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(57) Abstract: The present invention provides a hydrogel composition containing: a polyrotaxane or Pseudopolyrotaxane (PPRX)-
structured macromolecular hydrogel; and a bone formation promoting drug. The polyrotaxane or Pseudopolyrotaxane-structured
macromolecule-based hydrogel composition according to the present invention improves the water solubility of a bone formation
promoting compound capsulated in the hydrogel, thereby sustainedly releasing the bone formation promoting compound for a long
period of time. Especially, in the hydrogel composition containing a bone formation promoting compound capsulated in the hydro -
gel in a form of an inclusion complex, the bone formation promoting compound is promptly released and the new bone formation is
promoted. Therefore, the macromolecule-based hydrogel composition according to the present invention can be used as a biocom-

patible scatfold for bone tissue regeneration.
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3] e}l 2~ B}l (pitavastatin), 3 28} 2~ E}FE (pravastatin),
=2 v} 2~ B} ¥l (rosuvastatin), A B} 2~ EFEl (simastatin), 32 2 2B 8 E2
(Prostaglandin E2, PGE2), 411} 2 | ¥ (shinbarometin),
u}o] & 3 A ]| o] E(pyrophosphate), ™ = 2 U] ©] E (medronate),
S A =2 Y| o] E(oxidronate) 2 A 2~ B Z(Oxysterol) 2 0] F 0] 1 -0l A
}t—]‘ﬂﬂ};lﬁ o]/\]— 2= O]q_ I:E6]_ /\]—7] #65%-] 7‘]] O]: #'S}O]Ef.:_ﬁ]
o]-oﬂ}q/] 714’\& _Q.o]H LHZ] Al /\g = 63%4 ELH E__ J_E:]SL Lq1 /\E]_E] ﬁ]
oFE ol A A el E] = Al o] npgkA] ehar, A vk B (simastatin) €1 41 o] T
vlkA s}, B owhg o] & oo e dlo| =2 A A B A A & A &2
Ok‘:' /] 'O‘]—E]:}?_ g}o] =24 100 mg ot 1~20 mgol Val o] u}a]—;d o} ,2~10 mg2l ;ﬂ o]
U] vhgkA st}
U:g} E HLnﬂg] Q) oﬂ ] U:}E 3}0] 1:;._741 ZH i oﬂ}q, = 83/@ i;ﬂ g'k‘:' Kol
kA s A = s o W AFS vy e v % E-3 A (inclusion complex) 2]
S e Sto)l =2 A ot WX = a1, ¢ vl A S A= £ B ﬂxﬂ(mclusmn
complex)®] FH & 74§ 2 spol ==l o) HastET) o & V7] E
G S FES T A E(host) W AR g5l 18] 3 WAl XA -?:] 7
314 (inclusion complex) 2] e 2 slo| =2 2 O]-oﬂ | x = 4= ) A7)
T 2E(host) ¥4 o] £ H = & A 37 oFE-2 ¢l = 2 4] o] = (alendronate),
) A = 2 Y] o] E(risedronate), < @] = = U] ©] E (zoledronate),
o] E] = & vj] o] E (Etidronate), = % = 2 4| ©] E(Clodronate),
¥l 2 = 2 v o] E(Tiludronate), 3} = & 4] ©] E(Pamidronate),
< 3= 2 Y| o] E(Olpadronate), ©] W} = 2 Y] ©] E (Ibadronate),
= -1l 2~E 6l (Fluvastatin), = HF2~EFE (Lovastatin), ] EFHF2~EFE (pitavastatin),
3 2} up 2~ EFE (pravastatin), = 5~HF2~EFEl (rosuvastatin), 41 HF2~ E}FEl (simastatin),
3 2 B} @E E2 (Prostaglandin E2, PGE2), 411} 2 | ¥l (shinbarometin),
u}o] & 3 A ]| o] E(pyrophosphate), ™ = 2 U] ©] E (medronate),
S A =2 Y| o] E(oxidronate) 2 A 2~ B Z(Oxysterol) 2 0] F 0] 1 -0l A
A E = 18 o] Y 7 e, BE=A] o 7] o) g & = 212 of ), &
ol A A7) & A~ E(host) WAL R 2HE-8)E a1 g B A= Alo|ERd AER”
EE Aol ZREUAEY F 54 oA AEE 5 glom, sfo| =27 ¢H

WA E G S R SAEG FYA T A ASHA F G

O
r

N
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[30]

[31]
[32]
[33]

FE o W S A SAlO e S5 TSI =

Ir

VAR A Ao EREAEY f1A
26-Chol W E-pAFol 2 €| 22 E 3l 2 sfo] = E Ao & fAbo] F e 2 E gl
2-3lo| EEA| L g T B- /\]_o]ﬁ__E,_Eﬂ/\E?ﬂ

2-sfo]| = A ol y-Alo| ERE A ER,

2-3fo| EEA| LRI yAlo| F R Y AEY,

(oAb B A B2 Ao 22 E gl

s E R 2T p Aol 2R Ao AEE 15 ol o2 AT 4
o} ]Ei/\] J_J_:"EL_.JJ B /\]_o]ﬁiﬂ/\lzao] 7] o] u}a]—;d O}Tﬂ- E tﬂ-n(:)] 01]7\1
2] oF & o] A Hl~E}FE (simastatin) ©] 31, A B 2~EFE (simastatin) <

= T 2E(host) ¥4 7} 2-Fo| EF A LR BALo| R Y AERC A9

lr

03{;\111‘

oX
4

e

Tou ok 3o o
)
ol
_‘d

A 27 o o) 25 hos) HAS] EF FTE 111 A 15591 Aol

ek, 12 W1 1491 Alo] o vhgrj s,

B vk e] vlgH 3 2 ool whE sfol =2l 2B 49, 4] A AT
A2 3] &F-# 4 hyaluronic acid), 3] &FE4F 9 (hyaluronic acid salt) ==
o|E9] &AM MBI, A7 Y A A deke]] 4V Ry E o
UHE dgte] ofu| w7 7F Q| W S ddd S Folal, A g |
A a-Alo] E 2 9 A E Y (a-cyclodextrin), f-Alo| E 2 H A E W =
Y Alo]| 2 dl A E ol A /\‘]EHE]]:E] A7) & A =7 ok E &

