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우산고로쇠의 향장효과
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ABSTRACT : The purpose of this study was to research for anti-oxidation and anti-wrinkle effects of Acar mono Sap (AM).

To cosmetic effect of AM, safety effect (MTT assay), anti-wrinkle effect (elastase, MMP-1 inhibition assay) and anti-oxidant

effect (DPPH assay) were measured. When water extract of AM was used for cell viability, it was over 100% at 6% (6 ml/

100 ml in phosphate buffer) concentration. AM showed 45.7% elastase inhibition and 23.7% MMP-1 inhibition at 50% (50 ml/

100 ml in phosphate buffer) concentration so that it had good anti-wrinkle characteristic. And AM showed 68.9% antioxida-

tion capacity at 50% concentration by using a DPPH assay. Consequently, AM can be used as natural materials or additives for

human skin owing to their beneficial biologic functions, including the anti-wrinkle effect, for cosmetic compositions.
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INTRODUCTION

Wrinkles are result of dermal-hypodermal junction and

shrinking of the superficial muscles, which have their

points of insertion at the dermis. Mechanical and elastic

properties of skin associated with skin wrinkling are

related to histomorphology of the epidermis (Fujimura T.,

et al., 2000). And wrinkles are formed and promoted by

both internal and external factors. Internal factors include

aging, changes in the endocrine system, nerve system and

hereditary factors. External factors include exposure to UV

rays and the oxidation or drying associated with UV

exposure (Sophie et al., 2002, Son et al., 2012). The skin

tissue is rich in lipids, which are thought to be vulnerable

to oxidative stress from sunlight. Ultraviolet (UV) exposure

leads to alterations in the composition of the skin,

including the accumulation of elastic fibres (Braverman

and Fonferko, 1982), collagen reduction and degeneration

(Oikarnin and Kallionen, 1989). Elastase is the only enzyme

that is capable of breaking down elastin, an insoluble elastic

fibrous protein that, together with collagen, determines the

mechanical properties of connective tissue (Antonicelli et al.,

2007). Collagen and elastin provide suppleness and elasticity

to the skin and reinforce the fibers of the two fundamental

elements which constitute the supporting capacity of the

cutaneous layer (Kim et al., 2011).

Of the environmental factors that injure the skin,

ultraviolet (UV) irradiation is the most common and

pernicious. It leads to alterations in the composition of the

skin, including the accumulation of elastic fibers

(Braverman and Fonferko, 1982), collagen reduction and

degeneration (Oikarnin and Kallionen, 1989). Functional

cosmetics are defined in Korean Cosmetics Law as cosmetics

including whitening, anti-wrinkle, and UV protection effects
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(Cho et al., 2011). As anti-wrinkle agents, retinol, retinyl

palmitate, adenosine, and polyethoxylated retinamide are

registered in KFDA (Korea Food and Drug Administration,

2009). The genus Acer comprises 15 species in Korea

(Jin et al., 2006). Acar mono Sap (AM) is an endemic

Korean maple species, growing in the mountains of

Ullung Isaland (Lee, 1996). This plant has some flavonol

glycosides and phenolic compounds. AM was reported anti-

HIV-1 activity (Kim et al., 1998) and the inhibitory effect of

low density lipoprotein (LDL) oxidation (Thuong et al.,

2005). In Korea, the sap of Acer mono (painted maple) has

been termed ‘bone-benefit-water’ owing to various

minerals(calcium, potassium and magnesium ion) and can

prevent extreme dehydration and tiredness or fatigue

(Kunkel, 1984). AM has been used in East Asian countries

for centuries due to its anti-osteoporosis effects (Lee et al.,

2008). however, East Asian medical literature claims that the

sap has potential anti-oxidative and immunomodulatory efects

(Yang et al., 2008). AM has a source of cosmetic agents

capable of improving whitening effect and antioxidant

activites (Kim et al., 2011).

However, more systematic scientific studies to establish

the safety and efficacy of medicinal herb in both rejuvenation

and detoxification procedures are needed. Thus, this study

may be interesting to modern scientists to understand

different approaches and processes that may be useful to

progress research on promotive, preventive and therapeutic

interventions generally on various degenerating conditions

and aging. Therefore, the objectives of the present study

was to evaluate its biological activities such as their

antioxidant, anti-elastase, and anti-inflammatory activities for

application to human skin. 

Materials and Methods

1. Materials

The sap of AM was kindly provided by Professor Lee,

Hyun Young in Kangwon National University.

AM is the closest relatives of A. okamotoanum (Pfosser et

al., 2002), hence suggesting that the latter might have evolved

anagenetically from continental populations of the former.

