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ABSTRACT Ultraviolet (UV) radiation causes photodamage to the skin, which, in turn, leads to depletion of the dermal
extracellular matrix and chronic alterations in skin structure. Skin wrinkles are associated with collagen synthesis and matrix
metalloproteinase-1 (MMP-1) activity. Coriandrum sativum L. (coriander leaf, cilantro; CS) has been used as a herbal
medicine for the treatment of diabetes, hyperlipidemia, liver disease, and cancer. In this study, we examined whether CS
ethanol extract (CSE) has protective effects against UVB-induced skin photoaging in normal human dermal fibroblasts
(NHDF) in vitro and in the skin of hairless mice in vivo. The main component of CSE, linolenic acid, was determined by gas
chromatography-mass spectroscopy. We measured the cellular levels of procollagen type I and MMP-1 using ELISA in
NHDF cells after UVB irradiation. NHDF cells that were treated with CSE after UVB irradiation exhibited higher pro-
collagen type I production and lower levels of MMP-1 than untreated cells. We found that the activity of transcription factor
activator protein-1 (AP-1) was also inhibited by CSE treatment. We measured the epidermal thickness, dermal collagen
fiber density, and procollagen type I and MMP-1 levels in photo-aged mouse skin in vivo using histological staining and
western blot analysis. Our results showed that CSE-treated mice had thinner epidermal layers and denser dermal collagen
fibers than untreated mice. On a molecular level, it was further confirmed that CSE-treated mice had lower MMP-1 levels
and higher procollagen type I levels than untreated mice. Our results support the potential of C. sativum L. to prevent skin

photoaging.
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INTRODUCTION

C ORIANDRUM SATIVUM L. (CS), commonly known as
coriander, is an annual herb belonging to the family
Apiaceae (Umbelliferae) that has been extensively culti-
vated for centuries in many temperate climates such as the
Middle East, Latin American, Africa, and Asia.' Tradition-
ally, both the seeds and aerial parts of coriander are used as
food elements. Fresh leaves are used as a flavoring agent, and
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dried coriander seeds are used as spices in food preparation.?
The main chemical constituents in coriander seeds are es-
sential oils and monoterpenoids, such as linalool. In addition
to volatile oils, caffeic acid and flavonoid glycosides have
been isolated from CS leaves.? In this study, we analyzed
linolenic acid, which is a main component of CS ethanol
extract (CSE) by gas chromatography-mass spectroscopy
(GC-MS). Previous studies have found that CS has hypo-
glycemic, hypolipidemic, hepatoprotective, antimutagenic,
antihypertensive, and antifertility effects.*® Dermatological
effects of CS include anti-inflammatory activity in erythema
induced by ultraviolet (UV) light and antioxidant effects.!*
However, the protective effects of CS against UV-induced
photoaging of the skin have not been reported.
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UV radiation, in particular UVB (290-320nm) from
sunlight, is one of the most important environmental factors
that damage the skin. Premature aging of the skin, called
photoaging, is caused by repetitive exposure to solar radi-
ation. Photoaging that results in the degradation of extra-
cellular matrix (ECM) proteins, including type I collagen,
elastin, proteoglycans, and fibronectin, is characterized by
coarse wrinkles, thickness, roughness, mottled pigmenta-
tion, and histologic changes.'*!* Disorganization, frag-
mentation, and dispersion of collagen bundles are other
prominent features of photodamaged human skin.!

The matrix metalloproteinases (MMPs) are a family of
structurally related matrix-degrading enzymes that play
important roles in various destructive processes, including
inflammation, tumor invasion, and skin aging.'® In particu-
lar, MMP-1, known as interstitial collagenase, initiates the
degradation of collagen types I, II, and III in the skin.'” Type
I collagen is synthesized as procollagen type I, a soluble
precursor secreted by fibroblasts when organizing the main
ECM components.'® Upregulation of UV-induced MMPs in
dermal fibroblasts leads to the breakdown of collagen and
other ECM proteins.'® The MMP promoter contains an ac-
tivator protein-1 (AP-1) binding site, and UV-induced ac-
tivation of AP-1 has been shown to increase MMP-1
expression.?? UV-inducible transcription factor AP-1 com-
plexes consist of Jun and Fos family members.?!

