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Abstract

Synthetic compounds that are used in the clinic to regulate skin hyperpigmentation, such as arbutin, hydroquinone, and kojic acid,
are only moderately effective. But, their use is limited by side effects. As part of an effort to overcome the limitations, we developed
resveratrol-enriched rice (RR) using genetic engineering technique. Each of resveratrol and rice has been reported to produce an-
ti-melanogenic effects. Therefore, we hypothesized that RR would show more anti-melanogenic effects than those of resveratrol
or rice alone. Anti-melanogenic effect of RR was done by using melan-a mouse melanocytes. The depigmenting efficacy was then
observed following topical application of the RR to UVB-stimulated hyperpigmented dorsal skin of guinea pigs. Treatment with RR
extract resulted a 21.4 + 0.7% decrease in tyrosinase expression at melan-a cells. Colorimetric analysis showed a significantly
lower depigmenting value by day 9 following treatment with RR in UVB-irradiated guinea pigs the dorsal skin (p<0.01), indicating
that RR produced a depigmentation effect. By staining with Fontana-Masson stain, we found that the RR-treated group had more
effect histopathologically in epidermal melanin production than resveratrol or rice alone-treated group. RR was associated with
reduction in the levels of microphthalmia-associated transcription factor (MITF), and downregulation of tyrosinase and tyrosinase-
related protein (TRP-2) expression, leading to inhibit epidermal melanin production by western blot analysis. This study suggests
that the resveratrol-enriched rice may be a promising candidate in regulating skin pigmentation with UVB exposure.
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INTRODUCTION trol and resveratrol analogs have already been reported by
many other groups (Ohguchi et al., 2003; Song et al., 2012;
Botanically derived products are used frequently in the cos- Bae et al., 2013; Park and Boo, 2013; Park et al., 2014). We

metics industry because of the increased preference of the previously demonstrated the depigmentation effects of res-
consumer for environmentally friendly cosmetics. Resveratrol, veratrol in UVB-treated guinea pigs (Lee et al., 2014), too.
a natural product-derived polyphenolic compound, has been In this previous report, resveratrol strongly down-regulated
widely used in the cosmetics and pharmaceutical industries tyrosinase, tyrosinase-related protein (TPR)-1, TPR-2, and
because of its pharmacological activities, which include anti- microphthalmia-associated transcription factor (MITF) in ani-
tumor, anti-inflammation, and anti-aging effects (Chen et al., mal study (Lee et al., 2014). Tyrosinase plays an important
2013). Recent reports have shown that resveratrol produced role in determining melanin production (Peng et al., 2013) by
therapeutic effects against hyperplastic skin disorders by in- initiating melanin synthesis through the conversion of tyrosine
hibiting keratinocyte proliferation (Wu et al., 2014), inhibited to 3,4-dihydroxyphenylalanine (L-DOPA). TRP-1 and TPR-2
skin photoaging by acting as a Sirt-1 agonist (Lee et al., 2010), stabilize tyrosinase and regulate its function in melanin forma-
and showed anti-cancer effects in human melanoma cell lines tion; these three types of enzymes are key mediators of me-
(Niles et al., 2003). The anti-melanogenic effects of resvera- lanogenesis that is promoted by the binding of MITF (Newton
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et al., 2007).

Being widening the scope of its usage, our collaborative
group produced the resveratrol enriched-rice (RR) using ge-
netic engineering methods. In previous report, long-term su-
pplement of RR showed anti-obesity effects, as manifested
by reduced body weights and abdominal fat volumes, without
causing serious side effects (Baek et al., 2014). This previous
study suggests that RR may be a natural source of biologically
active resveratrol, showing a synergistic interaction between
resveratrol and rice in the control of metabolic syndrome and
related diseases (Baek et al., 2013).

Rice (Oryza sativa var. japonica) is one of the most con-
sumed cereal grains and has been used in cosmetics industry
in Korea, China, and Japan (Jun et al., 2012). Several stud-
ies have reported that rice has beneficial effects on skin ag-
ing, including skin lightening, decreased roughness, and in-
creased thickness and elasticity. (Seo et al., 2009; Manosroi
et al., 2012a). Moreover, it has been reported that rice-derived
glucosylceramides improved epidermal water loss and barrier
function by regulating ceramides and glucosylceramides in
mouse skin and human epidermal equivalents. (Shimoda et
al., 2012). Given these studies on the biological effects of res-
veratrol and rice, we expected that RR might have synergistic
anti-melanogenic effects stronger than that of resveratrol or
rice alone.

