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Abstract

Background/Objectives: Ultraviolet rays induce erythema, allergy, and skin aging. We investigated the anti-
photoaging effect of stem-cell culture media and Polygoni Multifori Radix extract (GMF).

Methods/Statistical analysis: An emulsion containing natural GMF and a mixed emulsion containing stem-
cell culture medium and Polygoni Multifori Radix emulsion (DMF) were prepared. Photoaging was induced
in hairless mice (SKH-1) by irradiation of UVB rays thrice per week for 6 weeks. Pathological changes were
examined following 5 or 10 days of emulsion application.

Findings: These mice exhibited typical signs of photoaging including increased epithelial thickness, accumulation
of abnormal elastic and collagen fibers, and dermal accumulation of inflammatory and mast cells. Photoaging was
significantly inhibited in all experimental groups. The group treated with DMF for 10 days showed similar levels
of improvement as those observed in the control group.

Improvements/Applications: Thus, both natural GMF and DMF can reduce wrinkles caused by photoaging. In
addition, our findings verify the potential of GMF and stem-cell culture media as ingredients for anti-photoaging

cosmetic products.
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Introduction

Ultraviolet (UV) rays, a major cause of skin aging,
cause wrinkle formation, pigmentation, and dermal
deformation. Aging induced by UV rays differs from
natural aging!!?} Photoaging causes deeper wrinkles
than natural aging and accelerates aging by inducing the
accumulation of abnormal collagen fibers that leads to
reduced skin elasticity* UV rays increase the synthesis
of MMP-1, -3, -9 and -12 enzymes in fibroblasts and
epithelial cells, thereby destroying matrix proteins
including collagen and elastic fibers. Inflammatory cells
gather and release cytokines to signal the production
of enzymes required to eliminate UV-damaged cells.
During this process, collagen and elastic cells are broken
down, thereby promoting agingl*’ Researchers have
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been proposing various scientific methods that combine
oriental medicine, microbiology, and food science to
identify novel functional molecules that can prevent and
reduce skin damage due to photoaging. Stem-cell culture
media, commonly used in the field of cosmetics, contain
active compounds such as proteins, cytokines, minerals,
and vitamins that promote stem-cell differentiation and
activity. In addition, stem-cell culture media can regulate
skin differentiation and immune functions, prevent
apoptosis, and treat wounds!®’ Media containing only
those substances that are approved to be safe can be used
to make highly functional and biocompatible cosmetic
products!® Interest in cosmetic products containing
natural herbal medicine has increased in Korean as
well as in Asian and North American markets. Oriental
herbal medicines contain glucose and amino acids
involved in the primary metabolism of plants, and
secondary substances including phenol, terpenoids, and
alkaloids. Oriental herbal medicines have high potential
as an ingredient for functional skin-whitening anti-aging
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cosmetic products®!%)- In the present study, we prepared
multifunctional cosmetic products with stem-cell culture
media and natural substances and tested their effect on
photoaging in hairless mice.

Method

Polygonia Multiflori Radix extract (GMF), listed
in Korean Herbal Pharmacopoeia, was obtained by
hot water extraction. A 10% o/w emulsion (GMF) was
prepared and used in the experiment. Stem-cell culture
media (DCCM4), used as a cosmetic ingredient, listed
in the INCI were provided by Eseumedieo Co., Ltd. The
culture media and GMF were concentrated two-fold to
produce a 10% o/w emulsion (DMF) to be used in the
final experiment. All reagents used were special grade
chemicals.

Six-week-old male and female ICR/HR hairless
mice (SKH-1) purchased from Orient. Co., Ltd. were
bred for 18 months. The mice had ad-/ibitum access to
food and water. The cage conditions were as follows:
temperature, 24 = 2°C; humidity, 50% + 10%; and 12:12
day/night cycle. Six experimental groups were formed
containing six mice each. The mice were subjected to one
of the following treatments: natural aging, photoaging, 5
days of GMF treatment after photoaging, 5 days of DMF
treatment after photoaging, 10 days of GMF treatment
after photoaging, and 10 days of DMF treatment after
photoaging. The study was approved by the Institutional
Review Board of Chonbuk National University.

