Polymer (Korea), Vol. 32, No. 4, pp 359—-365, 2008

XM =AM 2fet 2ESHY Ledw BEHS| M= X S4E4

B0l - 285 - AY - DAL - B2 YR YUY Hey'
FoZAYSE WRAF, TR gl P2t
RS A, ) Aol 041
(2008 2€ 29% 447, 2008 5¢9 5¢ 47, 2008 54 7Y A=)

Fabrication and Characterization of Thermo-responsive
Nanofibrous Surfaces Using Electron Beam Irradiation

Hyeon Ae Jeon, Hwan Hee Oh, Young-Jin Kim, Jae Eok Ko,
Ho Yun Chung*, Inn-Kyu Kang**, Won Il Kim***, and Oh Hyeong Kwon'
Department of Polymer Science and Engineering,
Kumoh National Institute of Technology, Gumi 730—701, Korea
*Department of Plastic and Reconstructive Surgery,
Kyungpook National University Hospital, Deagu 700—721, Korea
** Department of Polymer Science and Engineering,
Kyungpook National University, Deagu 702—701, Korea
*** Research and Development Center, WONBIOGEN Co., Gumi 730—701, Korea
(Received February 29, 2008, Revised May 5, 2008, Accepted May 7, 2008)

=5 A7l o8l vAE feEle] vhieAlS FAEE AlxEla, ARzl 8 vieAl gl poly
(N—-isopropylacrylamide) (PIPAAM) S 2 EE O 24 L8ukA 1 AGTHS AFsioitt dojxl v
A AgskA widE o Hz o] 400 nme] Rtk ATR-FTIR 2 ESCA #4¢) 9JsjA] PIPAAm®]

A Bl dEdo® Y ZEHSS ERISISITE PIPAAMS JBlZE 14 o EHldh: EH%
z}o] W7} Ao, PIPAAmM®] IHZEH YiAlf EdoM= 571 37 CollA 20 CRE nigef wel =
AE7zo] 7h4slgit). o2l A3k= PIPAAm®] ZHZEH FHoa £& LhoaEs AFAY EAS AT}
7} w0 M PIPAAmM Aol S=3tedA 44 o7 ulgly] wiio|uh A2t LegHA YnAidie

A APl $ratglon], AeAeel 8 M st 485 B - SRR o Uk

Abstract : We have fabricated a novel thermo—responsive nanofibrous surfaces by grafting PIPAAm
by electron beam irradiation onto poly (3—hydroxybutyrate—co—3—hydroxyvalerate) (PHBV) nanofibrous
mats. The electrospun PHBV nanofiber structures revealed randomly aligned fibers with average diameter
of 400 nm. Increased atomic percent of nitrogen was observed on the PIPAAm—grafted PHBV mats
after electron beam irradiation determined by ESCA. The amounts of PIPAAm—grafted onto PHBV
films were 6.49 pg/cm?determined by ATR—FTIR. The PIPAAm—grafted surfaces exhibited decreasing
contact angles by lowering the temperature from 37 to 20 C, while ungrafted PHBV surfaces had negligible
contact angle change. This result indicates that PIPAAm surfaces, which are hydrophobic at the higher
temperature, became markedly more hydrophilic in response to a temperature reduction due to spon—
taneous hydration of the surface—grafted PIPAAm. Thermo—responsive nanofibers showed good
tissue compatibility. Cultured cells were well detached and recovered from the surfaces by changing

culture temperature from 37 to 20 C.

Keywords : electrospinning, nanofiber, thermo—responsive property, electron beam irradiation, surface

modification.
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Figure 1. Schematic illustration describing electrospinning
process.
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Figure 2. SEM micrographs of the electrospun PHBV nanofibrous
mat with different magnifications of (a) X 1000 and (b) X 5000.
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Figure 3. Fiber diameter distribution of the PHBV nanofibers.
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Figure 4. SEM micrographs of the electrospun PHBV nanofibers
as a function of radiation dose: (a) before irradiation, (b) 42
kGy, (¢) 84 kGy, and (d) 422 kGy.
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Figure 5. ATR—FTIR spectra of PHBV—g—PIPAAm mats as a
function of radiation dose: (a) ungrafted PHBV nanofiber, (b)
42 kGy, (c) 84 kGy, and (d) 422 kGy.
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Figure 6. ESCA survey scan spectra of (a) PIPAAm—grafted
PHBYV and (b) ungrafted PHBV mats.

