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Abstract

Objectives: UV irradiation may cause dermal ageing and carcinoma. The molecular action
mechanism of such an effect and the methods for prevention are still lacking.

Materials and Methods: UVA (320-400 nm) plus UVB (290-320 nm) (hereafter denoted as
UVag) was used to induce skin damages in human fibroblast WS1 (hfWS1) cells. The parameters
evaluated included the cell viability, expressions of relevant enzymes including MMP-1, MMP-2,
catalase, and LDH; some biochemical indices such as elastin content and lipid peroxidation. Arbutin
(AB) and ursolic acid (UA) were used to evaluate whether they could show any protective effect.

Results: UV 5p inhibited the viability of hfWSI1 cells, leading to a lowered elastin biosynthesis,
enhanced release of LDH, and up-regulation of MMP-1, MMP-2 and catalase. Moreover it accelerated
lipid peroxidation. In this regard, AB and UA behaved differently. On treatment with AB and/or UA,
the cell viability was effectively protected by AB at dose <10 M and by UA at 1 M. In contrast,
apparent cytotoxicity was shown by UA at 10 M. Although the extracellular elastin levels were
recovered, yet were insignificant. At a dose of 100 M, the lipid peroxidation was effectively
suppressed by UA but not by AB. At 0.1 M, both AB and UA effectively suppressed the LDH release
to the control level. Molecular action mechanism revealed both AB and UA at 1-2 M significantly
down-regulated the expressions of catalase, MMP-2 but not MMP-1.
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Conclusion: An appropriate combination of AB (100 M) and UA (5 M) would exhibit very
strong protective effect on skin damages caused by UV sp.

Introduction

Damages caused by UVB (290-320 nm) initially involve skin rash and ultimately severe skin
carcinoma. The synergistic action of UVA (320-400 nm) and UVB occasionally would induce
pronounced photoaging [1]. As well known, the action mechanism of UV-radiation is often initiated
with production of tremendous reactive oxygen species (ROS) [2] including superoxide anion (¢O5’),

singlet oxygen ('0y), hydrogen peroxide (H,0O,), hydroperoxy free radical (¢HO,), and hydroxyl free
radicals (¢OH). In view of radiation biology, a diversity of damaging effects could be induced by
ROS, like DNA damage, lipid peroxidative degradation and protein denature, which could be summed
up to trigger much default in signal transduction, gene transcription [3], and dermal aging. ROS
directly destroy tissue collagens by inhibiting the tissue inhibitor of matrix-metalloproteinases
(TIMPs) and the de novo synthesis of procollagens. ROS also can trigger the MAPK signal
transduction pathway. ROS caused over-expression of matrix metalloproteinases (MMPs) and NFkB
[4,5,6]. The latter in turn induced the secretion of MMP-8 (neutrophil collagenase) to accelerate
degradation of dermal stratum. Pathologically, skin stromal substrate collagen and elastin are readily
degradable by synergistic action of a diversity of proteases, like the interstitial collagenase (MMP-1),
gelatinase-B (92 kDa MMP-9), gelatinase-A (72 kDa MMP-2), stromelysin-1 (MMP-3), membrane
type-MMPs (MT-MMPs) and other un-classified MMPs [4,5,6]. Among which MMP-1, -2, and -3 are
more readily inducible by UVA than UVB, the latter normally only triggers expression of MMP-1 and
MMP-3. Pathobiochemically, photoaged skins are characteristics of skin wrinkling, loss of elasticity,
skin roughness and thickening as well as abnormal dermal pigmentation. These pathophysiological
indications usually are associated with many tissue- and molecular biological changes [7,8,9,10].
More progressively, epidermal thickening, connective tissue deformation and photocarcinogenesis
were often seen in the late stage of UV damages [11,12].

