Ann Dermatol Vol. 29, No. 3, 2017

Check for
Updates

PISSN 1013-9087 + eISSN 2005-3894
https://doi.org/10.5021/ad.2017.29.3.295

ORIGINAL ARTICLE

The Effect of Rhus verniciflua Stokes Extracts

on Photo-Aged Mouse Skin

Hannah Hong*, Minyoung Jung*, Sung Jay Choe, Jung-Bae Kim', Eung Ho Choi

Depatment of Dermatology, Yonsei University Wonju College of Medicine, 'Department of Food and Nutrition, Sangji Youngseo College,

Wonju, Korea

Background: RhAus verniciflua Stokes (RV) has traditionally
been used in Korea as an indigenous food (Rhus chicken
soup) and as an herbal medicinal plant. While the anti-
cancer, antimicrobial, and anti-inflammatory properties of
RV have been actively studied in the medical field, its anti-
oxidant effects in the skin that resist the reactive oxygen spe-
cies in keratinocytes and fibroblasts is less understood.
Objective: We designed to evaluate the effects of R. vernici-
flua Stokes extract (RVE) on the photo-aged skin by an /n vitro
experiment using human fibroblasts and an /n vivo experi-
ment using a photo-aged murine model. Methods: For the /n
vitro experiments, human fibroblasts irradiated with ultra-
violet (UV) B were treated with RVE or vehicle, and the
growth levels and the expression level of type 1 procollagen
were compared. For the /n vivo experiment, photo-aged
mice irradiated with UVB and UVA were administered drink-
ing water with or without RVE, and histological changes and
the expression level of type 1 procollagen and matrix metal-
loprotease (MMP)-13 were compared. Results: /n vitro ex-
periments using fibroblasts irradiated with UVB showed that
RVE promoted growth and significantly increased the ex-
pression of type 1 procollagen as compared to the control
group. In the photo-aged mice, RVE increased collagen con-
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tent in the dermis and promoted the synthesis of type 1 pro-
collagen without any visible decrease in MMP-13 as com-
pared to control group. Conclusion: In addition to the pre-
viously reported antioxidant effects of RVE, oral intake of
RVE effectively inhibited photo-aging in hairless mice by en-
hancing collagen synthesis. (Ann Dermatol 29(3) 295~ 301,
2017)
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INTRODUCTION

Aging of the skin includes intrinsic and extrinsic aging.
Intrinsic aging occurs as the person ages, while extrinsic
aging mainly involves photo-aging by ultraviolet (UV) ex-
posure'. Gross changes caused by aging of the skin pres-
ent as wrinkles, loss of elasticity, and increase of pig-
mentation. These changes result from a decrease in colla-
gen and elastin produced from fibroblasts and abnormal
melanocyte pigment production. For the prevention or
treatment of skin aging, a wide range of studies have been
conducted with the aim to increase synthesis of collagen
and elastin as well as prevent their loss, which were tar-
geted to block UV radiation and develop antioxidants’.

Rhus verniciflua Stokes (RV) is a tree belonging to the
Anacardiaceae family. It mainly grows in East Asian coun-
tries, such as Korea, China, and Japan. In Korea, it has
long been used as an ingredient in oriental medicine and
traditional food. Various studies conducted on RV have re-
ported its anticancer, antimicrobial, and anti-inflammatory
effects®®. In addition, R. verniciflua Stokes extract (RVE)
contains a diverse range of polyphenols, which have been
reported to present antioxidant effects>>”. When keratino-
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cytes were treated with RVE, the polyphenols were shown
to increase resistance to oxidative stress and matrix metal-
loprotease (MMP)-13 expression, which are associated
with aging, and showed a decrease in dermal fibroblasts.
These results indicate the possible use of RVE as a sub-
stance to prevent the skin aging process®. While some in
vitro studies related to aging have reported the sup-
pression of MMP-13 due to the antioxidant effects of the
RVE, there have been no /n vivo studies presenting the an-
ti-aging effects of RVE on the skin.

Therefore, we performed this study to elucidate whether
RVE prevents photo-aging in skin. An /n vitro experiment
was carried out with cultured fibroblasts, the major cell
type related to skin aging, and an /n vivo experiment was
carried out using a photo-aged murine model that was in-
duced by repeated UV irradiation.

