7th and

bFIGURE 2. Effects of treatment with amniotic membrane and
hyaluronic acid on parameters of histological analysis on the
7th day. (a) Representative photomicrograph (3400
magnification) of histological sections of wound area
(Superior line: HE stained images, inflammatory infiltrate
highlighted by yellow arrows and fibroblasts by green arrows.
Inferior line: Ponceau S-stained images, highlighting the total
collagen stained in red and its compaction). Mean number of
(B) inflammatory infiltrate; (c) blood vessels; (d) fibroblasts;
(e) total collagen compaction. Data are presented as
mean + SEM, in which: *p < 0.05 vs. EW Group; **p < 0.01
vs. EW Group; columns which no symbol are non-significant;
(One-way ANOVA followed by Tukey post hoc test).
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14th days. There was also a decrease in reactive
nitrogen species in the combined therapy group com-
pared to the control on the 7th day of this study, along
with a reduction in the levels of the oxidative damage
marker carbonyl and an increase in the activity of the
antioxidant enzymes SOD and GSH.

Data from Castellanos et al.8 proposed that AM
may affect wound healing by speeding up the migra-
tion of keratinocytes from the wound edge and that
growth factors and progenitor cells released by AM
may mediate the stimulatory effect on epithelialization,
as well as Zhao et al.43 reported that growth factors
and cytokines are responsible for the effect of AM on
cell migration. Chrissouli et al.10 showed that amnion
cells could stimulate fibroblast proliferation during
wound healing. These effects can be attributed to the
presence of growth factors in the amniotic fluid,
especially FGF (fibroblast growth factor) and PDGF
(platelet-derived growth factor).36

It is suggested that the healing process in this study
occurred properly due to the joint effects of the
amniotic membrane and hyaluronic acid. Hyaluronic
acid mediates cell migration, adhesion, proliferation,
and differentiation and is also an extracellular signal-
ing molecule. In addition, it has shown extensive
pharmacological activities, including immunoregula-
tory, anti-inflammatory, antioxidant, and anti-aging.

Studies have indicated that AM influences the NF-
jb pathway through interactions with IKKa/b sub-
units, resulting in suppressed P-Ikba phosphorylation
and decreased NF-jb phosphorylation.5 Further
studies have suggested that high-molecular-weight HA
also downregulates NF-jB via its CD44 receptor.2

The decrease in pro-inflammatory cytokines is
important given that these mediators can cause apop-
tosis and decrease fibroblast proliferation, resulting in
delayed wound healing.26 The increase in anti-inflam-
matory cytokines is essential for the final repair of the
wound, since collagen fibers, the main functional
component of the dermal tissue layer and essential for
wound resistance, are promoted by TGF-b; and IL-10
plays an important role in controlling inflammation,
immune-mediated tissue damage, and reducing wound
healing potential,35 as well as suppressing the release
and function of several pro-inflammatory cytokines
such as IL1, TNF-a, and IL6, which is a normal
endogenous feedback factor for the control of immune
and inflammatory responses.33

Although AM contains a wide range of growth
factors, cytokines, and extracellular matrix compo-
nents, its therapeutic actions are principally attributed
to a molecular complex known as HC-HA/PTX3,6,39 a
heavy chain complex that significantly promotes
apoptosis of neutrophils and newly isolated macro-
phages after activated but sparing resting neutrophils,
a process essential to resolve inflammation.39 In addi-
tion, high molecular weight hyaluronic acid also pro-
motes anti-inflammatory effects through other
receptors such as CD44 and RHAMM. By binding to
the CD44 receptor, it downregulates the expression of
pro-inflammatory cytokines, and prostaglandins, and
suppresses NF-jB activation.2

The inflammatory process leads to the release of
ROS (reactive oxygen species), which contribute to the
pathogenesis of wounds as they are highly reactive and
cytotoxic. When ROS production is exacerbated, it
causes oxidative stress, which has been linked to de-
layed wound healing, as it can cause the persistent
release of pro-inflammatory cytokines, alter and/or
destroy ECM proteins, and affect the functioning of
fibroblasts and keratinocytes.14 It has been suggested
that AM is capable of removing ROS from its envi-
ronment and exhibits evidence of its scavenger action,
that is, its ability to neutralize free radicals.7,29 Evi-
dence also suggests that high molecular weight hya-
luronic acid is a powerful anti-inflammatory molecule
that can also neutralize intra and extracellular ROS.34

