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合歡皮 藥鍼液의 사람 피부아세포의 콜라게나제 활성 및 

프로콜라겐 합성과 티로시나제 활성에 미치는 영향

임강현

세명대학교 한의과대학 본초학교실

목  : 본 연구는 合歡皮藥鍼液이 사람 피부 섬유아세포의 콜라게나제 활성  로콜라겐 합성에 미치

는 항과 티로시나제 활성에 미치는 효과를 측정하고자 실시하 다.

방법 : HS68 사람 정상 섬유아세포에 UVB 조사 후 合歡皮 藥鍼液가 type I procollagen 생성과 콜라게

나제 효소활성에 미치는 효능과 티로시나제 효소활성에 미치는 효능을 평가하 다.

결과 : 合歡皮藥鍼液은 UVB 조사된 세포의 콜라게나제 효소활성을 통계 으로 유의하게 억제하 고, 티

로시나제 활성을 통계 으로 유의하게 억제하 다. 그러나 티로시나제 억제활성의 정도는 미백효능으로 활

용하기에 약간 약한 경향이 있었다. 

결론 : 合歡皮藥鍼液의 콜라게나제 억제효능은 주름개선 약침치료에 활용이 가능할 것으로 생각된다.

핵심 단어 : 합환피, 자귀나무, 제I형 로콜라겐, 콜라게나제, 티로시나제
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Ⅰ. Introduction

Albizziae Cortex is the bark of Albizzia julibrissin 

Durazz., which riches in tannin, saponin, sitosterol, 

and other elements1). It is used to treat depression, 

insomnia, invigorate blood circulation, reduce swelling, 

promote generation of flesh, and facilitate healing of 

bone fractures1,2). 

Every man and woman has a desire to look and 

feel at least ten years younger than their chrono-

logical age. Therefore, in these days, aging seems 

to be treated as not a nature to accept but a disease 

or a disorder to overcome. Theories of aging fall 

into two categories, (1) programmatic theory and 

(2) stochastic theory. The programmed theory pro-

poses a clock in our bodies that controls not only 

our process of development but also triggers our 

self-destruction. The stochastic theory proposes that 

the cross-linking of proteins and other cellular mac-

romolecules leads to age-dependent diseases and 

disorders. Processes that are associated with cellular 

damage and aging are the production of free 

radicals(a process much enhanced after ultraviolet 

irradiation) and an increasing number of errors 

during DNA replication. Cellular manifestations of 

intrinsic aging include decreased life span of cells, 

decreased responsiveness of cells to growth signals, 

which may reflect loss of cellular receptors to growth 

factors, and increased responsiveness to growth 

inhibitors. All these findings are more pronounced 

in cells derived from photo-damaged skin3). Aging 

process in skin(extrinsic aging) is generally referred 

to as photo-aging due to chronic exposure to short 

wavelength UV light(UVB) and is characterized by 

severe wrinkling and pigmentary changes, such as 

solar lentigo and mottled pigmentation on exposed 

areas such as the face, neck, and forearm4). It has 

been shown that UV irradiation leads to the formation 

of reactive oxygen species(ROS) that activate the 

mitogen-activated protein(MAP) kinase pathway, 

which subsequently induces the expression and 

activation of matrix metalloproteinases(MMPs) in 

human skin in vivo5,6). MMPs including collagenase 

are considered key factors in the photo-aging process. 

Melanogenesis was induced after UV irradation as 

well. The key regulator in melanogenesis is well 

known as a type of enzyme, tyrosinase. Tyrosinase 

is a copper-containing enzyme present in animal 

tissues that catalyzes the production of melanin
7)
.

In the present study, the effect of Albizziae 

Cortex pharmacopuncture extracts(ACPE) on type I 

procollagen production and collagenase activity in 

human normal fibroblasts HS68 after UVB(312 nm) 

irradiation were investigated. The tyrosinase activity 

after treatment of ACPE was measured as well.

Ⅱ. Materials and methods

A. Sample preparation

Albizziae Cortex was purchased from Omniherb 

(Korea). Albizziae Cortex Pharmacopuncture Extracts 

(ACPE) was prepared as follows. 100 g of Albizziae 

Cortex in 2,000 ml 70% ethanol was heated in a 

heating extractor for 3 hours. The extract was filtered 

and concentrated by using the rotary evaporator. 

