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Abstract

A spherical and porous microparticle of hydroxyapatite/chondroitin sulfate nanocomposites
(HAp/ChS) with high specific surface area was fabricated by using a spray dry method.
Adsorption and controlled release of bone metabolism proteins were investigated with the
addition of zinc cations (Chapter 1). The adsorption phenomena of various proteins onto the
microparticles were investigated; basic proteins were adsorbed a lot on the nanocomposite.
Especially, from adsorption isotherms of IgG based on Langmuir-Freundlich model, the
maximum adsorption amounts of IgG was almost the same as its theoretical value, indicating
monolayer and end-on adsorption. The zinc addition can increase the loading amounts of 1gG and
enhance the release of 1gG due to the charge compensation of zinc cations and negatively charged
nanocomposites. It was also caused by the increase of diffusion inside pores of the microparticles
(Chapter 2). Osteoclastogenesis inhibitory factor (OPG) had a high affinity to the
nanocomposites. OPG loaded microparticles with zinc cations showed no initial burst and
zero-order release in vitro. After systemic administration into back of rats, the blood levels of
OPG were maintained for four days, which was matched to the in vitro release property (Chapter
3). Anti-sclerostin monoclonal antibody was successfully loaded into the microparticles with zinc
addition. The new bone formation ability was investigated in vivo under local administration into
holes of rat distal femurs. At three weeks of post operations, a significant increase of newly
formed osteoid was observed at the administered sites with no inflammatory reaction. Micro-CT

images indicated no bone resorption at the administration sites (Chapter 4).

In summary (Chapter 5), the systemic and local releases of proteins loaded into the
microparticles were successfully achieved by the addition of zinc cations. The charge
compensation was a driving force of the sustained release of protein drugs, which was expected to

be generally applied into clinical use.
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1. 1. Emintts & BRARSIRICRT 5 FBEERROIR

WAETIE, ERltEE OBBRICH VT REECEM IS S M TH 5. £,
LIS K 2 ERIER ORI X 2 EFREE OWFENRE STV D, B, R
TEIC K B2 Masafb U, #xfl7n & o i e B c X 0 A4 U 2 Mess i o (A HRE
PEFIT) 2 &7, A, BMEEGIC K0 A OB I 23 BT TTEE L T (258 A2
PET L, Z<EMARBBATRIIC X > TH o84 - BT 2WEHha &7,
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Fig. 1-1 KRB&F IO E I 10 2 WALk SR D ERIEGI & At (ki & Wb e F
Rk e d: 0 TR )

WHO (S LREERERT) Tix, TEHFRER, (K5 & & Bk OIS O B 4 Frg &
L, BOMEFHERERL, FITOLRMENIERT 2B Th 5  Adisease characterized by
low bone mass and microarchitectural deterioration of bone tissuer, leading to enhanced bone
fragility and a consequent increase in fracture risk] & E# L T\ 50, 40 UL EOEHLERIE
7 2005 4E DA FEEIT 1280 5N (B 300 A, ZotE 980 HA) ThHR23 BHIERIE
JRIRE LT, PARBELMERILE DO IMETIZ L Db DLSMNT Y, HEIRIE - IEE R FIE

D& R EIEEERCRED AT A MM, BT, BE Y v~F, UA L AV
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i ENS 5. BHREIC L AMESHEEIT L U CRACES R0, KEVE TS 3T & #E
REFTHD. KT, KRG ENEITIIAITRIZE LS EE L TELE D OJRK & 72
. BT, RHIBRIZ LM%k - IREEEEOFIEEN LR LAEG THROBILICER .
Fig. 1-1 (21, AR EIREL O RERE EALEE Hr DREBIE D 10 RO LB 27”9 KERE
TR E PTIEAE 2 BEIMERIZ 5 0, FFIZ 80-90 i R OB AN 22780 5. 2FE
(21, 2007 £EDRBEE AL EEHT OFIELITK 15 T AMETH > 7D L, 2030 o
FEREHUIA 30 T ANMFIZE THEMT 2 LHEF SN TR VA RE L Zr o T a ML i@
TR TALER S T OWRFET, B ST AN B EERIN S E 1 BIRTH 2.
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Fig. 1-2 KEREUEALEE I I8 1T DALk & mbe D43 FAT 5 & B HRETRR R (L& Rbt)

Fig. 1-3 & Fig. 1-4 [ZAURAY 22 RERF $ia7- 50 H 31 - RERE 2 E T ot Xp EE 2R
PR AT RIZ CREEMES B TH 5 Z & D3R & AU, iEk X 0 RN E2S ATRE T
HHIEORMOBIREZM 5. LavL, JEFOEIEIZHE ADL O T\ TEZZ VX
HAANRNR—R LB 2 EHA7a< 72wy, F£72, Hagino 51X, 2328 HIOFHAEL S KR
AR EIEOBY Y A7 ZHEETO 45 TH L 2 L a2@mE LTW B bbb
T, BT L C LEROBHRERERITD T 187%TH Y, FEIPH~DOH Y AT
Foalil I Twian, IR AREE TS, Fig. 1-2 129 K 912, KEREENEEJrod



FHHEFNZ BT DITRTOEHERIEIRERRIT 10%011% & TICIBENR R STV RN, =
DX, ERETZ T TRN#E - AMEE 7 88 N A S KAE A T H 0 B = o R
NNEETHERICESEN 2205 5.

G1.3d#0.60+0.25,VCPOIGALIE

Fig. 1-4 KBREHHE T OW%R Xp BE CUBEORER] : 0 miktt, £: I vxrvazq 144, AL
Emf, AT i)

2000 FRDIF L0 b REEZFR TR L REBPIF AR EE L TTo72, KBRS
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WALERE AT DIEFI DT — 2 =2k & £ ORI, BAHFRIEDOTERIC L 5B O T
FEREEZMEICTELZ EZ2HLNITRLTWDE, —J5 KETIHE, Amgen tEA3H
RANKL Fif& (Denosumab : Dmab) [1<> Romosozumab ($itA 72 L 1 A5 U HifK : Sclmab)
Bl s PURESRE (£ 7 7 m—FAHik) #B% LT, BBHICIERAIT, ®VWESR
JE ERADRE LOER TR ZHE TV 5.

LIS ROV ERRE B IO 2 BB BERE OB S B 5D, B X, MisdA - LAt A -
RISEARAY A7 & DIFFE BN BB I MATHEICERE U TR RINAMERE L ORI EITr & & 727
R, FHEICHRRE L7235 B I THER BT 2 2 L TR A OB 2 £ L T2 D% BRI H#E T
R X 7297, BEX, BREOBEMRO DA X 2 EEEE TH Y, 2 OE kI
ZFVECE R 2GRN Z VIR BT &2 S 729, WF LT b RF RIS T 5 R R
ThdH. MEBNTNLICBWTHOREFORTZ2&TZLbHY, BEDQOL tE% H
e LIEFMiE 77> 2L bd 5. 2000 0K 0 BS L7z Dmab (P4 : 7> ~—2©)
(XFR 7B W EER 238 0, A 1 RIOECFES (120mg) (2 K0 HERETRIC X 2 Fi
BESCEEBENMORELEOCEINRER DD, LN LR L, ZOEMAEMTH L7
DEFE D RICEN DBEZE L TVD.