Previous in vitro studies have shown that resveratrol pro-
duced beneficial effects on skin aging; however, the high po-
larity of resveratrol severely restricts its penetration into the
skin and limits its topical use. We expect that the topical use
of RR will overcome this limitation of resveratrol, because rice
has shown good biocompatibility and increases penetration
into the skin (Manosroi et al., 2012b). Therefore, the aim of
this study is to determine whether the RR is more effective on
anti-melanogenesis than resveratrol alone as a skin whitening
agent. To evaluate the depigmentation effect of RR, we used
UVB-induced epidermal hyperpigmentation model in guinea
pig, and focused on evaluating for the regulation of levels of
melanogenic-relating enzymes by treatment of RR.

MATERIALS AND METHODS

Chemicals

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), and penicillin streptomycin were purchased from
Gibco BRL (Grand Island, NY, USA). 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) and dimethyl sulf-
oxide (DMSO) were purchased from Sigma-Aldrich (St. Louis,
MO, USA).

Standard and sample preparation for HPLC analysis

Resveratrol was purchased from Sigma-Aldrich (St Louis,
Missouri, USA). Rice (Oryza sativa var. japonica) and resve-
ratrol enriched rice (RR) were supplied by the Rural Devel-
opment Administration of South Korea. The standard stock
solutions of the experimental compounds were prepared by
dissolving 1 mg of each compound in 1 mL MeOH, and the
resulting solutions were stored at -20°C. Rice and RR samples
(10 g) were extracted in 100 mL MeOH and then placed in an
ultrasonic bath for 60 min. After the extracts were filtered and
evaporated, they were dissolved in MeOH at a final concentra-
tion of 10 mg/mL.
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HPLC analysis

Analysis was carried out on a Waters system (Waters Corp.,
Milford, MA, USA), consisting of a separation module (€2695)
with a photodiode array detector (2998). UV absorbance was
monitored from 200 to 700 nm. Quantification was carried out
by integration of the peak areas at 660 nm. The injection vol-
ume was 10 pL. Separation was carried out using a YMC-
Triart C18 column (250%4.6 mm; particle size, 5 um; YMC Co.
Ltd., Kyoto, Japan). The mobile phase was composed of 1%
acetic acid-water (v/v solvent A) and acetonitrile (solvent B).
The flow rate was 1 mL/min, and the gradient was as follow-
ings; 0.0-3.0 min, 95% A; 20.0 min, 85% A; 44.0 min, 75% A.

Experimental animals

Five-week-old male brown guinea pigs (KIWA:A1) (weigh-
ing 272 + 3 g, n=4) were obtained from Japan Kiwa Laboratory
Animals Co., Ltd. (Wakayama, Japan). The guinea pigs were
kept in a temperature- and humidity-controlled room (22 + 1°C,
50 + 5% humidity) with 12 h light/dark cycles. The animals
were acclimated to the laboratory environment for 7 days.
During the experimental period, the mice were allowed free
access to food and water. Animal experiment was approved
by the Institutional Animal Care and Use Committee of Korea
Conformity Laboratories (IA13-00229).

UVB irradiation for hyperpigmentation

The UV source was supplied by a closely spaced array of
5 Sankyo Denki sun lamps with peak irradiance at 310 nm
(Kanagawa, Japan). The bulbs were positioned 15 cm above
the guinea pigs. Irradiation (0.1 mW/cm?) was measured with
an IL1700 Research Radiometer (International Light, Inc.,
Newburyport, MA, USA) equipped with a UVB sensor. After
hair removal, the dorsal skin of the guinea pigs was exposed
to 390 mJ/cm? UVB radiation 3 times per week for 2 weeks.

Sample administration in guinea pigs

RR extract was dissolved in a mixture of ethanol and pro-
pylene glycol (3:7, v/v). The sample solution was applied topi-
cally to the dorsal skin once per day for 9 days after the final
UVB treatment. Solutions of 1% resveratrol, 1% arbutin, 1%
rice, or 1% RR (200 pL; 10 mg/mL) were applied to separate
2 cm? areas of the dorsal skin. We applied 4 different sample
solutions (1% resveratrol, 1% rice, 1% RR, or 1% arbutin) to
separate skin areas for 9 days and measured dorsal skin color
using the Dermalab® Combo system (Cortex Technology ApS,
Hudsund, Denmark).

