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Abstract: Although many studies have been performed to elucidate the molecular consequence of ultraviolet irradiation on an
aging, little is known about the effect of natural products. Matrix metalloproteinases (MMPs) are known to play an
important role in (a) photoaging. Here we investigated the effect of 1,24,6-tetra-O-galloyl-B-p-gluco- pyranose (1) and
3,4,5-trihydroxybenzoic acid (2) on the expression of MMP-1 in UVA-irradiated human skin fibroblasts (products), (on the)
activity of MMP-1, and (on the) scavenging activities of free radicals. Compounds 1 and 2 were isolated from Melothria
heterophylla (Cucurbitaceae). These compounds were found to scavenge free radicals and reactive oxygen species (ROS) and
were measured to have the SCs values of 3.9 uM and 13.3 yM against the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals
and 43 M and 4.0 uM against superoxide radicals in the xanthine/xanthine oxidase system, respectively. Compounds 1 and
2 showed a dose-dependent inhibitory effect on the expression and activity of MMP-1 in the UVA-irradiated human skin
fibroblasts. Therefore, we concluded that compounds 1 and 2 significantly inhibited MMP-1 expression at the protein level.
Also, these compounds were determined to have a potent antioxidant activity., From these results, we suggest that these
compounds may be used as (a) new anti-aging agents for the photo-damaged skin.
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1. Introduction degrading almost all of the components of the ex-
tracellular matrix (ECM) and classified in more than 20

Matrix metalloproteinases (MMPs) are a family of species. MMPs can be divided into four categories
zinc-dependent  endoproteinases that are capable of based on substrate specificity: collagenases, gelatinases,

stromelysins, and membrane-associated MMPs [1]. The
expression of MMPs in UV-irradiated fibroblasts is

1 # AA (e-mail: cyh@hanbul.cokr)

323



324

BN

known to be initiated by reactive oxygen species
(ROS) and by activation of a cell surface growth factor
and cytokine receptors. With increasing age, collagen
synthesis becomes lower and MMP-1 levels become
higher in sun-protected human skin in vive. UV
irradiation and ROS induces the synthesis of MMPs in
skin fibroblasts in vitro and MMP-mediated collagen
destruction accounts, in large part, for the connective
tissue damage that occurs in photoaging [21.

Melothria heterophylla, the family Cucurbitaceae has
been traditionally used for the treatment of the
conjunctivitis, an orchitis, skin eczema, and tubercle of
a lymphatic gland.

This study deals with the 1solation and structure
identification of compounds from the roots of M. he-
terophylla, as well as the evaluation of antioxidant ef-
fect and inhibitory effects of these compounds on the
MMP-1 expression in the UVA-irradiated human der-
mal fibroblasts.

2. Materials and Methods

2.1, General

M. heterophylla was purchased at a herbal market in
Korea. The organic solvents and chemicals were pur—
chased from Sigma-Aldrich Co., Bio-Whittaker, and Gibco
BRI (USA) and purified by the appropriated method
before use.

2.2. Measurement of Antioxidant Activity

The scavenging effect of 1 1-diphenyl-2-picrylhydra-
zyl (DPPH) radical was evaluated according to the
method of Hatano ef al [3] with minor modification.
And the scavenging activity on the ROS from xan-
thine/xanthine oxidase system was measured by moni-
toring the reduction of nitroblue tetrazolium (NBT).

2.3. Collagenase (MMP-1) Inhibition Assay
The in vitro collagenase inhibition assay was per-
formed using EnzChek Collagenase/Gelatinase kits (Mo-
lecular Probes Inc, USA) according to the supplier's
instruction. The enzymes were mixed with quenched
fluorescent substrates (250 mg/mL) in a final volume
of 200 mL of reaction buffer in 96-well microplates.
Digested products from DQ collagen substrates have
absorption maximum at 495 nm and fluorescence
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emission maximum at 515 nm in a LS55 fluorescence
microplate reader (Perkin Elmer, USA).