Table 1. Surface Atomic Compositions of Ungrafted PHBV and
PHBV-g-PIPAAmM Mats Determined by ESCA

Atom (%)
Substrates C 0 N
Ungrafted PHBV mat 63.4 36.6 -
PIPAAm—grafted PHBV mat 62.5 31.4 6.1
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Figure 7. Three—dimensional tapping mode AFM topographical
images of (a) ungrafted PHBV mat, (b) PHBV—¢—PIPAAm
mat, (c) ungrafted PHBV film, and (d) PHBV—-g—PIPAAm
film.
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Table 2. Water Contact Angle (°) of Each Surface Measured by
Sessile Drop Method (n=10)

Substrates 20 C 37 C
Ungrafted PHBV mat 80.0°x1.4 83.5°x1.5
PIPAAm—grafted PHBV mat 39.3°£1.9 74.8°+5.3
Ungrafted PHBV film 63.2°+1.7 65.3°+£2.6
PIPAAm—grafted PHBV film 35.4°+3.2 49.7°+£4.0
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Figure 8. The percentage of the detached fibroblasts from
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PIPAAm films as a function of incubation time at 20 C.

Ueh ez shlsp] 98 2057k 298k,
< LCST oJake] %21 20 T} LCST oPde] %21 37 TellA
=S7dsilom 22 10708 574 AdE Hatste] Table 26 Wk
uisieh =452 3] R AR =9 spreading®]
Ao oy =& e /A

7 hedfegel BEEe] BEge) BHsdurt 94

]uﬂ e }\HE'-'_

) U2tk PIPAAMS IS ESH] %S PHBV thcAl-69t ag~
M= 250 Wl HEFEZ2 242 80°9) 63° Uel=2 & W}
7} otk L2 1A PIPAAmO| T8 ER heAlf-9}

FEeAs 37 CollM 75°9F 50°5 Ueh gl ont 255 LCST ©lat

€] 20 Col Z3INS W= 40°9) 35°% A FAsIIt) o
T Ao AvdoR 3 54g0) wslgiths 2E oJwiai

PIPAAmO] A5 3¥el] e Ed H9oe 2=gH5do] vet
drhs A oujgith

MIZHS X ERAHE. L}i*év‘%ﬂﬁw AEfeke A A}
HEL] 2719E W RAAES] 0Zielt sk, A7) HijekE ]

ex)2)o] 2)8) BT AEE 24500 Figure 8ol LR,
Figure 80l & 4= 9l wlsl o] A& AAgte] we} abel

A 5 R T8 B AR vl 3ol Al
o] go] Wi ARkl o FolAl= e 1 = 3k vl
o= A7 AHE Sz ofele 71 Alel= =9 ofFe] HaL w
2p4 PIPAAmO] 12 EH Frlolr] W 37t doju =z
Aaze] Eo] dERT BepA s Zlow AzEr 919 v &
=8 theAl el Al wieF Bl 2 miste] ofs) 1k

el AES] Ee] 58S o 4 ik



AR 2] % LESRY thedlf BHe A% % SYRY 365
4 = 4. J. R. Morgan and M. L. Yarmush, 7issue Engineering Methods

TEAS PIPAAMS A7 AP =2
Ere] 1 ZEsl] 2 IS e
A Z3k5Th ©F 400 nme FHAAES 7=
PHBV theid9] Az 208 g8k Wilkete] PHBV 4325
Alzstar SEMZ}F 241715 S8l 18IStk PIPAAMS %17]
WAL dofdl PHBY Wil EHe] w98 nlo]|m259]3
07 "ol T HAS AR 2 A Brel T ZESIN
t} o5 ATR-FTIR¥} ESCAE 3l ¥4 4%t 23} PIPAAm
o] JTHOoRE IYZEFNSS IRIBISICE T3t vl el
JYZEY PIPAAMS] % ATR-FTIRS o]galo] Ast Ay}
6.52 pg/em” AEYL gRleigith 12]a ARMe] o3t 3 54
A3} PIPAAme] 1 E o 24 A 39 topography ] W
L BEREZ 548 Bl k] Bk &
gelslt 43} PIPAAMO| 12 EH %o
& 5= STk oy 2942 el

