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a b s t r a c t

Background: Ginseng has been used as a traditional medicine and functional cosmetic ingredients for
many years. Recent studies have focused on the potential biological effects of the ginseng berry and its
ingredients. (þ)-Syringaresinol (SYR) is enriched in ginseng berry and its beneficial effects on the skin
have been recently reported. However, little is known about the its effects on the wound healing process
of skin.
Methods: Here, we evaluated the skin wound healing effect of (þ)-SYR using the human fibroblast Hs68
cell and ex vivo pig and human skin tissue model. Scratch wound test and hydrogen peroxide (HPO)
induce chemical wound model were employed.
Results: (þ)-SYR promoted the migration and proliferation of Hs68 cells without significant cytotoxicity
at the tested concentrations. Especially, in ex vivo pig and human skin tissue, HPO-induced chemical
wound was recovered almost completely by (þ)-SYR. In line with the finding in Hs68, the protein
expression levels of TGF-b and PCNA, a proliferation marker were increased, demonstrating the beneficial
effects of (þ)-SYR on skin wound repair.
Conclusion: Collectively, we demonstrated that (þ)-SYR from ginseng berry, can enhance the wound
healing effect by accelerating cell proliferation and skin regeneration, suggesting the potential utility of
(þ)-SYR for skin wound repair.
© 2023 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Panax ginseng is a traditional herbal medicine with a variety of
therapeutic and pharmacological effects [36]. Various biochemical
and pharmacological effects of ginseng have been demonstrated,
that include anti-cancer [50], anti-inflammatory [34], anti-fatigue
[12], anti-oxidative [31], and anti-diabetic effects [59]. The
different parts of ginseng such as roots, stems, leaves, flowers,
berries, and seeds have different amount of bioactive components
with different pharmacological activities [2,49]. Among other parts,
ginseng berry has come into focus since many studies proved that
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ginseng berry has higher levels of ginsenosides and significantly
stronger antioxidant activity than other parts of ginseng [16,30,47].
In addition, it contains larger amounts of vitamin E, vitamin K, folic
acid, and potassium than other parts of ginseng.

Recently, (þ)-syringaresinol (SYR), isolated from Panax ginseng,
was shown to have anti-inflammatory [3], anti-fungal, and anti-
aging effects [37]. Interestingly SYR is highly enriched in ginseng
berry [11]. SYR activates SIRT1 gene expression which plays a
critical role in age-relatedmetabolic disorders [32,38]. According to
Kim et al [33], SYR significantly increased skin thicknesses and
reduced the levels of oxidative damage and reactive oxygen species
in the skin. Also, the treatment of SYR activated FoxO3a expression
in skin cells, which resulted in down-regulation of matrix
metalloproteinase-2 (MMP-2) and activation of collagen synthesis,
suggesting the utility of SYR for the improvement of various skin
problems.

The skin is a principal barrier protecting the body from the
external environment against physical stimulus, pathogens, and
is is an open access article under the CC BY-NC-ND license (http://creativecommons.
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water loss and regulate homeostasis [43]. Accordingly, the skin is
easy to get injured and wounded by various obnoxious stimuli.
Upon injury, skin wound healing process is activated to repair and
restructure the damaged tissue. Skin wound process includes cell
migration, proliferation, and synthesis of extracellular matrix
which are orchestrated by various growth factors [58]. The wound
healing process can be divided into overlapping phases of inflam-
mation, proliferation, and remodeling [24]. Inflammatory starts
with hemostasis which prevents the loss of blood at the wound.
Inflammatory cells, such as neutrophils and monocytes, are acti-
vated at the site of wound by cytokines and growth factors [46,51].
During the proliferative phase, keratinocytes, fibroblasts and
endothelial cells migrate and proliferate, of which process is acti-
vated by the release of growth factors like TGF-b, transforming
growth factor-b and VEGF, vascular endothelial growth factor [6].
The skin wound process is completed by the remodeling phase,
which reorganizes the wounded tissue and substitutes the imma-
ture extracellular matrix [7]. Myofibroblasts induced by TGF-b
initially secrete type III collagen, which is degraded later and
replaced by type I collagen, ultimately providing proper strength to
the extracellular matrix [28,29]. Angiogenesis, blood vessel growth
[14], is also important for the integrity of repaired tissue, which is
governed by angiogenic factors, VEGF, TGF- b, and eNOS [20,41].

