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Background: The fibrous proteins of extracellular matrix
(ECM) produced by dermal fibroblast contributes to the
maintenance of connective tissue integrity. Objective: This
study is carried out to identify the bioactive ingredient from
natural products that enhances ECM production in dermal
fibroblasts. Methods: Bioassay-directed fractionation was
used to isolate the active ingredient from natural extracts.
The effects of rasatiol (isolated from Raphanus sativus) on
ECM production in primary cultured human dermal fibro-
blasts was investigated by enzyme linked immunosorbent
assay and western blot analysis. Results: Rasatiol acce-
lerated fibroblast growth in a dose-dependent manner and
increased the production of type 1 collagen, fibronectin and
elastin. Phosphorylation of p42/44 extracellular signal-
regulated kinase, p38 mitogen-activated protein kinase, and
Akt was remarkably increased by rasatiol, indicating that
enhanced ECM production is linked to the activation of in-
tracellular signaling cascades. Conclusion: These results indi-
cate that rasatiol stimulates the fibrous components of ECM
production, and may be applied to the maintenance of skin
texture. (Ann Dermatol 25(3) 315~ 320, 2013)
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INTRODUCTION

The extracellular matrix (ECM) is the largest component of
the dermal skin layer and is responsible for skin structure,
in terms of providing tensile strength and elasticity. The
ECM is composed of a variety of fibrous structural pro-
teins, including collagens, proteoglycans, glycoproteins,
and polysaccharides'. In the dermis, most of the ECM pro-
teins are synthesized from fibroblasts>. The importance of
ECM in maintaining the skin texture is evident in the colla-
pse of dermal connective tissues and reduction of ECM
concurrent with skin aging signs, such as wrinkle for-
mation and reduction of elasticity’. Therefore, it has long
been believed that the enhancement of fibroblast activity,
in the context of ECM production, may be a key feature to
maintaining healthy skin textures.

Many researchers have tried to develop bioactive mate-
rials that can be used for enhancing fibroblast activities.
One promising methodology still being widely adopted is
the screening of natural extracts and isolating the active
compounds from them. In the course of screening bio-
active materials for stimulating collagen synthesis from na-
tural compounds, we isolated a novel compound rasatiol
from the seed of Raphanus sativus, called 'NaBokja’ in
herbal medicine. It is shown that rasatiol has a potential to
increase type | collagen synthesis in dermal fibroblasts
cultured in vitro. In addition, we demonstrated that the
stimulatory effects of rasatiol on type | collagen synthesis
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is mediated through the activation of mitogen-activated
protein kinase (MAPK) signaling pathways.

MATERIALS AND METHODS

Cell culture

Normal human skin samples were obtained from circum-
cisions in accordance with the ethical committee approval
process of Chungnam National University Hospital. Speci-
mens were briefly sterilized in 70% ethanol, minced, and
then incubated in DMEM supplemented with 10% fetal
bovine serum and antibiotics (Gibco BRL, Rockville, MD,
USA). Dermal fibroblasts were produced from explants
after 5~7 days. At confluence, cells were routinely sub-
cultured using a 1 : 4 split ratio. Cells were used between
passages 4~ 10. For treatment with rasatiol, approximately
1x10° cells were seeded on 100-mm culture dishes and
grown to sub-confluence. Cells were serum-starved for 24
hours, then treated with rasatiol in a serum-free medium.

Isolation of rasatiol

We isolated rasatiol from the seeds of R. sativus (Kyong-
dong Herbal Market, Seoul, Korea) using bioassay-direc-
ted fractionation. Air-dried seeds of R. sativus (3 kg) was
cut into pieces and extracted with 5 volumes of 80%
ethanol for 5 days at room temperature. The extract was
evaporated under reduced pressure conditions, and then
subsequently, fractionated in n-hexane, chloroform, buta-
nol and finally in water. The n-butanol-dissolved fraction
was then separated into 5 sub-fractions by silica gel chro-

matography using a gradient developing solution (chloro-
form : methanol, 100 : 1—1/1). A third sub-fraction was
rechromatographed on silica gel using a gradient de-
veloping solution (chloroform : methanol, 20 : 1—1/1),
and then divided into four additional sub-fractions. Of
these, the fourth was recrystallized using ethanol (Fig. 1A)
to give a new crystalline compound (250 mg) named as
rasatiol because this is a sugar-containing chemical
isolated from R. sativus. The structure of rasatiol was
determined by using various nuclear magnetic resonance
(NMR) spectroscopic methods, and electrospray ionization
mass spectrometry (ESI-MS) (Fig. 1B)*.