Skin photoaging is also related to reactive oxygen species
(ROS) generated by sun exposure.?” Long-term exposure to
sunlight and short-term overexposure overwhelm biological
antioxidant systems, which scavenge ROS such as free
radicals.?® Furthermore, it has been found that the accu-
mulation of ROS plays a critical role in the photoaging of
human skin, resulting in the upregulation of MMP-1 and the
degradation of dermal collagen.”* Accordingly, we wanted
to investigate the antioxidant effects of CSE.

The aim of this study was to examine the effects of CSE
against UVB-induced skin photoaging in normal human
dermal fibroblasts (NHDFs) in vitro and in the skin of
hairless mice in vivo. To the best of our knowledge, this
study is the first to research the effects of C. sativum (CSE)
on skin photoaging.

MATERIALS AND METHODS
Chemicals

Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS), and penicillin streptomycin were
purchased from Gibco BRL (Grand Island, NY, USA). 3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT), dimethylsulfoxide (DMSO), and a Masson’s tri-
chrome stain kit were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Antibodies against type I procollagen,
MMP-1, and o-tubulin were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). The ELISA kit for pro-
collagen type I was obtained from Takara (Procollagen Type I
C-Peptide EIA Kit; Takara, Shiga, Japan). ELISA kits for
MMP-1 were purchased from R&D Systems (Human Total
MMP-1 kit; R&D Systems, Inc., Minneapolis, MN, USA).

Preparation of the CS extracts and standardization

The CS was extracted as previously described.?> In ad-
dition, the fatty acid composition of CSE has been analyzed
and previously characterized by our research group.?® Fresh
CS was purchased from a local market (Incheon, Korea),
and a voucher specimen (KHUOPS-CMHO002) was depos-
ited in the herbarium at the College of Pharmacy at Kyung
Hee University (Seoul, Korea). First, 500 g of CS leaves
were mixed with 5 L of 70% ethanol in a blender at high
speed for 5min. Then, the extract was filtered, evaporated
on a rotary vacuum evaporator, and lyophilized (yield
4.00%). The powder (CSE) was stored at 4°C before use.

Quantitative analysis of linolenic acid from CSE by GC-MS

The exact amount of linolenic acid was dissolved in
chloroform (CHCls), and diluted to an appropriate concen-
tration. The solution of standard at 1 mg/mL was prepared.
A set of standard solutions was prepared by diluting the
stock solution with CHCI3 to concentrations ranging from
0.1 to 100 ppm. For more sensitive and less contaminable
analysis, H,O fraction of CSE was removed by partition
using EtOAc, BuOH, and H,O. The sample solution was
prepared by adding 1 mL of CHCIls on 1.5mg of EtOAc
fraction and injected onto the GC-MS for the quantitative
determination of linolenic acid. GC-MS was performed on a
Shimadzu 2010 gas chromatograph interfaced with a single-
quadrupole QP2010 plus (Shimadzu, Tokyo, Japan). The
electron energy was 70eV, and ion source temperature
was 250°C. Sample solutions (1 ulL) were injected into
the GC with a 10:1 split ratio at 280°C and separated
through a DB-5 column (0.25 um film thickness X 0.53 mm
diameter x 30 m length). The oven temperature was pro-
grammed as follows: 60°C for 2 min, increased to 320°C at a
rate of 15°C, and held for 10 min. Helium was used as the
carrier gas at a flow of 14.9 mL/min. Peak identification was
achieved by comparing the retention time and matching the
high ratio of the characteristic ions.

Cell culture

NHDFs were obtained by skin biopsy from a healthy
young male donor (MCTT Core, Inc., Seoul, Korea). The
cells were plated in 100-mm tissue culture dishes and cul-
tured in DMEM supplemented with 10% heat-inactivated
FBS and 1% penicillin—streptomycin at 37°C in a humidi-
fied atmosphere containing 5% CO,. All experiments were
performed using only cells between passages 6 and 10.

