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Abstract : Chronic ultraviolet (UV) exposure is the major cause of photoaging that causes skin wrinkling, roughness, dry-
ness, laxity, and pigmentation. Recently, increasing efforts are being made to understand the relationship between foods
and skin health. Ginsenosides are present in ginseng (Ginseng Radix Rubra) extract, and are known to have biomedical
properties, such as, anti-oxidant and anti-inflammatory effects. In this study, we investigated whether KTNG0345 prepared
from red ginseng extracts delivered orally reduces skin wrinkling and ultraviolet B (UVB)-induced wrinkle formation in
hairless mouse skin. KTNG0345 was administrated orally to the mice (5 times a week) during the period of UVB-irra-
diation (3 times a week) for 8 weeks at three different doses of 300 mg/kg, 500 mg/kg and 1000 mg/kg (w/v). UV doses
were increased weekly by 1 MED (1MED = 75 mJ/cm2) up to 4 MED and then maintained at this level. After the 8-week
administration period, it was found that orally administered KTNG0345 significantly inhibited UVB-induced wrinkle for-
mation in a dose-dependent manner. Increases in skin thickness caused by UVB were prevented by KTNG0345. More-
over, it also significantly inhibited matrix metalloproteinases (MMP) -13 and MMP-9 expressional inductions by UVB.
In addition, KTNG0345 was observed to prevent UVB-induced water loss of epidermis in hairless mouse skin. Our results
demonstrate that orally administered KTNG0345 has anti-wrinkling effects in hairless mouse skin, and suggest that dietary
red ginseng and herbal mixture may be considered a functional beauty food for preventing UVB-induced skin wrinkles. 
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INTRODUCTION

Solar ultraviolet radiation (UV) causes sunburn, hyper-
pigmentation, immunosuppression, photocarcinogenesis
and premature skin aging (photoaging) 1,2). Photoaging is
a form of premature skin aging in chronically photodam-
aged skin and is characterized by severe wrinkling, rough-
ness, laxity, and pigmentary changes, such as, solar
lentigo and a mottled pigmentation on sun exposed areas
3). In addition, photoaging is accompanied by histological
changes, such as, prominent cellular component alter-
ations and damage to the extracellular connective tissue
matrix, such as, collagen fiber damage, the excessive dep-

osition of abnormal elastic fibers (elastosis), and increases
in glycosaminoglycan (GAG) levels 4, 5). The exposure of
human or mouse skin to UV results in the induction of a
series of matrix metalloproteinases (MMPs), which have
been implicated in the photoaging process 6).

The matrix metalloproteinases (MMPs) are a family of
structurally related molecules, such as, collagenase-1
(MMP-1), collagenase-3 (MMP-13), gelatinase A and B
(MMP-2 and MMP-9), the stromelysins (MMP-3), mem-
brane-type MMPs, and others, which are capable of
degrading all components of the extracellular matrix
(ECM), such as, collagen, elastin, fibronectin, proteogly-
cans, and laminin 7). Rodents lack the MMP-1 gene,
which is functionally replaced in these animals by MMP-
13 8). Moreover, rats and mice have only one interstitial
collagenase (MMP-13, collagenase-3) 8).

In particular, MMP-1 (interstitial collagenase or collage-
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nase 1) initiates the degradation of type I and III fibrillar
collagen, MMP-9 (Gelatinase B) further degrades the col-
lagen fragments produced, and MMP-3 (stromelysin 1)
degrades type IV collagen and activates pro-MMP-19-11).
Chronic UV exposure induces the expression of MMPs
(collagenases, gelatinase B, and stromelysin), which can
degrade skin connective tissue, and thus, contribute to
premature skin aging (photoaging) 12). Moreover, intersti-
tial collagenase (MMP-13 in mice) and gelatinase B
(MMP-3) degrade collagen, which leads to collagen defi-
ciency and wrinkling 2).