Arbutin (I), popularly named hydroquinone- -D-glucopyranoside, has a chemical name of 2-
(hydroxymethyl)-6-(4-hydroxyphenoxy) oxane-3,4,5-triol (Wikipedia, the free encyclopedia; Jump to:
navigation, search).
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I is commonly found in a diversity of food plants which has been used as a skin whitener and
brightener since the past two decades. Chemically, I is a glycosylated benzoquinone widely occurring
in the bearberry plant genus Arctostaphylos. (Wikipedia, the free encyclopedia;
"http://en.wikipedia.org/wiki/Arbutin"). When applied to skin, I readily infiltrates into skin without
affecting any cell multiplication. And in epidermal layer it is slowly hydrolyzed to release
hydroquinone, hence has been used as a very efficient skin lightener in cosmetics [13]. The reason is
that the released hydroquinone in turn effectively suppresses melanin synthesis by inhibiting the
enzyme tyrosinase [14]. Alternatively, ursolic acid (II) is a pentacyclic triterpenoid having a chemical
name of (3)-3-hydroxyurs-12-en-28-oic acid, which is commonly found in apples, blue berries,
cranberries, peppermint, lavender, oregano, thyme, hawthorn and prunes. II virtually is a cytostatic
and an anti-proliferative [15,16], and more interestingly, it possesses a membrane stabilizing effect
[17]. Both et al. [18] demonstrated that II increased both the ceramide and collagen contents in
cultured normal human epidermal keratinocytes and dermal fibroblasts. It also accelerated lipid
production, which in turn moisturized and strengthened the outer barrier for skin support
(www.remergenskin.com). Pharmaceutically, the drawbacks of many antioxidant ingredients reside in
high instability, easy oxidation and extremely large cytotoxicity. Proposing that I and II could be
bettter for use in this regard, we examined the UV-protective effects of I and II respectively in human
dermal fibroblast WS1 cells with an aim to define an appropriate dose in combined use of these two
antioxidants.

Materials and Methods

Cells

Human dermal fibroblast WS1 cells were purchased from Food Industrial ATCC of Development
Research Institute, Hsin-Chu, Taiwan.

Chemicals and Reagents

Penicillin-streptomycin solution, non-essential amino acid solution (NEAA), 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), gelatin, Tris-HCI, sodium dodecyl
sulfate (SDS), bromophenol blue, Triton-X, bis(N,N-methylene-bisacrylamine), acrylamide,
N,N,N’,N’-tetramethyl-ethylenediamine (TEMED), Coomassie Brilliant Blue R (CBR), butylated
hydroxytoluene (BHT), thiobarbituric acid (TBA), ethylene dinitrilotetraacetic acid (EDNTA), NP-40,
deoxycholate, hydrogen peroxide (H,O,), ammonium molybdate, LDH Assay Kit etc. were
manufactured by Sigma (USA). Dulbecco’s Modified Eagle Medium (DMEM) was purchased from
Gibco Co. (USA). Dimethyl sulfoxide (DMSO) was provided by Riedel-De Ha&n Co. (Germany).
Fetal bovine serum (FBS) was purchased form Biological Industries (Kibbutz Beit Haemek). Fastin
Elastin Assay Kit was product of Biocolor Co. (Northern Ireland). Arbutin (AB), ursolic acid (UA),
and (-)epigallocatechin gallate (EGCG) were obtained from Sigma-Aldrich.

Cell Cultivation
Cells were plated onto 10 cm Petri dishes. DMEM incorporated with sodium bicarbonate,

penicillin-streptomycin solution, FBS and NEAA was added. The incubation was conducted at 37°C
under 5% CO2 atmosphere.
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Induction by Arbutin and Ursolic Acid

I and IT were respectively dissolved in DMSO (5%) and diluted with 95% of PBS to a
preliminary concentration of 10mM. The solution was further diluted with PBS to required
concentrations of 0.10, 1.0 and 10puM in culture media. The cultivation was performed for 24 h at
37°C. After irradiated simultaneously with UVA (385nm, 1500 pw/cm?, 100mJ/cm?) plus UVB
(302nm, 1500uw/cm2, 100mJ/cm2) (denoted as UV ap hereafter) for additional 24 h in the presence
and the absence of I and I, the cultures were examined for UV damages.

