Clinical, Cosmetic and Investigational Dermatology

Dove

ORIGINAL RESEARCH

The Whitening Properties of the Mixture
Composed of Pomegranate, Osmanthus and Olive
and the Protective Effects Against Ultraviolet
Deleterious Effects

Xiaoling Wang'
Sandrine Heraud?
Amelie Thepot?
Morgan Dos Santos>
Zhen Luo'

'Infinitus Company Ltd, Guangzhou,

People’s Republic of China; 2LabSkin

Creations, Edouard Herriot Hospital,
Lyon, France

Correspondence: Xiaoling Wang
Tel +86 13631351533
Email Lynn.Wang@infinitus-int.com

Background: Ultraviolet (UV) rays are the major environmental factor that damage skin
physiology causing deleterious effects such as oxidation, photoaging and pigmentation.
There has been considerable interest in using botanicals to prevent skin damages caused
by UV irradiation.

Aim: In this study, three plant extracts were tested either individually or combined together
(mixture) as well as their corresponding main active compound: pomegranate/punicalagin,
osmanthus/verbascoside and olive/hydroxytyrosol. We evaluated the whitening and anti-
photoaging properties of the nutritional mixture using 2D human culture model and a 3D
full-thickness pigmented skin model exposed to UVB and UVA.

Methods: For exploring skin pigmentation, oxidation and aging, we performed cell viability,
tyrosinase activity and melanin content assays as well as histology analysis (Whartin—Starry
staining), immunodetection (PMEL, MDA, collagen type I and elastin) and carbonylated
proteins analysis by electrophoresis separation.

Results: Results showed that the pomegranate extract and the active molecule punicalagin
could reduce the tyrosinase activity and melanin content in melanocytes (P < 0.05). The
mixture, pomegranate extract and punicalagin inhibited the melanin production and pre-
melanosomal protein (PMEL) expression in the 3D skin pigmented model (P < 0.001).
Furthermore, the mixture treatment repaired the expressions of collagen I and elastin
decrease by UV exposure (P < 0.01). The mixture also significantly decreased lipid perox-
idation (P < 0.001) and carbonylated proteins (P < 0.05) in the skin model compared to the
UV-exposed condition.

Conclusion: To conclude, the mixture composed of pomegranate, osmanthus and olive
extracts protects human skin from UV rays deleterious effects and exhibits antioxidative,
anti-aging and skin whitening properties. Our data suggested pomegranate contributed to the
whitening properties of the mixture notably through its main active compound, punicalagin.
The mixture might be a good candidates for further development as natural antioxidant and
skin care product.
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Introduction

Ultraviolet (UV) rays are the main component of solar radiation that our skin exposed
to daily. The major acute effects of UV irradiation on normal human skin are sunburn
inflammation, pigmentation and immunosuppression." The UV spectrum is divided
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into UVA (320400 nm), UVB (280-320 nm) and UVC
(200280 nm) wavelengths. UVA radiation diffuses 3 to
4 mm deep into the skin and directly damages the cellular
components, which can contribute to skin aging and
carcinogenesis.” Compared to UVA, UVB cannot penetrate
deeper than 0.1 mm into skin and is more active in inducing
skin carcinogenesis. UVB causes DNA damage and muta-
tions and leads to induction of immunosuppressive cyto-
kines in skin.®> UVC is effectively screened from the Earth’s
surface by the ozone layer and has no real impact on our
skins. The negative effects of UV radiation on human skin
are usually related to UVA and UVB radiation. Studies
showed that exposure of the skin to UV radiation leads to
collagen damage and elastin degradation in photoaging.*
In addition, UV radiation induces reactive oxygen species
(ROS) production and leads to cellular damage (proteins
oxidation and DNA damage), apoptosis and cell death.’
Oxidative stress plays an important role in the aging process
of skin.” Furthermore, UV-induced ROS plays a critical role
in pigmentation stimulation. Indeed, in response to ROS
accumulation, keratinocytes secrete melanocyte activating
factors, including aMSH and induce pigmentation.® They
also release nitric oxide, a free radical, which increases the
dendricity and melanin synthesis in melanocytes by up-
regulating the production of melanogenic enzymes.” The
potential of nutritional antioxidants to scavenge ROS
would be a promising strategy to reduce melanogenesis
and prevent skin aging caused by UV rays.