Analyzing the results as a whole, it is assumed that
the proposed therapies acted together so that there was

bFIGURE 3. Effects of treatment with amniotic membrane and
hyaluronic acid on parameters of histological analysis on the
14th day. (a) Representative photomicrograph (3 400
magnification) of histological sections of wound area
(Superior line: HE stained images, inflammatory infiltrate
highlighted by yellow arrows and fibroblasts by green arrows.
Inferior line: Ponceau S-stained images, highlighting the total
collagen stained in red and its compaction). Mean number of
(b) inflammatory infiltrate; (c) blood vessels; (d) fibroblasts;
(e) total collagen compaction. Data are presented as
mean + SEM, in which: *p < 0.05 vs. EW Group; **p < 0.01
vs. EW Group; columns which no symbol are non-significant;
(One-way ANOVA followed by Tukey post hoc test).
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FIGURE 4. Effects of treatment with amniotic membrane and hyaluronic acid on parameters of gene expression of Nf-kb and Nrf2
on the 7th day where (a) Nf-kb; (b) Nrf2. Data are presented as an average + SEM, in which: *p < 0.05 vs. EW Group; columns which
no symbol are non-significant; (One-way ANOVA followed by Tukey post hoc test).

FIGURE 5. Effects of treatment with amniotic membrane and hyaluronic acid on parameters of pro-inflammatory cytokines on the
7th day in which (a) TNF-a; (b) IL1b; (c) IL6. Data are presented as mean + SEM, in which: *p < 0.05 vs. EW Group; **p < 0.01 vs. EW
Group; columns which no symbol are non-significant; (One-way ANOVA followed by Tukey post hoc test).
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CORRÊA et al.1904



FIGURE 6. Effects of treatment with amniotic membrane and hyaluronic acid on pro-inflammatory cytokine parameters on the
14th day where (a) TNF-a; (b) IL1b; (c) IL6. Data are presented as mean + SEM, in which: *p < 0.05 vs. EW Group; **p < 0.01 vs. EW
Group; ***p < 0.001 vs. EW Group; &p < 0.0001 vs. EW Group; columns which no symbol are non-significant; (One-way ANOVA
followed by Tukey post hoc test).

FIGURE 7. Effects of treatment with amniotic membrane and hyaluronic acid on anti-inflammatory cytokine parameters on the 7th
day where (a) IL10; (b) IL4; (c) TGF-b. Data are presented as mean + SEM, in which: *p < 0.05 vs. EW Group; columns which no
symbol are non-significant; (One-way ANOVA followed by Tukey post hoc test).
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an acceleration of the inflammatory process for the
repair phase, with an increase in wound contraction,
reduction of the NF-jb marker, reduction of pro-in-
flammatory cytokines, increase in anti-inflammatory
cytokines and attenuation of oxidative stress, in addi-
tion to an increase in the number of fibroblasts and
collagen fibers, indicating the effectiveness of the
healing process.

CONCLUSION

In conclusion, the present study demonstrated that
the proposed combination of amniotic membrane and
hyaluronic acid therapy favors the tissue repair process

of the epithelial lesion. The results showed a reduction
in pro-inflammatory cytokines, an increase in anti-in-
flammatory cytokines, an increase in TGF-b, and
attenuation of oxidative stress, reducing the acute
inflammatory response and promoting the beginning
of tissue repair.

The use of the amniotic membrane for the treatment
of wounds shows promise according to its various
mechanisms of action and mainly due to its rich
composition of auxiliary factors for the healing pro-
cess, even more so when associated with hyaluronic
acid, which has already been used in this area. Future
studies using these treatments will be valid for a better
understanding of their mechanisms, including collagen
metabolism and M1 and M2 phenotyping, in addition
to discovering other possible uses, as it provides many

FIGURE 8. Effects of amniotic membrane and hyaluronic acid treatment on anti-inflammatory cytokine parameters on the 14th
day where (a) IL10; (b) IL4; (c) TGF-b. Data are presented as mean + SEM, in which: *p < 0.05 vs. EW Group; **p < 0.01 vs. EW
Group; ***p < 0.001 vs. EW Group; &p < 0.0001 vs. EW Group; columns which no symbol are non-significant; (One-way ANOVA
followed by Tukey post hoc test).
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FIGURE 9. Effects of treatment with amniotic membrane and hyaluronic acid on oxidative parameters on the 7th day in which (a)
DCF; (b) Nitrite; (c) Carbonyl; (d) Sulphydryl content; (e) SOD; (f) GSH. Data are presented as mean + SEM, in which: *p < 0.05 vs.
EW Group; **p < 0.01 vs. EW Group; columns which no symbol are non-significant; (One-way ANOVA followed by Tukey post hoc
test).
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resources in its components that can be used in the
treatment of various diseases.

ACKNOWLEDGMENTS

This work was supported by grants from Conselho
Nacional de Desenvolvimento Cientı́fico e Tecnológico
(CNPQ), Fundação de Amparo à Pesquisa e Inovação
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