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Anti-wrinkle effects of Sargassum muticum ethyl acetate fraction
on ultraviolet B-irradiated hairless mouse skin and mechanistic
evaluation in the human HaCaT keratinocyte cell line

JAE HYOUNG SONG'”, MEI JING PIAO?", XIA HAN?, KYOUNG AH KANG?, HEE KYOUNG KANG?,
WEON JONG YOON?, MI HEE KO>, NAM HO LEE*, MI YOUNG LEE!, SUNGWOOK CHAE' and JIN WON HYUN?

kM Convergence Research Division, Korea Institute of Oriental Medicine, Daejeon 34054; 2School of Medicine,

Jeju National University, Jeju 63243; 3Jeju Biodiversity Research Institute, Jeju High-Tech Development Institute, Jeju 63612;

4Department of Chemistry, College of Natural Sciences, Jeju National University, Jeju 63243, Republic of Korea

Received July 28, 2015; Accepted June 17, 2016

DOI: 10.3892/mmr.2016.5655

Abstract. The present study investigated the photoprotective
properties of the ethyl acetate fraction of Sargassum muticum
(SME) against ultraviolet B (UVB)-induced skin damage
and photoaging in a mouse model. HR-1 strain hairless male
mice were divided into three groups: An untreated control
group, a UVB-irradiated vehicle group and a UVB-irradiated
SME group. The UVB-irradiated mice in the SME group
were orally administered with SME (100 mg/kg body weight
in 0.1 ml water per day) and then exposed to radiation at a
dose of 60-120 mJ/cm?. Wrinkle formation and skin damage
were evaluated by analysis of skin replicas, epidermal thick-
ness and collagen fiber integrity in the dermal connective
tissue. The mechanism underlying the action of SME was
also investigated in the human HaCaT keratinocyte cell line
following exposure of the cells to UVB at a dose of 30 mJ/
cm?. The protein expression levels and activity of matrix
metalloproteinase-1 (MMP-1), and the binding of activator
protein-1 (AP-1) to the MMP-1 promoter were assessed in
the HaCaT cells using western blot analysis, an MMP-1 fluo-
rescent assay and a chromatin immune-precipitation assay,
respectively. The results showed that the mean length and
depth of the wrinkles in the UVB-exposed hairless mice were
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significantly improved by oral administration of SME, which
also prevented the increase in epidermal thickness triggered by
UVB irradiation. Furthermore, a marked increase in collagen
bundle formation was observed in the UVB-treated mice with
SME administration. SME pretreatment also significantly
inhibited the UVB-induced upregulation in the expression
and activity of MMP-1 in the cultured HaCaT keratinocytes,
and the UVB-enhanced association of AP-1 with the MMP-1
promoter. These results suggested that SME may be useful as
an anti-photoaging resource for the skin.

Introduction

Previous studies have demonstrated that the oral ingestion
of phytochemicals found in herbs, vegetables and fruits can
safeguard the skin against ultraviolet B (UVB)-induced photo-
damage (1-3). The condition and appearance of the irradiated
skin are improved by dietary supplementation with phytochem-
icals. For example, Honeybush (Cyclopia) is rich in antioxidant
polyphenols, and these compounds can protect SKH-1 strain
hairless mice from UVB-triggered skin injury (4). In addition,
the oral administration of antioxidant proanthocyanidins and
polyphenols derived from grape seeds and green tea, respec-
tively, can prevent UVB-associated photocarcinogenesis and
oxidative skin damage in SKH-1 mice (5,6). These and other
antioxidants are essential as scavengers of the intracellular
reactive oxygen species (ROS), the levels of which are elevated
by exposure of the skin to UVB radiation, and include singlet
oxygen, superoxide anions, hydroxyl radicals and hydrogen
peroxide (7). The functions of ROS have been investigated for
their contribution to photoaging, inflammation and numerous
disease processes (8-10).