2. Cell Viability Assay

The procedures of cell viability assay were applied by

the method of Mosmann (1983). Hs27 was obtained from

the American Type Culture Collection (ATCC, Rockville,

MD, USA). Hs27 is one of a series of human foreskin

fibroblast lines developed at NBL, California. The material

was obtained from a normal new-born Negro, and the

cells possess the G6PD type A phenotype. Longevity

studies carried out at NBL demonstrated that the cells can

be propagated for 42 passages The cell line was cultured

according to instructions defined by the ATCC. Hs27

(newborn foreskin, male, human fibroblast) was cultured in

Dulbecco’s modified Eagle’s medium (Gibo, Gaithersburg,

MD, USA) supplemented with 15% fetal bovine serum

(Hyclone, Logan, MA, USA). The culture medium was

replaced every 48 h with pre-equilibrated 37℃ medium. Cell

suspensions were then counted and aliquoted for subsequent

passage or lysis. Hs27 cells were used between passage

numbers 5 and 20. To examine the effect of AM on cell

viability recovery, we performed a Thiazolyl Blue Tetrazolium

Bromide (MTT) assay. Following treatment with AM, culture

medium was removed and MTT (0.33 g/L) solution was

added for 90min at 37℃. The supernatant was discarded

and isopropanol was added to dissolve the formazan product.

The intensity was measured colorimetrically at a wavelength

of 570㎚. The cell viability being calculated as follows:

Cell viability (%) = (OD 570(sample) / OD 570(control) × 100

where OD 570 (sample) is the absorbance of the treated

cells at 570㎚ and OD 570 (control) is the absorbance of

the negative control at 570㎚ (non-treated cells).

3. Elastase Inhibition Assay

The activity of porcine pancreatic elastase (E7885, Sigma,

USA) was examined using N-Succinyl-(Ala)3-p-nitroanilide

as the substrate, and the release of p–nitroaniline at 410㎚

was measured. The reaction was carried out in a 0.05M

Tris-HCl buffer (pH 8.2) containing 5 mM N-Succinyl-

(Ala)3-p-nitroanilide and elastase (1.0 unit/mL). AM was

added to the reaction mixture to reach a final concentration

of 500 µg/mL, and elastase inhibition was assessed at 25℃.

The reaction mixture was pre-incubated for 10 min before

adding the substrate (Hong et al., 2008). The change in

absorbance was measured at 410㎚ using a 96-well

reader. The percent inhibition of elastase was calculated as

follows: Inhibition (%)= [(A-B)/A]×100, where A is absorbance

at 410㎚ without AM, and B is the change in absorbance

at 410㎚ with AM.
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4. Assay of Collagen Type I Synthesis by an EIA Kit

Fibroblast cells were inoculated into 24-well plates (5

*105cells/well) and cultivated for 24 h. After culturing, the

culture medium was changed to serum-free IMDM (Iscove’s

modified Dulbecco’s medium) and cultivated for 24 h (Van

et al., 1981). The control group was cultivated without a

compound. After culturing, the supernatant was collected

from each well, and the amount of pro-collagen type I

was measured with a pro-collagen type I C peptide assay

kit (Takara Bio, Japan).

5. ELISA of pro-MMP 1

Human dermal fibroblast cells were exposed to UV-B

irradiation at 52 mJ/cm2 followed by incubation in serum

free DMEM for 48 h with or without AM. The MMP-1

secreted into the culture medium was determined by a

commercially available ELISA assay kit (R & D Systems,

Minneapolis, MN, USA).

6. Antioxidant Assay (DPPH assay)

DPPH (Sigma, USA) was dissolved in ethanol (99.5%,

Sigma, USA) to a volume of 250µM followed by sonication

for 5 min to obtain the stable free radical DPPH using

the method reported by Bors et al. (1992). The test

compound was diluted in DPPH solution in a ratio of

1 : 1. Appropriate controls were run in each series and

fresh free radical DPPH solution was prepared daily. AM

was tested in triplicate at five different concentrations such

that a 50% decrease in free radical DPPH absorbance

could be calculated. The change in the absorbance at

517㎚ was measured in a 96-well reader. The FSC50

(concentration causing 50% radical scavenging activity) value

of AM was determined and compared with that of L-

ascorbic acid (Sigma, USA) and Trolox (Sigma, USA). The

absorbance (A) of the control and samples was measured,

and the percentage DPPH scavenging activity was determined

as: DPPH scavenging activity (%) = [(Acontrol - Asample)/Acontrol]

× 100 Each assay was performed in triplicate and the

concentration required for a 50% reduction (IC50) in DPPH

radical activity was determined graphically.

RESULTS AND DISCUSSION

1. AM Protects Dermal Fibroblasts from Cell Death 

To study whether AM could induce cell viability, we

checked cell viability using a MTT assay. The sample was

prepared at various concentrations and used to treat HS27.

The results of this evaluation is shown in Fig. 1. AM

showed no cytotoxicity up to the effective concen-tration

for anti-wrinkle activity. This finding suggests that AM

could be produced as an effective active ingredient with

no associated cytotoxicity.

2. Elastase Inhibition Assay 

Elastase is known to cause rheumatoid arthritis, pulmonary

emphysema, and other chronic inflammatory diseases by

the protein degradation of human tissues (Park et al.,

1999). It also degrades elastin, which is closely related to

the elasticity and restoration of skin, and induces wrinkles

Fig. 1. Cytotoxicity of AM on HS27 human fibroblasts. Control;
distilled water treated group with UV-B irradiation 6, 13,
25, 50, and 100; AM treated group. Data represent the
mean± SEM (n= 5). Asterisk indicates a significant
difference compared with control at.
*p<0.5, **p<0.05, ***p< 0.01.