The extracts were lyophilized by using freeze dryer 

(5.67 g). The lyophilized extract was dissolved in 

water and filtered three times with microfilter paper 

(Whatman no. 2, 0.45-0.2 μm). It was placed in a 

disinfected vial and sealed for further study.

B. Reagents 

All reagents were purchased from Sigma-Aldrich 

except as mentioned below(St Louis, MO, USA). 

C. Cell culture

HS68 human fibroblasts(Health Protection Agency 

Culture Collections, UK) were cultured in Dulbecco’s 

Modified Eagle’s medium(Gibco, USA) containing 

10% fetal bovine serum, 1% antibiotics at 37°C in a 

humidified atmosphere of 5% CO2. When cells 

reached above confluency, subculture was conducted 

at a split ratio of 1:3. 
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D. UVB irradiation

A UVB lamp(Vilber Lourmat, France) was used 

as a UVB source. In brief, HS68 cells were rinsed 

twice with phosphate-buffered saline(PBS), and all 

irradiations were performed under a thin layer of 

PBS(200 μl/well)8). Immediately after irradiation, fresh 

serum-free medium was added to the cells. After 

24 hours incubation period, responses were measured. 

Mock-irradiated blanks followed the same schedule 

of medium changes without UVB irradiation. 

E. Cell viability

General viability of cultured cells was determined 

by reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium bromide(MTT) to formazan. The 

human fibroblast cells(HS68) were seeded in 24- 

well plates at a density of 2×10
5
/ml per a well and 

cultured at 37°C in 5% CO2. Cells were pretreated 

with the sample at a concentration of 100, 10, 1 μg/ml 

for 24 hours prior to UVB irradiation. After UVB 

irradiation, cells were retreated with the sample and 

incubated for additional 24 hours, before being 

treated with 0.05 mg/ml(final concentration) of 

MTT. The blank and control group was cultivated 

without sample treatment. The cells were then 

incubated at 37°C for additional 4 hours. The 

medium containing MTT was discarded, and MTT 

formazan that had been produced was extracted 

with 200 μl of DMSO. The absorbance was read at 

595 nm with a reference wavelength of 690 nm. 

The cell viability was calculated as follows:  

Cell viability(%) 

= [(OD595 of sample) / (OD595 of control)] × 100 

F. Assays of collagen type I synthesis 

and collagenase inhibition 

HS68 human fibroblasts were inoculated into 

24-well plate(2×105 cells/well) and cultured at 37°C 

in 5% CO2. Cells were pretreated with the sample 

at a concentration of 10, 30, and 100 μg/ml for 24 

hours prior to UVB irradiation. After UVB irradiation, 

cells were retreated with the sample and incubated 

for additional 24 hours. The blank and control group 

was cultivated without sample treatment. After 

culturing, the supernatant was collected from each 

well, and the amount of pro-collagen type I was 

measured with a procollagen type I C-peptide assay 

kit(Takara Bio, Japan). The activity of collagenase 

was measured with a matrix metalloproteinase-1 

(MMP-1) human biotrak ELISA system(Amersham 

life science, USA).

G. Tyrosinase inhibition assay

Tyrosinase activity was determined essentially as 

previously described9). The reaction mixtures were 

prepared by adding 40 U of mushroom tyrosinase 

to 20 μl of ACPE dissolved in 0.1 M sodium phosphate 

buffer(pH 6.5), and then adding 40 μl of 1.5 mM 

L-tyrosine and 220 μl of 0.1 M sodium phosphate 

buffer. The resulting mixture(300 μl) was incubated 

for 10 min at 37°C and then absorbance at 490nm 

was measured. The same mixture, but without ACPE 

extract, was used as a control.

H. Inhibition of L-DOPA oxidation

The inhibitory effect of ACPE on L-DOPA 

oxidation was determined according to the method 

of Joshi with a slight modification10). 50 μl of ACPE 

dissolved in 0.1 M sodium phosphate buffer was 

added to 40 U of mushroom tyrosinase in 900 μl of 

0.1 M sodium phosphate buffer(pH 6.5). After 6 min 

of incubation at 37°C, 3 mM of L-DOPA was 

added. Then the mixture was incubated at 37°C for 

15 min. Activities were quantified by measuring 

absorbance at 475 nm. The same mixture, but 

without ACPE extract, was used as a control.