UV exposure frequently provokes skin pigmentation and
wrinkling, and also stimulates the expression and activity
of matrix metalloproteinases (MMPs). The latter degrade
all types of extracellular matrix proteins, thereby damaging
connective tissues. Collagen is the most abundant protein in
the dermal connective tissue, and is enzymatically digested by
MMP-1 or interstitial collagenase. Collagen degradation and
damage feature predominantly in photoaging (11), and thus an
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increase in the expression and/or activity of MMP-1 is a hall-
mark of UV-mediated skin injury. The exogenous production
of free radicals via ionizing UV radiation further damages the
skin at cellular and tissue levels. Although the body possesses
a defense system to protect against this oxidative damage,
excessive levels of free radicals and ROS can overwhelm
this defense system and incite a state of oxidative stress or
immunosuppression, and potential carcinogenesis. However,
antioxidant supplementation provides additional protection to
neutralize ROS (12).

The brown alga, Sargassum muticum, is widely distributed
on the coastline of the southern and eastern areas of Korea.
Extracts derived from S. muticum reportedly demonstrate anti-
oxidant, antimicrobial and anti-inflammatory activities (13,14).
In previous screening for anti-photoaging candidates, it was
found that an ethyl acetate extract of S. muticum (SME) exerted
cytoprotective activity against UVB irradiation in cultured
human HaCaT keratinocytes by scavenging free radicals and
inducing the expression of antioxidant enzymes (15). However,
to the best of our knowledge, no previous studies have been
performed to investigate the ability of SME to defend against
UVB-induced skin aging in an animal model. Therefore, the
present study examined the capacity of SME to safeguard
HR-1 strain hairless mice against UVB-provoked photoaging,
oxidative stress and wrinkling, and investigated the potential
mechanism underling the action of SME in the HaCaT cell
line. The in vivo and in vitro results suggest SME as a potential
candidate for clinical trials and drug development. Further
study is required in order to fully elucidate the use of SME in
humans.

Materials and methods

Preparation of the SME. Samples of S. muticum were
collected from Udo (Jeju Island, Korea) and identified by
Dr Dong Sam Kim (Jeju Biodiversity Research Institute, Jeju,
Republic of Korea). A voucher specimen (A10-0000107) was
deposited at the herbarium of Jeju Biodiversity Research
Institute (Jeju, Korea). S. muticum was extracted with 80%
ethanol under reflux. Subsequently, the 80% ethanol extract
was suspended in distilled water and fractionated succes-
sively with n-hexane, dichloromethane, ethyl acetate and
n-butanol (Merck Millipore, Darmstadt, Germany). The
ethyl vacetate fraction of S. muticum (SME) was used for
further experiments.

Reagents. The primary antibody against MMP-1 was purchased
from Epitomics (Burlingame, CA, USA), and the primary
antibody against actin was obtained from Sigma-Aldrich
(St. Louis, MO, USA). The primary antibodies against c-Jun
and phosphorylated (phospho)-c-Jun were purchased from
Cell Signaling Technology, Inc. (Danvers, MA, USA). All
other chemicals and reagents were of analytical grade, unless
otherwise stated.