Cell Viability

In principle, when MTT is metabolized by mitochondrial dehydrogenase in living cells, formazan
(the reduced form of MTT) would be produced, which is thus accumulated as insoluble purplish blue
crystals in living cells (Fig. §). Briefly, according to Mosmann [19], human dermal fibroblast WS-1
cells were plated onto a 24 well plate at a density of 2x105 cell/well. After a 24 h of incubation, the
cultures were UV 3 irradiated in the presence and the absence of I and II at concentrations as
indicated. The cultures were incubated at 37 °C under 5% CO, atmosphere. After cultivation for
additional 48 h, the culture media were sucked off. To the culture 1 mL of MTT solution (0.5 mg/mL
in DMEM) was added. The incubation was continued at 37°C under 5% CO, atmosphere for
additional 3.5 h. On having removed the culture media, 1 mL of DMSO was added. The mixture was
agitated for 2 min. Aliquots of 100 L. were respectively transferred into each well of a 96-well plate.
The absorbance of each well was measured at 570 nm. The cell viability was calculated against the
control.

Assay for MMP-1 Activity

The assay method for MMP-1 was carried out using the Matrix Metalloproteinase 1 BioAssay
ELISA kit (United States Biological) by following the manufacturer's instruction. Aliquots of 100 L.
sample solution were placed onto a 96-well plate. Each well of which had been previously placed with
the human MMP-1 monoclonal antibodies. The incubation was continued for 2.5 h to facilitate the
reaction. The supernatant was removed. After the cells were rinsed four times with rinsing solution,
100 L of secondary antibodies were added. The reaction was proceeded for additional 1 h. Cells were
rinsed again four times. HRP-Streptavidin solution was added and the mixture was left to stand for 45
min to facilitate the reaction. The mixture was repeatedly rinsed for five times. To the culture 100 pL
of TMB 3,3',5,'5-teramethylbenzide solution was added. After the mixture was left to stand for 30 min
in the dark to avoid direct sunlight, the reaction was terminated by adding 50 pL of 2 M sulfuric acid.
The absorbance was measured at 450 nm using an ELISA reader.

Assay for MMP-2 Activity

The culture of WS-1 cells (2x105 cells/well) was UV 53 irradiated in the presence and the
absence of AB and UA. The culture media containing WS-1 cells were gently sucked out. To each 5 L
of the culture, 5 L of tracer dye solution was added. The mixture was heated on water bath at 37 °C for
15min. The supernatant was decanted into a collagen-containing SDS-PAGE (7.5%), vortexed
thoroughly and subjected to electrophoresis at 110 V for 60 min. The tracer dye was rinsed with 2.5%
of Triton-X100. The plates were cultivated for 14 h in an incubation buffer (0.05 M Tris-HCI, 10 mM
CaCly,, 50 mM NaCl, 0.05% Brij35) and then stained with CBR, and subsequently treated with the
decolorizing solution (10% acetic acid plus 30% methanol). The decolorized areas on the finished
plates were scanned.

-4 -
http://www.edoj.org.eg



Egyptian Dermatology Online Journal Vol. 5 No 1:5, June 2009

LDH Release

In principle, lactic dehydrogenase (LDH) is a very stable intracellular enzyme in normal cells,
which is readily released to extracellular plasma in case of mitochondrial damages. Hence the
proportion of LDH released into the extracellular plasma can be used as a marker to evaluate the
extent of cellular damages. In brief, WS-1 cells were plated onto a 24-well plate at a concentration of
2x104 cells/well. The cells were irradiated simultaneously with UV sp in the presence and the absence
of I and II at concentrations indicated. The cells were incubated for 48 h. The supernatant media were
decanted and centrifuged at 1500 rpm for 5 min. To an aliquot of 100 pL of the supernatant 50 uL of
Kit Mixed Agent (In Vitro Toxicology Assay Kit, Sigma) were added. After incubation at ambient
temperature for 30 min. Fifteen uL of 1N HCI was added to terminate the reaction. On standing at
ambient temperature for 10 min to facilitate the color reaction, the absorbance was measured at 490
nm.