Here, we investigated the effects of SYR derived from ginseng
berry on the skin wound healing using a dermal fibroblast cell line,
Hs68 and ex vivo human skin model in an effort to illuminate the
utility of ginseng berry and its ingredients for the improvement of
skin health.
Fig. 1. Cell viability and migration effect of (þ)-SYR in human skin cells
(A) The structure of (þ)-SYR. (B) The toxicity of different concentrations of (þ)-SYR in Hs68 b
viability. (C, D) The effect of (þ)-SYR (0-50 mM) on the migration of Hs68 was examined using
and **p < 0.01 vs control.
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2. Materials and methods

2.1. Materials

(þ)-Syringaresinol (purity > 98%) purchased from Q-mine
(Seoul, Korea) (Fig. 1A). A stock solution was prepared with DMSO
purchased from Sigma-Aldrich (St Louis, MO, USA).
2.2. Cell culture

Human dermal fibroblast (Hs68) was obtained from the Amer-
ican Type Culture Collection (ATCC, Rockville, MD, USA). The cell
was cultured in Dulbecco's Modified Eagle Medium (DMEM) sup-
plemented with 10% Fetal Bovine Serum (FBS) and 1% antibiotics
(penicillin and streptomycin). Cells were incubated at 37�C in a 5%
CO2 atmosphere. Monolayers of 80% confluent cells were cultured
with 0.05% trypsin (Hyclone, South Logan, UT, USA).
2.3. Ex vivo human and pig skin tissue

Ex vivo human skin model was prepared from the skin tissue
discarded after surgery donated after agreement compliant to IRB
(Institutional Review Board) approval of Seoul National University
Bundang Hospital (Bundang-si, Gyeonggi-do, Korea). The donors
had no history of skin disease and did not use immunosuppres-
sants, corticosteroids or cytotoxic agents. Immediately after sur-
gery, skin samples were transported to room temperature in a
medium containing penicillin-streptomycin. The subcutaneous
y CCK-8 assay, establishing a range of concentration (0-250 mМ) that did not affect their
an in vitrowound closure assay. Scale bar ¼ 500 mm. N ¼ 3 fields per a group. *p < 0.05
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adipose tissue was removed from the skin tissue after multiple
washes. Then the tissue was excised using a 10 mm biopsy punch
(Acu-punch, Acuderm, Fort Lauderdale, FL, USA) and inserted into a
cell culture insert so that the epidermal surface of the skin tissue
was exposed to air. The gap between the skin tissue and the cell
culture insert was sealed with a silicone ring. To confirm the
integrity of the skin tissue, TEER (trans-epithelial electrical resis-
tance) was measured (Millicell ERS-2 voltohmmeter, Merck, Ger-
many) and only skin over 2,000 ohms was used for the experiment.
The tissues were placed in medium-filled 6-well plates and pre-
incubated for 20-24 h at 37�C in a humidified atmosphere con-
taining 5% CO2. Medium was changed every 2 days.

Ex vivo pig skinwere obtained from the ears of the pig in Apures
Co. (Gyeonggi-do, South Korea), which was sacrificed for research
on drug delivery. Skin tissuewas removed off the subcutis layer and
rinsed with 70% ethanol and PBS. Embedding onto 24 well cell
culture insert was done similar as described above.