Experimental animals, oral administration of SME and
UVB radiation. HR-1 strain hairless male mice (6 weeks old;
22-24 g) were purchased from Japan SLC, Inc. (Shizuoka,
Japan) and allowed to acclimate to conditions in the facility
for 1 week prior to experimentation. The animals were housed
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in climate-controlled quarters (24°C at 50% humidity) with a
12/12 h light/dark cycle and free access to standard rodent chow
and water. Subsequent to the 1 week acclimation period, the
mice were divided into three groups: Anuntreated control group
(n=5), a UVB-treated vehicle group (n=5) and a UVB-treated
SME group (n=5). The mice in the SME group were orally
administered with SME (100 mg/kg body weight in 0.1 ml
of water per day). SME was administered 5 days/week for
12 weeks. Exposure to UVB irradiation was then performed
using an UVM-225D Mineralight UV display lamp (UVP,
Inc., Phoenix, AZ, USA) emitting UV light at a wavelength of
302 nm. The UV strength was measured using a HD2102-2 UV
meter (Delta OHM, Padova, Italy). UVB radiation was applied
to the skin on the backs of the animals three times per week for
12 weeks, with the UVB dose progressively increased between
60 mJ/cm? per exposure in week 1 (one minimal erythematous
dose=60 mJ/cm?) and 120 mJ/cm? per exposure in week 7.
The experimental protocol was approved by the Institutional
Animal Care and Use Committee of the Korea Institute of
Oriental Medicine (Daejeon, Korea; approval no. 11-061).
All experimental protocols were approved by the Korea
Institute of Oriental Medicine Institutional Animal Care and
Use Committee (11-061).

Cell culture and UVB radiation. The HaCaT keratinocyte
cell line was obtained from Amore Pacific Company (Yongin,
Korea). The cells were maintained at 37°C in an incubator
with a humidified atmosphere of 5% CO,, and were cultured
in Dulbecco's modified Eagle's medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) containing
10% heat-inactivated fetal calf serum (Gibco; Thermo Fisher
Scientific, Inc.), streptomycin (100 xg/ml) and penicillin
(100 U/ml). For irradiation, the cells were exposed to UVB
light once at a dose of 30 mJ/cm?. The CL-1000 M UV
Crosslinker (UVP, Inc.) was used as the UVB source, which
delivered a UVB energy spectrum of 280-320 nm.

Generation of skin replicas and image analysis. Mice were
anesthetized with intraperitoneal administration of a diluted
solution (1:4 in phosphate-buffered saline) composed of a 2:1
mixture of 30 mg/kg Zoletil (Virbac, Carros, France) and
10 mg/kg Rompun (Bayer, Leverkusen, Germany) at the end
of final oral administration. Mice were sacrificed using a CO,
chamber subsequent to the final oral administration. Mouse
dorsal skin replicas were obtained using a Repliflo Cartridge
kit (CuDerm Corporation, Dallas, TX, USA). An image of
the dorsal skin of each mouse was captured prior to the sacri-
fice of the animal. The impression replicas were placed on a
horizontal sample stand, and wrinkle shadows were gener-
ated by illumination using a fixed-intensity optical light at
an angle of 35°. Black and white images were recorded using
a charge-coupled device camera and were analyzed using
Skin-Visiometer® VL 650 software (Courage + Khazaka
Electronic GmbH, Cologne, Germany). The average wrinkle
lengths and depths were measured, and used as parameters to
assess skin wrinkling.

Histological examination of the skin. The thickness of the
epidermis was measured via light microscopy using an eyepiece
micrometer (AX-70; Olympus Corporation, Tokyo, Japan). For
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this analysis, the dorsal skin (2 x 2 cm samples) was obtained
under anesthesia and was fixed in 10% neutral-buffered
formalin, embedded in paraffin and sectioned at a thickness of
5 um. The sections were stained with hematoxylin and eosin to
evaluate tissue morphology, or with Masson's trichrome stain
for collagen fiber analysis.

Western blot analysis. The harvested HaCaT keratinocytes
were lysed by incubating the cells on ice for 10 min in
100 ul PRO-PREP™ protein extraction solution (Intron
Biotechnology (Seongnam, Korea). The cell lysates were
centrifuged at 16,000 x g at 4°C for 5 min, and the superna-
tants were removed from the lysates. Protein concentrations
were then determined using Quant-iT™ Protein Assay kit
(Invitrogen; Thermo Fisher Scientific, Inc.). Aliquots of the
lysates (40 ug of protein) were boiled for 5 min and electro-
phoresed in a 10% sodium dodecyl sulfate-polyacrylamide
gel. The proteins within the gel were then transferred onto
nitrocellulose membranes, and the membranes were subse-
quently incubated with the rabbit monoclonal antibodies
against MMP-1 (cat. no. #1973-1; 1:1,000) and phospho-c-Jun
(Ser73; cat. no. D47G9; 1:1,000). Following incubation with
primary antibodies, the membranes were further incubated
with secondary anti-immunoglobulin G/horseradish peroxi-
dase conjugates (Pierce Biotechnology, Inc., Rockford, IL,
USA). Protein bands were visualized using an Enhanced
Chemiluminescence Western Blotting Detection kit (GE
Healthcare Life Sciences, Little Chalfont, UK).

