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a b s t r a c t

Ginsenosides are bioactive components of Panax ginseng with many functions such as anti-aging, anti-
oxidation, anti-inflammatory, anti-fatigue, and anti-tumor. Ginsenosides are categorized into dammar-
ane, oleanene, and ocotillol type tricyclic triterpenoids based on the aglycon structure. Based on the
sugar moiety linked to C-3, C-20, and C-6, C-20, dammarane type was divided into protopanaxadiol (PPD)
and protopanaxatriol (PPT). The effects of ginsenosides on skin disorders are noteworthy. They play anti-
aging roles by enhancing immune function, resisting melanin formation, inhibiting oxidation, and
elevating the concentration of collagen and hyaluronic acid. Thus, ginsenosides have previously been
widely used to resist skin diseases and aging. This review details the role of ginsenosides in the anti-skin
aging process from mechanisms and experimental research.
© 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

The skin is one of the most complex organs on the body,
covering the entire surface of the body and exposed to the outside
environment [1]. The number of patients with skin problems such
as skin aging and inflammation increases annually [2]. Skin aging is
a multifactorial process influenced by internal and external factors.
Internal factors are primarily determined by genetics predisposi-
tion, while external factors, including UVB exposure, can lead to the
release of free radicals and various reactive oxygen species (ROS)
[3,4]. The appearance of free radicals indirectly increases the ac-
tivity of matrix metalloproteinase (MMPs) in the dermis, leading to
the breakdown of collagen and elastic fibers, resulting in skin loss of
elasticity, wrinkles, scaling, dryness, and pigment abnormalities
[5e7]. While the skin possesses enzymatic antioxidants, such as
superoxide dismutase (SOD) and glutathione (GSH), to protect it
from ROS and free radicals, exposure to UVB can depletes of SOD

and GSH, making skin more vulnerable to damage [8,9]. The
negative impact of skin aging on physical health can lead to panic
and social discrimination [10]. At present, the prevention and
treatment of skin aging primarily rely on the external application of
cosmetics. Functional components extracted from traditional Chi-
nese herbs, such as ginsenosides and polysaccharides, have been
reported to effectively intervene or treat skin aging [11]. For
instance, polysaccharides extracted from Cordyceps cicadae have
demonstrated significant antioxidant and anti-aging activities by
up-regulating catalase, GSH and SOD1 [12].

Agrocybe aegerita polysaccharides scavenged hydroxyl and
DPPH accumulation at a concentration of 4500 mg/mL, maintaining
the skin collagen of aging mice in vitro, and elevated the activity of
SOD and catalase in vivo [13]. It has been shown that ginsenosides
extracted from ginseng activate various signaling pathways,
including FOXO/DAF-16, NRF2/SKN-1, and SIRT1/SIR 2.1, which are
involved in anti-oxidative activity and longevity [14].

The primary bioactive ingredients in ginseng are known as
ginsenosides, which consist of four hydrophobic rings steroid-like
structures with hydrophilic sugar moieties [15,16]. Ginsenosides
are classified into dammarane, oleanene, and ocotillol type tricyclic
triterpenoids based on their aglycon structure. Within the dam-
marane type, there are two subtypes known as protopanaxadiol
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type (PPD) and protopanaxatriols type (PPT), which differ in posi-
tion and number of sugar substituents attached to the steroid
backbone [17]. The PPD subtype includes various ginsenosides,
such as Rb1, Rb2, Rb3, Rc, Rd, F2, Rg3, Compound K (CK), and Rh2,
each with different sugar moieties linked to C-3 and C-20. PPD is
derived from different ginsenosides by hydrolyzing sugar moieties.
Glycosylated ginsenosides, including Rb1, Rb2, Rb3, Rc, and Rd,
account for over 90% of total ginsenosides and are often regarded as
the major ginsenosides responsible for angiogenic activity due to
their similar structure to cholesterol and steroid hormones [18,19].
PPD plays an essential role in anti-photoaging, alleviating stress
aging, prompt wound-healing, and anti-inflammatory. On the other
hand, PPT includes F1, Rg1, Rg2, and Re, with different sugar moi-
eties linked to C-6 and C-20 [20]. PPT ginsenosides play roles in
anti-aging, immunoregulatory, and skin-whitening by hydrolyzing
different sugar moieties from C-6 and C-20.

Based on the stereochemistry of the chiral carbon C-20, PPD and
PPT types of ginsenosides exist in S- and R- forms. Studies have
shown that these ginsenosides exhibit various biological effects,
including antitumor, anti-diabetic, anti-inflammatory, anti-
dementia, anti-aging, anti-fatigue, anti-oxidative, anti-viral,
morphine-dependence attenuating, wound, and ulcer healing ac-
tivity [21e23]. In addition, besides natural aging, extrinsic factors
such as UVB radiation can cause facial wrinkles. Therefore, func-
tional cosmetics and foods are needed to slow down the aging
process [24].