2.4. Cell and tissue viability assay

The cell viability was detected by Cell Counting Kit-8 (CCK-8)
purchased from Dojindo Laboratories, Kumamoto, Japan. The Hs68
cells were plated at a density of 1.0� 104 cells/well in 96-well plate.
Briefly, the cells were treated with (þ)-SYR at the doses of 25-250
mM for 24 h, and DMSO served as solvent control. After 24 h of
incubation, 10 ml of CCK-8 solution was added to each well, and the
96-well plate was incubated at 37�C for 2 h, then absorbance was
determined by microplate spectrophotometer readings at 450 nm
(BioTek Instruments, Inc., Winooski, VT, USA).

Skin tissue viability was detected by the MTT (3-(4,5-
dimethylthiazolyly-2)-2, 5-diphenyltetrazolium bromide) assay.
Chemical wounds were induced by treating 30% HPO inside the
skin tissue insert and exposing it for 45 minutes. After that, the
tissue was washed with PBS and treated with (þ)-SYR (0-1 mM) 3
times every other day. To evaluate viability, tissues were transferred
to a 48-well plate that contained MTT (0.4 mg/mL) and incubated
for 3 h at 37 �C and 5% CO2. Next, tissues were transferred to a new
6-well plate, prefilled with 2 mL of isopropanol. Formazan extrac-
tion was performed at room temperature for 3 h and 250 mL of
formazan extract, per tissue was transferred to a 96 well plate.
Optical density was measured at 570 nm with a multiplate reader
(Infinite M200 Promicroplate reader, Tecan Group Ltd., Mannedorf,
Switzerland), equipped at Ewha Drug Development Research Core
Center. Tissue viability of the skin tissue was expressed as the ratio
of the skin disk to its weight in milligrams.

2.5. Cell Migration assay

A wound closure assay was investigated using silicon culture
inserts (Ibidi, LLC, Munchen, Germany) with two different parts of
well for cell seeding. Each insert was placed in a 24-well plate, and
1.0� 104 cells of Hs68 were seeded in each part of inserts. 24 h after
cell seeding, the culture inserts were removed carefully to make a
cell-free area, the “wound”, and washed with PBS twice. The cells
with cell-free area were treated with (þ)-SYR in 1% FBS-medium
and incubated for 24 h. The cultures were photographed with a
Nikon Eclipse Ts2 light microscope (Nikon Instech, Tokyo, Japan) to
monitor the migration of cells into the wounded area, and the
closure of the wounded area was calculated using the Nikon NIS
Elements imaging software.

2.6. Cell proliferation assay

Cell proliferation assay was determined by the CCK-8 assay [52].
The Hs68 cells were treatedwith (þ)-SYR. After incubation for 24 or
656
48h, comparing the number of cells at 24 and 48 h, cell proliferation
was determined by CCK-8 assay.

Crystal violet staining was used to determine the proliferation of
Hs68 cells after the treatment of (þ)-SYR. Crystal violet assay kit
(ab232855) was purchased from Abcam (USA). A total of 3.0 � 104

cells was seeded in 12 well at a confluency of 50% confluency and
incubated overnight. Then, the cells were treated with the same
concentrations of (þ)-SYR in 5% FBS-medium. After 24 and 48 h,
culture medium in each well was removed, and washed with 1X
Washing Solution. After washing, crystal violet staining solution
with methanol was added and incubated for 20 min in room
temperature. Crystal violet solution was removed from the wells
and the plates were washed four times. The cells were photo-
graphed with a Nikon Eclipse Ts2 light microscope.