A UVB lamp (Sankyo Denki, Tokyo, Japan) with an
emission spectrum of 280-360 nm and a maximum peak
at 360 nm was used for UVB irradiation. UVB rays were
irradiated on the dorsal skin of the experimental animals
thrice per week with a minimal erythemal dose (MED)
of 60 mL/cm?. The irradiation was performed at 1, 2, and
4 MED at 1, 2, and 4 weeks, respectively, and thereafter
for total 6 weeks. Irradiation was not performed for the
last 3 days to eliminate the direct effect of UVB rays. An
AHA peeling solution was prepared by dissolving 30 g of
glycolic acid in 50 mL of distilled water, titrating it with
NaOH to pH 3.2, and adjusting the total volume to 100
mL. The solution was stored in a fridge. AHA peeling
was performed once for 10 min. After neutralization
with PBS and complete drying of the skin, an emulsion
corresponding to the designated treatment of each group
was applied. The sample was applied twice a day for 10
days, and 200 pL of the cosmetic product was applied to
the entire surface of dorsal skin each time. Skin tissues
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were extracted at 5 and 10 days after AHA peeling, fixed
in 10% neutral formalin, and used in for histological
analysis.

To study microstructures on the skin surface
following irradiation, skin sections were made and
examined at 40x, 100x, 400x, 1000x, and 1500x
magnification using a scanning electron microscope.

A sharp knife was used to obtain skin tissues from the
mice. The tissues were fixed in 2.5% paraformaldehyde-
glutaraldehyde, washed several times with a phosphate
buffer solution (4°C, 0.4 M phosphate buffer, pH 7.4),
and fixed in 1% OsO,. The fixed samples were washed
with the same buffer solution, dehydrated (60%—100%
ethanol), and substituted with isoamyl acetate. The
treated samples were completely dehydrated and placed
on a sample holder. The samples were then coated
with platinum until their thickness was 20 nm using an
ioncoater (IB-5ioncoater, Eiko, Japan) and examined
under a scanning electron microscope.

The skin tissues were fixed in a 10% neutral formalin
solution at room temperature for 24 hours. They were
washed, dehydrated, cleared, infiltrated, and embedded
in paraffin. Thereafter, 4-um sections were prepared and
examined under an optic microscope to study changes
in the skin tissues. Paraffin blocks were stained using
Hematoxylin & Eosin (H&E), Masson trichrome, and
Toluidine blue Verhoeff-van Gieson stains. The stained
tissue slides were histomorphometrically analyzed
using an image program. Tissue thickness, number of
inflammatory and mast cells, surface area of collagen and
elastin, and distribution and surface area of lamella were
quantified.

PASW Statistics 18.0 for Windows (SPSS Inc.,
USA) was used for all statistical analyses. A one-
way ANOVA was performed to compare differences
between the experimental groups. For measurements
repeated during a certain period, repeated measures
ANOVA was used to examine interaction between time
and the experimental groups. A post-hoc analysis was
performed to confirm statistical significance. Statistical
significance was set at p < 0.05.

Result and Discussion
1. Changes in epithelial thickness

The skin tissues of SKH-1 hairless mice were
stained with H&E, and proliferation of epithelial cells



and epithelial thickness were examined as skin markers.
The control group, not subjected to UVB irradiation, had
an epithelial thickness of 22.46 um for the dorsal skin,
whereas the photoaging group subjected to 4 weeks of
UVB irradiation had an epithelial thickness of 203.38
+ 23.07 pm, indicating epithelial cell proliferation.
After UVB irradiation, GMF and DMF were applied
for 5 and 10 days, respectively. Epithelial thickness
was 86.19 £ 12.06, 53.69 + 12.60, 69.76 = 13.31, and
32.52 £ 11.02 pm in the GMF-5, DMF-5, GMF-10, and
DMF-10 groups, respectively. These treatments reduced
epithelial thickness by —40.84%, —67.16%, —62.99%,
and —75.58%, respectively. The DMF-10 group showed
the highest reduction in epithelial thickness and similar
epithelial thickness as that of the control group [Figure
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Figure 1. Photographs of histological sections of hairless
mice( SKH-1) dorsal back skin by Hematoxylin&Eosin
staining(Original magnification: x40, scale bar : 100
um, a: Intact, b: Aging, c: GMF-5, d: DMF-5, e: GMF-
10, f : DMF-10)