MATERIALS AND METHODS

Preparation of Rhus verniciflua Stokes extract in water

The RVE water used in this experiment was prepared by
heating the tree in water to eliminate urushiol and other
toxic chemicals that cause allergic contact dermatitis.
Briefly, naturally grown RV was obtained from Woniju,
Korea. For detoxification of the RV samples during the
RVE preparation process, Kim’s method was employed’.
The stem bark of dried RV (50 g) was soaked and auto-
claved in 1 L of water at 125°C for 3 hours. The water ex-
tract was then filtered with a glass fiber filter (extra thick;
Gelman Sciences, Ann Arbor, MI, USA), and the filtered
solution was used as the sample. RVE water has been re-
ported to contain strong antioxidant phenolic compounds,
such as gallic acid, butin, butein, fisetin, quercetin, and
sulfuretin as the major components'®'".

In vitro assessment

1) Preparation of cultured fibroblasts

To evaluate the effect of RVE on fibroblasts, which are a
part of the dermis and synthesize collagen and the ex-
tracellular matrix, we cultured primary fibroblasts de-
tached from human foreskin and used 3 ~ 7 passage cells.
These cells were cultured in Dulbecco’s modified Eagle’s
medium containing 10% fetal bovine serum and 100 U/ml
penicillin and 100 xg/ml streptomycin in a CO, in-
cubator at 37°C. Exponential phase cells were then sub-
cultured using 0.025% trypsin-ethylenediaminetetraacetic
acid.
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2) Cytotoxicity of Rhus verniciflua Stokes extract on
cultured fibroblasts with or without ultraviolet
irradiation /n vitro

To assess the cytotoxicity of RVE on cultured fibroblasts,
we measured cell count using the MTT assay. The concen-
trations of RVE ranged from 0.01% to 100%, and a group
containing no RVE was used as the control group. The
MTT assay was repeated five times and the average value
was recorded. For the effects of RVE on collagen syn-
thesis, real time quantitative reverse transcriptase polymer-
ase chain reaction (quantitative RT-PCR) was performed.
To assess the cytotoxicity of RVE on cultured fibroblasts
exposed to UV, we divided 1x 10" cells into 35 mm plas-
tic culture dishes and cultured them for an additional 24
hours. The cells were then irradiated with 50 m}/cm? UVB
(Philips TL20W,/12 RS lamps, CLEO; Philips, Amsterdam,
Netherlands) and cultured in the medium with 0% to
100% diluted RVE for 24 hours. Alternatively, the control
group was irradiated with a sham light (fluorescent light)
and cultured in the medium with 0% to 100% diluted
RVE for 24 hours before MTT assays.

3) Effect of Rhus verniciflua Stokes extract on
fibroblasts exposed to ultraviolet radiation

To assess collagen synthesis in fibroblasts under UV ex-
posure, 1x10° cells were divided in 60 mm plastic cul-
ture dishes, cultured for 24 hours, and then irradiated with
50 mJ/cm” UVB light. For the control groups, cells were
cultured in the medium containing no RVE or the media
containing 0.01% to 10% concentrations of RVE for 24
hours. Quantitative RT-PCR was then performed in both
the treated and the control groups for comparison of type
1 procollagen mRNA levels. The primer sequences are as
follows: GAPDH 5'-TGAGCTGAACGGGAAG-3', and 5'-C-
TGTAGCCAAATTCGTTGT-3; Procollagen typel-al 5'-T-
CAGGTGAGCAGGATGTGAG-3', and 5'-GCTTTGGGAG-
CTTCAGTGAC-3".

In vivo assessment

The Yonsei University Wonju College of Medicine
Institutional Animal Care and Use Committee (IACUC),
Wonju, Korea approved all animal procedures. Female
hairless mice (h/h) aged 22~ 24 weeks were prepared and
divided into the following groups: the RVE treated group
(UV light+RVE water) (n=7) was irradiated with UV light
to induce photo-aging and fed with drinking water con-
taining RVE. The water control group (UV light+no RVE
water) (n=7) was irradiated with UV light to induce pho-
to-aging and fed with drinking water lacking RVE. The
normal control group (sham light+no RVE water) (n=6)



was irradiated with the sham light (fluorescent light) and
fed with drinking water lacking RVE.