2.7. RNA extraction and real-time PCR

The Hs68 cells were washed twice with PBS after a 48 h expo-
sure to (þ)-SYR in 6-well plate and RNA was extracted from the
cells using the RNeasy® mini kit (Qiagen). The RNA integrity was
estimated by determining the optical density at 260 nm with a
spectrophotometer (NanoDrop Technologies, INC., Wilmington, DE,
USA). Relative expression levels of mRNA were measured by
quantitative real-time PCR. cDNAwas synthesized from 1,250 ng of
total RNA with RT primers (Bioelpis, Seoul, Korea). A SYBR Green
PCR master mix and a StepOnePlusTM Real-time PCR machine
(Applied Biosystems, Warrington, UK) were used in each reaction.
The sequence of primers was as follows:

Forward GAPDH, 50-GCATCCTGGGCTACACTGAG-3’;
Reverse GAPDH, 50-AAGTGGTCGTTGAGGGCAAT-3’;
Forward TGF-b 50-CTTCAGCTCCACAGAGAAGAACTG-3’;
Reverse TGF-b 50-CACGATCATGTTGCACACTGCTCC-3’;
Forward VEGF-c, 50-CACGAGCTACCTCAGCAAGA-3’;
Reverse VEGF-c, 50-GCTGCCTGACACTGTGGTA-3’;
Forward eNOS, 50-CGCCTGATGAGGAGAAGCC-3’;
Reverse eNOS, 50-TCTGTGGTCACCTGAAACCCT-3’;
Forward Collagen I, 50-GCTTCACCTACAGCGTCACT-3’;
Reverse Collagen I, 50-AAGCCGAATTCCTGGTCTGG-3’.
The mRNA levels of target genes were normalized to the levels

of GAPDH as a reference gene.

2.8. Histological analysis in skin tissue

For the histological examination, biopsy skin samples were fixed
in 10% neutral-buffered formalin. Preserved tissues from each
group were paraffin wax-embedded, sectioned, stained with he-
matoxylin and eosin (H&E), and then examined microscopically
under an Olympus DP71 microscope (Center Valley, PA, USA). All
tissue images were obtained using the virtual slide system (Aperio
Scanscope XT, Vista, CA, USA).

2.9. Immunohistochemistry (IHC) staining

For immunohistochemistry, skin samples were sequentially
proceeded rehydration steps with descending graded series of
ethanol. Next, pH 6.0 antigen retrieval (DAKO, S1699, Santa Clara,
CA, USA) or pH 9.0 antigen retrieval (DAKO, S2367) was conducted
using a high-pressure cooker for 15min, followed the cooling phase
over 1 h until the solution was fully transparent. After two washes
in PBS, sections were incubated in 3% H2O2 for 30 min for blocking
endogenous peroxidase. Another three washes in PBS, sections
were incubated with protein block (DAKO, X0909) for 1e2 h at
room temperature in a humidity-controlled chamber. Primary an-
tibodies were incubated overnight at 4�C. After three washes in
PBS, sections were incubated in HRP-labeled anti-rabbit antibody
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(DAKO, K4003) for 15 min at room temperature. For the develop-
ment of HRP-labeled antibody on section, DAB (DAKO, K3468) was
diluted and put it on each section for the identical time. Mayer's
hematoxylin (DAKO, S3309) was used for counterstaining. The
following primary antibodies were commercially purchased: Anti-
VEGF (ab1316, 1:50), anti-eNOS (PA3-031A, 1:250), anti-PCNA (sc-
56, 1:100), anti-TGF-b (GTX21279, 1:50), anti-Ki-67 (ab16667,
1:1000).
2.10. Quantitation of immunohistochemistry (IHC) staining

Qupath software [4] was utilized to quantify immunohisto-
chemistry (IHC) images. To measure DAB-positive pixels repre-
senting the cells expressing the marker protein in IHC, we ran the
‘positive pixel count’ module built in the software and calculated
the positive pixels above the threshold in the skin epidermis in 20X
high power fields. The DAB positive pixel percentage was normal-
ized with total stained pixel (hematoxylin þ DAB) counts.
2.11. Statistics

Data are expressed as mean ± standard error of the mean (SEM)
of three or more independent experiments. The statistical signifi-
cance of differences between groups was assessed using a two-
sided Student's t-test. p-values < 0.05 were considered significant.
3. Results