LA W O H O |=
M AIES AfeFelaL 2ste] oja S I o WA

o RS WeEER) AEE Sslel A 5 el B
Sisick. @A /M) it 282 AlWFe] glom, e
R P I R RS P DR

o Qloj FQ3t MEgS gHe fglovr FU|oE R

7] etk

p

g

2Rl 21 QA= 2007 ShshsbARe] A ulEE
A9 A7) zATe] Ao g8 olFeionw ol =g
it

il

P

ret

|
—_

1. R. Langer and J. P. Vacanti, Science, 260, 920 (1993).

2. L. G. Cima, D. E. Ingber, J. P. Vacanti, and R. Langer,
Biotechnol, Bioeng., 38, 145 (1991).

3. A. Atala, D. Mooney, J. P. Vacanti, and R. Langer, Synthetic
Blodegradable Folymer Scaffolds, Birkhauser, Boston, 1997.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

and Protocols, Humana Press, 1999.

. A. Nieponice, L. Soletti, J. Guan, B. M. Deasy, J. Huard, W.

R. Wagner, and D. A. Vorp, Biomaterials, 29, 825 (2008).

. L. Cui, B. Liu, G. Liu, W. Zhang, L. Cen, J. Sun, S. Yin, W.

Liu, and Y. Cao, Biomaterials, 28, 5477 (2007).

. G. Marletta, G. Ciapetti, C. Satriano, F. Perut, M. Salerno, and

N. Baldini, Biomaterials, 28, 1132 (2007).

. J. C. Mohr, J. J. de Pablo, and S. P. Palecek, Biomaterials,

26, 6032 (2006).

. S. Sethe, A. Scutt, and A. Stolzing, Ageing Res. Rev., 5, 91

(2006).

S. Bae, C. W. Park, H. K. Son, C.—J, Jeon, and H. Kim,
Tissue Engineering and Regenerative Medicine, 4, 388
(2007).

M. Yamato, M. Utsumi, A. Kushida, and T. Okano, 7issue
Engineering, T, 473 (2001).

0. H. Kwon, A. Kikuchi, M. Yamato, Y. Sakurai, and T.
Okano, .J. Biomed. Mater. Res., 50, 82 (2000).

G. Chen, Y. Imanishi, and Y. Ito, J. Biomed. Mater. Res., 42, 38
(1998).

0. H. Kwon, A. Kikuchi, M. Yamato, and T. Okano, Biomaterials,
24,1223 (2003).

M. Yamato, O. H. Kwon, M. Hirose, A. Kikuchi, and T.
Okano, .. Biomed. Mater. Res., 55, 137 (2001).

M. Hirose, O. H. Kwon, M. Yamato, A. Kikuchi, and T.
Okano, Biomacromolecules, 1, 377 (2000).

Y. M. Shin, M. M. Hohman, M. P. Brenner, and G. C. Rutledge,
Polymer, 42, 9955 (2001).

X. M. Mo, C. Y. Xu, M. Kotaki, and S. Ramacrishna, Bio—
materals, 25, 1883 (2004).

E. D. Boland, J. Miomed. Mater. Res., T1B, 144 (2004).

H. Fong, 1. Chun, and D. H. Reneker, Polymer, 40, 4585
(1999).

X. Zong, K. Kim, D. Fang, S. Ran, B. S. Hsiao, and B. Chu,
Polymer, 43, 4403 (2002).

1. S. Lee, O. H. Kwon, W. Meng, I.—K. Kang, and Y. Ito,
Macromol. Res., 12, 374 (2004).

Polymer (Korea), Vol. 32, No. 4, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Century
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2cysB
    /H2cysL
    /H2gprB
    /H2gprM
    /H2gpsM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2ta2B
    /H2wulB
    /H2wulL
    /H2wulM
    /Haettenschweiler
    /HeadlineR-HM
    /HYGoThic-Extra
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MiniPicsArtJam
    /MiniPicsClassic
    /MiniPicsLilCritters
    /MiniPicsLilEdibles
    /MiniPicsLilEvents
    /MiniPicsLilStuff
    /MiniPicsLilVehicles
    /MiniPicsRedRock
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 807.874]
>> setpagedevice


