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INTRODUCTION

The signs of aging skin are wrinkle formation, ir-
regularity of pigmentation, dryness, red blotches, and 
decreasing elasticity. Cutaneous aging has two distinct 
processes. The fi rst is intrinsic, or innate aging, while the 
second is extrinsic, also known as photoaging. In any 
process, there are notable changes in the dermis. The 
dermis is a deeper layer of human skin that supports the 
blood vessels and nerves while maintaining other func-
tions. Major extracellular components of the dermis are 
the ground substance, collagen fi bers, and elastins, all of 
which are important to maintain the physiological func-
tions of the skin [1].

Collagens are extracellular matrix fibrillar molecules 
in dermal connective tissue and comprise about 80% of 

the extracellular material, contributing to its strength and 
facilitating elasticity, tightening, and the cell integrity 
of the skin. More than 20 different subtypes of collagen 
have been identifi ed and type I collagen is the predomi-
nant form in the human skin. It is synthesized by fi bro-
blasts. Interstitial collagens are synthesized and secreted 
as procollagens. Procollagens are cleaved into collagen 
molecules, carboxy- and amino-terminal propeptides by 
specifi c proteases to form collagen peptides followed by 
formation of complete collagen fi bers [2]. Therefore, the 
production of carboxy-terminal propeptide (procollagen 
C-peptide) represents the extent of collagen fi ber synthe-
sis. In aged skin, epidermis cell proliferation slows down 
and the dermis becomes were thinner with the reduction 
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of the quantity of collagen. 
Matrix metalloproteinases (MMPs) are a family of 

enzymes that are responsible for the degradation and 
modifi cation of the extracellular matrix. MMPs can be 
divided into at least fi ve subfamilies according to their 
substrate specifi city, structure and cellular localization. 
Specifically, MMP-1 (collagenase-1) from fibroblasts 
preferentially initiates the degradation of fibrillar col-
lagen molecules, leading to skin fragility, laxity, rough-
ness, dryness, pigmentation, and wrinkle formation. An 
age-dependent increase of MMP-1 has been observed in 
the dermis due to a reduction in the tissue inhibitors of 
MMPs (TIMPs) [3].

TIMPs contain four different subtypes and are pro-
duced by many types of cells, including fibroblasts. A 
balance between MMPs and TIMPs is important to con-
trol Hortrol the tissue remodeling and degradation in the 
skin. Hornebeck [4] reported that TIMP expression de-
creases with senescence in fi broblasts and Koike et al. [5] 
reported that TIMP-2 modulates decreased angiogenesis 
in aged tissues via the TIMP-2-mediated inhibition of 
MMP-2. These investigations suggest that the prevention 
of collagen degradation by MMP and the inhibiton of 
MMPs by TIMP should be considered as part of an anti-
aging treatment for skin.

Panax ginseng is a widely used herb in Asian coun-
tries, having anti-inflammatory, antioxidant, anti-tumor 
promoting and anti-aging potencies. There are several 
types of ginseng depending on the processing methods, 
including fresh ginseng, white ginseng (WG) and red 
ginseng (RG). Fresh ginseng is intact and undried gin-
seng root, while air-dried ginseng root is referred to as 
WG. RG is a type of steamed (98°C to 100°C) and dried 
ginseng root. RG acquires unique less-polar ginsenosides 
during the steaming process [6], but the amount is very 
small. Cho et al. [7] reported a new processed ginseng, 
named as ‘sun ginseng (SG)’, which was prepared by 
steaming at higher temperature to increase the content of 
less-polar ginsenosides of Rg3, Rg5 and Rk1, consequent-
ly improving its therapeutic effi cacy. Increases in its anti-
carcinogenic activity [8], free radical scavenging activity 
[9,10], nephroprotective activity [11,12], and anti-platelet 
activity [13] have been reported. 