Various efforts have been made to understand the rela-
tionship between foods and health. Moreover, studies on
health-related nutritional foods and oriental herb extracts
are providing new insights of the effects of food additives
on skin condition and on the prevention of skin aging.
The roots of Ginseng Radix Rubra have been traditionally
used as a general tonic in oriental medicine for several
thousand years. Ginseng is classified into two types;
white ginseng (WG, Panax ginseng, C.A. Mayer), which
is air dried, and red ginseng (RG, Ginseng Radix Rubra),
which is steamed and then air dried 13). Moreover, it has
been reported that red ginseng has more bioactivity than
white ginseng 13).

Ginsenosides are the major active constituents and are
widely held to be responsible for its pharmacological
properties14). The ginsenosides may be divided into three
groups on the basis on chemical structure, i.e., proto-
panaxadiol (PPD), protopanaxatriol (PPT), and oleanolic
saponins15). The ginsenosides, which are also referred to
as ginseng saponins, have been investigated with regard to
many biological and pharmacological effects, such as,
anti-aging, anti-inflammation, and anti-oxidation in the
central nervous, cardiovascular, and immune systems14,15).

During recent years, ginseng saponin metabolites
formed by intestinal bacteria, were identified after orally
administering ginseng extract to humans and rats 16). One
of the major metabolites, the compound K [20-O-β-D-
glucopyranosyl-20(s)-protopanaxadiol], has been reported
to have antimetastatic, anti-angiogenic, and anti-allergic
activities in vivo17, 18). In addition, the topical application
of ginseng saponin metabolite, Compound K has been
reported to prevent or ameliorate xerosis and skin wrin-
kling 19). It has also been reported that ginseng saponin
metabolites suppress MMP-9 induction by PMA20). More-
over, recent studies have reported that human type I pro-
collagen synthesis is induced and MMP-1 secretion
induced by TNF-α is inhibited by Ginseng Panax 21). 

Despite of these various reported effects of ginseng, few

experimental studies have explored the effects of orally
administered red ginseng on skin photo-aging 22, 23). Thus,
in this study, we investigated whether the repeated oral
administration of red ginseng extracts and herbal mixtures
(KTNG0345) can reduce UVB-induced wrinkle forma-
tion in a hairless mouse model.

MATERIALS AND METHODS

Animals
Six week old male albino hairless mice (Skh-1) were

obtained from the Shizuoka Institute for Laboratory Ani-
mals (Kotoh-cho, Japan). The animals had free access to
food and water and were acclimated for 1 week before the
study. All experimental protocols were approved by the
Committee for Animal Care and Use at Seoul National
University. 

Preparation and oral administration of KTNG0345
KTNG0345 used in this study were prepared from

Korean red ginseng extracts. These were composed of
Korean red ginseng extract powder (45.3%) and the pow-
dered extracts of two herbs (54.6%). Briefly the ginseng
powder was extracted with 55% ethanol (6 volumes of
55% ethanol, 65-68oC, 24 h, 6 times) from Ginseng Radix
Rubra and herbs extracts mix powder was prepared with
spray drying of distilled water (DW) extracts from Torilus
fructus and Corni fructus (Torilus fructus:Corni
fructus=2:1, 6 volumes of DW, 85oC, 4 h). Ginsenoside-
Rb1, torilin and loganin, levels in KTNG0345 used in this
study were 10.85 mg/g, 0.12 mg/g and 3.33 mg/g respec-
tively. KTNG0345 was dissolved in a saline solution at
three concentrations of 300 mg/kg, 500 mg/kg and 1000
mg/kg (w/v). Three different doses of KTNG0345 were
administrated orally to the mice 5 times a week for 8
weeks using a stomach sonde needle.

UVB treatment and wrinkle formation
An UVB irradiation device that included TL20W/12RS

UV lamps (Philips, Eindhoven, Netherlands) with an
emission spectrum between 275 and 380 nm (peak, 310-
315 nm) was used as a UV source 24). A Kodacel filter
(TA401/407; Kodak, Rochester, NY) was used to remove
wavelengths of less than 290nm (UVC). Irradiation inten-
sities on skin surfaces were measured using a UV meter
(model 585100; Waldmann Co., Germany), and the irra-
diation intensity at 20 cm from the light source was 0.5
mW/cm2.