Determination of Extracellular Elastin

Elastin is normally secreted by skin fibroblast cells under physiological condition. On reaction
with 5,10,15,20-tetraphenyl-21,23-porphine sulfonate (TPPS), a red precipitate is formed. Based on
this principle to follow the instructions given by the manufacturers, the Fastin Elastin Assay Kit was
used to evaluate the extracellular elastin content. Briefly, WS-1 cells were plated onto 24 well plate at
a concentration of 2x104 cells/well. An aliquot of treated sample (100 pL) was added with 1 mL of
Elastin Precipitating Reagent. The mixture was mixed thoroughly and refrigerated overnight at a
temperature below 0°C. The reaction mixture was centrifuged (Hitachi, Himac CF 15R) at 10000xg
for 20 min. The supernatant precipitating reagent was decanted. Two hundred L of 90 % saturated
ammonium sulfate solution and 1 mL of Fastin Dye Reagent were added. The mixture was left to
stand for 60 min to facilitate the reaction. The reaction mixture was centrifuged at 10000xg for 10
min. The supernatant was decanted. One mL of Fastin Dissociation Reagent was added and agitated
vigorously to accelerate complete dissolution. An aliquot of 100 pLL was measured and transferred into
96 well-plate. The absorbance was measured at 513 nm with ELISA reader. A reference a-elastin was
similarly treated to establish the calibration curve, against which the content of elastin was calculated.

Lipid Peroxidation in Cell Membrane

On UV ,p irradiation, the extent of lipid peroxidation can be readily assessed by determination of
the intermediate lipid oxidative product, malondialdehyde (MDA) produced in parallel. Briefly, WS-1
cells were plated onto a 6-well plate at a concentration of 1x106 cells/well. I and II were added,
respectively, at concentrations as indicated. After incubated for 24 h, the cultures were irradiated with
UV ag. The cells (0.5 mL) were harvested and treated according to Tsujimura (1990) [20], i.e. 12.5uL
of 4% BHT, 125 L of 0.3% of SDS, 0.5mL of 0.5N HCL and 0.25mL of 0.8% TBA were successively
added. After thoroughly agitated, the mixture was heated in water bath (100°C) for 45 min and then
cooled to room temperature. To the final reaction mixture 0.75 mL of 1-butanol was added. The
mixture was left to stand for 20 min. The supernatant was separated, and the absorbance was measured
at 532 nm.

Determination of the Intracellular Lipoxygenase Activity

Cells were harvested by centrifugation at 3000 rpm for 5 min. The supernatant was decanted. To
the residue RIPA Buffer was added. The mixture was left to stand for 30 min at 4 °C and then

centrifuged at 12000 rpm for 10 min. The supernatant was separated for further use. Fifty pL of the
sample solution was mixed with S0pL of substrate H,O, solution (6.5 pmol). The mixture was mixed
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thoroughly to facilitate the reaction at ambient temperature for 60s. To the final reaction mixture

100pL of ammonium molybdate solution was added. The absorbance was read at 405 nm using an
ELISA reader.

Results

Cell Viability Protective Effect of Arbutin and Ursolic Acid Against UV-Irradiation

When exposed to UV g, cell viability was reduced by 40 % if without treatment (Fig. 1). At 0.1
puM, arbutin and ursolic acid rescued cell viability by 22 % and 55 %, respectively (Fig. 1). Both
arbutin and ursolic acid showed very satisfactory UV-protective effect comparing to EGCG at doses
below 10uM. Differently, ursolic acid at dose >10uM apparently exhibited strong cytotoxic effect,
which was totally not found for arbutin (Fig. 1). Obviously, arbutin was much safer than ursolic acid
regarding a wider dosage spectrum for application. Thus, cell viability can be protected by arbutin at
doses <10 M, while by ursolic acid at doses approximately within 0.5 M.
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Fig 1:

Effects of arbutin, ursolic acid, and EGCG on viability of human dermal fibroblast
WS-1 cells on exposure to UVAB irradiation.a

aData expressed in mean+S.D. from triplicate experiments. *p<0.05 compared with
blank, #p<0.01 compared with control.

UVARB irradiation =UVA (385nm, 1500 uw/cmz, 100 mJ/cmz) plus UVB (302nm,
1500 pw/cm?, 100mJ/cm?).