The epithelium repeatedly undergoes differentiation
and proliferation to act as a barrier. Its permeable
membrane minimizes the loss of skin moisture. Abnormal
epithelial proliferation, which is a characteristic of
photoaging, compromises the skin and causes allergy.
When the skin loses its protective function, skin aging
and secondary diseases can be induced, which in turn
leads to inflammation. Frequent inflammation promotes
aging in the surrounding cells!'') The reduction in
abnormal epithelial proliferation observed in the DMF-
10 group indicates that the mixed extract has anti-aging
effect.

2. Change in dermal collagen and elastin

The dermis consists of elastic and collagen fibers.
Collagen fibers are the major components of the dermis
responsible for the elasticity and structural integrity of
the skin(!?} Elastic fibers, which are less abundant than
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collagen fibers, contribute to skin elasticity. Skin aging
is histologically defined as a decrease in the number of
fibroblasts as well as elastin and collagen fibers, resulting
in shrinkage of the extracellular matrix!'3!4} In the
present study, we used wrinkle patterns as a marker of
photoaging and observed the accumulation of abnormal
elastic and collagen fibers.

Collagen networks are destroyed and become
dysfunctional due to UV rays. The accumulation
of damaged collagen networks induces aging. We
performed Masson’s trichrome staining to evaluate the
number and density of collagen fibers in the dermis
[Figure 2]. The control group showed dense and regular
patterns of collagen fibers, whereas the photoaging
groups showed an irregular and less dense arrangement
of collagen fibers due to destroyed collagen fibers. The
positive control group and treatment groups showed
more dense and regular patterns of collagen fibers
compared with those in the photoaging groups. The
density of collagen fibers increased as the concentration
of emulsion increased. Elastic fibers are degraded in
the dermis upon exposure to UV rays. UV rays activate
elastase that promote elastic fiber degeneration, destroys
the elastic fiber network, and induces neutrophil-
mediated inflammation, thereby causing elastosis. We
performed Verhoeff’s staining to evaluate the number
and density of elastic fibers in the dermis [Figure 3].

Figure 2. Photographs of histological sections of hairless
mice( SKH-1) dorsal back skin by Masson trichrome staining
(Original magnification: 200x, Arrow : collagen fiber, scale
bar : 100 pm, a: Intact, b: Aging, ¢: GMF-5, d: DMF-5, e:
GMF-10, f : DMF-10)

The control group showed dense and regular
patterns of elastic fibers, whereas the photoaging group
showed clumped and distorted elastic fibers, resulting
in elastosis. The positive control group and treatment
groups had reduced size and frequency of defective
elastic fibers compared with those in the photoaging
groups. The size and frequency of defective elastic fibers
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evidently decreased as the concentration of emulsion increased. Table 1 shows changes in the measurements of the
markers in the dermis. The level of dermal elastic fibers decreased by —30.48%, —52.96%, —38.58%, and —62.7%
following 5 and 10 days of GMF and DMF treatments, respectively, compared with the non-photoaging control

group.
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Figure 3. Photographs of histological sections of hairless mice( SKH-1) dorsal back skin by Verboeff-van Gieson
staining(Original magnification: 400x, Arrow : elastin fiber, scale bar : 100 pm, a: Intact, b: Aging, c: GMF-5, d: DMF-5, e:
GMF-10, f : DMF-10)

Table 1. Histomorphometrical Values Detected on the Intact or UVB Irradiated Hairless Mice Dosal Back
Skins-Dermis connective tissues

Controls Test materials
H Intact Ag-ing GMF-5 DMF-5, GMF-10, DMF-10
52.43+4.9
C 52.88+5.96 78.72+4.07%* 68.27+4.19% 57.40+6.06** 66.91+£3.20* s
6.50+1.32
E 6.45+£2.76 17.43+£2.56%* 12.12+£2.24% 8.20+1.87** 10.70+£2.27% s

(p*<0.05, p**<0.01).

