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The regulatory role of Korean ginseng in skin cells
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a b s t r a c t

As the largest organ in our body, the skin acts as a barrier against external stress and damages. There are
various cell types of skin, such as keratinocytes, melanocytes, fibroblasts, and skin stem cells. Korean
ginseng, which is one of the biggest distributions of ginseng worldwide, is processed into different
products, such as functional food, cosmetics, and medical supplies. This review aims to introduce the
functional role of Korean ginseng on different dermal cell types, including the impact of Korean ginseng
in anti-photodamaging, anti-inflammatory, anti-oxidative, anti-melanogenic, and wound healing activ-
ities, etc. We propose that this information could form the basis of future research of ginseng-derived
components in skin health.
� 2020 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

Skin, the organ that we aremost familiar with in daily life, is also
one of the most complex and largest organs in the body. It com-
prises at least three main layers: the epidermis, the dermis, and the
subcutis [1]. The epidermis is the outermost layer of the skin. It has
several small layers and mainly acts as a barrier to prevent damage
from substances in the environment. The dermis is a middle layer
that contains numerous nerve cells, which enables the ability to
feel. The dermis also contains various immune cells. The deepest
layer of the skin is subcutis, which is between the skeletal and
dermis layers and connects the muscles and bone (see Fig. 1 and
Fig. 2).

As the largest organ in the body, the skin has some very distinct
functions. First of all, the primary function of the skin is protection
[2]. It acts as a robust barrier in defense of injury and infection from
adversity in the surrounding environment, such as chemicals,
micro-organisms, pressure, radiation, etc. Secondly, the skin has a
role in regulation. It is pivotal in adjusting the body temperature via
sweat and the production of vitamins. The third functional role of
the skin is in sensation. It is well known that nerve cells derived
from the skin make up a big extensive network. They have many
unique receptors for hot, cold, aches, and so on. These receptors can
detect and react against the environment. If nerves are damaged,

sensation will be lost in the affected areas, a condition known as
neuropathy. Hence, although some skin diseases are not life-
threatening in the short-term, they may cause long-term
disabilities.

The skin is made up of several different kinds of subsets,
which includes keratinocytes, melanocytes, fibroblasts, skin
stem cells, and so forth. Keratinocytes account for a high per-
centage in the epidermis, which constitute around 95% of the
outermost layer. Their primary role is to form a barrier against
environmental damage from such as UV irradiation, bacteria, and
water loss. Melanocytes are located in the bottom layer of the
epidermis in most cases. However, as melanin-producing cells,
they only comprise around 5-10% of all skin cells in the human
body [3]. Because the dominant factor in evaluating skin color is
melanin [4], melanocytes have an important role in deciding
human skin color and regulating abnormal changes in daily life.
The fibroblasts lay on the dermis, which grow under the
epidermal layer. The responsibility of fibroblasts is to generate
joint tissue, which helps the human skin to recover from normal
wounds [5]. In addition, the constant regeneration of the skin
itself during a whole lifetime is due to epidermal stem cells,
which exist as various types and help the skin to replenish
corresponding cell types in repair of wounds and homeostasis
[6].
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Ginseng, which is a valuable folk medicinal herb, has been used
in eastern countries for more than 5,000 years [7]. In fact, ginseng is
the root of a plant genus called Panax, which means ‘treat all’ in
Greek. Ginseng can be divided into 3 types according to the date
from cultivation to harvest: at less than 4 years, ginseng is known as
fresh ginseng because it will be consumed in a fresh state; between
4 to 6 years, ginseng is dried directly after peeling and called white
ginseng; and if ginseng that has been grown for more than 6 years,
it is produced by steaming at a temperature of around 100�C for 2 to
3 hours. Then it is dried until the moisture content less than 15%.
After that, this kind of ginseng is called red ginseng [8]. In this
article, we will only discuss the Korean ginseng that grows and is
produced in Korea and known as Korean ginseng.

