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A1Eel Sloj A,

o

A71 A7t G4 Felol=e A7) FHEIESE Yo vlole AyTtE A4S AL

A
o
o
ft
QL
rir
2
i)
2

7% 3
A&l lojA,
471 QbZEA Algbe s AR,

Bt X2FolE Bdlo]|=d o] E (Monocalcium phosphate monohydrate), ®l= Zrg XXAHOJE olslo|==
Z~(Monocalcium phosphate anhydrous), Z& WEFEAH O] E (Calcium metaphosphate), UZa X AF0E U3}
ol=#o]E(Dicalcium phosphate dihydrate), ©lZgH 2Z2Fo]E  QIgfe]==2~(Dicalcium phosphate
anhydrous), Z% ¥lo]Z2¥ ¥ o]E(Calcium pyrophosphate), SEFZ4 E2Ho]E(Octacalcium phosphate),
da-EgdEF E2To]E(a-tricalciun phosphate), HWIE-EZZHE X AT O]E(B-tricalcium phosphate),
ZHg YIAJQE  slo]=ZAlolatElo] E(Calciun  deficient  hydroxyapatite), — dFo]=FA|olulElo] E
(Hydroxyapatite), B|E&}Z4 F ¥ o]E(Tetracalcium phosphate), @ o} ¥ Z+g F A3 o] E (Amorphous
calcium phosphate)® o] Fojzl FoZRE MEHE o 3l ojatel, ALA.

AT 4
A1l A,

A7) A7t 84 FAElol=t Eet_pl HAELO)= ) Eet_p2 FE}o]= | RG HEFO] =, Sal_pl HMEFo]=, Vol_pl e}
o=, Vol_p2 HElel=, 4 Vol_p3 HPEFO]ER o]Fojxl FOoRFE MEHE= o= &hu o]d<l, AP,

2
-
ot
2
3

o1A,

sy
_

o

A,

il
o

= ¥4 @A (Bone morphogenic protein, BMP), A% &3} A (Growth and differentiation factor, GDF),
FAAg A4 21A-B (Transforming Growth Factor-B, TGF-B), A&Hd A# <A (Insulin like growth
factor, IGF), AdfolAlxAx(Fibroblast growth factor, FGF), ZX=2XelZdd E 84
4(Prostaglandin E receptor 4, EP 4), 4% FH dZ(Platelet-rich plasma, PRP), % &3 F2 A%
1=} (Platelet derived growth factor, PDGF)Z o] Folzl FOo 2 HE MEEE of= 3t o]del, HdAl.



2T% 6
A5l lojA,

A7) = ¥4 @A (Bone morphogenic protein,
BMP-8, BMP-9. BMP-10, BMP-11, BMP-12, BMP-13

o], AEA.
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BMP)-> BMP-1, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7,
9 oolme BER ofFolxl FonE AU o dh

AT 7

A1 WA A6 F o= 3 o wE AEAE xIdele F FA e T AYA.

A3 8

A1 WA A6 F o= 3 o e JAEAE xddse F FAH e T AL 2ANE=.

A7 9

A1 WA A6 F o= 3 Fo wE ALAS el T I e F QP LE ZAE.

A7 10

(D AEEA Mgt 2 Az FAEE & oSS JHHEFesE FYshe A,

(2) A7 ZHE = oA AT A7t A Helol=g F-Aste Al

(3) 471 287t A elel =7t vlole AE7tE A= @A, Z

(4) 247] vlele AgFlell & FE=AAE FX et @A E Eosts, GE AHUES IE AdA9] Az,
AT 11

108k A A,

A7) QAEEA HAEH s A5E

By EAH0]E Bx3lo| =9 o] E (Monocalcium phosphate monohydrate), Rl Zrg EAHO|E ¢t3fo|==
Z~(Monocalcium phosphate anhydrous), Zr& WEFE2H o] E(Calcium metaphosphate), ©Zg X HO]E t]s}

ol=# o]E(Dicalcium phosphate dihydrate),

anhydrous),

F  YIAJAE
(Hydroxyapatite), HIE&}Z 4 E2H o] E(Tetrac

calcium phosphate)® ©]|Fo|Z FOoRHEE Ay

R

s

AT 12
A 108l oA,

471 Ade7h @4 SEre] == Ect_pl Ele| =,

1E
7+ dlo| 2 ¥ ~Ho]|E(Calcium pyrophosphate), <EFZ&
Adu-EdZg EAFO]E(a-tricalcium phosphate),
dlo] = EA]o}lutElo] E (Calcium