Blank: without any treatment. Concentration at OmM: cells treated with UV AB irradiation
in the absence of AB, UA and EGCG. Concentration at 0.1-10mM: cells treated with
UVAB irradiation in the presence of 0.1 to 10mM of AB, UA, and EGCG, respectively.
EGCG was used as the positive control
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MMP-2 Was Down-regulated by Arbutin and Ursolic Acid

On exposure to UV g, MMP-2 in fibroblast cells was significantly up-regulated (Fig. 2), which
was significantly ameliorated by arbutin and ursolic acid at doses 1.0 M, results being comparable to
that of EGCG (Fig. 2).

Control Blank Arvbutin Ursolic acad  EGCG
UV (200mJ'cm®} + - + - -
Conen. (phd} 0 0 1

Effect of arbutin, ursolic acid, and EGCG on expression of MMP-2 in human
fibroblast WS-1 cells after irradiation with UVAB*

Fig 2:

* UVAB irradiation =UVA (385nm, 1500 uw/cmz, 100 mJ/cmz) plus UVB (302nm,
1500 pw/cm?, 100mJ/cm?).

Blank: without any treatment. Concentration at OmM: cells treated with UV AB irradiation
in the absence of AB, UA and EGCG. Concentration at ImM: cells treated with UVAB
irradiation in the presence of ImM of AB, UA and EGCG, respectively. EGCG was used
as the positive control.

UV,p Activated MMP-1 Which Was Further Enhanced by Arbutin and Ursolic Acid

The normal physiological level of MMP-1 was around 0.0092pg/mL, when induced by UV a5 the
level was activated to reach 0.0100 pg/mL, which was seen to be further up-regulated by arbutin and
ursolic acid at a dose of 1 M to 0.0121 pg/mL and 0.0126 pg/mL, respectively (Fig. 3). In this regard,
arbutin revealed activity comparable activity to that of EGCG (Fig. 3).
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Fig 3:

Effects of arbutin, ursolic acid, and EGCG on expression of MMP-1 collagenase in
human dermal fibroblast WS-1 cells after irradiated with UVAB *

* Data expressed in mean%S.D. from triplicate experiments. *p<0.01 compared with
blank, #p<0.05 compared with the control.

UVARB irradiation =UVA (385nm, 1500 pw/cm?, 100 mJ/cm?) plus UVB (302nm,
1500 pw/cm?, 100mJ/cm?).

Blank: without any treatment. Concentration at OmM: cells treated with UVAB
irradiation in the absence of AB, UA and EGCG. Concentration at ImM: cells treated with
UVARB irradiation in the presence of ImM of AB, UA and EGCG, respectively. EGCG
was used as the positive control.

LDH Release Was Efficiently Inhibited by Arbutin and Ursolic Acid

In normal cells the extracellular LDH level was maintained approximately at a steady level of

34.68%, while exposure to UV ap triggered the LDH release to a level of 56.74%. At a dose of 0.01uM
, arbutin and ursolic acid respectively suppressed the LDH release to 35.28 and 40.09%, comparing to
42.40% by EGCG (Table 1). When the dose was increased to 0.1uM, ursolic acid was seen to further
effectively inhibit the LDH release to 33.13% and similarly to 37.00% by EGCG, however, unlikely
with arbutin (Table 1). Interestingly, both arbutin and ursolic acid showed slightly better results than
EGCG (Table 1).
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% Eeleased LDH
samnple Arbutin Trsolic acid EGCG
Blank (- ug) 34 68+1.94 * 34651194 % 34681194 *
Cottrol(+TUW,p) 56 74£5 62 567448 62 6. T448 62
007 phi+TV ) 3528085 * 40.09£6. 15 * 4240£7 28 *
0.1 uhI(+TW,g) 3408085 * 33.153£1.94 % Z700£0.61 *

compared with control.

pw/cm?®, 100mJ/cm?).

positive control.