Korean ginseng, Panax ginseng Meyer, has been studied in
several situations in the field of skin health formany years (Table 1).
Among these various studies, some functions, such as anti-
photoaging, antiwrinkle, and anti-melanogenic, have attracted a
great deal of attention. One metabolite of Panax ginseng has been
reported to inhibit the production of VEGF and TNF-a which is
induced by UVB through the NFAT signaling pathway [9] and could
have a potential role in protecting skin from UVB-induced photo-
damage. Ginsenoside Rg3 (S) (Rg3), which is found at a high con-
centration in red ginseng, also shows significant protection against
ultraviolet- (UV) or infrared (IR)-induced skin photoaging [10].
Another study suggests that a mixture of P. ginseng and
C. pinnatifida (GC) has the role of anti-aging by suppressing wrinkle
formation and enhancing the moisture in human skin [11].

In this article, we will review several reports that associated
with how Korean ginseng works on different kinds of skin cell

subsets and regulatorymethods. Then, wewill discuss the potential
application of Korean ginseng.

2. Main body

2.1. The role of Korean ginseng in skin keratinocytes

Keratinocytes comprise over 95% of the cell mass of human
epidermis [12,13], which take part in the various stages of differ-
entiation in the epidermis [13]. They are organized into basal,
spinous, granular, and cornified layers that correspond to specific
stages of differentiation [14,15]. Tomaintain a mechanical barrier to
the outside world, the primary function of keratinocytes is to
provide the structural integrity of the epidermis, which establishes
the first line of defense against pathogens in the skin [16,17].
Several extracts and metabolites have been isolated from Korean
ginseng to study its function. We found some papers that related to
the effects of Korean ginseng on keratinocytes and found that these
studies mainly focused on the cell death, skin inflammation and
oxidative stress.

First, the function of Korean ginseng on cell death will to be
discussed. Some papers have reported that the extract from
Korean Red Ginseng (KRG), which is made by steaming and
drying fresh ginseng, can reduce the expression level of p53 and
“growth arrest and DNA damage 45 (GADD45)” induced by per-
oxynitrite (ONOO�) in HaCaT cells. ONOO� is a powerful biolog-
ical oxidant, which can cause DNA damage. KRG can protect cells
from ONOO�-induced genotoxicity and repair the DNA damage by
increasing cell viability and modulating p53 signaling [18]. KRG

Ginsenoside Rb1 Ginsenoside Rb2 Ginsenoside Rb3 Ginsenoside Rg 3 Ginsenoside Rg 5

Ginsenoside RdGinsenoside Rk1 Ginsenoside Rh3 Ginsenoside Rh4 Ginsenoside C-Mx

Ginsenoside compound KGinsenoside F1 Gypenoside LXXV

Fig. 1. The structures of ginseng-derived components.

J Ginseng Res 2021;45:363e370364



can also be used to improve the side effects of radiation therapy.
Some papers have demonstrated that mucositis is caused by ra-
diation therapy [19]. The reasons that radiation can lead to
mucositis are based on loss of epithelial cell renewal, apoptosis,
and reactive oxygen species (ROS)-induced ulcer formation [20e
22]. Because of this, KRG was used to study the protective effect
on irradiated normal human keratinocytes. KRG inhibits HaCaT
cells apoptosis and intracellular ROS, which is induced by radia-
tion. Moreover, KRG stabilizes changes in mitochondrial mem-
brane potential (MMP) and reverses the expression of ataxia
telangiectasia mutated protein (ATM)-p53 and the c-Jun N-ter-
minal kinase (JNK)-p38 pathway which is significantly increased
by irradiation [23]. Another newly processed ginseng, sun ginseng
(SG) [24], shows good effects on anti-UVB irradiation. Studies
have found that SG has a protective role against UVB-induced cell
damage in keratinocytes. It can repair the expression of the anti-
apoptotic gene (bcl-2 and bcl-xL) suppressed by UVB in epidermal
keratinocyte cells, which has an anti-apoptotic effect in strong
UVB irradiation. Whereas, SG also inhibits c-Jun and c-Fos gene

expression in a keratinocyte cell line, which was thought to be a
potential agent against UVB cell damage [25].