B Y U~ F1E, B OO 2= L TR - &L 4 & - REM B
JFIE (JIEME A O RE) THD. WD RO THHE « B - A - il - Dlidide &4
HIEH B LSO RFRAE L VWA D, FIEFEDY 30-50 ik & HIATHE WERIZZ WA,
1R B AR 2N BN D & 2 DBE DT CTEBIEBEEEN LRI Z 0 B # AT
RERKEPELD. 2D, mln LIRS R L 72 5 BELDSEIMER TH % .
IR TIEE /7 v —F AHURIC L0 BEEIE T OET 2 FWITE 8 2 72 8@ O R R 5ok
R CWbSIKHE, TOREMPHEVIZHEmNZDITHEMEL o> TnD.

b X 51z, Bmlntt=Z W THRHRIE - BVEEIEE - B Sk B2t
THHET TR, TOXI REHWRENSER LI RIMREELEX TE 5. £
NS CTE /7 v —F AHURD LI L0 @WERRERE 22200 TR Y, Z 0@ R 2l
BT TRAEFFERBICETIER SN S2H 5. L LR L, ZOHEDITHEmNE
filivp AT JRPTREIC K L TIE, ZoREFEL RETHEESER I TVD.



1. 2. RPr&E R B RHBEETURDEERDLEM

T 7 u—FNGURE, MassPEE T - A MEE S - RERE BHEESE - A 7T o R JE B
BRRD X 5 72 RATEEICHEA T 512720, AT BT 5 C & T2 O THE
BNV ER BRI i S D &0 A RGN S S L, e b, @Rl et
AR ITHER L CRITER 2 & 2 T /et 2 (R S, TG 2ORADIT L 5 a2 M S
HFFCE 2. Lo L s, RATEERICH L THOARSE FTHEHO X 9 e &GN 0 E
EEREVDIBRDRH 5.

ZLNT, EEMREICH LT, T/ 7 a—F APk E Kk TS - BIREN 72 & Ty
BET2OFBIINR > TS, T, WIRREREG THARIBRERPELN DL DT
HIUE, RITCEET 52 L HRORBIIEETE L LBEDOaA L T IT4 T UV A HE0.
LL, TOREFRNRE 76T L0 RFTomtREL EA SE 51203, BFKR50%
B, —HHY ORGEEAHOCT N EGRIEEZ T LEND D, BT, FUEEIKIZX
D — BV BRI TlX, +aRIBRNRE/R D720, By BT HIE DR WIREBIH O fH
10pg/mL Z#8 2 5 @\ L R A R OHMERF S ML L 7p AP0 2= i2iE, 1EH72Y
Bt mg~ g bORBERENLETHD. 2L, JERER =2 o =—Hi%K+ (granulocyto
colony-stimulating factor: G-CSF) °— U X uR>=F > (erythropoietin: EPO) 72 &% 7z
YA DA PREILERIERNE D, FIHERKIZH KT, mWEAIEOIRR L 72> T
. ZOFEFEE 7 a—FAPUEORERGBUEL 725 L5 RIS OIER AT &
FEPRORIRH RS DAMERFITEE L <, BEFRGRRH OMWFEI LRIV, HRRN L, RERGIZLD
RIVER - B84 =2 2 b DR & AR BRI - FRBAHEEZ RN LS.

ZORIZ, RFTREICHT HE ) 7 n—F A FURO R R GITE ORI a A ATk
NEOBURIZ AL 5 2 5 &0 a6 STk 0 fBR¥ ) 72 32 "economical toxicity” & il
RSN DHT 723 IS E T LTV D TR RIS RFTER 5 e 72 A Wi A 3 50 15
LTWARNEWD & J[ATICEIT 2 HERD MHPIREZHEFFCE 5 X 5 kDR S
HYERPRHEVIZHEEN O TH S, FHE, HIKB L O ORANLE O B F 23 R B
D=—=KBENDNTWR. JRKFRVA U A T, HENSBHEPHMETS
ZDONERIFETE D03, FUR TITHRD & OFEMRI) 72 ficH 23 = HIE RRee S v 72 1 ik 7e
BV ZDTOITE, &0 KREOHURZ R T & 2 fIRDDHUR O fil i B 2 )48 ¢ =
D &0 RBHULEAIR DML A LETH 5. B D QOL RHEHE L 20 d 5 ERRFT 25 2



BHE, ZOXD PR KHHIEREER OBRRBNEHE THDH EEDLI D252V, BT
X, RFTRENEF LWEREZEY 77 v 7 L THHT 5.

3. RFTEEHE LB EERA

1. 3. 1. fEHHEy

BEEE DRV E LT, KREREUALES - MREHERSATES - BeE it - BRaE oiri 7
ERFETF LN, IRFEIE, BEEBICH LTI b— MNEECBENETEE 22 & ONEE % B

1.

19 & L 72 B i a1l (open reduction and internal fixation: ORIF) 73 i Td % (Fig. 1-4) .
BT OWRBE CEEZROIL, BT K 2 55M - Bl - Bl X 22EREEELTT 74 X

NEHEZ D2 L, BINC RV A UTBESE OB ENEEERDLIIHEETLHI L THD.
D DM O MU OBERERIEIC K & < 28T 5.

TOETITEE R I K2 BEOFEBEOK T2 b AL E R HE I M
H Y, PSS CHNECICE: T 2ERP I T D, ZORRKE LTHE, BIEAAL
TER T2V Tl Mg DIERIC & 0 & U2 RIEHS (Fracture void: FV) $ &V, ORIF T+
SR BEEEDN G SNRNTZD TH L. YRR D HEEAIITET L b EMMEZET L L,
frte —EHH OFMEE - i PR 2 S e < ST RRD QOL DX FIZENR 5.

"

9
(P
y

.

Fig. 1-5 A BEH AR CE T 0 Xp BB (89 ik klk, 72« Z{GiE&, A @ itk 7 A

FV TEREAETDHIDIZEEINDT-0, BRAAREHETORRE - TLES.



ZDD, KEET NH A ROB-V R = /L A (tricalcium phosphate ; B-TCP)72 & ™
ANLHEZ FVICHH L TWe, LML D, B S N O E A& &GE T4
I ERETHERET S22 E0HD. ZHUE, ALENIEAEBRE~ERIN W
OIZ, NTLE L E ORI EMETRE O RIEAAE LT, NTEBEDS L < 138 EOWERE
WDEET D7D THDH.

BT OEBERICOWTEAT 5. G L0 FFEI I s A4 U TiEA Ak S
o, ZD% 0-4HNT T, ZOEN A RS E U CHHERIRA A LTI X 5 2855
BRI ZOMO XS RETIHEERITELEEAR TS TH D, %15 4-6 BFHZIZE
DOIRHERLFRI A E DR ST H HREOEEMEIMF 5 SN D . Bl 5T T 2 DI
W 3-6 A DIND.

EREOFH A BB OME ORBBIE CEELMMIIZEND 4-6 BRI OEE AL
ENDETORTH D MREDHR S AT FUIE TR Z D L TR E LD Z L3 T
5. ¥£7-, HfivER (ROM) FHECHEMMORBERFITE L. 2EV, BiE
PrCHRE A FHICFED 5L, ROM JIFECHEMN NN R E 5 2 & b TE 5.