Market demands increasingly oriented towards natural
antioxidants and innovative cosmeceutical ingredients of
plant origin. As one of the oldest known edible fruits,
pomegranate is a rich source of natural bioactive constitu-
ents. Various studies showed that pomegranate and its
products exhibited potent antioxidative, antimicrobial and
anticarcinogenic properties.'® Osmanthus is widely culti-
vated in Asia, especially in southern and central China.
Osmanthus is well-known for its fragrance and is suitable
for food additive."' In addition, osmanthus plant extract
had been showed the protective effects including free
radical scavenging, antioxidative and anti-aging effects.'
Olive plant extract and its associated active molecule
hydroxytyrosol were proven to have antioxidant and anti-
atherogenic effects.'> Because osmanthus, pomegranate
and olive plant extracts had the antioxidant activity, the
mixture of these three plant extracts may exhibit favorable
anti-oxidation and anti-aging effects against UV-induced
skin damage. Furthermore, ROS induced by UV could
promote the development of pigmentation the mixture

might also have the whitening properties. The evaluation
of UV-induced damages and the development of skincare
that prevent photoaging and pigmentation are important in
skin science research.'* However, the protective effects of
the mixture composed of pomegranate, osmanthus and
olive extracts on UV-induced photoaging and pigmenta-
tion remain to be explored.

In this study, we evaluated the properties of whitening
and anti-photoaging of the nutritional mixture composed
of pomegranate, osmanthus and olive extracts using 2D
culture model and 3D full-thickness reconstructed human
skin exposed to UV rays. The most abundant antioxidant
molecule, punicalagin, verbascoside and hydroxytyrosol in
pomegranate, osmanthus and olive, respectively, were also
evaluated to explain the underlying mechanisms of the
mixture.

Materials and Methods
Ethical Considerations and Human Cells

Isolation

This study was approved by the ethical research committee
“Comité de Protection des Personnes Sud-Est II” and
declared to the French Research Ministry (declaration no.
DC-2014-2281 delivered to LabSkin Creations, Lyon,
France). Infant foreskins were collected according to the
Declaration of Helsinki Principles. A written informed
consent was obtained from infants’ parents according to
the French bioethical law of 2014 (loi 94-954 du 29 Juillet
1994). Primary cultures of human fibroblasts, melanocytes
and keratinocytes were established from healthy foreskin
biopsies obtained from young male patients (under 3 years
old). Epidermal keratinocytes and melanocytes and dermal
fibroblasts were isolated from human foreskin as pre-
viously described.'” For melanocytes, skin samples with
a phototype IV were used.

Cell Culture

Primary human melanocytes between passages 2 to 4
whose density was 20,000 cells/well were used for the
2D tests and 3D reconstructed skin. For the 3D skin
models reconstruction, fibroblasts and keratinocytes were
used in passages 6 and 4, respectively. Fibroblasts were
cultured in a medium consisted in DMEM Medium with
Glutamax (Gibco Life Technologies, USA) supplemented
with 10% fetal bovine serum (FBS; Sigma-Aldrich, Saint-
Quentin-Fallavier, France) and 1% penicillin/streptomycin
(Gibco Life Technologies, USA) at 37°C in 5% CO,.
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Keratinocytes were grown on irradiated human fibroblasts,
using a medium containing DMEM and Ham’s F12 at
a ratio of 3:1 (Gibco Life Technologies, USA) supplemen-
ted with adenine, 10ng/mL human epidermal growth factor
(Austral Biologicals), hydrocortisone (Sigma-Aldrich,
Saint-Quentin-Fallavier, France), insulin (Sigma-Aldrich,
Saint-Quentin-Fallavier, France), with 10% FBS and 1%
penicillin/streptomycin (Gibco Life Technologies, USA).
Melanocytes were culture in a dedicated defined medium

(Gibco Life Technologies, USA).