2. PPD

There are different sugar moieties linked to C-3 and C-20 in PPD.
The majority of PPD ginsenosides contain glucose at C-3 inner and
outer position, with a few containing xylose at the C-3 site. The
sugars moieties at C-20 can be glucose, arabinopyranose, xylose, or
arabinofuranose. Ginsenoside Rd is derivatives deglycosylated from
Rb1, Rb2, Rb3, and Rc by hydrolyzing glucose, arabinopyranose,
xylose, and arabinofuranose at C-20. The deglycosylated ginseno-
sides, such as F2, Rg3, CK, and Rh2, exhibit greater pharmacology
activity compared to glycosylated ginsenosides, due to their smaller
size and higher permeability across the cell membrane, F2 and Rg3
are produced by specifically hydrolyzing glucose linked to C-3 and
C-20 from Rd using microorganisms or enzyme methods, while CK,
and Rh2 are produced by specifically hydrolyzing glucose linked to

C-3 on F2 and Rg3, respectively (Fig. 1). PPT is a saponins of pan-
axadriol. In the current study, by hydrolyzing different kinds or
amounts of sugar moieties, PPD is isolated from ginsenosides Rb1,
Rb2, Rb3, Rc, and Rd. Studies have demonstrated that PPD inhibit
skin photo-aging, alleviate stress aging, promotes wound-healing,
and reduces inflammation by up- or down-regulating specific
molecules or pathways (Table 1).

2.1. Ginsenoside Rb1

Ginsenoside Rb1, a glycosylated PPD type ginsenoside with two
sugars linked to C-3 and two sugars linked to C-20, is the major
active constituent of American ginseng. Studies have demonstrated
the anti-aging effects of ginsenoside Rb1 at both animal and cell
levels. For example, at animal level, treatment with at least 2.5 mg/
kg ginsenoside Rb1 has been shown to restore plasma androgen or
estrogen levels and increase corticosterone levels, thus alleviating
body aging caused by stress in Kunming rats [25]. At cellular level,
the hyaluronan acid synthase 2 (HAS2) enzyme is essential for
production of hyaluronic acid (HA) and improving skin hydration.
20-O-b-D-glucopyranosyl-20(S)-protopanaxadiol (20GPPD) is the
major ingredient of ginsenoside Rb1, which has been shown to
increase HAS2 expression by phosphorylating ERK and AKT
signaling in human keratinocytes in a dose-dependent manner
in vitro [26]. During aging, cells begin to lose their growth and
division ability, accompanied by ROS accumulation. Ginsenoside
Rb1 has been shown to prevent cellular senescence by regulating
redox status. For instance, pre-treatment of HUVECs with Rb1
increased SOD1 mRNA and protein levels in a dose-dependent
manner, and suppressed H2O2-induced ROS production and
malondialdehyde (MDA) content [27]. Sirtuins (Sirts) consisted of 7
NADþ-dependent deacetylases. Among these, Sirt1 and Sirt3, as the
predominant deacetylases, were closely associated with senes-
cence and oxidative stress. Researchers indicated that treatment
with 20 mmol/L ginsenoside Rb1 for 30 minutes significantly pre-
vents endothelial senescence and dysfunction by stimulating Sirt1
in HUVEC [28,29]. Additionally, ginsenoside Rb1 possesses skin
anti-photoaging abilities [30]. UVB causes photoaging for its cu-
mulative DNA damage in the upper dermis in human dermal ker-
atinocytes [31]. Rb1 was reported to accelerate the clearance of
damaged DNA induced by UVB to prevent HaCat cells from
apoptosis [32].

Fig. 1. Schematic illustration of plausible biotransformation of PPD.
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2.2. Ginsenoside Rb2

Ginsenoside Rb2 is a 20(S)-PPD glycoside that can be extracted
from ginseng. It contains two glucose molecules attached to C-3,
one glucose molecule, and one a-l-arabinopyranosidic linkage
attached to the C-20 outer position of the aglycone. Rb2 is a pre-
dominant ginsenoside found in ginseng and has been associated
with various therapeutic effect, such as in anti-aging, wound-
healing promotion, anti-diabetic, antimetastatic, fibrinolytic, anti-
viral, and antioxidative [33e36]. At the cellular level, Korean
studies have showed that UVB irradiation at 70mJ/cm2 significantly
enhances ROS levels by 5.9-fold compared to the non-irradiated
HaCat cells. Ginsenoside Rb2 has been found to play a crucial role
in anti-photoaging, as it can suppress UVB-induced ROS enhance-
ment by 86.5%, 71.4%, and 62.9%, and decreased the expression of
MMP-2 in a dose-dependent manner in human dermal keratino-
cytes [37]. The target sequence for Rb2-specific induction was
located in the proximal part of the SOD1 gene promoter (�305
to �55), consisting of several transcription factor binding sites. The
functional AP2 binding sites were located in the proximal part
(�305 to �74) of the SOD1 promoter region. Thus, Rb2 remarkably
activated the SOD1 gene, encoding Cu/Zn-superoxide dismutase,
via the transcription factor AP2, which is involved in response to
oxidative stress [38]. Another study demonstrated that Rb2 is
involved in the protective activity against aging by scavenging UVB
irradiation-induced ROS, down-regulating MMP-2 protein level,
and elevating the content of GSH and SOD in human dermal
fibroblast cells [39]. It has been reported that Rb2 could increase
the expression of epidermal growth factor and its receptor, fibro-
nectin, and its receptor, keratin 5/14, in a concentration-dependent
manner by stimulating epidermis formation. Rb2 also improves
wound healing in a dose-dependent manner in raft-cultured ker-
atinocytes [40].