Z 2T, RIS LTI IS B i S AR S D K A R S S IR A B i
BHTUSRE R Z R0 D MR TE D, FV IS LTh, ik & = oRmiaiks
OFA L CHARE - FFERE OTEME L) b B R B ~DOEBRSC B EE A RETE 5. £ 5 71U,
FLH1> ROM G- EFIHAN v RE & 72V BAF R HERERN TR RIAD 5.

1. 3. 2. FEMIEE

B B X P RS I o S, AT RN E <, 10%F2 E fliif 2 < 7o
BFFEEBALIT IR ZEALED « BT AL « B E im0 - B A R PIC 2. 1
BERICITERELZRAEL, G22Il @lL-0b, key ) —L7 /) —b, &
RERR ETPUHEE LT, BFFRATEERETS. MUK E S, FEiflick->T
BEAL MREGERIND. BHENRS, JRFHITIREDN K SG 70 & TITREH 2 —
BLL LTUIBR L, AL ETHET L. M Lo TUIUIBROZThN D . IF ke &
GBS IR 22 BEATIC R L Tl il 22 £ b iThbh 5.

S TIEEER 20040215 (BB IAH) (2T, UIBRABE L T RO T EMIAEEZ A4 %
BEITxE LT Dmab 225 LIokER, #BRE O 86% TR 1D bz ik



BRSO R A REIE O L - A& 120 mg/H Th 5 DIz B B AR TR 5
@@HMJmmWMH?,%@%M&%mwﬂfﬁﬁﬁé.ﬁﬁﬁ@@@%%@%%?%
D, AIELD bERGEEZHEETILEND D, L LR s, BEECEL IR
LT, RILELTWDLE b H L. £, BT IERICRT 2 Dmab OiRER TIFZFETHI
WS ST 2R 58 72 WIS ER 23 % 5 45, o Ca IEME T3 5K Ca
MIEZEZ LT EICESTZTDTHD. To~v—2% (Dmab) OFGEHZ Ca b B4
¥ D ONRZ IV Ca MAED Y A7 I3EERT 2 b 00, BFEMIFED X 5 72 /T
PEPR BT R LT 120 mgx4/H & REIZEGT 5 DITR03 0 ZRMEICARL 2 5%

AT OUIBRIZ KLV A CTCBEREBEHIL, X=X N7 my 7R EOY WBhNvs T AN
BTHREIND. UIZHARROANTE (V74 v F®) bAMTIIARS LT
. U749 RO, KEET REA Nead—Fr iyt LV TEALLIEZATETH
D, KITIRT LFENL 2D 2D FIRERIERFORIEIER RIGICI E L7, S 512,
IFEFFICEBRIND L0 RENTERE LT ESR TV D

HRBLNT S L7 DITIIRFEIFRALE E Ly, JE P OARRR R BRIZPE © BERERREE 23
RELBRDTOBEEITE RN E TR0, £, HREEN 20-45 K EHFETH Y,
UIBREHIT 72 D2 XN WERBFICRERH H. £ 2T, NLEOFRELA T Dmab
DR S35 & 9 72 F A M AE i, BIBREEPH 2/ & < T&E 5 RetEN & % . Dmab
DEFEHGIZI D ENRBH IV TND DO THIVUL, R 5 T /B3 2 I3 5 205808
HDLMNH LR,

1. 3. 3. Fe%ME - SMEME KB EERESOE
REFEME - SMEME R RRE BREEAESE & 13, B BAER O KRG BN My A AT K 0 BE5E L 72 R AE
ThHY, WEHIZEVFENEET S EEFEEZES (Fig 1-6). i - #3807 L — RIZ K
S TUT AN LRI EEHIN BRI N D58 S & D03, I FE4E#RD 30-50 ik & IHEIED 5
WEFIZZ W20, BEHZIRGF CE TREO/NERIGRIENREEN TV D, BIfETHOILT
WHIRBRTIX, BIRRUEN - MBS O & 2 MM laigsEk v (FGF-2) 28 ZF
(CHEFSHE, Iom OEJEYIBN S L2 7 B R T CRERE A T-EAMAD & KRS FAET
B CEESIC R 595 Z ERRA LN TS, ZOFER, BIEY OB LR RD
HEEOEESIH S Z ERREIN T Zo k)i, RERTZHE



LR 2SI R a5 L TR 2 IR S8 5 &, BIER o o Bl 2 iRk S8
5 2 EPRBICTHERR STV 5 RERBEIESEICHd 5 F / 7 v — T AHUR O AL
T4 DL ZAHE SN TRV, BIEEIEEER S L IXFRIEnHEER 2G4 25 € /
70— VHUERD R 5 RF T O UERR B A BN D TRENE D & 5.

Fig. 1-6 £ MERBREEEEE O GE (£ : Xp B&E, 4 : MRIT1 905, 82 m& k)

1. 3. 4. AV 77 MNEBEBRIX

KR ITALERE AT F0 VN THENL « F e D JRV N 7R CUE N T B E > N TR B 42
BN OWIEIZ 2D Z E NV ANBREE~B T FoRBICTLY NSV ERE AT T
Y NEABRICERIMGERD DL R L. EITTLEA T T D “§EF ; loosening”
MR Z DT T, BHEBREOER LMD S & A7 AFEBEIMOREIC b/ D, A
7T MEABIZEBRNAE Z DREK E LRI, A 7T v b ERBEEORIC,HS
FENSBEND IS~ (stress shielding)” &, ANTREEiOEENC X 0 4L 2R
MDD, BiENL, A 7T FEAMOKREEE OMBEIHASN D AT LDORIRICE - T
(X, ENFE R E S 373 D — 7 THTALER DA EANGIN 2 DI Z DJEH DO H EIME T2 Z
ENBHD. T, KEVEICH L TR OEMISHREIDDND L ) RBRO AT &, Wb
% a tapered wedge-type stem Z H\VIUE, I JJEEASVIEERREC X A %R, AN LRI
DITAFT—=NR)ZF LU THYRELEICEID R = F LU DBEERREL L &~
n7 7 — VOB K2R, SOICEMIBICEOMVIAZIZEY, A P A D
JEH 3 2 0 S OGN EE SIVTERMOA R Z 208 Fe, FEREMAE Z 55T

9



RANKL/OPG EEAMEINI L TV, e E MR sl K+ (osteoprotegerin; OPG) D FHXTHY
IR TR RSN TVWAM, STETIE, X410 ERINLEBES FER) =F L
(E1®) ZHWN2Z LT, RORY =F L 10 BERENRED L, BEEMA I ST
HEBENEWIAIC A TR SN TV D 2 L BRI S TH L8 F72, fiig
BERTZ A7 3 — MUBIOWNRZBAMT D 2 & TSI~ E & HRREMHI TE 5
A SV ANGAYI L

AT T D GER AT AEBATORII LR UIST2E#Es T, “BAR7
XL TIEA T T FEANVEZDICHT D YA ZRFEIZES Z& b DL, AT LA
FHE T I3 B O EE [E E  (open reduction and internal fixation; ORIF) ifDERIZ, A2 U
2= NAT DTSR EXEPELL. TROLPEERNVE IITT 572D, W1
DN TR PAEE TN LB BEHIN 21T O IR L, 2T 50 v 7 LBk & O iz
BOWTHEAEMEZ RS, FAHEEKOMREN EHT5 2 EREE LV, b1, 4% F
FE I D B RRERE T D5 N TIRBEISIEEWIN T3 7T & R E O
a2 EE ST AERENGEHREIND. £ T, AT L0 v 7T E2HET D ANIHUEO K
MRS A R 532 2 &£ C, 2o DOMESAEZRWIRTE 2 REERD 5.