Reagents and Antibodies

The plant extracts from pomegranate (Punica granatum
L.), osmanthus (Osmanthus fragrans Lour.) and olive
(Olea europaea L.) were prepared using the dry plants
powders dissolved in an aqueous solution under stirring
and filtered. The active molecules, punicalagin, verbasco-
side and hydroxytyrosol corresponding to pomegranate,
osmanthus and olive, respectively, were detected using
high performance liquid chromatography (HPLC) analysis
according to the Pharmacopoeia of the People’s Republic
of China (version 2010). The standard substances of puni-
calagin, verbascoside and hydroxytyrosol were dissolved
in dimethyl sulfoxide (DMSO) and then diluted into the
cell culture medium.

Rabbit polyclonal anti-Collagen I (Novotec, France),
Rabbit polyclonal anti-Elastin antibody (Abcam, UK),
Mouse polyclonal anti-Melan A (Novotec, France),
Rabbit polyclonal anti-PMEL (Sigma, USA), Rabbit poly-
clonal anti-Malondialdehyde (Abcam, UK) and Alexa-
Fluor 568 anti-rabbit secondary antibody (Thermo Fisher
Scientific, USA) were used for immunofluorescence
staining.

Cell Viability Assay

To test the cytotoxicity of plant extracts and active
molecules on cells, we performed colorimetric 3-(4,5
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) assays on human keratinocytes, fibroblasts and
melanocytes cultured in monolayer (2D culture) for 7
days. Briefly, human keratinocytes, melanocytes or fibro-
blasts were seeded into 96-well plates at the density of
10,000 cells/well and cultured until confluency. Cells
were treated with the plant extract or the active molecule
in the culture medium every day for 7 days. For the plant
extracts, the tested concentrations varied from 0 to 1%.
Active molecules concentrations were determined in
function of their concentrations in their corresponding

plant extract. For the mixture composed of osmanthus,
pomegranate and olive, the tested concentrations varied
from 0 to 1.5%. Cells treated with 0.05% sodium dode-
cyl sulfate (SDS) were used as positive control. At the
end of the treatments, MTT solution (0.5 mg/mL) was
added to cells for incubation at 37°C for 3 h. The for-
mazan crystals were dissolved with DMSO for 30 min-
under stirring and the absorbance was then
measured by spectrometry at 550 nm (Bio-Tek,
Winooski, VT, USA). The percentage of viability for
each condition was then calculated after normalization

utes

of the values to the untreated control, representing 100%
viability.

Tyrosinase Activity Assay

Primary human melanocytes at passage 3 were cultured
to form monolayers. Then cells were treated every day
with the plant extract or the active molecule or the
mixture for 3 days. At the end of the treatments, the
tyrosinase activity was determined based on the oxida-
tion of L-dopa in accordance with the method previously
described with slight modifications.'® Cells were lysed
with 0.1% Triton X-100 and a solution with 10 mM
L-DOPA and 20mM MBTH was added. The mixtures
were incubated for 3 h at 37°C and the absorbance at
490 nm was measured. OD values were normalized with
the total protein content measured via a Bradford test.
The percentage of tyrosinase activity for each condition
was then calculated after normalization of the values in
relation to the untreated control, representing 100% of
tyrosinase activity. The assay was validated by a positive
control with arbutin.

Melanin Content Assay

Primary human melanocytes at passage 3 were cultured to
form monolayers. Cells were treated every day with the
plant extract or the active molecule or the mixture for 4
days. The melanin content of the cultured melanocytes
was evaluated in accordance with the method described
previously with slight modifications.'” Cells were lysed
the cells with 1M NaOH at 80°C for 2 hours and the
absorbance was then measured by spectrometry at 505
nm. Absorbance values were compared with a standard
range of synthetic melanin between 0 and 400 pg/mL. The
assay is validated by a positive control with arbutin. The
melanin content is normalized with the metabolic activity
measured via an MTT test.
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Full-Thickness Human Skin Models
Exposed to UV

