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7 A A
FrHY
ATE 1

Zg2ga = FAFE g 28 Pseudopolyrotaxane, PPRX) %9 AWEAR o] F oz slolmzAd @AM
ol Qe MixE & A FH FES XS SlolE2A RAHERA,

3 F A9 AAAHA 1
Bae] MY nRAZL A Ag) YU sl Qi TUZE IFEA R P TdLE FEEAY A3
A ANA Qe veel nely B4R PR

AT 2

A 18ke] QojAM, 7] AAHTAH nERE L FE 4k hyaluronic acid), 3|¥¢FEAF 9 (hyaluronic acid
salt) &= 0|59 E3EoA HuxE= AS 5O st slojl=2d 2A4E.

2T% 3

22+ 9 (hyaluronic acid salt)e] =M

Al 28ol QlojA, 7] 3 LFEAH hyaluronic acid) Eiv 3 UF
b ohs shol=Rd 2AE.

W)L 50,000 WA 1,000,0009] HejA AeEE AL EFoR 3

AT 4

A 18l oA, A7) A ZEAE d g ¥ 937 E VXA e ok AAAEE mEAte] k2
7|9} wkgEte] o 2HE A3 EE ojufel= AES FAHT F e WHEAVIE UHHE AS B o= 3§
A AL,

A3 5

A 4] ojA, A7) AY nEAE o g &2V = tE Eue oln|wr|rt Egd ¥y E
dAAFEZ AL EHoR 3= dlo|lmad e

AT 7

A 18l oA, A7l T A 2 FEL dd==2Yo|=(alendronate), A= ZUo]E(risedronate), =
=2 4|9 E(zoledronate), JdEl=Zuvl°] E(Etidronate), 2= =2 Y|o]E(Clodronate), HEE2YoE
(Tiludronate), IFW]=ZY|o]E (Pamidronate), <3==Z4]o]E(Olpadronate), ©JH}==Zule]E(Ibadronate), =
Ful~Ebel (Fluvastatin), =HFZ~E}El(Lovastatin), IEPHF~EFEl(pitavastatin), Z&F¥}2E}E (pravastatin),
28k~ EE (rosuvastatin), A PF~EFE (simastatin), ZE2AEFF#E E2 (Prostaglandin E2, PGE2), AlRb=Z

_3_
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| €l (shinbarometin), s}o] 2 3 2 7| o] E(pyrophosphate), w =2 4| o] E (medronate), SAEZ Yo E
(oxidronate) A AH|Z(Oxysterol)E o] FoR FojlA AEln= 15 o]a¢l AS EAOR 3= dloj==

A ZAE

AT 8
Al 18kl QoM A7) F A X FEe TAE(host) BAE FAEEE gy B ¥HE ¥ B34
(inclusion complex)2] FE|Z slo]=2 Al ool HXH &= A EAHOE sl slo|=zd 2AE.

AT% 9

A 8l oA, 7] & FA FZ FELS dd==2Yo|=(alendronate), EAIE=ZU|o|E(risedronate), &
=2 4|9 E(zoledronate), JdE]=Zuyl°] E(Etidronate), SZ =2 4|9 E(Clodronate), HEC 2 Yo E
(Tiludronate), dv|E=Zudo]E(Pamidronate), &3t==Zuo]E(Olpadronate), ©|H}==ZU|o|E(Ibadronate), &
Ful~etel (Fluvastatin), =H}2~E}El(Lovastatin), IEFHF~El€l(pitavastatin), Z&}u}2~E}¥l (pravastatin),
28k~ EE (rosuvastatin), A PF~EFE (simastatin), ZE22EFF#E E2 (Prostaglandin E2, PGE2), AlRp=Z
W&l (shinbarometin), vlo] 2 3 2~ 7| o] E(pyrophosphate), W = 21 o] E (medronate), SAEZYO|E
(oxidronate) % HFAAE]E(Oxysterol) & o] Fol FollA MElm= 1F o] HAS EFoZE & o=

A ZAE

3T¥ 10

X‘ﬂ 86&—0“ 9}10']/\1, /\01—7] & 2~E(host) T"?_‘X]—E X—!’%—é‘]—-“—:‘_— ﬂa]ﬁg T,‘f'_—x]-.“_} A}olgiﬁli_@% r= /\]—O]%E‘i]iE%
FEAQ AL EHor g slol=ad 24E,

AT 1

A 108 QQolA, A7) FAE(host) AR Z8tE 183 Bxps 2 g-tlold-p-Alo|Z R AEY 2-3}
OJES AL Al FRYAER, 2-Glo| EHALRY--A FRAAER, 2-so|=EA A H-y Aol F2 Y
2EW, -3l EBAZZ Y-y -Alo]FRUAEY  (2-FI2EAHEA)ZZIY-B-Al]FRU1EY F= XK
Yol H| 2-7-B-Ate] FRYREDo]M AEHE 135 o) or FAHE 2 5HOR v o=l 4%

e 4y

7l & & of

2 Ay AgiEal 7k stol=2d 2AAE ol B3 AemA, f FAMsHAE 294 polyrotaxane)
= AFE 2 2¥4k(Pseudopolyrotaxane, PPRX) 29 AthEA}F slo]|=24 oo & A =3 33tEo] xgd
el 2AHE 9 ol9 T 23 A = B3 Aot

Hl 4 7] &

F A% 2 A 93 F A APy, A, AP, Aol 3 Hgtolt}, T AP oFEo]
U BeA g 2o A wHoR fxE 5 o, BT F & Ao AL I L Fed o8 AA=
4 9tk A7bol A (Autografting) & T2 7bsd WEC Hle] & £4E& As5dE oAHe Wiy
gy, $E4 A8Ee @x9 2o 4L F7] wiel zte] FAZ A1 k. Yot bE 2744
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ERS}e] o]A 7IWH<l sFol2(allografting) @ o]Fo] 4 (xenografting)> A8 7FW-&3 WA 3o
Aol 7] wiitel AR A&l FAE . HZdE, £ FEe] ol FAHES S5 F UE o
BAQ W o s FASta vt

