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natural biopolymer with a broad range of biomedical and industrial applications. Biotechnol. Lett. 29,
17 (2007).; P. Olczyk, Hyaluronan: structure, metabolism, functions, and role in wound healing.
Postepy. Hig. Med. Dosw. 62, 651 (2008).; L. Zou, X. Zou, L. Chen, H. Li, T. Mygind, M. Kassem, and C.
Bunger, Effect of hyaluronan on osteogenic differentiation of porcine bone marrow stromal cells in
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Jia, Controlling the adhesion and differentiation of mesenchymal stem cells using hyaluronic acid-
based, doubly crosslinked networks. Biomaterials 32, 2466 (2011).].
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v

rr

We] whE SUFEAL AW selmmAe F g4 #Y B A5 BEL 9% LuA wE T 24 4
KN
=

[S]
A A Aspd 2AHE=ER AREE g QT

18 3| GFEA/ Ze]-L-glo]Al slo]== A (HA/PLL Hydrogel)9] 34 AL /MgF4os yehdl Ao},
= 28 5AAZYE HA)0/PlLy g 3tol=2de] nA4+x2E 3 Y% 2 Ha(bulk) RA BZ3 Abdo|ar,
HAg 02/PLLo 12 Bto] =2 A0 wA12E #W 9% 2 WA (bulk) XA 23 ALz},

ql
w [\
flo

s
a

~

B 54728 HA w/Plloe 3HOI=ZAT} HA) /PLLy 1 dtol=z4e] 884 A4S FTIR(Fourier
transform infrared spectroscopy)® ZA3g Ar}o|t},
5 5% HAp.o2/PLLogs 3FOl=Z AT HAg 2/PLLo12 SFOIEZA E o]9] Tz (control) &2 ARgH F7 8} 2-o}v

wo|gd  HETHYo|E-3|UFEA  slo]=& 4 (Photo-cured 2-aminoethyl methacrylate-hyaluronic acid
hydrogel, AEMA-HA Hydrogel)2] DSC(Differential scanning calorimeter) =7%o]t}.

H

62 2719 AAQl SArAFT A ’\(Phosphate—buffered saline, PBS)¢} DMEM ®i=](2% HEPES, 10% FBS 2 1%
SE X3) stollA Agst FAAZE HAg2/PLLogs SFOI=Z AT} HAg go/PLLy 12 Stol =22 2] 3331 & (ESR)

AIE e
72 Hx slol=2Ado] PAH HIHEE 28U7FA] AE S HAp.oo/PLLy.os SFOl =2 A3} HAg go/PLLg 1p SO =27

°l W|EZ(in vitro) w3 A%sS Uepd Holt}.

-

e
o

H
:_

i

Lo

= 82 HAp.02/PLLo.os SFOl =2 A3} HAg go/PLLy 1 SOl =210 F e Wl tjdl] Z2]-L-gfo]l-3lo|=2rn =
ulo] =(PLL - HBr) 9] o] wx& AFHE el Aol

% 9% HAp2/PLLo.os Bt = A3} HAg 02/PLL.1p BFO] =27 Aol kel NG-63 AlEe] Q1 BIE®(in vitro) Al
2 FA ABE dEzF(control) o2 AMEE FAZE 2-ofvod WE R o] E-S|YFEL Sfol=2A
(Photo-cured 2-aminoethyl methacrylate-hyaluronic acid hydrogel, AEMA-HA Hydrogel)olAe] ZAx}e} nlulsh
Aol

% 10 HAg.2/PLLo.gs Btol=2 A2 CUR¥} BMP-25 < 3lets 343 vebd Zolt),

11 HA/PLL/CUR/BMP-2 slel=2 AR R e #F% (Curcumin, CUR)S Q1 MIER(In Vitro) W& AES e
Zola, % 12 HA/PLL/CUR/BMP-2 slol=2A 2R E] BMP-2(bone morphogenic protein-2)¢] ¢l H|E
Vitro) W& AsS Yehd Fojt},

5 132 HAg.02/PLLo os/CURys SFOl =22 HAg 02/PLLg 06/ BMP-2109 3FC]1 =272, HAg.02/PLLg o6/ CUR;5/BMP-21, 3}O] =2
, HAg.02/PLLo.os/CUR1s/BMP-25y O] =22, HAg 02/PLLo.0s/CUR15/BMP-2100 31 =27, HAg.0a/PLLo.0s/ CUR1o/BMP=2109
sto] =272 9 HAp ga/PLLo 06/CURyo/BMP-2199 SFO] =2 Ao A 1Y, 39 2 7Y Tt vlgH MG-63 Aol Q1 HE
2(in vitro) AlXZ F24 HEE X272 HAj02/PLLyos StOlE2AE AFE3te] LERA Aoltt.

R

o

% 14%  HApe/PLLogs 3FOl=27A,  HAgoe/PlLo.os/CURys  SFO] =22 HAg go/PLLo.os/BMP-2,0p S}l =2
HAg.02/PLLo.o6/CURys/BMP-210 3F0] =27 HAy 05/PLLo. os/CUR1s/BMP-250 3FO] =27 HAj 02/PLLg. 05/ CUR 5/BMP—2,40 3}0]
=27, HAg o2/PLLo 06/CUR1o/BMP-2109 3FO1 =2 2 HAg 0o/PLLg 06/CURx/BMP-2199 St =R AN 1, 3¢ 2 7Y
Z+z; v okE MG-63 A|FE2] ALP(Alkaline phosphatase) &4 AEZE ekl Ao},

ol
2

155  HAg.e/PLLoos  SHOI=22,  HApge/PLLo.os/CUR;s  BFOl =22, HAp go/PLLo.os/BMP-21p SFO] =27
HAg.02/PLLo.o6/CURys/BMP-210 8F0] =27 HAy 05/PLLo.os/CUR1s/BMP-259 &}l =27 HAj 02/PLLg. 05/ CUR 5/BMP—2140 3}0]

=272 HAg.oo/PLLo.o6/CUR10/BMP—2100 BFO] =3 2 HAy 45/PLLg 06/CURso/BMP—2199 BFO] =R AC]A 12, 3 2 79
4zt ke MG-63 MO ZHg HF FAeE vEhd Aol

bt

ol
s

ki

16>  AY(implantation) 65 %, HAg2/PLLoos 3BFOl=2A, HAg 02/PLLg os/CURys SO =24
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[0038]

[0040]

[0041]

[0043]

[0044]

[0046]
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HAg 02/PLLo o6/ BMP=2100 slol=2 A HAg.02/PLLg. 06/ CURy5/BMP-214 slol=2 A HAg.02/PLLg. 06/ CUR5/BMP-259
Slol=2A HAp 02/PLLg. 06/ CUR15/BMP=2100 slojl=2 A HAo.02/PLLg. 06/ CUR19/BMP=2100 sfol =24 Ll
HAO.OZ/PLLO.06/CUR20/BMP_2100 3]’01—‘:—&7%]& ZILZIL iﬁ‘ﬂ;ﬂ 577] “1:‘7H’§‘ %ﬁé = A& 3%(@73 8 HHH)Eq micro—CT

T (coronal images, middle slices)e]dl, &= 172 & ¥FE¥ YXZ(bone mineral density, BMD)E el
ola, ¥ 18& & ¥u/%A X3 (hone volume/tissue volume, BV/TV)S el AHolt},