2.3. Ginsenoside Rb3

Ginsenoside Rb3 is one of the main active components of PPT-
type ginsenosides isolated from ginseng, which has been shown
to possess skin anti-photoaging activity. Treatment of 70 mJ/cm2

UV-B-radiated HaCat cells with various concentrations of Rb3 (5,
12, 30 mM) reduced ROS level to 79.4%, 65.2%, and 32.6%, respec-
tively, as well as a concentration-dependently decrease in MMP-2
and -9 expression. Furthermore, Rb3 was found to increase total
GSH by 1.6-, 2.0-, 2.4-fold and SOD levels by 2.7-, 4.1-, and 4.6-fold,
indicating that it possesses anti-aging effects at the cellular level
[41]. However, to date, there is a lack of animal or clinical studies
investigating the efficacy of Rb3 as an anti-aging or treatment for
skin disorders.

2.4. Ginsenoside Rc

Ginsenoside Rc, a major PPD-type ginsenosides derived from
Panax ginseng, has been extensively researched for its effects on
diabetes, cancer, and immune system diseases. However, there are
limited reports on its effects on skin disorders [42]. Rc is a glyco-
sylated ginsenoside with two glucose molecules at the C-3 position
and one glucose and one arabinofuranose molecule at the C-20
position. Rc protects against UVB-mediated skin aging through
antioxidant activity. For example, at the cellular level, treatment
with Rc (0, 5, 12, 30 mM) suppressed UVB-induced production of
ROS (to 65.7%, 45.6%,34.6%) andMMP-2 (to 39.3%, 21%, 8.0%),�9 (to
27.8%, 21.1%, 15.4%), while enhanced total GSH level (by 1.9-, 2.0-,
2.3-fold), SOD activity (by 4.5-, 5.4-, 7.8-fold), and caspase-14
expression (by 2.0-, 2.9-, and 3.7-fold) in human dermal keratino-
cytes under 70 mJ/cm2 UVB radiation [43].

Table1
The Characteristics of Ginsenosides.

Ginsenosides Type Pharmacological activities on skin Molecular Targets Level Reference

Rb1 PPDs Alleviate stress aging hormone Animal level [25]
Anti-aging SOD/SOD1, MDA, ROS, MMP-2, GSH Cellular level [26e32]

Rb2 PPDs Anti-photoaging ROS, MMP-2, GSH, SOD Cellular level [37e39]
Wound-healing promotion Fn, FnR, keratin 5, keratin 14 Cellular level [40]

Rb3 PPDs Anti-photoaging ROS, MMP-2, MMP-9, GSH, SOD Cellular level [41]
Rc PPDs Anti-photoaging ROS, MMP-2, MMP-9, GSH, SOD, caspase-14 Cellular level [42,43]
Rd PPDs Wound healing promotion p-ERK, p-AKT, cAMP, CREB Cellular & Animal level [44]

Baldness therapy P63 Animal level [45]
F2 PPDs Anti-aging MMP-1, IL-6 Cellular level [46,47]

Hair anagen induction b-catenin, LEF-1, DKK-1, TGF-b, SCAP Animal level [48,49]
Anti-inflammatory IL-17, ROS Animal level [50]

Rg3 PPDs Anti-photoaging SOD, NO, ROS, MMP-2, PRDX3, Sirt3, mTOR, PI3K/AKT Cellular level [54,55]
Fatigue resistance SOD, SIRT1, cell communication, skin regeneration Animal level [56]
Wound healing promotion VEGF Animal level [57,58]

CK PPDs Prevent xerosis HAS2 Animal level [61]
Anti-photoaging MMP-1, COX2, HAS1, HAS2 Cellular level [62,63,65]
Anti-psoriasis REG3A, IL-36g Cellular level [67]

Rh2 PPDs Anti-photoaging ROS, MMP-2, MMP-9 Cellular level [69]
Anti-inflammatory NO, PGE2 Cellular level [70]
Anti-psoriasis VEGF-A, inflammatory factors Animal level [71]

Re PPTs Anti-aging ROS, MMP-2, MMP-9, GSH, SOD, caspase-14 Cellular level [74,75]
Anti-inflammatory NO, MDA, IL-b, TNF-a Animal level [76]

Rg1 PPTs Anti-aging P53, P21, P16, caspase 3 and Bax, Bcl-2, Sirt3, SOD2; SOD2,
SIRT3, SIRT1, FOXO3; P16, P21, ROS, NLRP3, IL-2

Cellular & Animal level [77e80]