Ect_p2 HE}O]=,
o]=, Vol_p2 FEfo]=, 2 Vol_p3 HElo|ERE o]FoX wFo2HYH HEEE o= 3l o4

Oz ¥E2fo otslo]==Z ~(Dicalcium phosphate
¥ 29 0]E (Octacalcium phosphate),
HEl-Eg A4 F2do]E(B-tricalcium phosphate),
3lo]| =F Al o} gELO]| E

3 29| °] E (Amorphous

deficient  hydroxyapatite),

alcium phosphate), % o}E¥x~ Z

I~
k=3
o= sk o]l AEA Az

H

RG et =, Sal_pl FJEle]=, Vol_pl e}
A, AgA] A=

)



[0001]

[0002]

[0003]

[0004]

e

= ¥4 =2 (Bone morphogenic protein, BMP), A% &3}
F2A -3 A AA-B (Transforming Growth Factor-B, TGF-B), <l&dd
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Q1&}(Growth and differentiation factor, GDF),

A3 OL]X}(Irlsulin like growth

factor, IGF), AlfolslEAAAA(Fibroblast growth factor, FGF), Ei’\\ﬁrl E &4
4(Prostaglandin E receptor 4, EP 4), 4% T4 d%(Platelet-rich plasma, PRP), § o+ e A
o1z} (Platelet derived growth factor, PDGF)®E o]Fojz FoZRE My of O}LPO] Aol HAEA Ax

U

AT 14
A 138l oA,

A7) & A @A (Bone morphogenic protein,
BMP-8, BMP-9. BMP-10, BMP-11, BMP-12, BMP-13 % o]&

ol el, LA A=,

o EFER o|Foiz]

7] & ¥ oF
Boage QR Az ARz FANE F ol4AF Y F o4
7] AMESA FAE delgt G Aetol=E mFse, oFE QYA

BMP)-2 BMP-1, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7,

TORNH AEH= o it

HElEas 5}01 ZA17] 5 A7F 1A A 1,2-t]sto] =S A Al (1,2-dihydroxybenzene) & &, Z+E w5 o]
I AeelE AES FAskal, IAkst Zgo] et , 7] 2 FUIEH dglo]l o2l 7HA Alme] xddl
kA RS, o E o] $3S DOPA(3,4-dihydroxyphenylalanine)t E2jE 7124 ol xAlS wHEo]
Anbat A T oojy] EHo| AsHAl HATE 5 glom, He 2ol 29 FARE $-FA&(urushiol)E FHE
= AlEe EAelnt. olet o] FHHEFL FAIE, 7}3]:%0]"?1(0]":31] o, =37), 7R T EeHlss
H2g B AAEA A FHol vk, gl ZAHelEA, #itshg, 2 AAALE e JtHEs 4
T L&A Agpstd aEake] B A, T4, 2 v 7% FEAl gialA FUpAgE o 2 AETE

z‘—2(Bone morphogenetic protein 2, BMP-2)&= 7Z¥ 3k

23] A (sustained release)o] o]0l
él A%t BMP 9 Zo|AAl AEZo od AHaeA AL 9z

AR Rhn A B £AF AAE D] g Ho
e A W) Fr1A50] Aol mE o] gl AEelA

ATE A%stel ¥ AP YA

9,_1

FEAAZ Ao ALEA L
Z3heE AZE AATH. ®=3, A
Fejo] Fr1de] o e
T FAR AHEIL Y= 1).
QAMFd AR GA FEAE 5



[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

[0011]
[0012]

[0013]

[0014]

[0015]

[0016]

