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Background: The extracellular matrix (ECM) produced by
dermal fibroblasts supports skin structure, and degradation
and/or reduced production of ECM are the main causes of
wrinkle formation. Objective: The aim of this study was to
identify the active ingredient that enhances ECM production
in dermal fibroblasts. Methods: Polarity-based fractionation
was used to isolate the active ingredient from natural ex-
tracts, and the effects of cedrol (isolated from Pterocarpus
indicusirginia) on ECM production in cultured human der-
mal fibroblasts was investigated by reverse transcription-
polymerase chain reaction, enzyme linked immunosorbent
assay, and Western blot analysis. Results: Cedrol accelerated
fibroblast growth in a dose-dependent manner and increased
the production of type 1 collagen and elastin. Phosphory-
lation of p42/44 extracellular signal-regulated kinase, p38
mitogen-activated protein kinase, and Akt was markedly
increased by cedrol, indicating that enhanced ECM produc-
tion is linked to activation of intracellular signaling cascades.
Conclusion: These results indicate that cedrol stimulates
ECM production, with possible applications to the main-
tenance of skin texture. (Ann Dermatol 24(1) 16 ~21, 2012)
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INTRODUCTION

The extracellular matrix (ECM) has important functions in
the maintenance of proper skin tensile strength and elas-
ticity. ECM components are found in the dermis, in which
mesenchyme-derived fibroblasts produce most of the ECM
components, including several types of collagen molecu-
les, polymeric glycosaminoglycans, and elastic fibers'. Of
these, type 1 collagen is the most abundant structural
protein in skin connective tissue and has a direct influence
on skin tension. During the aging process, skin gradually
loses mechanical strength and elasticity, which leads to
the formation of wrinkles. This phenomenon is largely due
to the collapse of dermal connective tissue, which coinci-
des with the loss of fibroblast proliferation and reduced
ECM production®. An abnormality in type | collagen syn-
thesis has been suggested to cause an imbalance in ECM
metabolism and the clinical changes observed in aged
skin. Therefore, it has long been believed that enhancing
fibroblast activity, in the context of ECM production, may
help maintain skin texture.

In the course of screening stimulators for ECM production
from natural compounds we found that cedrol, derived
from Pterocarpus indicusirginia (Ja Dan Hyang), activates
dermal fibroblasts. In a previous study, it was demons-
trated that cedrol acts on the autonomic nervous system,
producing a sedative effect’. Cedrol inhalation increases
parasympathetic activity and decreases sympathetic activity
in healthy human subjects. Cedrol also increases barore-
ceptor sensitivity in the same healthy human subjects®.



However, it has never been reported whether cedrol affects
fibroblast activity based on ECM production.

In this study, we determined the effect of cedrol on ECM
production in dermal fibroblasts and investigated the puta-
tive action mechanism of cedrol. We found that cedrol
stimulates production of type | collagen via activation of
mitogen-activated protein kinase (MAPK) signaling path-
ways.

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 Dulbecco's Modified Eagle's Medium
supplemented with 10% FBS and antibiotics (Gibco BRL,
Rockville, MD, USA). Dermal fibroblasts were produced
from explants after 5~7 days. At confluence, cells were
routinely subcultured using a 1 : 4 split ratio. Cells were
used between passages 4~ 15. For treatment with cedrol,
approximately 1x10° cells were seeded on 100-mm
culture dishes and grown to sub-confluence. Cells were
serum-starved for 24 h and then treated with cedrol in
serum-free medium.

Isolation of cedrol

We isolated cedrol from the lignum of Pterocarpus indi-
cusirginia (Kyongdong Herbal Market, Seoul, Korea) using
bioassay-directed fractionation. Air-dried P. indicusirginia
(10 kg) was cut into pieces and extracted with five volumes
of 80% ethanol for 5 days at room temperature. The extract
was evaporated under reduced pressure conditions, then
reconstituted with distilled water. The aqueous fraction
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was successively extracted with chloroform and n-butanol.
The chloroform-dissolved fraction was then chromatogra-
phed on silica gel with a developing solution of n-hexane
and chloroform. As a result, the chloroform-dissolved frac-
tion was separated into 18 sub-fractions. Of these, the
eighth sub-fraction was re-chromatographed on silica gel
using a gradient developing solution (n-hexane : chloroform,
10:1~2:1), and then divided into eight additional
sub-fractions. Of these, the fifth was recrystallized using a
solvent of n-hexane and ethanol (Fig. TA). The structure of
the resultant crystal was determined using high performan-
ce liquid chromatography, nuclear magnetic resonance
(NMR), and electrospray ionization mass spectrometry,
and identified as cedrol (Fig. 1B). A total of 120 mg of
crystalline cedrol was obtained using this fractionation
protocol.