Full-thickness human 3D skin models were produced
using a dermal scaffold made of chitosan-cross-linked
collagen-GAG
described.'® For dermal reconstruction, human primary

matrix  prepared as  previously
fibroblasts were cultured in DMEM medium supplemented
with FBS, L-ascorbic acid and antibiotics. These dermal
equivalent samples were cultured for 3 weeks at 37°C in
5% CO,. On the 21st day, human primary keratinocytes
and melanocytes were seeded on the surface of the dermis
at a density of 250,000 cells/cm? to establish a pigmented
skin equivalent. After 7 days of culture in immersion, the
samples were raised at the air-liquid interface and contin-
ued to culture for two weeks. After treatment with the
plant extracts or active molecules, the human 3D skin
models were exposed to 100 mJ/cm?® of UVB and 12 J/
cm’ of UVA for 24 h. After 24 hours of incubation, the
samples were collected for histology and immunofluores-
cence staining.

Treatment

The mixture or pomegranate plant extract or punicalagin
was added to the culture medium of the 3D skin models
from day 15 to 21 and day 28 to 45. The mixture of the
three plant extracts was composed of 0.01% osmanthus,
0.01% pomegranate and 0.001% olive.

Histological Staining

The full-thickness human 3D skin samples were fixed in
formalin and embedded in paraffin. The 5-um paraffin-
embedded sections were deparaffinized and stained with
Haematoxylin-Phloxin-Saffron (HPS) to evaluate the global
cutaneous structure of samples. Furthermore, Whartin—
Starry silver-plating kit (Merck, France) was used to evalu-
ate melanin synthesis according to the manufacturer’s
instructions. The images were observed with the system
optical microscope Axio Observer D1/high resolution cam-
era Axiocam (Zeiss, Le Pecq, France). Image processing and
analysis were performed using the software Image J.

Immunofluorescence Staining

The immunofluorescence staining of frozen sections was
performed to detect Elastin and Collagen I. The full-
thickness human 3D skin samples fixed with ice-cold
acetone for 10 minutes and then incubated for one hour
with 4% bovine serum albumin (BSA) solution. The

sections were then incubated overnight with primary
antibodies at 4 °C overnight, followed by secondary
antibodies for 1 h and finally mounted with the
Hoechst nuclear (Thermo  Fisher
MA, USA).

The immunofluorescence staining of paraffin sections

dye Scientific,

was performed to detect Melan A, pre-melanosomal
protein (PMEL) and Malondialdehyde (MDA). The
5-um paraffin-embedded sections were deparaffinized
and rehydrated. After heat antigen-retrieval, the sections
were incubated with a solution of 4% BSA-5% H,O, to
inactivate the endogenous peroxidases. Unspecific sites
were saturated with 4% BSA solution. The sections
were then incubated overnight with the primary antibo-
dies at 4 °C overnight, followed by secondary antibodies
for 1 h and finally mounted with the Hoechst nuclear
dye. Immunofluorescences were observed using an Axio
observer DI optical microscope (Zeiss, Le Pecq,
France). Image analysis was performed with software

Image J.

Carbonylated Proteins Analysis

The proteins were extracted from 3D human skin sam-
ples and quantified total proteins were assessed by the
Bradford method.'? Carbonylated proteins were labelled
with specific functionalized fluorescent probe and sam-
ples were resolved by high-resolution electrophoresis
separation (polyacrylamide gradient 4-20%). Total pro-
teins were post-stained with SYPRO Ruby Protein Gel
Stain (Thermo Fisher Scientific, MA, USA). Gel image
acquisition for carbonylated and total proteins by differ-
ential fluorescence was performed using the Ettan DIGE
imager (GE Healthcare). The signal obtained for carbo-
nylated proteins was quantified and normalized in rela-
tion with total proteins level resulting in Carbonyl Score
values. Image processing and analysis were performed
using Image J.