Ful2~EFE (Fluvastatin), 2 B}~ EFEl (Lovastatin), 3] EFR}2~EFE (pitavastatin),
3 E‘rlﬂ}/\ E}€l (pravastatin), 2 54} 2~ E}E (rosuvastatin) ==
Al 2B}’ (simastatin) of] 4] A8 #l o}, 25k, Bk o ulsh A §F < o of] &
Slol= 2 A EA & FA =1 FE-2 T AE(host) ¥AE g3
8] Aol A ¥ A 53A (inclusion complex) 2] & H| 2 slo] =2 Al o)
olsl st ol ul, A7) £ E(host) ¥R 2§85k e d BAl=
2,6-ttol e -p-Alo] SR U A E- 2-3lo] =EA | H Ao FREAER,
2-5to|BEAIZ R B AL FRAAEY,
2-sfo]| = A ol y-Alo| ERE A ER,
2-3fo| EEA| LRI yAlo| F R Y AEY,
Q-7t2mA S 2RI pA | ERYAEY Ei=
X H2.7-p-Alo| EF R U AER oA A E s = Alo] nlgA s}

71 ol - ZH(Supermolecule) 7] HE sfo] =2 A A& o] A ZHHH

Boue] o e AT /w stol B e 2B AEHY S

l c el < ool i AWEA 7k Sfol A 2= 2

g 7 AFl AR A A ALY Abe] A PR A Al G
2 TAEE FEIA Fe 0] el g ¥x, Lol 2 G4 £

Rt B

T
2 rZ2 TL oR

30 1

24

2
= by o
oo ot

rie =N



WO 2017/039294 PCT/KR2016/009682

[34]

[35]

oF= NS H7betar v A7 & DA E E ST} e g o] thE o9
w2 A A 716k sto] =2 A A E ] AW T AFE A A A
Al e nw A7 A AES] PElE A EC] v 1T E IS5 9
FEol gy W}, 1o P4 S oFE o] 2 E(host) ARl A
EA A & Frlstal v A 7] = @A & ek & g ol &
A2 7] Hk ol =2 A A o] A 2ubyE - vhg At e sA x5
stol =2 252 JAshE dAE ol 28 o At 2 gl whE
AR} 7|dk sfo]l =2 Ao Al M gy Eabe g2 E
TEHAE A Y 7R el 719 A frAFE 2] 2 E-AH(Pseudopolyrotaxane,
PPRX) -2 9] 7|t A2 o] Fo 7l spo| =2 A8 A star, sAlol = 34
%l & T B X s ot 2 A= slo|l =2 A ¢te R

e
F
rr

o mH

6§ . M s H
Mgt b, B dhgof] wpE A o)A} 71§k slo] =

= =
A 2R GG =S T A AR ] A f-AFE 2] 2 B2H(Pseudopolyrotaxane,

f-AFE 2] 2 B-4F(Pseudopolyrotaxane, PPRX) -2 2] At -2} 2 o] Fo] %]
sfolE2AE ZYREA F 2o AU AR o] Fo X sfo| 2 AR

BN 7= A E vl £ 5 Q)T

g o] whE A Al 7Rk sto| =2 A A o] Az a8 E

¢

FEHAS TS AAA T WA, A E L2 A, NG LA 71914 =
028 B, sto| = Qo A W B WA £7 obE, 2 WA F bR
FAHE] A BEhost) LA FF DAL AThRA /] sho] = 24
EA BN Aed WET BAS R TH 4 AEE Ao,

Bkl ke ATh A AR Sho] E A 2 Bl A2l A ALgH =
A9l AR A A Aol Y LY AL A Aol FER AFH ] i
TREE FEEAE @ A2V E A= ARG 184 D
e 7] G A e 3 Eole] MY DRAE Frhea A A

X uherel 415z ofv] 7]

shetE R A, Bl e F A A2 AA A FAY LAt EAE= 7t ERAVE
W3] SEAIQ] o) AH 2V R AA 7= 9T gt o] Y g 72 AT
A5} A 9] &7 2= Alob¥ & 2 2)o] = (Cyanuric chloride),

2-F 2 2 -4,6-t}o| W F-A]-1,3,5- E 2] 0} 21 (2-chloro-4,6-dimethoxy-1,3,5-triazine),
2-F 2 2 -4,6-t}o] ¥ d-1,3,5-E 2] o} 21 (2-chloro-4,6-diphenyl-1,3,5-triazine),
2-F 2 2 4-WEA]-6-9 D-1,3,5- E €] o} %1 (2-chloro-4-methoxy-6-phenyl-1,3,5-triazi
ne),

2-Z 22 -4-3d-6-1 F A -1,3,5- E ] ©} X1 (2-chloro-4-phenyl-6-methoxy-1,3,5-triazi
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[36]

[37]

[38]
[39]
[40]

[41]
[42]

[43]
[44]
[45]

ne), 4-(4,6-tFo] W F-A1-1,3,5-E 2] o} A 2-y)-4-v| E B2 52 7
& 2 g} o] = [4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride,
DMT-MM) s°| a7t =54d7] @43 52 18T o
4-(4,6-tFol v FA]-1,3 5-Ed]ofxl-2-yD-4-w R K 22 0]
& 2 g} o] = [4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride,
DMT-MM)§! Al o] v} g2 8}t

L Eog o] A oo whE A} 7| Rk slo] =24
Az el AL S = & P4 3 oFE &9 & 34 £ =9
BalAdo] By W Te] B 4 F B WA 47h | b
B A A A xz8k= A o] vpgkA st