z2Fst 859 XA A (Scaffold) FollA, sto]l=2 A (hydrogel)2 F4A, Fx 2 HH9 8 gFs 3o
s e YA UESLAE /A vk, Baud AT Ay osd, stel=2de 53 X AA 4%
A= A kS BT R g 7] "o & 2AF8 859 AAA|(Scaffold)E 53] Fa3ITH, slol=R
AL 7t Ad} HAEA ool met E¥A 4 e s34 EEE 272 F Uk s sfelmz2Ade vt
nAZA el H7lell o3| %*é%‘:}. 3hetA stol=2 AL wgkg Ed EAl wid] MESAHAES fdeth
W, B84 slel=2de |y Adezg, p 2 2% 2 B 545 WA o8 FAdHAY
Z3 BehA(inclusion complexes) Fel= FAdH7] witel] Mazsde] gl

fFAFE ] 284 (Pseudopolyrotaxane, PPRX) 2 E&]| 2 H(Polyrotaxane, PRX)> &4 Jfo|=2 A2, T2
E(host) #&¢F A=E(guest) &2 7o) 23 53A|(Inclusion complex) FENZ o] Rt xF H3HA| o
A, AxEd st ZedEdlZe]F(polyethylene glycol, PEG) 2 Ze|Z =z dlZ2]F(polypropylene
glycol, PPG) ¥ 22 &A= S2E dFsts a-A]SRYAEY, B-A|ERYAER B y-Alo]E R
2EHS 53] 71T, Higashi, F. Hirayama, S. Misumi, H. Arima, and K. Uekama, Design and
evaluation of polypseudorotaxanes of pegylated insulin with cyclodextrins as sustained release system.
Biomaterials 29, 3866 (2008).; A. Harada, and M. Kamachi, Complex formation between poly(ethylene
glycol) and a-cyclodextrin. Macromolecules 23, 2821 (1990).; A. Harada, J. Li, and M. Kamachi, The
molecular necklace: a rotaxane containing many threaded a-cyclodextrins. Nature 356, 325 (1992).]. 3}
ol2Ae £E3 324 A wiel ¢ HEZ(in vitro) 2438 859 AAA(Scaffold) ¥F ofye} <
/AAEd AEds 9 SRHAR =]due] skth. ey, stel=mAs Aol A &g At vlg =85

FAFE 2] 284 (Pseudopolyrotaxane, PPRX) @ Zg] €2k (Polyrotaxane, PRY) % AthEARE o] Folx
ol=gAS 22 A LR HLI= AYPr|ES AHET ey 5553 TH 11]10—0714742§°1]E 5
o ey FAH(AE %Oi a-Al|EFRYZERD)E #EAY AE FAH(AE o] P dEdA=ITE)Y ¢

I A st FIrl & XE/E e AAHSE V(dE 5ol ofw| =L, ii]
i‘%‘*&"ﬂ tigte], olxdte FEEEA 1 4 Tl EFE= 18y #A78E 7k
e Fe g ok E Fatel AudGoR Awd 1Bm Pxo] FeRgi s
& Sl SEE3THE A110-12636395 00 = <
3}sla 3t A ) A 3 /dv:sﬂ_l_fx}g}
7}
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womge Feo /&d Mgl wEE A0RA, B odyl B4 F P4 W GBS AL EU A
SHoR WED A B AT FHL FANY F UE SolmA 24R 2 ol §EF AT

2 odbge] aygaEsl S| UFEMNY 2YZE AE wEA ZdddZeFe HAE AL q-AlolERYx
EYS BEANA FAI FAEZ g 2EH(Pseudopolyrotaxane, PPRX) %9 At At sloj=zA @ A7) slo]
=24 oto] Aul~E}E (Simvastatin, SIM) EE 0}0]‘:5&]4;-’1 B-AtolZ 2 ~E  AlnjxElE
(Simvastatin, SIM2l ¥4 HZA(HP-B-CD-ic-SINME &3 ste] AhEAL 7|0k sfol=zd ZAHES A X35}
Stk olF, A sfol=2A 9@ AR 7]¥k O}O]‘:iﬂ‘ ZARAES = A& 9 Adeta = 84 &
de wo]lARCT 47 244 #4E& Tl Hrheta At 718 sfol=2 A 2 Eo] A U X3

w48
2 2ABE(Scaffol) 2 AR & JeS Asta B g s

=
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E oo A AR E §o]9 FAFE ] ZEF(Pseudopolyrotaxane, PPRX)S A& mixle] A&l th4=o 1g]
g A A FHE 794 de TR FFES vstal, E2EAH(polyrotaxane) S FAFEE ZEHE
(Pseudopolyrotaxane, PPRX)S] &FZ wtlo] 1e]3d B/} o|dslx] G Ryl & EH7E w=9la Fx9
3= oudith. 7] Ay aExE ZEdZYE, FolaZd, Zooaidd, FREdqd,
zddzdE, ZYHEGEEFEY, Zd o] 1%’*‘%*&, ZEdEd=e &y EYr2dAZYFge] 35
SHA|, EEdiEn|dole| 2, ZEjodd 9 20T o]FofAE T dEE F glon}, WEA] of7]
of == AL ofyrt. Hgh, 4] g A= a-AlO|ERYZER, B-Alo]FREAEY Bl y-AlolE
RU2EAOF o]Folj = wORFE MY = AL oyt T3, AV &
A= elUERA LY/, Ao|ER2Y2E B, EgEVR, EF il
AF, A F v g9 HEEF 2 2HRo=/E ]_,—o-]z] TORHE A

o FAHE AL ofUrt. A7l Ea7Iel FAIH<L oﬂi—b 2, 4-tolUERZNIY], 3,5-te|lHERHI7Y], AZ
SAZtERY 7], o-ZyedvEgAstEzrnd 7], Wdd~HZ 7], Al 3 FEItERY 7], owit A 3 7

Bodtigoa] ALREE fojel £ EgA(inclusion complex)E ZAE(host) EAF EA8= 35 (cavity)
Qrell Al~E(guest) #A7F f1Aehe FES] EFAE ofuidrt. 2y EFAE FAse tlxAd EXE
(host) EA2E Alo|F2Y2E-o] Qr},

AL 7|9k stolead 245

2 igel o FHE AEA(Supermolecule) 7|WHe] sto|=2A 2 ES AFst. B EEe o o9 o
slole2 A FAES ZREA T fA ]—%E] ik (Pseudopolyrotaxane, PPRX) 39 AdlEAtz o] Foz
sfol=27 9 A7) sfel=2 A Qo] wiXE = A X FES XS, ols, B U mE slol=2Ad
ZAES T8 TR HE o A9t