1. 4. ZUo7BoKbEEERE LTEREICEET 5020 LR - #BHf
1. 3 THANLLDITE/ 7 v —TF AHURD Jm T G- RANI 2 7RI TE 5]
REMED S 2 AT EE CHIVUE, VSN2 K E U TIIEHROEMDLEE L.
F 7o, IR AW F THIVUTARRIE K2 IR L TN—=Z MR LIZA T U —IR
2T 22T, FP T TR za—T A4 R T TREMICEREEGET 22 L L AETH
5. BOME IR CTh HKEET X% 4 |~ (hydroxyapatite; Caio(PO4)s(OH)2: HAp) 1 Fig.
1-7 IZRT LD 28T % » Z2fHE P6a/m OFfEELZ A L TW\AH. afe c e Tix
AN TN EOMRN IR DT, BAINRRD ZENRR MBI TS a(Ca
AR ITE, cr PYA M) 34 T 5. BIRIE, c G mICE T a mo
EREP R T 2O CTIEOHFENBRLS 2 5. £, XU\ T EORERNEIEN, HREHE
D E WS FLUVEMRLT%& # 37 B O FBUHHIEERARI ST 2 H5E 0 e ShTn 5 2 21
72721, HAp BARTIIKITR LT HHB)—RREIK & 1372 0 1c< <, EREET HERICH
ZEEtAEDIC< W, 2T, WAKEIZENTLaZEHE THL A Fa A F il
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(chondroitin sulfate; ChS) & # AL SHIEZ D X 5 A [BEAMER TX 2. ChS X Fig. 1-8
WCRT R RANVKR UL DNVR XNV EEZHT 2 ZHEOR D K UEEN S 72 5 B
RO, RS T CRICHEET S, ZoMEEZFIH TEEZ 7 B O
P2 fl TE SRR H 5.

. Ca(l)
I (l) ‘ . Calm)
‘I. O 0
| ’ H
i <duil 5 N @

Fig. 1-7 /KEET /& A b Of fhi

Chondroitin Sulfate

COO ScH,0s50,”

OH NHCOCH,

glucuronic acid  N-acetyl-D-galactosamin
Fig. 1-8 =2 Nu A F U hitlg DA% S
B XY E e B UL IR ST B2 H T2 0, X R ORI L o> TR & O

MAEERNZEL, Z o7 BEOMFFESOMHFENZED > TLE 5. WAULLIE O H
11



PEZEET D & HIROMEZ % VX7 I X > THIfET 5 L0 I35 3 0EFE AL T
PHE R - R A I 2 2 LN E L. 22T, AREVESE Th S (Zn)
ERIFUCAEICH WD Z L 2 Ratd 5. Zn 1E, RN TERR, WR, AlGHE, X
HMEFFIEH, PUBRMLIER e EEA R REB L TR, EATF VU EELGLX VX E L
¥ L— MEERERRT . Zox L— MERICK D ZEEFRIH LT R Bk
HEHETEDAMREMENH D, 72720, Zn OAEERNRENBRENZ /22 & HEE2 & 7237
0, BHUCALIRIZ 1T 2IMEIIZR Y BH 0, K OHAEERIZ OV THH LT
HULENDD.

Fig. 1-9 & Fig. 1-10 12, fR&FEMNe 2 SOEY MK Z RTBL 1 oBZE 7V v v
- (monolithic type) TH Y, A FrF AL VER T2MHS 5. #HIKNTOERY O
PEBCH L DS U ZR BN BT 2 03, KN OSBRI 3R DS S E VIR L D /b S0,
RO SMANZ AR STV D 3T G- S TH B BB RTINS fet &40 5 23, il i
IR ORI & & HIIRT 5. LavL, RPN TOIEY OLECHEEE 4 Hil T E AU A
HWELFHSEDLZ LB AEETHDH. 2 2HIFY F— =1 (reservoir type) THY, VU
WY — LGS RN TH 0 T H BRI T & D720, s A
DIMANZ & 2 FERR AR A3 5 . AT OB 2 il 372 <, o B EAR B2 80
T2 XD B e A Z 5 YO RN XV AR O R 2 #ER S DI
U= =D EE L.
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B ixH—I2 o8

W) D AL IS J HH o BE (AR A

r

@)
P
/

Released amount

v

Time
HiguchizX

Q = kyt'/?

RFH AR A Fair, ZHLEMRT Q: it &, Kyy: Higuchi® 4%, t: HFH

Fig. 1-9 € / U v v 7 (Monolithic) fi A& & 2 0 Wy fig 268 35 K O Higuchi =X

HBCH D B e R % i S B A A

r

£ o Rk

Released amount

v

Time

¥ u WA HEEE

Zero order model
@ Q=ky-t
&M A YR — A Koo i T 2K, Qe H B, R

Fig. 1-10 V #—/3—7%1 (Reservoir) AR & & O IEY H 2Bl ds L OVE = YRk s =X
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1. 5. AFRICAVDERHEEES VI E

B - BRZICBT DB - BRI A = X LNFEHIND T, FREREICE
W AERN O IR RANTHER U TR R & A2 35 FAERIE R FE N E BRI
IRIZBWTHHEILL2OH D, LT T, o FIERREEICEE S 2 BB & o3
7OV T 5. BAEBIE & 2Ry L, FISERIEHIA & B R R K
BMENnD.

5 W M A SR AR S WU AN TUHE L 72 9R BB C b B B HLRIE DRI E S iV B
5. REMLPUREIKE LT, Dmab 23281 5415, Dmab 3584k ME/ 7 m—F L1
& (1gG2) ToH Y, RN E BFIC 1 RO FHEE (60mg) Tt 7B &OEMNG)
RERL, EERNICBWTHHRRPUER S EL SRV, BHRIERFEEKTTZ U 7°®
ELTREMMEESNTWD, BV v~F I X HB8EE OO AZMfl Lz P8 ik
BRIE - SRR IER IS K DB E T A TR L2 0 B BRI R L TR WEERE B
FRIRE ST L LR, SRVERIENHIEM 2 /3 2 2312, K Ca MmiED
fERMEBR S VM PTO CalREDE=X Y L TR ET D,

— 05, BERAEEER 249 2 PukESK & LT Sclmab 232 F 5105, Sclmab (3 5%

BRRACEER 29 240 FRAIE UCHEB S TRY, BHEEREERE LT
b S5 FETH D, Sclmab (F, Wnt #k#&0 5 pEA S U7 sclerostin 2 NELSE 25 Z
& CHIFMICER L TERRERET 22 BAR% O ics LTV EEE EA%h
REFTE F72, 7y haDRGEEICTEHOBBERET S Z L bMEINTND
BOL ULnLaens, ZoFERIRERRICE Y BEYM O S CEBEBEEEDRETT,
ENOAIRIIT K D DHTEZE - REZEDFIE Y X 7, EMEFIEBEORIE Y A 7 NEEIh
TW5.