In order to induce photo-aging, the mice were irradiated
with UVA (14 J/cm?) and UVB (40 mj/cm? three times a
week for 8 weeks as previously reported'”. The UVA and
UVB lamps used were Philips 40W lamps (CLEO) and
Philips TL20W./12 RS lamps (CLEO) respectively. The flu-
orescent light irradiation, which was used as a control
light source for comparison with the UV light, was con-
ducted in the same manner as the UV irradiation. For
drinking water, a 1:1 diluted solution of RVE and tap wa-
ter was administered to the RVE treated group every day
for 8 weeks, and only tap water was administered to the
water control group every day for 8 weeks. To assess the
effect of RVE on photo-aging skin, skin tissue was taken
stained with H&E for dermal thickness, Masson-trichrome
stain for collagen density. In addition, Western blotting
was carried out to assess collagen synthesis and collagenase.

Statistics

Each value is indicated as the mean + standard error. /n vi-
tro data were analyzed using the Mann-Whitney U-test
and /n vivo data were analyzed using the one way
ANOVA. Statistical analysis was performed using PASW
ver. 18.0 (IBM Co., Armonk, NY, USA), and p-values <0.05
were considered statistically significant.
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RESULTS

Effects of Rhus verniciflua Stokes extract on dermal
fibroblasts /in vitro

To assess the effect of RVE on fibroblasts, RVE at varying
concentrations (ranging from 0.01% ~100%) was added
to the cultured fibroblasts with or without UV light
irradiation. Negligible effects were observed at the 0.01%
to 1.0% concentration of RVE. However, at 5% and 10%
RVE concentrations, the fibroblast count increased by 8%
and 12% relative to the control, respectively. On the other
hand, at 50% and 100% RVE concentrations, cytotoxicity
was observed (Fig. 1A). When irradiated with UV, cell
growth was confirmed up to RVE concentration levels of
10%, but cytotoxicity was observed at 50% and 100%
concentration levels (Fig. 1B).

The valid concentration was set at 10% based on MTT as-
say results, and then the effect of RVE on collagen syn-
thesis was assessed according to RVE concentration. The
results of quantitative RT-PCR showed that type 1 pro-
collagen mRNA was increased relative to the control at all
RVE concentrations. In particular, 0.05%, 0.5%, and 1%
RVE increased the levels significantly (Fig. 2A). When irra-
diated with UVB, it was also found that the expression of
type 1 procollagen mRNA increased at RVE concentration
levels of 0.01%, 0.1%, and 1%, proportionally to the con-
centration level (Fig. 2B).
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Fig. 1. Rhus vemiciflua Stokes extract (RVE) stimulated the proliferation of human dermal fibroblasts with or without ultraviolet (UV)
irradiation /n vitro. Cultured human primary dermal fibroblasts were exposed to various concentrations of RVE (0% ~100%) and
evaluated by MTT assay. (A) Negligible effects were observed at the 0.01% to 1.00% RVE concentrations; however, the cell count
increased by 8% and 12% relative to the control at 5% and 10% RVE concentrations, respectively. In 50% and 100% RVE concentrations,
cytotoxicity was observed. (B) When irradiated with UV, cell growth was observed up to RVE concentration levels of 10%, but
cytotoxicity occurred at 50% and 100%. Normal control (NC) had no RVE treatment and no UV irradiation. The values used are
the mean +standard error (SE) from 96 wells (A) and 12 wells (B), respectively. *p<0.05, **p<0.01 compared to the control group

(0% RVE).
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Fig. 2. Rhus verniciflua Stokes extract (RVE) increased expression of type 1 procollagen mRNA in human dermal fibroblasts without
or with ultraviolet (UV) irradiation /n vitro. Cultured human primary dermal fibroblasts were treated with various concentrations of
RVE (0% ~10%) and evaluated by quantitative reverse transcriptase polymerase chain reaction. (A) The type 1 procollagen mRNA
levels were increased at all RVE concentrations. In particular, 0,1%, 0.05%, 0.5%, and 1.0% RVE increased levels significantly. (B)
When irradiated with UVB, the type 1 procollagen mRNA increased at RVE concentration levels of 0.01%, 0.05%, 0.1%, and 1%,
proportionally to the concentration level. Values shown are the mean +standard deviation (SD) from 60 mm dishes. *p<0.05, **p<0.01
compared to the control group (0% RVE).
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Fig. 3. Rhus vemiciflua Stokes extract (RVE) increased dermal thickness and collagen density in photo-aged murine skin. The dermal
effects of RVE were evaluated by measuring dermal thickness (C) using H&E staining, x 100 (A). Dermal thickness was defined as
the distance from the subcutaneous fat to the dermo-epidermal junction. To measure collagen density (D), we performed Masson
trichrome staining, x 100 (B). We used the histogram function of Photoshop software to evaluate collagen density. RVE significantly
increased collagen density compared to the water only control. UV +R: RVE treated group (UV light+RVE water), UV +W: water
control group (UV light+no RVE water), Sham+W: normal control group (Sham light+no RVE water). UV: ultraviolet light irradiation,
Sham: sham light irradiation, W: water supply, R: R. verniciflua Stokes extracts supply.
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Effects of Rhus verniciflua Stokes extract on the dermis
in vivo