[0018]
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gige] g
S dst = HA

B owgo] ofFad st J1%d AL QAABEA AYs ARE FARE B olAF: A F oA
ol =YEE AEEE; 2 4] AEE PAE At 94 BHel=E T, okF AT AT

a2y 2 o] o] FuAt sk V)EA Al ol el dud
2 FAE2 ot o] NARRE Fal 7okl 4o 7lEAtl

79 HE e
71 A= sAdstr] AAske], - A g
el wY = JHEES: 2 A7) FHEESel Fad Aevh @4 feel=E 238t

n

ey rle

(<3

o the FHARA, 37 FE AGAET 7] vlole ALl T FEARE BAHE AL & U,

e
1

Wel m vk TR, 37 ok ARAE B FEIAE AYgor PEsE AU & Atk

ke

o] & g FddEA, A7 ke AfHs ARE, ExZE E2FolE ExdtolEdolE
(Monocalcium phosphate monohydrate), R Z&F XE2HO]E  otslo]=2 > (Monocalcium phosphate
anhydrous), Z¥ WEEAHo]E(Calcium metaphosphate), TIZ% EAFHOE t]sto]=dgo]|E(Dicalcium
phosphate dihydrate), ©lZ% EAFo]E <tslo]= &~ (Dicalcium phosphate anhydrous), Zr¢F J}O]Z XA
©]E(Calcium pyrophosphate), <SEFZHE X 2#o]E(Octacalcium phosphate), €3-Eg|ZgF X AHO|E(a-
tricalcium phosphate), WE-EZZE ZEAHO|E(LBphosphate), ZFE TIFAUAE  sho]=FAoluElo] E
(Calcium deficient hydroxyapatite), 3Fo]=FA|otatElo] E(Hydroxyapatite), EEZZEF XAFHOE
(Tetracalcium phosphate), @ o}E ¥ Z+5 E 9| 0] E (Amorphous calcium phosphate) & o] Fojx FozXH
H dEEE ol sl o] & St

wonmel ® o FHRA, 37 dest G4 Wekol=t Eet_pl BetolS, Eet p2 Wekol=, RG Wekol =,
Sal_pl HEFOI=, Vol pl HEFOI=, Vol p2 HEkol=, 2 Vol p3 HEFI=R o Folxl ToRIE HEHE of
st olge & ek,

2 ool 1 thE FHAEA, A7) F 2R, F ¥4 @9 E (Bone morphogenic protein, BMP), 3%
%3} 912H(Growth and differentiation factor, GDF), @& X% A4 <1x}-B (Transforming Growth Factor-f3,
TGF-8), <l&d3d A < (Insulin like growth factor, IGF), A-frobAlEA4<2 A (Fibroblast growth
factor, FGF), X 22elZ@td E =84 4(Prostaglandin E receptor 4, EP 4), 4% 5 d4(Platelet-
rich plasma, PRP), & d43 §2 A7 <&} (Platelet derived growth factor, PDGF)Z o] Fojxl O 2 Y E
AEEE o] sl o]dd & dtt.

2 otyo] g A 2A, 7] & 34 o (Bone morphogenic protein, BMP)-> BMP-1, BMP-2, BMP-3,
BMP-4, BMP-5, BMP-6, BMP-7, BMP-8, BMP-9. BMP-10, BMP-11, BMP-12, BMP-13 & o]&5¢] &3 &8 o]|Fojzl
O RRE HEEE o] 3} o)A F gt

s

R, B e Y] o dEAE 2ddke = G4 e = ARAE ATy
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[0033]
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7] 7=



[0035]

[0037]

[0038]

[0040]

[0041]

[0042]

[0043]
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A7) ol "FE"E EEA S THAE AoEA EYFEels, duld,

2 e A F F=<U A (bone inducer)E 9P|}, AV F FEAAY FAHC] d2E F FA oA (Bone
morphogenic protein, BMP), A7 #3} 011}(Growth and differentiation factor, GDF), &3 A3 <A}
B (Transforming Growth Factor-B, TGF-B), ¢1&#3d A& AA(Insulin like growth factor, IGF), A3f-o}
M EJ A1 A} (Fibroblast growth factor, FGF), 2 ~ela@d E 484 4(Prostaglandin E receptor 4, EP
4), diad FH dH(Platelet-rich plasma, PRP), ¥ ¥4 F A4 <A (Platelet derived growth
factor, PDGF) && X338t} olo AR gte=vh. £, 7] &2 v siAE 94 Fud 5 o,

B owgox, 8o “F oA & FxF 9 ZAgo] WAt AL, o5 tAst AAE S FHA7]V]
ot AgslE BAES Ewol, E U AAEA A s AQERE FAAYHE F olASE gy, A
7] AArAGA MEH A AEE ReZbg EAFO]E Eh-slo] = o] E (Monocalcium phosphate monohydrate),

