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Abstract

The purpose of this study is to explore the effects of Diplectria barbata (Wall. Ex C.B. Clarke) Franken & Roons (DFR) on
wound healing, antioxidant and aging in Normal Human Dermal Fibroblast cell (NHDF) cells and mouse skin models. We
investigated the effects of the aging process in vitro and in vivo. DFRtreated NHDF cells showed a concentration-dependent
increase in the expression of extracellular matrix (ECM) proteins (Collagen-2.5-fold increase at 50 pg/ml, Elastin-1.5-fold
increase at 1pg/ml) as well as an increase in proteins related to cell survival, differentiation, and development, while expres-
sion of aging proteins such as matrix metalloproteinase 3 (MMP-3) was decreased (5-fold decrease at 50 pg/ml). DFR
treatment also led to enhanced expression of antioxidant proteins such as nuclear factor erythroid 2-related factor 2 (10-fold
increase at 50 pg/ml) and heme oxygenase 1 (1.5-fold increase at 25 pg/ml). To further investigate the antioxidative effects
of DFR extracts, the 2,2-diphenyl-1-picrylhydrazyl radical scavenging activities were also evaluated. DFR extracts improved
wound healing and resulted in increased expression of ECM proteins, while enzymes involved in collagen degradation, includ-
ing MMP-3, were decreased in NHDF cells as well as in a mouse model. This study demonstrates the anti-aging, antioxidant,
and wound healing properties of DFR extracts. Therefore, DFR extracts present may facilitate skin protection and care.
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«Fig. 1 Cell viability assay and Cell wound healing assay. a Picture of
Stem and leafs of DFR. b DFR extracts were no cytotoxicity in 10 pg/
ml, 25 pg/ml and 50 pg/ml treatment by EZ-Cyto assay. Cell viabil-
ity was calculated as ratio to control. ¢ Cell wound healing assay was
imaged 24hr after scratch and treat DFR extracts at the indicated dose
manner. d Relative ratio of wound size. The results are presented
as the means+SD of three independent experiments. *p<0.05,
*#p <0.01

aging of the skin is an uncontrollable process characterized
by smooth, dry, pale, and finely wrinkled skin [2]. A well-
balanced array of extracellular matrix (ECM) components
supports the skin both structurally and functionally. The
dermal ECM is synthesized from fibroblasts and is primar-
ily composed of fibrillar collagen bundles and elastic fib-
ers, which provide skin with its resiliency and mechanical
strength, respectively [3]. Collagen is the primary structural
protein in the extracellular space of the various varieties
of animal connective tissues and constitutes approximately
25-35% of all the protein content in the body [4]. Matrix
metalloproteinases (MMPs) also play an important role in
the loss of collagen in the ECM of connective tissues.

AKT, known as protein kinase B (PKB), is also impor-
tant in cell proliferation and differentiation [5]. Mitogen-
activated protein kinase kinases (MEKSs) phosphorylate p44
MAPK and p42 MAPK (Erk1/2), increasing their enzymatic
activity [6]. The activated ERKSs translocate to the nucleus
and promote changes in gene expression, growth, differen-
tiation, or mitosis [7]. AKT plays an important role in the
signaling pathways that regulate a variety of cellular func-
tions including nutrient metabolism, cell growth, survival,
proliferation, and apoptosis. Phosphorylation of AKT at
serine 473 (S473) and threonine 308 (T308) fully activates
AKT [8].

Many reports have demonstrated that nuclear factor eryth-
roid 2-related factor 2 (NRF2) can help protect against the
oxidative damage that is common in several diseases through
the activation of antioxidant enzymes. NRF2 increases
detoxification pathways and antioxidant potentials and pro-
tects cardiac fibroblasts and cardiomyocytes against oxida-
tive stress [9, 10]. So, NRF2 is a major player of the anti-
oxidant and anti-inflammatory response signaling pathways
[11].