Initially, we measured the minimal erythema dose
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(MED) on mouse dorsal skin. MED is defined as the min-
imum amount of UVB required to produce erythema with
sharp margins after 24 h. Animals were exposed to UV 3
times a week for 8 weeks. UV exposure was increased
weekly by 1 MED (1MED = 75 mJ/cm2) to 4 MED and
then maintained. The animals in each group were sacri-
ficed after the 8-week treatment period.  

Determination of wrinkle formation
To access wrinkle formation, hairless mice were anes-

thetized and exposed dorsal skin (the wrinkle formation
area) was photographed. Skin impressions (skin replicas)
were prepared by applying a silicon rubber (Silflo Dental
Impression Material, Flexico Developments, England) to
the backs of mice. Skin impressions were then photo-
graphed using a Model SZH stereomicroscope (Olympus,
Japan) fitted with an automatic photomicrography system
and analyzed using skin visiometer SV600 software (CK
Electronic GmbH, Koln, Germany). Resulting R values of
wrinkles indicated depth and skin roughness. Each param-
eter of R means as follows; R1, high-depth of deep wrin-
kle, R2 ; mid-depth of deep wrinkle, R3 ; low-depth of
deep wrinkle, R4 ; roughness of skin, and R5 ; depth of
shallow wrinkle. 

Determination of the water contents of epidermis
Water contents of the stratum corneum were measured

using a skin capacitance meter, corneometer TM (CM 825,
Courage & Khazaka Electronic GmbH, Cologne, Ger-
many). This device was used to evaluate the water con-
tents of superficial epidermis of dorsal skins of mice in
arbitrary units. The average values of left and right sides /
mouse were compared. 

Skin fold thickness measurement
Skin fold thickness was measured using a caliper (PEA-

COCK, Ozaki MFG Co. Ltd., Tokyo, Japan). Midline
skin was manually pinched upward at the neck and at the
base of the tail, and then skin fold thickness was mea-
sured mid-way between the neck and hips. 

H & E staining and skin thickness measurements
Mouse skin samples were fixed in 10% buffered forma-

lin for 24 h, and embedded in paraffin. Serial sections (4
mm) were mounted onto silane-coated slides, and stained
with Hematoxylin & Eosin (H&E). The skin thickness
(the average distances from the outer surface of epidermis
to the dermal-fat junction) was measured using an image
analysis program (BMI plus software, BumMi Universe

Co., Kyungki, Korea).

Reverse transcriptase polymerase chain reaction (RT-
PCR)

Total RNA was prepared from skin samples using the
Trizol method, according to the manufacturer's instruc-
tions (Life Technologies, Inc., Rockville, MD). Extracted
total RNA (1mg per sample) was reverse transcribed
using a first strand cDNA reverse transcription-poly-
merase chain reaction (RT-PCR) synthesis kit (MBI Fer-
mentas, Vilnius, Lithuania).

PCR was performed (with a hot start in all cases (3 min
at 94oC)) for 36B4 over 21 amplification cycles (30 s at
94oC, 30 s at 55oC, 1 min at 72oC), over 26 cycles for
MMP-13 (45 s at 94oC, 45 s at 60oC, 1 min at 72oC) and
over 24 cycles for MMP-9 (30 s at 94oC, 30 s at 60oC, 1
min at 72oC) followed by a final extension step (10 min at
72) in each case. The primers used were; for 36B4 (internal
control) (forward, 5’-TGG GCT CCA AGC AGA TGC-3’;
reverse, 5’-GGC TTC GCT GGC TCC CAC-3’), for mouse
MMP-13 (forward, 5’-CAT CCA TCC CGT GAC CTT
AT-3’; reverse, 5’-GCA TGA CTC TCA CAA TGC GA-
3’), and for mouse MMP-9 (forward, 5’-TTG AGT CCG
GCA GAC AAT CC-3’; reverse, 5’-CCT TAT CCA CGC
GAA TGA CG-3’). Reaction products were analyzed on
2.0% agarose gels, and quantified densitometrically
(TINA; Raytest Isotopenme gerate, Straubenhardt, Ger-
many). Band densities were normalized versus 36B4. 