Fig. 1-11 (2B 2RI & BB MR OB AR D A B = X WOV ORI 5 T %
R 2 M TH D, EROMERBMIN LT 5. 22T, BN 65w S
AL72 SOST (Sclerostin) 1% Z D& Mifld D534k - {EMEZ FHE 3 %25, Sclmab (32 @ SOST
ZxET A HFHUATH Y, B A TR L ST REEICE <. FTo, BEVE S
fellx RANKL %53 W6 U CREE MR & 3032 728D, 89V 72208 & & B ImHNS S < & v
7= Dual effect A3 28 fEMILITE ZWRINT 2 2R TH Y, B i
B CHERDN Db T 5. MIEEZIE RANK WO ZEAERNRH Y, RANKL E#EHT 5

14



Z oAb - IEEMEE S D 28, Dmab iX RANKL Z HFfn « RiE(LEE 25 2 & TH I
N <. —J5, Dmab LFEBL L7 A B = XA CTHBRINHEIER 2B+ 282 L 30 &
THEE IR R HIR 7 (OPG) 23% 5. OPG 1% RANK OF =11 Z K TH W RANKL
EREGT D Z & THUE MR D53l TEME A Bl L C Dmab & RIS B W il 8 < B

BAERR IR B A2 AT 2 R AR Bk U, B A i E L ORI A il L2 0 B
RAMRHE LT T 5 Z ENAEERTE /) 7 u—FT APENERET D EE 2 65, —HIIC
%, BWRINATTET S X0 mATRA, BIZTEBME S (GERREME), BEMafE, o
7T v AR @R 12013 Dmab &, B iTTEE R & OMREN LIRS, 6] 2 1T
BT, BB (eSS A4, BXHER ST Scimab 232 0 FE L.

Osteoblast
progenitor

Sclmab

Ly LOsleoio:.i

== |-New bone

+Old bone

Debbie Maizels

Fig. 1-11 H#HAkIC d6 0T 2 B M & i MRl 3610 D B Rk & BRI ([28]& v 518 - %)
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1. 6. RFEHEHRESRE KT 5B RIINHZ Dmab 25 O EHI &

AR B IREE O BTN AEFE T, IR HLRRE L 1Tk LT Dmab 2 #5- L, 4F
WIZRBIT D8~ —D—, ‘B%HE (bone mineral density; BMD) DZ8 4k % #Ffi L7=. Fig.
1-1212, H®RB L OHIEICHOWTORT . HEHIRIT 2014-2017 FTH 5. BRIESRD
BEITH LT, BHRIERERE L HICZE L, Dmab OG- PMETH 50l L7z,
L O F B AR ) E (young adult mean; YAM) 7% 60%A (RF (2 RIBRE L)
BLOE AT 4 A7 4 x— K| (bisphosphonate; BP), #IRAIT A k1 7 U 2K KT Y
= L — & — (selective estrogen receptor modulators; SERM) T /L5 HZ /)L Kk — )b

(eldecalcitol; EDL) 72 & T% BMD LEFZRM S 72270 o T2 fEf 2 ot g & Lz,
F72, K Ca MIEDFHO7=Z0HIZ, Dmab HE-Fls & FIRFIZ Ca L X I D OEHITH
D7 ) ZACORKRNOEESBEMG L. 7220, BEZORMIZT Ca 28 LA Th -7z
27 2 ACOMIE - R G L2BE B END. Dmab &5BHMAR: & G4
BIHBEERA (dual-energy X-ray absorptiometry; DEXA) % Ffii L, #&5BitEHRE 1,3,6

BICERIL L CTHRHf~—h—2JE L. B~ —0 =%, BN~ —I—Tb5
A A BEPER MY 7 + A 7 7 ¥ — 8 (Tartrate-Resistant ACid Phosphatase-5b;
TRACP-5b) LB~ —U—THLHEMT ALY 74+ A7 72 —E (bone alkaline
phosphatase; BAP) % {ll7E L7-.

A : 2014-20174F
*t£: : Dmab 60mg(Ca + VitDE Al (F/ ¥ X)) =R 2 &5 L,
6 A LL B U REMEEHRIERSE

DEXA DEXA
JEEHE IEHE
KE& BT rah PG RURVAY

oM IM 3M 6M

Fig. 1-12 JE IV HLERIE R E 1% Dmab DRz FIESRIC T Hxb5 & ik (At aImbe)
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FEBIEL IS 25 44 CHLFENT 775 5%, BHIIBEME 2 61, L2383 HCTho7. £D D
b, BIVAHRHEIT BP 28 345, SERM 2% 4 f5il, EDL 28 2 I CTdh - 7=, B HrEIT KR ITALER
BT 36, BEEEASE T 461, HEEETTR THICh o, BEHROEERAEFS
(TR olz. 7B, FHBPAELNIC 1 4 OBE DMK IC L VBT LIS AKIR
L OBEMEIT N EE X D.

Fig. 1-13 (Z Dmab # 5-FF & 4% OJEHE BMD O LIZOWTRT . HFHETIX
Wilcoxon signed-ranks test i % F\ 7= Dmab % 5-IfF O - HE BMD 1% 0.644 glem® Td 1),
HAE%1T 0.667 Tho7c. Dmab Z#h5 L CHAREM THEHE BMD O EH-33F%) 4.0% T
&Y FEINCA B R Z RO T,

0.9 *P<0.01

0.8
+4.0%

0.7

0.66668

BMD (g/cm?)

0.64424

0.6

0.5

0.4

kff (Month)

Fig. 1-13 JFURMEBHIERIE R 12X 7 5 Dmab % 5-24-1% O JEHE D BMD £1b
(* Wilcoxon signed-ranks test)

Fig. 1-14 |2 Dmab #¢ 5-Ikf & 4512 O KEREUTALEH BMD OZERIZ DWW TORT . HEaHEIT
IZIAARIZ Wilcoxon signed-ranks test 2% FH 7=, Dmab $&5-BF D 23 KR A7 5F BMD 1%
0.559 g/cm? ToH v, H4FE#£130.572 THo7=. Dmab & &5 L CHAEM TRERE TN ER D
BMD O L5315 2.4% T 0 #HHNCA B R ZE (b 2R DTz,

Table 1-1 (2, {4 G231 2 I M A HLARE A (Cx LT Dmab 25 L, +4¢
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#%IZIBI1T % BMD DAL LT OSCHR & O b2 7md. BEHE « KRERB A & 6123k &
[ DO ThH - 7132,

2D X 91T, Dmab (T#hE U T4 TREHME - RERE IO A B2 S EHREIER 2 &
52 5. Dmab IX 2017 42 7 A ORFAT, FAETHER STV DB HERIEIR R
oD LR HHEEIMEARRWESbRL TS,

0.7
=P<.0.01
o 2
£
&
K
a
2
0.5
04

BffE (Month)

Fig. 1-14 JFURMEE HLERIE B8 (2%~ 5 Dmab % 5- 212451 O KR U7 5> BMD 281k
(* Wilcoxon signed-ranks test)

Table 1-1 {if AL AIEBEIZ 51T % Dmab % G- K 3Bk & STk & o Hoiik

LR A9 b Cummings et al. Nakamura et al.
[EE HE BMD (%) 4.0 3.8 4.1
KRB AL EBMD (%) 24 1.8 1.6

Fig. 1-15 (2, Dmab $ 5% ® TRACP-5b M Ifil FF & O HER 2 754, TRACP-5b /X Dmab
510 A% BIET L, Dmab 2#%5- LT 100 TERINAIH S TS Z &8 b
L. Fio, 6 0 ABRTOTRNE D EA LIcb00, FEM, BRIROMGIAHER ST
WL ZEbbhol.
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Fig. 1-16 |2, Dmab % 5-#% ¢ BAP DI OHER 2 7~9". BAP %, Dmab Z#x5- L T
1 A% DEAMER &R L7223, TRACP-5b £V HE00 el CTh - 7-. Dmab I3F
WA 2 il 3~ 2 7200 T <, BB IEIT S 2 &R ba s, LR XY, Dmab &
BeHLTLHAGRNOERINDPIEE DD, BIEROMENTEEL TEL D Z LRbinoT.