UVB irradiation and CSE treatment

UVB irradiation and sample treatment were performed
according to the method previously reported by Hwang
et al.*® NHDFs were seeded in 40-mm tissue culture dishes
(1.2x10° cells). When cells reached more than 80% con-
fluence, they were rinsed twice with phosphate-buffered
saline (PBS) and all irradiations were performed under a
thin layer of PBS. The plate was closed during irradiation.
UVB radiation was supplied by a closely spaced array of
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five Sankyo Denki sunlamps, which delivered uniform ra-
diation at a distance of 7.5 cm. The irradiance (0.1 mW/cm?)
was measured using a UVB photometer (IL1700 photometer;
International Light, Peabody, MA, USA). The cells were ir-
radiated with UVB (144 mJ/cm?) for 40 sec. Immediately after
irradiation, the cells were washed thrice with warm PBS, after
which 1980 uL of fresh serum-free medium and 20 uL. of
sample were added to each well for the indicated time. Control
cells were kept in the same culture conditions without UVB
exposure. AP-1 activation was determined in cells harvested at
4 h after UVB irradiation. Procollagen type I expression and
MMP-1 secretion were assessed in the supernatants harvested
at 72 h after UVB irradiation. For measurement of ROS pro-
duction, cells were harvested at 24 h after UVB irradiation.

Measurement of ROS production

After 24h of UVB irradiation (144 mJ/cm?) and sample
treatment, NHDFs were stained with 30 uM 2'7’-dichloro-
fluorescein diacetate (DCFH-DA; Sigma-Aldrich) for
30min at 37°C in a CO, incubator. The cells were then
analyzed by flow cytometry (FACSCalibur™; Becton-
Dickinson, San Jose, CA, USA).

Measurement of procollagen type I and MMP-1

The concentrations of procollagen type I and MMP-1 in
the medium were determined using commercially available
ELISA Kkits (Procollagen Type I C-Peptide EIA Kit, Takara;
Human Total MMP-1 kit, R&D Systems, Inc.) according to
the manufacturer’s instructions. Each sample was analyzed
in triplicate.

MTT assay

The MTT assay is a colorimetric assay used to measure
cell viability (CV) that reduces MTT to formazan dyes,
producing a purple color. After 72h of incubation, the
volume of the medium was decreased to 1 mL and 100 uL of
1 mg/mL MTT was added to each well. Next, the cells were
incubated in the presence of 5% CO; and 95% O, at 37°C
for 2 h. The substrate-containing medium was carefully re-
moved by a suction pump designed for in cell culture
(Welch 2515C-75; Gardner Denver Product, Quincy, IL,
USA), and 1 mL of DMSO was added to each well to dis-
solve the formazan crystals. The plates were shaken on an
orbital shaker (SH30; FINEPCR Co., Seoul, Korea) for
30 min at room temperature. The absorbance of 100 uL al-
iquots was quantified by measuring the optical density (OD)
at 570 nm using a microplate reader (E09090; Molecular
Devices, San Francisco, CA, USA). Blank group means
cells and sample-free condition; it was measured by using a
spectrophotometer. CV for a well was calculated by the
equation: CV =(the OD value of treated well/the OD value
of nontreated control well) x 100%.%’

Animals

We purchased 6-week-old male Hos:HR-1 hairless mice
(2027 g; n=25) from Central Lab Animals, Inc. (Seoul,

Korea). The mice were housed in a temperature- and humidity-
controlled room (22°C % 1°C, 60% * 5% humidity) witha 12 h
light/12h darkness cycle. The mice were adapted to their
surroundings at least 3 days before beginning the experi-
ments. During the experimental period, the mice were al-
lowed free access to food and water. We randomly divided
the 25 hairless mice into 5 groups of 5 mice per cage: (i) no
UVB exposure (control group), (i) UVB irradiation alone,
(ii1) UVB irradiation with 0.5% CSE treatment, (iv) UVB
irradiation with 1% CSE treatment, and (v) UVB irradiation
with 1% retinyl palmitate (RP) treatment. RP was used as a
positive control. The experimental protocol [KHUASP-11-
05] was approved by the Institutional Animal Care and Use
Committee of Kyung Hee University.