Determination of MMP-1 activity. MMP-1 activity was
assessed using a Fluorokine® E Human Active MMP-1
Fluorescent Assay kit (R&D Systems, Inc., Minneapolis, MN,
USA). This assay uses a quenched fluorogenic substrate to
detect enzyme activity. Production of the fluorescent cleavage
product was measured using a fluorescence plate reader (BMG
Labtech, Ortenberg, Germany) with excitation and emission
wavelengths of 320 and 405 nm, respectively.

Chromatin immunoprecipitation (ChIP) assay. The ChIP
assay was performed using a SimpleChIP™ Enzymatic
Chromatin IP kit (Cell Signaling Technology, Inc.), according
to the manufacturer's protocol with slight modification.
Briefly, the HaCaT keratinocytes were crosslinked by the
addition of 1% formaldehyde, and the prepared chromatin
was enzymatically digested with nuclease for 20 min at 37°C.
Primary antibody against the activator protein-1 (AP-1)
family member, c-Jun rabbit monoclonal antibody (60AS;
cat. no. #9165; 1:50; Cell Signaling Technology, Inc.), and
normal rabbit polyclonal IgG (cat. no. #2729; 1:500; Cell
Signaling Technology, Inc.) were added to the chromatin
digest, which was then incubated overnight with constant
rotation at 4°C. To capture the immunoprecipitated DNA/
protein complexes, ChIP-grade protein G magnetic beads
were added to the digest. Pellet protein G agarose was
obtained by brief centrifugation (5,000 x g for 1 min at 4°C)
and the supernatant fraction was removed. The protein G
agarose-antibody/chromatin complex was washed by resus-
pending the beads in 1 ml each of the cold buffers in the
order listed below, and incubation for 5 min on a rotating
platform followed by brief centrifugation (5,000 x g for 1 min
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at 4°C) and careful removal of the supernatant fraction. The
immunoprecipitates were eluted with ChIP elution buffer.
The crosslinking was reversed by incubating the eluent at
65°C for 30 min, followed by the addition of proteinase K
and further incubation at 65°C for 2 h.

The DNA fragments recovered from the immunoprecipi-
tated DNA/protein complex were purified on spin columns.
DNA was amplified in a reaction containing primers, dNTPs,
and 0.5 U Taq DNA polymerase (Intron Biotechnology) at
a final volume of 25 ul. The PCR conditions were: 5 min
at 95°C for initial denaturation, followed by 45 cycles of
30 sec at 94°C, 1 min at 49°C and 1 min at 72°C, and a final
elongation period of 7 min at 72°C. PCR amplification was
conducted in an Applied Biosystems 2720 thermal cycler
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
primers for the MMP-1 gene promoter were as follows: Sense
5-CCTCTT GCTGCTCCAATATC-3' and antisense 5-TCT
GCTAGGAGTCACCATTTC-3' (Bioneer Corporation,
Daejeon, Korea). The promoter region of the MMP-1 gene
exists between -67 and +94 of the MMP-1 gene sequence,
with reference to the transcription start site. The PCR prod-
ucts were separated on 2% agarose gels, and the DNA bands
were visualized using RedSafe™ nucleic acid staining solu-
tion (Intron Biotechnology) and an ImageQuant 350 digital
imaging system (GE Healthcare, Wankesha, WI, USA).