I. Statistical analysis 

The results were expressed as means ± standard 

error of the mean(SEM). Significances of changes 

were determined using the one-way ANOVA with 

a Dunnett’s post hoc test. Values of p < 0.05 were 

considered statistically significant.
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Ⅲ. Results

A. Cytotoxicity on HS68 human fibroblasts

In order to evaluate the cytotoxicity of ACPE, 

samples were prepared at various concentrations 

and used to treat human fibroblasts(HS68). The 

results of this evaluation were shown in Fig. 1 at 

concentrations of 10, 30, 100 μg/ml. The cell 

viability was recalculated into 100% of control 

group. The cell viabilities of ACPE 10 μg/ml 

treated, ACPE 30 μg/ml treated, ACPE 100 μg/ml 

treated were 94.4 ± 1.1%, 97.1 ± 1.0%, and 97.1 ± 

0.0%, respectively. ACPE showed no cytotoxicity up 

to the effective concentration for anti-wrinkle 

activity(less than 100 μg/ml).

Fig. 1. Cell viability of Albizziae cortex pharm-

acopuncture extracts(ACPE) on HS68 human 

fibroblasts
B : blank, distilled water treated group without UVB irradiation. 
C : control, distilled water treated group with UVB irradiation. 
10, 30, and 100 : ACPE 10, 30, and 100 μg/ml treated group. 
Data were expressed as the mean ± SEM of three 

experiments.

B. Assay of collagen type I synthesis

To evaluate the amount of collagen type I 

synthesis that occurred upon exposure to the 

sample, collagen type I was quantitatively detected 

by using the previously described procollagen type 

I C-peptide assay kit. Collagens are synthesized as 

precursor molecules, called procollagens. These 

molecules contain additional peptide sequences, 

usually referred to as ‘propeptides’, at both the 

amino-terminal end and the carboxy-terminal end. 

These propeptides are cleaved from the collagen 

triple-helix molecule during its secretion, after 

which the triple-helix collagens are polymerized 

into extracellular collagen fibrils. Thus, the amount 

of free propeptide stoichiometrically reflects the 

amount of collagen molecules synthesized
11)
. The 

amounts of type I collagen synthesis of ACPE were 

shown in Fig. 2. ACPE did not increase the 

expression of type I collagen at all concentrations 

of 10, 30, and 100 μg/ml(0.6 ± 12.5 ng/ml, 0.6 ± 

11.0 ng/ml, and 0.6 ± 14.2 ng/ml) compared with 

control group(15.3 ± 1.6 ng/ml, Fig. 2). 

Fig. 2. Effect of Albizziae cortex pharmacopunc-

ture extracts(ACPE) on collagen type I synthesis in 

human fibroblast cells
B : blank, distilled water treated group without UVB irradiation. 
C : control, distilled water treated group with UVB irradiation. 
10, 30, and 100 : ACPE 10, 30, and 100 μg/ml treated 
group. 

Data were expressed as the mean ± SEM of three 
experiments.

C. Assay of collagenase activity

To evaluate the collagenase activity, matrix 

metalloproteinase-1(MMP-1) activity was quantita-

tively measured by using the previously described 

matrix metalloproteinase-1 assay kit. The activities 

of MMP-1 of ACPE treatment were recalculated 

into 100% of control group(Fig. 3). ACPE significantly 

reduced the MMP-1 activity at concentrations of 10 

μg/ml, 30μg/ml, and 100μg/ml(15.6 ± 1.2%, 6.6 ± 

0.3%, and 23.2 ± 1.0%, respectively., Fig. 3).
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Fig. 3. Effect of Albizziae cortex pharmacopunc-

ture extracts(ACPE) on collagenase activity in human 

fibroblast cells 
B : blank, distilled water treated group without UVB 

irradiation. 
C : control, distilled water treated group with UVB 

irradiation. 
10, 30, and 100 : ACPE 10, 30, and 100 μg/ml treated 

group. 
Data were expressed as the mean ± SEM of three 

experiments. 
* : significantly different from the control(p < 0.05).

D. Tyrosinase activity assay

The activities of ACPE on tyrosinase activity 

were recalculated into 100% of control group(Fig. 4). 

ACPE significantly reduced the tyrosinase activity at 

concentrations of 10 mg/ml(61.6 ± 3.7%, p < 0.05). 

The tyrosinase activity of ACPE 0.1 and 1 mg/ml 

treated group did not show any significance(90.9 ± 

8.6% and 83.4 ± 5.8%, respectively).