Western blot

Melan-a immortal mouse melanocytes and treated guinea
pig skin were homogenized separately and lysed in lysis buffer
(50 mM Tris-Cl, pH 8.0, 0.1% SDS, 150 mM NaCl, 1% NP-
40, 0.02% sodium azide, 0.5% sodium deoxycholate, 100 ng/
mL PMSF, 1 pg/mL aprotinin) on ice for 2 h, after which the
supernatant was collected by centrifuging at 12000 g. Protein
amounts were estimated via the Bradford assay using bovine
serum albumin (BSA). Protein (40 ng) was separated by 10%
SDS-PAGE and transferred to a nitrocellulose membrane,
which was blocked for 1 h using 5% skim milk and incubated
overnight at 4°C with a primary antibody: a-tubulin (1:3000
dilution, Sigma-Aldrich, St. Louis, MO, USA), MITF (1:500 di-
lution, Cell Signaling Technology, Inc., Danvers, MA, USA),
tyrosinase (1:500 dilution, Abcam, Cambridge, MA, USA),
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Fig. 1. HPLC chromatogram. Resveratrol standard (A); control
rice (B); resveratrol-enriched rice (C).

TRP-1 (1:500 dilution, Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA), or TRP-2 (1:500 dilution, Santa Cruz Biotech-
nology Inc.). After incubation, the membranes were washed
using TBST and incubated with a horseradish peroxidase
conjugated secondary antibody for 1 h. Finally, immune com-
plexes were detected with a ChemiDocXRS+imaging system
(Bio-Rad, Hercules, CA, USA).

Histological study and densitometry analysis
Fontana-Masson stain was performed using a Fontana-
Masson staining kit (IHC WORLD, GA, USA) according to the
manufacture’s protocol. Briefly, the dorsal skin of guinea pigs
fixed in 4% paraformaldehyde for 24 h and embedded in par-
affin. Sections, approximately 4 um thick, were stained with
Fontana-Masson staining solution. Melanin production was
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Fig. 2. Tyrosinase expression in melan-a cells. Melan-a cells were
treated with each sample for 72 h. Forty micrograms of total pro-
tein from the cell lysates were used for western blot analysis (A).
Tyrosinase expression was normalized to that of a-tubulin. Signifi-
cance was determined using one-way ANOVA followed by Tukey’s
multiple comparison test. **p<0.01 and ***p<0.001 indicate statisti-
cally significant differences compared to the control.

measured in a 435x325 um area of stained section. Densi-
tometry analysis for the skin areas was conducted using the
imaging software NIS elements version 4.0 (Nikon, Japan).

Statistical analysis

All experiments were carried out in triplicate. The data are
expressed as means + standard deviation (SD). Statistical
comparisons between different groups were performed using
one-way analysis of variance (ANOVA) with Tukey’ multiple
comparisons test. The level of statistical significance was set
at *p<0.05, **p<0.01, and ***p<0.001.

RESULTS

Analysis of resveratrol in genetically modified rice

We measured content of resveratrol in RR using a HPLC.
The retention time of resveratrol is shown in Fig. 1A. Resvera-
trol content was calculated by constructing a standard calibra-
tion curve. The resveratrol content in RR was 0.246 ug/mg.
But, resveratrol in rice which used a as control sample was
not measured under the same analytical conditions (Fig. 1B).

Inhibitory effect of RR on tyrosinase expression in
melan-a cells

We found the inhibitory effect of RR on tyrosinase expres-
sion in melan-a cells by western blot analysis. Melan-a cells
were treated with RR at concentrations of 1, 10, or 100 ug/mL
for 3 days. Arbutin, a potential whitening agent, was used as
the positive compound in this study. As shown Fig. 2, resve-
ratrol decreased tyrosinase expression in melan-a cells. Inter-
estingly, RR at a concentration of 100 pg/mL showed a more
highly inhibitory effect than that of resveratrol.
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Depigmentation effects of RR on UVB-induced
hyperpigmentation in guinea pigs

Hyperpigmentation in the dorsal skin of brown guinea pigs
was induced by UVB irradiation. Changes in dorsal skin pig-
mentation were observed after 1 week of UVB treatment, and
the maximum pigmentation of dorsal skin was induced after 2
weeks. We evaluated the anti-melanogenic efficacy of RR by
comparing it with that of each material applied alone. Each of
resveratrol and rice decreased dorsal skin pigmentation. Inter-
estingly, RR produced a stronger depigmentation effect than
that of resveratrol or rice (Fig. 3), suggesting that RR treated
group has a synergistic effect.

Contrary to the results obtained with the Dermalab® Combo
system, visual differences in skin color between the dorsal
skin from the rice- and RR-treated groups were not significant
(Fig. 4A). Therefore, we extracted melanin from the epidermis
using a sodium hydroxide solution to confirm the significant
reduction of melanin in the RR-treated group (Fig. 4B).