In addition, the effects of Korean ginseng on skin inflammation
have been studied. If keratinocytes are stimulated by lipopolysac-
charide (LPS), inflammation will be induced, which causes chronic
atopic dermatitis (AD). Although acute AD is mainly caused by T
helper 2 type (Th2) reaction, chronic phase of AD is a mixed
response between Th1 and Th2 reaction [26e28]. Because of this
inflammatory response, the expression of tumor necrosis factor-
alpha (TNF-a) increases. Guistizieri et al found that TNF-a is the
most powerful inducer of interleukin (IL)-8 [29], which leads to a
remarkable increase in IL-8. Interestingly, after treating with KRG
extracts, LPS-stimulated TNF-a in human keratinocytes is sup-
pressed significantly. Its inhibition also leads to a decrease in IL-8.
This finding reveals that KRG extract might be a useful immuno-
suppressive agent in the treatment of chronic AD [30]. AD is a skin
inflammation disease that affects millions of people worldwide.
Park et al applied KRG water extract into a 1-chloro-2,4- dinitro-
benzene (DNCB)-induced BALB/c mouse model, which has AD-like
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lesions [31]. They found that KRG water extract can significantly
improve skin conditions, and can also suppress the expression of
inflammatory regulators, chemokines, and cytokines by mitogen-
activated protein kinase (MAPK) signaling pathways. Oh et al re-
ported that Ginsenoside Re can improve skin barrier function by
increasing filaggrin protein and caspase-14 level, which enhanced
the cornified cell envelope formation in HaCaT cells [32]. Rg5:Rk1,
which is derived from P. ginseng, significantly reduces TNF-a/IFN-g-
induced thymus and activation-regulated chemokines (TARC/
CCL17) and has potential anti-AD effects through inhibiting NF-kB/
p38 MAPK/STAT1 signaling pathway [33]. Not only does KRG work
on human keratinocytes but also affect murine SP-1 keratinocytes,
which originate from SENCARmice. The saponin of KRG (SKRG) can
inhibit granulocyte macrophage colony-stimulating factor (GM-
CSF), which is a proinflammatory cytokine increased by UVB-
irradiation. SKRG treatment suppresses UVB-induced phosphory-
lation of epidermal growth factor receptor (EGFR), then also de-
creases extracellular signal-regulated kinase (ERK). After testing 15
different ginsenosides, ginsenoside Rh3 was confirmed to be the
active saponin that inhibits the expression of GM-CSF [34].
Although ginsenoside Rh3 did not affect the cell viability of SP-1
keratinocytes, it can block GM-CSF production that is induced by
12-O-tetradecanoylphorbol-13-acetate (TPA). In addition, ginse-
noside Rh3 can inhibit TPA-induced protein kinase Cd (PKCd) and
ERK phosphorylation in SP-1 keratinocytes [35]. Lastly, UVB can
quickly induce epidermal keratinocytes to generate superoxide
radicals, which can convert to other ROS species [36]. UVB-induced
ROS production results in the up-regulation of MMP-1 and degra-
dation of collagen. Thus, down-regulation of ROS generation is
crucial for preventing skin photoaging [37,38]. Although ginseno-
side Rb3, which is a protopanaxadiol-type ginsenoside, cannot
affect cell viabilities on HaCaT keratinocytes under UVB irradiation,
it can suppress the enhancement of ROS, pro-matrix