=
]
By L LA o) QFslol| =& ~(Monocalcium phosphate anhydrous), Z& WEFE2HO]E (Calcium
metaphosphate), ©Z4 EAHo|E r)slo]=#o|E(Dicalcium phosphate dihydrate), ©Z4 EAHoO|E <3}

ol=&2>(Dicalcium phosphate anhydrous), Z¢ IJo]ZEHo]E(Calcium pyrophosphate), SEFZE X2

Lm

©]E(Octacalcium phosphate), ¥I-EgZ< EAHO|E(a-tricalcium phosphate), HE-EZ g E2~H 0]
E (Bphosphate), Z¥ Y IAQE 3Flo]==AoldlElo] E(Calcium deficient hydroxyapatite), 3fo]=ZA|o}x}
E}o] E (Hydroxyapatite), BIE&}Z<% EAFo|E(Tetracalcium phosphate), % ofEX A ZfF IFAFOE
(Amorphous calcium phosphate) & 4 1o}, ojd A|gtE]A] b=
2 odgofa, &0 “AE7t YA FElel=” & Aggl AFAS dhgste] AYatE AT ¢ U BE HE
O]E% FAsk, vAgAQ] 2A 7] E 19 AT FA qEtel=d F ATt
X1
A87F 34 HEol= AEEE 2 AMEAE
Ect_pl SSRSSSHRRHDHHDHRRGS Ectocarpus siliculosus 1
Ect_p2 SSKKSGERHHRSA Ectocarpus siliculosus 2
RG RRRRRGCGRRRGGRGGRGRGGCGRRR Salpingoeca sp. 3
Sal_pl CGRRRGGRGGRGRGGCGRRR Salpingoeca sp. 4
Vol_pl SGRRRGSRRRGSRRR Volvox carteri f. 5
Vol_p2 SRLRGRRRRLSPGR Volvox carteri f. 6
Vol_p3 SSHRHHHDHHDHHH Volvox carteri f. 7
B AHoA, §of “F AT & A ZxFo FAHAY T S FHE X0 AHE BE A




[0044]

[0046]

[0048]

[0049]

[0051]

[0053]

[0054]

[0055]
[0056]

[0057]

[0058]
[0059]

[0060]
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& onjalul, gol ‘B AT & £3E BRAS BALF FAAL BopaEst BAEE Paehs 5o 3
e AN T EFE AR, 98, ARAE BE A4S o

Bouged, g0 “AABE(scaffold)” & AEE o3t £3E 24 v ABe A AT 24
o He olFES Fi My ouisiel, A4 Fohld 7E 243t 9d L we FeE LAdsheo)
e Fad 9Be Bk

= O|AAFTOREA dlo]=FA|o}utElo] E (hydroxyapatite, HA) 50mg¥ ¥IT| =4 JHHE 50 pls &3t 5
AEAE AZsFLE. o]F Ay AGAE 50 pMel A7t A FEe]=(Ect_pl
1 10-1473059, Aioﬂtﬂi 1)7} m‘ﬂ% 50 mM phosphate buffer (pH 7.6) & ¥
= gk $ PBS &H<rolAl 100 mM
Ak, W FolE dEEy FTHF

e

=

Hl

ol
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m m
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ki
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ki
fu

Tetramethyl orthosihcate(TMOS)@r lf\]i OJ ‘?l%/\]ﬁ %‘_11]7} PFAS 53
TE o83t JAELAS AATATE.

=, AT oreE Aedt JHHE vIgE A dEAe A7) JHHE dEAE AR =g d9AE
H Ao 2 FolAAS SFA7]7] Yot nielty& &3] AF&-5+E carboxymethyl celluloseZ HIQIGIE 3}of
Azt CMC ddA et Al3H8 A EAF CollastatS o] &3 A2AE, 5 mm FHFHA ] ~AE=EZ vHEo] F17]
AAES TPk,