Measurement of wrinkles induced by UVB irradiation

UVB radiation was applied to the dorsal skin of the mice.
The mice were exposed to UVB radiation seven times
per week at 100mJ/cm? (1 min 10sec) for the first week
(1 minimal erythema dose = 100 mJ/cm?),?® then at 200 mJ/cm?
(2min 21 sec) thrice a week for 2 weeks, and finally to
400 mJ/cm? (4 min 43 sec) twice a week for 2 weeks (total
dose of 3500mJ/cm?). After 1 week of UVB irradiation
alone, mice were treated with CSE or RP thrice a week for 4
weeks. We applied 400 pl. of solution containing 0.5%
CSE, 1% CSE, and 1% RP dissolved in propanediol/ethanol
(7:3) with a brush to the dorsal skin of the mice. The
wrinkles on the backs of the mice were photographed using
a digital camera before they were sacrificed. This is a
modification of the method described by Chiu et al.*® and
Cho et al.*®

Histological analysis

The mice were sacrificed after the final UVB exposure
and sample treatment, and biopsies were obtained from the
dorsal skin. The biopsies were fixed in 4% paraformalde-
hyde for 24h and embedded in paraffin. Sections ~4 pum
thick were stained with hematoxylin for 10 min, washed,
and stained with eosin for 2 min. After washing with water,
the slides were gradually dehydrated in 50%, 70%, 90%, and
100% ethanol. Other samples were stained with Masson’s
trichrome to examine collagen density in the dermis. These
sections were stained first with Bouin solution at 56°C
for 1h, then washed, and stained with Weigert’s iron
hematoxylin working solution for 10 min. Slides were sub-
sequently washed and differentiated in phosphomolybdic-
phosphotungstic acid solution for 10-15min, and then
stained with aniline blue solution for 5-10min. After
washing, the slides were quickly dehydrated using 95% and
100% ethanol. The stained slides were examined with a light
microscope.

Western blot analysis

Western blots were performed using total cell and tissue
lysates. After treatment, cells were harvested and washed in
PBS. Cell and tissue samples were homogenized with lysis
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buffer containing 50 mM Tris-Cl, pH 8.0, 0.1% sodium
dodecyl sulfate (SDS), 150 mM NaCl, 1% NP-40, 0.02%
sodium azide, 0.5% sodium deoxycholate, 100 pug/mL
PMSF, 1 ug/mL aprotinin, and a phosphatase inhibitor. The
lysates were then subjected to centrifugation at 12,000 g for
20 min. All reactions were performed in triplicate. Protein
concentrations were measured using Bradford reagent (Bio-
Rad, Hercules, CA, USA) with bovine serum albumin as the
standard. The skin cell and tissue lysates containing equal
amounts of total protein were separated by 8% or 10% SDS—
polyacrylamide gel electrophoresis and then transferred to a
nitrocellulose membrane (Amersham Pharmacia Biotech,
Buckinghamshire, United Kingdom). Next, the membrane
was blocked with a solution containing 5% nonfat milk in
TBST for 1h at room temperature and then incubated
overnight with primary antibody at 4°C. The membranes
were washed thrice with TBST and incubated with sec-
ondary antibodies (Santa Cruz Biotechnology, Inc.) for 1h
at room temperature. Finally, the immune complexes were
detected with an ECL western blot detection system (LAS-
4000; Fuyjifilm, Tokyo, Japan). Densitometry analysis of
bands was performed with ImageMaster™ 2D Elite soft-

ware, version 3.1 (Amersham Pharmacia Biotech, Piscat-
away, NJ, USA).

