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| . Introduction

For people, a healthy and beautiful appearance
is an important individual evaluation factor in
their social life and interpersonal relationshipsl).
The desire to look good has increased owing to
competitiveness in societyZ), Personal appearance
is largely influenced by the media® and the desire
to look young has changed people’s attitude
towards beauty”, Furthermore, an obsession with
beauty is known to affect the mental state of a
person’,

The human skin covers the entire external
surface of the body including the face is exposed
to many different stimuli from the external
environment, The skin is a dynamic structure that
reflects the internal state of health and its

.. . . .6
characteristics changes with changes in emotion”

Skin health is influenced by the moisture content
of the stratum corneum, the outermost layer of

the skin epidermis7)

. In general, the stratum
corneum contains 10 to 20% water”, Hyaluronic
acid (HA), a type of glycosaminoglycan (GAG), is
mainly distributed in the extracellular matrix of
skin tissue, It bonds strongly with moisture and
plays an important role in skin moisture
retention’ Therefore, various studies have
focused on suppressing skin wrinkling and aging
by promoting HA generation or inhibiting HA

reduction'”

for enhancing the elasticity and
moisture content of the skin”),

To determine treatments for skin diseases,
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number of studies on external applications
containing single or multiple herbal extracts are

. . . .12
ncreasing 1N Korean medlcme ),

In particular,
studies have been carried out to evaluate the
antioxidant effect of leguminous plants, which are

known to contain ingredients that delay skin
13)

aging .

Galgeun-tang (gegen-tang) was used for pain
treatment, some patients with dry skin have
noted an improvement in their skin condition
after taking the same, Puerariae radix is sovereign
medicinal (%8 of Galgeun-tang (gegen-tang) and
it has remedial effects on engendering fluid (4
#9' and releasing the flesh (##l)"” in Korean
medicine, Therefore, Puerariae radix could have
moisturizing effects,

Puerariae radix is obtained by drying the roots
of Puerariae lobara Ohwi, a perennial plant
belonging to the family leguminosae, In Korean
medicine, Puerariae radix is known to have
remedial effects on engendering fluid (4:H)'?,
releasing the flesh (2})))'"”, opening interstices (P
B and (F5) 10

“Releasing the flesh”, “opening interstices’ and

outthrusting  rashes
“outthrusting rashes” are effects on the skin and
“engendering fluid” is an effect that nourishes the
skin,

In order to evaluate the moisturizing effect of
Puerariae radix, HA production was measured
and a pilot study were performed, HA content is
regulated by continuous synthesis by hyaluronic
acid synthase 2 (HAS2) and degradation by
(HYAL)"”. Therefore,  skin
hydration may be enhanced by using a herbal

hyaluronidase

medicine that upregulates HAS2 gene expression
or downregulates HYAL activity in the skin'®,
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After treating the cells with Puerariae radix
ethanol extract (PREE), its cytotoxicity was
3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyl-2H-tetrazolium bromide (MTT) assay.

measured via

HAS2 gene expression for the synthesis of HA
was determined via Reverse
polymerase chain reaction (RT-PCR) while HYAL

inhibition rate was determined via hyaluronidase

transcription

enzyme assay and the amount of HA was
measured via an HA ELISA kit, In addition, a
pilot study was performed to confirm the
moisturizing effects of PREE when applied on
normal human skin, If PREE was found to be
non-cytotoxic and the amount of HA produced
significant, Puerarize radix could be a good raw

material for external herbal applications,

Il. Materials and Methods

1. Materials for Experiments

1) Preparation of Puerariae radix ethanol

extract

Puerariae radix was purchased from Pure Mind
Co. (Yongchoen, Korea) through Korean Medicine
Hospital, Semyeong University and samples were
stored at the Joint Laboratory, School of
Pharmaceutical ~ Science  and  Engineering,
Semyeong University, For the experiment, 100 g
Puerarize radix was immersed in 70% (v [ v)
ethanol solution and repeated three times during
72 hours, This solution was filtered through a
filter paper into a collection bottle, Later it was
concentrated in a vacuum evaporator followed by