P

g2 dAs) A FAF hE
ojs, ¥ Wi MAS Fato] wrh FALO AyE, ol
7] 9% AW B W wge] wewaE alss AL oy

o
N
1
>,
2

Ir
I
i)
ot
o
N
fef
22
A
o,
o
ot

3L FEZAYEFE (Sodium hyaluronate, HA; Mw @ 1,500 kDa)-<> Lifecore Biomedical, LLC(Chaska, MN, USA)el
A Fgekgith. Eel-L-gho]Al-slo] =2 B Zujo] = (Poly-L-lysine-hydrobromide, PLL - HBr; Mw : 30~70 kDa)<}
AW (Curcumin, CUR)S Sigma-Aldrich(St. Louis, MO, USA)ollA F3ttt. 4-(4,6-tho]W|EA]-1,3,5-Eg]
ol -2-y)-4-HE R EZT 7 ZZ8}o]=[4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
chloride, DMT-MM)2 Wako Pure Chemical Industries(Osaka, Japan)@Z%¥ &F3%HAt}. BMP-2(bone
morphogenic protein-2)+ Korea Bone Bank(Seoul, Republic of Korea)ollA 4}, A7t F5% Al EF(Human
osteosarcoma cell line) MG-632 Korean Cell BankolA T43Fitt. DMEM (Dulbecco's Modified Eagle
Medium) ¥iA]= Gibco(Grand Island, NY, USA)ZH-E FF=HAct. AE 718 7]E-8(Cell Counting Kit-8,
CCK-8)<> Dojindo(Kumamoto, Japan)olA L3Rt ArkekE2] A4 (Phosphate-buffered saline, PBS; pH
7.4)% Welgene(Daegu, Republic of Korea)ollA F4sIAct. -elo}d A (Fetal bovine serum, FBS)<
Lonza(USA)ZFE  Fadth.  #Hydad-~E=Enlo]Al(Penicillin-streptomycin, PS)9}  HEPES[4-(2-

L

hydroxyethyl)-1-piperazineethanesulfonic acid}+ Invitrogen(Waltham, Massachusetts, USA)olA 43+

2. 322N/ ZF-L-8}0]4 Fto|= 2 A (HA/PLL Hydrogel)<] A4
|G FZEZAEF(HA) 0.02 pmol(30 mg)™ DMT-MM 0.08 mmol(22 mg)S FFF 2mld] &7 A5 7}7}o)
2 5o Zgl-[-glo]il-sle|=2H Zulo]=(PLL - HBr) 589 1mlE A3 HA7psta slo|l=zAo] 3
7] Al Aot 7] B 1S J|LFEA/ZE-L-golal so]==ZA(HA/PLL Hydrogel)2l AIA
AE3E B AR EAVEF(HA)F Zg]-L-gfo]2al-3lo]=2 B Znlo]=(PLL - HBr)9) 67}A EH](molar ratio) @ 7]
Bt ARZ yeld Aotk HApw/PLLog SFOl=2 A3 HAj /Pl Stol=2 A9 At A7+e #2s3ict.
HAg.02/PLLo.gs BFOl=2 A Hb-S- AFE3} HAg go/PlLg e SFO]=24 HES MAES THFTE 7M. T4 (cut-off,
20 kDa) o 2 3Y F<F F45ke] DNT-MM 2 9S AASIA T, AAE HAg.go/PLLy.os SFol=Z A3} HAg 2/PLLg.1» F
olE2AE 90Tl 7Y B FAAXI F ARG AZA 20Tl WERD AT

#£ 1
HA/PLL 8}o]= |HA AM&% ( |PLL - HBr AFE-3F [DMT-MM A& | = A 5} stol==2 2
24 5 pmol/mg) (umol/mg) (umol/mg) ;B%%k( A ZH(min) |EA A
HAy 0o/PLLo os | 0.02/30 0.06/3.1 80/22 3 48 o
HAg.02/PLLo.1»  |0.02/30 0.12/6.0 80/22 3 67 o
HAy 0o/PLLo o1 |0.02/30 0.21/10.5 80/22 3 - X
HA go/PLLy 3 |0.02/30 0.32/16.0 80/22 3 - X
HAy 0o/PLLo ss  |0.02/30 0.63/31.5 80/22 3 - X
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[0048]

[0050]

[0052]

[0053]

[0054]

[0055]

[0056]
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HAo.oo/PLL,;  [0.02/30 1.1/55 80/22 3 - x

v a stolmmAe] YA

s b stelEs o] YA g

(HA) 3} Zg]-L-glolal-sfo] =28 2ufo] = (PLL - HBr)<] 67}# ZH|(molar ratio)ell tha 3]
0|4l sfo]== A (HA/PLL Hydrogel)®l A AF-& glst= HAHS vt L FEANUER
(0.02 pmol, 30 mg)el thal]l Zzg]-L-glojAl-slo] == H 2nlo] = (PLL - HBr)9] #H7}=e] 0.12 u
mol(6.0 mg) ©°]styd uj s|L¢FE4t/Ee|-L-gtol4l sfo]==A(HA/PLL Hydrogel)o]l = Avt. wHH, LT
AHIEFEMHA) Y 278¥ 94 (0.02 pmol, 30 mg)oll s ”‘—“E]—L—‘j/}o]ﬁ—’é}o]EEHEUPO]E(PLL-HBr)-% A7 ko]
0.21 umol(10.5 mg) o’de A5 Holg] Fue] sfolmmdo] PAHHA i x7tow A% DP L 12 3¢
F24/ Ee-L-2tol4l sto] =2 A (HA/PLL Hydrogel)o] 4 A4S /M oz vepdl Aolth. & 194 Ho
uke} o] HAg 2/PLLo.os 3FOl =2 A3 HAg.gs/PLLo. 12 3tO]E2AL S| EFEAVEF(HA)Z E8-L-2ho]Al-3to
FH=Euo]=(PLL - HBr) Fe] F3PWHgS w3l FAE obvtol= A3 (amide bond)ol o3 FAFH A, oleigh
A2 FTIR(Fourier transform infrared spectroscopy) 574 ZAde &3] G2 o = AU,

3. JYFEN/EY-L-Bo]A sto|==Z A (HA/PLL Hydrogel)2] &%, 38%, 43 A4
S| GFEL/ &8 -L-golxl  Sto] =2 A(HA/PLL  Hydrogel) A #IA  olF,  HAyp/PLlLygs stol==2 AT}
HAg.02/PLLg.12 BlOlE2 AL HAlFZR, F8td 24, 4% 54, HYH3) & (Equilibrium swelling ratio,

ESR) B QI HIER(in vitro) ZelAe] &l 7S EAst7] 9l -90TA 74 &<+ s210% 33t

A2 200 BiEoll A Phenom tabletop microscope(pw-100-001, USA)S o]&-3lo] #EFHAUY. = 2= 54
A28 HAo2/Pllogs Slel=2A9 wAlF2E BH X 2 #HA(bulk) HAoA #ZI Adela, = 32

Ni

HAg 02/PLLy 12 Blo]=2A o] mAFZE W $% 2 "I (bulk) YHlolA] #A&E Aot} = 2 2 & 304

HolE= upel Zo] 2714 o= Ae B%E == FZ(lamellar structure)e A TWHE 7HAE= Aoz Uehdt
Hhd ) a5 d3 Fys Ao d4dE g ZE5 HAT. HI YA oA HAy g2/PlLy 12 SFO] =2 A 2] H