* Data expressed in meanS.D. from three experiments. *p<0.05 was the significant level

UV 3 irradiation =UVA (385nm, 1500 pw/cm?, 100 mJ/cm?) plus UVB (302nm, 1500

Blank: without any treatment. Control: cells treated with UV »p irradiation in the absence of
AB, UA and EGCG. Concentration at 0.01 to 0.10uM: cells treated with UV 3 irradiation in
the presence of 0.01-1.0M of AB, UA, and EGCQG, respectively. EGCG was used as the

Arbutin and Ursolic Acid Restored Elastin Biosynthesis Post UV Irradiation

As well recognized, an alternate damaging effect of UV 4p actually targets on elastin biosynthesis.
The content of elastin was seen suppressed by 10 % (from 47mg for blank to 37 % for the untreated)
on exposure to UV 55 (Fig. 4). In this respect, arbutin and ursolic acid revealed to be far less effective

(Fig. 4).
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Fig 4:

Restoration of elastin secretion in human fibroblast WS-1 cells by arbutin, ursolic
acid, and EGCG after UVABa irradiation *

* UVARB irradiation =UVA (385nm, 1500 ;,tw/cmz, 100 mJ/cmz) plus UVB (302nm,
1500 pw/cm?®, 100mJ/cm?).

Blank: without any treatment. Concentration at 0omM: cells treated with UVAB
irradiation in the absence of AB, UA and EGCG. Concentration at 1mM: cells
treated with UV AB irradiation in the presence of ImM of AB, UA, and EGCG,
respectively. EGCG was used as the positive control.

Arbutin and Ursolic Acid Suppressed Lipid Peroxidation In Cell Membrane

Taking the control sample (irradiated, but without antioxidant treatment) as 100%. Arbutin alone
at dosages either 50 M or 100 M was totally ineffective to inhibit lipid peroxidation. In contrast,
ursolic acid and EGCG revealed significant suppressions, reaching 34.5% and 51.7% at 50 M, and
51.7% and 58.6% at 100 M, respectively (Fig. 5). Such a deviation in anti-lipid peroxidative activity
could be ascribed to solubility difference between arbutin and ursolic acid. Arbutin is more water

soluble due to the carriage of glucose moiety in its structure, and this is the reason it failed a lot in
assessing the LDL fraction.
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Fig 5:

Effect of arbutin, ursolic acid and EGCG on lipid peroxidation in human fibroblast
WS-1 cells after irradiated with UVAB *

* Data expressed in meanzstandard deviation from triplicate experiments. *p<0.05
compared with control, #p<0.01 compared with the blank.

UVARB irradiation =UVA (385nm, 1500 pw/cm?, 100 mJ/cm?) plus UVB (302nm,
1500 pw/cm?, 100mJ/cm?).

Blank: without any treatment. Concentration at 0OmM: cells treated with UVAB
irradiation in the absence of AB, UA and EGCG. Concentration at 50-100mM: cells
treated with UV AB irradiation in the presence of 50-100mM of AB, UA, and EGCG,
respectively. EGCG was used as the positive control.

Arbutin and Ursolic Acid Inhibited Catalase Activity in Cell Membrane

UV a3 triggered up-regulation of catalase activity in membrane of WS-1 fibroblast cells. reaching
a two-fold increase in activity (Fig. 6), which was effectively inhibited by arbutin and uesolic acid at 1
UM by 70 % and 40 %, respectively (Fig. 6).

-11-
http://www.edoj.org.eg



Egyptian Dermatology Online Journal Vol. 5 No 1:5, June 2009

=0
I Ehnk
[ Arbutin
A EEE Ursolic acid
EEE EGCG
L]
-
B
& 150
=
&
-
[
o
Z 100 -
=
o
-5] E
1]

Concentration {
Fig 6:

Effect of arbutin, ursolic acid and EGCG on catalase expression in human fibroblast
WS-1 cells after irradiation with UVABa

aData expressed in mean+S.D. from triplicate experiments. *0.1>p>0.05 compared
with the blank, #p<0.01 compared with the control.

UVAB irradiation =UVA (385nm, 1500 uW/Cle, 100 mJ/cmz) plus UVB (302nm,
1500 pw/cm?, 100mJ/cm?).