metalloproteinase-2 (proMMP-2) and pro-matrix metal-
loproteinase-9 (proMMP-9), which were induced by UVB, and also
improve total glutathione (GSH) and superoxide dismutase (SOD)
levels which were inhibited by UVB. Ginsenoside Rb3 acts as a
potential anti-oxidative agent in human HaCaT keratinocytes sub-
jected to photodamage [39]. As one of the major metabolites of
ginsenosides, compound K was estimated by researchers through
cDNA microarray analysis. After screening more than 100 tran-
scripts, they found that compound K can enhance the expression of
hyaluronan synthase (HAS) 2. Moreover, compound K upregulates
the hyaluronan (HA) synthesis by increasing the HAS2 gene in vitro.
In addition, the aged hairless mouse skin was treated bycompound
K. The results demonstrated that compound K can increase the
amount of HA content and the thickness of the epidermis. The
epidermal thickening may be due to the water accumulation that
results from the amassing of HA induced by compound K [40]. This
finding indicated that compound K might prevent or improve the
deteriorations, such as xerosis, caused by the age-dependent
decrease of the HA content in human skin.

2.2. The role of Korean ginseng in skin melanocytes

Skin melanocytes also reside in the basal layer of the epidermis,
the same location as keratinocytes. The ratio between melanocytes
and keratinocytes is around 1:10 in the epidermal basal layer [41].
The main function of melanocytes is to produce melanin and me-
lanosomes [42], which are related to skin color and skin cell pho-
toprotection. Melanosomes are the cytoplasmic organelles in
melanocytes and provide a place for melanogenesis, which is a
pathway for synthesizing melanin [43]. Two kinds of melanin can
be produced by melanogenesis: pheomelanin and eumelanin. They
show the opposite function and a different way of synthesis.
Pheomelanin is reddish yellow, which exhibits phototoxic pro-

Table 1
Pharmacological activities of ginseng-derived components in biological responses of skin cells

Component Skin Cell Type Cellular Response Molecular Target Mediated Signaling Reference

KRG Keratinocytes DNA damage GADD45 p53 [18]
Apoptosis MMP ATM/p53, JNK/p38 [23]
Inflammation TNF-a, IL-8 MAPKs [29]

SG Apoptosis c-Jun, c-Fos bxl-2, bcl-XL, AP-1 [25]
Inflammation TNF-a, IL-6, and IFN-g iNOS, COX-2
Aging MMP-1 Procollagen [69]

Pg-c-EE Oxidation p38, ERK, JNK AP-1 [50]
Ginsenoside Rg 5: Rk1 Inflammation TNF-a, IFN-g TARC/CCL17 [33]

NF-kB/p38 MAPK/STAT1
Ginsenoside Rh3 Inflammation GM-CSF ERK [34]
Ginsenoside Rb3 Oxidation ROS, proMMP-2, proMMP-9 GSH, SOD [39]
Compound K Moisture stress HAS-2 HA-binding Protein [40]
KRG Melanocytes Melanogenesis Tyrosinase Melanin [47]
Pg-c-EE AP-1, CREB p38, ERKs, CREB [33]
Ginsenoside A-Rh4 MITF cAMP, PAK [53]
Ginsenoside Rb1 Tyrosinase Melanin [55]
Ginsenoside Rb2 MITF cAMP [54]
Ginsenoside Rg3 MITF ERK, TRP1 [56]
Ginsenoside Rh3 bFGF, MITF ERK [61]
Ginsenoside F1 GTP-Rac1, GTP-Cdc42 Rho-family GTPase [57]
KRG Fibroblasts Photoaging MMP1, MMP13 MAPK/AP-1, NF-kB [64]

Aging COL1A2 promoter, Smad2 COL1A2, type 1 collagen [70]
SG Aging MMP1 TIMP-1, type 1 collagen [50]
Ginsenoside Rb1 Apoptosis Bcl-2 - [63]
Ginsenoside Rd Proliferation MMP1 PKA [71]
Ginsenoside Rg3 Photoaging 11b-HSD1, MMP1, IL-6 - [10]
Gypenoside LXXV (G75) Wound healing CTGF Glucocorticoid receptor [73]
Compound K Aging MMP1, MMP2 type 1 pro-collagen, sirtuin 1, AP-1 [66]