2.4. Cell Culture and UVA Irradiation

Human dermal fiyroblasts (HDFs) were purchased
from Modern Tissue Technology Inc. (Korea) and
maintained in DMEM/F-12 (3:1) supplemented with
1096 FBS and 1% -senicillin-streptomycin. HDFs were
grown at 37C in a CO: incubator and irradiated at a
distance 15 cm frem the UVA source (FIST8BLB,
Sankyo Denki, Japar), filtered for the emission of UVA
(320 ~ 400 nm). The dose of UVA radiation was set at
6.3 J/cm’.

2.5. Evaluation o° MMP-1 Synthesis by Enzyme
Linked immunosorbent Assay (ELISA)
After UVA irradiation, HDFs were cultured with
serum free medium containing samples for 24 hrs.
Then, the supernatents were transferred to a 96-well
plate and coating ouffer was added with the same
volume and incubated for 24 hrs. The expression level
of MMP-1 was determined by ELISA method. Finally,
cytotoxicity of the supplemented samples was measured

by the MTT assay [4].

2.6. Extraction and Isolation

The dried roots (466 g) were refluxed with 70%
aqueous ethanol and the solvent was removed by the
evaporation. The extract (844 g) was suspended in
water and the suspension was partitioned with hexane,
CHClz, EtOAc (27 g), and butanol, consecutively. The
EtOAc extract was subjected to a Sephadex LH-20 CC
(55 X 45 cm) with a gradient of MeOH and Hz0 (40%
~100%) to give 20 fractions (1 ~ 20). Compound 1
(370 mg) was obtained by recrystallyzation in EtOAc
from fraction 15. Fraction 12 was further separated by
a Sephadex LH-2) CC (35 %23 cm) eluted with
Hexane-EtOAc- MeOH (7:31 ~464) to yield 9
subfractions (I ~I[X). Compound 2 (105 mg) was
obtained from subfraction VII Compounds 1 and 2
were identified using 13C—, "H-NMR spectrum (solvent;
Acetone-ds) and FAB-MS (JMS-700, Jeol, Japan).

2.7. Statistical Analysis
The statistical significance of the results was ana—
lyzed by Student's i—test for unpaired observations.
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Table 1. Antioxidant Effects of Compounds 1 and 2
Isolated from M. heterophylla

SCx® values (mM)

Compounds o - e
DPPH Superoxide anion
1 39 43
2 133 4
Vitamin C* 60 ND?
Vitamin E* 30 ND?
EGCG* 6.4 49
BHA* ND? 180

“ Concentration giving a 50% decrease of DPPH and superoxide
radicals. The values are the means of triplicate experiments with
SD.

o 1,1-diphenyl-2-picrylhydrazyl radical

o Superoxide anion radicals were produced from xanthine/xanthine
oxidase oxidation system.

9 Not determined

*Used as a positive control

3. Results and Discussion

3.1. Antioxidant Activity

Compounds 1 and 2 exhibited a potent scavenging
activity against the DPPH radicals with the SCs values
of 39 mM and 133 mM, respectively. Furthermore,
compound 1 appeared to be the most efficient in com-
parison with the three reference compounds, vitamin C,
E, and epigallocatechin-3-gallate (EGCG), which are well
known as scavengers of DPPH radicals (Table I). Also,
compounds 1 and 2 exhibited a potent scavenging ac-
tivity against the superoxide radicals in the xanthine/
xanthine oxidase system with the SCs values of 4.3 mM
and 40 mM, respectively, compared with butylated
hydroxyanisole (BHA) and EGCG, which are well
known as scavengers of superoxide radicals (Table 1).