= TRACP-5bfE  =o~#% 5. B458F & OTRACP-5SbD AR

1000 100
800 | { =0
600 160 <
2 400 | ’ {140 4
2 200 0 3
E i T 2
2 e B B i E
e N
S 200 } 120 %
o &
&= 400 F l {1 40 E
l ]
-600 | l 160 2
-800 | 1 80
-1000 -100
0 1 3 6

B (Month)

Fig. 1-15 JRFEM LR - |2kt L C Dmab # 5-% 05 I~ — & —TRACP-5b D
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muBAPE --3%5-FAtafs & OBAPOZE(LR

30 100
4 80
&
20 [ {eo =
{40
10 M
3 l I ] { 20 f\g
= R
e, 0 - : k k 0 S
= !
m I ] {1 20
-10 F a
{40 2
mD
60 b
- 60 r
-80
=30 -100
0 1 3 6

2R (Month)

Fig. 1-16 JFUFEME B HLERIE 3 126k L C Dmab #% 5-% OB e~ — 7 —BAP OHtR

Fig. 1-17 |2, Dmab 5% O MiEHiE Ca R E OHER 273, MiGHIE CafREIL, Mg
VT X UPREED 4.0 gidl AR O R, fiE A IE Ca i (mg/dl) = FERIME CaflE (mg/dl)+4—
MiE7 V7 I fE (gdl) TREND. CaiREMAIFRAEZRT t REEEZ e, #l
LU W TG E Ca IRE DA ERZLITIRD 2> 7. Fig. 1-17 12, Dmab #5-
e DHERFRERIAJEIH & (estimated glomerular filtration rate; eGFR) DHERE & /R4, #iatFH)
BRAERBZAIUREEZ V-, Dmab #5:- LT 1, 30 H% CIXARERBHEIEDIK T 2580
7205, 6 DHBZR TIIHEGR & R THEEITRO 2o 7.
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*P=0.82

105 F #P=0.93

*P=0.59

I A IECa2E (mg/dl)
NeJ

0 1 2 3 4 5 6 7
] (Month)

Fig. 1-17 Dmab % 5-1% 0 L1 A IE Ca J2E DO H#HER

100
*P=0.055
90 | !
“/'_E\ *P<0.01
[ 1
& 80 F *P<o.01
:’ [ |
<R 70 -
==
3" |
v 60 |
By
2
50
40 L L L )
0 1 2 3 4 5 6 74

FF[H (Month)

Fig. 1-18 Dmab ¢ 5-% ® eGFR O H#if%

Fig. 1-19, 1-20, 1-21 |2, Dmab ##5- L7 FBEF 21T B EHE BMD @ A3 L5~
—H—OEFE L ORIZEBIT AHEERT. ADOKIEL, Dmab &5 L T1,3,60A%DE
R~ — B — L PER OIERE BMD O ERR & OMBGRE RZICOWTRT. AT v
NEAZFRBISR B Z R R LT & 25, 1,3,6 22 H %D TRACP-5b & JEHE BMD @ 573 & Df#
TAOMHMERREZRDZ. —77, BAP IZOWTIE, EHE BMD OZE{k & O THEEH I 72
FHRABIER 23RO 2R o T,
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15
3
3 10 6M¥‘£’ 0.5
B . m BAP TRACP-5b
& . 04
g -0 -80.° 60 40 20 20 40
A -5
" 0.3 }
TRACP-5bZEALER (%) g_ﬂ
i ’ 02 f
Fig. 1-19 Dmab $¢ 5-%% ® TRACP-5b (b3 & :
[EHE BMD @ _5H-5 L o Bif%
N 20 0.1 e
‘ } 15 ‘ ° IMi%
R . 6 3M7E 0
S v | 6Mi2 IM 3M 6M
© ) 3
S 100 80 60 40 20 908 2 40 At SR BRI e e
G = | BMD @ L5 L OHBIRE R

-10
BAPZHER (%)

Fig. 1-20 Dmab # 5-% ® BAP Z A% & EHE
BMD @ 53 & ORIfR

\

Fig. 1-22, 1-23, 1-24 |2, Dmab Z##:5 L7= BEIZEIT 5 KEREIALEH BMD O LA 3R &
B~ —I —DOERE ORIZE T 2B Z T, HDXIE, Dmab &5 L T1,3,6 7
A% OERH~— I — &R OKRERE A BMD O 53 & OFBIRE R2 12OV T
R AT~ VIANAHBISRER AR L& 2 A, 102 H %O TRACP-5b O A4 & KERE T
&S BMD @ _LFA-R & ORI TADHERER AR, —7F5, BAPIZOWTIE, JEHE BMD
DEAL & O THEH A ZHBARRZRD e oo, HET NI AL, HERK R EIX
#5175 H1% D BAP O J573 TRACP-5b X 0 & mfii 2 /R L7272y, #eFAIZRABERRIZ D
TIX TRACP-5h IZDOHRBOTZ L TH 5.

22



—
)

10

8 1M 025
3 ¢ o ® BAP TRACP-5b
8 N 02
% 2
g -100 -slo -60 40 20 :) 0.15

3 m

3 1~

TRACP_SHZALE (%) 0.1 F

Fig. 1-22 Dmab #% 5-#% 0> TRACP-5b Z5 (b3 & K

BB (L 0 BMD 0 55 & 0BG 0.05
= 0 =
] 10 &
o IM{E - 3 - : IM M 6M
4 3Mf% H @
S oz ma v Fig. 1-24 Dmab #5-#% 05 R~ — 1 — 2 b
% s s Qgg ‘a7, L K BRESERE BMD 0 552 2 ooff
~ ﬁ:ﬂ 7 ol @ A w
g n R, L T BERK R2
E ] \ ne BB_6 u |
= 100 -80 60 Ap0® 3 =® 20
AN @ -4
6

BAPEALE (%)