Commonly used in the pharmaceutical and cosmetic
industries, plant extracts with antioxidant properties
decrease the production of reactive oxygen species (ROS).
It is well known that hydrogen peroxide and other ROS
are involved in the pathogenesis of several skin conditions
including aging, wrinkles, photosensitivity, and malignancy
[12]. As is already known, antioxidant capacity is closely
related to total phenolic content. Ingredients with this anti-
oxidant capacity also activate the cell’s antioxidant defense
system [13, 14].

Diplectria barbata (Wall. ex C. B. Clarke) Franken et
Roos (DFR) is a plant produced in Vietnam. The DFR is
distributed in Thanh Hoa, Quang Tri, Da Nang, Quang
Nam, Kon Tum, Gia Lai, Lam Dong and Dong Nai regions
of Vietnam. This plants grow naturally scattered along the
forest or in deciduous, at an altitude of about 1200 m. It
has potential skin protective effects, but these effects and
their mechanism of action have not yet been elucidated. In
this study, we investigated the anti-aging, antioxidant, and
wound healing properties of extracts of the stem and leaves
of DFR in normal human dermal fibroblast (NHDF) cells as
well as in a mouse model.

Materials and methods
Plant materials

Diplectria barbata (Wall. Ex C.B. Clarke) Franken & Roos
(DFR) extract provided from KRIBB (Korea Research Insti-
tute of bioscience and Biotechnology). Methanol extracts of
DFR leaves were prepared as previously described [15]. The
plants were dissolved in 99.9% methyl alcohol and incubated
at 45 °C for 3 days to give an extract, filtered and concen-
trated. The extract was dried for 24 hours at — 70 °C and
45 °C using biotron corporation Modul spin 40. All of the
above extraction and drying procedures were performed at
KRIBB.

DFR extract was dissolved in 99.9% ethyl alcohol at con-
centration of 10, 25 and 50 ug/ml.

Cell culture

Normal Adult Human Primary Dermal Fibroblasts (NHDF)
cells were purchased from ATCC (PCS-201-012, Manassas,
VA, USA). NHDF cells were maintained in cultures in Dul-
becco’s Modified Eagle’s Media (1:1) containing 10% fetal
bovine serum and 1% antibiotic. NHDF cells were grown at
37 °C in humidified 5% CO,.

Ethics approval and consent to participate

The experiments were approved by the ethical committee
for the use of experimental animals of the Institute of Labo-
ratory Animal Sciences in Chungnam National University.
(CNU-00821).

Cell viability

Cell viability were performed as previously described [15].

Briefly, NHDF cells were treated with DFR at concentra-
tions of 10, 25 and 50 pg/mL for 24 h. The results were
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expressed as the relative cell viability of treated cells against
those of the controls.

Cell wound healing

For the cell migration assay, the monolayers were carefully
scratched using a 10 pl pipette tip. Positive controls were
treated with DMSO. The cells were then treated with the
DFR at concentrations of 10, 25 and 50 ug/mL for 24 h then
wounded area were photographed. The recovery rate was
calculated as the mean value after selecting the longest 5
lengths of wound area.

Western blot analysis

Western blot analysis was performed as previously described
[16]. NHDF cells were plated at a density of 3 x 10> cells/
well in 6-well culture plates for complete attachment at
37 °C in humidified 5% CO,. The cells were treated with
DFR extract at doses of 10, 25 and 50 pg/mL for 24 hours.
Briefly, cells were placed on ice and extracted with lysis
buffer containing 50 mM Tris-HCl, pH 7.5, 1% v/v Noni-
det P-40, 120 mM NaCl, 25 mM sodium fluoride, 40 mM
fB-glycerol phosphate, 0.1 mM sodium orthovanadate, 1 mM
phenylmethylsulfonyl fluoride (PMSF), 1 mM benzami-
dine, and 2 uM microcystin-LR. Lysates were centrifuged
for 30 min at 13,000 rpm. The cell extracts were resolved
by 10.0-7.5% SDS-PAGE, and transferred to Immobilon-P
membranes (Millipore, MA, USA). The filters were blocked
for 1 hin 1 X tri-buffered saline buffer (TBS; 140 mM NaCl,
2.7 mM KCl, 250 mM Tris-HCI, pH 7.4), containing 5%
skimmed milk and 0.2% Tween-20. The detection of protein
expression was visualized by enhanced chemiluminescence,
according to the manufacturer’s instructions (GE Healthcare,
IL, USA). GAPDH was used as a loading control.