Statistical analysis. All measurements were obtained in trip-
licate, and all values are presented as the mean + the standard
error of the mean. The results were subjected to two-way
analysis of variance followed by the F-test using GraphPad
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA) to
analyze differences between conditions. In all cases, P<0.05
was considered to indicate a statistically significant difference.

Results

SME inhibits UVB-induced wrinkle formation in mouse skin.
To investigate the effects of SME on UVB-induced wrinkle
formation in vivo, the skin on the backs of HR-1 hairless mice
was exposed to UVB light for a period of 12 weeks. UVB expo-
sure resulted in macroscopic wrinkle formation in the dorsal
skin of the vehicle-treated mice, compared with the unexposed
control mice. However, wrinkling of the UVB-irradiated
skin was markedly inhibited by SME pretreatment (Fig. 1A).
To further evaluate the protective actions of SME against
UVB-mediated skin damage, replicas of the mouse dorsal
skin were obtained (Fig. 1B). SME visibly inhibited wrinkle
formation in replica images of UVB-exposed skin, consistent
with the macroscopic observations. Skin replicas were further
evaluated using an image analysis system to quantify the
degree of wrinkle formation. The mean length and depth of
the wrinkles were significantly higher in the UVB-treated
vehicle group, compared with those in the unexposed control
group (Fig. 2A and B). However, the mean wrinkle length and
depth were significantly decreased in the UVB-treated mice
pretreated with SME.

SME reduces epidermal thickness in UVB-irradiated mouse
skin. As epidermal thickness is used as a quantitative param-
eter to assess inflammation and skin photoaging (16), the
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Figure 1. SME prevents UVB-induced wrinkle formation in the dorsal skin of hairless mice. (A) Images of the backs of hairless mice were captured and
morphological features of the hairless mouse dorsal skin were recorded using a digital camera. (B) Images of skin replicas were obtained from the dorsal skin
of hairless mice following UVB irradiation. SME, ethyl acetate fraction of Sargassum muticum; UVB, ultraviolet B.
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Figure 2. SME mitigates the effects of UVB exposure on the length and depth of hairless mouse skin. The (A) length and (B) depth of skin wrinkles were
quantified via analysis of skin replicas using an image analysis system. "P<0.05, vs. untreated control group; “P<0.05, vs. UVB-irradiated group. Values are
presented as the mean + the standard error of the mean. SME, ethyl acetate fraction of Sargassum muticum; UVB, ultraviolet B.

present study subsequently evaluated changes in the dermal
thickness of the skin of UVB-irradiated mice, compared with
unexposed control hairless mice. Measurement of the tissue
sections indicated that the epidermal thickness of the dorsal
skin was significantly increased following UVB irradiation in
vehicle-pretreated mice. By contrast, epidermal hypertrophy
was significantly reduced by SME pretreatment (Fig. 3A).
Additionally, histological observations of hematoxylin and
eosin-stained sections revealed that the epidermal thickness
in the UVB-irradiated dorsal skin of the vehicle group was
markedly increased. However, SME pretreatment inhibited the
increase in epidermal thickness (Fig. 3B). The tissue sections

were then subjected to Masson's trichrome staining to visu-
alize changes in collagen fiber formation in the dermal areas
of the UVB-exposed dorsal skin. Notably, the collagen fibers
(blue) in the UVB-treated/SME-pretreated skin showed lower
levels of damage and an increased extent of bundle formation,
compared with those in the UVB-treated/vehicle-pretreated
skin (Fig. 3C).