Immunoregulatory INF-g, IL-10, TNF-a IL-2 Animal level [81,82]
Anti-psoriasis IL-23, 22, 17A, 1b, TNF-a, NF-kB Animal level [83]

Rg2 PPTs Anti-photoaging ROS, MMP-2, GSH, SOD, P53, Gadd45a, p21 Cellular level [84,85]
F1 PPTs Inhibit melanin secretionSkin-whitening cAMP, PI3K, GTPase Cellular level [87]

dendrite retraction Cellular & Clinical level [88]
IL-13, DCT Clinical level [89]
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2.5. Ginsenoside Rd

Ginsenoside Rd belongs to the PPD type of ginsenosides derived
from Panax ginseng leaves. Rd has two glucose molecules at C-3
and one glucose molecule at C-20, which can be obtained by
glycoside hydrolysis at different positions of Rb1, Rb2, Rb3, and Rc.
Rd has a remarkable promoting effect on wound healing and hair
growth. At the cellular level, Rd was found to promote wound
healing by concentration-dependently (0.1, 1, 10 mM), accelerating
keratinocyte progenitor cell proliferation and migration by
improving cAMP generation and cAMP-response element binding
protein (CREB) phosphorylation, thus elevating the level of collagen
type I levels. In vivo, Rd demonstrated wound healing property in
the female hairless mice with epidermal wounds caused by laser
burns [44]. Similarly, C57BL/6 mice, topical application of a 20%
ethanol and methanol mixture (9:1) containing 5 mg/mL of Rd and
a daily dose of 300 mg/kg body weight (1.5 ml/day) of Rd for 35
days, accelerated cell proliferation in the anagen and telogen pha-
ses of hair follicles, possibly by upregulating P63 expression in a
matrix and outer root sheath [45].

2.6. Ginsenoside F2

Ginsenoside F2 belongs to the minor ginsenosides that are
present at a tiny concentration in ginseng. F2 was enzymatically
hydrolyzed from PPD with two glucose molecules at C-3 and one at
C-20. Ginsenoside F2 effectively kept skin hydrated, prevented the
skin aging, and promoted hair follicle growth to a large extent. At
the cellular level, F2 significantly reduced MMP-1 expression by
64% and 48% at 1 mg/mL concentration and 10 mg/mL, respectively,
in cultured human dermal fibroblasts. However, cytotoxicity was
observed at a high dose of 10 mg/mL [46]. The mixture of 10 mg/mL
ginsenoside F2 and 10 mg/mL a-gastrodin exhibited a more sub-
stantial anti-aging effect since the expression of MMP-1 and
interleukin-6 (IL-6) was significantly inhibited by 18% and 65%, and
promoted procollagen type I increased by 200% in UVB-irradiated
human dermal keratinocytes [47]. At the animal level, F2 also ex-
hibits the hair anagen induction effects. Compared with the
finasteride-induced hair growth mice group, ginsenoside F2
increased the hair follicle growth rate by 20% through up-
regulating b-catenin, lymphoid enhancer-binding factor 1 (LEF-1),
which were considered themajor factor and down-regulating DKK-
1 in hair growing phase at the concentration of 0.1 mM. Meanwhile,
an increasing number of hair follicles and thicker epidermis were
observed in F2 treatment C57BL/6 mice group [48]. The conclusions
were in accord with Shin et al, who clarified that F2 promotes hair
anagen phase by reducing the expression of TGF-b and cleavage-
activating protein (SCAP) in C57BL/6 mice [49].

Researchers established an inflammatorymodel that used 12-O-
tetradecanoylphorbol-13-acetate (TPA) on the mouse ear surface.
They found that treatment with F2 markedly decreased ear thick-
ness, skin punch weight, and inflammatory response. Besides,
treatment of ginsenoside F2 respectively inhibits infiltration of IL-
17 and generation of ROS in gd T cells and neutrophils, indicates
that ginsenoside F2 application may be a potential treatment for
skin inflammation [50].

2.7. Ginsenoside Rg3

Ginsenoside Rg3 is a hydrolysis product of ginsenoside Rd. Raw
ginseng is steamed at a high temperature to be processed into red
ginseng to stimulate its pharmacological activity. During the
steaming time, PPD type ginsenosides such as Rb1, Rb2, Rc, Rb3,
and Rd are bio-conversed into 20(S)-Rg3, and then the S configu-
ration is converted to the R form. Two stereoisomeric forms were