Histological findings based on H&E showed that the der-
mal thickness in the RVE treated group (UV light+RVE
water) was significantly increased compared to the water
control group (UV light+no RVE water) and the normal
control group (sham light+no RVE water) (Fig. 3A, C).
Masson’s trichrome staining showed that the collagen
density was significantly increased in the RVE treated
group compared to the water control group and the nor-
mal control group (Fig. 3B, D).

Western blotting showed significant differences in the pro-
duction of type 1 procollagen between the RVE treated
group and the water control group, but similar production
levels were seen between the RVE treated group and the
normal control group. On the other hand, there were no
differences in MMP-13 expression among the RVE treated
group, the water control group, and the normal control

A Type 1 procollagen
e I ] ] 1
SRR TIEE 1 BT T
GAPDH
— &
- S TTI L T EETET ]
MMP-13
0 — T 3 7 g ¥ % v
UV +R UV +W Sham + W
B ns ns
60
p=0.03
|
p=0.04 I UV+R
50 l r l O UV +W
l B3 Sham+W
g 40 1
T il
2 30-
<
o
= 20-
10 -
0 .

Type 1 procollagen MMP-13

Fig. 4. Rhus vemniciflua Stokes extract (RVE) affected type 1
procollagen but not matrix metalloprotease (MMP)-13 in
photo-aged murine skin. (A) Based on Western blot analysis, (B)
RVE increased the production of type 1 procollagen collagen up
to the level of the normal control group but did not affect
MMP-13 levels. UV+R: RVE treated group (UV light+RVE
water), UV +W: water control group (UV light+no RVE water),
Sham +W: normal control group (Sham light+no RVE water).
GAPDH: glyceraldehyde 3-phosphate dehydrogenase, UV:
ultraviolet light irradiation, Sham: sham light irradiation, W:
water supply, R: R. verniciflua Stokes extracts supply.
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group (Fig. 4).

DISCUSSION

Skin aging includes intrinsic aging, which occurs as the
person ages, and photo-aging, which occurs on UV light
exposed areas, such as the face, neck, and the back of the
hands. Histologically, photo-aging presents as a decrease
in epidermal thickness compared to intrinsic aging, and
causes cellular dysplasia and a decrease in Langerhans
cells in the epidermis. In the dermis, photo-aging sig-
nificantly decreases the amount of elastin and collagen
and further promotes the production of MMPs including
collagenase and causes the generation and infiltration of
various inflammatory cells. Also, photo-aging has been re-
ported to decrease transforming growth factor (TGF)-beta
receptors and procollagen synthesis due to alterations of
the AP-1 signal, but was shown to increase MMP activ-
ityw'w.