3.1. (þ)-syringaresinol increases the migration of human fibroblast

Firstly, the cytotoxicity of (þ)-SYR in human fibroblast Hs68 was
examined over a wide range of concentrations by CCK-8 assay.
(þ)-SYR was not cytotoxic in Hs68 cells at any concentration tested
from 25-250 mM. As the concentration increased, the cell viability
tended to decrease but the overall viability was over 90% (Fig. 1B).
In the whole phases of wound healing, fibroblasts play an impor-
tant role in promoting cell migration/proliferation into wound
margin and wound contraction [42,55]. The effect of (þ)-SYR on the
migration of Hs68 was examined using an in vitro wound closure
assay. Fig. 1C shows that the closure of cell-free area was promoted
by (þ)-SYR in a dose-dependent manner. The treatment of 50 mMof
(þ)-SYR covered the scratch wound by approximately 71% ± 7.72
while the control group cells covered about 53% ± 3.68, demon-
strating that (þ)-SYR may enhance the migration or proliferation of
fibroblasts (Fig. 1D).
Fig. 2. Cell proliferation of fibroblast
(A) Cell proliferation of Hs68 cells treated with (þ)-SYR (0-50 mМ) were measured by CCK-8 a
of Hs68 cells after the treatment of (þ)-SYR. N ¼ 3 per a group. * or #p < 0.05 and ** or *
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3.2. (þ)-syringaresinol promotes the proliferation of fibroblast
Hs68 cells

The effect of (þ)-SYR on the proliferation of Hs68 cells was
further investigated with different concentrations of (þ)-SYR (2.5-
50 mM) at 24 and 48 h. As a result, (þ)-SYR promoted the prolif-
eration of Hs68 in a dose-dependent manner of which effects
plateaued at 25 mM (Fig. 2A). Increased cell proliferation by (þ)-SYR
could be also confirmed by crystal violet staining (Fig. 2B).
3.3. (þ)-syringaresinol up-regulates the expression of TGF-b ,
VEGF-c, eNOS, and collagen I in Hs68 cells

To investigate the expression of factors involved in the skin
wound healing, qRT-PCR assay was performed. The expression of
TGF-b, VEGF-c, eNOS, and Collagen type I were determined in Hs68
after (þ)-SYR was treated for 48 h. As a result, (þ)-SYR increased
the mRNA expression level of TGF-b, VEGF-c, eNOS and Collagen I,
suggesting that (þ)-SYR upregulates the factors involved in the skin
wound healing process (Fig. 3).
3.4. Effect of (þ)-syringaresinol on cell viability against hydrogen
peroxide induced Hs68 cells and ex vivo pig and human skin tissue

Hydrogen peroxide (HPO) is commonly used as an obnoxious
stimulus to induce a skin injury model [8,25,48]. Exposure of Hs68
cells to HPO for 3 h decreased the viability to 80% but (þ)-SYR
treatment recovered them to as high as 97% at 25 mM (Fig. 4A). We
also investigated the effects of (þ)-SYR on HPO-induced skin injury
in ex vivo pig skin model in which nearly all the skin components
participating in the wound healing process exist. In a similar
manner with Hs68 cells, tissue viability was determined using the
MTT assay and the histology was done to examine the tissue
integrity. When the ex vivo pig skin tissue was exposed to 30% HPO
for 45 min, the tissue viability was reduced significantly (Fig. 4B).
However, when 0.5 mM of (þ)-SYR was treated 3 times every other
day after HPO treatment, the chemical wound induced by HPO was
repaired to an almost normal appearance. Compared to the nega-
tive control, 30% HPO induced vacuolization, spongiosis and pyk-
nosis in some parts of the basal layer. However, these chemical-
induced wounds were recovered almost to normal tissue after
(þ)-SYR treatment. In line with this, 1.0 mM of (þ)-SYR restored the
tissue viability almost to the level of intact untreated tissue
(Fig. 4C). Similar pattern could be observed with the ex vivo human
skin tissues (Fig. 4D)
ssay for 24 and 48 h. (B) Crystal violet staining was used to determine the proliferation
or ##p < 0.01 vs the respective control.