718 A7 oF 650 pm ©lAIL, HAg.2/PLLo.1p Stol=2720) H4t 7]E A2 oF 560 /m o] Att. E-L-ge]il-

stelERuRolel S(PLL - B9l o e JlEAY WEE f Bue dENL TEE 9480, 22 8 o

4

s}stx 24L& FTIR(Fourier transform infrared spectroscopy; JASCO FTR/IR 4000, Japan) Aol 2ls] A}
HAT. FTIR Z4E 16 en o s13=6A 643) 208ke] SaAE I, 450 an oA 4000 cn = Abolel A w25
Ak, © 4= FZAAZH HAjo/PLLog stel=ZAT} HAj/PLLyp stol=ZAe] 3182 %48 FTIR(Fourier
transform infrared spectroscopy)® FA3% ZIjo|t}, & 404 Hol= w9} o] 2719 Jlol=zAde T+
C-0-C stretching(894.9 om = 2 1037.8 cm ), amide 1 NH(1618.7 cm ), amide 1 C=0(1683.1 cm ), CH
stretching(F 3000 en ), NH stretching 2 OH stretching (3371.4 cm )] o8] EAA oz}, C-0-CS OHE:
AL g MEge FYFEAMA) 9 Fel-L-gto]al(PLL)o] EAste Wi, ALd WMEEe FIF2A0
Aellgt EA=d, o8 e AMIS HAg/Plloos 3Ol =2 AT} HAg 02/PLLg 1o SFO] =2 A 0] 3] SFEAGEF(HA)
3} Zg]-L-glo]al-glo] =2 B Znlo] = (PLL - HBr) & A% o] 438 Yeld,

44 EAL 10 C/min 9 7194 %=0)A DSC(Differential scanning calorimeter; TA Instruments, New
Castle, DE, USA)& AM&3te] A =LA, 10T H-E 300C AbelolA 2= AT = 5% HAge/PLLoos 3HO1=
277} HAoo/PLLy.1p Bre] =22 R 0] 9] T2 (control) &2 AMEH FA4 3 2-olv| ol e WEla DY o] E-3

F22 slo]= 2 A (Photo-cured 2-aminoethyl methacrylate-hyaluronic acid hydrogel, AEMA-HA Hydrogel)<]
DSC(Differential scanning calorimeter) =rAlo|t}. X A5t Axtboll A HAj ¢o/PLLo.os SFOI =22, HAg 02/PLLo 10
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FFEA
et
O_:]'

.
g
o F7b F8

g5

=

2 T, 75.0 C, 63.8 T oStk
=

ok 60 T 2 178 TY Fgldo]e

6

7]
fre el
—=
saline, PBS; pH 7.4)2} DMEM
gy

stol=z A 9 t)ZET(control)2] FE|Aol2=E 717 68.

(HA)# Eg]-L-golal-stol =2 B 2ulo] =(PLL - HBr)< 77 ¢

-Slo]=2H 2ulo]=(PLL - HBr) 9] %<&

# HAg.02/PLLg.os SFOI =2 A3} HAg 02/PLLg12 S| =24 9] FA
¥ <=(Phosphate-buffered ine,

=4S 37CAA Hol& 1247 Sk Fr

stol=2 Aol Az AEol A Y

3

A& (ESR) & obel <]
W) /W

A%=(PBS)oI A ok7h T

& Zg)-L-gfo]l

Zq]-
25t Ao T)xshe], ZE-L-gho]al
g ciae
[0057] HYAA & (ER) Y F4& H8ll, 24
At &, Aol HFPH =g w7hA] QAikeE2
vl <] (2% HEPES, 10% FBS 2 1% PSE X3}) z}zte] &}o)
2> FAE o] &3t ALt AT
e A FAIE YERAL, W
(Phosphate-buffered saline, PBS)$} DMEM ®i=](2% HEPES, 10% FBS % 1%
2% HAp.o2/PLLg.gs SFO1 =2 AT} HAg 02/PLLg 12 BFO) =2 A 0] 3 3] 33 %H] & (ESR)
Hpe} 7ol HAg g2/PLLo.gs Ol =223t HAg o/PLLy 12 SFO] =27 2 o]
LDtk HAg.2/PLLygs SOl =243
=g, olglgk Aol
b B B4 >
-sfo] =2 H 2w}
A
}_

b e Y
| HAp.02/PLLp.12 BlO]=2A BT} oFt ] =2 3

71 FAA, Vs stol=zAe] Y WY

—

[0058] ESR = (W,
[0059] Ao A, W=
AL Yebdith.
[0060] L 62 2709 AR QIAEAAS
PSE 23) slelAd HFs 54
54 2345 vl = 694 Hol=
12417 &b o E Sl 2709 A BFolA WY BEY AE
HAo 02/PLLo 1o BFo] =2 780] sP3n]&2 DMEM wiA] Brh Q14kehs4
= SAAH R FostAE SkTE. HAyw/PLLo.gs StO]=E2A0
AHEE Biled, ol Fx9 ste|l=gAo] Az slel=2A HTh O 3
O]=(PLL - HBr) 7} A3} WEE FX35H7] wiZoltt.
[0061] Ql M EZ(in vitro) &3l As 37CoA A543 (Phosphate-buffered saline, PBS; pH 7.4) <Fel
of WA ZE A stel=mAe] 27 FAW) te A FAE ALete] HAEAT. mE] AR A
AR, 29, 49, 79, 109, 159, 219 ¥ 289D)0l4 Shel=2 o] PBSEFE AL, FAW)IF F
AEAT. FA A vES ofdle] F4E o]&ete] AMEH A
[0062] A A2 v1E (%) = {(W-W) /Wo} <100
[0063] L 78 Hx stel=2Ao] PAE =Y 28U7A] A3 HAj 2/PLLo.os SFOl =2 A HAg 02/PLLy 12 St =22
o] ¢l HEE(in vitro) &3 As& Yehd Zolth. & 7oA Hol&E uiel o] HAjg/PLlLygs 31 =242 T
W twAdet A wjEol] 28U7MA] HAggo/PLLo.e Sol== Bk ofF o 2 FA HAE Blar, olYd
Adte EE)-L-gholil-gtol =R B Zupo] =(PLL - HBr) ¢ ol Q1 HIE=Z(in vitro) &3 ZAEolA Fa3 93
Frhs AS uehinh. 28U Fok wiFd Foll, HAgo/PLLo.gs SFOl =2} HA o/PLLo 1» SFOl =22 e] Hopgli=
FAS MBS Z EASE, 247 62.1+£2.5% 9 72.4+3.5% o] At}.
[0064] 3, HApoo/PLLogs BFOI=2 AT} HA) o/PLLy 1» BFOl=2A A4 | o]E59] FWE2 54L& 27 me] ZYolE
(plate)zr A=} 0.1 WA 100 rad/s2 F3 3holl A=0 A AR 2000ex Rheometer(TA Instruments)E ©]-&3}
o] AALE AT, & 82 HApoe/PLLogs SFOl =2 A3} HAp oo/PLLo 12 SFo] =2 A0l §388H2 W3l thal] Zz]-L-2}o]
N-sto]l=m B mulo]=(PLL - HBr) ¢ el WA= AAE dehd Aot &= 8ol Ho] upe} gho]
HAg 02/PLLg 12 Bto] =2 A0l B4 A A& (Elastic storage modulus, G')& RE F34 F7Fol A HAg 02/PLLo o5 3F
o=z Wty Y E9kvh. ATkl HAge/PLLogs 3HOl = A3} HAgo/PLLo.1y dte]=29] ¥ A 4-E(Elastic
storage modulus, G') el FI¢7F S71ge] wet oz F7kskleh. 23y, HAgg/PlLy 1, Sto] =22
o] A 22E(Viscous loss storage modulus, G")2 HAgoe/PLLy.gs SFOl=2 4 HTE oF 28] A% ¢ <ot}
4, 3LFEN/ZE-L-2olAl so|==2A(HA/PLL Hydrogel)olA g MG-63 A1E2] 9 BIEZ(in vitro)
2