Statistical analysis

All experiments were carried out in triplicate. The data
are expressed as means+SD. A statistical comparison be-
tween different treatments was performed using a one-way
analysis of variance followed by Duncan’s test, and then
Student’s #-test was used to compare individual treatments
with the controls. Statistical significance was set at P <.05.

RESULTS

Quantitative analysis of linolenic acid from CSE

Our group had already reported results of the analysis of
the fatty acid composition of coriander leaves. The con-
centration of total fatty acids in CSE was 4.71/100 g.% In
this study, linolenic acid, the main component from CSE,
was quantified by GC-MS. The retention time of the lino-
lenic acid, as a standard compound, was 15.41 min (Fig. 1).
Linolenic acid from CSE samples was identified by a
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comparison of retention times with those of the corre-
sponding standards. The linolenic acid calibration curve was
linear with a correlation coefficient of 1.0000. The content
of linolenic acid from CSE was 0.020 £ 0.0006 mg/mg.

Effects of CSE on intracellular ROS production
in UVB-irradiated NHDF's

NHDFs have been used to investigate UVB-induced
production of ROS using FACS analysis. As shown in
Figure 2, UVB-irradiated cells noticeably increased ROS
generation compared with nonirradiated cells. CSE treat-
ment at a concentration of 100 pg/mL led to a 43% decline
in ROS level compared with the UVB-irradiated control
cells.

Procollagen type I expression, MMP-1 secretion, and CV
in CSE-treated cultured human dermal fibroblasts

The effects of CSE on procollagen type I expression and
MMP-1 secretion were studied in cultured human dermal
fibroblasts that were not exposed to UVB. Nonirradiated
control cells were considered 100% viable. At concentra-
tions ranging from 1 to 100 pg/mL, CSE had no significant
cytotoxic effects in the human dermal fibroblasts (Fig. 3A).
Treatment with CSE at a high concentration (100 pg/mL)
strongly increased procollagen type I production (up to
50%) compared with normal cells. The effect of CSE on
procollagen type I expression was dose dependent (Fig. 3B).
MMP-1 secretion was about 20% lower in cells treated with
100 pg/mL CSE than in nonirradiated controls (Fig. 3C).
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FIG. 2. Levels of reactive oxygen species (ROS) in normal human dermal fibroblasts treated as indicated for 24h were measured by flow
cytometry with the DCFH-DA dye. The number of cells is plotted versus the dichlorofluorescein fluorescence detected by the FL-1 channel (A).
The relative ROS production of cells is expressed in each histogram (B). Values are means £ SD. # and * indicate significant differences (P <.05)
between the ultraviolet (UV) () control and UV (+) control, respectively. #*P<.01 versus the normal control, *P < .05 and **P< .01 versus UVB-
irradiated control. Color images available online at www.liebertpub.com/jmf
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man dermal fibroblasts. Cells were incubated in the absence or
presence of CSE at concentrations ranging from 1 to 100 pg/mL for
72h. Values are means+ SD. Statistical significance compared with
UV (-) control cells; *P<.5.

Procollagen type I expression, MMP-1 secretion,
and CV in UVB-irradiated and CSE-treated cultured
human dermal fibroblasts

We compared the viability of cells treated with UVB
(144 mJ/cm?) alone or UVB (144 mJ/cm?) plus CSE (1-100
ug/mL) using the MTT assay. The resulting survival curve is

shown in Figure 4A. Nonirradiated control cells were con-
sidered 100% viable. The viability of cells treated with UVB
radiation alone was ~20%. The viability of UVB-irradiated
cells treated with CSE was also lower than that of the control
cells.