Blank: without any treatment. Concentration at OmM: cells treated with UVAB
irradiation in the absence of AB and UA. Concentration at 1.0mM: cells treated with
UVARB irradiation in the presence of 1.0M of AB, UA, and EGCG, respectively. EGCG
was used as the positive control.

Discussion

Recently, the carcinogenesis of UV-irradiation has attracted many researchers. As huge amount
of reactive oxygen species (ROS) can be generated on exposure to UV-irradiation to injure epidemic
cells, such oxidative damages on skin always require a relatively long-term exposure to ROS, which in
turn would eventually lead to serial physiological hazards including the suppressed cell viability [21],
intracellular lipid perooxidation, and formation of huge amount of malondialdehyde, a common
oxidative intermediate of a number of lipids [22]. Steinbrenner et al. [23] demonstrated that UV a5 up-
regulates expression of MMP's through induction of a cascade of signal transduction including the
transcription factor AP-1, which in turn induces the expression of MMP's and accelerates the in vivo
degradation of elastin and collagens, eventually leading to dermal ageing [3,23]. In this present study,
the decrease in cell viability caused by UV ap irradiation was shown effectively restored by treatment
with arbutin at dose 10 M and ursolic acid at dose <5 M. Alternatively, in agreement with Lee et al.
[24], the cytotoxicity of ursolic aicd at dosages 10 M obviously would severely limit the application of
ursolic aicd (Fig. 1). Arbutin was slightly less effective in MMP-2 inhibition, comparing to ursolic
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acid and EGCG (Fig. 2). On the contrary, MMP-1 was significantly over-expressed by both arbutin
and ursolic acid (Fig. 3). Similar results had been confirmed by Moon et al. [25]. Alternatively, the
up-regulation of MMP-1 could also be attributed to the cell viability protective effects of arbutin and
ursolic acid. Cytophysiologically, the up-regulation of MMP-1 could mean more survival cells.
Otherwise, the amount of MMP-1 determined by ELISA kit straight forwardly only represents the
total protein, which actually involves both parts: the activated MMP-1 and the non-activated pro-
MMP-1. Because the total protein content as presently determined only roughly reflects the activity of
MMP-1. Hence a more accurate criticizing may require a sharper and more sensitive kit other than
zymography.

In addition, UV-irradiation can cause cell membrane damages with enlarged membrane
porosities, resulting in enhanced permeability or flux, hence larger amount of LDH was able to be
transiently released from the intracellular to the extracellular compartment. Accordingly, the amount
of LDH released can serve a direct index of the extent of cell damages. As seen, arbutin and ursolic
acid efficiently retarded LDH release in a dose-responsive fashion, giving strong support of the
protective activity of these two nutraceuticl compounds (Table 1). Alternatively, although arbutin and
ursolic aicd seemed to have been able to restore elastin content in fibroblast cells (Fig. 4), yet still
insignificantly. Uniquely, ursolic acid was effective to suppress lipid peroxidation, however arbutin
was unlikely (Fig. 5). As for antioxidative activity, consistent with Milton [26], the up-regulation of
calatase in fibroblast cells was significantly suppressed by arbutin and ursolic acid (Fig. 6).

Practically, the skin does not exist in isolation from the rest of the body. Hence, skin rejuvenation
has a much better chance of success as a part of a comprehensive anti-aging strategy. Even if the skin
could be rejuvenated independently, what good is a 20-year old looking skin in the body that feels
eighty. Besides, the anti-aging measures for the body benefit the skin too. Hence, the protection of
skin is suggested to cover the whole body aging concept.

Conclusively, arbutin and ursolic acid are good UV-protectors, their molecular action mechanism
can be ascribed to 1) protecting the cell viability; ii) down-regulating the MMP-2; iii) up-regulating the
MMP-1; iv) elevating the extracellular elastin levels. v) suppressing the LDH release; vi) inhibiting
the lipid peroxidation; and vii) down-regulating the catalase.

And finally, a combination of arbutin ( 100 M) and ursolic acid ( 5 M) may attain an optimal
concentration to exhibit the most potent UV-protective effect in delaying the skin photoaging.
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