[0066]



[0067]

[0069]

[0070]

[0071]

ZIHSd 10-2017-0027989

SOl NG-63 AT 1x10 AE/Q o Wrz 24-9 S o|E ote] EAAZE HA¢.02/PLLg o Blo] =24
I HAg 02/PLLg 12 BFo] =24 Abo| B3 10% FBSSF 1% PS 7} ®Z% DMEM viA|E #H71sk 3o 19, 3¢ 2 79
Bob wekslith, el A3 AZF koA, ((K-85 o]&3le] AXE S4S H78IH L, 2Tz AR 3
733} 2-olu|-od HElTHY o) E-5|LFEA sFo] =2 A (Photo-cured 2-aminoethyl methacrylate-hyaluronic

acid hydrogel, AEMA-HA Hydrogel)9] %3} Wlnsltt. SFEE 450 mm oA mlo|a2Z#olE gY
(microplate reader; BioTek, Winooski, VT, USA)E °]&3le] A3, = 9% HAye/PLLy g Stol=2 A3}
HAo 02/PLLy 15 Blo] =22 Abol]l vidd MG-63 A|1E2 ¢ H]|EZ(in vitro) AlE 52 A3E Z+(control)o
2 Ag" FA3  2-ofnxod' HElmHYolE-s|dFEA Flo]== A (Photo-cured  2-aminoethyl

methacrylate-hyaluronic acid hydrogel, AEMA-HA Hydrogel)olAle] ZA3}e} ujudtk Ho|t}, &= 9oA] Hol= n}f
9} ZFo] HAgg2/PLLgs Stel=2 Al 79 &9t vy A] & spo|=2 Ao vld] o &2 2 HEZ(in vitro) Al
x2S B 39 st wide 5, HAo.w/PLLogs Stel == A3} HAg 02/PLLo.1p StOl =20 A 8] A T2 £
EE gxToArntg #4438 w4tk 79 sk miSS RS wl, HAgoe/PLLogs Stol=2 A A vk MG-63 A

= HAp.02/PLLp 12 SFO] =2 A0 A vty AXHY o &2 < HEZ(in vitro) AlX $24& BT,

5. th¥st ko] A5F9(Curcumin, CUR)F} BMP-2(bone morphogenic protein-2)& -85 HA 02/PLLy ¢ 3F0]=
249 A=

HAg.02/PLLo.gs SFOl=27 oA 8] NG-63 A3 F2]o] HAga/PLLo.y, Stol=224 oM EY 7] wjie 75+
(Curcumin, CUR)3} BMP-2(bone morphogenic protein-2)E 8<3}3}7] 93+ dlo]=2 AR HA, 4o/PLLy s 3] EE
AL ANeEdrt. £ 10 HAje/PlLygs 3Ho) =2 A2 CURT BUP-2E2 A&dlste 34S veld Aot}
ool F|LFEARIEFHA) 0.02 pmol(30 mg)¥ DMT-MM 0.08 mmol(22 mg)S &a|A|Zl &NE ZHzbo| Za]-L-
ol Al-dlo] =z H 2rfo] =(PLL - HBr) 489 Im¢[PLL - HBr & 34ke o}, 0.06 pmol(3.1 mg)ol si=asH) ot o
B2 500 o] 37FA B (10 pM, 15 pM 2 20 pM)E 591 CUR &9 H7}akal HAg.ee/PLLo.os/CURy 8O

=27 HAj0o/PLLo.os/CUR)s SFO] =27 = HAj 4o/PLLo os/CURyy SFo] =2 A0l FAE wj7hx] A% Ho]FUct.

A slolEmAS A2l FAAA meES SEAZT. Sol=rAS -90TAA 7d St sAAE 5
o1 Akek= 21 1 4= (Phosphate-buf fered saline, PBS; pH 7.4) 100 moll 37}A #%(10 ng/mé, 50 ng/m¢ 2 100
ng/m)Z  =A  BWP-2  &NE HAge/PLLo.os/CURyy  Bto] =24, HAOAOZ/PLLOAOG/CURB stoj=24 &
HAo.02/PLLo.os/CURyy ~ BtOl=mA  Zo' A~ Yk, o|F  olF 39 B FAUXS A
HAg.02/PLLo.o6/CURys/BMP-210  8F0] =27 HAy 45/PLLo.os/CUR1s/BMP-25p &FO] =27 HAj 02/PLLo. o5/ CUR,5/BMP=2140 3}0]
=274 HAg o/PLLo o/ CUR1o/BMP=2199 BFO] =27 2 HA; 45/PLLg 06/CURs/BMP-219p SFO|=2AE HFH o7 Az
T, ARE AAA 20Tol A WERI STk ES, F7HAQ dlERT O R HAg/PLLo/ClRys Blo] =24 9
HAo.0o/PLLy o6/BMP-214 BFO] =R AS QoA AFe ZRES wrel FHateltt. 3l7] F 25 theFsh o] A
7 (Curcumin, CUR)™} BMP-2(bone morphogenic protein-2)Z $r-Al7#A A3+ 7714 <] HA/PLL/CUR/BMP-2 3&}o]=
24 4rg vepd Zojtt.

o[N
i

o

=z 2

HA/PLL/CUR/BMP-2 3slol=mal £7 Curcumin A}1-§ &%= BMP-2 AM& ¥

(pd) (ng/mb)
HAg.02/PLLo.0s/CUR5 15 -
HAg.02/PLLg.o6/BMP—2100 - 100
HAO()Z/PLL()()()/CURIG/BMP_ZIO 15 10
HAg.02/PLLy .06/ CUR15/BMP—23 15 50
HAO.()Z/PLLO.()G/CUR15/BMP_21OO 15 100
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HA().()Z/PLL(),()G/CURM)/BMP_ZM)() 10 100

HAOOZ/PLLOOG/CURZO/BNHD_ZIOO 20 100

6. HA/PLL/CUR/BMP-2 slo|=g2 A2 R E #HF9 (Curcunin, CUR)¥ BMP-2(bone morphogenic protein-2)2] 21 H]
E=Z(In Vitro) ¥& A%

HAO.OZ/PLLO,OG/CUR15 6‘}_01 Ei 7\4—] ’ HAO.OZ/PLLO.(JG/BMP_ZIOO 6‘}_01 Ei 714_] 5 HA().()Z/PLL(),()G/CURIS/BMP_ZI() 6‘}_01 Ei 7‘4—]- ’
HAo 02/PLLg 06/CUR15/BMP-250 3Fo] =221 | HAg ¢2/PLLo o5/ CUR5/BMP-2100 3F0] =272 HAg 02/PLL¢.o6/CUR10/BMP=2190 3}©]
=274 3 HAg oa/PLLo.os/CURy/BMP-21pp SFOl=2 A2 HE AFW(Curcumin, CUR)¥} BMP-2(bone morphogenic
protein-2)¢] QI H|EZ(In Vitro) W& AsS AF37] 93, TEES 3 m9] ANET 2G5 (PBS) 7 AN A
9+ 15-md YB3 EH(Conical tube; Falcon, USA)o| =t3r, 377C< wjekr] <ol 100 rpme] X2 A
A WA, olF, wmy AAI Azt A (lhr, 2hr, 6hr, 1¥, 29, 39, 7Y, 149, 219 ¥
28l A, ZH7+e] AT 2 mE FHT F AR JASEFAAFEBS) 2 mE gAY, YEE AT
(Curcumin, CUR)Y EFF == &) A-7FAFH (Ultraviolet-Visible, UV-Vis) %333 %7 (Spectrophotometer )
o]g3sle] Ho] 3 491.2 mm( Ay = 491.2 nm) oA =33}k, W=% BMP-2(bone morphogenic protein-2)+=