(1) Z2Y=EN == FAFE g 282 (Pseudopolyrotaxane, PPRX) 732 AEALRE o] Fojd &lo]l=g2 7

2 ool o oo wmE slo|lm=ad FAENA, 5}01‘137.4]_9* FAhste YR EE v*]”ﬁﬂia*}
(Pseudopolyrotaxane, PPRX) %9 AdEA= F *]’%"J 7

2 AgHY = aYZE FFEA ¢ V] aYUEZE FF %Liﬂg] ﬁﬁé TEAb 7199A U= E]r—’FQ] 1283
A2 g E

A7) BAAGA LA A @A oy vkgE ¢ e FHEEAVE A= Aolgtd 1 FRHUF AA
AeE R gon o S0 FLFEA(Hyaluronic acid), Zgjo}A~3El A Poly(aspartic acid)], Zgjo}tad
AHPoly(acrylic acid)], Z#ZFgwAHPoly(glutamic acid)], 7FEEAHEAEZ 9 ~(Carboxymethyl

cellulose), 7]EAF(Chitosan) ® 1o F=A], Z&o]&F 7]EAH(Glycol chitosan) S5©°] Yrb. ¥ wbgo)r A
xq]x% stA] T HEA= o}o]tg‘g_ A =9 q

(hyaluronic acid), 3]¥¢F&EAF 9 (hyaluronic acid salt) X o]E59 Z3EA %

2 A wEAste] AFH, AT %—E 0 U HAFEL

= Aol wgtAeit).

des =
7] sdF2ak(hyaluronic acid) @& J|AFE4 YEF, s|IF24 24, 3 —J—EF%*P ol YRR
b ook, S|gFEA AWLE EE S|dFEA HENFIGEFAAN AuEE 1T oder 749 5 gl &
o= Az Hode nHT ) LFE HEFA Ao nigrsitt. £, 7] s ¢FE it (hyaluronic

acid) T+ 3|gFE4F A(hyaluronic acid salt)e] ¥AFOMw)2 Ay zEAS] WA & 13T

50,000 A 1,000,0009] HeIoNA AeE= Zlo] wghzstar, 100,000 WA 500,000 HeoA A Ei= Fo]

(Sl y =

<471 AT tE dde] AAAFTAE nEAY FEEAT e 9hE-E)o]

= g 1 FHRIY A ASEA &
o -H, g7, gFA,

-OH, oF17](53], oplw7]) G ook B ougeln 37] A8 aRas
4 UA 3eg BAwe xH4 5 AT W Fdudzels, TPzzddsds, Zeyddze sy
e EFeoAseEel ¢ woel v weAvlsh gt A7 mqE WY FAUAZAR Aol kg
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dokel] GA7(AE B, ©@4 F7F 1 WA 490 477 &
= ¥y YRS EFY] FAAQL A=

HEA] ZolddZe]E oWl (Methoxy polyethylene glycol amine) WIEA| ZExzzdadlZzF ofvl
(Methoxy polypropylene glycol amine), WI5A] Zg|F-dA=2]F oF7l(Methoxy polybutylene glycol amine),
ol Z A ZeoeAZFe]Z o}vl(Eethoxy polyethylene glycol amine), SlSA] ZEZ2HaAZ2]F oWl (Eethoxy
polypropylene glycol amine) Fo| glom, s LTt whgd, AA s WA 18y EA=e] XA
5% 2HT u HEA Zoddl=g]F ol¥l(Methoxy polyethylene glycol amine)$l Zo] wlEzslt). A7)
HEA ZPodalFe]lE ol (Methoxy polyethylene glycol amine)? ¥A#(Mw)S 3| YFE2kake] wh-gAl

A gy FARe 44 5 e o 1,000 WA 10,0000 WA AEE= o] wgkstal, 1,500 U
2l 5,0009] WA AEE= Aol wigrsith. B oA wEA ZogdZelE ol (Methoxy
polyethylene glycol amine)o] 3|¢FEAlo] ZAgEo] ZYEZ FEZIAE A= F S|dFE2A o #HE=E
Al ZogdAZe]F opvle] Hu|:= 1:50 WA 1:200¢1 Aol upEkxstar, 1:75 WA 1:150 o] o ulgrxla}

o wrEAL of7le] A EE AL okyuh. EF, E dgelA wEA] Eedddl oF71 (Methoxy

il
O

o,
b g o we i

polyethylene glycol amine)o] 3|¢FEste] ZA3ro] TPEZ FFFAE FAst= 45 FEA o W=
Al Yl AlZgF olvle] FZH)E 1:0.5 ¥ 1:2.590 Ae] upgastar, 1:1 ulx] 1:290 Ae] ¢ upghas)
=3

7] AWEZE FFFA Y] AY aiA e 7AAE v gy w3k ¥ adAE #EE e A%
T (cavity) = 7= Heolgbd 2 F/7F AA A=A erom, A s WA Axgds u8d o A
O EFRYAEJ] Ao] nigAsltt. & Fo, 47| 1yF AT a-AlERYAE-(a-cyclodextrin), B
Aol S RYAEY e y-APolERYZE-AN HEYEE 1F olFor F4E £ i, JExHAS 1
g a-Alo]EFRYAE™- (a-cyclodextrin)§l Zeo] npgrzleie}. g, 7] 183 #A= voluEite] S 2 E s
Ed, SRFHAAFRYREY T3 Ze Ao|FRY2ERY {fEAA Hdgd FE uh. 2 Ay 1
ZIE FFFAE TG A L322 fEA Fed I F ofvlela, THEZE IFTFAE 5= Al
Y A AbEe 7YA = iy EAE a-APel ERYAER-RQ] A9 A iAo 2y Exbe] FE]
B 11 WA 1:490 Ao] mpgAstan, 1:1.5 WA 1:2.5¢ Zo] ¥ wpgAsitt, 3 B wgoq IgLE F
FHA WEA FECdEdAZYER Y ZEF JLFEL0)a, WEA FHCdEANIEFE A&l VA= 2
3 2A7F a Al S REAEA]] A TRZE A o 183 229 FFH|= 1:0.5 WA 1:2%0 Ho]
vhekslar, 1:0.8 WA 1:1.590 Aol o upghz i},

(2) = 34 =1 %=

"

2 odtye] A oo wE slol=gd 2AEAA, & A 3 FELS ZFREA e fFAREZREA
(Pseudopolyrotaxane, PPRX) F%<¢] AEAZ o]Folxl o= A

ol=2 4| o3 FlEstdnt. v = ¥y FJ dES F YAS
stEolgld 1 FHIE AA ATHA kow | nlghEEHA &