Statistical Analysis

All statistical analyses were performed using SPSS v.21.0
software (IBM, Armonk, NY, USA). Statistical differences
between experimental groups were evaluated by one-way
analysis of variance (ANOVA) with the least significant dif-
ference (LSD) test. All data are expressed as the mean + SD.
Statistical differences were considered significant at a P value
of <0.05.
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Results
Cytotoxicity of Plants Extracts in Primary
Keratinocytes, Fibroblasts and

Melanocytes

The cytotoxicity of plants extracts and their active molecules
in the human cells was assessed by MTT assays. We con-
sidered a molecule concentration as cytotoxic when cells
viability is fewer than 90% of the untreated control. There
was no significant cytotoxicity of osmanthus extract (0.01—
1%) in fibroblasts and keratinocytes. Osmanthus extract
induced toxicity in melanocytes starting from the concentra-
tion 0.05%. Verbascoside, the active molecule of osmanthus
extract, showed cytotoxicity in melanocytes and fibroblasts
at the concentrations of 10 uM and 50 uM, respectively. For
keratinocytes, any concentration of verbascoside showed
a significant cytotoxicity (Figure 1A). Pomegranate extract
showed cytotoxicity in fibroblasts and melanocytes starting
at the concentration 0.05% and 0.01%, respectively. There
was no significant cytotoxicity of pomegranate extract (0.-
01-1%) in keratinocytes. Punicalagin, the active molecule of
pomegranate extract, showed no cytotoxicity in keratino-
cytes at the concentrations from 0.1 uM to 20 uM (Figure
1B). Punicalagin concentrations higher than 5 M induced
toxicity in fibroblasts and melanocytes. Olive extract showed
the cytotoxicity in fibroblasts and keratinocytes starting from
the concentration 1% and in melanocytes at 0.005%. For all
cells types, the active molecule hydroxytyrosol induced cyto-
toxicity at the higher concentrations (>50 uM) (Figure 1C).
The mixture composed of 0.15% osmanthus, 0.05% pome-
granate and 0.005% olive extracts showed no significant
cytotoxicity on fibroblasts and keratinocytes. In addition,
the mixture composed of 0.01% osmanthus, 0.0033% pome-
granate and 0.0003% olive extracts showed no cytotoxicity
on melanocytes (Figure 1D). Based on these results, the
appropriate concentrations of the mixture used for the fol-
lowing experiments were composed of 0.01% osmanthus,
0.01% pomegranate and 0.005% olive extracts.

Pomegranate Extracts and the Active
Molecule Punicalagin Reduced Tyrosinase

Activity and Melanin in Melanocytes

To test the whitening effects of plant extract on melano-
cytes, the tyrosinase activity and melanin content assays
were performed. Arbutin, the positive control whitening

agent, significantly reduced tyrosinase activity (P < 0.001)
and melanin synthesis (P < 0.01) compared to the
untreated control. Osmanthus extract and verbascoside
reduced tyrosinase activity (P < 0.05) but not the melanin
content in melanocytes (Figure 2A and B). Both pomegra-
nate extract and punicalagin could inhibit tyrosinase activ-
ity (P < 0.05) and melanin synthesis (P < 0.001) with
a dose-response relationship (Figure 2C and D). Olive
extract and hydroxytyrosol reduced the melanin synthesis
(P < 0.01) but not the tyrosinase activity in melanocytes
(Figure 2E and F). These results suggested that the pome-
granate extract and the active molecule punicalagin exhib-
ited whitening properties. The optimal concentrations of
pomegranate extract and punicalagin were 0.01% and 0.5
pM, respectively, which could suppress the tyrosinase
activity and melanin synthesis but not impact the cell
viability.