found in ginseng products, 20(S)-Rg3 and 20(R)-Rg3, which are
epimers based on the eOH geometrical position on C-20 in the
molecular structure. When Rg3 is considered an antioxidant agent,
R form should be used due to its greater antioxidant effect. Re-
searchers modeled oxidative stress in mice by intraperitoneal in-
jection of cyclophosphamide to observe the free radical scavenging
capacity of 20(S)-Rg3 and 20(R)-Rg3. The 20(R)-Rg3 configuration
of Rg3 exhibited significantly higher antioxidant activities than
20(S)-Rg3. At the cellular level, 20(R)-Rg3 increased catalase, SOD,
and lysozyme activities, reduced xanthine oxidase production and
the expressions of malondialdehyde and nitric oxide [51]. However,
some researchers take a different view, they argue that treatment
with 20(S)-Rg3reverses human dermal fibroblasts senescence by
down-regulating ROS and MMP-2 production, and increasing per-
oxiredoxins 3 (PRDX3) by 22.5-fold which were ROS-scavenging
antioxidant enzymes [52,53]. The treatment of Rg3 from 1 to 10
mm on human dermal fibroblasts cells elevated the expression of
proteins associated with the extracellular matrix (ECM), and cell
proliferation in a dose-dependent manner. In addition, Rg3 plays a
significant role in protecting mitochondrial dysfunction as it could
suppress the release of cytochrome-c and inhibits UV-induced
apoptosis [54]. Rg3 plays its fatigue resistance role in aged rats by
increasing the concentration of SOD of skeleton and elevating SIRT1
deacetylase activity [55]. Rg3 reduced the ROS expression level and
increased NADþ/NADH ratio in a concentration-dependent manner,
and downregulated phosphatidylinositol 3-kinase/Akt via inhibit-
ing mTOR by cell cycle regulators in human senescent dermal fi-
broblasts to against aging [56]. In addition, at the animal level, Rg3
could promote wound healing by promoting cell communication
and skin regeneration in rabbit ear hypertrophic scarring model, as
well as inflammation inhibition and VEGF expression down-
regulation, therefore significantly inhibiting scar hyperplasia on
rat back skin [57,58].

2.8. Ginsenoside compound K (CK)

Ginsenoside CK is a major deglycosylated metabolite form of
ginsenosides F2, which is more bioavailable and soluble than the
parental ginsenosides [59]. CK as a major hydrolysate was firstly
isolated from a mixture of ginsenoside Rb1, Rb2, and Rc with
biotransformation approaches by Japanese researchers in 1972
[60]. Numerous studies have shown that CK prevents skin from
aging by anti-UVB radiation and moisturizing and delays skin
inflammation by regulating immunity. For example, treatment with
CK on hairless mouse skin resulted in the increase of hyaluronan,
thus elevating HAS2 content in epidermis and dermis 3-fold than
untreated skin, which suggests that the application of CK might
prevent xerosis of human or animal skin [61]. Moreover, CK alle-
viated the cytotoxicity of UVB-radiation and prevented UVR-
induced apoptosis at doses of 5,15,45 mg/mL, and the higher the
concentration, the better the effect on human keratinocyte cell line
[62]. In fibroblasts radiated with UVA, the generation of type I
collagenwas inhibited, while 1mmCKupregulated the generation of
type I collagen by 68% and decreased the protein level of MMP-1 by
77%, respectively [63], similar to previous papers that reported CK
could alleviate wrinkles and xerosis [64], suggested CK is a poten-
tial agent to prevent and treat photoaging of the skin. Filaggrin is
essential for skin water retention since its responsible for the for-
mation of a protein-lipid matrix. CK elevated skin moisture and
prevented photoaging from UVB-radiation by decreasing the ac-
tivity of MMP-1 and cyclooxygenase-2, recovering collagen type I
expression, while elevating the expression of filaggrin, trans-
glutaminase, HAS-1, and -2 in HaCat cells [65]. The results above
suggest that CK could be used in anti-aging cosmetics. Further-
more, psoriasis is a common chronic inflammatory skin disorder.
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Accumulating studies indicated that the initiation and persistence
of psoriasis might be driven by the proliferation of keratinocytes
[66]. Ginsenoside CK inhibited the expression of IL-36g-induced
regenerating islet-derived protein 3-alpha (REG3A) in human ker-
atinocytes at a minimum concentration of 400 ng/ml in human
keratinocytes, thereby inhibiting the proliferation of keratinocytes
in vitro. In addition, 1% ginsenoside CK cream alleviated
imiquimod-induced psoriasis-like hyperkeratosis possibly by
inhibiting IL-36g-induced REG3A expression in IMQ-induced pso-
riasis mouse model, suggests that ginsenoside CK might be a clin-
ical treatment of topical application in the treatment of psoriasis
[67].