Iyophilization for three days, The extraction yield
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was 18,4%,

2) Cell culturing

HaCaT cell lines used in this study were
purchased from American Type Culture Collection
(ATCC, VA, USA). HaCaT cells were cultured in
Dulbecco's Modified Eagle’s Medium (DMEM,
Gibco BRL, NY, USA) containing 10% fetal
bovine serum (FBS, Gibco BRL, NY, USA) and
1% penicillin-streptomycin (PS, Gibco BRL, NY,
USA) in 5% CO, atmosphere at 37C,

2. Experiments methods

1) MTT assay

MTIT assay was performed to valuate confirm
the cytotoxicity of PREE, Cells were seeded in a
96-well plate at a concentration of 2 X 10°/ml,
After 24 hours and replacing the medium with
serum-free DMEM, the cells were treated with
PREE, The cells were cultured for 24 hours,
followed by removal of the medium, Next, 20 4
MIT (5 mg/ml) was added and the cells were
cultured for 2 hours in the CO; incubator, The
resulting crystals were dissolved in 100 4 of
dimethyl sulfoxide (DMSO) and absorbance was
measured at 570 nm (UV), Viability was expressed
in percentage (%) compared with the control, The
DMSO concentration of the treated cells was
adjusted to a final concentration of 0,1%. Retinoic
acid (RA, 1 #M, Sigma Chemical Co., St. Louis,
Mo, USA)", which is widely used as a skin care

product, was used as a positive control,

2) RT-PCR

Cells were seeded in a G-well plate at a
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concentration of 2 X 10°/mi, After 24 hours, the
medium was replaced with serum-free DMEM,
and the cells were treated with PREE, and the
final DMSO concentration was adjusted to 0.1%.
The cells were cultured for 24 hours and RNA
was extracted with easy BLUEM (Intron, Korea),
After measuring RNA concentration and purity
(OD260 / OD280), cDNA was synthesized using a
Power ¢cDNA Synthesis kit (Intron, Korea) with 2
« RNA., PCR was performed using a premix
PCR kit (Solgent, Korea) and the PCR product
was confirmed by electrophoresis on a 1.5%
agarose gel, RA 1 #M was used as a positive
control, The primers used were as reported

previously(Table 1)*”,

3) Hyaluronidase enzyme assay

Hyaluronidase enzyme assay was performed to
HYAL inhibition rate, using the
Morgan-Elson method””, In brief, 50 4 of bovine
hyaluronidase (8 mg/ml, 0,1 M acetate buffer, pH
3.6) and 50 4 of PREE were combined and
incubated at 37C for 20 minutes, Next 200 4 of
Calcium chloride (CaCl,, 12,5 mM) was added

and the mixture was incubated at 37C for 20

measure

minutes, Then, 250 # of sodium hyaluronate

(dissolved in acetate buffer at a concentration of

Table 1. Primers Seguence of Target Genes Used in PCR

12 mg / 5 ml) was added and the mixture was
incubated for 40 minutes at 37°C, Finally 100 4
of sodium hydroxide (NaOH, 0.4 M) and 100 #
of potassium tetraborate were added. The mixture
was heated in boiling water for 3 minutes and
cooled to 22 * 2, then dimethylamine borane
(DMAB) solution (1,5 ml/) was added and the
mixture incubated at 37C for 20 minutes,
Absorbance was measured at 585 mm (UV), The
result was compared with glycyrrhizin, a known
HYAL inhibitor, We calculated the inhibition rate
as [(ODc™- ODs™**) / ODdl x 100 (%),