The Mixture of Plants Extracts treatment
Reduced UV-Induced Pigmentation and

Damage

Because the pomegranate extract and punicalagin inhibited
the tyrosinase activity and melanin synthesis in melano-
cytes, we speculated that the mixture treatment might have
the ability to reduce UV-induced pigmentation. Thus, the
mixture, pomegranate extract and punicalagin were chosen
to test the whitening properties using the full-thickness
human 3D skin models. The full-thickness human 3D
skin models were exposed to UV rays and the histological
results showed that UV radiations decreased the thickness
of the epidermis with the apparition of typical damages
like sunburn cells. Pomegranate extract and the mixture of
plants could effectively repair the epidermis (Figure 3A).
The untreated control demonstrated a pigmented skin
model with melanin expressed in the basal layer of the
epidermis. As expected, the melanin in the epidermis was
significantly increased after UV rays exposure (P < 0.001).
Pomegranate, punicalagin and the mixture treatments
reduced significantly the melanin synthesis by 31% (P <
0.001), 35% (P < 0.001) and 37% (P < 0.001) compared to
the UV-exposed group (Figure 3B and C). Next, we
detected the expression of PMEL that is essential for
biogenesis. UV
the expression of PMEL
Pomegranate, punicalagin and the mixture treatments

melanosomes radiations obviously

increased in epidermis.
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Figure | Cytotoxic effects of plants extracts in primary keratinocytes, fibroblasts and melanocyte Cells were treated with various concentrations of (A) osmanthus extract
and the active molecule verbascoside, (B) pomegranate extract and the active molecule punicalagin, (C) olive extract and active molecule hydroxytyrosol or (D) the mixture
composed of 0.01% osmanthus, 0.01% pomegranate and 0.005% olive extracts for 7 days. Cell viabilities were determined by the MTT assay. Values are means * SD (n = 8).
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Figure 2 Effects of plants extracts on tyrosinase activity and melanin in melanocytes. The tyrosinase activity in melanocytes was determined after treatment with the
indicated concentrations of (A) Osmanthus extract and verbascoside, (C) Pomegranate extracts and punicalagin or (E) Olive extract and hydroxytyrosol for 3 days. The
melanin content in melanocytes was determined after treatment with the indicated concentrations of (B) Osmanthus extract and verbascoside, (D) Pomegranate extracts
and punicalagin or (F) Olive extract and hydroxytyrosol for 4 days. The whitening agent arbutin was used as a positive control. Values are means + SD (n = 3-6). *P < 0.05,

P < 0.01, ¥¥*P < 0.001.

reduced significantly the PMEL expression by 60% (P <
0.001), 66% (P < 0.001) and 69% (P < 0.001) compared to
the UV exposure group (Figure 3D and E). There were no
significant differences among the melanin synthesis and
PMEL of these three treatments, which suggested that
punicalagin played a critical role in the whitening effect
of the mixture. Finally, we investigated Melan A that is
a specific marker for melanocytes. Melan A positive cells
number quantification showed no statistical difference in
the basal layer of the epidermis, demonstrating the homo-
geneity of melanocytes density for all treatments in the
pigmented skin samples (data not shown). These results
indicate that the whitening effects induced by these

treatments were not a result of melanocytes density
diminution, but attributed to the melanin synthesis
suppression.

The Mixture of Plants Extracts Treatment
Inhibited UV-Induced Photoaging

Except for preventing pigmentation, the anti-photoaging
effects of skincare are also important in skin science
research. The anti-photoaging effects of the mixture were
evaluated using the 3D human full-thickness skin models.
Collagen type I protein and Elastin fibres are the main
components of the dermal extracellular matrix. As showed
in Figure 4A, Collagen I and Elastin were highly expressed
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Figure 3 Study of UV-induced pigmentation in the human skin models with different treatments. The skin models were treated with UV with or without Pomegranate
extract (0.01%), punicalagin (0.5 uM) or the mixture. (A) Representative images of HPS stained reconstructed skins. (B) Representative images of Whartin-Starry stained
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in the dermal extracellular matrix in the untreated control,
indicating a physiological dermal morphology. UV exposure
significantly disrupted the expressions of Collagen I (P <
0.01) and Elastin (P < 0.001), indicating the photoaging
induced by UV rays. Both mixture treatment (P < 0.01)
and punicalagin treatment (P < 0.05) repaired the reduction
of Collagen I caused by UV exposure. However, the pome-
granate extract showed no effect to repair the Collagen
I reduction. Only the mixture treatment restored the expres-
sion of Elastin decreased by UV (P < 0.001) (Figure 4B and
C). In brief, the mixture of plants extracts treatment could
repaired the expressions of Collagen I and Elastin dermis as
same as the untreated control, suggesting that the mixture
could inhibit UV-induced photoaging.