Antibodies and reagents

The following antibodies were used: collagen(ab138492)—
(AbCam, Cambridge, UK), Elastin(sc-374,638),
MMP-3(sc-21,732), pERK(sc-7383), ERK(sc-1647),
NRF2(#13,032)-Santa Cruz, GAPDH(#5174s),
pPKB#3787s), PKB(#9272s), HO-1(#5853)—(Cell Signal-
ing Tech, MA, USA) and secondary antibodies (anti-mouse
or anti-rabbit) were from Komabiotech, Seoul, Republic
of Korea. Followed by an overnight incubation with each
protein’s primary antibodies diluted 1000-fold at 4 °C. The
secondary antibody was diluted 2000-fold in the blocking
buffer.

@ Springer

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate)
assay

The antioxidant efficacy of DFR in the samples was deter-
mined using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate
(DPPH) assay. The percentage of antioxidant activity (AA%)
of each substance was assessed by DPPH (Sigma, MO, USA,
Cat. D9132) free radical assay according to the manufac-
turer’s instructions. The samples were reacted with the stable
DPPH radical in an ethanol solution. Standard BHT (butyl-
ayed hydroxytoluene-Sigma, MO, USA, Cat. B1215000) at
different concentration (10, 25, 50 pg/mL) was mixed with
Ethanol. The reaction mixture consisted of adding 100 pL.
of sample, 100 pL of 200 uM DPPH radical solution against
methanol as blank. The changes in color were read [Absorb-
ance (Abs)] at 517 nm after 30 min of reaction at room tem-
perature using a Fluoroskan Ascent FL spectrophotometer
(Thermoscientific, CA, USA). The concentration of the sam-
ple required to inhibit 50% of the DPPH free radical was
calculated as IC50 and the value was determined using Log
dose inhibition curve which was performed by using PRISM
version 5.0 software.

Total antioxidant capacity assay

Cells were washed twice in ice-cold PBS and homogenized
with 100 uL 60 mM NaOH at 4 °C. Homogenates were cen-
trifuged at 1000xg for 10 min and supernatants were used for
assay (Cell-biolabs, CA, USA, Cat. STA-360). Added 20 pL
of the diluted Uric Acid Standards or samples to the 96-well
microtiter plate and added 180 pL of the 1X Reaction Buffer
to each well mix thoroughly. Plates were read [Absorbance
(Abs)] at 490 nm and were initiated the reaction, add 50 uL.
of the 1X Copper Ion Reagent into each well then incubate 5
min on an orbital shaker. Add 50 pL of 1X Stop Solution to
each well to terminate the reaction and read the plate again
at 490 nm. Each uric acid standard and sample should be
assayed in triplicate.

Anesthesia in mice

Avertin used in anesthetics dissolve 2.5 g in 5 ml amylene
hydrate. And adding distilled water, up to a final volume of
200 ml. Next, this material was filtered through a 0.22 um
size filter. The material is given by intraperitoneal injection
at a dose of 250 mg/kg.

Euthanasia in mice
The sacrifice method of mice used in the experiment was

cervical dislocation. In addition, it was confirmed whether
the heart stopped after euthanasia.
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Fig.2 Cell differentiation, development, proliferation protein and
extracellular matrix protein expression by Western Blot. a, ¢ Total
protein extracted from non-treated or treated DFR extracts were ana-
lyzed by western blot with pERK, ERK2, pPKB-S473, anti-Colla-
gen, anti-Elastin and anti-MMP-3 specific antibodies. b, d ERK and