SME inhibits the UVB-induced increase in the expression
and activity of MMP-1 in HaCaT keratinocytes. The cultured
HaCaT keratinocytes were exposed to UVB radiation at
a dose of 30 mJ/cm?, and the protein expression level of
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Figure 3. SME inhibits the UVB-induced increase in epidermal thickness in hairless mice. (A) Epidermis thickness was measured under light microscopy with
an eyepiece micrometer. Values are presented as the mean + the standard error of the mean. “P<0.05, vs. untreated control group and “P<0.05, vs. UV B-irradiated
group. (B) Hairless mouse skin was stained with hematoxylin and eosin (original magnification, x200). (C) Collagen fiber formation was evaluated using
Masson's trichrome staining. Collagen fiber bundles are shown in blue (original magnification, x200). SME, ethyl acetate fraction of Sargassum muticum;

UVB, ultraviolet B.

MMP-1 was measured using western blot analysis. As shown
in Fig. 4A, SME pretreatment inhibited the accumulation
of UVB-induced MMP-1 protein 24 h following exposure.
Furthermore, the activity of MMP-1 was significantly
enhanced by UVB radiation, but reduced by SME pretreat-
ment (Fig. 4B).

The MMP-1 promoter contains a binding site for the AP-1
transcription factor, and activation of AP-1 by UVB exposure
increases the expression of MMP-1 (17). However, SME
pretreatment inhibited UVB-induced binding of the AP-1
family member, c-Jun, to the MMP-1 promoter, as determined
using a ChIP assay (Fig. 4C). Furthermore, UVB treatment
markedly stimulated the expression of phospho-c-Jun, whereas
SME treatment decreased its expression (Fig. 4D).

Discussion

Photoprotection refers to a group of mechanisms developed
over the course of evolution to minimize the oxidative

damage that may otherwise occur to organs, including the
skin, when exposed to UV radiation. The skin is a complex
organ composed of multiple layers of tissues and cell types,
and serves as a defensive barrier between the internal organs
and external factors, particularly UV light. Photoprotective
mechanisms in the skin can be stimulated or regulated by
naturally occurring compounds or substances originating
from terrestrial and aquatic sources. A number of photopro-
tective compounds derived from assorted marine sources
have been developed to prevent photodamage to skin tissues
and cells (18). However, the source and safety of natural
bioactive molecules possessing anti-photoaging properties
has been a major biological concern in the investigation of
photoprotection, culminating in the identification of safer
marine sources over the past few decades (19). For example,
marine brown algae contain non-cytotoxic phenolic
compounds, termed phlorotannins, with antioxidant activity
and the ability to absorb significant quantities of UV
light (20).
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Figure 4. SME protects against the UVB-induced increased expression and activity of MMP-1 in HaCaT keratinocytes. The keratinocytes were irradiated with
UVB at a dose of 30 mJ/cm? and harvested 24 h later. (A) Protein expression of MMP-1 was analyzed using western blot analysis and quantified. Actin was
used as a loading control. (B) Activity of MMP-1 was determined using a fluorescent assay kit to detect active MMP-1. "P<0.05, vs. untreated control cells;
"P<0.05, vs. UVB-irradiated cells. (C) A ChIP assay was performed to detect AP-1 binding to the MMP-1 promoter. (D) Protein expression of phospho-c-Jun
was analyzed using western blot analysis and quantified. Actin was used as a loading control. "P<0.05 vs. control cells, “P<0.05 vs. UVB-irradiated cells. SME,
ethyl acetate fraction of Sargassum muticum; MMP, matrix metalloproteinase; UVB, ultraviolet B; phospho, phosphorylated.

The results of numerous investigations performed over
several years has established the family of marine algae as a
principal source of bioactive substances of significant medic-
inal and nutritional value (21-23). Marine algae reportedly
contain several important secondary metabolites, including
phenols and polyphenols, resulting from unique linkages
known as phenolic couplings (24). These secondary metabo-
lites have a wide array of skeletal backbones and biological
activities (19). Although exposure of marine algae to adverse

environmental conditions, for example excessive light and high
oxygen concentrations, leads to the formation of free radicals
and other oxidizing molecules, these conditions do not cause
any serious photodynamic damage to the organisms (25).
This suggests that marine algae, similar to photosynthesizing
plants, possess potent antioxidant mechanisms in addition to
compounds that act as antioxidant agents (26).