Fig. 1-23 Dmab #% 5-1% > BAP Z5{b. 3R & KRE T
ALHES BMD 0 575 & o Bf%

Table 1-2 (2, Dmab 5% 0 F R~ — 1 —DZ bz L BMD O EH-2 L OMHBEBRD
AEEIZOWTE L7z, 5H1F, Dmab Z# 5 LT 3 221% D BAP & TRACP-5b DLt
IREEZME Lz Z A, TRACP-5b (ZIFAHRERIMR 1372 <, BAP (2D At a H A9 AH B B AR
EROERELTWLEL —F, SEIOMAETIE, BIEHHICE N TETORHICE
T TRACP-5b DL & JIEHE BMD @ AR & O] THERIMR 2380 7=, F£7z, Dmab
P51 7 A#%1238 T TRACP-5b & RERF ITAZES BMD 0 573230 THBIBEFR 2 78
72. BAP (2B W CIRBIE IR\ C BMD L MHBIBIfR 2B 2o 7. 2 b OFERIZ
Dmab Z#JFI#E5H- LT 1 7 H1#%IZ TRACP-5b Z#IET % Z & THA4FE% D BMD @ EH-FE %
HOREIIHER TE 5 2 L ARET 5. £, PRG54, BE ISR OB R 2
HTE, JREREOERIZ DR 5.
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Table 1-2 Dmab # 5% OB~ — b —DZELFE L BMD O _EH-E L OMHEIBEMFROF

Fig. 1-25 12, f@BE7e H A AR 2Pl Dmab 1.0 mg/kg % HiAI 2 F#5- L7z & & ol
H1 Dmab JRE OHER 2 x37B4Y. Dmab O iR IT R TG LT 2-3 % e — 27 I12H
2 L CUBRITAMEm 2R L, 6 »AKICIXIFIEEA L. Dmab 285 L C1 W A%D
TRACP-5b DZEALRA, 4400 BMD & AHBEBIGR 2586072 Z & 7%, Dmab i Hri A
5L T23 MBI —7IZBE L L EBELTWAH EE X Hivsd. TRACP-5 I
T MR O TEPE L L N SO L CEBN T 5 BRI~ — 7 —Th 5.

(ng/mL)
—e— 10mg/kg(n=16)

10,000 1 [ (mean +SD)

8,000

6,000

4,000

FEREN A NNNBHE

2,000

T T | | T | T T T T
0 4 8 12 16 20 24 28 32 36

e 5.t kR ()
Fig. 1-25 fdthE7e H AR A PARR % 22 P12 Dmab 1.0 mg/kg % Hi[aI 2 F G- L7 & & o ifi o Dmab & FE OHER
(77U TOOWRRSCE LD Hifh)

Z D& 91T, Dmab 1R EHRIELE IR G L COEETEV BMD EFS R A2 R,
F7-, Dmab DI RS EER O TRACP-5b OV Z N 4FE4% D BMD O FH B LA
BIZHBE L TWA Z &b, Dmab NEERFMHICHEEZRETHZ ENFEZ5.
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1. 7. AHFEOBEH

B B BT 2 R T S &G TR e i AR R AR d K ONE A L G AT RE 7R &
VX B EEROBANCEIRORR A BT, FOEKERS TH D HAp E#RERKS D —
D TH% ChS OF / BERNHIER L= HAp/ChS LMK - % ik o HRIZE A L,
KREZ X F WKL O AAER Z T U CRi OB e R 2 gt L. F7z,
Zn % FAVN T, HAP/ChS B L UNVF > XU B & ORI EAER % 538 U CRIAME S 2 fe Nt L 7=
INHORERAEZIIZL T, Scimab ZHHFF S W72 fANLKI -2 ER L, £ 0@ roaHih
2> 5 AT K DR & SR O G EZ B 5 M2 LTz,

BEZ IR

[1] Assessment of fracture risk and its application to screening of r postmenopausal osteoporosis.
Report of a WHO study group. WHO technical report series 843, 1994.

[2] Yoshimura N, Muraki S, Oka H, et al. Cohort Profile: Research on Osteoarthritis/osteoporosis
Against Disability (ROAD) Study. Int J Epidemiol, Int J Epidemiol, 39, p988-95, 2010.

[3] Yoshimura N, Muraki S, Oka H, et al. Prevalence of Knee osteoarthritis, lumbar spondylosis
and osteoporosis in Japanese men and women; the research on osteoarthritis osteoporosis against
disability study. J Bone Miner Metab, 27, p620-628, 2009.

[4] BARDERHEZ AL 2006-2055 4, [EN7AESRRE - A O REFZERT (BR) |, JEAERK
<> 2007.

Tl

Jr

[5] Hagino H, et al. The risk of a second hip fracture in patients after their first hip fracture. Calcif
Tissue Int 90 (1), p14-21, 2012.

[6] McLellan AR et al. The fracture liaison service: success of a program for the evaluation and
management of patients with osteoporotic fracture. Osteoporos Int 14, p1028-1034, 2003.

[7] Steven R. Cummings, M.D., Javier San Martin, M.D., Michael R. McClung, M.D., Ethel S.
Siris, M.D., Richard Eastell, M.D., lan R. Reid, M.D., Pierre Delmas, M.D., Ph.D., Holly B. Zoog,
Ph.D., Matt Austin, M.S., Andrea Wang, M.A., Stepan Kutilek, M.D., Silvano Adami, M.D., Ph.D.,
Jose Zanchetta, M.D., Cesar Libanati, M.D., Suresh Siddhanti, Ph.D., and Claus Christiansen,
M.D., for the FREEDOM Trial, Denosumab for Prevention of Fractures in Postmenopausal
Women with Osteoporosis, N Engl J Med, 361, p756-765, 2009.

[8] Michael R. McClung, M.D., Andreas Grauer, M.D., Steven Boonen, M.D., Ph.D., Michael A.
25



Bolognese, M.D., Jacques P. Brown, M.D., Adolfo Diez-Perez, M.D.,Ph.D., Bente L. Langdahl,
Ph.D., D.M.Sc., Jean-Yves Reginster, M.D., Ph.D., Jose R. Zanchetta, M.D., Scott M. Wasserman,
M.D., Leonid Katz, M.D., Judy Maddox, D.O., Yu-Ching Yang, Ph.D., Cesar Libanati, M.D., and
Henry G. Bone, M.D., Romosozumab in Postmenopausal Women with Low Bone Mineral Density,
New England of Journal of Medicine, 370, p412-420, 2014.

[9] Berinstein, N. L. et al., Ann. Oncol., 9, p995-1001, 1998.

[10] Baselga, J. & Albanell, J., Ann. Oncol., 12, S35-S41, 2001.

[11] Arun S Singh, Neal S Chawla, Sant P Chawla, Giant-cell tumor of bone: treatment options
and role of denosumab, Biologics: Targets and Therapy, Volume 9 p69-74, 2015.

[12] 7 v ~—27 @D IEEHIC W T, §— = Hkent

[13] Yutaka Kuroda, Ryuta Asada, Kazutaka So, Atsushi Yonezawa, Manabu Nankaku, Kumi
Mukai, Toshiko Ito-lhara, Harue Tada, Michio Yamamoto, Toshinori Murayama, Satoshi Morita,
Yasuhiko Tabata, Masayuki Yokode, Akira Shimizu, Shuichi Matsuda, Haruhiko Akiyama,
International Orthopaedics (SICOT) 40, p1747-1754, 2016.

[14] Vanna Bottai, Giacomo Dell'Osso, Fabio Celli, Giulia Bugelli, Niki Cazzella, Elena Cei,
Giulio Guido, Stefano Giannotti, Total hip replacement in osteoarthritis: the role of bone
metabolism and its complications, Clinical Cases in Mineral and Bone Metabolism. 12(3),
p247-250, 2015.