To determine the effects of CSE on UV-damaged skin, we
examined cellular levels of procollagen type I and MMP-1
secretion. UVB-irradiated fibroblasts had lower procollagen
type I expression and higher MMP-1 expression than un-
exposed cells. We found that cells treated with CSE did
not exhibit procollagen type I suppression after UVB ex-
posure. Even treatment with CSE at 100 ug/mL induced
greater procollagen type I production (up to 266%) than in
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FIG. 4. Cell viability (A), procollagen type I levels (B), and MMP-
1 levels (C) in UVB-irradiated and CSE-treated cultured human
dermal fibroblasts. Cells were irradiated with UVB (144 mJ/cm?) and
then incubated in the absence or presence of CSE at concentrations
ranging from 1 to 100 ug/mL for 72 h. Values are means + SD. # and
* indicate significant differences (P <.05) between the UV (—) control
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UVB-irradiated controls (Fig. 4B). In other words, cells
treated with CSE after UVB irradiation produced more
procollagen type I than cells that were irradiated and not
exposed to CSE. In addition, UVB-irradiated cells treated
with 10 and 100 pg/mL CSE had a 5% and 19% lower
MMP-1 expression, respectively, compared with untreated
cells (Fig. 4C). Interestingly, the effect of CSE on pro-
collagen type I production and MMP-1 expression was dose
dependent. These results provide evidence that CSE pre-
vents the MMP-1 elevation and procollagen type I reduction
which are observed after UVB irradiation.

Inhibitory effect of CSE on AP-1 activation

UV-inducible transcription factor AP-1 is composed of
c-Jun and c-Fos proteins. To investigate the effects of CSE
on UVB-induced AP-1 expression, human dermal fibro-
blasts were irradiated with UVB at 144 mJ/cm? and then
treated with CSE for 4 h. The levels of phosphorylated c-Jun
and c-Fos were increased in fibroblasts that were UVB ir-
radiated. However, expression of AP-1 was reversed by
treatment with CSE (Fig. 5SA). Even though the total c-Jun
and c-Fos levels were not changed, the activated form of
c-Jun (p-c-Jun) and c-Fos (p-c-Fos) expression was markedly
lower after treatment with 10 and 100 ug/mL CSE (Fig. 5B).

Inhibition of UV-induced changes of the dorsal skin
by topical CSE treatment

We measured the thickness of dorsal skin in UVB ex-
posed- and -unexposed mice. As shown in Figure 6A, the
dorsal skin of UVB-irradiated mice was thicker than that of
unexposed mice. The effects of CSE on UVB-irradiated skin
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of mice were investigated histochemically. Epidermal thick-
ness and collagen content were evaluated with hematoxylin
and eosin staining. Induction of skin photoaging caused sig-
nificant skin epidermal thickness in UVB-irradiated mice, but
treatment with CSE or RP decreased skin epidermal thick-
ness in UVB-irradiated mice (Fig. 6B). In addition, we ob-
served intense staining of collagen by Masson’s trichrome.
The collagen fibers of UVB-irradiated mice were less dense
and more erratically arranged compared with the dense,
regular fibers of nonirradiated mice. We also found that
accumulation of collagen in the dermis was remarkable in
the CSE- or RP-treated group compared with untreated
UVB-exposed mice (Fig. 6C). These results suggest that
CSE may block UVB-induced alterations of collagen and
increase epidermal thickness.

Expression of procollagen type I and MMP-1 proteins
in the skin of UVB-irradiated and CSE-treated mice

To study the effects of CSE on UVB-induced procollagen
type I and MMP-1 protein expression, western blot analysis
was performed on tissue lysates from hairless mice skin.
UVB-irradiated mice treated topically with CSE exhibited
intensified procollagen type I and attenuated MMP-1 protein
levels compared with untreated UVB-irradiated mice (Fig. 7).
These results suggest that CSE may inhibit UVB-induced
photoaging through the regulation of procollagen type I and
MMP-1 expression.

DISCUSSION

The skin’s natural antioxidant defenses, which neutralize
free radicals, can be overwhelmed by high doses of UV light.