Cell growth analysis

Fibroblast cells were seeded in a 60-mm culture dish and
treated with 1 1 Ci of [H]thymidine (Amersham, Bucking-
hamshire, UK) for a [’H]thymidine uptake assay. Follow-
ing incubation on the indicated time point, cells were
washed twice with phosphate buffered saline and incu-
bated with 0.1 N NaOH at room temperature. Radio-
activity in cell lysates was measured using a liquid scinti-
Ilation counter.

Enzyme-linked immunosorbent assay (ELISA)

ELISA kit for type 1 procollagen was purchased from
Takara Bio Inc. (Otsu, Shiga, Japan), and fibronectin from
American Diagnostica (Greenwich, CT, USA). Levels of
type 1 procollagen and fibronectin secreted from fibro-
blasts were quantified according to the manufacturer’s
recommended protocols. Measurements were repeated at
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Fig. 1. (A) Isolation of rasatiol from Raphanus sativus. (B) The chemical structure of rasatiol. Rasatiol was isolated from the seeds
of R. sativus using bioassay-directed fractionation. After solvent fractionation, two applications of column chromatography followed
by recrystallization were used to isolate the active compound. The purity of rasatiol was confirmed to be ~99%, as determined
using high performance liquid chromatography, nuclear magnetic resonance, and electrospray ionization mass spectrometry studies.
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least three times, with independent cell batches.
Western blot analysis

Cells were lysed in Proprep solution (Intron, Daejeon,
Korea). After vigorous pipetting, extracts were centrifuged
for 15 minutes at 13,000 rpm. Total protein was measured
using a Bradford protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA). Samples were run on SDS-polyacry-
lamide gels, transferred onto nitrocellulose membranes,
and incubated with appropriate antibodies overnight at
4°C with gentle agitation. Blots were then incubated with
peroxidase-conjugated secondary antibodies for 30 minu-
tes at room temperature, and visualized using enhanced
chemiluminescence (Intron). The following primary anti-
bodies were used in this study: collagen type 1 @1 and
elastin (Santa Cruz Biotechnologies, Santa Cruz, CA, USA);
phospho-p38 MAPK, total- p38 MAPK, phospho-p42/44
extracellular signal-regulated kinase (ERK), total-p42/44
ERK, phospho-Akt, total-Akt (Cell Signaling Technology,
Danvers, MA, USA); actin (Sigma, St. Louis, MO, USA).
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Fig. 2. Effects of rasatiol on the growth of dermal fibroblasts.
Cells were treated with rasatiol at the indicated concentrations
for 2 d in the presence of [*Hlthymidine. Radioactivity was
measured using a liquid scintillation counter. Rasatiol increased
the [PHlthymidine uptake of fibroblasts in a dose-dependent
manner. Results are shown as a percentage of the control +
standard deviation (*p<0.05 versus control).
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Fig. 3. Effects of rasatiol on collagen and elastin production in
dermal fibroblasts. (A, B) Cells were treated with rasatiol at the
indicated concentrations for 2 d. A conditioned medium was
collected, and the amounts of secreted procollagen type 1 and
fibronectin were measured using ELISA. Rasatiol increased secre-
tion of type 1 procollagen and fibronectin in a dose-dependent
manner, and the effects were comparable with a positive control
ascorbic acid. Results are shown as a percentage of a control +
the standard deviation (*p<0.05 versus control). (C) Cellular
proteins were harvested and the protein levels for collagen type
1 a1 and elastin were verified using western blot analysis.
Consistent with ELISA results, intracellular protein level of
collagen type 1 a1 was increased in western blot analysis.
Rasatiol also slightly increased the production of elastin. ELISA:
enzyme-linked immunosorbent assay, Vit.: vitamin.
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RESULTS

In a preliminary attempt to screen the putative fibroblast
activators, we used the polarity-based sequential fraction-
ation method. This process involved two step chroma-
tography based on a silica matrix, and one step recry-
stallization (Fig. 1A). Results of 'H-NMR, “C-NMR, and
ESI-MS showed that the crystallized active ingredient from
the seeds of R. sativus is an unprecedented compound
named rasatiol (Fig. 1B). The purity of rasatiol obtained
using the above-mentioned method was approximately
99% by high performance liquid chromatography.

To investigate the effect of rasatiol on the growth of
fibroblasts, we first performed a [’H] thymidine uptake
assay. Dermal fibroblasts were treated with various con-
centrations of rasatiol and incubated for 2 d. As shown in
Fig. 2, rasatiol increased the [*H] thymidine uptake of
fibroblasts in a dose-dependent manner.

