Notes

Bull. Korean Chem. Soc. 2008, Vol. 26.No. 3 451

Notes

Matrix Metalloproteinase-1 Inhibitor from the Aerial Parts
of Viola ibukiana MAKINO

Hyung-In Moon,” Ji Eun Kim, Joongku Lee," Ok-Pyo Zee,” and Jin Ho Chung’

Department of Dermatology. Seoul National University College of Medicine and Clinical Research Institute,
Seoul National University Hospital, Seoul 110-744, Korea. "E-mail: hinunicisnu.ac.kr; jhchung@snu.ac.ky
*Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-333, Korea
*College of Pharmacy. Sung Kvun Kwan University, Suwon 440-746, Korea
Received December 29, 2004

Key Words : T7ola ibukiana. Matrix metalloproteinase-1. Ultraviolet irradiation. Phenolic

Viola ibukiana (Violaceae) distributed in southem part of
Korea. In traditional medicine. the herb has been used as an
expectorant. a diuretic, and an antiinflammatory for bron-
chitis. rheumatism. skin eruptions. and eczema.’” Previous
phyvtochemical studies on Vio/« species have revealed them
to be a rich source of cvclotides.> and several flavone
glvcosides™® Although some conunon friterpene saponin
has been reported. this plant has not been investigated in
detail.” The matrix metalloproteinases (MMPs) are a family
of >20 zinc-dependent endoprotenases that are capable of
degrading almost all of the components of the extracellular
matrix.* MMPs can be divided into four categories based on
substrate preference: collagenases, gelatinases. stromelysins.
and membrane-associated matrix metalloproteinases.’
MMPs are necessary for tissue remodeling and the healing
cascade under normal physiological condition. The aging
process of skin can be divided into intrinsic aging and
photoaging. Climically. naturally aged skin 1s smooth. pale.
and finely wnnkled. In contrast, photoaged skin is coarsely
wrinkled.!” Alterations in collagen. the major structural
component of skin. have been suggested as a cause of the
changes. such as skin wrinkling and loss of elasticity, which
are observed in naturally aged and photoaged skin.”’ With
increasing age, collagen svnthesis becomes lower and
MMP-1 levels become higher in sun-protected human skin
in vivo, UV nrradiation induces the svnthesis of MMPs in
fibroblast cell /7 virro and MMP-mediated collagen
destruction accounts, in large part. for the connective tissue
damage that occurs in photoaging.'” In an ongoing
mvestigation into MMP-1 inhibitory compound from Viola
ibukiana, a new active compound was 1solated from the
EtOAc soluble fraction. In this notes. we report on the
constituent of Viola ibukiana, which mhibits UV-induced
MMP-1 expression in human skin fibroblasts

Experimental Section

General Procedure. IR spectra were obtained with a

Perkin Elmer 1710 spectrophotometer. The NMR spectra
was taken on a Bruker AMX 500 ('H. 500 MHz. ’C. 125
MHz) spectrometer. FAB-MS spectra were obtained on a
IMS AX505WA spectrometer. TLC was carried out on silica
gel 60 Fassand RP-18 Fassplates (Merck. Germany). Column
chromatography was performed over silica gel 60 (Merck,
particle size 230-400 mesh) and Sephadex LH-20 (Phanmacia,
Sweden).

Plant Material. The whole plants of Viola ibukiana
(Molaceae) were collected in April 2004 at Ullung Island,
Korea. The botanical identification was made by one of the
authors, Dr. JoongKu Lee. A voucher specimen of this raw
material has been deposited at the herbarium of the Seoul
National University (SNU-04-04-15).

Extraction and Purification of Active Compound. The
dned whole plants (562 g) of Fiola ibukiana were extracted
five times with 80% MeOH in an ultrasonic apparatus for 3
hrs. This residue was evaporated in vacuo to vield the total
extract (48.7 g). Thus extract was then suspended in distilled
water and partitioned with #-hexane. CHCl;, EtOAc, and #-
BuQH. The EtOAc fraction (7.8 g) was subjected to silica
gel column chromatography using CHCl;-EtOAc¢ gradient
system (9:1 > 1:1) to provide 11 fractions (fractions 1-
11). From fraction 8, compound 2 (16.3 mg) was isolated
using a silica gel column chromatography (CHCI:-EtQAc,
20: 1), and then purified by semipreparative RP-HPLC
(YMC I'sphere-H80, 4 pm, 250 x 10 mm. MeOH-H-O =
6 . 4). Compounds 1 (28.5 mg) was separated from fraction
9 by the same procedure as those of the fraction 8.