Most therapeutic or preventive modalities for skin aging
decrease the expression of MMP to prevent the destruc-
tion of collagen and elastin and promote the synthesis of
collagen. Others include UV blockers to prevent pho-
to-aging'’. Topical retinoids or alpha-hydroxyacids, chem-
ical peels, and ablative lasers have also been used to pro-
mote collagen synthesis and remodel the dermal ma-
trix'**>. A wide range of natural substances have also
been used”>**. Polyphenol compounds are secondary me-
tabolites found in a variety of plants, which are bio-
logically active substances that can be obtained in large
quantities at low cost”””’. RV has long been widely used
in traditional foods and folk medicines in East Asian coun-
tries including Korea, China, and Japan. However, urush-
iol is a toxic substance contained in RV that causes serious
side effects, such as allergic contact dermatitis, which has
contributed to many constraints in medical research.
Urushiol in low concentrations has a non-toxic reaction
on normal cells but suppresses the growth of cancer cells.
With the recent development of a detoxication method,
studies have been carried out to determine the anti-in-
flammatory and anticancer effects of various flavonoids
and polyphenol compounds extracted from RV>®?*%.
Therefore, we used urushiol-free RVE and first performed
MTT assays to assess cytotoxicity at varying RVE con-
centrations. Cytotoxicity of RVE /n vitro was revealed at
high concentrations, such as 50% and 100%. The growth
of fibroblasts irradiated with UV was observed up to RVE
concentration levels of 10%, but cytotoxicity occurred at
50% and 100%. Also, RVE treatment increased the syn-
thesis of type 1 procollagen in fibroblasts. This observation
elucidated that RVE inhibits the suppression of fibroblast
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proliferation induced by UVB. On the other hand, UV ir-
radiation with RVE treatment led to an increased fibroblast
proliferation compared to RVE treatment alone. In the pre-
vious study, expression of the various flavonoids and anti-
oxidant enzymes contained in the RV rather increased in
the stressful situation®'. It suggested that the stress caused
by UV promotes the activities of RV, possibly stimulating
the antiaging potential unlike the control group. Flavonoids
have been known to affect the fibroblast and its pro-
duction of collagen, so various flavonoids in the RV
would affect the proliferation of fibroblasts and the gen-
eration of the collagen®. We also inferred from previous
reports that RVE has a protective effect on human fibro-
blasts against oxidative stress due to UV radiation and that
various polyphenols contained in RVE increase resistance
against reactive oxygen species (ROS)°.

In order to evaluate the effect of RVE on photo-aged skin,
we used drinking water containing RVE in animal experi-
ments because RV has traditionally been ingested as an
additive in foods and drinks for human health. We meas-
ured dermal thickness and dermal collagen density to
evaluate the anti-aging effects of RVE and the production
of type 1 procollagen and MMP-13 to understand its ac-
tion mechanism. Most skin collagen is type 1, and type 1
procollagen is produced as a precursor of collagen and
becomes a component of the dermis®®. The content of der-
mal collagen is maintained between its synthesis in the fi-
broblasts and breakdown by collagenases, such as MMP-1
in humans and MMP-13 in mice®*. With aging, collagen
synthesis decreases but MMP increases, speeding up the
decrease of collagen density. Particularly in photo-aging,
UV increases the generation of ROS, which activates
AP-1. In this study, we observed that dermal thickness in
the RVE treated group (UV light+RVE water) was consid-
erably increased relative to the water control group (UV
light+no RVE water) or the normal control group (sham
light+no RVE water).

Increased expression of MMP-1, -3, and -9 by UV, which
promote the breakdown of collagen in human skin, is a
major biomarker in photo-aging research. MMP-1 can be
functionally substituted by measuring MMP-13, which
breaks down collagen in mice®®. Although mice adminis-
tered RVE showed a slight decrease in MMP-13, there
were no significant differences among the three treatment
groups. On the other hand, the amount of type 1 procolla-
gen increased significantly. Liu et al.® reported increased
resistance to H,O, and decreased MMP-1 levels in an ex-
periment using human fibroblasts treated with RVE.
However, our /n vivo results show a prevention of pho-
to-aging through the increased synthesis of collagen rather
than the suppression of collagen breakdown by decreas-
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ing MMP levels. These results may be explained by pre-
viously reported mechanism of the interaction of phenolic
compounds, such as gallic acid contained in RVE and col-
lagen scaffolds enhances collagen structure stability and
suppresses collagenase activity’®. In this experiment, it is
assumed that RVE restores the suppressed synthesis of col-
lagen, and maintains the stability of collagen. On the oth-
er hand, royal jelly and cinnamon extract, known as natu-
ral anti-aging substances, have been reported to have an-
ti-aging effects by stimulating various signaling pathways
that promote the synthesis of collagen, such as TGF-beta
and insulin-like growth factor-1 in fibroblasts®**”. While
RVE is thought to be involved in collagen synthesis in a
similar manner, further research will be necessary to as-
certain this. A limitation of this study is that we did not in-
clude a direct verification of the active ingredients.

In conclusion, this study presents the possibility of RVE in
the prevention of skin aging, especially photo-aging,
through its ability to improve the growth and function of
dermal fibroblasts increasing collagen synthesis.
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