=
17] & g4 231 GBS HAX AT EA IE, ~EEA IE

o,

ol deld & da, FAHeE gd=
Zyle]=(alendronate), gl Al =2 Y]] E(risedronate), ZHU =2 Yol E(zo0ledronate), JqE| =R Yo E
(Etidronate), FZE==2Uo]E(Clodronate), E@FE=ZU|o]E(Tiludronate), I}r|==ZU]o]E(Pamidronate), <
yl= 2 o] E(Olpadronate), olul= 2 o] E (Ibadronate), ZF1k2~E}e (Fluvastatin), 2ut2Ere
(Lovastatin), ¥ EFI2~E}”(pitavastatin), Xe}H}2~E}€ (pravastatin), ZFHF2=E}€(rosuvastatin), AWk
B}l (simastatin), T22E}Z@E E2 (Prostaglandin E2, PGE2), Alu}Zw|El(shinbarometin), ¥}o]2E 27| 0]
E (pyrophosphate), ®WE=24]o]E(medronate), ZA|=Z4Yo]E(oxidronate) @ A ~HE(Oxysterol) & o] F
ol oA HEEE 15 oY F Avk. &I, AV = A4 FX oS stojl=rd oA Wast g
AR s 34 84 & e o, 2ERA SEdA MEYxe 3o uigAsta, AuliERE
(simastatin)l zlo] ¥ wigrdsitt, &2 o] o deo] & o=z d 2 47 = 4 £ F=9
e sfol=24 100 mg F 1~20 mgql Zo] utgdstar, 2~10 mgql #eo] o npgz st}

A

TS, B oayge] A o g ol RAEAA, & 4 FZ FEL A sAe FEY
ae u ¥F EdA(inclusion complex)e] HEJZ slo]=27 <lof ulX x| o ulgh s A=

(inclusion complex)®] FEHE FA & A sfol=2 ol o3 Fastdnt. oF 59, 47 = I4
3 2E(host) ¥AE A&t 18y &l £gdE 23 5 A(inclusion complex)®] FEj= 3}l

oL
NS )
M % off

iy H
(S o 2 o

dhe b

[

=
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of vixlg 4= ot} A7) &2E(host) A EHFE F 4 = FEL dd==2do]=(alendronate),
ALZYo]E(risedronate), F#HE=ZEU|o]E(zoledronate), OlEJ=ZUo]E(Etidronate), ZTZEZUY|OE
(Clodronate), E@F==2U|o]E(Tiludronate), Fv|=Z4|o|E (Pamidronate), <3==ZUY|o]E(Olpadronate), ©]
Hl= 2 o] E (Ibadronate), ZFul~EF”l (Fluvastatin), ZulebE (Lovastatin), v] Elul~EFE
(pitavastatin), Z#u}~el€l(pravastatin), =ZFHF2E}E (rosuvastatin), A¥F~E}E (simastatin), ZTE2E
=49 E2 (Prostaglandin E2, PGE2), 2IW}Zd€l(shinbarometin), I}o]Z 3 2] E (pyrophosphate), WEZ
o] E(medronate), SA==ZU|o]E(oxidronate) 2 FA| 2~ Z(0xysterol)Z o] Fo]3l FoA] AEy= 15 o]
Fd g oy, dtEAl o7l g EE ZE ofyr). WA Y] $2E(host) AR ALt 1EF
WA= APl EFRYAERY s AO|FRUAEY FEA FolA AEE 5 glow, solm=mA Qlo] A
S

¢

= 5 =

P4 23 oFEe & SRS PYAIT PAe] ASH F FY F7 oFRe] ¥E 54 fAUA
Aol WE SRS AEBAIE BN Ao FREED FEA Ao] MEAsh $7] BE(host) B4
2 4gsHe Aol ZRU2EN FEAE 2,6-Tho] i E-p-Ato| FRYAEY, 2-3lo] EE Ao Y- Ao F2 8|
3L ELE_C‘“/\E\—:L]_ S —

2 o] npghA gl o oo wE stel=2A 2AdEY A
24k 9 (hyaluronic acid salt) &

NE I e deke] ofn| =77t E=S91E W
2Y2EH(a-cyclodextrin), B-AI|ERY2EY HE y-Alo|E2d2EdoA Aegn A7) F A =
A kg EFFHlA~El"(Fluvastatin), ZHF2=E}€l(Lovastatin), I|E}H}2~E}el(pitavastatin), X
(pravastatin), ZFHF~Ele(rosuvastatin) H+= A¥}~E}El(simastatin)ol A A gy, T3k 2 dwo] n}

2 Agsh 1Y PR 2,6-vholid- Bl FRYAEY, 2-sfo| ERA o - B-Ae] Fm Y 2ET
CEATRR-BA]FRYLEY, 23| SHNN G-y AP FRHYLEY, 2o EENZRD-y-Af]FE
@-AZEAMEA) L2 DAl FRYAER Ex ZEPUHE7-B-AlolFRYAEDA A
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oju| =] o]},

T 4+ 3714 B9 PPRX stol==2AS A3 TEo AYsta 45 Fo HUbE 4714 A& & §-9](Bone
vloume, BV)E vEh Aolx, = 5= F FWZ(bone surface, BS)S YE Aojx, & 62 sHITAF dn
(trabecular number, Tb.N)E YEld Fola, = 72 s|HZ4AF FA(trabecular thickness, Tb.Th)E el

Zolal, = 8 d|WHFAF 7F4(trabecular separation, Th.Sp)S YERH Zojt},

%= 9= Flolm2A MEZ o] Ay 45 Zo| Haematoxylin and eosin(H&E) o2 AME FI/lE A& 99 ojux

o], & 102 Goldner's Trichrome o2 AAE F/& A& F 99 o|n| R o|t},

WS A7 G FAF g

ofsl, & WHg ANelE File] nr} FAMoR Myt ohw, shy] ANt ¥ Wi slEH 54 7
ol el Alsky] 9% AL BB ot nEWeE Fgshe gle ok,
1. 438 A=