pERK, PKB and pPKB-S473 GAPDH and Collagen, Elastin, MMP-3
in the immunoprecipitates were quantified by Western analyses, as
described in Methods. Bar heights are means + SD of three independ-
ent experiments. *p <0.05, **p <0.01
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«Fig.3 DFR extracts effects anti-oxidant. a The antioxidant proper-
ties of DFR extract were calculated based on the DPPH radical scav-
enging activities. Dose-response curves were generated from which
IC50 values were deduced. b NHDF cells were non-treated or treated
with DFR for 24 h. Cells were harvested, lysates were analyzed by
immunoblotting using anti-HO-1, Anti-NRF2 antibodies. Results
are representative of three independent experiments. ¢ GAPDH and
HO-1, NRF2 in the immunoprecipitates were quantified by Western
analyses, as described in Methods. Bar heights are means+ SD of
three independent experiments. d The total antioxidant capacity was
plotted by measuring the absorbance at 490 nm after treating DFR
extract. Uric acid and BHT (butylayed hydroxytoluene) were used as
controls. *p < 0.05; **p < 0.01, versus between BHT samples; #p <
0.05, ##p < 0.01, versus between Uric acid samples; $$p < 0.01, ver-
sus between Diplectria samples

Mouse wound healing

Experiment was performed to demonstrate the effect of DFR
on skin wounds in mice. Mice were obtained from DooYeol
biotech (Seoul, Korea) with 7 week old Male C57BL/6 mice
(n=04). They were first anaesthetized, and the area assigned
for wounding was shaved. The area of 0.36 cm? (0.6 cm X
0.6 cm) formed by the biopsy punch was treated negative
control and 10, 25, 50 ug/mL DFR extract. The treatment
of wounded skin with DFR extracts was done with a cotton
swab for 6 days (once a day). Mice were housed in standard
mouse cages with a 12-h light/12-h dark cycle. All animal
protocols were provided Chungnam National University.

Histological and immunohistochemistry analysis

Mice were sacrificed and skin tissues were excised from the
mice by surgical procedure. Tissues were fixed in formalin,
dehydrated in ethanol, made transparent with xylene, sand-
wiched with liquid paraffin, and sliced with an automatic
slicing machine. Place skin tissue pieces fixed in 10% neutral
buffered formalin between paraffins and cut 4 um thick sec-
tions for morphological analysis. Sectioned (4 um) skin tis-
sues were used for histological analysis (H&E staining) and
immunohistological detection of Collagen 1, MMP-3 and
Elastin expression. For immunohistochemistry skin sections
were deparaffinized in xylene, treated with with 3% H,0,
(Samchun pure chemical CO., LTD, Seoul, Republic of
Korea) for 15 min to block endogenous peroxidases. Slides
were blocked in 10% normal horse or swine serum (Vector
Laboratories, Burlingame, CA, USA) for 1 h at RT. Primary
antibodies: rabbit anti-Collagen (1:100, Abcam, Cambridge,
UK, Cat. ab138492), rabbit anti-MMP-3 (1:200 Santa Cruz,
TX, USA, Cat. sc-21,732) or mouse-Elastin (1:200 Santa
Cruz, TX, USA, Cat. sc-374,638) were applied (o/n; 4 °C).
Antibody binding was detected with the ABC complex (Vec-
tastain ABC kit from Vector Laboratories, CA, USA). Per-
oxidase activity was revealed using 3,3’-diaminobenzidine
tetrahydrochloride (Vectastain from Vector Laboratories,

CA, USA) as a substrate. Tissue sections were mounted
undercoverslips with Permount mounting medium (Fisher
Chemical, USA).

This section was stained with hematoxylin and eosin (H
& E) as previously described. All tissue samples were evalu-
ated by independent investigators without prior knowledge
of the group to which the mouse belongs. All skin and all
microscopic areas of each specimen were examined.

Statistical analysis

Quantification of Western blot analysis was carried out using
the Image J program. Data are presented as means +SD. The
results were analyzed by Student’s unpaired #-test (SPSS ver-
sion 12.0 software, SPSS Inc.). p <0.05 (*) was considered
significant, and p <0.01 (**) was highly significant com-
pared with corresponding control values.