Inflammation MMP1, TNF-a ERK/AP-1 [68]
Ginsenoside C-Mx Inflammation ROS, MMP, IL-6 NF-kB [67]

Nrf2 MAPK/AP-1
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oxidant property, whereas eumelanin is brownish black that has
photoprotective anti-oxidant characteristic [44,45]. However, if the
synthesis function becomes disordered, skin color will be
abnormal. These two abnormal changes in the skin are hyperpig-
mentation and hypopigmentation. In hyperpigmentation, skin co-
lor is darker than normal because of excess production of melanin
[45], and in hypopigmentation, some patches of skin are lighter
than others. Both of these are serious skin conditions that affects
thousands of people worldwide [46]. For these two kinds of
abnormal pigmentation, especially unusual hyperpigmentation is a
major issue to be concerned. Korean ginseng has been used as a
traditional medicine in treating various diseases, for instance, in
immune modulation, antioxidation and anti-tumorigenesis.
Therefore, researchers wanted to study whether the extract or
some constituents of Korean ginseng could inhibit melanogenesis.
In fact, antimelanogenic properties have already been discovered in
Korean ginseng.

Kong et al reported that cinnamic acid, which is mainly found in
Korean ginseng, can inhibit tyrosinase, that is a pivotal enzyme in
the melanogenesis pathway, in Melan-a cells. Because of the potent
inhibition of tyrosinase, melanin synthesis is also suppressed. In
addition, a hyperpigmentation model was established in brown
guinea pig skin by UVB-irradiation. Cinnamic acid was found to
remove melanin synthesis remarkably and exhibit good depig-
menting activity, which has obvious skin whitening effects [47].
Song et al. found that female patients with melasma who received
oral administration of KRG powder, a mixture of ginsenoside and
phenolic compounds, for 24 weeks, the area of melasma and
severity index was significantly relieved. Moreover, KRG powder
exhibited good tolerability in oral administration for most of the
patients [48]. Jiang et al reported that the ethyl acetate extract from
P. ginseng, which contains polyphenolic compounds as the main
components, could relieve hyperpigmentation effects by reducing
oxidative stress [49]. The ethanol extract of P. ginseng berry calyx
(Pg-C-EE) can block activator protein 1 (AP1) and cyclic adenosine
monophosphate response element-binding (CREB) protein to pre-
vent melanogenesis [50]. KRG extract (KRGE) was applied in vitro
and in vivo to certify that it can relieve melanogenesis by potently
suppressing tyrosinase activity and melanin production [51].

Oh et al discovered that UV-irradiation can induce GM-CSF
production in SP-1 keratinocytes. GM-CSF can significantly in-
crease the proliferation of melan-a melanocytes. KRGE and SKRG
can decrease the expression of GM-CSF and then block the prolif-
eration of melan-a melanocytes, which has a potential role in
regulating UV-induced melanocyte proliferation [52]. Jeong et al
first reported that ginsenoside compound aglycone of Ph4 (A-Rh4)
can directly suppress melanin synthesis in B16 melanoma cells. A-
Rh4 can significantly reduce cyclic AMP (cAMP) in B16 melanoma
cells by down-regulating microphthalmia-associated transcription
factor (MITF) and tyrosinase, which has a potential anti-
melanogenic effect through the protein kinase A (PKA) pathway
[53]. Other studies, including Lee et al, report that ginsenoside Rb2
can reduce melanogenesis in melan-a cells by down-regulating
MITF and tyrosinase expression in vitro. Furthermore, Rb2 can
prevent the inhibition of body pigmentation in a zebrafish model
in vivo through suppressing tyrosinase activity [54]. Later, Wang
et al found ginsenoside Rb1 can significantly inhibit the
melanogenesis-stimulating effects of a-melanocyte-stimulating
hormone (a-MSH) in B16 melanoma cells. Moreover, ginsenoside
Rb1 downregulates tyrosinase activity in B16 melanoma cells in a
dose-dependent manner. Both of the results exhibit that ginseno-
side Rb1 can suppress melanogenesis in B16 cells via decreasing
tyrosinase activity [55]. Interestingly, ginsenoside Rg3 was simul-
taneously found to have a melanin inhibitory role in both normal
human epidermal melanocytes and B16F10 cells [56]. Ginsenoside