Fig. 4. Effect of Albizziae cortex pharmaco-

puncture extracts(ACPE) on tyrosinase activity 
C : control, distilled water treated group. 
0.1, 1, and 10 : ACPE 0.1, 1, and 10 mg/ml treated group. 
Data were expressed as the mean ± SEM of three 

experiments. 
* : significantly different from the control(p < 0.05).

E. L-DOPA oxidation

The activities of ACPE on L-DOPA oxidation 

were recalculated into 100% of control group(Fig. 5). 

ACPE did not show any significance at all 

concentraions. The effects of 0.1, 1, and 10 mg/ml 

were 80.1 ± 16.5%, 87.0 ± 3.7%, and 77.8 ± 5.7%, 

respectively.

Fig. 5. Effect of Albizziae cortex pharmaco-

puncture extracts(ACPE) on L-DOPA oxidation 
C : control, distilled water treated group. 
0.1, 1, and 10 : ACPE 0.1, 1, and 10 mg/ml treated group. 
Data were expressed as the mean ± SEM of three 

experiments. 

Ⅳ. Discussion and conclusion

Albizziae Cortex is the bark of Albizzia julibrissin 

Durazz., is used to treat short temper, depression, 

insomnia, irritability, premenstrual syndrome, and 

forgetfulness. It has mild effects and is usually 

used as an adjunct to other tranquilizing herbs. It 

invigorates blood circulation, reduces swelling, 

promotes generation of flesh, and facilitates healing 

of bone fractures. It has been used be one of the 

most important herbs for treatment of external 

trauma and injuries1,2).

The skin aging is one of the most obvious 

evidence of aging. The skin is increasingly exposed 

to ambient UV-irradiation thus increasing risks for 

photo-oxidative damage with long-term detrimental 

effects like photo-aging, characterized by wrinkles, 
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loss of skin tone and resilience. Photo-aged skin 

displays alterations in the cellular component and 

extracellular matrix with accumulation of disorganized 

elastin and its microfibrillar component fibrilin in 

the deep dermis and a severe loss of interstitial 

collagens, the major structural proteins of the dermal 

connective tissue. MMPs are known to be upex-

pressed in human fibroblasts within hours after 

exposure to UV irradiation and are, therefore, 

considered key factors in the photo-aging process. 

Therefore, agents with the ability to elevate ECM 

protein levels or inhibit the major collagen- 

degrading enzymes like MMPs would prove to be 

useful in the development of effective anti-aging 

agents. Collagen is a group of naturally occurring 

proteins. In nature, it is found exclusively in animals, 

especially in the flesh and connective tissues of 

mammals
12)
. It is the main component of connective 

tissue, and is the most abundant protein in mammals, 

making up about 25% to 35% of the whole-body 

protein content
13)
. Collagen, in the form of elongated 

fibrils, is mostly found in fibrous tissues such as 

tendon, ligament and skin, and is also abundant in 

cornea, cartilage, bone, blood vessels, the gut, and 

intervertebral disc. In muscle tissue it serves as a 

major component of endomysium. Collagen constitutes 

1% to 2% of muscle tissue, and accounts for 6% of 

the weight of strong, tendinous muscles
14)
. Collagen 

occurs in many places throughout the body. So far, 

only 29 types of collagen have been identified and 

described. Over 90% of the collagen in the body, 

however, is of type I, II, III, and IV. Among them, 

collagen type I is placed at skin, tendon, vascular, 

ligature, organs, and bone(main component of bone). 

Collagen-related diseases most commonly arise 

from genetic defects or nutritional deficiencies that 

affect the biosynthesis, assembly, postranslational 

modification, secretion, or other processes involved 

in normal collagen production . 

In this study, we evaluated the cytotoxicity of 

ACPE on human fibroblasts(HS68) at various concen-

trations. There was no cytotoxicity in all ACPE- 

treated concentrations. However, the amount of 

collagen type I was not increased at all concen-

tration of ACPE treatments. 

To evaluate the collagenase activity, matrix met-

alloproteinase-1(MMP-1) activity was quantitatively 

measured. ACPE significantly reduced the MMP-1 

activity at all concentrations of 10 μg/ml, 30 μg/ml, 

and 100μg/ml. 