W B o] T2 ool uhE ATk 7] st mE A AR
Azl A AEH = E5 BEA S 2 G4 F4 ok §ole

B E(hos) ¥4 50 B7htar EFetel Al w0, B B4
b GOl YA 57 oFE H 5 Ee

B 7 LA 49 A

rir Juid

T

o o
1
w
(@]
=4
S
&
il
2
o
rol
o
ric
ot
ol
o
mO
£
2
=
it
jil

= = (Scaffold)= < ¢F A ol & 2H(Supermolecule) 7 {F slo| =24 A E-&
g3k A Y A Ol AH(Supermolecule) 71RES] Slo] ER2A A 2 o] Fo] A 4
th 53], ¥ g o] o o e whE 7 oA (Supermolecule) 71 8FE] Bfo] =& A
d FA F3 FEo] T 2E(host) w-AFE 2H-E8h= aLg] 9 WAl

A (inclusion complex)2] &l 2 sto| =2 Ao o] & =35 =
Hd S5 FEo o &3 Tt FUketo] s A o] B ELL, IR
22 QG 2AEEY AT P 2Ado] FEH

rO oo HORN X KD D N B
oo ol

o o
agey!

: 7]
e

g o)

2

O
ME S

o ot
rie )

=)ol g @l =2 & o} (Methoxy polyethylene glycol amine, MPEG-amine; Mw :
2,000)= Z}Z} Lifecore Biomedical, LLC(Chaska, MN, USA)%} Creative
PEGWorks(NC, USA)°ll 4] -1 3} t}. a-Alo| & 2 9 2~ E H (a-cyclodextrin,
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[46]
[47]

[48]

[49]

[50]

[51]

a-CD), 2-3}o)| =5 A 32 2 I _f-Alo] & 2 9] ~ E 21 (2-Hydrxypropyl-B-cyclodextrin,
HP-B-CD) 2 A v} 2~ E}El(Simvastatin, SIM)-2 Sigma-Aldrich(MO, USA)°l| 4]
TR 4-(4,6-tFo] Hl FA]-1,3,5- E ] o} 7] -2-yD)-4-wi| W L= E 2

& 2 2} o] =[4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride,
DMT-MM)-2 Wako Pure Chemical Industries(Osaka, Japan) 28 &3 % 91T}
Ketalar™ 2} Lidocaine™(Yuhan Co., Ltd., Seoul, Korea), RompunTM(Bayer Korea
Ltd., Seoul, Korea), Betadine®(Purdue Pharma L.P., CA, USA), 2 Ethicon
Vlcry1®JJr Ethicon Ethilon®(Johnson & Johnson Services, Inc., NJ, USA)©]

=AYl AL H AT B et ed 2 AR GA lo] et H R
ARG A

2. MPEG-g-HA/a-CD Al ] 2 84 H(Pseudopolyrotaxane, PPRX), MPEG-g
-HA/0-CD/SIM F-AF 2] 2 B4 2 MPEG-g-HA/a-CD/HP-B-CD-ic-SIM
FAEE 2] Az

% 12 MPEG-g-HA/a-CD AL 2] 2 8-4H(Pseudopolyrotaxane, PPRX),
MPEG-g-HA/a-CD/SIM A& 2] 2 84 2 MPEG-g-HA/a-CD/HP-B-CD-ic-SIM
GALZ g B el e] Al #A L ek o2 veRd Aol

3| 2 FZAHHA) 6.7 umol(1.0 g)F DMT-MM 0.7 mmol(0.2 )< ZF 4= 300m{ ol
G311 G Hol| H| FA] FE2]o & A=) F o} Fl(Methoxy polyethylene glycol
amine, MPEG-amine) 0.7 mmol(1.4g)-& % 7}8}al, £3&52 2ol 4] 3 &<t
vhget s FAT AV] whE2 v S A] Eg ol e @l =] o Rl (Methoxy
polyethylene glycol amine, MPEG-amine)2] ¢ &tol] &4l 5h= ofql 7] 9
5ok B ALHA)S] 723 7] 7he] 5 whgo| 3L, o] & %4 ofvlo| =
Z 3 (amide bond)©] At} HHE AR S F4] FEMWCO : 2,0000= 3¢ &<t
FA5ko] DMT-MME Al A8ttt A A€ ¥h-g AHE-& -90°Col A 7 &<t
SRzt v EA el = o] ool = E $H(amide bond)°l 2]

F2AHHA)O 1 Z E R Feeo] WY 3] AdFEAHMPEG-g-HA) S

4y o
zﬁmmm

ALE-2] 2 ¥ H(Pseudopolyrotaxane, PPRX)& Al 2235171 93l 471
F %A (MPEG-g-HA) 100mg-& 57+ 20mé 0l =] MPEG-g-HA
Z3}9 T} o] 3, MPEG-g-HA S+-& 4 o)
2~ E & (a-cyclodextrin, a-CD) 0.1 mmol(0.1 g)= 7} &,
5 9F #] o] Al MPEG-g-HA 2] MPEG 418 Al
2~E 9] 77} 71912 3 8 o] MPEG-g-HA/a-CD PPRX
slol =28 A A FH T, o] T, Hb-E AR S 90°Coll A 7Y Bt FANZS &
Abg A 7HA] -20°Coll A s B2 33l Tk
T HA f-AE 2] 2 €4 H(Pseudopolyrotaxane, PPRX)-& A| 231 7] ¢ &) 471
3| &FE4F H- = A (MPEG-g-HA) 100mg2 575~ 20ml ol ¥ MPEG-g-HA

ol
2 = do £

4
oo 1

o)
N

2
S
>

S 05 o2 o

e Oy Moo fn X 3@
HU?HU

i)

i

oy
rfo

?
>
=
_1
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[52]

[53]

[54]
[55]
[56]