Rg3 suppresses the melanin biosynthesis resulting from the inhi-
bition of the crucial melanogenesis enzyme, tyrosinase, without
affecting cell viability. Moreover, ginsenoside Rg3 potently
repressed the expression of tyrosinase-related protein 1 (TRP1) and
down-regulated the tyrosinase transcription factor MITF. In addi-
tion, ginsenoside Rg3 can enhance the protein level of ERK
signaling in a dose-dependent manner. To identify whether gin-
senoside Rg3 can suppress melanogenesis through activating ERK
pathway, PD98059, which is a specific inhibitor of ERK, was used to
treat the B16F10 cells that were stimulated by a-MSH and co-
treated with ginsenoside Rg3. Surprisingly, PD98059 attenuated
the antimelanogenic effect induced by ginsenoside Rg3 and
significantly recovered the tyrosinase activity and melanin content,
which suggested that the activation of ERK induced by ginsenoside
Rg3 can lead to the reduction of melanin synthesis through
restraining MITF and its downstream expression of tyrosinase and
TRP1 [56].

Another metabolite of Korean ginseng known as ginsenoside F1,
which is a hydrolyzation product of ginsenoside Re and ginsenoside
Rg1, showed a more interesting mechanism, although it can
decrease the melanin secretion induced by a-MSH in B16F10 mel-
anoma cell culture media, it does not affect cell viability or inhibit
intracellular expression levels of melanin and tyrosinase activity
[57]. Surprisingly, ginsenoside F1 can change cellular morphology,
which includes enlarging cell bodies, and retract dendrites in
B16F10 cells. Because of this, pigment granules accumulate in
melanocyte cell bodies and the melanosome transfer is remarkably
affected, which causes visible pigmentation to reduce significantly.
Moreover, dendrite retraction results from the notable weakening
of forskolin-induced GTP-Rac1, GTP-Cdc42 and the suppression of
the Rho family GTPase by ginsenoside F1 [57]. In other studies,
keratinocytes irradiated by UVB can secrete some paracrine factors
to indirectly stimulate the proliferation of humanmelanocytes [58].
Among a variety of factors, basic fibroblast growth factor (bFGF)
which is one of the paracrine factors secreted by UVB-exposed
keratinocytes, plays an essential role in increasing the prolifera-
tion of epidermal melanocytes [59,60]. Lee et al found that bFGF
enhances the proliferation of murine melan-a melanocyte by acti-
vating ERK. They tested the effects of several ginsenosides and
discovered that Rh3 can inhibit ERK phosphorylation, which is
induced by bFGF. Moreover, ginsenoside F1 can slightly postpone
the maximum phosphorylation of ERK induced by bFGF. However,
if they treat Rh3 and ginsenoside F1 simultaneously, the phos-
phorylation of ERK can be significantly suppressed. Moreover, the
combined treatment of Rh3 and ginsenoside F1 can suppress the
protein level of MITF induced by bFGF inmelan-a cells, that exhibits
the antiproliferation effect on bFGF-induced melan-a melanocyte
proliferation [61].

2.3. The role of Korean ginseng in skin fibroblasts

Skin fibroblasts are located on the dermis, the inner layer of the
skin. They cover the underlying soft tissues and maintain the
integrity of connective tissues. A large number of studies have
investigated the relationship between Korean ginseng and human
dermal fibroblasts. Some functions of dermal fibroblasts are similar
to those of skin keratinocytes. The total saponins and ginsenoside
Rb1 of KRG have been used both in vitro and in vivo to assess
antiphotoaging effects. They can significantly reduce thickness and
wrinkle formation and recover skin elasticity under UVB-
irradiation. Total saponins and ginsenoside Rb1 can also rescue
the breakage of collagen fibers [62].