Results

Cytotoxicity of DFR extracts and wound healing
in NHDF cells

We have performed the screening experiment with a large
number of plant extracts. After performing the MTT assay
on the basis of the uniform concentration, extracts were
selected that did not affect the cell viability. Then, to con-
firm that the selected extract has a positive effect on colla-
gen expression, the experiment was performed by RT-PCR
to finally select DFR. Photographs of leaves and stems of
DFR used in this study (Fig. 1a). NHDF cells were treated
with 10, 25, and 50 pg/mL of DFR extracts for 24 h. When
compared with the untreated control, cells treated with DFR
extracts at 10, 25, and 50 ug/mL exhibited no cytotoxicity
(Fig. 1b). When confluent monolayers of cells were treated
with DFR extracts for 24 h in a wound healing assay, cells
closed readily when treated with doses from 10 to 50 ug/mL
in a statistically significant concentration-dependent manner
(Fig. 1c, d).

DFR extracts treatment increased the expression
of differentiation, development, proliferation,
and ECM proteins in NHDF cells

Protein extracts of NHDF cells either untreated or treated
with DFR extracts for 24 h were analyzed by western blot.
The ERK signaling pathway has been shown to regulate type
I collagen gene expression in human fibroblasts [17]. Our
data showed that expression of phosphor-ERK (T44/T42)
and PKB (S473) was significantly increased in a concentra-
tions-dependent manner with statistical differences (Fig. 2a,
b).
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Elastin and collagen maintain the elasticity and structure
of human skin. Collagen is the primary component of con-
nective tissue. It plays a role in tissue regeneration through
its regulation of structure, permeability, and hydrophilicity
in mammals [18]. Elastin is an insoluble elastic protein that
constitutes 2-4% of the dermis matrix in connective tissue
and allows it to resume its shape after stretching or contract-
ing. It allows the skin to return to its original position when
pressed [19]. We examined whether treatment with DFR
extracts changed the expression of ECM proteins and found
an increase in the levels of collagen and elastin compared
with the untreated control (Collagen-2.5-fold increase at
50 pg/ml, Elastin-1.5-fold increase at 1 ug/ml; Fig. 2c, d).
After treatment with the various doses of DFR extracts for
24 h, the expression of genes encoding ECM components
such as collagen and elastin was significantly increased in a
concentrations-dependent manner.

Proteins of the MMP family contribute to the degrada-
tion of ECM proteins during normal tissue remodeling
processes [20]. In particular, the MMP-3 enzyme degrades
ECM proteins such as collagen (type 11, 111, IV, IX, and X),
proteoglycans, fibronectin, laminin, and elastin. MMP-3 is

Control
0 mg/ml
25 mg/ml

Day 0 Day 2 Day 4

Day 6

also known as an interstitial and fibroblast collagenase and
is involved in wound repair, progression of atherosclerosis,
and tumor initiation [21]. We demonstrated that the protein
levels of MMP-3, which specifically destroys interstitial type
IL, IIT collagen, and I were significantly decreased (5-fold
decrease at 50 pg/ml; Fig. 2c, d). These data showed that the
anti-aging effects of DFR extracts in NHDF cells are related
to the translocation of ECM molecules.

DFR extracts exhibit antioxidant properties

The production of ROS occurs in cellular metabolism,
physiological processes, and in a number of pathological
conditions such as aging and apoptosis. In some cases, the
increase in oxidants and decrease in antioxidants cannot be
prevented and the oxidative or antioxidative balance shifts
towards the oxidative status leading to oxidative stress,
which is relevant in more than 100 disorders, develops
[22-24].

