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The purpose of this study was to investigate the wound healing effect of acai berry water extracts (ABWE)
and a possible underlying mechanism involved in its action using various i vitro and in vivo models. The
wound healing effect of ABWE was evaluated by migration assay using HS68 fibroblast cells. In addi-
tion, its effect on mRNA expression of procollagen, fibronectin, and MMP-1 was determined. Moreover,
the wound healing effect of ABWE was evaluated in in vivo wound models through macroscopic and
microscopic observation. In addition, mRNA expression levels of wound related genes were determined.
Results revealed that ABWE was not cytotoxic. It increased migration of HS68 fibroblast cells. ABWE
increased mRNA expression levels of fibronectin but decreased the mRNA expression levels of MMP-1.
ABWE also showed significantly potent wound healing effect in vivo based on macroscopic and histo-
pathological observation and mRNA expression evaluation for wound related genes. Taken together, our
results indicated that ABWE might have potential as a wound healing agent.
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INTRODUCTION

Wound is defined as abnormal structure or function of the
human body due to trauma or disease. It has various molec-
ular-level symptoms (1). Wound healing in the skin is a
very complex phenomenon involving several processes.
Many factors are involved in the normal process of wound
healing (2). As a defensive mechanism to protect the human
body from harmful materials (3), wound healing generally
consists of three phases: inflammation, proliferation, and
remodeling (4). Various types of rat models such as cut
wound (5) and extraction wound (6) have been used to study
wound healing.

Inflammation period is the time from damage to prompt
response. During this period, wound will activate platelet to
secret fibronectin and fibrin (7). Activated platelets may
coagulate blood and secret growth factors such as platelet-
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derived growth factor (PDGF) and transforming growth
factor-B (TGF-B) (8). In the initial phase of inflammation,
monocytes secret cytokines and growth factors such as
interleukin-1, tumor necrosis factor-a (TNF-ot), TGF-f3, and
PDGF. These cytokines and growth factors will cause infil-
tration of inflammatory cells which play important roles in
infiltration, multiplication, and synthesis of collagen fibers
(9). Mast cells are known to play important roles in the
wound healing process. They secrete histamine that increases
the penetrability of blood vessels and the migration of inflam-
matory cells. Mast cells are involved in the formation of
new blood vessels and re-absorption of extracellular matrix
(10).

Proliferative stage refers to the time for the formation of
granulation tissue by macrophages or fibroblasts surround-
ing the wound. Angiogenesis, collagen deposition, epitheli-
alization, and wound contraction are observed at this stage
(11). Fibroblasts can synthesize collagen and form the con-
nective tissue. They play important roles in wound contrac-
tion during wound healing under the influence of fibrin and
fibronectin (12). Collagen is a very highly functional ele-
ment in the process of wound healing. Usually, type I colla-
gen accounts for about 80% of total collagen (7). Fibronectin
is involved in adhesion between tissues and cells or between
cells (13). It can induce cell migration associated with the
reconstruction of an organism in the process of wound heal-
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ing (14). Matrix metalloproteinases (MMPs) play an import-
ant role in controlling extracellular matrix contents in the
damaged organism. MMP-1 is an extracellular matrix prote-
ase involved in re-formation of connective tissues in the
wound healing process by inducing degradation of extracel-
lular matrix proteins such as collagen, fibronectin, and
laminin in the extracellular matrix (15).

Remodeling phase is the final stage of wound healing.
New collagen is synthesized by TGF-f. Scar of damaged tis-
sue is minimized and restored to its original status by prompt
regeneration. It is important functionally and aesthetically.

Various studies have attempted to enhance wound healing
effect, especially for medical-related treatment. However, only
some studies have reported that herb extracts can be used as
natural medicine without side effects, unlike synthetic chemi-
cals that are currently used for wound healing (16).

Acai berry (Euterpe oleracea Mart.) is a purple fruit of a
palm tree. It contains lots of anthocyanin and polyphenolic
compounds. It has been reported that acai berry has excel-
lent suppressing effect on the generation of reactive oxygen
species (ROS) (17). It can suppress the activation of cycloo-
xygenase-2 (COX-2) and TNF-a in vitro (18). These results
have confirmed that acai berry is effective in controlling
oxidation and inflammatory reactions. However, little is
known about the wound healing effect of acai berry or its
action mechanisms.