2.9. Ginsenoside Rh2

Although ginseng contains only tiny amounts of Rh2, PPD-type
ginsenosides, including Rg3, Rb1, Rb2, and Rc, are transformed to
Rh2 by acids and human intestinal bacteria [68]. Rh2 is character-
ized by antioxidant, anti-inflammatory, and anti-aging activities.
Rh2 exists as two stereoisomeric forms, 20(R)-Rh2 and 20(S)eRh2,
researchers found that concentrations of 5, 12, 30 mmol 20(S)eRh2
were able to decrease the production of ROS to 94.9%, 53.8%, 29.9%
in keratinocyte cells under 70mJ/cm2 UV-B irradiation, but 30 mmol
20(S)eRh2 is already cytotoxic on HaCat cells. Both 20(S)eRh2 and
20(R)-Rh2 exhibit anti-photoaging activities by down-regulation of
UVB-induced MMP-2 activity in a dose-dependent manner, but
20(R)-Rh2 has a weaker effect [69]. 20(R)-Rh2, as the minor ste-
reoisomer of ginsenoside Rh2, was confirmed to possess anti-
inflammatory activity by down-regulating pro-inflammatory me-
diators, such as NO and prostaglandin F2 (PGE2), which leads to a
numbers of inflammatory states. Treatment with 50 mm 20(R)-Rh2
on RAW264.7 macrophage cells diminished the production of nitric
oxide (NO) and PGE2 by 45% and approximately 75%, and decreased
the ROS levels to 33%, which demonstrated antioxidative activity,
MMPs reduced collagen content contributed to aging and wrin-
kling, treatment with 20(R)-Rh2 at doses of 10, 30, 50 mm inhibited
the activity of MMP-9 in a dose-dependent way in the stimulated
macrophages. However, in human HaCat cells, 20(R)-Rh2 decreases
ROS level to 77% at a concentration of 25 mm, and decreases the
activity of MMP-2, MMP-9, in spite of the fact that not in a dose-
dependent way, showing the anti-aging impact of Rh2 [70]. In
addition, Rh2 also showed potent anti-inflammatory activity. Pso-
riasis is a chronic inflammatory skin disease characterized by
epidermal hyperplasia and inflammatory infiltrate. Ginsenoside
Rh2 was noted to possess the effect of anti-psoriasis. Rh2 at
different concentrations (0.01, 0.1 and 1mg/ mL) was injected to the
skin grafts in mice. The acanthosis and papillomatosis index were
decreased in concentration-dependent fashion. In addition, Rh2
dose-dependently decreased T lymphocyte rate and VEGF level in
the psoriasis mice model [71]. The anti-inflammatory effect of Rh2
was also observed in the mice model. Rh2 has poor clinical avail-
ability due to the extremely low oral availability. 20(S)eRh2 was
sulfated with chlorosulfonic acid and pyridine method, and the
new sulfated derivatives possess stronger anti-inflammatory ef-
fects than parental by suppressing inflammatory factors and me-
diators in RAW264.7 macrophage cells. The combination of
ciprofloxacin and Rh2 dedicated a greater synergism against both
methicillin-sensitive staphylococcus aureus and methicillin-
resistant staphylococcus aureus, thus significantly improving
their anti-inflammatory effect [72,73].

3. PPT

Most PPT-type of ginsenosides contain different sugar moieties
linked to C-6 and C-20, and a few contain diverse sugar moieties at

C-3. The C-6 inner sugar may be glucose and xylose, the outer sugar
may be glucose, xylose, or rhamnose, while the C-20 sugar maybe
glucose, xylose and arabinose. PPT is a saponins of panaxatriol, and
in the present study, PPT-type ginsenoside is derivatived from
ginsenosides Re, and Rg1 by hydrolyzing different kinds or amount
of sugar moieties. Ginsenoside Rg1 and Rg2 are derivatives degly-
cosylated from Re by hydrolyzing rhamnose and glycose at C-6 and
C-20, respectively. F1 was generated by glucose hydrolysis at C-6 of
Rg1 (Fig. 2). PPT play an essential role in anti-aging, immunoreg-
ulatory, and skin-whitening by regulating the expression levels of
specific molecules or pathways (Table 1).

3.1. Ginsenoside Re

Ginsenoside Re (Re) is a kind of glycosylated ginsenoside with
one glucose molecule and one rhamnose molecule at C-6, and one
glucose molecule at C-20 outer position of the aglycone. Re exhibits
a function of antioxidant and antioxidant-related activities in
different kinds of cell types. For example, in HaCat cells, ginseno-
side Re at a dose of 30 mM elicits its anti-photoaging activity by
suppressing the generation and production of UVB-induced ROS to
25.6% and attenuating MMP-2, -9 secretion to 30.7%, 32.1%,
respectively. Meanwhile, it elevated the GSH contents to 3.8-fold
and SOD activity to 3.1-fold [74]. Furthermore, treatment with 30
mM Re in human dermal keratinocytes possibly enhances skin
barrier function by elevating cell envelope formation, up-regulating
the production of filaggrin in a concentration-dependent manner,
which is essential for water retention in the stratum corneum
activating caspase-14 to inhibit inflammatory reactions [75].

Exposure to TPA on the ear of BALB/C mice increases ear thick-
ness and skin water retention, which represents skin irritation and
local inflammation. Treatment with 5mg/kg Re significantly in-
hibits the expression of the inflammatory factors such as NO, MDA,
IL-1b, and tumor necrosis factor-a (TNF-a). Topical application of Re
at a dose of 250 mg/mL significantly inhibits the increase in ear
thickness and leads to a 30% decrease in water retention [76]. To
sum up, it can be seen that ginsenoside Re possesses antioxidant,
anti-aging, and anti-inflammatory effects on the skin.