In the present study, changes in the production of pro-
collagen type I C-peptide (PICP) and the protein level of 
MMP-1 in fibroblasts after SG treatment were investi-
gated. Also, the mRNA level of TIMP-1 was measured 
to verify the correlation between MMP-1 and TIMP-
1 expression. The results show that SE increased type I 
collagen production by reducing MMP-1 and stimulating 

TIMP-1 production in human dermal fi broblast.

MATERIALS AND METHODS 

Reagents
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) and lactate dehydrogenase (LDH) assay 
kits were purchased from Sigma (St. Louis, MO, USA). 
The human TIMP-1 immunoassay kit was purchased 
from R&D Systems (Minneapolis, MN, USA). The PICP 
immunoassay kit was obtained from Takara Bio Inc. 
(Otsu, Japan). Polyclonal antibody against human MMP-
1 was obtained from EMD Millipore (Calbiochem, CA, 
USA), and secondary horseradish peroxidase (HRP)-
conjugated anti-rabbit IgG was purchased from Santa 
Cruz Biotechnology Inc. (Santa Cruz, CA, USA). WG 
and SG extracts were provided by Ginseng Science Inc. 
(Seoul, Korea). 

Cell culture and treatment
Human dermal fibroblasts purchased from Lonza 

(Walkersville, MD, USA) were maintained at 37°C in 
Dulbecco’s modified Eagle’s medium (DMEM) (Wel-
GENE, Daegu, Korea) supplemented with 10% heat-
inactivated fetal bovine serum (FBS) (Lonza) and 1% 
penicillin/streptomycin (Gibco BRL Life Technology, 
Grand Island, NY, USA) in a 5% CO2-air atmosphere. To 
investigate the effect of ginseng, dermal fi broblasts were 
stabilized for 6 h and treated with different concentra-
tions of ginseng for 3 d.

Cell proliferation assay
To measure the effect of ginseng on dermal fi broblast 

proliferation, cell counting was performed. Dermal fi-
broblasts at 2×104 cells were plated into 6-well plates 
and incubated for 3 d in DMEM containing 5% FBS in 
the presence or absence of ginseng. Following incuba-
tion, the cells were trypsinized, washed with phosphate 
buffered saline, and stained by trypan blue. The viable 
cells were counted in a phase-contrast microscope using 
a hemocytometer. 

Procollagen type I C-peptide and tissue inhibitors 
of matrix metalloproteinase-1 assay

To assess the effect of ginseng on the PICP and TIMP-
1 release from dermal fibroblasts, cells were treated 
and incubated as mentioned above. For the PICP assay, 
the conditioned media were transferred into new plate 
and measured with a PICP sandwich immunoassay kit 
according to the manufacturer’s instructions. TIMP-1 
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secretion level in the conditioned media was also mea-
sured using a TIMP-1 immunoassay kit. The assay was 
performed by the manufacturer’s instruction.

Preparation of secreted proteins and Western blot 
analysis

To assess the influence of ginseng on the levels of 
MMP protein in conditioned media, a western blot analy-
sis was performed. Dermal fi broblasts were seeded onto 
6-well plates and incubated for 3 days in DMEM me-
dium containing 5% FBS and ginseng (0, 2, 10, or 50 μg/
mL). The conditioned media were collected and mixed 
with 15% trichloroacetic acid. The proteins in the media 
were precipitated by centrifugation (8,000 rpm for 10 
min at 4°C) and washed with acetone. The precipitated 
proteins were dissolved in a buffer (25 mM Tris-Cl pH 
7.5, 100 mM NaCl, 1% NP-40, 1% sodium deoxycho-
late, 0.1% sodium dodecyl sulfate (SDS) and protease 
inhibitor cocktails (Roche Applied Science, Mannheim, 
Germany) and quantified with a BCA assay using a 
Pierce BCA protein assay kit (Pierce, Rockford, IL, 
USA). Twenty fi ve μg of proteins were loaded onto SDS-
polyacrylamide gel, electrophoresed, and transferred to 
a PVDF membrane. The membrane was probed with 
polyclonal anti-MMP1 (1 μg/mL) and a HRP-conjugated 
second antibody. MMP-1 proteins were visualized with 
the ECL system from Bio-Rad (Hercules, CA, USA).