[57]

g NS A 25T} 3, A v~ EFEl (Simvastatin, SIM) 0.02 mmol(10mg)<S
o g2 10meol] & Al A Aul~EFEl (Simvastatin, SIM) & 91-& A 23}t o] F,
MPEG-g-HA >89 o|| g-Alo] & 2 9] 2 E 9 (a-cyclodextrin, a-CD) 0.1 mmol(0.1
£)7} Al vk 2~ EFEl (Simvastatin, SIM) 8945 F7Fs}ar, Aol A 19 &<t A o] A
MPEG-g-HA 2] MPEG A8 a1&]of] a-Alo] 2l ~E- 9] 7| 3+371 7192
& B ] MPEG-g-HA/a-CD PPRX slo] =27 @ A7) dlo| = & Ao < 3}5
Al v} 2~ E}El (Simvastatin, SIM) 2.2 0] 9] X MPEG-g-HA/a-CD/SIM PPRX
slo] =2 A& AGA ALY o] F, 8-S AFES 90°Co A 7Y T TR
AHS A 7HA] -20°C el A W5 2 3l
Al HA F-AFE 2] 2 ¥4 (Pseudopolyrotaxane, PPRX)2 Al 2231 7] 93l 471
| F24F §- A (MPEG-g-HA) 100mg-S <75~ 20ml ol ] MPEG-g-HA

S A 23 e, A vl EFE (Simvastatin, SIM) 0.02 mmol(10mg)2
10meel] &3l A1 A A8}~ EFEl (Simvastatin, SIM) & 42 A 23 3,
Alvl 2~ EFEl (Simvastatin, SIM) £ <4 &
2-8}o)| = E A X 2 F_p-Alo] & & 8] 2~ E 2l (2-Hydrxypropyl-pB-cyclodextrin,
HP-B-CD) 5=-& N (<= 10méol] HP-B-CD 28mg-3 &8l A1 A A 3ol H A 3]
A atslal Zate] 2-8lo| ERA| LR F Ao SR Y A ER-
Alvl 2~ e}l (Simvastatin, SIM) 2] %] 3531 A (HP-B-CD-ic-SIM) 8- 9=
A 23R T o] F, MPEG-g-HA -89 ¢f| a-Alo] & 2 9 2~ E 2 (a-cyclodextrin,
a-CD) 0.1 mmol(0.1 g)=} HP-B-CD-ic-SIM & & 3 7}&}a1, AF2o A 1Y Fot
#| o} A MPEG-g-HA 2] MPEG A& a1g]¢ a-Alo] &2 8 A~ E - 9] 7|7}
719] 21 & €] ] MPEG-g-HA/0-CD PPRX 3fo| =2 72 2 4}7] dlo] = & Al o]
70 < 8} ¥l HP-B-CD-ic-SIM 2.2 0] 50 2 MPEG-g-HA/a-CD/HP-B-CD-ic-SIM
PPRX sto| =& A& A A Z1 ). o] &, §hg AFE-& -90°Cel A 7 &<t
FANZG T ALE A7MA] -20°Col| A WE Bt sl o

71 F A A FARE 2] 2 84 H(Pseudopolyrotaxane, PPRX) 2 Al W1 ]

A= 2] 2 ¥H(Pseudopolyrotaxane, PPRX)-& A| 22 3h= 2} 4 ol A,
Alul 2~ el (Simvastatin, SIM) 5 2-3F0| ES5A| Z 2 F pAlo| S 2 A~ E- 3}
Alul 2~ el (Simvastatin, SIM) 2] 5] 35314 (HP-B-CD-ic-SIM) & 3] &F 241
F = A(MPEG-g-HA) &l MPEG 41 & Ab&oll a-Ale] S 2 2B o] 77}
719] 4] MPEG-g-HA/0-CD PPRX &}o] =2 Al o] & A ¥ = &<t MPEG-g-HA/a-CD
PPRX dlo] =27 qto & &3y},

of
-

2
o 12,

=
&
&

S}

2. Al v} 2 €} &1 (Simvastatin, SIM) ] 2] ¥] E £ (in vitro) & < 3}

Ak~ B (Simvastatin, SIM) @] @1 H] E & (in vitro) W& & 32 54 “HMWCO
: 20 kDa) 3} 4 v}o] A (conical via) = A4 ¥ W3 H &AL A X E o] &3}
A= Aok

27}A] E}Q1 9] o] = & 72191 MPEG-g-HA/a-CD/SIM PPRX 2} MPEG-g
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[58]

[63]
[64]
[65]

-HA/0-CD/HP-B-CD-ic-SIM PPRX 100mg & 7}7}2] F-A7 ) qhef] Wl 51, 54 u)o]
A5 BAsklTh ol F, FA S 37°C] It 5§ 2(PBS, pH 7.4, 50ml)

Qtoll AXIAI7]aL, v ] AA e A|ZF A S 2 PBS Sl E 53810, 51
PBS®} 5 g F3) o A2 w| A& F71elGlt)h. 58 PBSY 43L&
A}2] A - 7FA] A (Ultraviolet-Visible, UV-Vis) ¥-3-33 %=
o] &3] 235 o] gl A S48t

T2+ 2714 BFY) 9] sfo] =2 2191 MPEG-g-HA/a-CD/SIM PPRX 9} MPEG-g
-HA/a-CD/HP-B-CD-ic-SIM PPRX 2 -] A vl 2~ E}FEl (Simvastatin, SIM) 2] W=
q & LEH Al o]t} & 20 A Boo| = ule} gho] 4lup 2~ BHE (Simvastatin,
SIM)-& MPEG-g-HA/a-CD/SIM PPRX ¢l H] &l MPEG-g-HA/a-CD/HP-f-CD-ic-SIM
PPRX° A t] 54 A W vt 2714 Bl 9
A 2] 2 ¥ H(Pseudopolyrotaxane, PPRX) &}¢| = 2 7 91 MPEG-g
-HA/a-CD/SIM PPRX £} MPEG-g-HA/a-CD/HP-B-CD-ic-SIM PPRX & €|
Alvl 2~ Bl (Simvastatin, SIM) 2] 2 7] B] 2= E (initial burst):= 1 o] Wol 227+
53.7% 2 40.5% ©) 1t} 2714 EFY] 9 dfo) = 2 A o) A Alu} A EFEl(Simvastatin,
SIM) 2] W52 289 5ot %45 Q) 31, MPEG-g-HA/a-CD/SIM PPRX 2} MPEG-¢
-HA/0-CD/HP-B-CD-ic-SIM PPRX & Y- E] W= A v}~ B}l (Simvastatin, SIM) <]
A ES 727 9.05mg 2 9.33mg o] AT}