Brown algae are a staple of Korean and Japanese diets, and
their use in traditional Chinese medicine has been documented



for >1,000 years (27). As mentioned above, brown algae
contain numerous antioxidant phenolic compounds with the
ability to absorb UV light and, therefore, they have been exten-
sively investigated for their anti-photoaging qualities (28).
The oral administration of algae-derived dietary antioxidants
may protect against chronic UVB-irradiated skin disorders.
In this regard, phytochemicals, including proanthocyanidin,
genistein and daidzein, are potential photoprotective agents
against UVB-induced skin damage (29), and polyphenols and
phlorotannins isolated from brown algae exert substantial
antioxidant and anti-inflammatory actions (30). The anti-
oxidant activity of these and other compounds associated with
UV protection is currently a focus of investigations due to the
increasing demand from the cosmeceutical market and the
pharmaceutical industry for efficacious anti-aging products.

Exposure to UV light triggers photoaging of the skin,
which is characterized by distinct changes in the components
of the dermal connective tissue extracellular matrix, leading to
wrinkles, laxity/looseness, coarseness, lentigines, pigmenta-
tion, collagen damage and connective tissue modifications (31).
Histological studies have revealed that photodamaged skin
is also associated with increased epidermal thickness (32).
The dermal connective tissue extracellular matrix contains
structural proteins (collagen, keratin and elastin), specialized
proteins (fibrillin, fibronectin and laminin), glycoproteins and
proteoglycans. Disruption of this balanced combination of
components has detrimental consequences for skin integrity.
Collagen, one of the primary components of skin tissue, is
essential for structural maintenance and comprises 70-80%
of the dry weight of the skin. At present, >20 types of
collagen have been reported (33). Abnormal changes in skin
collagen metabolism and decreased collagen levels following
excessive UV exposure are largely responsible for skin photo-
aging and wrinkle formation. However, the present study
showed that collagen fibers were restored in UVB-treated/
SME-pretreated skin, compared with the damaged skin of the
UVB-treated/vehicle-pretreated mice.

MMP-1 is a critical member of the collagenase subfamily
of MMPs, and is the most important interstitial collagenase
in humans (34). In the present study, UVB light stimulated
the protein expression and activity of MMP-1 in HaCaT kera-
tinocytes, and the binding of the AP-1 transcription factor to
the MMP-1 promoter. However, treatment of the cells with
SME reversed all the deleterious effects of UVB exposure.

Considering the correlation between anti-photoaging and
antioxidant activity, the present study hypothesized that poly-
phenols and phlorotannins may be central to the protective
effect of SME against UVB-induced skin damage. However,
additional types of SME-derived compounds may also confer
anti-photoaging properties. The precise mechanism by which
these compounds potentially safeguard the skin against photo-
aging remains to be fully elucidated, as SME contains several
naturally occurring chemicals, and their concentrations change
according to region, climate, season and other exogenous factors.
Accordingly, further investigations are required regarding the
isolation of active components from SME, and the combinato-
rial effect of various chemical constituents of the extract.

In conclusion, the present study evaluated the anti-photo-
aging capacity of SME, and its ability to prevent UVB-induced
skin and cell damage in HR-1 strain hairless mice and HaCaT
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keratinocytes, respectively. Increased wrinkle formation was
observed following the UVB irradiation of hairless mice,
however, the oral administration of SME protected against skin
aging and injury. Furthermore, SME inhibited UVB-induced
increases in epidermal thickness, wrinkle length and depth,
and collagen fiber loss in hairless mice. SME also inhibited the
UVB-induced upregulated protein expression and activity of
MMP-1 in cultured keratinocytes. Based on these results, it was
concluded that SME may be a suitable candidate as a photopro-
tective agent with cosmeceutical and pharmaceutical value.
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