3.2. Inhibitory Effect of Compounds 1 & 2 on
MMP-1 Activity

Hantke et al. [5] have reported that flavonoids and
vitamins reduced the MMP expression at the protein
levels and the MMPs activity in the skin after sun
exposure. We first studied the inhibitory effect of these
compounds isolated from M. heterophylla on in vitro
collagenase activity. 1,10-phenanthroline, which is well
known as a metal chelator and general inhibitor of
MMPs, was used as a control to optimize conditions for
screening potential gelatinase or collagenase inhibitors.
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Figure 1. Inhibitory effects of compounds 1 and 2
isolated from M. heterophylla on collagenase (MMP-1)
activity. Fluorometic assay of the activities of MMP-1
was performed in the presence of increasing concen—
trations of 1,10-phenanthroline (1), compound 1 (@), and
2 (0). The results were expressed as mean values (*
S.D.) of triplicate experiments.

Compounds 1 and 2 were found to have a potent and
distinct inhibitory activity against MMP-1 with the ICs
values of 60.0 mM, 100.0 mM, respectively (Figure 1).
These compounds were inhibited MMP-1 activity in a
dose-dependent manner. Especially, compound 1 showed
a 2-fold higher inhibitory effect for MMP-1 activity
than that of 1,10-phenanthroline.

3.3. Effects of Compounds 1 & 2 on the Ex-
pression of MMP-1

The effect of these compounds on the viability of
HDFs was investigated for photo—protective activities
on the protein levels by the MTT test. These com-
pounds did not show cytotoxicity against HDFs in
tested dose compared to control (Figure 2).

We further investigated the inhibitory effects of
these compounds on the MMP-1 expression in UVA-
irradiated HDFs (63 J/cm?). HDFs were treated with
various concentrations of these compounds for 24 hrs
and then, the MMP-1 content in the culture medium
were determined by ELISA. The treatment of UVA-
irradiated HDFs with these compounds significantly
suppressed MMP-1 production at the protein levels in
a dose dependent manner (Figure 2). Interestingly, the
inhihitory effect of compound 1 on MMP-1 production
at the protein levels was significantly higher than that
of all-trans retinoic acid (fRA), which is well known
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Figure 2. Effects of compounds 1 and 2 isolated from M.
heterophyllaon the production of MMP-1 in UVA-irra-
diated human dermal fibroblasts. The cells were treated
with various concentrations of these compounds for 24 h.
*MMP-1, matrix metalloproteinase-1 (l). The MMP-1
content in culture media was determined by ELISA as
detailed under the Materials and Methods. bCytotoxicity
was measured by MTT assay (O). The results were
expressed as the average of triplicate experiments with
SD. *p<0.05 compared with UVA-treated control cell.
UVA dosage was 6.3 J/crn2 tRA refers to 40 mM of
all-trans retinoic acid. '

as an inhibitor of UVA-induced MMPs. Fisher et al
[6] have reported that tRA, which trans—represses
transcription factor (AP)-1, substantially reduced AP-1
and MMPs induction in human skin.

3.4. Identification of Compounds 1 & 2 Isolated
from M. heterophylla

Activity-guided column chromatographies of an EtOAc
soluble fraction from the extracts of M. heterophylla
led to the isolation of two compounds. Compound 1
was formed as an amorphous pale brown powder. Its
molecular formula was determined to be CaHzOn (m/z
789 [M'+1]) by FAB-MS. Its structure was identified
as 1,24 6-tetra-O-galloyl-b-p-glucopyranose(Figure 3) by
a comparison with the 1H—, BC-NMR and MS data re-
ported in the literature[7,8]. Compound 2 was obtained
as white crystals. Its molecular formula was determined
to be CHsOs (m/z 171 [M'+1]) by FAB-MS. It was
identified as a 3,4,5-trihydroxybenzoic acid(Figure 4) on
the basis of chemical and physicochemical evidences,
and compared its spectral data previously reported in
the literature [9].
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Figure 3. Chemical structures of compounds 1 and 2
isolated from M. hetzrophylla

4. Conclusion

Two compounds isolated from the roots of M
heterophylla exhibited significant DPPH and superoxide
anion radicals scavenging activities. Also, these com-
pounds significantly reduced the activity and expression
of MMP-1 at the protein levels in a dose dependent
mamner. Therefore, we suggest that these compounds
may be potential candidates to protect skin aging from
UV stimulation.
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