Cell growth analysis

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

Enzyme-linked immunosorbent assay (ELISA)

An ELISA kit for type 1 pro-collagen was purchased from
Takara Bio Inc. (Shiga, Japan). Levels of type 1 pro-collagen
secreted from fibroblasts were quantified according to the
manufacturer’s recommended protocols. Measurements
were repeated at least three times with independent cell
batches.

Fig. 1. (A) Isolation of cedrol from
Pterocarpus indicus. (B) Chemical
structure of cedrol. Cedrol was iso-
lated from the lignum of P. indicu-
sirginia using bioassay-directed frac-
tionation. After solvent fractionation,
two applications of column chroma-
tography followed by recrystalliza-
tion were used to isolate the active
compound. The purity of cedrol was
confirmed to be ~99%, as deter-
mined by high performance liquid
chromatography, nuclear magnetic
resonance, and electrospray ioniza-
tion mass spectrometry studies.

8B-H-cedran-8-ol
MW : 222(C,5H,s0)
CAS No: 77-53-2
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Western blot analysis

Cells were lysed in Proprep solution (Intron, Daejeon,
Korea). After vigorous pipetting, extracts were centrifuged
for 15 min at 13,000 rpm. Total protein was measured
using a Bradford protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA). Samples were run on sodium
dodecyl sulfate-polyacrylamide gels, transferred to
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 minutes at room temperature,
and visualized using enhanced chemiluminescence
(Intron, Scottsdale, AZ, USA). The following primary
antibodies were used: collagen type 1 @1 and elastin
(Santa Cruz Biotechnology, 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, phospho-Smad 2, total-Smad
2, phospho-Smad 3, total-Smad 3 (Cell Signaling Tech-
nology, Danvers, MA, USA), and actin (Sigma, St. Louis,
MO, USA).

Reverse transcription polymerase chain reaction (RT-
PCR)

Two pug of total RNA was reverse-transcribed using
M-MLV reverse transcriptase (ELPIS Biotech, Daejeon,
Korea). Aliquots of the RT mixture were subjected to PCR
with specific primer sets (Table 1).

RESULTS

We used the polarity-based sequential fractionation method
to screen the putative fibroblast activators. This process
involved two step chromatography based on a silica ma-
trix, and one step recrystalization (Fig. 1A). Results of
"H-NMR, ""C-NMR, and electrospray lonization mass
spectrometry showed that cedrol from the lingnum of P.
indicusirginia was an active ingredient (Fig. 1B)’. The
purity of cedrol was approximately 99%.

To investigate the effect of cedrol on fibroblast growth, we
first performed a [’H]thymidine uptake assay. Dermal

Table 1. Nucleotide sequence of the primers

fibroblasts were treated with various concentrations of
cedrol and incubated for 2 d. As shown in Fig. 2, cedrol
increased [’Hlthymidine uptake of fibroblasts in a dose-
dependent manner.

Because the proliferative property of fibroblasts is fre-
quently linked to ECM production (especially collagen) in
fibroblasts®, we next determined the effect of cedrol on
collagen and elastin production. An ELISA showed that
cedrol increased secretion of type 1 procollagen in a dose-
dependent manner, comparable to results using ascorbic
acid (Fig. 3A). Concomitantly, RT-PCR and Western blot
analyses demonstrated that cedrol induced transcription
and an increase in the intracellular protein level of colla-
gen type 1 a1 (Fig. 3B, C). Cedrol also increased elastin
production (similar to collagen), suggesting that cedrol
activates fibroblasts.

As the intracellular signaling cascades p42/44 ERK and
p38 MAPK are implicated in the regulation of ECM pro-
duction”®, we investigated the effect of cedrol on MAPK
activation. As shown in Fig. 4, cedrol treatment led to
quick phosphorylation of p42/44 ERK and p38 MAPK.
Additionally, the phosphorylation level of Akt, an impor-
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Fig. 2. Effect of cedrol on growth of dermal fibroblasts. Cells
were treated with cedrol at the indicated concentrations for 2
d in the presence of [*H]thymidine. Radioactivity was measured
using a liquid scintillation counter. Results are shown as a
percentage of a control +the standard deviation (*p<0.05 vs.
control).