Statistical analysis
All experiments were repeated at least three times, 

and the data are presented as means±SD. of triplicate 
determinations from representative experiments. Sta-
tistical analyses were performed using Student’s t-test. 
Differences were considered significant at *p<0.05 and 
**p<0.01 vs. normal control (NC).

RESULTS AND DISCUSSION

Sun ginseng increases cell proliferation of skin fi -
broblasts

As aging progresses, the cell number in dermal fi-
broblasts decreases and the function of fibroblasts 
supporting healthy skin declines. Fibroblasts are the 
principle cellular component in the dermis layer of the 
skin, playing a role in the organization and remodeling 
of the extracellular matrix (ECM) in connective tissues 
by the production of collagen, fi bronectins and elastins. 
Fibroblasts communicate with different cells in the skin 
through autocrine or paracrine signaling or by other 
methods. Reduction in the number and function of fi-

broblasts subsequently cause a decrease of the collagen 
content in skin and thus lead to signs of skin aging, such 
as skin thinning, wrinkles, and a decline in elasticity. In 
previous studies, natural compounds which increase fi-
broblast proliferation were used as potential agents for a 
treatment against skin aging. Fucose-rich oligo and poly-
saccharides obtained from bacterial polysaccharides can 
slow the cellular and molecular skin aging mechanism in 
cultured human skin fi broblasts [14]. Phillips et al. [15] 
suggested the possibility of ascorbic acid as a growth fac-
tor that works by stimulating newborn and elderly cells 
to proliferate. 

To investigate the effect of the ginseng extracts on der-
mal fi broblast proliferation, dermal fi broblasts were ex-
posed dose-dependently to each of the ginseng extracts. 
To assess the cell proliferation state, viable cells were 
counted after trypan blue exclusion using a hemocytom-
eter and the morphological change in the fi broblasts was 
observed. To compare the effect of SG with that of RG, 
the fi broblasts were treated with RG and SG extracts (2, 
10, and 50 µg/mL) as shown in Fig. 1. Kim et al. reported 
that topical application of the total saponin fraction of red 
ginseng inhibits ultraviolet B-induced skin aging pheno-
types (skin thickness, wrinkle formation and a reduction 
in skin elasticity) in hairless mice [16] and C57BL mice 
[17]. Moreover, it has been demonstrated that 10 µg/m of 
RG extract increases the collagen synthesis and inhibits 
the MMP-1 activity in human dermal fibroblast, while 
decreases the cell proliferation by 16% [18].

In the present study, the RG treatments did not show 
significant change in dermal fibroblast proliferation as 
compared with NC (Fig. 1). On the other hand, SG treat-

Fig. 1. Effects of ginseng extracts on cell proliferation of dermal 
fi broblasts. To measure the effect of the sun ginseng (SG) and red 
ginseng (RG) extracts on cell proliferation, dermal fi broblasts were 
plated into 6-well plates and incubated for 3 d in the presence or 
absence of ginseng extracts (2, 10, and 50 μg/mL). Following incu-
bation, cells were stained by trypan blue and were counted using a 
hemocytometer. Cell viability was expressed as a percentage of an 
untreated group (normal control, NC). Data represent the mean+SD 
of triplicate experiments. Differences were considered signifi cant at 
**p<0.01 vs. NC. 
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ment dose-dependently increased cell numbers in the 
dermal fibroblasts. 2, 10 and 50 µg/mL of SG resulted 
in a 40%, 60%, and 85% increase in the cell numbers 
respectively as compared to NC. To verify the effect of 
SG on the proliferation of human dermal fi broblast, cells 
were cultured with 50 µg/mL of RG and SG extracts and 
photographed (Fig. 2). Dermal fibroblasts treated with 
SG maintained the fi broblastic shape and higher density 
indicating higher rate of proliferation as compared to NC. 