3. 2l ¥l K (in vivo) T& A ¥

(1) T2 2] 2 84 H(Pseudopolyrotaxane, PPRX) 5ol =2 A 9] o] 2]

2] H] X_(in vivo) &&= A] &l Institutional Animal Care and Use Committee
(IACUC) of the KyungHee University Hospital at Gangdong (no. KHNMC AP
2014-004)°1 218l 1= ). 16 vkl 2] 3 F (~ 30 g, n=4, Korea)°ll 91% ketamine
hydrochloride(Ketalar™) 2} 9% xylazine(Rumpun™) 0.2 o] F o] 7] 8- & 15
FAFete] v A Z T 74 -9 5 W B (betadine) & & A5 3 $-of), 2%

Y712 (lidocaine) 842 o4 vl A 2 4 L3St} o] F,

n}o] 1 2 -CT(Micro-CT) ¥4 3} 2] 814 3 7}(Histological evaluation) S %] 3l
MPEG-g-HA/a-CD PPRX, MPEG-g-HA/a-CD/SIM PPRX 2l MPEG-g
-HA/a-CD/HP-B-CD-ic-SIM PPRX & 7| & A<= 29l 2l Hal it 9k
A &<~/ Ethicon Vicryl2 %-313} L, 3 %+& Ethicon Ethilon &2 533} 31t}
o) 4% Fol. A% WA A

(2) v}o] A 2 -CT(Micro-CT) ¥4

AE JAYANN F, FAHE AL RAE 10%((vv) T4 5 ¥ 28 (neutral
buffered formalin) &8 o] 17 Al At} 3] =¥ A& 2] npo] 2 2 -CT(Micro-CT;
SkyScan 1173, SKYSCAN, Kartuizersweg 3B 2550 Kontich, Belgium) %22 53

& 53] (Bone vloume, BV), & 3% 4 (bone surface, BS), | 425
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[66]

[67]
[68]
[69]

[70]

'J B (trabecular number, Tb.N), 3l 'H & 4= 57| (trabecular thickness, Tb.Th) %
8| H & A {F4 (trabecular separation, Tb.Sp)S A A Th, =708 A} 5 =
Skyscan™ CT-analyser software % -2 %] $1 T},
L3374 B o PPRX ol =2 A2 Ay & ©
HI7FE 47HA) B E A2 thaE A Q1 CT o] H Al o]t} &=
= 34 ¥4 == MPEG-g-HA/0-CD PPRX 30| =24 &
FdstozHn F1E AL, o] Y 3 A 1}i= MPEG-g-HA/0-CD PPRX 3}o] =& 2
A ZE A E A T8 AT ghrh= A2 Ve sfo| e S0 '
N3l ¥l Alvl2~BFEl (Simvastatin, SIM)= & Al SACE S 7= A o=
vebuttl &3], Aul A~ Bl (Simvastatin, SIM) Q] 7R & £3] 2= & & A
A o] F7lof Zhel o g =) & 4= 3714] BFY] 9] PPRX Slol =2 Al S
Ae Tl A golal 45 S0l A7heE 474 AZ9] & 3] (Bone vioume,
BV)E YEL Alo]al, & 55 & 3 4 (bone surface, BS)S YEFA Zlo]al, &=
62 3l A =4 @ ¥ (trabecular number, Tb.N)E Y-ELH Ao|a1, &= 72
3| \H & A& 5= 57| (trabecular thickness, Tb.Th)E Y EFl Alo]al, &= 82 Sf|HF A
ZFA (trabecular separation, Tb.Sp)= W EFH A o]}, &= 4 U] %] & 8ol 4| "PPRX
I"& MPEG-g-HA/a-CD PPRXZ 2] W] 5} 31, "PPRX II"*= MPEG-g-HA/a-CD/SIM
PPRXZ 2] v]3}3L, "PPRX II"= MPEG-g-HA/o-CD/HP-B-CD-ic-SIM PPRX 2
oln] gt} & 4 %] & 8ol A H.o|i= ul2} 7o) MPEG-g-HA/a-CD/HP-B-CD-ic
-SIM PPRX+= MPEG-g-HA/a-CD/SIM PPRX X.t} 1.174] & & 3] (Bone vloume,
BV) 2 1.024] & & 3 A 4 (bone surface, BS)S 7FE . o -4}, slH & A5
d ¥ (trabecular number, Tb.N) 2 8| ¥4 & 4> 7 (trabecular thickness, Tb.Th)=
Al a2~ E}FEl (Simvastatin, SIM)S 3 §18}= sto| =2 Ao A4 27| 345 3t}
oA | A v~ EFEl (Simvastatin, SIM)-& X 3$H6}= slo| =2 A2 ¢ 22

&l H & A5 {F (trabecular separation, Tb.Sp)-& H.$i T},

2
o
=
N
N
ot
o

lo

0 ;|
it

my

b

iz

(3) Haematoxylin?} eosin(H&E) % 2} X Goldner's Trichrome 3 2}

HE S AA T, FAE AE BB 10%(vv) T3 9% X 22 (neutral
buffered formalin) -& 2 ell a2 G A 7tk 22 & 4°Col A sHERE St 4 & &,
A4k 2k5 & o(PBS)ell A EEH AT A 3] 3k S-S gk be] Eujshal,
40um T 9] 27 AA & ¥ X2 E Fol e} Haematoxylin and eosin(H&E)
2 M1} Goldner's Trichrome &0 0 & G AEATE G E 22 AH-S &3
& 1| 7 (fluorescence microscopy; AX70, TR-62A02, Olympus, Tokyo, Japan) S5
A7k sharl ot