Western blotting
Skin tissues were homogenized in ice-cold lysis buffer

(50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 2 mM ethylene-
diamine tetraacetic acid (EDTA), 5mM phenylmethane-
sulfonyl fluoride (PMSF), and 1 mM dithiothreitol (DTT),
1% Triton X-100) with freshly added protease inhibitor
cocktail (Roche, Indianapolis, IN, USA). Homogenates
were then centrifuged at 15,000 g for 30 min at 4 and
supernatants were collected and aliquots stored at -70oC.
Protein contents in lysates were determined using the
Bradford assay.  Equal amounts of protein were resolved
over 8-16% Tris-Glycine SDS-PAGE gels, and then elec-
trophoretically transferred to PVDF membranes. Blots
were subsequently blocked with blocking buffer (5% non-
fat dry milk, 1% Tween-20; in 20 mM TBS, pH 7.6) for 1
h at room temperature and incubated with monoclonal
anti-MMP-13 antibody (Neomarkers, Fremont, CA),
polyclonal anti-MMP-9 antibody (Chemicon, Temecula,
CA), and polyclonal anti-β-actin antibody (Chemicon,
Temecula, CA), for 1h to overnight at 4oC. They were
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Fig. 1. Oral administration of KTNG0345 inhibits UVB-induced skin wrinkling in hairless mice. Mouse dorsal skin was obtained
after the oral administration of KTNG0345 (five times weekly for 8 weeks) performed concurrently with UVB-treatment (three
times weekly). (a) Top panel; Skin replicas (silicone rubber casts of skin surfaces). Bottom panel; After 8 weeks repeated UVB
treatment, animals were anesthetized, and UVB-exposed dorsal areas were photographed. (b) to (f) To assess skin wrinkling
quantitatively, a Visiometer was used to analyze replica surfaces. Results are expressed as means ± S.E. for R1 (b), R2(c), R3
(d), R4 (e) and R5 (f). *P< 0.05, versus non exposed control mice, §P<0.05, versus UVB-exposed mice (N=9/group)  
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then incubated with secondary antibody horseradish per-
oxidase (Amersham Life Science, Inc) for 1h at room
temperature and detection using an ECL system (Amer-
sham, Buckinghamshire, England).

Statistical analysis
Statistical analyses were performed using the Mann–

Whitney U-test, and p values of less than 0.05 were con-
sidered statistically significant.

RESULTS

Orally administered KTNG0345 inhibited UVB-
induced wrinkle formation in hairless mice.

Repetitive exposure of hairless mice to UVB increased
wrinkle formation significantly (Fig. 1a). We found that
the oral administration of KTNG0345 throughout the 8
week treatment period significantly inhibited UVB-
induced wrinkle formation in a dose-dependent manner

compared to the untreated UVB-exposed mice (Fig. 1a),
while hairless mice treated with KTNG0345 but not
exposed to UVB showed no significant changes (Fig. 1a).
As shown in Figs. 1b to 1f, measured R values (R1 to R5)
were significantly lower for animals treated with 500 mg/kg
or 1000 mg/kg KTNG0345 versus untreated UVB-irradiated
animals (p<0.05, N=9). These results suggest that KTNG0345
can reduce UVB-induced skin wrinkling. 

During the experimental period, animal body weights
were measured weekly, and no significantly differences
were found (data not shown). Similarly, no differences
were found between the groups in terms of food con-
sumption (data not shown). 