3.2. Ginsenoside Rg1

Ginsenoside Rg1 belongs to PPT type ginsenosides produced by
hydrolysis of rhamnose at C-6 of Re. Rg1 has one glucose molecule
at C-6 and one glucose molecule at C-20, which is the major active
ingredient of Panax ginseng with neuroprotective, anti-aging, anti-
injury, anti-oxidation, and strengthening the immune system. At
the cellular level, long-term exposure of dermal fibroblasts to UVB
leads to G1 arrest, the sign of senescence. P53/P21 and P16/Rb
pathways have been approved to be associated with the progres-
sion of senescence [77]. Researchers found that Rg1 did not show
the cytotoxicity of HaCat and HSFs cells up to 25 mg/mL and
significantly decreased the UVB-induced (15 mJ/cm2) G1 phase
arrest from 80.29% to 57.18% in HaCat cells and 88.63% to 70.38% in
HSFs cells, respectively. Treatment with Rg1 down-regulated the
protein level of P16 and P53 by 1.8- and 2.2-fold in HaCat cells and
down-regulated the protein level of P16 and P21 by 1.7- and 3.5-
fold in HSFs cells, indicating the anti-aging effect [78]. Ginseno-
side Rg1 markedly inhibited apoptosis by decreasing caspase-3 and
Bax mRNA expressions and increasing Bcl-2 level. Moreover,
treatment with Rg1 on the D-galactose-induced aging rat model at
the animal level elevated the Sirt3 and SOD2 levels compared to the
non-treated group, confirming its anti-aging effects [79]. Treatment
of Rg1 on g-ray-radiation-induced aging mouse model exerts anti-
aging effects through elevating the mRNA and protein level of SIRT,
SIRT3, and increasing their downstream molecule FOXO3, SOD2
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from protein level, respectively [80]. Treatment with Rg1 reversed
UVB-induced hyperkeratosis, acanthosis, sponge-like edematiza-
tion, and inflammatory cell infiltration in the papillary layer of the
BalB/c mouse dermis. For example, 3.0 mg/100 mL Rg1 also exhibits
the immunoregulatory capacity on mice for attenuating the UVB-
radiation induced expression of IFN-g, IL-10, TNF-a by 19.7%,
25.7%, and 20%, respectively in BalB/c mouse [81]. In addition, re-
searchers found that treatment of Rg1 promoted lymphocyte pro-
liferation and IL-2 production in aging rats and improved T cell
function against aging [82]. Treatment of Rg1 (50 mg/kg) reduced
skin thickness and MDA level and increased the activity of SOD in
IMQ-induced mice psoriasis model. Rg1 also exhibited anti-
inflammatory capacity by downregulating IL-23, 22, 17A, 1b, and
TNF-a expression and NF-kB signaling pathway, indicating the
potential function against psoriasis [83]. Ginsenoside Rb1 seems to
have the ability to interferewith nearly all pathways that accelerate
the aging process.

3.3. Ginsenoside Rg2

Ginsenoside Rg2 is a hydrolysate of Re with a glucose molecule
removed from the C-20 site. It has been reported that Rg2 exists in

two epimeric forms, 20(S)-ginsenoside Rg2 [20(S)-Rg2] and 20(R)
ginsenoside Rg2 [20(R)-Rg2]. However, only cellular level studies
have been reported so far. For example, UVB-irradiated HaCat cells
were treated with the two epimers at different concentrations of 5,
12, 30 mM. Of the two epimers, only 20(S)-Rg2 protect skin pho-
toaging from UVB radiation in a concentration-dependent fashion.
30 mM 20(S)-Rg2 is non-cytotoxic and decreases ROS production to
59.5% andMMP-2 to 12.8% while elevating the total GSH by 2.7-fold
and SOD by 4.3-fold [84]. Astaxanthin, an antioxidant, decreases
ROS levels induced by UVB radiation. COL1A1 (the main structural
protein in the extra-cellular space) is degraded by MMPs due to
exposure to the injury source. The combination use of astaxanthin
and Rg2 at a ratio of 1:5 enhances COL1A1 expression and de-
creases p-ATM, p-p53, GADD45a, p21, MMP-3, -9, -13 levels in a
dose-dependent manner [85].

3.4. Ginsenoside F1

Ginsenoside F1 is a metabolite produced by the hydrolysis of
ginsenoside Re and Rg1, with a molecule of glucose at C-20 position
[86]. Melanocyte dendrite is one of the essential factors in melanin
release, and dendrite retraction enhances the accumulation of

Fig. 2. Schematic illustration of plausible biotransformation of PPT.
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pigment in melanocytes, which significantly affects the transfer of
pigment. F1 (200 mM) was reported to significantly reduced a-
MSH-induced melanin secretion by 60% in B16F10 cell culture
medium by reducing cAMP expression, elevating the capacity of
PI3K and GTPase, leading to the induction of dendrite retraction
and pigmentation [87]. Researchers investigated the effect of F1 on
MNT-1/HaCaT co-cultures cells and three-dimensional (3-D) hu-
man skin equivalent, demonstrated that F1 suppressed melano-
some transfer, leading to dendrite retraction and promotion of skin
whitening [88]. Another study found that 8 weeks for the appli-
cation of a cream containing 0.1% ginsenoside F1 showed a signif-
icant whitening effect on human skins of 20 volunteers where was
tanned by exposure to ultraviolet light, the possible whitening ef-
fect of F1 might be mediated by changing the response of activated
epidermal gd T cells, thus improving the production of IL-13, thus
reducing tyrosinase and dopachrome-tautomerase (DCT) mRNA
and protein levels, and decrease melanin synthesis activity in hu-
man epidermal melanocytes [89].