4) HA ELISA
To measure the production of HA, HA ELISA

was performed. The cells were seeded in a 6-well
plate at a concentration of 2 X 10°/nl, After 24
hours, the cells were washed with serum-free
DMEM twice, the medium replaced with new
serum-free DMEM and DMSO concentration was
adjusted to 0.19%, After 24 hours of sample
processing, 350 4/ of media was removed, The
same amount of media was removed again after
15 and 30 minutes, Centrifugation was performed
for 5 minutes at 15,000 rpm, The supernatant
was collected and stored at —20°C until HA ELISA
was performed, The HA ELISA kit (Echelon,

Gene Direction Sequence (5' — 3') Size (bp)
Forward GCT ACC AGT TTA TCC AAA CG (20 mer)
HAS2 393
Reverse GTG ACT CAT CTG TCT CAC CG (20 mer)
Forward ATT GTT GCC ATC AAT GAC CC (20 mer)
GAPDH 546
Reverse AGT AGA GGC AGG GAT GAT GT (20 mer)

* ODc: Absorbance of control
** ODs: Absorbance of sample
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USA) was used according to the manufacturer s
protocol, The cells were treated with 50, 100, and
200 «g/ml PREE for 24 hours, After 30 minutes
using a HA ELISA kit, the amount of HA
produced was measured in each sample, RA 1 #

M was used as a positive control,

5) Pilot study

A pilot study was performed to measure the
skin moisturizing effect of Puerariae radix on
human skin, Approval for the experiment was
obtained from the Institutional Review Board
(IRB No, SMCTC-48-16-01) of the Chemical Trial
Center for Bio-industry at Semyeong University.
The study was conducted from September 22 to
september 23, 2016, The subjects were 12 adult
women with normal skin aged 20 to 55 vyears,
The skin moisture of the forearm was measured.
Documented information was provided to the
subjects and after detailed explanations in verbal
and written form, subjects by their free will
agreed in writing, Subjects kept the sites to be
measured clean and dry to ensure uniform
measurement conditions, The skin was stabilized
at constant temperature and humidity (22 £ 2¢C,
RH. 40 - 60%) for at least 30 minutes, PREE
was dissolved in HPLC-grade water, The two
selected test sites (1.5 cm x 1,5 cm) of the forearm
were treated with 2 4/ PREE using a micro
pipette,
measured using a corneometer (CM825, Courage
and Khazaka Electronic Co., Germany) and
Arbitrary Unit (AU) was used as the unit™, Before

and 10 minutes after application, the application site

Moisture of the forearm area was

and the non-application site were measured three

times each and the values were averaged,
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6) Statistical analysis

Statistical analysis was performed using the
ANOVA and #test,

Significance was set as

p-value ( 0,05,

lll. Results

1. Cytotoxicity

The viability after treatment with 10, 50, 100,
and 200 «g/ml extract was 90,57, 85.39, 87.51, and
77.67%, respectively, Although the cell viability
decreased slightly, no apparent cytotoxicity was
observed compared to that of the positive control
RA(Fig. 1)

It was confirmed that Puerariae radix is a
relatively safe substance at a certain concentration,
because it did not exhibit any toxic effects on
human keratinocytes derived, This is useful
information to determine the blending ratio to
evaluate the efficacy and commercialization of

Puerariae radix,

Fig. 1. Effect of PREE on V|ab|||ty of human keralnocytes
Viability of humen keratinocytes treated with test
compounds (10 — 200 ug/md) for 24 hours was
analyzed by MIT assay. Values represent the
mean = 3D of three independent measurements
(0 ( 0.08).
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2. Expression of the HAS2 gene