Therefore, the objective of this study was to assess the in
vitro and in vivo effect of acai berry extracts containing var-
ious bioactive ingredients on wound healing process of skin
and determine its potential as an alternative wound healing
agent.

MATERIALS AND METHODS

Reagents and preparation of acai berry water extracts
(ABWE). Dulbecco’s modified Eagle Medium (DMEM),
fetal bovine serum (FBS), and penicillin/streptomycin (P/S)
were obtained from Lonza (Walkersville, MD, USA). 4-[3-
(4iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene
disulfonate (WST-1) was obtained from Roche (Cascade,
CA, USA).

Freeze-dried powder (organic acai berry powder 99.9%
and citric acid 0.1%) of acai berry (Sambazon, Paragon
laboratories, Torrance, CA, USA) was purchased from
Korean agency. ABWE was prepared by depositing 100 g
of acai berry powder in 1 L of water of 80°C and extracted
for 3 hr. It was then filtered and freeze-dried for 72 hr. These
extraction processes were repeated three times to obtain
ABWE for the present study.

Enzyme inhibitory activity. Elastase inhibitory activity
was measured by detecting p-nitroaniline released during
the hydrolysis of substrate N-Succinyl-(L-Ala)3-p-nitroani-
lide (19). Absorbance was measured at wavelength of 445

nm. The percentage of inhibition was calculated using the
following equation:

Inhibition rate (%) = [1 — (Agmpie/ Aconro)] X 100

Where A, Was the absorbance of the control (reagents
without the test compounds).

Collagenase inhibitory activity was measured according
to the method of Wiinsch and Heindric (20). Percentage of
collagenase inhibitory activity was calculated using the fol-
lowing equation:

Collagenase inhibitory activity (%)
=(1-(A-B)/(C-D))x 100

Where A was absorbance at 320 nm determined for test
sample with enzyme; B was absorbance at 320 nm deter-
mined for buffer instead of enzyme; C was absorbance at
320 nm determined for buffer instead of test sample; and D
was absorbance at 320 nm determined for buffer instead of
test sample and enzyme.

Cell viability and migration assay. Human normal
fibroblast cells (HS68, ATCC, American Type Culture Col-
lection) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin (P/S) at 37°C in a 5% CO,
incubator.

Viability of cultured cells was determined with WST-1
assay. Briefly, cells (1 x 10%) were distributed into 96-well
cell culture plates and incubated for 24 hr. They were then
treated with ABWE at concentration of 0, 0.1, 0.3, or 1 mg/
mL. The medium of cells was then removed. WST-1 solu-
tion diluted in PBS at a ratio of 1 : 10 was then reacted with
cells in the dark for 3 hr in an incubator (37°C). The absor-
bance value was measured at wavelength of 450 nm. Per-
centage of cell viability was calculated using the following
equation:

% cell viability = (Agme/Acontror) % 100

sample’

To determine the influence of ABWE on migration of
HS68 cells, cells were distributed into 6-well plates at
1 x 10 cells/well and cultivated for 24 hr in DMEM con-
taining by 10% FBS. A single cell layer was scratched after
pre-incubation at 37°C for 24 hr by using a 200 pL plastic
micropipette tip. Test material was then added at indicated
concentrations followed by incubation in the CO, incubator
for 24 hr. Photographs of wounded area were taken using a
phase-contrast microscope.

Measurement of genetic expression of HS68 cells.
Extracted total RNA (1250 ng) was reverse transcribed into
cDNA using pre-master mix with oligo dT (Bioelpis, Seoul,
Korea). Real-time PCR was done using cDNA as template
to measure mRNA expression of specific genes. cDNA
(1 uL) was added to 12.5 puLL of 2x SYBR Green PCR Mas-
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Table 1. Sequence of primers used for real-time PCR of in vitro study

Genes

Primers Amplicon size (bp)"

Forward (5'— 3

GCT TCA CCT ACA GCGTCA CT

Type I-procollagen Reverse (5" 3') AAG CCG AAT TCC TGG TCT GG 306
MMP-1 Forward (5" 3') GAT GTG GAG TGC CTG ATG TG 208
Reverse (5'— 3') TGC TTG ACC CTC AGA GAC CT
Fibronectin Forward (5'—> 3') ACT CTG ACA GGC CTC ACC A 78
Reverse (5'— 3') GTG TAG GGG TCA AAG CAC GA
. Forward (5" 3') AAT CTG GCA CCA CAC CTT CTA C
B-Actin 318