Tyrosinase is one of the important enzymes that 

has a key role in pigmentation process
15)
. L-DOPA 

oxidation was also undertaken by tyrosinase. The 

effects of ACPE on tyrosinase activity was signifi-

cantly effective at 10 mg/ml treatments. 

In conclusion, ACPE showed the anti-wrinkle 

and whitening effects. However, the whitening effects 

were not enough to be used as whitening agents. 

These results suggest that ACPE may be a potential 

pharmacopuncture as an anti-aging pharmacopunc-

ture treatments such as wrinkle care therapies. I 

think further studies will be needed to unravel 

exactly under the effects in vivo and clinical ex-

periments and the molecular mechanisms of the 

effects.

Ⅴ. References

 1. The Boncho-Hak Textbook Committee. Boncho- 

Hak. Seoul : Young-Lim Press. 2007 : 534-5.

 2. Chen JL, Chen TT. Chinese medical herbology 

and pharmacology. CA : Art of Medicine Press. 

2004 : 768-9.

 3. Yaar M, Gilchrest BA. Cellular and molecular 

mechanisms of cutaneous aging. J Dermatol 

Surg Oncol. 1990 ; 16(10) : 915-22.

 4. Gelse K, Poschl E, Aigner T. Collagens- 

-structure, function, and biosynthesis. Adv 

Drug Deliv Rev. 2003 ; 55(12) : 1531-46. 

 5. Fisher GJ, Datta SC, Talwar HS, Wang ZQ, 

Varani J, Kang S, Voorhees JJ. Molecular basis 

of sun-induced premature skin ageing and 

retinoid antagonism. Nature. 1996 ; 379(6563) : 

335-9.

 6. Shin JY, Hur W, Wang JS, Jang JW, Kim CW, 

Bae SH, Jang SK, Yang SH, Sung YC, Kwon 



Effects of Albizziae Cortex pharmacopuncture extracts on the collagenase activity and …

131

OJ, Yoon SK. HCV core protein promotes liver 

fibrogenesis via up-regulation of CTGF with 

TGF-beta1. Exp Mol Med. 2005 ; 37(2) : 138-45.

 7. Wei X, Liu Y, Xiao J, Wang Y. Protective 

effects of tea polysaccharides and polyphenols 

on skin. J Agric Food Chem. 2009 ; 57(17) : 

7757-62.

 8. Moon HJ, Lee SH, Ku MJ, Yu BC, Jeon MJ, 

Jeong SH, Stonik VA, Zvyagintseva TN, 

Ermakova SP, Lee YH. Fucoidan inhibits 

UVB-induced MMP-1 promoter expression and 

down regulation of type I procollagen synthesis 

in human skin fibroblasts. Eur J Dermatol. 2009 ; 

19(2) : 129-34.

 9. Vanni A, Gastaldi D, Giunata G. Kinetic 

investigations on the double enzyme activity of 

the tyrosinase mushroom. Ann Chim. 1990 ; 80 : 

35-60.

10. Joshi PC, Carraro C, Pathak MA. Involvement 

of reactive oxygen species in the oxidation of 

tyrosine and dopa to melanin and in skin tanning. 

Biochem Biophys Res Commun. 1987 ; 142(1) : 

265-74.

11. Kim YH, Chung CB, Kim JG, Ko KI, Park SH, 

Kim JH et al. Anti-wrinkle activity of ziyugly-

coside I isolated from a Sanguisorba officinalis 

root extract and its application as a cosme-

ceutical ingredient. Biosci Biotechnol Biochem. 

2008 ; 72(2) : 303-11.

12. Müller WEG. The Origin of Metazoan Complex-

ity: Porifera as Integrated Animals. Integr Comp 

Biol. 2003 ; 43(1) : 3-10. 

13. Di Lullo GA, Sweeney SM, Korkko J, Ala- 

Kokko L, San Antonio JD. Mapping the ligand- 

binding sites and disease-associated mutations 

on the most abundant protein in the human, 

type I collagen. J Biol Chem. 2002 ; 277(6) : 

4223-31.

14. Sikorski ZE. Chemical and Functional Properties 

of Food Proteins. Boca Raton : CRC Press. 2001 : 

242. 

15. Lei TC, Virador VM, Vieira WD, Hearing VJ. A 

melanocyte-keratinocyte coculture model to assess 

regulators of pigmentation in vitro. Anal Biochem. 

2002 ; 305(2) : 260-8.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