Induction of HAS2 gene expression by PREE
was verified by RT-PCR, It was confirmed that
HAS2 gene expression was induced by PREE at
all concentrations, In particular, the band was
most prominent in the 100 «g/ml treatment group,
but fainter in the 200 «g/ml treatment group(Fig.
2). These results confirmed that PREE induced
the expression of HAS2 gene, which is associated
with the synthesis of HA, in the human
keratinocytes, Moreover, there was weak
cytotoxicity in 200 «g/ml treatment group, In the
future, additional studies would be required to

confirm the exact cause,

3. Hyaluronidase inhibition rate

The HYAL used in this experiment was not

derived from humans, However, it might indirectly

1 2 3 4 5 6
HAS2 GAPDH
(A)

confirm the inhibition of HYAL in human skin,
When cells treated with 200 «g/m! PREE, HYAL
inhibition rate was 3,56% and when treated with
glycyrrhizin, the inhibition rate was 38.08%(Fig.
3). Compared to the control group, PREE treated
group exhibited increased inhibition of HYAL
activity, However, the inhibition rate was lower

than that of glycyrrhizin treated group,

4. HA production

The mean HA production values of cells
treated with 50, 100, and 200 «g/m! PREE were
1165.54, 1139.42 and 1088.22 gfml
respectively(Fig, 4). The HA production decreased
as the concentration of PREE increased. When
using Puerariae radix as a moisture retentive
agent, these results could be an important
deciding  the

indicator  for appropriate
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Fig. 2. Effect of Puerariae racx on HAS2 gene expression in human keratinocytes, (A) HAS? levels increased upon
treatment with Ruerarize radlix as determined by RT-PCR. Expression was normalized to RA levels, 1: 100
bp ladder, 2: 0.1% DMSO, 3: 1 # M RA 4: 50 ug/md PREE, 5: 100 ug/md PREE, and 6: 200 ug/md PREE,
(B) Quentification of HAS2 gene expression in cells treated with the 0.1% DMSO, 1 # M RA and PREE at the
indicated concentrations (50 — 200 pg/ml). Values represent the mean + SD of three independent
measurements, Values with different superscripts are significantly different (p € 0.05) by ANOVA
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Fig. 3. Hyaluronidase inhibition effect of PREE, The
HYAL inhbiion rate was anadlyzed by
hyaluronidase enzyme assay. PREE  treated
goup was compared with CON  group
(untreated group) and the group treated with
glyeyrthizin (extracted from Glyeyrrhiza: wralensis
ASCH), a known HYAL inhibitor, Values
represent the mean = SD of three independent
measurements (p ¢ 0.05).
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Fig. 4. Effect of PREE on HA production in human
keratinocytes, The cells were treated with the
DMSO, 1 # M RA and PREE at the indicated
concentrations (50 — 200 pg/md) and amount
of HA was measured by ELISA reader,
Values represent the mean = SD of three
independent  measurements,  Values  with
different superscripts are significantly different
(0 € 0.05) by ANOVA
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Fig. 5. Filot study for moisturizing ability of PREE, The
study was oonducted on 12 normal  women
subjects. Before and 10 minutes after application,
the application ste and the non—application site
were measured three times each and the values
averaged. Moisture of the forearm area was
measured using a corneometer and AU was used
as the unit,

concentration, As the concentration increases, the
expression of HA decreases, Therefore further
studies are needed to determine the optimal

concentration,

5. Pilot study

The study was conducted on 12 normal women
subjects, Before and 10 minutes after application,
the application site and the non-application site
were measured three times each and the values
averaged. At the non-application site, moisture
levels were 34.32 AU before application and
3433 AU 10 minutes after application, At the
application site, moisture levels were 34,65 AU
before application and 34,66 AU after 10 minutes
after application(Fig. 5). There was almost no
difference between before application and 10
minutes after application at either site, Thus,

further studies with detailed experimental design
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would be required.