3| ¢F 24 (Hyaluronic acid, HA; Mw : 100~150 kDa)¥} wEA] Zlgd#dlZ2]E olW(Methoxy polyethylene
glycol amine, MPEG-amine; Mw : 2,000)2 Z}Z} Lifecore Biomedical, LLC(Chaska, MN, USA)®} Creative
PEGWorks(NC, USA)ellA Flstodtt. a-Alo]F2YAE@(a-cyclodextrin, a-CD), 2-3fo|=EAXZ2F-3-A}
o] ZF 2 Y ~EU(2-Hydrxypropyl-B-cyclodextrin, HP-B-CD) % Aw}x~E}¥(Simvastatin, SIM)S Sigma—
Aldrich(MO, USA)elA F1tith. 4-(4,6-tholMIEAI-1,3,5-Eg|o}d-2-y )-4-HE R EZH F2eo|=
(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride, DMT-MM) Wako Pure Chem1ca1
Industries(Osaka, Japan)Z%FE &F3%HAt. Ketalar™ 3} Lidocaine™(Yuhan Co., Ltd., Seoul, Korea),
Rompun™(Bayer Korea Ltd., Seoul, Korea), Betadine® (Purdue Pharma L.P., CA, USA), ® Ethicon Vicryl®
3} Ethicon Ethilon® (Johnson & Johnson Services, Inc., NJ, USA)o] H2Add A&, 2E 38tz
2 F7HAR0 A §lo]l FEwe AEHE AFEE AT

2. MPEG-g-HA/ aCD -+A+EE]E2YAF(Pseudopolyrotaxane, PPRX), MPEG-g-HA/ a—CD/SIM FAIZEZ84F A
MPEG-g-HA/ o -CD/HP- B-CD-ic-SIM FAIZE 28Ake] A=

% 12 MPEG-g-HA/ a-CD §AFE2] ek (Pseudopolyrotaxane, PPRX), MPEG-g-HA/ a -CD/SIM GAFZ 2| Zerat 2
MPEG-g-HA/ a —-CD/HP- B —CD-7c-SIM frAFEZ = 2 Eake] Az A4S ek o=z Jepd Ao|t),

B UFEAHA) 6.7 umol(1.0 g)@}F DMT-MM 0.7 mmol(0.2 g)& T 300mlel]l §a|A7] &Ho] wEA
dd 8= o9l (Methoxy polyethylene glycol amine, MPEG-amine) 0.7 mmol(1l.4g)S H7}sta, &3t
A 39 Fo WkSEEE FQith. A7) whSe HEA ZgdgalZgFE ofvl(Methoxy polyethylen
amine, MPEG-amine)®] ¢ Wehe] EA3t= ol 7| 9f 3| UF22HHA) S 72 EA 7] 7he] &3 wh-So|an,
3l ofrte]= At (amide bond)ol P, vkg AHES FA FEONCO : 2,000)02 39 Ft FA o}cﬁ DMT-MM
S AAAG. AAE wg AES -0TAA 74 T FAARS A HEA ZdddEEFe] ofvlol= A
FH(amide bond)ell ]3] *‘6];; 22HHA) ol 2 ZEE Feje] WE 8 ¢FEAHPEG-g-HA) & F53k3lt.

o

A WA FAFEY 28 (Pseudopolyrotaxane, PPRX)S A xdl7] Y8 A7) 3|LFE24F F24 (MPEG-g-HA) 100
ngS SHT 20meol 5o MPEG-g-HA &S AxaSith. o] %, MPEG-g-HA 8o a-Ate]ERYg2ER(a-
cyclodextrin, a-CD) 0.1 mmol(0.1 g)& #7}3t &, 204 1Y F<F AoAA MPEG-g-HA2] MPEG A& A}<&ol
a-AtelFRYAERS] JRTE-7E 719130 el MPEG-g-HA/ a-CD PPRX sfo]=22& ARG, o] F, vhkg 4t
BS -0ToA 79 Ft 22T F AR A7HA] 20Tl WE R skl

T WA FAFE ] 2EH(Pseudopolyrotaxane, PPRX)S A %3&17] &l A7) 3|LFEAF %A (MPEG-g-HA) 100
mgS F5F4 20meol =] MPEG-g-HA =8NS A Z3FHTF. w3, Alvp~elel(Simvastatin, SIM) 0.02 mmol(10
mg)S ol 10meol] &3iA1A Alvb~ElRl(Simvastatin, SIM) &S Azt o] %, WPEG-g-HA &l a

—/\]-O]%i‘i.##L(a -cyclodextrin, a-CD) 0.1 mmol(0.1 g)¥} Al¥}~E}€(Simvastatin, SIM) &HE H7}s)
I, Aol 19 EoF A o] MPEG-g-HAS] MPEG A& mglo] a-Ale]F2UAE-Y 157 7197 &E 9
MPEG-g-HA/ o =CD PPRX Stol==2d 2 Al7] slo|=2 o] &Eshel Aul2~El¥(Simvastatin, SIMOZ o]Fo| %
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MPEG-g-HA/ a -CD/SIM PPRX &lo]l=2 AL MAA AT, o3, wk
& A7A 20T YRy sk},

olo

22 —90ColA 79 B FAAET T A}

Al AR FAEE] 284 Pseudopolyrotaxane, PPRX)S A %317 &l A7) S| YFE4F =4 (MPEG-g-HA) 100
g SHT 20meo] o MPEG-g-HA 84 Axsklvh. w3, AntAEl™ (Simvastatin, SIM) 0.02 mmol(10
mg)S o ghe 10meol &3|AA AvlAErE(Simvastatin, SIM) &N A3 T AlulA~ElE(Simvastatin,
SIM) &HE 2-3lo]|=FA|Z 2 -3 -Alo]| F 2 YA EH (2-Hydrxypropyl-B-cyclodextrin, HP-B-CD) &N (=
T4 10meoll HP-B-CD 28mgs &3A1AH Az3hel d3s] #gpsta E3ate] 2-slo]|EFA|Z2d-B-Alo|F2 Y]
2~Ed 3} Avb2elel (Simvastatin, SIM Y FH B8 (HP-B-CD-7c-SIM) €A A Fsdtt. o3, MPEG-g-HA
Fgo  g-Alo]|FEYAEZ-(aq-cyclodextrin, a-CD) 0.1 mmol(0.1 g)¥} HP-B-CD-ic-SIM &S
A7bslar, Aol 1Y 59F AojM MPEG-g-HA2] MPEG A& aiglo] a-Alo]|FRYAER 7757} 7197 &
B ] MPEG-g-HA/ a—CD PPRX dlol=zd A 7] sfo|=2e] a3t HP-B-(D-ic-SIM &= o]Fo|zl MPEG-
g-HA/ a-CD/HP- B-CD-ic-SIM PPRX 3fo]=2A& AGAZth. o]F, ¥k AHEE -90TColA 7d &<t s20x%
T ARE A7EA 20Tl e R ST,