5 9= slol =2 MZ9] 2 | 4 2| Haematoxylin and eosin(H&E) 2=
AME T E AL el oln ] o)1, X 10-2 Goldner's Trichrome &2 &3 A ¥

5:9]9] o]l A o] U HRER §1A4E W& AEol A 2 94 9 2
g

Fl 371%] BF]) 9] Al EE Q] & o)Al 3 (osteoblasts, Ob),

(o

7

T
3L
=
Fsh

o < u®
o

ES
.
gl

I
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[71]
[72]
[73]

[74]

[75]

A 3 (osteocytes, Oc) L 3} A 3 (osteoclasts, Ocl)7} #H2HE] St} 2l =4
@] (osteons) 2} = A 3E = & A7 (lacunae) ol ¢ X5} AL
o} Al 3E (osteoblast)©l] 2] &l =ikl 1At} 53], 21 Al E(red color) 2] A4
MPEG-g-HA/a-CD/HP-B-CD-ic-SIM PPRX7} 2] & 5] Q-2 | k2 71¢2}2] o] 4]
Qb o 2 7}k &nks] %1 8) %] %1 a1, o] = Goldner's Trichrome 2.2 ¢ A o] 2] &)
A AT 374 BHl o] PPRX7E 2l ¥l A& -9 ol = PPRXE 4] 31~
& =t 9ol Blal] 2 F 45 3 A £ 2} =79 (osteons) 7t A A 5} A|
9] At} MPEG-g-HA/a-CD/HP-B-CD-ic-SIM PPRX Z A 9] 3 B2 & & 9]
FAHE AE A = FA 257 Tl

i HJH i

L 4

4. X 2] (Discussion)

3-slo| EFA]-3-w 2 = FEFE Z A A(3-hydroxy-3-methylglutaryl coenzyme
A, HMG-CoA) 3 & A (reductase) ] A &l A 1 4 v} ~EFE (Simvastatin, SIM)<
T 2HE A E ST A8l AR = 2B (statin) A € 9] oF &0 &3k
Lok, Al a2~ B R (Simvastatin, SIM)-= A 23 17F & &4 ©il A 2(recombinant
human bone morphogenetic protein-2, hBMP-2)2 5 7FA| A &olAM| 329 ¥-31 &
S208kar Q1 W E Z(in virto) R {1 H] B (in vivo) ol A A= A& 3=
Aoz A ATHG. Mundy, R. Garrett, S. Harris, J. Chan, D. Chen, G. Rossini, B.
Boyce, M. Zhao, and G. Gutierrez, Stimulation of bone formation in vitro and in
rodents by statins. Science 286, 1946 (1999).]

2y, AU~ EFE (Simvastatin, SIM)2 2 9= 28| =2 Q& A A o] & 57}
St A8 ool 4 8850 A7) o] B2 AN S8, A8 ofEe
284 sho) = m A, 3A) WA, wo) e WA, 297 A,
AtolE2 Y ~E” ¥ 7 53| (Cyclodextrin inclusion complexes), ¥ =] ™
5314 (dendrimer complexes), VFo] A2 A} = U A QFE o0 =2
N3} ¥ THM. S. Bae, D. H. Yang, J. B. Lee, D. N. Heo, Y. D. Kwon, L. C. Youn, K.
Chot, J. H. Hong, G. T. Kim, Y. S. Choi, E. H. Hwang, and I. K. Kwon, Photo-cured
hyaluronic acid-based hydrogels containing simvastatin as a bone tissue regeneration
scaffold. Biomaterials 32, 8161 (2011).].

9-¢] = A v 2~ EFE (Simvastatin, SIM)S] 4~ 83 =& 7| A 5}7] ¢33 o] %
Al 2= €l (dual system)= A A5 Th A7 o) F 7\] 2~ E.2 Aul 2 EFEl(Simvastatin,
SIM) I} 2-8} o] =5 A| 32 2 F _B-Alo| & 2 gl A~ E 2 (2-Hydrxypropyl-p-cyclodextrin,
HP-B-CD) {+9] X% &34 (HP-B-CD-ic-SIM) 2 MPEG-g-HA/a-CD/SIM PPRX
sto] = 2 Z[T. Nakama, T. Ooya, and N. Yui, Tempaerature- and pH-controlled
hydrogelation of poly(ethylene glycol)-grafted hyaluronic acid by inclusion
complexation with a-cyclodextrin. Polymer J. 36, 338 (2004).] {Fell A i &35} ¢
HP-B-CD-ic-SIM 2.2 T fth. A A& A& A 7tsh=dlel oA,
FrAEE 2] ZEANPPRX)S B3 =89 QoA & 2] ¥ 7] wjiof <
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[76]

[77]

[78]

H|E=(invitro) 29 & 82 5 gldth vbehA, FlE A& 2d BV E
o]-&-3to] Q1 H] B (in vivo) T & A3 -& 5335} % 21, MPEG-g-HA/a-CD/HP-B-CD-
ic-SIM PPRX 9] A1 A= 4] & 5 3E

-HA/a-CD/SIM PPRX 9| &.7}9} H] L3}

A8l 2~ E}El (Simvastatin, SIM)-<
2-3Fo| EEA| 2 2 E _B-Alo] & 2 8 A~ E 2 (2-Hydrxypropyl-B-cyclodextrin,
HP-B-CD)2] W3- & 7kol] M)A 4= Qlar, 2= &) 4= Sa) vt F7has
ARA-& e A A THS. W. Jun, M. S. Kim, J. S. Kim, H. J. Park, S. Lee, J. S. Woo,
and S. J. Hwang, Preparation and characterization of
simvastatin/hydroxypropyl-f-cyclodextrin inclusion complex using supercritical
antisolvent (SAS) process. Eur. J. Pharm. 66, 413 (2007).]. g},
a-Alo] EFEEU A E - (a-CD)S W5 A &2 € dl= 2] o} ¥l (Methoxy
polyethylene glycol amine, MPEG-amine) AF&-& #E-3h= JE| = 7|99,
FAFE 2] 2 E4HPPRX) O] 84 ® Tk