Since the proliferative property of fibroblasts is frequently
linked to ECM production in fibroblasts, we next determi-
ned the effects of rasatiol on the production of collagen,
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Fig. 4. Effects of rasatiol on intracellular signaling pathways. Cells
were treated with rasatiol for the indicated times. Cellular
proteins were prepared and phosphorylations of ERK, p38 MAPK,
and Akt were determined using western blot analysis. Rasatiol
treatment led to phosphorylation (phspho) of p42/44 ERK and
p38 MAPK. In addition, the phosphorylation level of Akt, was
also increased by treatment with rasatiol. ERK: extracellular
signal-regulated kinase, MAPK: mitogen-activated protein kinase.
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fibronectin, and elastin. An ELISA assay showed that
rasatiol increased secretion of type 1 procollagen and
fibronectin in a dose-dependent manner, and the effects
were comparable with a positive control ascorbic acid
(Fig, 3A, B). Consistent with this result, western blot ana-
lysis showed that rasatiol increased intracellular protein
level of collagen type 1 @ 1 (Fig. 3C). Rasatiol also slightly
increased the production of elastin, suggesting that rasatiol
has a potential to activate fibroblasts.

As the intracellular signaling cascades p42/44 ERK and
p38 MAPK are implicated in the regulation of ECM pro-
duction®®, we investigated the effects of rasatiol on MAPK
activation. As shown in Fig. 4, rasatiol treatment led to
phosphorylation of p42/44 ERK and p38 MAPK. In addi-
tion, the phosphorylation level of Akt, an important signal-
ing molecule for cell survival’, was also increased by
treatment with rasatiol. These results suggest that rasatiol
increases ECM production via the intracellular MAPK
signaling cascades.

DISCUSSION

We isolated a novel compound named as rasatiol from R.
sativus. The rasatiol is an unprecedented compound in
which two syringic acid moieties are linked to a dis-
accharide group. In previous reports, syringic acid has
been shown to possess several biological activities, such
as the inhibition of COX-2 activity, antioxidant potential,
and hepatoprotective activity®’. However, the rasatiol did
not indicate such biological activities in this study (data
not shown). Elucidating the similar potentials of rasatiol as
comparing to syringic acids will be an interesting future
study.

In this study, we demonstrated that rasatiol has a potential
to enhance ECM synthesis in cultured dermal fibroblasts.
Rasatiol increased the production of type 1 collagen, ela-
stin, and fibronectin as well as enhanced fibroblast proli-
feration. In addition, the rasatiol effect was linked to acti-
vation of the ERK1/2, p38 MAPK, and Akt intracellular
signaling pathway.

The ECM is the largest component of the dermal skin layer
and the synthesis of ECM is a key feature for providing the
tensile strength of skin. The ECM consists primarily of
fibrous proteins and complex sugars, which form fibrillar
networks and a ground substance. As skin texture is lar-
gely dependent on ECM dynamics, the important role of
dermal fibroblasts should be appreciated in this setting.
For example, the population doubling-time of older cells
was longer than that of the younger ones'’, and the intra-
cellular expression of procollagen protein in fibroblast of
young skin is greater than that of the aged one''. In line



with these, older skin shows less elasticity and more wrin-
kles. Therefore, activation of cell proliferation and enhan-
cement of collagen production to strengthen the skin
texture is an attractive approach for treating connective
tissue-related skin problems, such as wrinkle formations.
Type | collagen is mainly synthesized from dermal fibro-
blasts as precursor molecules called pro-collagen and then
processed to mature collagen, providing major constituent
of ECM. Elastin and fibronectin also play a pivotal role in
determining the mechanical strengths of the skin. Elastin is
also secreted from skin fibroblasts as a soluble precursor
tropoelastin, and subsequently assembles into insoluble
fiber, which is crucial for the resilience and elasticity of
skin'?. Fibronectin is secreted from various cell types in-
cluding fibroblasts, and plays a critical role in the wound
healing and mechanical tension generation process. Not
only it serves to bind different components of the ECM
together, but also it act as sites on the ECM to which cells
can bind". Because rasatiol showed a potential to en-
hance collagen, elastin and fibronectin in dermal fibro-
blasts, it could be suggested that rasatiol can be used to
strengthen skin textures and treat connective tissue-related
skin problems.

A number of intracellular signal transduction pathways
have been reported to play a role in regulation of many
cellular functions. Gene expression is also regulated by an
intracellular signaling system. As for collagen expression,
the intracellular signaling cascades including MAPK, Akt,
and SMAD, are involved in the regulation processes. The
primary role of MAPK has been previously recognized in
pro-collagen synthesis'*'®. And, the Akt has dual profi-
brotic effects, increasing collagen synthesis and decrea-
sing its degradation via down-regulations of MMP-1"". We
have demonstrated that rasatiol significantly increases the
phosphorylation of ERK1/2, p38 MAPK and Akt. Based on
the association of collagen synthesis with the activation of
MAPK, the rasatiol apparently acts as an intracellular
signal modulator.

In summary, we isolated rasatiol from R. sativus, and
demonstrated that rasatiol stimulates collagen production
in dermal fibroblasts. Our results suggest that rasatiol
could be used for connective tissue-related skin problems
as a co-modality together with first-line treatments.
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