HO

Figure 1. Structures of isolated compound from Iiole ibukiana.
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Primary Human Skin Fibroblasts Culture. Primarv
cultures of skin fibroblasts were established from hwman
adult foreskins in Dulbecco’s modified eagle medium
(DMEM) supplemented with 10% fetal calf serum. 2 mM
glutamine, and penicillin (100 U/ml), streptomycin (100 mg/
mL) in a 37 °C hunidified incubator containing 5% CO:x.
The fibroblasts were cultured until 90% confluency and
then. subcultivated. Cells cultured after 5 passages were
used for the experiments.

Cell Proliferation Assay and UV Irradiation Cell
proliferation was determmed by the MTT assay.'” which 1s
based on reduction of soluble vellow MTT tetrazolium salt
[3-(4.5-dimethyIthiazol-2-¥1)-2.5-dipheny] tetrazolium
bromide] to a blue insoluble MTT formazan product by
mitochondnal succinic dehyvdrogenase. After compound or
UV treatment, the cells were cultured for indicated days: 20
HL of MTT (5 mg/mL) was added to each well. and the cells
were mcubated for 4 hrs at 37 °C. The supematant was
removed. and 200 4L of dimethylsulfoxide was added to
each well to dissolve formazan products. The absorbance
was determined spectrophotometrically at 570 nm with an
ELISA reader. The results were expressed as a percentage of
control in six cultures. The UV light source was a F75/85W/
UV21 fluorescent sun lamps. having an enussion spectrum
between 283-3530 mm (peak at 310-315 nm) as previously
described.” A Kodacel filter (TA401/407; Kodak, Rochester.
NY) was mounted 2 cm in front of the UV tubes to remove
wavelengths less than 290 nm (UV-C). The fibroblasts were
grown m 10 cm culture dishes (Falcon, Lincoln Park. NJ)
until subconfluent. Subsequently. the cells were cultured in
serum-free medum for 24 hrs, and the medium was replaced
by 2 mL of phosphate-buffered saline. Then the cells were
exposed to UV (0-100 mJ/em®) hght. After uradation. the
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Figure 2. 2'.4' 5 7-tetrahydroxvisoflavone ( 1) prevents UV-induced
merease m the MMP-1 expression level m the culture human
dermal fibroblasts. The cells were pretreated with 2°.4°3.7-
tetrahvdroxvisoflavone (Com 1) prior to UV irradiation (100 mJ/
em®) and harvested 72 h later. Epigallocatechin-3-gallate (EGCG)
was used as a positive control. Each value represents a mean £
SEM (n = 3). *p < 0.03 compared with the control.

Noftes

cells were washed with phosphate-buffered salme. and
cultured m the media with or without compounds for the
mdicated time. "

Western Blots and Statistical Analysis. The supematant
was used for western blot analysis. A monoclonal anti-
MMP-1 antibody (Oncogen. Co., Boston. MA. USA) were
used as prumary antibodies. Statistical sigmificance was
determuned using the Student t-tests. Results are presented
by means + SEM. All p values quoted are two-talled and
were accepted as significant when p was < 0.05.

Results and Discussion

Phytochemical mvestigation of Fola ibukiana led to the
1solation of five flavonoids from the EtOAc fraction usmg
column chromatography and HPLC. Compounds were
dentified as 2'.4'.5,7-tetrahydroxyisoflavone (1).!*'* 2’4" .7-
trihydroxyisoflavone (2).'"" respectively, by comparing the
NMR spectral data with those reported mn the literature.
Compounds have not been previously 1solated from Fiola
ibukiona. We mvestigated the effects of 2'.4'.5.7-tetra-
hydroxyisoflavone on the expression of MMP-1 1n cultured
human skin fibroblasts. The 74 vitro cyvtotoxiCity assay was
mvestigated accordng to reference.’” The compound did not
show cytotoxicity agamst test doses (0.1-10 #M. p <0.001).
The expression levels of MMP-1 protein were determuned m
culture media by western blot analysis. We have demon-
strated that compared with UV -treated cells (Fig. 2), the
compound decreased the UV-iduced expression of MMP-1
protem m a dose-dependent manner by an average of 73.1 +
6.2% (p<0.035.n=5)at 10°M. 624+£35% (p<0.05.n=
5) at 107 4M, and 582+ 10.8% (»p <0.05. n=35) at 1077
4M. The compound showed smilar activity to positive
control. Epigallocatechin Gallate (EGCG) m the protem
levels. In conclusion, 24’5, 7-tetrahydroxyisoflavone may
be used for the treatment and prevention of UV-imduced
expression of MMP-1 protem.
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