Fig. 3. Effects of (þ)-SYR on mRNA level of Hs68 cells
mRNA expression levels of (A) TGF-b, (В) VEGF-C, (C) eNOS and (D) Collagen I in Hs68 cells were determined by real-time PCR. The cells were treated with (þ)-SYR at the indicated
concentrations for 48 h (N ¼ 3). *p < 0.05 and **p < 0.01 vs control (SYR 0 mM).

Fig. 4. Effect of (þ)-SYR on cell viability for chemical wound
Effect of (þ)-SYR on cell viability against HPO challenged (A) Hs68 (N ¼ 3) and (B) ex vivo pig skin tissue (N ¼ 4). P < 0.05 was considered significant (*p < 0.05 vs control, #p < 0.05
and ##p < 0.01 vs HPO). (C) Treated ex vivo pig skin or (D) ex vivo human skin was processed and H&E stained. A representative microphotograph is shown. Scale bar ¼ 100 mm. NC;
negative control.
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3.5. Immunohistochemical staining of key protein components of
the wound healing in ex vivo human skin model

The wound healing effects of (þ)-SYR with respect to TGF-b,
VEGF and eNOS as confirmed at the cellular level in Hs68 were
evaluated at the tissue level. Also, cellular proliferation was
assessed by monitoring the expression of proliferating cell nuclear
antigen (PCNA). The human ex vivo skin tissues treated with
(þ)-SYR were examined with IHC staining using antibodies against
TGF-b, VEGF, eNOS and PCNA (Fig. 5). When exposed to HPO, TGF-b,
and PCNA decreased compared to intact tissue, but (þ)-SYR
significantly recovered them. However, for VEGF and eNOS, it was
confirmed that (þ)-SYR treatment could not recover the HPO-
induced changes (Fig. 6).

4. Discussion

This study was undertaken to examine the effects of (þ)-SYR on
the skinwound healing using human dermal fibroblast cell line and
ex vivo human skin tissues. (þ)-SYR promoted the migration and
proliferation of fibroblasts after a scratch wound. A protective effect
of (þ)-SYR against chemical-induced wound was also confirmed in
Hs68 cells as determined by increased survival of Hs68 cells. It
appears that the wound healing effects of (þ)-SYR were attribut-
able to the upregulation of TGF-b, eNOS, VEGF-c and collagen-I in
fibroblasts. Most importantly, the wound healing effects of (þ)-SYR
was confirmed in HPO induced skin injury model using ex vivo
human and pig skin tissues, substantiating the clinical applicability
of (þ)-SYR for the human skin wound healing.

Wound healing requires the coordinated completion of different
cellular activities, including phagocytosis, chemotaxis, mitogenesis,
and synthesis of components of the extracellular matrix, and is
carefully regulated [24]. These activities occur in a cascade with the
appearance of a variety of cell types in the wound during different
stages of the healing process. The primary cell types in the skin,
fibroblasts, have long been known to respond to mechanical forces
Fig. 5. IHC staining of key protein components of the wound healing
IHC images of ex vivo human skin with antibodies against TGF-b, VEGF, eNOS and PCNA. The
negative control are indicated with red arrows. Scale bar ¼ 200 mm. Representative images
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[21,57]. They have been extensively studied with respect to the
extracellular matrix (ECM) modulation in response to their
microenvironment changes [19,39,45]. In this study, (þ)-SYR up-
regulated the mRNA level of TGF-b and VEGF in fibroblast. TGF-b
is a multifunctional growth factor that has pleiotropic effects on
wound healing by regulating cell proliferation and migration, dif-
ferentiation, ECM production, and immune modulation [40]. With
the assistance of platelet released PDGF and VEGF, and fibroblast
growth factor (FGF), endothelial cells proliferate and angiogenesis
ensues. This process is essential for the synthesis, deposition, and
organization of a new ECM [5,26].