Reverse (5’ —> 3)

ATA GCA CAG CCT GGA TAG CAAC

Ybp, basepair; ?MMP-1, matrix metalloproteinase-1.

ter Mix, 1.5 uL of 5 uM sense and antisense primer, and
8.5 uL of distilled water to obtain a final volume of 25 pL.
Real time PCR was then performed using Applied Biosys-
tems 7300 real-time PCR System (Applied Biosystems,
Waltham, MA, USA). Primer sequences of [3-actin, type 1-
procollagen, MMP-1, and fibronectin are listed in Table 1.

In vivo skin wound healing experiment.

Animals and experimental group: Six-week-old male
Sprague Dawley (SD) rats (180~200 g) were obtained from
Dachan biolink (Eumsung, Korea) and acclimatized for one
week. They were then assigned to each group. The animal
room was maintained at temperature of 22 + 3°C, humidity
of 50+ 10%, and 12 hr of light-and-dark cycle per day.
They were provided free ad libitum access to food (Purina,
Korea) and water for the experiment period. Experimental
protocol and animal care were in accordance with the
guidelines of the Institutional Animal Care and Use Com-
mittee (IACUC) of Keimyung University (Daegu, Korea).
Five animals were assigned to each group with a random-
ized block design. For the vehicle control group (VC), 2%
of carboxymethyl cellulose (CMC) was applied. For the
positive control group (PC), commercially available oint-
ment containing 20 mg/g (2%) of sodium fusidate was
applied. For ABWE treatment groups, 1% ABWE (E1), 3%
ABWE (E2), or 5% ABWE (E3) was applied.

Design of skin wound model: Excision wound model
was prepared according to previous methods (21) with slight
modifications. Briefly, hair in the pertinent area of animals
for both experimental and control groups were removed
using electric clipper. Iodine tincture was then applied on
the skin to disinfect the epidermis. Four circular wounds at
20 mm in diameter were then made on two skin places that
were 2 cm away outwards from the vertebra using No. 11
surgical scalpels. After making wounds, the cut part was
covered with sterilized and disinfected gauze for dressing to
induce secondary healing. Each of the five groups had five
animals. Test material (200 uL) was then applied to the
wound area once a day for 18 days until complete epitheli-
alization. After applying the test material, the wound was
covered by sterilized gauze. Then an additional 100 pL of

the test material was applied to the top of the gauze to mini-
mize external contact. The treated area was banded with
non-irritant tape for one day. The positive control group
received 150 mg of 2% sodium fusidate.

Measurement of clinical index and macroscopic obser-
vation of wound area. Clinical signs, water intake, and
food intake were measured daily at 10 am throughout the
study period. To observe the wound healing process, pho-
tos of dermal wounds were taken at 0, 6, 12, and 18 days
after application of the test material using a digital camera
for each group before applying the test material again. Sec-
tions were graded subjectively for skin restoration as: no
lesion (grade 0); mild (grade 1); moderate (grade 2), and
severe (grade 3).

Histopathological observation of tissue. After finish-
ing the experiment, the skin tissue of wound area was fixed
in 10% neutral formalin solution for 24 hr. It was then
embedded in paraffin through a common process of water
charge, dehydration, hyaline, and permeation. The embed-
ded tissue was then cut into pieces of 4 um in thickness and
stained with hematoxylin and eosin (H&E) to observe
changes in dermal tissue such as thickness of epidermis or
permeation of inflammatory cells. The embedded tissue was
also stained with toluidine blue to observe the distribution
of mast cells or Masson’s trichrome to observe changes in
dermal collagen through optical microscopy (Leica, Wet-
zlar, Germany).