UVB (144 mJ/cm?)
CSE (pg/me)

FIG. 5. Effect of CSE on the phosphoryla-
tion of c-fos and c-jun (A), and results of
densitometric analysis (B) in UVB-irradiated
cultured human dermal fibroblasts. Cells were
irradiated with UVB (144 mJ/cm?) and treated
with CSE at concentrations ranging from 1 to
100 pg/mL for 4h. We performed western
blot analysis on 50 ug of total protein from
cell lysates. Equal loading was confirmed
using anti-c-fos and anti-c-jun antibodies. The
densitometry analysis data are expressed as a
percentage relative to the UVB-untreated
control. Values are means* SD. # and * in-
dicate significant differences (P<.05) be-
tween the UV (-) control and UV (+) control,
respectively. *P<.05 and #P < .01 versus the
normal control, **P<.0l and ***P<.001
versus UV-treated control.

UVB (144 mJicm?)
100 CSE (pg/ml)
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FIG. 6. Representative photographs (A)
of hematoxylin and eosin-stained sections
(B), and of Masson’s trichrome-stained
sections (C) from the dorsal skin of hair-
less mice. After 1 week of UVB irradia-
tion, the CSE treatment was applied
topically thrice a week for 4 weeks. The
scale bar represents 20 um. (a) Control
group; (b) UVB irradiation group; (c)
UVB irradiation with 0.5% CSE; (d) UVB
irradiation with 1% CSE; and (e) UVB
irradiation with 1% retinyl palmitate (RP).
Color images available online at www
Jiebertpub.com/jmf
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FIG. 7. Protein expressions of procollagen type I (A) and MMP-1
(B). Changes according to densitometric analysis (C,D) in the skin of
UVB-irradiated and CSE-treated hairless mice. Mice were irradiated
with UVB (400 mJ/cm?), treated with 0.5% and 1% CSE, and treated
with 1% RP thrice a week for 4 weeks. We performed western blot
analysis on 40 pg of total protein from skin tissue lysates. Equal
loading was confirmed using antibodies to a-tubulin. The densitom-
etry analysis data are expressed as a percentage relative to the UVB-
untreated control. Values are means + SD. # and * indicate significant
differences (P <.05) between the UV (-) control and UV (+) control,
respectively. #P<.01 versus the normal control, **P<.01 versus
UV-treated control.

As a result, cellular components such as proteins, lipids, and
DNA can be damaged by free radicals.®'*> Therefore, ROS
are considered involved in the skin’s aging process. It has
been previously reported that CS has the ability to scavenge
the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
exhibited antioxidant activity superior to ascorbic acid.>*3
Recently, Park et al. demonstrated the protective effects of
CS leaves against oxidative stress in human keratinocytes.*
Therefore, we hypothesized that CSE would have protective
effects against oxidative stress in skin fibroblasts. As ex-
pected, Figure 2 showed that the cells treated with 100 ug/mL
CSE exhibited suppressed ROS production under both non-
irradiated and UVB-irradiated conditions. Oxidative stress
may lead to the activation of AP-1, thus increasing MMP
expression and collagen degradation.?® In other words, UVB
irradiation of NHDFs stimulated ROS production, which
leads to activation of AP-1, increased MMP-1 secretion, and
decreased procollagen type I production. As shown in Fig-
ure 5, CSE markedly lowered phosphorylation of c-Jun and
c-Fos in both nonirradiated and UVB-irradiated cells. These
results demonstrated that CSE has not only strong protective
effects against UVB-induced oxidative stress but also the
regulatory effects on AP-1 activation.