495 nm oA mlo]lTZZH o|E U (microplate reader; Bio-Rad, Hercules, CA, USA)E o] &3}
k. % 112 HA/PLL/CUR/BMP-2 slol==2 A2 HE AF¥(Curcumin, CUR)®] <1 HIEZ(In Vitro) W=
vEbd Aolal, & 12& HA/PLL/CUR/BMP-2 slo]l== A& XE] BMP-2(bone morphogenic protein-2)2¢ ¢l
(In Vitro) W& A%S Vel Aok, = 11 9 X 1204 Kol uls} ro] slo]== Ao 35 CURY} BMP-
29] o] 7hAshd CURI BWP-29] W& Aw2 F7Fetqlal, o]25E stol=2 A ¥ CURZ BP-29] ol
W A 2 938S FE= AL ¢4 Ak, CRY BUP-29] %7] M2AE(initial bursts)E 6A]7F o] w4
SH1aL, CUR¥ BMP-29] o] S7184E WE WEELE T7FsISith. CUR¥Y BWP-29 W& 717) 749 28Y &
g A &= QT

= e
[m ot o
fU gl Sk

7. F3 %o AFA(Curcumin, CUR)Z} BMP-2(bone morphogenic protein-2)E $f3te dtolmzAoA Y
© MG-63 MX9 Q1 H[EZ(in vitro) 4

HAo.02/PLLo.os/CUR;s  3Fo] =22 HAg oo/PLLo.os/BMP-2100  3FO] =27 HAg 02/PLLo.os/CUR1s/BMP-24y  3Blo] =24
HAg .02/PLLg.06/CUR15/BMP-250 8FO] =27 HAg 02/PLLo.os/CUR 5/BMP-2,09 3FO] =22 HAg 4o/PLLg 06/ CUR10/BMP—219 3}
=272 31 HAg.oo/PLLo.os/CUR2/BMP-210p Bkl =2 A A wiFE MG-63 AEe] ¢l H]E=Z(in vitro) T2 &£x&

kel "4, B EFEAHEP-L-gtoll Sto]== A (HA/PLL Hydrogel)oll A wlkel MG-63 AlZe] <l HERZ(in
vitro) SA"A  Zl=g ZREZF ofs)  Hrietltk. = 132 HAooo/PLLo.os/CURy;s  Slol == A
HA.02/PLLo os/BMP—2100  BFO] =2 HAg 02/PLLo.os/CURys/BMP-2y  BFO]=2 A HAp 02/PLLo o5/ CURy5/BMP—250
stoj=z A HAo.02/PLLo.os/CUR 5/BMP-2100 B}l =2 A HA¢.02/PLLo.o6/CUR1o/BMP-2,0 ~ Blol=ma i
HAg.02/PLLo.os/CURso/BMP-2100 BFO] =2 A0 A 19, 3 B 749 <t #idd MG-63 AlEe] 91 M]E=E(in vitro) Al
X T ERE UERTOE HAow/Pllog SHOI=2AE ARSSte] YERd Zlojth. & 1394 XF<] "a", "b",
e, "d", e, "f" 2 "g"= Z47F =AU E HAj 02/PLLo.og/CUR s BFO]=E A HAj gp/PLLo os/BMP-2,9p BFO] =R A
HAg.02/PLLo.o6/CURys/BMP-20 8F0] =27 HAy 05/PLLo. os/CUR1s/BMP-259 &FO] =27 HAj 02/PLLg. 05/ CUR 5/BMP—2140 3}0]
=24, HAg.oe/PLLo .o/ CURyo/BMP-210p BFOl =22 2 HAg 02/PLLg g6/ CURso/BMP-2199 B0l =228 UEFHTE, = 139
Al Bole wpel o] X F22 RE Sto|lumAdA wiYk 7d St AxAow FUlEGh. MY 39 2 7Y
ol = HAp.o2/PLLo.os/BMP-210p BFo] =2 A A MG-63 AE7} 71 w4 o' S23F3Th. HAg 2/PLLo.os/ CURy/BMP-

2100 S| ERAL A 93 BE sloleR A A ujek 39 Fo| 80%K T E AET =4S BT},
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8. thFe %ol AFU(Curcumin, CUR)I} BMP-2(bone morphogenic protein-2)& 3IF3l= 3JtolmzE2A9]
ALP(Alkaline phosphatase) &A% Z4 H2(Calcium deposition)

MG-63 MEE 1><105 MAE/A o] DxZ HAge/PLLyg BFOI=24, HAg.02/PLLg.os/CUR;s  SFO]| =22
HAo.02/PLLg.06/BMP=2100 sfol==A, HAp.02/PLLg. o6/ CUR15/BMP=21¢ Sl=N=N HAp.02/PLLo. o6/ CUR15/BMP=25
sol==2 4, HAg.02/PLLg.0s/ CURy5/BMP—-2109 slol=2 A HAg.02/PLLg.0s/ CUR10/BMP-2109 GRIR=N=8-] el
HAo.02/PLLo.06/CUR2/BMP=2199 BFO] =2 Z}Zholl A 7, 14

Vibra Cell™(Sonics & Materials, Inc., Danbury, CT, USA)S ©]&3}o] lysis buffer solution(0.1% Triton
X-100, Sigma) 3 m¢¢t A =53 AHFSUTE. oF, FTAE FASIL, 6 we FTAE 1 M Tris-
HC1(Sigma, pH 9.0) 100 «¢, 5 mM MgCl, 20 wf, 5 mM para-nitrophenyl phosphate(PNPP) 20 S ¥3}5}+=
0.02% lysis buffer 54 ¢} Z3ste] &4 WSS TPt TFES 37CAA 308 =<t wjgst & 1N

219 E<t wikd %, PBSE 33 A|Asiar,

o=y

NaOH F&Ne H7lste] ¥k-e& FAAFth. ALP(Alkaline phosphatase) &A3}ol A2 p-nitrophenol A
FS vlolaA R EYolE Zlt(microplate reader)E o] 83Fo] 405 mmoll A &N FFEE 25t FHF T}
A A3+ "unit/minutes/mg protein" o2 X HF T},