Fig. 2. Inhibition effect of AM on elastase. All experiments
were performed in triplicate and error bars represent
mean ± SEM (n = 3).
**p< 0.05, ***p< 0.01.
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and a lack of elasticity. The inhibition effect of elastase

activity is shown in Fig. 2. The inhibition rate of AM at

a 50% concentration was 45.7%. AM was found to have

the high elastase inhibition activity compared to adenosine

which was used as a positive control. This research

offered that AM would have potential as an anti-wrinkle

agent for use in cosmetic products.

3. Assay of Collagen Type I Synthesis by an EIA Kit

Collagen types I, II, III, IV and V are synthesized as

precursor molecules called procollagens. These precursor

molecules contain additional peptide sequences, termed

“propeptides”, at both their amino- and carboxy-terminal

ends. To evaluate the amount of collagen type I synthesis,

collagen type I was quantitatively detected by using a

procollagen type I C-peptide assay kit (Takara Bio, Japan).

Collagens are synthesized as precursor molecules, called

procollagens. Pro-collagen Type I C-peptide (PIP) has also

been extensively referenced in correlation studies between

collagen levels and certain health disorders such as bone

disease, alcoholic liver disease, liver cirrhosis (Borrmann

type IV), and adenocarcinoma of the stomach. AM

increased the expression of type I collagen in a dose-

dependent manner (up to 33.7% at 100% AM), comparable

to that of ascorbic acid (up to 69.2% at 25 µM) as

shown in Fig. 3. AM in a concentration range from 6-

100% showed an increase in type I collagen synthesis from

1.6% to 33.7%.

4. AM Reduced the Expression of MMP-1 

AM was tested if it has inhibitory effect on the UVB-

induced MMP-1 expression. Human dermal fibroblasts

were first irradiated with 52 mJ/cm2 UVB and then treated

with 6-100% concentrations of AM or 25µM ascorbic acid

for 48 h followed by examination of MMP-1 expression in

the culture medium by ELISA assays. AM significantly dose

dependently decreased the level of MMP-1 to below the

base line level even with irradiation. Ascorbic acid at

concentrations 25 µM for 48 h. A dose dependent MMP-1

inhibition capability was observed in AM treated groups.

AM 100% treated groups had the highest inhibition capability,

of 17.17 ± 1.6%, while 6, 13, 25 and 50% treated groups

had 23.7 ± 5.7%, 25.2 ± 8.0%, 38.5 ± 9.0%, and 67.5 ± 10.3%,

respectively (Fig. 4).

5. Antioxidant Assay (DPPH assay)

It has been reported that reactive free radicals was

induced by elastase in neutrophil and that they play a

role in inflammation. Assays of the free radical scavenging

capacity were carried out by the DPPH scavenging effect.

The free radical scavenging capacity of AM was measured

at each concentration (6, 13, 25, 50, and 100%). A dose

dependent free radical scavenging capability was observed

Fig. 3. Collagen type I synthesis assay in human fibroblast
cells using the EIA kit. The control group was cultivated
without AM. 25 µM L-ascorbic acid was positive control.
All experiments were performed in triplicate and error
bars represent mean ± SEM (n = 3).
*p< 0.5, **p< 0.05.

Fig. 4. The effect of AM on the expression of MMP-1 induced
by UV-B. HS27 after exposure to UV-B irradiation of
52 mJ/㎠ at 312㎚ were treated with AM at concen-
trations of 6, 13, 25, 50, and 100% and L-ascorbic acid at
concentrations 25 µM for 48 h. MMP-1 contents were
analyzed by ELISA. All experiments were performed in
triplicate and error bars represent mean ± SEM (n = 3). A
dose dependent MMP-1 inhibition capability was observed
in AM treated groups.
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in AM treated groups. AM 100% treated groups had the

highest scavenging capability, of 92 ± 2.6%, while 50, 25,

13, and 6% treated groups had 68.9 ± 7.2%, 64.7 ± 8.3%,

56.8 ± 12.1%, and 31.8 ± 8.6%, respectively (Fig. 5).

In order to investigate for wrinkle-care cosmetics, we

screened free radical scavenging activities, elastase inhibition

activities and MMP-1 assays. Other studies have demonstrated

that chronic UV-A and UV-B radiation result in a significant

increase in elastase-type enzyme activity (Imayama et al.,

1989). Increased elastase activity has been associated with

wrinkling, sagging, and laxity of aged skin (Wan et al.,

2001). Therefore, inhibition of elastase activity might contribute

to an anti-aging effect. AM proved, through in vitro tests, to

stimulate collagen production and fibroblast proliferation. In

cell cultures, AM showed positive effects on fibroblast

proliferation and collagen production. So it might be

considered a potential new medicinal plant to use in the

future in skin care cosmetics.
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