KTNG0345 inhibited UVB-induced skin thickening. 
UVB exposure increased skin thicknesses measured by

a caliper significantly by 142 ± 8% in hairless mice
(p<0.05, N=9) (Fig. 2a). KTNG0345 significantly and

Fig. 2. KTNG0345 inhibited UVB-induced skin thickening.  (a) Skin thicknesses were measured mid-way between neck and hips
using a caliper before and after the treatment period. (b) Thicknesses as determined by H&E staining (H&E, X 200). Results are
presented as means ± SE of thickness in mm. *P<0.05, versus non exposed control mice, §P<0.05, versus UVB-exposed mice
(N=9/group).
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dose-dependently inhibited UVB-induced skin thickening
(Fig. 2a). UVB-induced skin thickening was significantly
inhibited by 94 ± 5% and 8 ± 5% (p<0.05, N=10), respec-
tively in 500 mg/kg and 1000 mg/kg extracts treated
group versus UVB exposed group. However, animals
treated with red ginseng but not exposed to UVB showed
no significant change in skin fold thickness (Fig. 2a). 

As shown in Fig 2b, UVB exposure increased thickness
of epidermis and dermis by 216 ± 11 % (P<0.05, N=9).
We also confirmed histologically the inhibitory effect of
KTNG0345 on UVB-induced skin thickening. This thick-
ening of epidermis and dermis was significantly reduced
by 87 ± 5% (p<0.05, N=10) by the 1000 mg/kg extract. 

KTNG0345 inhibited UVB-induced MMP-13 and
MMP-9 expressions.

To understand at the molecular levels how KTNG0345
affects UVB-induced wrinkle formation in hairless mice,
we examined the expressions of MMP-13 and MMP-9 at
the mRNA and protein levels by RT-PCR and western
blotting, respectively. It was found that UVB exposure
increased the expressions of MMP-13 mRNA (Fig. 3a)
and protein (Fig. 3b) significantly by 226 ± 6% and

133 ± 6%, respectively (p<0.05, N=9). Moreover, these
UVB-induced MMP-13 expressions were inhibited signif-
icantly by 1000 mg/kg KTNG0345 (121 ± 4% for mRNA
and 71 ± 6% for protein, P<0.05, N=10) (Fig. 3a and 3b).

UVB exposure also significantly increased the expres-
sions of MMP-9 at the mRNA (Fig. 4a) and protein levels
(Fig. 4b) by 221 ± 8%, and 127 ± 21%, respectively
(p<0.05, N=9). It was found that the 500 mg/kg and 1000
mg/kg extracts inhibited this UVB-induced MMP-9
mRNA significantly and dose-dependently (Fig. 4a), and
that they tended to decrease MMP-9 protein expression
(Fig. 4b). 

Oral administration of KTNG0345 reduced UVB-
induced water loss from the epidermis. 

Fig. 5 shows that the water content of epidermis (stra-
tum corneum of the epidermis), as measured using a cor-
neometer, was lower in UVB exposed mice than non
exposed controls. On the other hand, the administration of
1000 mg/kg extract significant increased epidermal water
content after 8 weeks versus UVB-exposed controls
(p<0.05, N=7~9). Our results demonstrate that KTNG0345
reduced UVB-induced epidermal water loss, and thus,

Fig. 3. Downregulation of UVB-induced MMP-13 expression by KTNG0345. Mouse dorsal skin was obtained after the oral administration
of KTNG0345 (five times weekly for 8 weeks) performed concurrently with UVB-treatment (three times weekly). (a) The effects
of KTNG0345 on the mRNA expression of MMP-13 was assessed by RT-PCR; bands were quantified densitometrically (relative
densities were normalized versus 36B4). (b) The effects of KTNG0345 on the protein expression of MMP-13 was assessed by
immunoblotting and densitometry (relative densities were normalized versus β-actin). The bands shown are representative of
their respective groups. Results are expressed as means ± SE. *P< 0.05, versus non exposed control mice, §P<0.05, versus
UVB-exposed mice (N= 9/group).



54 Min Jung Lee et al. 고려인삼학회지

that KTNG0345 has a moisturizing effect on skin. 
Our HPLC analysis on the skin of hairless mice indi-

cated that concentrations of glutamate and serine were
higher in the 1000 mg/kg extract fed group than in the
untreated UVB-exposed group (data not shown), which
possibly reflects an increase in natural moisturizing fac-
tors by the administration of KTNG0345. 