A7) F WA FAFE Y 2 (Pseudopolyrotaxane, PPRX) % Al WA FAFE g 2EHH(Pseudopolyrotaxane,
PPRX) & A|Zsl= FAolA, Aul~ElE (Simvastatin, SIM) Hi 2-3FO|EFA|Z2H-B-Alo] S 2 YAEJ A
v~ (Simvastatin, SIS X3 H3FA (HP-B-CD-ic-SIM &= 3| &F2A4F =4 (MPEG-g-HA)©] MPEG A& A}
Zoll a-AtelFRY2E- ] 7L 71914 MPEG-g-HA/ a—CD PPRX afo]== o] A== &< MPEG-g-HA/ a-
CD PPRX sfo]=m=7 Qtow FH&stett.

2. Alul2~elE (Simvastatin, SIM)E ¢l HIEZ(in vitro) ¥W& 9%

APF2~EFR (Simvastatin, S Q1 HIER(in vitro) W& 982 FAZOWNCO : 20 kDa)¥} A% wiold
(conical via)® T-A9 #Hadw 34 A= o] &sle] ATHAT}.

2714 EFY 9] slol=2Z Al MPEG-g-HA/ a-CD/SIM PPRX$} MPEG-g-HA/ a-CD/HP-B-CD-7c-SIM PPRX 100mge Z+z+
of FAW Qe @i, FAue] & it o], FAEE 37T 4k @E&A(PBS, pH 7.4, 50me)
Qtoll 1A A171aL, W AAg A7 2FH o2 PBS tmlE FE3F3L, FEH PBSS TUS FI AR wiEdES
F7reritk. FEE PBSOl FEEE N A9A-7MA3d(Ultraviolet-Visible,  UV-Vis)  #33 %=
(Spectrophotometer)& ©]-&3Fo] 235 me| oA ZFAHsIT).

|

T 2% 27FA EH9e] fol= = Al MPEG-g-HA/ a -CD/SIM PPRX$} MPEG-g-HA/ a -CD/HP- B -CD-ic-SIM PPRXZE%-E|
AMb~EHR (Simvastatin, SIS W& 98-S Ueid Aolth. = 204 Hole wiel o] 4wzl
(Simvastatin, SIM)S MPEG-g-HA/ a-CD/SIM PPRXe H]&l MPEG-g-HA/ a -CD/HP- B-CD-ic-SIM PPRXIA ©f F2A 38
A EEAG. 2714 EBFel FAE 2] 284 (Pseudopolyrotaxane, PPRX) 3fo] =29l MPEG-g-HA/ a -CD/SIM
PPRX®} MPEG-g-HA/ a -CD/HP- B -CD-7c-SIM PPRXEX-E] Alul~e}e(Simvastatin, SIMe %7] W AE(initial
burst)E 19 ool Z+z; 53.7% L 40.5% ©]Utt. 27FA] BFY Y slol=z2 Ao 4lwvlA~elEl(Simvastatin,
SIM O WEe 289 B X&E 9, MPEG-g-HA/ a-CD/SIM PPRX®} MPEG-g-HA/ a —-CD/HP- 3 -CD-ic-SIM PPRXZ%-
H WE¥ AR2E" (Simvastatin, SIN ] F4 %S ZH2F 9.05mg ® 9.33mg ©] AT},

3. & MHE (in vivo) TE AF
(1) FAFEE 2 €4k (Pseudopolyrotaxane, PPRX) slo]=2 A o] o] 4]

9l H]XE(in vivo) &% Al¥2 Institutional Animal Care and Use Committee (IACUC) of the Kyunglee
University Hospital at Gangdong (no. KHNMC AP 2014-004)¢ <& &=k, 16 mtgle] AH(~ 30 g, n=4,
Korea)ell 91% ketamine hydrochloride(Ketalar™)¢} 9% xylazine(Rumpun™)o 2 o]Fo]z &M & FALSH
o rFHAH Y. 595 wEd(betadine) &2 &5 Fol, 2% 2]=7F(lidocaine) |HE& =4 vlFH AR
Ag3slgc}t. o]F, wlo]lmZ-CT(Micro-CT) 43 =284 #H7}(Histological evaluation)ES $]3 MPEG-g-HA/
a-CD PPRX, MPEG-g-HA/a-CD/SIM PPRX 2 MPEG-g-HA/ a —CD/HP-B-CD-ic-SIM PPRXE T/l AL 9o AH
stk F9E A&4A Ethicon Vieryl2 %-§3ta, 335 Ethicon Ethilon© 2 B33t o] 4] 45 Fof,

5 AR

)
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(2) mola Z-CT(Micro-CT) ¥4

HAE F/AU F, FE 2dE FHE 10%(v/v) T4 4Fx22DU(neutral buffered formalin) &Hol] 1A
A AT, 35" AWZo wlo]AZ-CT(Micro-CT; SkyScan 1173, SKYSCAN, Kartuizersweg 3B 2550 Kontich,
Belgium) #41& %3] & %3 (Bone vloume, BV), & X (bone surface, BS), si® A5 I8 (trabecular
number, Tb.N), d|HEFAF F4(trabecular thickness, Tb.Th) @ 3jW&FAF 74 (trabecular separation,

=,
Tb.Sp)S AAFSFATE. 273 28 = Skyscan™ (T-analyser software® #21% AT},

32 37HA BFgel PPRX stol=2dS A FEo] ofAstal 45 Fol Brhe 4744 AE 4] il CT
mpAjolth. = 3ellA Mol wheh o] & 4 FA == MPEG-g-HA/ a-CD PPRX sfe|==aS&