H : Histomorphometry

C: Collagen fiber (%/mm?)

E : Elastic fiber (%/mm?)

groups. Moreover, UVB-induced mast cell overproduction
was significantly inhibited in the GMF group (p <0.01)
[Figure 4].
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3. Change in the number of mast cells in the skin

Examined changes in the number of mast cells by
staining the skin tissues obtained from SKH-1 hairless mice
with Toluidine blue. A total of 19.33 & 3.27 mast cells were
found in the dorsal dermis of mice that were not exposed
to UVB rays. On the other hand, the number of mast cells
in the dermis significantly increased to 128.17 + 31.29 in
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the toluidine photoaging group subjected to 4 weeks of
UVB irradiation compared with the control group (p <

0.01). The number of mast cells decreased by —35.37%,
—57.61%, —47.85%, and —60.73% following 5 and 10
days of GMF and DMF treatments, respectively. Mast
cell overproduction was inhibited in the DMF and GMF
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Figure 4. Photographs of histological sections of hairless
mice( SKH-1) dorsal back skin by Verboeff-van Gieson
staining(Original magnification: 400x, Arrow :
scale bar : 100 pm, a: Intact, b: Aging, ¢: GMF-5, d: DMF-5,

elastin fiber,



4. General characteristics of the subjects

Table 2 shows inflammatory counts. The control
group showed almost no inflammatory cells, whereas
the number of inflammatory cells significantly increased
in the aging group. The number of inflammatory cells
decreased following 5 and 10 days of GMF and DMF
treatments. Similar results were reported by studies on
anti-aging effect in animal skin models of photoaging.
Typical of photoaging including
increased epithelial thickness, accumulation of abnormal
collagen and elastic fibers, and dermal accumulation
of inflammatory and mast cells could be observed

characteristics
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following the induction of photoaging using UVB
rays. The normalization of the epithelial thickness may
indicate that the GMF and DMF treatments can protect
and recover the skin barrier as reported in previous
15l Normalization of the skin barrier helps
alleviate inflammation in the epithelium and dermis.
In the present study, 5 and 10 days of DMF treatments
significantly inhibited UVB-induced photoaging (p
< 0.01, p < 0.05). Photoaging was more significantly
inhibited in the DMF group than that in the GMF group
(p < 0.01). Thus, GMF and DMF may be useful as
ingredients of functional cosmetic products.

studies!

Table 2. Histomorphometrical Values Detected on the Intact or UVB Irradiated Hairless Mice Dosal Back

Skins-Dermis connective tissues

Controls Test materials
Ag GMF DMF GMF DMF
Intact .
-ing -5 -5, -10, -10
651 385 214 241 15
42.50 .67 .50 .00 17 9.17
+ + + + + +
18.88 140.28 114.31 42.83 21.66 49.18
ko * k% * ko

(p*<0.05, p**<0.01)

H : Histomorphometry

I : Inflammatory cell numbers (cells/mm?)

Conclusion

We induced wrinkle formation in hairless mice
using UVB rays and found that an emulsion containing
natural GMF and DMF can improve skin damage due
to photoaging. The emulsions inhibited and mitigated
the characteristics of photoaging including increased
epithelial thickness, accumulation of abnormal elastic
and collagen fibers, and dermal accumulation of
inflammatory and mast cells. DMF has a significantly
higher efficacy than GMF. These results demonstrate that
an emulsion containing natural GMF and DMF inhibits
the activity of skin aging factors induced by UVB. Thus,
GMF and DMF may be used as functional, bioactive
materials for anti-photoaging cosmetic products.
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