MG-63 AMEES 1x10° AE/9 ° W= HA)w/Pllog dtol=zA, HAg 02/PLLo o6/CURy5  BFo] =22
HA.02/PLLo.os/BMP—2100  8FO] =2 HAg.02/PLLo.os/CURys/BMP-21  BFO]=2 A HAg 02/PLLo.os/CURy5/BMP—250
slojez A HAo.02/PLLo.o6/CUR 5/BMP-2100 B}l =24 HA¢.02/PLLo.os/CURyo/BMP-2,0 ~ B}ol=mA i
HAo.02/PLLo.os/CUR2/BMP-219p BFOl =2 A Z}7boll A 79, 149 2 21 FoF vjsl & x| =8 PBS(pH 7.4)2
-20Col A 1A B<F 70% ethanol® 1LA3}ATE. o]F, 1A FE Jlo|=2AS 2% Alizarin red S staining
solution(10% ammonium hydroxideol &3] pH7} 4.22 ZAE)E 208 F<F A5, MEZF PBS(pH 7.4) = A
#gtadjusted to pH 4.2 with 10% ammonium hydroxide) &= @M= Y, M2 PBSE AAct. Aol &
HES 10% cetylpyridinium chloride® =il &, wlo]m2ZdolE @ (microplate reader)S ©] &3}
540 mol A FFEE SAst Zd HS AA0I.
T 14%  HA/PLLogs  BFOl=272  HAo/PLLoos/CUR)s  BFO] =2 HAy o/PLLo.os/BMP-2,0p SFO] =24
HAg.02/PLLo.os/CUR1s/BMP—219 0] =22 HAg g5/PLLo.os/CUR1s/BMP—25p &+l =272 HAg 02/PLLg. 05/ CUR 5/BMP=2149 3]
=272 HAy.oo/PLLo.os/CUR1o/BMP-210 BFO] =272 2 HAj 0o/PLLo o6/ CURyo/BMP—2199 FO] =2 A0 1Y, 32 & 7Y
SoF Zhzh wikE NG-63 AlE<] ALP(Alkaline phosphatase) ¥4 HXZ Jebdl ZHo|th. X 15% HAgge/PLLo.gs
Bho] =& A HAj 02/PLLg os/CURys BFO] =2 HAg 02/PLLo o6/BMP-2100 3FO] =27 HAj 02/PLLg. 05/ CUR,5/BMP-2,, &}©]
=272 HAg.02/PLLo.os/CURy5/BMP-25p &FO] =7 HAy 0p/PLLg 06/CUR1s/BMP—2109 O] =22 HAg.05/PLLo. g/ CURyo/BMP-
2100 BFO1=2 7 2 HAj 0o/PLLg 05/ CURgo/BMP-219p Bt =240l 1, 39 2 74 ok 247k wioks MG-63 A E 9
2 A AwES Ykl Aok, = 14 2@ = 15014 X9 "a", "b", "c¢", "d", "e", "f" "g" %@ "h"& ﬁ;l
TAUE HAoo/PLloos  BFOI=ZA,  HAgoo/PLLo.os/CUR;s  SFO]=Z A, HAgoe/PLLo.os/BMP-2109  SFO] =R
HAg.02/PLLo.o6/CURys/BMP-219 8F0] =27 HAy 05/PLLo.os/CUR1s/BMP-259 &}l =27 HAj 02/PLLg. 05/ CUR 5/BMP—2140 3}0]
=27 HAg o2/PLLo.os/CUR1o/BMP=210p BFO] =272 2 HAj 02/PLLo 5/ CURs/BMP-2199 BFO] =R S YpERATE, T 149

A Hol& npe} ol wjef 149 &t Z-7r] ALP(Alkaline phosphatase) &4 571389 I 32 1A
Th. X 15904 Holx uie} Zo] ik 219 =¢F 7 HFE ARAHo R Z7let%Tt. 1%“1(Curcumin CUR) 2}
BMP-2(bone morphogenic protein-2)2] %2 ALP(Alkaline phosphatase) &3} Zt&

AR 2 9P FAT
53], HAg.02/PLLo.os/CURy5/BMP-219p BlO]=2 A2 149 B 219 wiYkA] T & |=E24R ot F&

ALP(Alkaline phosphatase) &d3} Zr¢ HzS HG

]_

o}

9. kg %9 AF(Curcumin, CUR)I} BMP-2(bone morphogenic protein-2)E 3¥-73l= 3dlol=zde ulo]3
2Z-CT(Micro-CT) ¥4

HAo.02/PLLo .06 sfol=2 4, HAg 02/PLLg 06/ CURy5 stol== A HAg.02/PLLg.06/BMP=2100 sfol=24,
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HAg.02/PLLo o6/ CUR15/BMP=21p S}O] =22 HAg g9/PLLo.os/CURy5/BMP-25, SOl =22, HAg 02/PLLg 05/ CURy5/BMP=2109 S}©]
=22 HAjge/PLLo.og/CUR1/BMP-2190 BFO1 =2 A H HA 02/PLLo.os/CURs/BMP-2109 3lol =2 Z}2bS 2mfg] 7
New Zealand E7](%F 2.5 kg)o] Frl=ol U&= 8719 93 = A& 79(A74 8 ol AL, shtel 93
I Ase dzTFoeEA dHodE AR GAFAT. E7e 100g" 0.04 m &9 Zoletil(Virbac
Laboratories, Carros, France)S <SFAF dto] E7E w3 A FH . % 2 E7] F/F 999 942 2
g 5, HHFES EFAIZIA BAL trephine barg o]&dte] dF = AL FHE WEAY. Sol=RAES
P 989 = d& 79 ALsta, =43 IAFE 4-0 catgut ¥ 4-0 silkE ol &3] B3ttt F& ol
S T37] 9 BN Al 583t gentamicin(Dogshin Pharmacy Co., Korea) 1 m¢E FAMSFATEH. 67 &

of, E7E 3AATIAL FAEE FAT F, 449 A3 & A& H99 = A AEE micro-CT(SkyScan
1076, Kontich, Belgium) ¥4 o 2 H7}5}Stl. micro-CT o7 X|+= 100 kV A4 100 pA AF2 X-ray= =7
Hotk. ol A= 3607 o 2A 0.6° G2 5. 7 T de 460 HElx FoF =EHAT. A0E o
" A= SkyScan™ CT-analyzer software® o]&3fe] #Askqith. 37](-1000 HU) ¥ E(0 HU)> Hounsfield
it 2 5% gAto] #HS HAS= oA, = 162 A Y (implantation) 65 ¥, HAg¢/PLLy.os SF

ol=2,  HAy.o/PLLo.os/CURys BFo] =22, HA 02/PLLo os/BMP-2100 SFO1 =2, HAg 0o/PLLo 06/ CUR1s/BMP-210 SFO] =
i y HAOAOZ/PLLOAOG/CUR]5/BMP_25O 3}'01 Eiﬂe] , HAOAOZ/PLLOAOG/CUR]5/BMP_2]OO 3}'01 Eiﬂe] , HAOAOZ/PLLOAOG/CUR]O/BMP_
2100 StO1=ZA D HAg 02/PLLo.0s/CUR2/BMP-219p 3FO1=2 AR 747 A E7] = 98 & 2 ¥9(37F

8 mm)e] micro-CT A (coronal images, middle slices)olal, = 172 & 3E2 U (bone mineral
density, BMD)E& YE}H FHolx, = 182 = F3/x2 K3 (bone volume/tissue volume, BV/TV)E ERA A
olth. & 16 WA = 1894 "a", "b", "¢", "d", "e", "{" "g" ¥ "h"& 717} SAWE HApe/PlLo.os SHOIER

A HAp.02/PLLo.os/CURys 8FO] =22 HAg 0o/PLLo.os/BMP=2100 3FO1 =% 2 HAg 02/PLLo.0g/CURy5/BMP-21, BFO] =&
HAg.02/PLL0.o6/CUR1s/BMP-250 3FO] =27 | HAj ¢o/PLLo. o6/ CUR5/BMP=210p 8F0] =27 | HAy.09/PLLo.06/CUR1o/BMP—219 3]
=t=R | oL HAg.02/PLLo. 06/ CURgo/BMP-2 100 slol =g AL YERdTH ¥4 (coronal images)-&
HAg.02/PLL0.os/CUR1s/BMP-2109 Blo] =@ Ao] ThE slol=mA i 7 ("Blank"2 FAIE)HT A2 & A4