The Mixture of Plants Extracts Treatment
Inhibited UV-Induced Oxidation

UV exposure is responsible for oxidative stress in skin and
damages on cellular components.'® We have found that the
mixture treatment could inhibit UV-induced pigmentation
and photoaging, which suggested that the mixture have the
ability to reduced UV-induced oxidation. The protein car-
bonylation rate, also named Carbonyl Score was assessed.
Carbonylated proteins quantification showed that UV rays
significantly increased the Carbonyl Score compared to the
untreated control (P < 0.05), demonstrating the strong
photooxidative damages in proteins caused by UV. The
Carbonyl Scores of the pomegranate extract treatment
showed no significantly different with the UV exposure
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Figure 4 Effects of the different treatment on Collagen | and Elastin in the UV-exposed 3D skin models. (A) Immunostaining of Collagen | and Elastin proteins in
reconstructed skins. (B) Quantification of (B) Collagen | or (C) Elastin in the epidermis. Values are means = SD (n = 12). *P < 0.05, **P < 0.01, ***P < 0.001.

group. Both the mixture treatment and punicalagin treat-
ment could reduce protein carbonylation rate induced by
UV exposure (P < 0.05). The mixture treatment signifi-
cantly decreased Carbonyl Scores by 34% compared to the
UV-exposed condition (P < 0.05) (Figure 5A and B).
Furthermore, malondialdehyde (MDA) was detected to
evaluate the level of lipid peroxidation in skin. As showed
in the untreated control, MDA was slightly expressed in
the epidermis as well as in fibroblasts in the dermis,
indicating no cellular lipid damages. UV rays strongly
increased the MDA expression in the epidermis and the
dermis (P < 0.001), which suggested that UV-induced lipid
peroxidation in the skin samples and consistent with the
oxidative damages observed previously on proteins.

Pomegranate extract, punicalagin and the mixture treat-
ment groups demonstrated significant decrease of MDA
expression in the skin model compared to the UV exposure
group (P < 0.001) (Figure 5C and D). These results
showed that the mixture treatment and punicalagin treat-
ment could inhibit UV-induced oxidation.

Discussion

UV rays are the major environmental factor that affected the
skin physiology and caused oxidation, photoaging and pig-
mentation. Skin pigmentation results from the production of
melanin by highly specialized cells, melanocytes, localized in
the basal layer and the transfer of melanin to the surrounding
keratinocytes.”’ Within melanocytes, melanin is synthesized
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in specific organelles named melanosomes. Factors underlying
the development of skin pigmentation are not yet fully under-
stood. Variations in pigmentation are due to differences in size,
amount, distribution and the melanin content within the epi-
dermal melanin unit rather than to differences in melanocyte
density.”'** The melanosome-specific proteins, including tyr-
osinase, ocular albinism type 1 protein and PMEL are
involved in the melanosome maturation process. PMEL is
one of the most important because it is required for the
ultimate production of pigment.*® Melan-A, a melanocyte-
specific protein, plays a vital role in the PMEL expression,
trafficking and processing.”* In this study, we found the pome-

granate extract and punicalagin inhibited the tyrosinase

activity and melanin in melanocytes, which suggested that
pomegranate extract and punicalagin had the whitening
effects. Osmanthus extract and verbascoside reduced tyrosi-
nase activity but not the melanin content in melanocytes. This
could be explained by differences in sensitivity of these both
assays but also by the concentrations we tested for the melanin
content test, corresponding to the concentration range in the
plants extract Mixture. Indeed, the mixture composed partly
by Osmanthus corresponds to 1-5 uM verbascoside, but lit-
erature highlighted a decrease effect on melanin starting at
10uM verbascoside.”