Histological change of epidermal skin by treatment of RR
Epidermal melanin content was measured by Fontana-
Masson staining after treatment with resveratrol, rice, RR, or
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Fig 3. Measurements of skin color. Hyperpigmentation of the brown
guinea pigs skin was |nduced by UVB irradiation. The guinea pigs
were exposed to 390 mJ/cm? UVB radiation 3 times per week for 2
weeks. After UVB irradiation, each material (1% resveratrol with UVB,

1% arbutin with UVB, 1% rice extract with UVB, and 1% RR extract
with UVB) was applied for 9 days. We daily measured change of skin
color using a Dermalab® Combo system.
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Fig. 4. A visible decrease and histological change in hyperpigmentation. The treated region was divided into 6 areas; Normal (Nor) (UVB-), Con-

trol (Con) (UVB+), Resveratrol (Res) (1% resveratrol with UVB), Arbutin (Arb) (1% arbutin with UVB), Rice (1% rice extract with UVB) and RR (1%
RR extract with UVB). Representative features of the dorsal skin of brown guinea pigs were obtained after treatment of the animals for 9 days (A).
Melanin was extracted from the epidermis using a sodium hydroxide solution (B). Epidermal melanin production was detected by Fontana-Masson
stain. Arrows indicate melanin (C-a). Densitometry analysis of the areas was conducted using the NIS elements version 4.0 imaging software (C-

b). One-way analysis of variance (ANOVA) with Tukey’ multiple comparisons test was used for statiscal analyses.

#n<0.001 indicate statistically

significant differences compared to the normal. **p<0.01 and ***p<0.001. indicate statistically significant differences compared to the control.
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pared to the control.

arbutin. Epidermal melanin levels in skin tissue specimens
treated with resveratrol, rice, RR, and arbutin were lower than
those of the control group. RR produced a depigmentation ef-
fect which is similar to that of arbutin (Fig. 4C). RR significantly
decreased melanin production (p<0.001) and its potency was
similar to that of arbutin.

Effect on RR on down-regulation of melanogenic enzymes
by western blot analysis

Melanin synthesis is controlled by an enzyme cascade in-
cluding tyrosinase, MITF, TPR-1, and TRP-2 by western blot
analysis. The expression of these enzymes was measured in
the dorsal skin tissue after treatment with resveratrol, rice, RR,
or arbutin. Epidermal protein levels of tyrosinase, MITF, TPR-
1, and TRP-2 were significantly increased to 150.6%, 134.5%,
116.1%, and 270.1% of control levels, respectively, as a result
of exposure to UVB irradiation. However, with the exception of
TRP-1, protein expression was decreased by treatment with
resveratrol, rice, RR, and arbutin. RR showed a particularly
strong inhibitory effect on the expression of tyrosinase, MITF,
and TRP-2, which were expressed at 54.6%, 49.4%, and
120.2% of control levels, respectively (Fig. 5).

DISCUSSION

RR is a resveratrol-enriched transgenic rice that overex-
presses the stilbene synthase gene isolated from the peanut
(Arachis hypogaea var. Palkwang) and contains high levels
of the resveratrol (Sobolev et al.,, 2011). We hypothesized

that RR might possess biological activities similar to those of
resveratrol or more active than that of resveratrol. Baek et al.
reported that resveratrol-enriched rice might treat obesity in
high-fat diet fed mice (Baek et al., 2014). Our collaborative
group reported that RR might act against metabolic syndrome
and related diseases (Baek et al., 2013; Baek et al., 2014).
Interestingly, RR shows synergistic effects in comparison that
of each resveratrol or rice alone (Baek et al., 2013; Baek et al.,
2014). Several reports show that resveratrol decreases the
expression of tyrosinase (Franco et al., 2012; Zheng et al.,
2012; Bae et al., 2013; Park and Boo, 2013; Park et al., 2014),
and Jun et al. reported that gamma-oryzanol from rice extract
dually inhibited cellular melanogenesis, too (Jun et al., 2012).
Because each of resveratrol and rice had anti-melanogenic
effects, we expected that RR would produce synergistic anti-
melanogenic effects and thus have some advantages over
treatment with rice or resveratrol alone. To demonstrate posi-
tive and/or synergistic effects, we used an animal model to
conduct multiple comparative studies of the anti-melanogenic
effects of resveratrol, arbutin, rice extract, and RR extract.
Before the in vivo experiments, we conducted in vitro experi-
ments using the melan-a cells to investigate the decreasing
effects of RR on the expression of tyrosinase, which is a key
protein in the process of melanin synthesis. Melan-a cell is an
immortal line of pigmented, non-tumorigenic mouse melano-
cytes that are syngeneic with B16 melanoma cells (Bennett et
al., 1987). In a previous report, we showed that resveratrol de-
creased tyrosinase expression in B16F10 mouse melanoma
cells (Lee et al., 2014). Therefore, the cells were also treated
with resveratrol, with comparing its effects to those of RR. We
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confirmed that it showed similar effects in melan-a cells. We
found that treatment with resveratrol or rice extract inhibited
tyrosinase expression. Interestingly, RR inhibited tyrosinase
expression more strongly than did resveratrol or rice alone
(Fig. 2). This result supported that RR might produce syner-
gistic anti-melanogenic effects.