Measurement of gene expression level in skin tissue.
Total RNA was isolated from the removed skin tissue with
Trizol solution (800 uL). It was then used for cDNA syn-
thesis. RT-PCR was performed using the synthetized cDNA
as template to measure expression levels of specific genes.
RT-PCR reaction contained 1 pL of cDNA, 2 pL of dNTP,
2 uL of Taq buffer, 0.2 pL. of Taqg DNA polymerase, 0.5 pL
of forward primer, and 0.5 pL of reverse primer. The total
reaction volume was 20 pL. Primer sequences for f-actin,
type l-collagen, VEGF, MMP-1, fibronectin, IL-1f, and
TNF-a are listed in Table 2. PCR reaction solution was then
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Table 2. Sequence of primers used for RT-PCR of in vivo study

Genes

Type 1-collagen

Forward (5' — 3)
Reverse (5'— 3)
Forward (5' — 3)

VEGF? Reverse (5'— 3")
MMP-17 Reverse (53
Fibronectin EZZ:: ((55 "—_: 33 ;)
tp Revese (5 39
TNF-o Reverse (53
-Actin Forward (5'— 3")

Reverse (5'— 3)

Primers Amplicon size (bp)"
TTC TCC TGG TAA AGA TGG TGC 254
TGT TAA AGG TGA TGC TGG TCC
CAT GCG GAT CAA ACC TCA CC 515
CCT CCG GAC CCA AAG TGC TC
TGG GAT TTC CAA AAG AGG TG 121
ACG TGG TTC CCT GAG AAG A
AGC TCA TCA GCA TCC AGC AG 255
ACT GTG GCT CAT CTC CCT CC
GAA GTC AAG ACC AAAGTGG 540
TGA AGT CAA CTA TGT CCC G
ATC TTC TCG AAC CCC GAG TG 51
GGG TTT GCT ACA ACA TGG GG
CAC CCG CGA GTA CAA CCT TC 207

CCC CAT ACC CAC CAT CAC ACC

Ybp, basepair; ?VEGF, vascular endothelial growth factor; ?MMP-1, matrix metalloproteinase-1; “TNF-o, tumor necrosis factor o..

subjected to 2% agarose gel electrophoresis at 100 volts for
30 min in 1 x TAE buffer (40 mM Tris, 20 mM acetate pH
8.1, 2mM EDTA). Expected PCR bands were checked
based on a DNA size marker.

Statistical analysis. Data are presented as means £
standard deviation (SD) of means. Statistically significant
difference between groups were identified by Student’s #-
test at p <0.05, p<0.01, and p <0.001 for in vitro test and
by one-way analysis of variance (ANOVA) followed by
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Fig. 1. Inhibition effect of ABWE on elastase and collagenase
activity. Values represent the means + SD of three independent
measurements. ABWE: Acai berry water extract.

Duncan’s multiple-range test at p < 0.05 for in vivo results.
All statistical analyses were performed using SPSS 21.0 for
windows (IBM, Armonk, NY, USA).

RESULTS
Enzyme activity of ABWE. Elastase inhibition efficacy
of ABWE at 10 mg/mL was 21.5%, which was lower than

that (47.56%) of control vitamin C (ascorbic acid) at the same
concentration. Collagenase inhibitory efficacy of ABWE at
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Fig. 2. Effect of ABWE on HS68 cells proliferation. Viabilities of
HS68 cells were measured after treatment with ABWE at differ-
ent concentrations (0, 0.1, 0.3, and 1 mg/mL) for 72 hr or at dif-
ferent time points (0, 24, 48, and 72 hr) after treatment with
ABWE based on WST-1 assay. Values represent the means + SD
of three independent measurements. *p <0.05. ABWE: Acai
berry water extract.
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0 h, 0 mg/mL

24 h, 0 mg/mL 24 h, 0.1 mg/mL

24 h, 0.3 mg/mL 24 h, 1 mg/mL

Fig. 3. Effect of ABWE on HS68 cell migration. Monolayers of
confluent HS68 cells were wounded with plastic micropipette
tips. HS68 cells were treated with indicated concentrations of
ABWE. HS68 cells were photographed at 24 hr after wounding
by light microscopy. ABWE: Acai berry water extract.

10 mg/mL was 56.4%, which was lower than that (87.5%)
of control vitamin C (ascorbic acid) at the same concentra-
tion (Fig. 1).