MPEG-g-HA/a-CD/HP-B-CD-ic-SIM PPRX 2 F-E| 4 v} 2~ E}El (Simvastatin,
SIM) 9] "= o 818 MPEG-g-HA/a-CD/SIM PPRX &) 2 1} 9} v} = A v}ebydol.
HP-B-CD-ic-SIM-Z SIM K.t} &lo] =2 A1 o] w2 Y5, o=
24 H3A G4 Foll o STt FFE A7] witol vk MPEG-g
-HA/a-CD/HP-B-CD-ic-SIM PPRX®l| 4| HP-B3-CD-ic-SIM 2] i} "5
thBMP-29] &5 7k 7] a0 A5 A AE g S318 it (22 R =3
Z22). HbA, MPEG-g-HA/a-CD/SIM PPRX )| 4] SIM©o] W55 7] ¥ &A=
MPEG-g-HA/a-CD/SIM PPRX7} &l 2] =] o] o 5} 51, "FoF PPRX &fo] =& 2 o] 1
T2E §A s SIMe] o] A8 Ak,

n}o] A Z-CT(Micro-CT)&= 32H 4] 91 3l ¥ Z(Trabecular Bone) 7-322] 4] ¥
vl 4 G7HE el AbSE o = A shal 9li= 71 o] I Kallai, O.
Mizrahi, W. Tawackoli, Z. Gazit, G. Pelled, and D. Gazit, Microcomputed
tomography-based structural analysis of various bone tissue regeneration models.
Nature Protocols 6, 105 (2011).]. MPEG-g-HA/a-CD/HP-B-CD-ic-SIM PPRX = 714
%L BV, BS, Tb.N 2 Tb.ThE B, 7F4 558 Tb.SpE K.t} o] 2] &

AP ES A E FAA R A o7 WA Sk lolA] Fa gk /1xtol T H.
Lee, S.-J. Jang, H.-R. Baek, K. M. Lee, B.-S. Chang, and C.-K. Lee, Synergistic
induction of early stage of bone formation by combination of recombinant human bone
morphogenetic protein-2 and epidermal growth factor. J. Tissue Eng. Regen. Med. 9,
447 (2015).]. BV ¥ BS¢} & mletv] g ol 7] x3}¢], $-2]i= MPEG-g
-HA/a-CD/HP-B-CD-ic-SIM PPRX7} 2 ¥ 77l & A& F9] oA Al A Eo] ¢
ksl A AP AE X} T3 Th.N, Tb.Th 2 Tb.Sp2] 2 3= 414

3 *H & 24 5= tl(trabecular rods)7} Al A & 2] 321 U E Q=2 <kl A ] 22 8HA
FAH A5 m g,
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[79] A A 9] A A &=L F7EH3E 7] Ml E (mesenchymal stem cell) 7}
& 2 - A 3E (osteoprogenitors), Z 2= & A| 3 (preosteoblasts), & ©}Al| 3 (osteoblasts),
steocytic osteoblasts, “12] 31 F &% O 2 & A ¥ (osteocytes) = &4 07
w318t o 24 A ETHT. J. Heino, and T. A. Hentunen, Differentiation of
osteoblasts and osteocytes form mesenchymal stem cells. Current Stem Cell Research
& Therapy 3, 131 (2008).]. BMP-2:= A A A Q1 -8} #}g ol &S a1 MA =
FdE HA8 SIME V1A =34 35 FrEsh=tlel] 244
A7 & A-&e 5= 9l th. MPEG-¢-HA/0-CD/SIM PPRX €} ¥ 128t uj), MPEG-g
-HA/0-CD/HP-B-CD-ic-SIM PPRX 0. 2 2 E] W& ¥ SIMS U] W& 4= £33 %
w0l FHE A T8 FHAAM VAR 2G4 3 E A= 5 Ak

[80] = g2 AE 9 5ok 2 &2 3bE Al X (osteoclasts)©l] 2] 3l A& AL
ooy A A &% & AT = )= = A E(osteoclasts) E 0] FoA =T &

A A Aol A B]-& 7] 4 2 = (asynchronously) 24 S+,

2= A 3 (osteocytes)s= & A -1~ A 3 (osteoprogenitors) | A F- 5 %] a1 A <5 3k Zo A

[81] H&E A2 E-8l B A& ol A & o)A A (osteoblasts), & Al 3 (osteocytes) 2
3} A A (osteoclasts) 7} = A S} = A& & 4= Q)AL o) = A Al Fo] B
AMEoA & g 2d " B4 oaf A= A& o e} 53], o] ¢ g
37HA Al EF o] T E As 292 Eush Al 9 A W3k, MPEG-g
-HA/a-CD/HP-B-CD-ic-SIM PPRX 7} 2] ¥ F-9 ol A Al o] t] F-47-3}A|
A E QT 2= SIMO = &8l 7t T E AE F oA A= FA S
X5kl S agh 9ohS shrhar A2 X}l

[82]

[83] 5. 2 Z(Conclusion)

[84] 9-¢] = A v} 2~EFEl (Simvastatin, SIM) 3
2-3fo]| mEA| Z 2 H_B-ALo) & 2 dl 2~ E 1 (2-Hydrxypropyl-B-cyclodextrin,
HP-B-CD) 7Fe] %7 534 (HP-B-CD-ic-SIM), L] 32 MPEG-g-HA 2L 32} ¢}
a-CDE o] Fo] X At i-A} sfo] =2 Ao 7] x38}o] o] Al 2~®l(dual system)<
AAS AL Azettt. 1 Hl, S8 B B 55 o] &8t FlE A
T oA A= FA o] Fxlol gk o] F Al =8l o] &S APt
wlo| A 2 -CT, H&E & A1 2 Goldner’s trichrome <3 Aol 2] &) 3 7} 3t 4 3} MPEG-
g-HA/a-CD/HP-B-CD-ic-SIM PPRX7} 2] /¥ 77l & A& QoA 21 &o] T
TR A AT -89 2RSS SIMe| = Sl ETF A I g Ao
e o= A S ofn| )