IV. Discussion

In Korean medicine, the effect of Puerariae
radix on skin includes engendering fluid (2:H1)"?,
releasing the flesh (f#l)"”, opening interstices ([
e GE)

Because of these effects, it has been reported that

and outthrusting rashes

prescriptions containing Puerariae radix have been
effective in treating skin diseases such as atopic

) )

.2 . s 24
dermatitis™,  allergic  contact  dermatitis™,

purpuraZS), and erysipela526), According  to
Huangdineijing (i #%), a classic of Korean
medicine, if the operation of nutrient qi (550
and defense qi (f#%) is blocked and the blood
circulation does not work, the skin will not be
nourished (¥, %R, A0 D, AWM
H, IWARIR, SIS, ROEREEL, BoRE, KA
#®, WEA)Y, If fuid-humor (HHE) is not
supplied to the skin, the skin will be dry (KRB
NS, AR B TR BT ™.
al” have stated that Puerariae radix can engender
fluid by making the qgi and blood circulation,

Puerariae radix like other Jlegumes contains

Yin et

many isoflavones, in particular, the O-glucoside
family family
puerarin(daidzein-8-C-glucoside)*”, Both compounds
have hypotensive””, anti-inflammatory™, bone-density

daidzin and  C-glucoside

increasingw, anticancer™”, hepatoprotectivesS) and
anti-depressant effects™, Although many studies
have reported the antioxidant propertiesa7’38) of
Puerariae radix, few studies have focused on its
moisturizing effects, Therefore, the purpose of

this study was to evaluate the efficacy of

Puerarize radix as a moisturizing agent,

HA is a
non-animal-derived  stabilized hyaluronic acid
(NASHA) and  stabilized
fermentation and  animal-derived

(extracted from chicken crust)”, It is produced

polysaccharide, classified as
through  bacterial
product

by fibroblasts and keratinocytes, In mammals, its
circulation period is known as 2 — 4.5 days, It is
also present in the dermal and epidermal cell
spaces (between the prickle-cell layer and the
stratum corneum), but absent in the stratum
corneum and granular layer, HA has excellent
ability to absorb moisture and has a strong skin
moisturizing effect, Therefore, it can aide in the
skin’ s function as a barrier, As aging progresses,
the moisture content and elasticity of the skin
decreases, and the changes are noticeable by the
naked eye”). HA concentration tends to decrease
with age or continuous exposure to ultraviolet
rays or reduced humidity”, Decrease in HA
concentration in the skin tissue reduces the skin
elasticity, which causes wrinkles and roughness of
okin'®.

content of the skin stratum corneum, the balance

With decrease in HA and moisture

of sebum and moisture level is lost, In severe
cases, it can cause dermatitis41),

In the pilot study performed at the Chemical
Trial Center for Bio-industry at Semyeong
University, the moisturizing effect of PREE was
not significant, This means that although PREE
could possibly enhance HA synthesis in vitro, its
penetration into the skin on application is limited.

Kim® has experimentally demonstrated that
Puerariae radix has an ultraviolet blocking effect,
In this study, HA synthesis activity of PREE was

confirmed, However if additional studies to
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determine the optimal concentration of PREE and
studies related to multiple formulations containing
Puerariae radix are conducted, Puerariae radix
may have potential value in external herbal

applications,

V. Conclusions

In this study, to evaluate the moisturizing
effect of Puerarize radix, a 70% (v/v) ethanol
solution of the same was prepared, and MIT
assay, RT-PCR, hyaluronidase enzyme assay, HA
ELISA and a pilot study were conducted.

1. In the MTT assay, no apparent Cytotoxicity was
observed,

2. By RT-PCR, HAS2 gene expression was
confirmed at all concentrations,

3, In the hyaluronidase enzyme assay, PREE
inhibited HYAL activity,

4, Evaluation of HA synthesis by HA ELISA kit
showed that 50 ug/m! treatment group was the
highest concentration and its average value was
1165.54 ug/ml,

5. In the pilot study, the site of application of
PREE differed from the site of non-application,

However, there were no significant differences,

These results show that Puerariae radix could
have significant effects when used alone or with
multiple natural products in external herbal
applications, Based on these results and additional
studies, Puerariae radix could be a good raw

material for external herbal applications,
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