A recent study of ours showed that immature aloe (baby
aloe extract [BAE]) and aloesin, which is the main active
component of BAE, had protective effects against UVB-
induced skin photoaging in NHDFs. The expression of
procollagen type I was 74% higher in UVB-irradiated cells
treated with 25 upg/ml. BAE compared with untreated
cells.?® Moreover, another of our earlier studies demonstrated
that royal jelly (RJ) and 10-hydroxy-2-decenoic acid protects
against UVB damage in human fibroblasts. Treatment of
UVB-irradiated cells with RJ at a low concentration of 1 ug/
mL increased procollagen type I production (up to 64.6%).>’
Here, we found that the inhibitory effect of CSE on UVB-
induced skin photoaging was higher than that of BAE and RJ.
UVB-exposed, CSE-treated cells (100 pg/mL) had greater
procollagen type I production (up to 266%) and less MMP-1
expression (up to 19%) than nontreated cells (Fig. 4). These
results indicate that CSE may strongly protect against damage
caused by UVB radiation. Since transforming growth factor-
beta 1 (TGF-f1) is well known to be the major regulator of
procollagen type I synthesis, TGF-f1 production in the CSE-
treated NHDFs was determined.”>*> However, CSE did not
influence secretion of TGF-f1 (data not shown). We did not
explore the mechanisms by which procollagen type I syn-
thesis was increased in this study, so we will investigate the
mechanisms of these effects of CSE in future studies.

In this study, we found evidence that CSE has a protective
effect against UVB-induced skin photoaging in NHDFs.
First, the UVB-induced attenuation of procollagen type I
production was restored by CSE treatment (Fig. 4B). Sec-
ond, the UVB-induced activation of MMP-1 in NHDFs was
inhibited by CSE treatment (Fig. 4C). Third, the inhibitory
effect of CSE on procollagen type I production and MMP-1
expression was dose dependent. Fourth, the UVB-induced
phosphorylations of c-Jun and c-Fos were inhibited by CSE
treatment.
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Our results showed the regulatory effect of CSE on pro-
collagen type I and MMP-1 production as well as AP-1
activation in normal NHDF cells without UVB irradiation.
In addition, the effects of CSE on skin aging-related bio-
markers are more potent in UVB-irradiated cells than in
non-UVB-irradiated normal cells.

UV radiation causes skin changes such as increased
wrinkles, roughness, a sallow appearance, mottled hyper-
pigmentation, and telangiectasias.’® In an in vivo study of
human skin, chronic UVB exposure was found to decrease
the production of procollagen type I, leading to collagen loss
and increased wrinkling, skin thickening, and reduced skin
elasticity.?®37 Using histological techniques, we observed
the changes associated with photoaging in hairless mice
treated with CSE. Specifically, mice treated with CSE had
thinner epidermal layers and denser collagen fibers com-
pared with untreated mice (Fig. 6).

Inomata et al. reported that the activity of MMPs in-
creases over wide areas of mouse skin during chronic UVB
exposure, contributing to wrinkle formation through de-
struction of the basement membrane followed by degrada-
tion of ECM components, including collagen fibers.®
However, mice treated with topical CSE had higher pro-
collagen type I levels and lower MMP-1 levels than un-
treated mice. In this study, RP, which is the most commonly
used retinyl ester in cosmetics,>® was used as a positive
control. Even the inhibitory effect of CSE on photoaging
was found to be stronger than that of RP in the skin of
hairless mice. Specifically, UVB-irradiated mice treated
topically with 1% CSE had 18% more expression of pro-
collagen type I compared with the RP-treated group. In other
words, these findings have implications for the use of CS in
that the substance may have use not only in an alternative
cosmetic, but also in herbal medicine. CS has fatty acids
such as oleic acid, linoleic acid, and palmitic acid, which
have anti-inflammatory effects, potentiates wound healing,
and is a moisturizer.*>*! Therefore, it is very useful as a
cosmeceutical.

In conclusion, this study demonstrates that CSE signifi-
cantly decreases UVB-induced MMP-1 expression and
stimulates procollagen type I production by scavenging
UVB-induced ROS in NHDFs in vitro. Furthermore, the
in vivo results indicate that CSE prevents the degradation of
collagen and elastin fiber by upregulating TGF-f1 activity
and downregulating MMP-1. This article is the first which
demonstrates the ability of CS extract to protect the skin
against photoaging. Although we used GC-MS analysis to
determine the various fatty acids of CS leaves, including
linolenic acid,” we did not isolate the active constituents
that inhibit UVB-induced skin damage. Therefore, further
research is warranted to identify the compounds responsible
for these anti-photoaging effects.
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