The main cause of exogenous skin aging is due to the
negative action of free radicals [25, 26]. The redox system is
assessed through evaluation of ROS generation and the level

B Postinjury (day)
0 2 4 6
JCIEY 30

— ——
10
[JIEY
=8|

Conc (mg/ml)

Fig.4 Wound healing effects on impaired of mouse skin. a Wounds
of 5 mm diameter were created on the dorsal skin of 7 weeks of age
Male C57Bl/6 mice. Before the procurement of wound biopsies at
specific time points (non-treated and post-treated mg/ml 10, 25, 50).
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b Wound area was determined by measuring the diameter of open
wounds. ¢ Wound area was calculated using the distance of open
wounds. **p < 0.01, 0 mg/ml versus 10 mg/ml samples; ##p < 0.01,
0 mg/ml versus 50 mg/ml samples
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of antioxidants, whose activity is evaluated by the level of
phospholipid metabolites in human skin fibroblasts. Antioxi-
dant activity in the skin following topical application may
represent an effective mechanism to decrease free radical
exposure [27, 28]. We conducted an experiment using an
excess of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radicals
to measure the anti-radical capacity of the DFR extracts.
The results showed that for DFR extract has similar DPPH

Fig.5 Extracellular matrix pro- A
tein expression of the wounds

with surrounding mouse 0 mg/ml
skin. a Histological analysis of y
hematoxylin and eosin (H&E) &

stained epidermis and dermis w
from wounds on 6 days post o

incision. b—d Expression of —
Extracellular matrix protein
(Collagen, Elastin, MMP3)

the wounds with surrounding
mouse tissues with immunohis-
tochemistry

10 mg/ml

inhibition effect as the control BHT. The percentage of inhi-
bition for IC50 value suggested that DFR extracts exhibit
potent antioxidant activity (Fig. 3a). Upon exposure to ROS,
NRF2 is released from the KEAP1-NRF2 complex and
migrates from the cytoplasm to the nucleus and binds to the
antioxidant response element (ARE), a regulatory enhancer
region present in the promoter. This results in the translation
of a number of phase II detoxifying and antioxidant enzymes

e V.
0 mg/ml 10 mg/ml

25 mg/ml

Anti-Collagen1

&

25 mg/ml

50 mg/ml
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Fig.5 (continued) C

Anti-Elastin

50 mg/ml

D Anti-MMP3

25 mg/ml
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such as the oxidative stress protein heme oxygenase 1 (HO-
1) [29, 30]. The expression of NRF2, as well as molecules
downstream of NRF2, including HO-1, was increased in
DFR-treated samples in a concentrations-dependent man-
ner. Our results suggest that treatment with DFR extracts
activates the expression of NRF2, which upregulates HO-1
expression following inflammation and oxidative stress
(Fig. 3b, ¢).

Various assays have been described to measure free radi-
cal damage or antioxidant status and as such, a single test
that could show total antioxidant capacity (TAC) would be
useful. TAC is commonly decreased in conditions associated
with oxidative stress and the application of chain breaking
antioxidants enhances antioxidant capacity [31]. We dem-
onstrated that the TAC level following treatment with DFR
extracts was increased in a dose-dependent manner (Fig. 3d).
These results demonstrated that DFR extracts retained their
antioxidant activity, as indicated by the increase in the per-
centage of DPPH inhibition.

Macroscopic monitoring of skin wounds in mouse
model

After a wound was generated, the area was left untreated
or treated with 10, 25 or 50 mg/mL of DFR extract and the
wound area was measured every 2 days. Six days after the
incision was made, the area surrounding the wound in DFR
extract-treated mice had disappeared, with a level of redness
comparable to the untreated control (Fig. 4). In addition,
the DFR extract-treated wound areas were smaller than the
untreated control. After 2 days, the entire wound area was
covered by new epithelium and the rate of coverage occurred
in a dose-dependent manner (Fig. 4a, b). The ratio of the
wound area 6 days post-incision to the initial wound area
at 0 days was calculated (Fig. 4c). Hematoxylin and eosin-
stained skin tissues were analyzed at 6 days post-incision.
Analysis of the skin tissues from the wounds at 6 days post-
incision in the untreated control group indicated that epithe-
lialization was not complete, but wound tissues from DFR
extract-treated mice showed an advanced re-epithelialization
and dermal regeneration with a significant decrease in cell
infiltration compared to the control (magnification X 200;
Fig. 5a). Collagen is an element of skin tissue that is pro-
duced near the wound bed, allowing closure to occur [32].
Immunohistochemistry results demonstrated that the protein
levels of collagen and elastin were increased but MMP-3 was
decreased compared with the untreated control (Fig. 5b-d).
These results demonstrate that DFR extract has the effect of
increasing the expression of ECM-related genes in vitro as
well as in vivo.