Signaling pathways that may associate Korean ginseng with the
prevention of UVB photodamage have been discovered. Hwang et al
reported that Korean mountain cultivated ginseng that was
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extracted by ethanol can inhibit the production of MMP1 and
MMP13 which were induced by UVB through activating MAPK/AP-
1 and NF-kB signaling pathways [63]. BIOGF1K is an extracted
fraction which is rich in compound K [64]. It can prevent fibroblast
cells from UVB photodamage through relieving apoptosis. In
addition, BIOGF1K reduces the expression of MMP-1 and 2 and
remarkably improves the mRNA levels of type 1 procollagen sirtuin
1. BIOGF1K also down-regulates the AP-1 pathway for anti-
photoaging activity [65]. Ginsenoside C-Mx relieves UVB-induced
skin damage by NF-kB pathways as well [66].

In addition, how the inflammation response induced by UV
irradiation in human dermal fibroblasts is an attractive question
that is not fully understood. It was reported that compound K can
inhibit MMP-1 expression induced by TNF-a via suppressing the
ERK/AP-1 pathway but not p38 and the JNK pathway. Compound K
down-regulates the phosphorylation of c-Src and epidermal
growth factor receptor (EGFR), which are the upstream pathways of
ERK to against inflammation. Through this signaling pathway,
compound K reduces the degradation of collagen in human dermal
fibroblasts [67].

Previously, Lee et al found that SG has a protective role of cell
damage from UVB irradiation on keratinocytes. SG also has the
same function on human dermal fibroblasts to prevent UVB
damage by reducing the mRNA levels of c-Jun and c-Fos. At the
same time, SG decreases the production of inflammatory cyto-
kines and recovers the expression of procollagen, which is stim-
ulated and suppressed by UVB in dermal fibroblasts [25].
Moreover, further studies about the anti-aging effects of SG have
been published. Song proved that SG can inhibit MMP-1 expres-
sion, and dose-dependently enhance the tissue inhibitors of MMP
(TIMP)-1. Both the inhibition of MMP-1 and increasing TIMP-1
can significantly increase the production of type I collagen,
which shows good anti-aging properties [68]. Other researchers
have reported that P. ginseng root extract (PGRE) activates the
human a2(I) collagen (COL1A2) promoter to enhance the tran-
scription of COL1A2. Through increasing COL1A2, PGRE can in-
crease the production of human collagen. In addition, they also
found that PGRE can induce the phosphorylation of Smad2 and
then increase the synthesis of type I collagen, which has anti-
aging effects [69].

Besides anti-photodamage and anti-aging effects, Korean
ginseng also has a good impact on skin regeneration. Kim et al.
reported that the ginsenoside Rd can remarkably enhance the
proliferation and migration of human dermal fibroblasts. It is also
involved in the PKA signaling pathway to reduce MMP-1 and
induce type I collagen. Animal wound models were used to prove
that ginsenoside Rd has a potent effect on wound healing, which
could be a natural medicine in skin regeneration [70]. Another
paper by Lee et al confirmed that Korean ginseng can accelerate the
proliferation and collagen synthesis of human dermal fibroblasts in
wound healing [71]Gypenoside LXXV (G75) was applied in vivo to
test cutaneous wound healing in fibroblasts. G75 can potently up-
regulate the production of connective tissue growth factor
through the glucocorticoid receptor pathway [72]. Enzyme-
modified ginseng extract and its major compound ginsenoside F2
have a similar mechanism in treating UVB-induced skin damage
[68]. Besides UV irradiation, infrared irradiation is also a natural
stressor for skin aging and leads to cortisol accumulation. Cortisol is
a mammalian stress hormone that is activated by the enzyme 11
beta-hydroxysteroid dehydrogenase type 1 (11b-HSD1). Therefore,
finding an 11b-HSD1 inhibitor is a good way to prevent aging. The
KREG that contains ginsenoside Rg3 can inhibit 11b-HSD1 in both
human dermal fibroblasts and a normal human 3D skin model and
then exhibits good antiphotoaging effects in UV- or IR-exposure
[10].