[85]

[86] o) ol A of o] & g 2 AV o] A& Fal drE ARt E g o)
HEEA] o 7] o 7E Y= 21 of i B o

He Well A vk
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AT

P93k 1] Y 2EE = f-AE 8 2 ¥4 H(Pseudopolyrotaxane, PPRX) ?19]
A EAFE o] Fo] 3] sfo]l=m A 9 4t7] sto] =g 2 Qhol x| H
A &7 fEg EFdhE o]l =R A 2N ERA,
A7) Ee] 24 FARE 2] 2 ¥4 H(Pseudopolyrotaxane, PPRX) 132 9]
A A= F A AAAFAE ard Aol A @47 A Abe 9
e 2 AgE ] Qs 1T E FFFA R V] YT E FFFA
A A 719A J= v 9 AR A AL
A7 AT A= S ERAVE A= A S EA R &
slol== A E.

[7d -3} 2] A 18}el] oA, A7l A A A 3] a1 A= 3] &5 24 hyaluronic acid),
3] 524 9 (hyaluronic acid salt) F2= 0| & 2] Z31Eo| A MEl ¥ =
A& 5 0= gz sfo|l =2 A=

[ -3 3] A 238kl oA, A7) 3] L FE 2 Hhyaluronic acid) == 3] & FEA4

S o A (Mw) < 50,000 W+ 1,000,000
Ao 7 sl=slolmg A AR,

¢ (hyaluronic acid salt)®] &
=
M
& pE- 2= 9 wholef H] ¥ A V| E TR AL
al
F4

CEEERLEETE
37841 A 18l g om 271 A
d aLWALe] FhE LA 7] 9f jhg-aho] o AH 2 AT
e HESAVIE VA= A S 5 oE
o}o] == Z/H%
77~ 5] Al 4gkol QA F7] A a1dtAbE A dhde] SV 7 S H A v E
wrete] opu| sy 7} 9w 8
slol== A E.
73 6] A 18] QM A7) a8 A= Ao 2R Y AE- i
ol FRA2ED FEAN AL EHOR iz spo] =2
P13 7] A 18l QoA A7) = JA 2 oF #dl = & U] o] = (alendronate),
) A = 2 Y] o] E(risedronate), < @] = = U] ©] E (zoledronate),
o] E] = & vj] o] E (Etidronate), & & = & Y] ©] E(Clodronate),
¥l = 2 v o] E(Tiludronate), 3} = & 4] ©| E (Pamidronate),
< 3= 2 Y| o] E(Olpadronate), ©] W} = 2 Y] ©] E (Ibadronate),
= 512~ EFe (Fluvastatin), = H2~E}El (Lovastatin),
3] e}l 2~ B}l (pitavastatin), 3 28} 2~ EFE (pravastatin),
2 40}~ EFe (rosuvastatin), 4 HF2~EFE (simastatin), 32 2 2~ Bl = ¢HE E2
(Prostaglandin E2, PGE2), A1 v} 2 W] ¥l (shinbarometin),
u}o] & 3 A ]| o] E(pyrophosphate), ™ = 2 U] ©] E (medronate),
LA E= 2 Y| o] E(oxidronate) 2 A 2~ B Z(Oxysterol) 2 0] F 0] 1 -0l A
AEE = 1F o] As EHoE sh=stolmad A=,

AN}

2
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3 52 T A E(host) W AR A8
3+ (inclusion complex) 2] & | 2
sto] =22 Qo v X &= A& S S = sl sto|=ad 24 =,
[ 9] A 86101 o)A, A7 & A SR o EL ¢4l = 2 Y o] = (alendronate),
) A = 2 Y] o] E(risedronate), < @] = = U] ©] E (zoledronate),
o] E] = & vj] o] E (Etidronate), & & = & Y] ©] E(Clodronate),
¥l = 2 v o] E(Tiludronate), 3} = & 4] ©| E (Pamidronate),
< 3= 2 Y| o] E(Olpadronate), ©] W} = 2 Y] ©] E (Ibadronate),
= 512~ EFe (Fluvastatin), = H2~E}El (Lovastatin),
3] e}l 2~ B}l (pitavastatin), 3 28} 2~ EFE (pravastatin),
=2 v} 2~ B} ¥l (rosuvastatin), A B} 2~ EFEl (simastatin), 32 2 A~ Bl 6 E2
(Prostaglandin E2, PGE2), A1 v} 2 W] ¥l (shinbarometin),
u}o] & 3 A ]| o] E(pyrophosphate), ™ = 2 U] ©] E (medronate),
LA E= 2 Y| o] E(oxidronate) 2 A 2~ B Z(Oxysterol) 2 0] F 0] 1 -0l A
Aely]i= 12 o|akel AL EX o7 = slo|nad AR
78 10] Al 88kl Qo] A, A7) T 2~ E(host) T AR 2E8= 18] %X}L
Alo]Z 2 Y AE- = Ao 2 Y AEH FEAQ AL 5H o=
slol== A E.
(74778 111 Al 108l oA, A7) T2 E(host) ¥-AF =2 2-g-3)= 1]
2,6-Tho| e _pB-Alo| S 2 H A~ E
2-to| EF A E-B-Alo] FREEAE-,
2-8fo| EEA| LR G AL SR A E-
2-3lo| EEA

2-3fo]| = E A

[7d 13} 8] A 18kl Ao A, V] = 3
3L A

ol
—|—‘

ofl

Papis

o y-Abo) 2o 2 E el

T _/\}o]ﬁf;_uﬂ_/:#,%,
Q-7h2= Al S AN 20 fAto]| R H 2 ER =
EXREHZ7-p-Ato| 2R = ER- A HEE = 15 oo R
TAHE S SE R sz So| mRA 2=

(B 121 A1 WA A 11F 5 o= g Pl stol =R 2 & Eehs

2R AL 2NEE

_ I o 2

rlr
i
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