Discussion

DFR plants have been investigated for different pharmaco-
logical properties, but no such study has been done with
DFR extracts. Here, we analyzed DFR extracts, which
showed several beneficial activities, including anti-aging,
antioxidant, and wound healing properties.

This study assessed the wound healing ability of DFR
extracts using an in vivo incision wound mouse model.
Wound healing re-establishes the integrity of damaged tissue
and includes inflammatory, proliferation, and remodeling
stages. The skin remodeling stage is characterized by refor-
mation of the components of the collagen fibers that improve
tensile strength [33]. Collagen is a major component of skin
tissue and is important for all stages of wound healing or
repair. The healing process is mostly regulated by the depo-
sition of new collagen and its subsequent maturation [34].
In our wound incision study, treatment with DFR extracts
enhanced wound healing compared with the untreated con-
trol. This effect may be caused by an increase in collagen
expression and stabilization of the fibers.

The skin is constantly exposed to oxidative stress induced
by ROS generated by endogenous or exogenous sources [25].
Recently, an increasing body of research has focused on anti-
oxidants since they are able to counteract oxidative stress-
induced pathological conditions. However, the studies have
been primarily conducted on commercial molecules that are
thought to exhibit antioxidant activity [35]. In another study,
it was demonstrated that PKB/ERK signaling has an effect
on wound healing. In particular, it was found that it is effec-
tive for diabetic wound healing [36, 37]. When treated with
DFR extracts, the expression levels of PKB and ERK were
increased in a concentration-dependent manner. Accord-
ingly, in our study, treatment with DFR extracts resulted in
increased wound healing and increased levels of ECM pro-
teins such as collagen and elastin, but decreased the function
of inhibition collagenases such as MMP-3.

The DPPH radical assay revealed that DFR extracts
showed the similar ICs;, (18.98 pg/ml) for anti-radical effi-
cacy, compared with IC5, of BHT (17.12 pg/ml). And pre-
treatment with DFR extracts increased the TAC and pro-
tected against free radical damage. These results indicate
the antiradical activity of DFR extracts. Thus, the inhibition
of radical production of DFR extract was demonstrated. The
antiradical activity of DFR extracts following topical appli-
cation was demonstrated, along with its antiradical capacity
in the skin. These results suggest that DFR extracts have
promising antioxidant capacities and may be a potential
natural preservative agent for the food and pharmaceutical
industries.

In the tissue repair process, inflammatory cells enhance
the migration and proliferation of endothelial cells,
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extending neovascularization of connective tissue cells
that synthesize collagen and of keratinocytes resulting in
remodeling of the wounded tissue [20, 38, 39]. In the wound
incision model, DFR extracts showed faster wound healing
compared with the control group and increased levels of
ECM proteins such as collagen and elastin, but decreased the
function of inhibition collagenases such as MMP-3.

This study explored the anti-aging and wound healing
effects of DFR stem and leaf extracts in NHDF cells and in
an in vivo mouse model of wound healing. The treatment
of NHDF cells with DFR extract not only improves ECM
genes expression, but also promotes recovery of scratched
areas in a concentration-dependent manner. In additions,
DFR extracts exhibited antioxidant properties, which sug-
gested they may provide protection by reducing the pro-
duction of ROS. These observations were confirmed in the
in vivo mouse model for wound healing. Consequently,
DFR extracts represent a promising new material for anti-
aging, antioxidant, and wound healing treatments. These
results suggest that the extract and fractions of DFR have
strong potential for use in anti-aging cosmetic formulations
because of their strong antioxidant capacity and wound heal-
ing effects.
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