Cell proliferation and migration assay. Cytotoxicity
of ABWE to HS 68 cells was evaluated by WST-1 assay.
Results showed that ABWE had no cytotoxicity to HS68
cells up to its effective concentration (less than 1 mg/mL).
ABWE at 0.3 and 1 mg/mL significantly promoted cell

25 =0 0.1 D03 O1

il \

Gene expression (%)

Procollagen 1 Fibronectin

Fig. 4. Effect of ABWE on mRNA expression levels of type | pro-
collagen, fibronectin, and MMP-1 in HS68 cells. mRNA expression
levels of type | procollagen, fibronectin, and MMP-1 in cells
treated with test material ABWE (0, 0.1, 0.3, and 1 mg/mL) for
72 hr was analyzed by real-time RT-PCR. Values are means + SD
of three independent measurements. **p < 0.01; ***p <0.001.
ABWE: Acai berry water extract.

proliferation in a dose-dependent manner. ABWE also
enhanced cell proliferation in a time-dependent manner.
Numbers of HS68 cells cultured for 48 hr and 72 hr in the
presence of 1 mg/mL of ABWE were significantly (p <
0.05) increased compared to those without treatment with
ABWE (Fig. 2).

Cell migration plays an important role in wound heal-
ing. Therefore, scratch wound assays were performed to
study the effect of ABWE on HS68 cells. Results showed
that ABWE treated groups had more active cell migration
to the scratched area than those without ABWE treatment

(Fig. 3).

Groups

Day 0

Day 6

Day 12

Day 18

Fig. 5. Macroscopic observations of excision wounds at the skin. Changes in skin appearance of PC, VC, E1, E2, or E3 treated-rats on
day 0, 6, 12, and 18 post-wounding. Wound areas treated with ABWE were reduced on day 6, 12, and 18. Values are means + SD of
five independent measurements (grade 0: normal, grade 1: minimal, grade 2: moderate, and grade 3: severe). PC: 2% sodium fusidate,
VC: 2% carboxymethyl cellulose (CMC), E1: 1% ABWE, E2: 3% ABWE, E3: 5% ABWE. ABWE: Acai berry water extract.
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Groups

H&E

Toluidine
Blue

Masson’s
Trichrome

Fig. 6. Microscopical examination of skin (x100). Histological appearance of wounds from experimental groups by H&E, Toluidine
blue, and Masson’s trichrome staining on day 18 after wounding. PC: 2% sodium fusidate, VC: 2% carboxymethyl cellulose (CMC), E1:
1% ABWE, E2: 3% ABWE, E3: 5% ABWE. ABWE: Acai berry water extract.

Real-time RT-PCR results of mRNAs in HS68 cells.
Fibronectin mRNA expression levels were significantly up-
regulated by ABWE. However, MMP-1 mRNA levels were
significantly down-regulated by ABWE (Fig. 4).

In vivo wound healing experiment. There was no sta-
tistically significant difference in clinical signs, water intake,
or feed intake among treatment groups. Each group dis-
played acute inflammatory changes around the wound area
(Fig. 5). Wound size changed on day 6 after wound was
made. Wound area was found to become smaller and restored
in ABWE treated group (especially in E3) on day 18 com-
pared to that in the vehicle control treated group.

Histopathological observation of tissue. In ABWE
applied groups, inflammation was recovered with improved
alignment of epidermis and thick skin compared to vehicle
control treated group based on skin H&E staining. Based on
toluidine blue staining results, the number of mast cells of
the vehicle control treated group was significantly more
than that of group treated with ABWE. ABWE treated
group displayed higher concentrations of collagen with reg-
ular alignment compared to vehicle control treated group
based on Masson’s trichrome staining (Fig. 6).

RT-PCR results of skin. Expression levels of type I col-
lagen, VEGF, and fibronectin mRNAs were increased in
ABWE treated groups compared to those in vehicle control
treated group. However, mRNA expression levels of MMP-
1 and IL-1pB were decreased in ABWE treated group com-
pared to those in vehicle control treated group (Fig. 7).

Type I collagen
VEGF
Fibronectin
MMP-1

IL-1p

TNF-«

B-actin

Fig. 7. Effect of ABWE on mRNA expression levels of some
genes in skin. mRNA expression levels of type | collagen, VEGF,
fibronectin, MMP-1, IL-1B, and TNF-a in rats skin were deter-
mined at day 18 after excisional wound. ABWE: 5% acai berry
water extract.

TNF-a expression levels were similar to each other among
different treatment groups.

DISCUSSION

Results of this study showed that ABWE did not cause
cell toxicity in in vitro study. Scratch assay has been recog-
nized as a direct and economic way to assess wound heal-
ing in vitro (22). After assessing the effect of ABWE on cell
migration, it was found that the scratch wound healed more
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rapidly after 24 hr of ABWE treatment compared to that in
vehicle control treated group.