< H # fFEFES Uedd. AR = AR AEE AFHoR ARSI Y8, $-8= BUDeF BV/TVE AlLtst
%t BMD®} BV/TV 23+ ALP(Alkaline phosphatase) &3 Zrg 2 ZAxjo] B3sbth. AF9 (Curcumin,
CUR)¥} BMP-2(bone morphogenic protein-2)¢] & BMD®} BV/TV el £ 982 FUH. 8=
HAo.02/PLLo.o6/CUR15/BMP-2199 BFO]E2 A 0] ThE2 slo]|=E2 ARG 22 = Aol v ad4dS &3,

at

10. E2](Discussion)

A/ stel=mA Al2ge ARg 3 QS £dsk7] 9§ AAA(Scaffold) Z AHEH o] gaL, = A}
HHE Y e A JAE 22 F Adnh 2 ATelA, fEle R BIP-2E }:@s}‘—z 12 A
(Scaffold)® HA/PLL stol==AS AMA S Azstoltt. CIR9F BIP-2 2% & A 43 AdAdS 7HITHA.
Gu, Y. Cai, C. Huang, Q. Shi, and H. Yang, Curcumin increases rat mesenchymal stem cell osteoblast
differentiation but inhibits adipocyte differentiation. Pharmacogn. Mag. 8, 202 (2012).; S. E. Kim, S.
H. Song, Y. P. Yun, B. J. Choi, I. K. Kwon, M. S. Bae, H. J. Moon, and Y. D. Kwon, The effect of
immobilization of heparin and bone morphogenic protein-2 (BMP-2) to titanium surfaces on inflammation
and osteoblast function. Biomaterials 32, 366 (2011).]. ©l&9], %= 7[uZd3A=Z A-8%+= PLL - HBre]
ol HAg.o2/PLLo.os 3FOl =2 WA HAg.go/PLLo.12 Btol =270 A3t A7F, A WFHE(ESR), 3l AF 2
Mt S4e zasttdel F49 98 Bt AL FAFAHE 1, £ 6 WA ® 8 Fx). studA Fol
A, O AAY 9 &S 9 AMES 7R ZtuAls A7 9 AAY o g &8k Aks etk B9,
es sbag stolERA ve] B A& EES sbud selmmdd Fed Asut o e 24
5 F718 = HM. J. Moura, M. M. Figueiredo, and M. H. Gil, Rheological study of genipin cross-
linked chitosan hydrogels. Biomacromolecules 8, 3823 (2007).]. HAy 02/PLLy 1o o] =27 &) 3| LdF =22}

EFMHA AFEA 24017 H8iAE o =2 AsFE o= a1, ol HAgp/Plly SFl==e] B
AGEG)Y AXAR] F7HE FEst, 12 A3 HAgee/PLLo1 Fl =22 0] HAg 02/PlLo.gs 3to]E2 AR} T
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Z2lgtol4l(Polylysine) H|F&A w7/ AxE A 71U < (non-receptor-mediated cell-binding mechanis
mol o3 M Fzbo] #AS FFAQ 9IS zterh, vFEA wil AE A mAYF(non-receptor-
mediated cell-binding mechanism)oll X Ze]etolile] FHst= A4 F3a48s S8 S4dstE 7 A=
of ¥ZSt}HE. Yavin, and Z. Yavin, Attachment and culture of dissociated cells from rat embryo
cerebral hemispheres on polylysine-coated surface. J. Cell Biol. 62, 540 (1974).]. X3+, Zg o]l
i) w el Fas TMEsEto N A oR ANERAS ASAZ 4 Avh(D. Heggins, and G. Banker.
Culturing nerve cells in primary dissociated cell cultures, Edited Banker G., and Goslin K.,
Combridge: MIT press (1998), pp. 37-78.1. & w7} A F-ze] gl of, o W& 7lw deg 2t

olERAe ¥ W B Alee o B 4o A%rE Holw, ol& <l At Alx §3, A 4

T3, e A AES] 7™ (Extracellular matrix, ECM) @¥ide] &28 Fau, AX A&, A% £
25 FZSHHA. Guiseppi-Elie, C. Dong, and C. Z. Dinu, Crosslink density of a biomimetic poly(HEMA)-
based hydrogel influences growth and proliferation of attachment dependent RMS 13 cells. J. Mater.
Chem. 22, 19529 (2012).1. HAg.q2/PLLy.os SFol=2 A2 PLLE] ¢ W2 7wl U uwfiFof HAgg/PLLy 12 SFO]E=E

A B 9 52 AY9sE 7HAAL, M6-63 AlEe] F3F 8l $AS FREFt (= 9 FE).

o 4o ot

MG-63 Mol F212 Ax F3stel WA AdE o] 7] wjiEol[M. S. Bae, J. E. Kim, J. B. Lee, D. N.
Heo, D. H. Yang, J. H. Kim, K. R. Kwon, J. B. Bang, H. Bae, and I. K. Kwon, ZrO2 surface chemically
coated with hyaluronic acid hydrogel loading GDF-5 for osteogenesis in dentistry. Carbohyd. Polym.92,
167 (2013).1, ¢! WIE=Z(in vitro) @ ¢ ®XE(in vivo) AWt olyz} CURY BWP-29] W& AL s
HAo.02/PLLo.os BF0] =22 o] HEE QT}.

BMP-29] #2%(26,000 g/mol)o] S ZF ¥ (curcumin)®] #A%F(368.38 g/mol) Hr} °F 71} ¥ Ix
ol BWP-29] F713F A& WEE Solshl @tk 2= HAp.oo/PLLo.gs kol =5270e] CURY BUP-29] A4

2 9% AR SWAR 29§ Yrks LS FAFATHE 11 % E 12 F2).

ok

HAQAoz/PLLQAQG —S}O]—Eiﬂeloﬂ 100 ng/mﬁ %—‘E-ﬂ BMP_Z% @%L}\]Zl HAo_oz/PLLo_oe/BMP_Zloo 6}01—2;%% MG_63 ‘ﬂ}:
o] Z2&  FAAZ|E=E WhH | HA /PLLogs  BFOl=EAC] 15 uM 23 FEe CRE 2
HAo 02/PLLo 06/ CURgo/BMP—210p BFO] =22 HAj 0o/PLLy 06/BMP-2100 SFO] =2 A3} B WIS w] v 78 < M
63 Mxeo] 28 AAEATt. 20 uM ol FE2 (RS AHEste A QzF Zo(iH)A MG-63 Al A :
7} AEAES =3 CURA o8 80% ofel® 7HA3kdar[J. M. Moran, R. Roncero-Martin, F. J.
Rodriguez-Velasco, J. F. Calderon-Garcia, P. Rey-Sanchez, V. Vera, M. L. Canal-Macias, and J. D.

At A 7

A

[

(!