Sun ginseng increases procollagen type I C-pep-
tide production in skin fi broblasts

One of the signifi cant alterations of connective tissue 
during the skin aging progress is the decrease of ECM 
production. The major component of ECM (more than 
80%) is collagen produced by fi broblast. Type I collagen 
comprises 85% of the total collagen. It is composed of 
a heterotrimer of two α1(I) chains and one α2(I) chain. 
Interstitial collagen molecules are synthesized as pro-
collagens and then undergo various post-translational 
processes, including heterotrimer propeptide cleavage. 
As pro-collagen type I amino- and carboxy terminal pro-
peptide (procollagen type I amino propeptide and PICP) 
are cleaved from pro-collagen molecules for mature 
collagen fibers, the amount of secreted PICP in culture 
medium allows us to measure the collagen synthesis [19]. 
A PICP radioimmunoassay kit is commercially available. 
In our experiments, SG increased the PICP release into 
the media up to 32% as compared to NC (Fig. 3). 

The fibroblasts with aged phenotypes became wide 
and flat with irregular shapes and had lobulated nuclei 
that could not proliferate and synthesize collagen. In aged 
human skin, the type I collagen content decreased in vivo 
and in vitro as compared to young fi broblasts [20]. Ac-
cording to recent studies, the extracts from various types 
of ginseng modifi ed by different processes increased type 
I procollagen production through Smad signaling activa-

tion [21] or MMP activation [18] in human dermal fi bro-
blasts. In our study, SG effectively increased endogenous 
collagen synthesis in dermal fi broblasts with lower doses 
as compared to those used in other studies [18,21]. As 
the newly synthesized collagen plays a role in stimulat-
ing the fi broblast proliferation, the increased number of 
fi broblasts may produce more collagen molecules. This 
implies that SG treatment can delay skin aging processes 
through stimulating the fi broblast proliferation, which in 
turn causes an increased collagen synthesis in fi broblasts.

Sun ginseng alters TIMP-1 production and MMP-1 
expression in skin fi broblasts

Remodeling of ECM by fibroblasts is regulated by 
MMPs. Several types of MMPs are responsible for deg-
radation and modification of the extracellular matrix 
fibrilar molecules, collagens and elastins in the dermis. 
Particularly, MMP-1 (collagenase-1) initiates the deg-
radation of type I collagen fi bers and produces collagen 

Fig. 2. Images of dermal fi broblasts cultured with various ginseng extracts. Dermal fi broblasts were plated onto 6-well plates and incubated for 3 
d in the presence or absence of 50 μg/mL of each ginseng extract. The images of the cultured fi broblasts were obtained using an inverted micro-
scope at ×100 magnifi cation. 

Fig. 3. Effects of sun ginseng (SG) on procollagen type I C-peptide 
(PICP) production on dermal fibroblasts. PICP production was 
measured with a PICP sandwich immunoassay kit according to the 
manufacturer’s instructions using the conditioned media. Dermal 
fi broblasts were treated and incubated as mentioned in the text. Data 
represent the mean+SD of triplicate experiments. NC, normal control; 
SG 50, SG 10, and SG 2, indicate that cells were treated with 50, 10, 
and 2 μg/mL of SG, respectively. Differences were considered signifi -
cant at **p<0.01 vs. NC. 
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peptides. These denatured collagens are more susceptible 
to other proteolytic enzymes. It has been reported that 
high levels of MMP expression and collagenase activ-
ity was observed in aged fi broblasts [22]. According to 
recent studies, procollagenase synthesis and collagenase 
activity are significantly high in the cultures of late-
passage and Werner syndrome fibroblasts as compared 
to early-passage fibroblasts [23]. The increased MMP 
activity leads to a decrease in the collagen content in 
connective tissues and subsequently causes skin disease 
and an acceleration of aging signs. The tissue inhibitor of 
MMP, TIMP regulates MMP activity in the extracellular 
or pericellular space. As the balance between MMP-1 
and TIMP-1 contributes to maintain the collagen content 
in normal healthy skin, the increased ratio of MMPs 
to TIMPs is well correlated with aging processes. The 
amount of MMP mRNA increases in senescent cell  cul-
tures. But, TIMP-1 mRNA levels are lower than those in 
early-passage cell cultures [3].