Results of in vitro studies showed that ABWE was a use-
ful material for wound healing. It is well known that growth
factor and cytokines play important roles in the process of
wound healing. Fibronectin is involved in coagulation, epi-
thelial cell movement, cell differentiation, collagen matrix
assembly, and wound contraction in the process of wound
healing (23). Significantly (p <0.01) greater expression of
fibronectin was observed in ABWE treated group com-
pared to that in vehicle control treated group. Such increase
in fibronectin expression was dependent on the concentra-
tion of ABWE. Significantly (p <0.01) less expression of
MMP-1 was observed in ABWE treated group compared to
that in wvehicle control treated group. Such decrease in
MMP-1 expression was also dependent on the concentra-
tion of ABWE. This indicates that ABWE can promote cell
migration but reduce MMP-1 expression, thus influencing
collagen synthesis.

The skin wound healing effect of ABWE was then
assessed using in vivo animal model through macroscopic
and histopathological observation and examination of gene
expression change. Groups treated by ABWE were found to
have significantly reduced wound area at 6 days after creat-
ing the wound compared to the vehicle control group. On
day 18 after creating the skin wound, all groups showed re-
epithelization.

Wound healing begins with inflammation and exudate
secretion. After that, inflammation is suppressed, leading to
re-epithelization and wound contraction (4). In this experi-
ment, ABWE treated groups showed faster healing com-
pared to vehicle control treated group. Based on this result,
application of ABWE is expected to aid rapid wound heal-
ing. This might be due to the fact that acai berry has strong
anti-inflammatory ingredients such as anthocyanin and anti-
oxidant ingredients.

ABWE treated groups had thinner and smoother epider-
mis on day 18 after creating the wound compared to vehicle
control treated group. Based on the observation that ABWE
encourages the most prompt regeneration of tissue, perme-
ation of production of collagen might have enhanced the
speed of wound healing.

It has been reported that mast cells control the initial
inflammation reaction by infiltrating white blood cells, in-
creasing vascular permeability, and composing cellulose (24).
This study showed that ABWE treated groups had mini-
mally reduced numbers of mast cells compared to vehicle
control treated group. ABWE might be related to mast cells
at the time of wound healing because mast cells are involved
in the control of initial inflammatory reaction. In addition,
mast cells can release many inflammatory mediators. They
are involved in chronic inflammatory reactions (25).

In the group treated with 5% ABWE, mRNA expression
levels of type I collagen, VEGF, and fibronectin were found

to be increased while MMP-1 and IL-13 mRNA levels were
decreased. Based on Masson’s trichrome staining, collagen
accumulation was also found in ABWE treated groups.
VEGEF is expressed at low level in normal skin. However,
its expression is increased in keratinocytes in the process of
wound healing (26). In this study, VEGF mRNA expres-
sion was increased in ABWE treated groups, indicating that
ABWE could stimulate the formation of new blood vessels
to promote wound healing. TGF- is involved in the forma-
tion of granulation tissue at the re-epithelization stage
through differentiation and proliferation of fibroblasts (27).
IL-1PB can activate T cells and increase the permeation of
inflammatory cells such as lymphocytes or monocytes (28).
A decrease in the expression of IL-13 mRNA indicates that
ABWE is effective in healing wounds by inducing anti-
inflammatory reactions. MMP-1 is known as a collagenase.
Its expression is increased significantly during inflamma-
tion or wound healing (29). With respect to MMP-1, a decrease
in its expression at mRNA level indicates that ABWE is
effective in healing wounds by decreasing collagenase. It
has been reported that acai berry can suppress TNF-a in
vitro (18). However, the expression level of TNF-a was not
changed by acai berry treatment in this study. This might be
due to the fact that severe inflammatory reactions can greatly
induce TNF-a excretion, thus interfering with wound heal-
ing (30).

In summary, results of this study confirmed that ABWE
had potential as a wound healing material by regulating fac-
tors related to wound healing as seen in both in vitro and in
vivo experiments. Hence, this study is valuable since it pres-
ents a basis for the effect of ABWE on wound healing.
However, additional studies such as clinical tests are needed
in the future before using ABWE as a material for wound
healing.
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