Yol F=dsto =R ZZFHAT. o3+ A= MPEG-g-HA/ a-CD PPRX dlol== A A7} AAZ Ao T3
AEE drh= S HERdY. Stol=24 £o2 JEstE ANAEE (Simvastatin, SIS & 34 E4=EF
FAANE Aoz eyt 53], Aul2e¥(Simvastatin, SINDY /HAE ¢ fdes = dA I =
e Zek JFS FAT. & 4= 37HA EFY 9 PPRX sloleR2AS Ag FEC Ayt 45 Fo Hrhw 471
2] MZe & 23 (Bone vloume, BV)E UEM AHAolx, % 55 & I W2 (bone surface, BS)S YERA Ao)aL,
% 62 sWEFAT @ (trabecular number, Tb.N)E uYERd Holx, &= 72 dHE4LF F7(trabecular

thickness, Tb.Th)E uEldl AHelx, & 82 d|WZAF 4 (trabecular separation, Tb.Sp)S e
Aotk & 4 WA &= 894 "PPRX I"& MPEG-g-HA/ a-CD PPRXZ ¢Jw|&lar, "PPRX I "+ MPEG-g-HA/ a-CD/SIM
PPRXZ 2Jw]s}ar, "PPRX I"+& MPEG-g-HA/ a-CD/HP-B-CD-ic-SIM PPRXE 9n|3ttl. = 4 WA & 894 Hole=
nkel ko] MPEG-g-HA/ a-CD/HP- B -CD-ic-SIM PPRX+: MPEG-g-HA/ a -CD/SIM PPRX ®.t} 1.178] 2 & 3] (Bone
vioume, BV) % 1.02vf 2 F FWZ(bone surface, BS)E 7FHtk. "y, AW IFALF @v(trabecular
number, Th.N) % 3= F7(trabecular thickness, Th.Th)&= AJWl~E}E (Simvastatin, SIMS X8l

stol=2 Ao A A FE Ak, FH, AutAEle (Simvastatin, SIMS ¥E38h= dtol=24L8 ¢ 2L w
4 ZFA(trabecular separation, Th.Sp)S H.it}.

(3) Haematoxylin¥} eosin(H&E) 94 2 Goldner's Trichrome <341

= ¥~ =% (neutral buffered formalin) &o 1A
A F . 228 4TCoAA & el LA (PBS)o dESItt. A3lsld WIS Tk
Qkoll Ewislar, 40mm FAY %A & XREF ulg} Haematoxylin and eosin(H&E) & oHu}
Goldner's Trichrome &0z A3 AT, AME 22 AHE dF 3Av| 4 (fluorescence microscopy; AX70,
TR-62A02, Olympus, Tokyo, Japan) o2 A|z}3}s}gltt.

A% A4 F, FAE 2
4

=

[«0

9= slol==4a ABZ ol 29 45 Fof Haematoxylin and eosin(H&E) o= I Frlzx AL H-99 olnA
3, % 102 Goldner's Trichrome o2 GAHE FF AL F9)9 oju|xjolt}, HEZ FAE RE AEZA
A E F F5e BEd 37K BY e AlEEQ FolaE(osteoblasts, 0b), FA|E(osteocytes, Oc) H
gtz A *E(osteoclasts, Ocl)7F #ZHATH, SFed ¥ (osteons) et ZAEE F4 7 (lacunae)ol $IX3HA
31, FolAM E(osteoblast)oll 28] Eeine] AUt 53], AMAEZ(red color)e] 4742 MPEG-g-HA/ a-CD/HP-3
-CD-ic-SIM PPRX7} AHEHAS w 4ZF 7PdaigolA AdZow 7 s AyPHUIL, o] Goldner's
Trichrome &2 G| ol elxArt. 374 B9 PPRX7F Aldd A& B9o:= PPRXE Al Hel#] & o
Z F90 v A9 45 F AEZe TS (osteons)7t FASA A HTE. MPEG-g-HA/ a -CD/HP-B~CD-ic-
SIM PPRXZ A7 e 999 FAE 2dE FHdA = 34 &7t S7si8l.

S

ofk

4. E°(Discussion)

3-slo| == A -3-HdZFF el ZAAY  A(3-hydroxy-3-methylglutaryl coenzyme A, HMG-CoA) 9=
(reductase)2] Aa|#1el Aul~Elel(Simvastatin, SIMS ZHEAEE FXE $37] 98] AMEFHE =~

(statin) AQe] of&o] &3y, w3, AMl2elE(Simvastatin, SIS AFXT Az =+ dA duA
2(recombinant human bone morphogenetic protein-2, rhBMP-2)S& T7MAIA ZolAMEe] E3E FZsta
EZ(in  virto) ¥ <l B]E(in vivo) oA AE FAFS Fxlste Aoz 4#A JrHG. Mundy, R.

[40
=

32
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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).]

Ty, AukaERE (Simvastatin, SIS S 5 |22 a8 A o] &=t Utk N84 FE] 4 &=
oF A o] &=F JAEY] 8, AL okES AEA sfel=2A, A FAbA|, mlolARoHA, A
A, ApelFRU2EH FH  BA(Cyclodextrin inclusion complexes), W=gl® 234 (dendrimer
complexes), FlolAR P& T Y YxFe] ooz FAEstHETHM. S. Bae, D. H. Yang, J. B. Lee, D. N.
Heo, Y. D. Kwon, I. C. Youn, K. Choi, J. H. Hong, G. T. Kim, Y. S. Choi, E. H. Hwang, and 1. K. Kwon,
Photo-cured hyaluronic acid-based hydrogels containing simvastatin as a bone tissue regeneration
scaffold. Biomaterials 32, 8161 (2011).].

8= Aulx~El¥l(Sinvastatin, SINE 4 &ILE /As7] 3 olF A=H(dual system)S AT
’F7] olF A=l Aul~EREl(Simvastatin, SIM) ¥} 2-8ho| EEA| 228 - 3 -Ato] S 2 Y A~ E - (2-Hydrxypropyl-
B-cyclodextrin, HP-B-CD) 7+e] ¥4 EZA(HP-B-CD-7ic-SIM) % MPEG-g-HA/ a-CD/SIM PPRX 3slo]== AT,
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).] <}
oA A&zt HP-B-CD-ic-SIM o2 FAHEC. AAE F4S Fristedel oA, FARE 2 ZEH(PPRX) &

EX3slE 8N otolA FgF ] wFo] 9 HERZ(in vitro) 28L& 3T 4 QY. "M, FAZF A&
2d BE7]E o]83te Q1 HH(in vivo) & A¥S FP3F3 3, MPEG-g-HA/ a -CD/HP- B -CD-7c-SIM PPRX<] 41
A ¥4 34 32 MPEG-g-HA/ a-CD PPRX % MPEG-g-HA/ a-CD/SIM PPRXS] & #¢} M| L&} itt.