UVB-irradiated guinea pigs, a commonly used animal mo-
del for hyperpigmentation research, were used for the in vivo
experiments reported herein (Kim et al., 2008; Fujii et al.,
2011; Peng et al., 2014). All were treated with a dose of 1%
(w/v) sample. Hyperpigmentation was induced by 390 mJ/cm?
UVB irradiation for 2 weeks. From that time, samples were
applied to the dorsal skin of the guinea pigs. After 2 weeks of
UVB irradiation, the skin color of the UVB-irradiated control
group had uniformly changed into black. In our colorimetric
analysis, although RR did not suppress pigmentation as rap-
idly as did arbutin (positive control), the skin lightening of the
RR-treated group was equivalent to that of the arbutin-treated
group at the end (Fig. 3).

In addition, histological change due to depigmenting effect
of RR was observed using Fontana-Masson staining. Melanin
is produced by melanocytes that are located in the epidermis
and are stimulated by cytokines and growth factors released
from UV-irradiated keratinocytes (Yamada et al., 2013). We
observed the increase of melanin in the epidermal skin of the
UV-irradiated control group. However, UV-induced melanin
production was decreased in the each groups treated with
rice and resveratrol. The inhibitory effect of RR on melanin
production was more potent than that of each rice extract or
resveratrol (Fig. 4). To strengthen our understanding of the
mechanisms underlying the depigmenting effects of RR, we
measured the expression of tyrosinase, TRP-1, TRP-2, and
MITF, which are involved in melanin synthesis by western blot-
ting analysis. Initial melanin synthesis is controlled primarily
through regulating tyrosinase. Tyrosinase converts tyrosine,
the initial substrate for melanin synthesis, into L-DOPA. In ad-
dition, tyrosinase is involved in the next step of melanin syn-
thesis, which is the conversion of DOPA into DOPAquinone
(Moon et al., 2012). Therefore, regulation of tyrosinase is a
powerful strategy with which to decrease melanin synthesis.
In our result, RR significantly inhibited tyrosinase expres-
sion in the dorsal skin of guinea pigs. After DOPAquinone is
formed, it is converted into DOPAchrome. TRP-2 participates
in the conversion of DOPAchrome to 5,6-dihydroxyindole-2-
carboxylic acid, which is an intermediate in the synthesis of
eumelanin. We found that treatment with RR inhibited TRP-2
expression in the dorsal skin; however, RR did not inhibit the
expression of TRP-1, which is involved in the final step of eu-
melanin synthesis. Taken together, these results suggest that
the depigmentation effect of RR may be a result of its sup-
pression of melanin synthesis via regulation of tyrosinase. And
that the anti-melanogenic effect of RR is more active than that
of rice or resveratrol alone. Based on HPLC analysis, how-
ever, the amount of resveratrol in the skin tissue of RR-treated
group (5.6 ng) was much less than that was measured in the
resveratrol-treated group (18 mg). Interestingly, the depig-
mentation effect of RR was stronger than that of resveratrol,
indicating that this effect of RR is not caused by resveratrol
alone. It was supposed that there may be, therefore, a further
factor which acting on hypopigmentation. Namely, rice may
be an important candidate for regulation of melanogenesis.
Rice (Oryza sativa) contains several types of lipids, including

http://dx.doi.org/10.4062/biomolther.2014.098

triacylglycerols, monoacylglycerols, diacylglycerols, sterols,
and free fatty acids (Hemavathy and Prabhakar, 1987), which
might enhance the penetration of resveratrol into the skin tis-
sue. Moreover, our study indicated that RR had no toxic ef-
fects (data not shown), and therefore it can be considered to
be a safe natural source of whitening agents. Although syn-
thetic chemicals such as arbutin, hydroquinone, and kojic acid
have strong whitening effects, long term treatment with these
compounds can produce negative side effects (Tse, 2010). In
conclusion, resveratrol-enriched rice may be a novel, safe and
effective natural source for skin whitening agent.
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