The promotion of skin hydration was studied in human
dermal fibroblasts treated with a gintonin-enriched fraction
(GEF), which is a novel component of Korean ginseng. Gintonin is
also a ligand of G protein-coupled lysophosphatidic acid (LPA)
receptors. LPA has been studied in stimulating the proliferation
and migration of fibroblasts. GEF together with the LPA receptor
activate transient induction of [Ca2þ]i via Ca2þ signaling and
promote the release of HA, which exhibit beneficial properties in
skin protection [73].

2.4. The role of Korean ginseng in skin stem cells

Because the skin is the first barrier against a variety of external
stresses and damages, repair and recovery are critical for skin cells.
Among different skin cells, skin stem cells are important for cell
self-renewal and replenishment. However, there are not many
research papers related to the application of skin stem cells. Dermal
papilla cells (DPCs) are the mesenchymal cells in the skin. More-
over, they are also thought to be a multipotent stem cell [74]. Park
et al reported that fructus P. ginseng (FPG) extract can significantly
stimulate the proliferation of DPCs through up-regulating the
expression of Bcl-2 and down-regulating Bax, which shows an anti-
apoptotic effect. In addition, FPG extracts also extend the anagen
phase during the hair cycle in vivo which is useful for hair regen-
eration and hair loss [75].

3. Discussion

The history of ginseng can be traced back 4000 years ago. Korea,
China, Canada, and the USA account for more than 99% of total
ginseng production in the world. Among the world ginsengmarket,
which includes ginseng root and processed products, Korea is the
largest distributor in the world [76]. Ginseng distribution has
numerous forms, for example, fresh ginseng, dried ginseng, boiled
and dried ginseng (Taekuksam), red ginseng and related products.
In these processed forms, red ginseng is themost attractive product
and accounts for approximately 59% of the Korean ginseng market.
Red ginseng is processed into functional food, cosmetics and
medical supplies, etc.

In this review, we discussed the function of Korean ginseng in
different kinds of dermal cell subsets: keratinocytes, melanocytes,
fibroblasts and skin stem cells. In skin keratinocytes, Korean
ginseng plays a role in anti-photodamaging, anti-inflammation and
antioxidation. Korean ginseng can repair DNA damage and increase
cell viability [18,23e25]. In addition, Korean ginseng significantly
suppresses LPS-stimulated TNF-a in human keratinocytes and
inhibited the expression of inflammatory regulators, chemokines
and cytokines to treat atopic dermatitis [29e31]. Moreover, Korean
ginseng removed MMP expression and increased collagen synthe-
sis under oxidative stress [37e40]. In skin melanocytes, Korean
ginseng mainly relieves hyperpigmentation of the skin by sup-
pressing MITF and its downstream protein tyrosinase [53,55,56]. It
canwhiten skin and reduce melanin production [47,51]. In addition,
Korean ginseng also can block melanocyte proliferation, which is
induced by UV irradiation [52,55]. In addition, Korean ginseng has
similar functions between dermal fibroblasts and skin keratino-
cytes. It can reduce photodamage [64,67], rescue the expression of
collagen [63,68,70], regenerate skin [69,70] and is associated with
wound healing [68,73]. Even though several studies have investi-
gated the function of Korean ginseng on the skin, still very little is
known about Korean ginseng. The mechanisms related to how
Korean ginseng really works on several skin cell types are un-
known. Because of this, we need to study the mechanisms related
to Korean ginseng in depth.
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