ABl2EFRl (Simvastatin, SIS 2-3lo]| =R A| 23 -B-Alo]| F 29 2~ E (2-Hydrxypropyl-B-cyclodextrin,
IP-B-CD)e] Wi Bl AR & Y, 1 QA8+ gwst Tk ASe deld drhS. 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-B-cyclodextrin inclusion complex using supercritical antisolvent (SAS)
process. Eur. J. Pharm. 66, 413 (2007).]. T3k, a-Alo]Z2R2Y2ETU(a-(D)S WEA] ZgdEdd=g = of
W (Methoxy polyethylene glycol amine, MPEG-amine) Al&ES #ESE el 7199, FAFET ZE4HPPRX) o]
Pt

MPEG-g-HA/ o ~CD/HP- B ~CD-ic-SIM PPRXZH-E] Alwl~Elel(Simvastatin, SN W& <8k MPEG-g-HA/ a-
CD/SIM PPRX9] ZAz}te}l tt=A vebytd. HP-B-CD-ic-SINS  SIM Et} slo|=2ARE o waA $&59s,
o= EH EBIA FA Fo F falxrt FAHA7] wFEolty. MPEG-g-HA/ a-CD/HP- B -CD-7ic-SIM PPRXell A
HP-B-(D-ic-SIM®] whE &2 rhBWP-29] 23S F7H7]aL Ax A= P49 S30s fddti(= 2 3 =
3 #x). WA MPEG-g-HA/ a-CD/SIM PPRXell A SIMo] W& 7] $Jal4+= MPEG-g-HA/ a -CD/SIM PPRX7} &l 2] ¥ o
oF 3}ar, ®EeF PPRX Stol=ZAo] 1 FRE FASHH SIMe] WEo] As|Hc).

vlo] I 2-CT(Micro-CT)+& 32k 2 Ql 8™ (Trabecular Bone) %9 &4 2 niuly]z H7E & A=
D FAst Jd+= ZlsolvH[I. Kallai, 0. 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+= 71 =2 BV, BS, Tb.N ¥ Tb.ThE X
R, 7 S Th.SpE Hth. ol AEES AAE FAP4or FgH o Mgt dojA o A
olt}[J. 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¢} 72 Igv|gd 7] x3s}k
o, 2= MPEG-g-HA/ a-CD/HP-B-CD-/c-SIM PPRX7} A H¥ FrHa AL F-ofollA AAdze] o ehdeiA &4
"otz A&x 9k, &3, Tb.N, Th.Th ¥ Tb.Spe] A= AA d|HE4F t(trabecular rods)7F A=< 3
2kl MES A <rellA o 2 FAEASS onlgtt,

Aol AMEFL FIHAE7]M E(mesenchymal  stem  cell)”}  ZHFA|E(osteoprogenitors), HAZZAHE
(preosteoblasts), =o}A|*E(osteoblasts), steocytic osteoblasts, 18]l #HEFHo=2 ZHE(osteocytes)Z
Axzxor Bilgtozmn HAMATT. 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+&
AAAQD 23 A IS T AT S FX8. SIS 712 234 38 fFxskedel 2

FA A7 AFT F Avk. MPEG-g-HA/ a-CD/SIM PPRX®} ®]id w, MPEG-g-HA/ a -CD/HP-B—CD-ic-SIM
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PPRXC.ZH-H WEH SN ¢ Y2 & &= ddd T 2

o

591 FHjellA =714

s

o 234 #3}E 2

Z grdy 3y For, 2L Ze yIAE(osteoclasts)ol] 2] ATFEH L ojojM AEFE FS AT 4
AT FZA|E(osteoclasts)EC] BRAAET. & RAH AL =4 HAAA Hl57|HoR asynchronously)
dhAsiel, FA E(osteocytes)E = A T-4FE(osteoprogenitors)olA FEHIL Al43E FolA 7Y EalA WA
Hr}.

HEE GAS F3 BE AFolA ZolMZ(osteoblasts), ZA|E(osteocytes) R = A E(osteoclasts) 7} EA)
goeE s o 4 Azl BE AZA = fREEY AA o3 FAddv= AS gutt. 5

o]_E

el Frle AL FeE @dstAl HAquzta, MPEG-g-HA/ a-CD/HP- B —-CD-ic-SIM
PPRX7} *‘%% F9ellA 2 =e] ¥ FEEA AREAT. $EE SINe] F &IETt T AE HelelA] Al
FRetEdel Fa3k qEs gt AEAAG.

5. A& (Conclusion)

8= AvE~EE(Simvastatin, SIDF  2-3lo|EFAZ2E-B-Ato] E 2 Y AE YU (2-Hydrxypropyl- -
cyclodextrin, HP-B-CD) 7te] 2H EFA(HP-B-CD-ic-SIM), 183 MPEG-g-HA F&x+¢} a-(DE o]Foixl
AR stol =2 el 7] x3ke] o] AlZ~Bl(dual system)S AAAISAL AxsdTh. 1 Hell, & B B
TES ol&ste] e AL FeolA AdE Ao Sl digh o]F AaFe] JFS ARG rlolaw
—CT, H&E 4 =L Goldner’ s trichrome 34l osf 7}t A3, MPEG-g-HA/ a -CD/HP- B -CD-ic-SIM PPRX7}

H4YE AT AE BN ABTol o Fra) YA, Seol AFEL SN & FAEs AT I
ol FFE A= AL mE,

2= A S 2= iy &l =
w2 g o] HFet AMEE HlojuA] &= e WellA tdd MEAATE 7hede SRel. ek, o
Wol wEHels 54 A4 FU Fass de] ohn, B e Avw 547 sl So ne A
Al GEE E3etes Zo® A wojof gt
=3y
EH]
4, .0H - a-CD S
. PR \A_ g | ri. I
“ HA ' oh 24 hours
MPEG-amine
y L DMT-MM
S | Water
L4
HN 0
o CHy
HO Uk NS OH
oH DM-‘?@\_A&_&_@%\/T;
MPEG-g-HA o
|
o rt‘ a-CD
i‘.i,-\o T ) 24 hours,, \nater
Oun 2 o o
a-CD
aq. H Cl-ig-
SIM solution '; ==
—— |
r.t. L
oH 24 hours %
“\.-f‘u-_
HNH S '
MPEG-g-HA/:-CD PPRX @ MPEG-g-HAlo-C D/ C-ic-SIM PPRX
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