Name Primer Expected size (bp)
COL1A1 Forward (5'—3’) CATCAACGGGTTCACTACCG 431
Reverse (5'—3’) CCACGTAGTACACGATGGGC
COL1A2 Forward (5'—3’) AACCCCATGTGGGAATTGAT 419
Reverse (5'—3’) GCTGCTTCCACACAGCAAGT
Actin Forward (5'—3’) AAACTGGAACGGTGAAGGTG 352
Reverse (5'—3’) CTCAAGTTGGGGGACAAAAA
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Fig. 3. Effect of cedrol on collagen and elastin production in dermal fibroblasts. (A) Cells were treated with cedrol at the indicated
concentrations for 2 d. A conditioned medium was collected, and the amount of secreted procollagen type 1 was measured using
an enzyme linked immunosorbent assay. Results are shown as a percentage of a control +the standard deviation (*p<0.05 vs. control).
(B) Cellular proteins were harvested and the protein levels of collagen type 1 1 and elastin were verified using Western blot analysis.
(O) The expression levels of the COLT1A1 and COL1A2 genes were determined using reverse transcription-polymerase chain reaction.

CTL: control.

tant signaling molecule for cell survival, also increased
following treatment with cedrol. As the Smad pathway is
critical for collagen synthesis during the wound healing
process'®"?, we also investigated Smad protein activation.
However, cedrol did not influence the Smad2/3phospho-
rylation, suggesting that cedrol affects ECM production via

the intracellular MAPK signaling cascades.

DISCUSSION

We determined the effect of cedrol on collagen produc-
tion using primary cultured dermal fibroblasts. Cedrol
isolated from P. indicusirginia not only enhanced fibro-
blast proliferation but also increased the production of
type 1 collagen and elastin. The cedrol effect was linked
to activation of the ERK1/2, p38 MAPK, and Akt intra-
cellular signaling pathways.

Dermis predominantly contains type | collagen synthe-
sized from dermal fibroblasts as precursor molecules
called procollagen. Type | collagen, the major component
of ECM in skin, bone, and ligaments, is composed of
glycine- and proline-rich two-a1 (I) and one-a2 chains,

which are products of the COLTAT and COL1A2 genes'”.
Because collagen has a long fibrous structure and consti-
tutes a major part of the extracellular space in the dermis,
its primary role is to support skin structure and provide
tensile strength to the skin. In this regard, fibroblasts are
primarily responsible for producing collagen and other
ECM. This notion is clearly supported by the observation
that collagen biosynthesis by fibroblasts is markedly
diminished in aged persons®. Therefore, activation of cell
proliferation and enhancement of collagen production to
strengthen skin texture is an attractive approach for treating
connective tissue-related skin problems, such as wrinkle
formation.

Elastin, physiologically important in skin elasticity, is also
secreted from skin fibroblasts as the soluble precursor
tropoelastin, then subsequently cross-linked into insoluble
elastin'®. Therefore, our results indicate that cedrol can be
used to strengthen skin texture and/or treat connective
tissue-related skin problems.

A number of intracellular signal transduction pathways
have been reported to play a role in the regulation of
many cellular functions. For example, cell growth, differen-
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Fig. 4. Effect of cedrol on intracellular signaling pathways. Cells
were treated with cedrol for the indicated times. Cellular proteins
were prepared and phosphorylation of ERK, p38 MAPK, Akt, and
Smad 2 and 3 was determined using Western blot analysis. CTL:
control, ERK: extracellular signal-regulated kinase, MAPK:
mitogen-activated protein kinase.

tiation, and apoptosis are all tightly regulated by the acti-
vation status of many intracellular signaling systems'>"’.
Gene expression is also regulated by an intracellular
signaling system. Intracellular signaling cascades including
MAPK, Akt, and Smad, are involved in the regulating
collagen expression'”. The primary role of MAPK has been
previously recognized as procollagen synthesis®'®'’. We
have demonstrated that cedrol significantly increases the
phosphorylation of ERK1/2, p38 MAPK and Akt. Cedrol
apparently acts as an intracellular signal modulator based
on the association between collagen synthesis and MAPK
activation. As cedrol has a two ring-structure and shows
oily characteristics, cedrol probably penetrates the plasma
membrane and directly affects intracellular signaling.
However, the precise intracellular action mechanism of
cedrol remains to be determined.

In summary, we have demonstrated that cedrol stimulates
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collagen and elastin production in dermal fibroblasts.
Cedrol should be investigated for treatment of connective
tissue-related skin problems as a co-modality together with
first-line treatments.
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