Pedrera-Zamorano, Effect of curcumin on the proliferation and mineralization of human osteoblast-like
cells: implications of nitric oxide. Int. J. Mol. Sci. 13, 16104 (2012).], BMP-2& 1 <%fo] Z7}ghef] uw}
o AE FHEE S7MAACS. E. Kim, S. H. Song, Y. P. Yun, B. J. Choi, I. K. Kwon, M. S. Bae, H. J.
Moon, and Y. D. Kwon, The effect of immobilization of heparin and bone morphogenic protein-2 (BMP-2)
o titanium surfaces on inflammation and osteoblast function. Biomaterials 32, 366 (2011).]. $-2l& Al
2ol CUR¥}F BMP-29] <ol o&3tth= A2 Slelth(= 13 =x). & A7elA 15 pM =3 5= CR
AN 7= Aol NG-63 MEe] FAlo F-AgAQ 43S FAF, BIP-29] H7l Fof] T2 F718slth. 92
80% Z¥he] AE FAE Hol= tol=gAo] NG-63 AERFEH N2 F ANE 7HEgslr] A8 A
AA A (Scaffold) &= AHEE & ASS ASHeTt.
Zol Alxe E3l= F2, AES 7]E(Extracellular matrix, ECM)el A< 2 FE3Ie} e 394z
Zl | #85t =oF Mxs 39 ddd o 7HA FHdAE SdAZITE. ALP(Alkaline phosphatase)
g3 2 A& (Calcium deposition) 247t &ol AXe] %7] 2 7] wpAOILHS. F. Lamolle, M. Monjo,

M. Rubert, H. J. Haugen, S. P. Lyngstadaas, and J. E. Ellingsen, The effect of hydrofluoric acid

—

e o H

2
)
w2
o

treatment of titanium surface on nanostructural and chemical changes and the growth of MC3T3-E1l cells.
Biomaterials 30, 736 (2009).]. BMP-2+= MG-63 Al3£°] 4 B &3fe] ##do] gl= Wk, CRE A9 4
oy} #3l= 7}&3stelAY JA|SHG. S. Stein, J. B. Lian, J. L. Stein, A. J. Van Wijnen, and M.
Montecino, Transcriptional control of osteoblast growth and differentiation. Physiol. Rev. 76, 593
(1996).1. ALP(Alkaline phosphatase) @43 Z4 F2(Calcium deposition)2 CURZ BMP-29] <ol o&] AA
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Hed(e 14 2 = 15 Fx), ofHd A= HAge/PLLo.os/CURs/BUP-2,g SFol=2d0] A2e & ABS 7H:
387 Y93k ZAA A A A (Scaffold) & A2 & AL on|sir}.
o] A 2-CT(Micro-CT) 48 ZF wATx 3L, & 354 Ux(bone mineral density, BMD)E A&}k
Edo) AFEE 4 vt BMP-29F vl wj, F Aol gt #$ AT A9 vk, CURe] Fo
3 A9 AS, dE= 29 FEY = FEE ZE@D) 7t Astdavn BuEvk kM. W. Yang, T. H.
Wang, P. P. Yang, L. W. Chu, J. Yu, Z. D. Gao, Y. Z. Li, and B. L. Guo, Curcumin improves bone
microarchitecture and enhances mineral density in APP/PS1 transgenic mice. Phytomedicine 18, 205
(2011).; W. K. Kim, K. Ke, 0. J. Sul, H. J. Kim, S. H. Kim, M. H. Lee, H. J. Kim, S. Y. Kim, H. T.
Chung, and H. S. Choi, Curcumin protects against ovariectomy—induced bone loss and decreases
osteoclastogenesis. J. Cell Biochem. 112, 3159 (2011).]. 8+ E7]9 938 F/H= 23 FA(27 8mn)
o] BMD gkol sk CURSF BMP-29] A% S ZAFSFSITE. BMD= CUR¥F BMP-29] <o ks wiott}.
HAg.02/PLL¢.0s/CURy5/BMP-2y, 3Fo] == | HAg 02/PLL¢.os/CURy5/BMP-25, 3} =2, HAg 09/PLLo o6/ CURy5/BMP-2109 S}©]
=27, HAg.oo/PLLo o6/ CUR1o/BMP-210p BFO] =278 81 HAg 42/PLLo.0s/CUReo/BMP-2199 SFO|ERAR O R AP E7]=
HAg.02/PLLo.os/CUR1; SOl =2 A 2 HAg 05/PLLo.os/BUP-21p 3l =242 AHeEld E7|HY ¢ =2 BIDE =2Sla,
o|)% Ak BUDZE CURS) BUP-29] o 4ol ols] 4asg S ovlgeh,
2 AFolAM = HAo.e/PLLo.os SFol=Z A0 CURSF BMP-29] A Egk ks AFAIHES wo] A2 & AR dg
Fo GatE AT oleld Astl /)EHUS W, Hw/Plloy Sl SR AL (RS BIP-29) AFe] 4%
SHkAo]ar, 15 uM %9 CUR¥} 50 WA 100 ng/mé %2 BMP-27} Z3HEl HAp 02/PLLy 0s/CUR5/BMP-25, S}©]
274 H+= HAg 02/PLLo.oo/CUR 5/BMP-249 StO] =2 A 0] A 2] & P4 a5 HIUt.

e

Iy

11. ZE(Conclusion)

2= = A AAA(Scaffold) & AFE3L7] 913 S| YFE2LFER(HA) Y EF2]-L-gho]il-slo] =2 H Zulo] =
(PLL - HBr) 7Fe] F3mbs o ofujo]= Aol 93] FAd¥ HAge/Pllogs SFOI =2 A E HAj 2/PLLy 12 SO =R
AL AAska Azxskalar, 47] sel=2 A (R 2 BIP-28 H7betsict. 7] stel=zAde] B, gshs,
a7 545 Azt AL, FTIR DSC, ESR, &3] A& ¥ F¥std Ao 7| xste] 2AMsISaL, 1 7:'1} Z9-L-
gojal-slo]| =2 B Znfo] = (PLL - HBr) 9 o] old A5 & 9IS Fv 3oz eyt HIEZ(in
vitro) AE 52 28-S 53, HApew/Pllogs dFol=22 9 HAp 02/PLLo.jp SFOl=Z A wikE MG-63 A|E7}
gxres Agd FAst 2-olnidE wElZ e o) E-YFEA Ste] =2 A (Photo-cured 2-aminoethyl
methacrylate-hyaluronic acid hydrogel, AEMA-HA Hydrogel)oll ®jSF® MG-63 AMEHT} ¥ 53 F2]& HSY
o S, AE AL HA/PLLo.p StOl|=2AE ARESte A-9EU HAgg/PLlLygs Stol=2dE AMEE o O

SABFATE. HAg2/PLLoos  SFOI=Z A, HAg 02/PLLo.os/CURy;  SFO] =2 A, HAj oo/PLLo os/BMP-2100 3lO]=2A,
HAo.02/PLLo.os/CUR15/BMP-219 3FO] =22 HAg 02/PLLo.os/CUR15/BMP-250 3t =22 HAg 02/PLLo o5/ CURy5/BMP-2109 &}©]
=27 HAg.02/PLLo.os/ CUR1o/BMP=2199 SFO] =272 2 HAg g2/PLLo 05/ CURo/BMP-210p SFO] =2 A2 HE CUR 2 BMP-29]

9l HJEZ(in vitro) W& 2% A3, R 2 BIP-2 27 79 2 209 <k A%49 W& A% w3l o)
220 pM ©1% FES CRO) AHEHE HAoo/PLlog SHOlE2Ae AX F40 s|zexez, 2% BP-29] %

o] T7Hgel wEl Al FAE HXAHoR FUHES gRlsrt. vk 3Y Foll, HAg.02/PLLo.os/ CURz/BMP=210 3}
olma2AS ALE BE slo|m2Ad A 80% 2o AHFE =28 % Hoh. H|EZ(in vitro) ALP(Alkaline
phosphatase) &3} Z+¢ & (Calcium deposition), gl <1 H]H (in V1V0) ko] A2 -CT(Micro-CT) Ag o

ZHE  OCR % BWP-29] el wet AYA gadrh dejde & o Sd%laL, oled@ Ak
HAo 02/PLLo. o5/ CUR1s/BMP=2199 BFo]=27d0] = 22 S A FAH A A7 AA A (Scaffold) = AH&E

A= 7Fedol MY weS A

|

ol golAsh o] W wHe A7) AAeE Fal ABSAAT ¥ wo] WEA oo FHHE AL ol
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