4. Discussion

It is noteworthy that plants contain numerous chemical com-
ponents that have proven effective in various applications. These
components include polysaccharide, terpenoid compounds, ether
compounds, alkaloid, and essential oil, among others [90e93].
Some of these ingredients are commonly utilized as functional
materials for skin care products. For instance, the adding of
essential oils to cosmetics not only helps prevent microbial infec-
tion, but also aids in preserving cosmetic formulations [94]. Poly-
phenols and polysaccharides exhibit a diverse range of biological
activities. Polyphenols possess potent free radical scavenging abil-
ity and antibacterial properties against Escherichia coli and
Staphylococcus aureus. Polysaccharides have a significant

inhibitory effect on tyrosinase and exhibit excellent moisture ab-
sorption and retention capabilities, making them ideal for use as
active ingredients in cosmetics. However, these components still
face challenges in clinical or commercial applications. For example,
the skin dose not readily absorb plant polysaccharides as bio-
macromolecules. Moreover, the identification and development of
various phenolic compounds require a considerable amount of time
and economic resources [95]. While alkaloids are often utilized as a
starting point for drug development, their synthetic basis still ne-
cessitates the latest advances in genomics, transcriptomics, and
metabolomics [96]. Similarly, essential oils exhibit promising po-
tential. However, their use is constrained by encapsulation, limited
water solubility, and high volatility [97]. Therefore, ginsenosides, a
single-structured plant compound with significant functions and a
clear target, demonstrate tremendous potential and advantages in
the treatment and managing various skin diseases.

Currently, most ginsenoside research is primarily conducted in
Southeast Asian countries, such as China, South Korea, and Japan
[98]. Many researchers' primary focus is investigating the anti-
tumor or immunoregulatory effects of ginsenosides, with product
development being driven by these objectives [99,100]. For
example, clinical trials have confirmed that Rg1 enhanced the effect
of exercise on reducing endothelial progenitor cell aging and tissue
inflammation, suggesting that ginsenoside Rg1 is involved in
endothelial progenitor cell rejuvenation [101]. In a double-blind,
placebo-controlled clinical trial, ginsenosides were found to
significantly increase mitochondrial DNA (mtDNA) copy number
and total antioxidant status and improve fatigue symptoms in
postmenopausal women [102]. It is worth noting that the general
public widely consumes ginsenosides as functional food or health
products [103].

In this review,it has been observed that both PPT-type and PPD-
type ginsenosides exhibit remarkable efficacy in treating various

Fig. 3. The functions of ginsenosides in human epidermal cells.
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skin conditions, including inflammation, and immune-related dis-
orders, as well as exhibiting anti-aging, antioxidative, and skin-
whitening properties. Nevertheless, the direct clinical application
of ginsenosides for skin diseases treatment remains limited.
Furthermore, cosmetic products that use ginsenosides for their skin
anti-aging, whitening, and antioxidative effects mainly utilize
crude ginseng extracts rather than pure ginsenosides as their pri-
mary component [104e106]. This trend may be attributed to the
challenges associated with extracting or preparing ginsenosides
with a single, well-defined composition, especially for rare sapo-
nins such as Rh2, Rg3 and CK. These saponins have extremely low
yields in natural ginseng, and the laboratory conversion conditions
are limited, which complicates large-scale extraction or industrial
production efforts. Consequently, these limitations have hindered
ginsenosides' clinical or commercial application in treating skin
conditions, developing functional foods, or skincare products that
use ginsenosides as the main ingredient. Addressing these chal-
lenges remains a critical focus area in the ginsenoside research
field.

5. Conclusion

This review summarized the anti-dermatosis effects of
dammarane-type ginsenosides extracted from Panax ginseng.
Dammarane-type ginsenosides, including PPD and PPT, have
different sugar moieties linked to different positions. Studies have
demonstrated that PPD exhibits biological abilities such as anti-
aging, anti-inflammatory, anti-psoriasis, wound-healing promo-
tion, baldness-therapy, scar hyperplasia inhibition, hair anagen
induction, as well as xerosis prevention by regulating a series of
molecules and enzymes. While PPT have anti-aging, anti-inflam-
matory, anti-psoriasis, immunoregulatory, and skin-whitening ac-
tivities by modulating different molecules than PPD (Fig. 3). This
review provides a theoretical basis and clinical significance for the
treatment of skin disorders using dammarane-type ginsenosides.
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