Here, to evaluate the wound healing effect of (þ)-SYR identified
in human fibroblast, ex vivo human and pig skin model was used.
The skin is an organ composed of epidermis, dermis, and subcu-
taneous tissue. The three layers of the skin form a barrier to
effectively defend against the external environment, transmit
sensory information, and play an important role in maintaining
homeostasis. Traditionally, the wound repair model that has been
used as a dermal route is an acute wounding in the mouse in vivo.
Mice are very tractable for mechanistic studies and their effec-
tiveness has been demonstrated, particularly in aging and diabetes
[1]. However, species differences in skin structure and healing dy-
namics have not yet been resolved, despite the general similarities
in wound healing between mouse and human. Recently, various
skin equivalent systems have been developed for culturing skin in
laboratory settings from artificial matrix and isolated skin cells
[17,53]. Although these models are more capable of mimicking
human skin compared to most in vitro cell-based approaches, they
still cannot fully simulate the native tissue environment, and are
generally too fragile to damage reproducibly. Furthermore, recent
studies have demonstrated that ex vivo human and pig skin tissue
retain resident immune cells that are obviously involved in its
repair [18,27,56]

Of particular note in this study was that TGF-b was significantly
increased when (þ)-SYR was treated at the cellular and tissue level
while eNOS and VEGF was not reproduced in ex vivo tissue models.
regions in which the expression of the specific protein is significantly higher than the
of tissue sections.



Fig. 6. Quantification of the cells expressing marker proteins in IHC images
DAB-positive pixels were quantified in the epidermis using Qupath software. The DAB positive pixels were normalized with total stained pixel counts. Data are presented as the
mean ± SEM (N ¼ 4 fields per a group). *p < 0.05 vs control, #p < 0.05 and ##p < 0.01 vs HPO.
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The normal wound healing process depends on the appropriate
levels of growth factors and cytokines to allow cellular responses to
be mediated in a coordinated manner [22]. In addition, since TGF-b
is known to be involved in the regulation of proliferation of fibro-
blasts, collagen synthesis in fibroblasts, generation of wound
granulation tissue [13], and differentiation of fibroblasts into
myofibroblasts in granulation tissue [15], the upregulation of TGF-b
was evaluated to play a very important role in wound healing ef-
fects of SYR. Further corroborating this, SYR promoted the cell
proliferation at cell and tissue levels.

Wound healing is an elaborate process including cell prolifera-
tion, cell cycle progression, cell migration, and the synthesis and
secretion of ECMmolecules involved in various signaling pathways
[23]. There are many signaling pathways involved in skin cell
proliferation and tissue repair. AKT/mTOR signaling has a critical
effect on many aspects of tissue repair such as cell proliferation,
protein translation, energy metabolism, and wound healing [44].
Also, b-catenin is elevated in mesenchymal cells during the pro-
liferative phase [9] and is thought to regulate dermal fibroblast
proliferation rate, motility and invasiveness [10]. Wnt5a signaling
and Wnt/Ca2þ pathway are also known to control cell migration,
although whether they promote or suppress cell motility seems to
depend on cell types involved [35,54]. Therefore, it is necessary to
investigate the effects of (þ)SYR on these key mechanisms associ-
ated with cell proliferation and migration in the future to further
explore the utility of (þ)SYR for the skin regeneration

In conclusion, we demonstrated that (þ)-SYR, derived from
ginseng berry, can promote the skin wound healing process by
accelerating cell proliferation and skin regeneration through
inducing the expression levels of TGF-b. Considering the increasing
public interest on ginseng and related phytochemicals, we believe
that (þ)-SYR can be a potential new cosmetic ingredient or
660
dermatological drug for skin regeneration and wound
management.
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