In this study, it was expected that SG would induce 
collagen synthesis by adjusting low MMP-1/TIMP-1 ra-
tio. To evaluate the effect of SG on TIMP-1 production, 
the amount of TIMP-1 secretion was measured using a 
TIMP-1 immunoassay kit. As shown in Fig. 4, SG dose-
dependently increased TIMP-1 secretion into the culture 
media about 50% in SG 50 μg/mL as compared to un-
treated cells. Contrary to the increase in TIMP-1 produc-
tion, the level of MMP-1 expression was significantly 
reduced by a SG treatment. A western blot analysis dem-
onstrated that SG at dose of 50 μg/mL strongly reduced 
the MMP-1 expression in fi broblasts (Fig. 5). 

Fujii et al. [24] reported that a plant extract from alma 
(Emblica officinalis Gaertn.) up-regulates procollagen 
production and TIMP-1 production in a manner that 
coincides with a decrease in MMP expression in human 
skin fi broblasts. An extract from Lupinus albus regulates 

the balance between MMPs and TIMPs in cultured hu-
man gingival fi broblasts [25]. Our data suggest that SG 
may protect dermal fi broblasts against aging by suppress-
ing MMP expression and augmenting TIMP production, 
which is followed by the stimulation of collagen synthesis. 

It has been well demonstrated that total extracts or 
purifi ed ginsenosides from ginseng may protect human 
keratinocytes and fibroblasts from photodamage. Gin-
seng is a natural agent that is capable of modulating the 
cellular signaling involved in the UV-induced cell death 
and/or carcinogenesis [26,27]. In addition, Korean red 
ginseng extract shows anti-infl ammatory and anti-oxida-
tive effects in human keratinocytes [28]. Taken together, 
application of SG may be a potential trial to protect hu-
man skin against aging processes. 

Fig. 5. Effects of sun ginseng (SG) on matrix metalloproteinase (MMP)-1 expression in dermal fi broblasts. Human dermal fi broblasts were seed-
ed onto 6-well plates and incubated for 3 d in Dulbecco’s modifi ed Eagle’s medium containing 5% fetal bovine serum and SG (2, 10, or 50 μg/
mL). The protein in the media was concentrated with trichloroacetic acid solution and precipitated by centrifugation. Twenty fi ve μg of protein was 
subjected to electrophoresis and a western blot analysis with polyclonal anti-MMP-1. Actin was used as a loading control. NC, normal control; SG 
50, SG 10, and SG 2, SG 2 indicate that cells were treated with 50, 10, and 2 μg/mL of SG, respectively. with 50, 10, and 2 μg/mL of SG. 

Fig. 4. Effects of sun ginseng (SG) on tissue inhibitors of matrix 
metalloproteinase (TIMP)-1 production in dermal fi broblasts. To de-
termine the effects of SG, a TIMP-1 immunoassay was performed 
with conditioned media by the manufacture’s instruction. Dermal 
fi broblasts were treated and incubated as mentioned in the materials 
and method. Data represent the mean+SD of triplicate experiments. 
NC, normal control; SG 50, SG 10, and SG 2, SG 2 indicate that 
cells were treated with 50, 10, and 2 μg/mL of SG, respectively. 50, 
10, and 2 μg/mL of SG. Differences were considered signifi cant at 
*p<0.05 and **p<0.01 vs. NC. 
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