DISCUSSION

In the present study, we investigated the effect of orally
administering KTNG0345 on UVB-induced wrinkle for-
mation in a hairless mouse model. Alterations and defi-
ciencies of collagen, the major component of skin, have
been suggested to be the main cause of skin wrinkling
observed in photoaged and naturally aged skin 2,3). More-
over, a balance between the synthesis and degradation of
extracellular matrix is critical for maintaining an adequate
connective tissue structure 3). Any reduction in the synthe-
sis of collagen or increase in the breakdown of collagen
by MMPs is likely to result in an overall reduction in col-
lagen and wrinkling 3). The chronic exposure of hairless
mouse dorsal skin to UVB is known to increase skin
thickness and wrinkle formation, and to significantly
enhance MMP activities in hairless mice 25,26). The present

Fig. 4. Downregulation of UVB-induced MMP-9 expression by KTNG0345. Mouse dorsal skin was obtained after the oral administration
of KTNG0345 (five times weekly for 8 weeks) performed concurrently with UVB-treatment (three times weekly). (a) The effects
of KTNG0345 on the mRNA expression of MMP-9 was assessed by RT-PCR; bands were quantified densitometrically (relative
densities were normalized versus 36B4). (b) The effects of KTNG0345 on the protein expression of MMP-9 were assessed by
immunoblotting and densitometry (relative densities were normalized versus β-actin). The bands shown are representative of their
respective groups. Results are expressed as means ± SE. *P<0.05, versus non exposed control mice, §P<0.05, versus UVB-
exposed mice (N=9/group). 

Fig. 5. KTNG0345 reduced UVB-induced epidermal water
loss in hairless mice skin. The epidermal water contents
were measured on the dorsal skins of mice using a skin
capacitance meter, corneometerTM, before and after the
treatment period (five times weekly for 8 weeks)
performed concurrently with UVB-irradiation (three times
weekly). *P<0.05, versus non exposed control mice,
§P<0.05, versus UVB-exposed mice (N=7~9/group).
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study shows that the oral administration of KTNG0345
significantly reduced these characteristics in UVB
exposed skin. During our efforts to elucidate the molecu-
lar mechanism responsible for the anti-wrinkle effect of
KTNG0345, we observed that it downregulated the UVB-
induced expressions of MMP-13 and MMP-9, is likely to
reduce dermal collagen breakdown, thus reduce wrinkle
formation. Our results suggest that the combination of red
ginseng extracts and herbal mixtures might be considered
a ‘functional food’ that reduces premature skin aging by
UVB exposure.

Deteriorations of the antioxidant system have been pro-
posed to explain skin aging 3). Accumulated ROS may
play a role in photoaging, and decreased antioxidant sys-
tem potency in aged skin has been relatively well investi-
gated27). In this respect, the induction and regulation of an
endogenous antioxidant defense system may offer a good
strategy for preventing aging and photoaging3). Some
agents and food with antioxidant effects have been found
to protect skin from UV. Many studies have reported that
antioxidants, including alpha tocopherol, ascorbic acid, N-
acetyl-cysteine (NAC), genistein, and green tea (EGCG,
which contains high levels of polyphenols), reduce UVB -
induced photoaging in human and hairless mouse skins
28-32). Ginseng is known to have some antioxidant proper-
ties, which may protect skin from UV damage. Recently,
ginsenoside was reported to have endogenous antioxidant
enzyme activity, and was proposed to be a protective
agent against UVB-induced damage in skin cells 22). Other
report concluded that ginsenoside-F1 inhibits the UVB-
induced downregulation of Bcl-2 expression, and that it
protects HaCaT cells from UVB-induced apoptosis 23),
which concurs with our observations.

Moreover, the present study showed ginseng extract
improved skin hydration which was deteriorated by UVB,
possibly through an increase in natural moisturizing fac-
tors.

In conclusion, the present study demonstrates that the
combination of red ginseng extracts and herbal mixtures
has anti-wrinkling and moisturizing effects, and thus, sug-
gests that dietary red ginseng could be considered a func-
tional beauty food that reduces UVB-induced photoaging.
To exploit these beneficial effects of dietary red ginseng
on photoaging, further studies are required in human skin.
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