The treatment with pomegranate extract, punicalagin or
the mixture demonstrated the same reduction in the
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melanin content and PMEL expression. It was indicated
that the punicalagin was the main whitening factor in the
mixture. Moreover, the mixture treatment did not reduce
the Melan-A protein, which suggested that whitening
effect of punicalagin was not a result of melanocytes
density diminution. These results indicated that punicala-
gin inhibited melanin synthesis contributed to the whiten-
ing effect of the mixture. In a study on monocultured
1t was

melanocytes, demonstrated that punicalagin

decreased melanin synthesis through downregulating
microphthalmia-associated transcription factor (MITF)
and tyrosinase, which was regulated by extracellular sig-
nal-regulated kinase (ERK) and Akt phosphorylation.*®
A study on B16F10 melanoma cells highlighted the inhi-
bition of melanogenesis by pomegranate through the
decrease in tyrosinase activity and melanin production.?’
This is consistent with our finding of tyrosinase activity
was inhibited by pomegranate or punicalagin in melano-
cytes. In brief, the mixture has the whitening effect by
inhibiting the tyrosinase activity and melanin synthesis.

Although the high melanin content confers better photo-
protection, UV-induced photodamage is common in pigmen-
tary disorders and cutaneous diseases.”® The mixture
suppressed the melanin synthesis, which indicated that the
mixture could reduce UV-induced photodamage. It has been
showed that many natural products including antioxidants
have whitening and anti-aging effects and can prevent UV-
induced skin damage.” Skin aging is largely affected by the
cumulative damage from UV exposure. The integrity of skin
tissue structures is formed primarily by collagen found in the
dermal connective tissue. Collagen provides the skin with
strength and resilience. The skin photoaging is marked by
elevated elastosis, collagen fragmentation and irregular epi-
dermal thickness.*® In this study, we found that the mixture
treatment effectively prevented collagen 1 and elastin
damages caused by UV, suggesting that the mixture is pro-
mising for photoaging prevention. However, pomegranate
extract showed no effect on preventing photoaging.
A recent study found that hydroxytyrosol from olive could
prevent photoaging in human keratinocytes and fibroblasts.'
These results indicated that hydroxytyrosol from olive
extracts could be responsible for the protective effect against
photoaging in the mixture.

UV rays exposure causes tremendous insult to the skin
and mechanism involved the ROS accumulation. In
response to ROS accumulation, keratinocytes secrete mel-
anocyte activating factors to induce pigmentation.® Both
mixture treatment and punicalagin treatment protected the

skin from oxidative damages caused by UV rays. It was
indicated that the antioxidant properties of mixture and
punicalagin also played an important role on suppressing
the process of UV-induced pigmentation. Excessive ROS
caused oxidative damage to skin cells, which resulted in
collagen breakdown.’” Punicalagin exhibits considerable
antioxidant properties by reducing ROS and NO genera-
tion and increasing superoxide dismutase (SOD) 1 mRNA
expression.’® The mixture and punicalagin repaired the
expression of Collagen I disrupted by UV, which was
largely due to the antioxidant properties of the mixture
and punicalagin. Osmanthus and olive extracts also have
the antioxidant activity.>*>> As the mixture exhibited the
better effect against photoaging than the punicalagin, it
was suggested that the antioxidant activity of osmanthus
and olive extracts also contributed to the anti-photoaging
effect. Antioxidants have been regarded as functional
ingredients for anti-aging preparations to prevent skin
The
osmanthus and olive, effectively exhibited the antioxida-

damage. mixture composed of pomegranate,

tive, anti-aging and skin whitening properties.
Furthermore, the raw materials of mixture are safe and
easy to be obtained. These advantages demonstrate the
mixture might be good candidate for further development

as natural antioxidants and skin care products.

Conclusion

The mixture composed of pomegranate, osmanthus and
olive extracts protects human skin from UV rays deleter-
ious effects and exhibits antioxidative, anti-aging and skin
whitening properties. The mixture might be good candi-
date for further development as natural antioxidants and
skin care products.
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