AAd 2. ot AYAY JERE =4

A7) FHE AEA, JHHE 2 A ALA, (MC AEA 2 Collastat AEAE AAZF=Z Azte & TW-
DI02(EN LBl )¢} 200 kgf load cellS ©]€3t9] 1 mm/mine & GEHEAEE ZAHSATE. 70% strainZtA G574
T2 =4% 47, sy ¢ Na}a}e Foat= ﬁ%xﬂb 61.1 N, 7t = AgA+= 38.3 N, CMC A&A= 27.6
N, Collastat MEA= 18.5 No& SAHFHYH( = 4). &, £ dd9] 76 Z dALA9 7 F 2 Aevt "dLDA

i Hlatel] njste] b5 ATt TTO}’——— : ‘ﬁ_lﬂ = G4 e AR 282 7 e o 7 Ao

pud

AAd] 3. k2 ADAY XA W $31F A

A7 FHHE AgA, OMC AEA] 2 Collastat AEAS 2AMZc=z AZd & A A (Simulated Body

Al
Fluid; SBF)el] ¥ojx Zoj3 @55 Hl w3ttt do] SuE = A7F 3087kA vlwsk A, OMC A=
105 EoA+= 848 B, Collastat AEA e}t 7HeEE AEA= 302704 ZolAAlY §H o AU

05 5. 2, B el AHT AAE A9 E2 S8 07 Sed A9 Atz del 290 F
F O
= h

2ol hsEe o %

32
?Q

AR 4. FE ALAY BWP-2 A 58 9 WE AE F3

A7 e E AaA, S 2 Aels AEA, MC AgA 2 Collastat dEAE AAZ== AFstar, 50 n
g/ml2] BMP-2 &MollA 2A|7HE<r EAAIZL &, PBS & 7] AEAES o] 16A7HEe AIHERE WUEE
= BMP-2¢] & Hlwslich. BMP-2¢] A& BMP-2 ELISA kit(Peprotech)& AFE-3gar 450 nm e =3



[0061]

[0063]

[0065]
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A3 = o]AA SHE A% vRRIgE AMESA &3, & olAAT R o]Foz WA TR ¥ BMP-29
5.5 pglo 2 71 ¥ X5 Bon JHEE ALEA(88.6 png)et FHEE 2 AEgF ALA(97.1 pg)
CMC AgA(55.1 ug)9t Collastat AEA(31.7 pg)e vHlwdte] =& BWP-2 HA5HEE BRYtHE 6).

EF, A7) AAEZBER AFE AEA S BIP-25 9AA7 F WEEHE S vusdg. T ol AE A
714 ek AS-(F, niely glo] & oA AF o R o]Foizl HuA) Z7|o] uiF-ite] BWP-27F WEH AL, Bl
HE ARgste] I ol AE AT Aol OMC A2t Collastat DA KT 7HElE ALA7F o = W
A, FHEE 2 A AgArt P =9 wE S5 2ot 164 & 3EE F BWP-29] <4
AGA7}F 67.8%, CNC ALA7}F 64.1%, = ALDA7}F 48.9%, 71

lj = AgAe} e E 92 Agg dgAE v
o] Hlal B& W& %o BIP-22 TR ¥k olyg} BWP-27F MEtE o wEEo ol i it o A

[e)

oz FojAA ol & d4o] & Hu= HE & ¢ 3

el 7 gl A9 99.2%, Collastat

olfos oty & 5% FEE dAs] JlEsidlenl, @A B4l XS T A Al lojA, o]
2ot FAA Ve A v AA] FEY Holm, oo o E e WHYTt A= Zlo] ofd H
Wush Aot} whaby ¥ owwel A MYl ARE ATPEH ARG SR el Aojdria &
A o)t}.

=y

=]

ZEH2
@ 2|7t ¥ geol= HAES Sz
EmEE == e
HA surface E> HA surface E> HA surface
7HEIE 2% 42|17t S WEfO|=ETE
Si(OH)
BMP2 @ A
aoepns yH -

e aps——

HA surface HA surface HA surface
0|4 S BMP2 EHX| A7t 2
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0 min
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20 min
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k1
N2
()Y

. BMP-2 & X|ZF
120
100
80
60
40

20

Cumulative BMP-2 release (%)

0 05 1 2 4 8 16 (h)

Only BM s Colla5tat e CMIC Catechol ====Catechol-Silica

s

<110> Korea University Research and Business Foundation

<120> Sustained releasable drug delivery system using catechol and
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