[15] Yutaka Inaba, MD, PhD, Naomi Kobayashi, MD, PhD, Masatoshi Oba, MD, Hiroyuki Ike,
MD, PhD, So Kubota, MD, Tomoyuki Saito, MD, PhD, Difference in Postoperative Periprosthetic
Bone Mineral Density Changes Between 3 Major Designs of Uncemented Stems: A 3-Year
Follow-Up Study The Journal of Arthroplasty xxx, p1-6, 2016.

[16] Neil Cobelli, Brian Scharf, Giovanna M. Crisi, John Hardin and Laura Santambrogio,
Mediators of the inflammatory response to joint replacement devices Nat. Rev. Rheumatol. 7,
p600-608, 2011.

[17] Eva Grimaud, Luc Soubigou, Se”verine Couillaud, Patrick Coipeau, Anne Moreau, Norbert
Passuti, Franc,ois Gouin, Franc,oise Redini, and Dominique Heymann, Receptor Activator of
Nuclear Factor B Ligand (RANKL)/Osteoprotegerin (OPG) Ratio Is Increased in Severe
Osteolysis, American Journal of Pathology, Vol. 163, No. 5, November 2003.

[18] Salemyr M, et al., Vitamin-E diffused highly cross-linked polyethylene liner compared to
26



standard liners in total hip arthroplasty. A randomized, controlled trial. Int Orthop (in press)

[19] Prietro-Alhambra DP, et al., Association between bisphosphonate use and implant survival
after total arthroplasty of the knee or hip : population based retrospective cohort study. Br Med J
343: d7222 doi: 10. 1136/bmj. d7222, 2011.

[20] Prietro-Alhambra DP, et al., Oral bisphosphonate use and total/knee implant survival.
Validation of results in an external population-based cohort. Arthritis Rheum 66, p3223-3240,
2014.

[21] Khatod M. et al., Association with bisphosphonate use and risk of revision after THA:
Outcomes from a US total joint replacement registry. Clin Orthop, DOI 10.
1007/s11999-015-4263-4, 2015.

[22] T. Matsumotoa, M. Okazakib, M. Inouec, S. Yamaguchic, T. Kusunosec, T. Toyonagaa, Y.
Hamadaa, J. Takahashi, Hydroxyapatite particles as a controlled release carrier of protein,
Biomaterials, 25, p3807-3812, 2004.

[23] Keishiro Tomoda, Hidehiko Ariizumia, Takatomo Nakaji, Kimiko Makino, Hydroxyapatite
particles as drug carriers for proteins Colloids and Surfaces B: Biointerfaces, 76, p226-235, 2010.

[24] Allison L. Jones, Mark D. Hulettf, and Christopher R. Parish, Histidine-rich Glycoprotein
Binds to Cell-surface Heparan Sulfate via Its N-terminal Domain following Zn?* Chelation, THE
JOURNAL OF BIOLOGICAL CHEMISTRY, \Vol. 279, No. 29, Issue of July 16, p30114-30122,
2004.

[25] HHIIE=, 4B, FEFFEN, REfE— A A&7 I v 7 X, aatih, plss-162,
20009.

[26] Takeuchi T, et al., Effect of denosumab on Japanese patients with rheumatoid arthritis: a
dose-response study of AMG 162 (Denosumab) in patients with Rheumatold arthritis on
methotrexate to Validate inhibitory effect on bone Erosion (DRIVE)—a 12-month, multicentre,
randomised, double-blind, placebo-controlled, phase Il clinical trial, Ann Rheum Dis, 0, p1-8,
2015.

[27] Lipton A, Fizazi K, Stopeck AT, et al., Superiority of denosumab to zoledronic acid for
prevention of skeletal-related events: a combined analysis of 3 pivotal, randomised, phase 3 trials.
Eur J Cancer. 48, p3082-3092, 2012.

[28] Karen A. AutioSevere, Hypocalcemia Associated with Denosumab in Metastatic
27



Castration-Resistant, Prostate Cancer: Risk Factors and Precautions for Treating Physicians,
Clinical Genitourinary Cancer. 13(4), November, 2014.

[29] Roland Baron & Michaela Kneissel, WNT signaling in bone homeostasis and disease: from
human mutations to treatments, Nature Medicine, Vol.19, No.2, p179-192, FEB, 2013.

[30] Gao Feng, Zhang Chang-Qing, Chai Yi-Min, Li Xiao-Lin, Systemic administration of
sclerostin monoclonal antibody accelerates fracture healing in the femoral osteotomy model of
young rats, International Immunopharmacology 24, p7-13, 2015.

[31] W. S. Simonet et al. Osteoprotegerin: A Novel Secreted Protein Involved in the Regulation of
Bone Density, Cell, Vol. 89, p309-319, April 18, 1997.

[32] Nakamura T et al. J Clin Endocrinol Metab 99 (7), p2599-2607, 2014.

[33] i Fpk etal. FEIEAEL & KESEL 64 (3), p398-401, 2015.

[34] Kumagai Y et al. Bone 49 (5), p1101-1107, 2011.

28



-
ZH BRI FDVERR & & 37 B L OB & s

1. #5 - BN
EIGL L LTH NI BEa RG34 2%6, TOMRPEEIND -OIITRToR
SR EE S HERE S D K D IS — B & R B S B X9 e i I E R oo R
ERBETHD. £z, HERTTNERRSRBGREREGEZ AL, X NI 2L EN
ORHIBHFFCE L2 ENEE L. I BIC, ¥\ HOREHE, AERNEREREICE > Tk
PIRBEOX R ERRI DO TEIITG L TH AN EOBMAFIECE 5 & 5 7
AULEIR b LB TH 2.
T, ENTAREAEE AT DHEM E LTE, AREKTH D EEHA O 23
HE LW, RIFRITEEREREEZ X —7 > b & LTSI REZ BIE L THWD 0T, B0
T THDHKEET 32 A~ (hydroxiapatite: HAp) NFEIEO MM ENCE L T\ D. =
NERFRGT 212720 AREEKZR SR LTY U O bIERRE TEIL, Fir
72T TR SASRZRICB DT ORI R L TR EG T 5. HIE0) 14 XKk E L
T um BE O THIUTHE nm BED X 7 B2 T, T2EOERNE %
RVEHTR BB T 5 2 LN TED. 6T, KA REZAE ThiUTREENEL< 8D
, RVLEOZ L RIBEEMFFCE L. Fi2, 4 VT ERZAEMRL T ORALNICE)
=TT D LIRS AU, # 2 X7 BRI ORALNIERBUC K TE L Tk S
5. BT, HAp ORI FIF/KIZIR LT =220 i< Wiz, fffEIcAZ U —Ikb
L <IER—Z MRICT DITTBREZ NS ELLER D 5.
IHNETIS, HAp BT TR BUKMEDOREL S TH L a2 P A F Uik
(chondroitin sulfate: ChS) & @/ #HEK (HAp/ChS) 2o\, HOMRLIRSE 25 H
LCATHICEARTED Z L2 ME LD, HApIChS T/ AN AT L — KT A
HBIZ L0 ZOERSIVEMRL T 2ETX 5. A7 L— R T A IR ORI ER A MBI T
WD Z LD DREEMICREEENATETHD.
AFETIE, THETITHE L TWDHETER L7 HAp/ChS ZFLEMKL 12D\ T,
& 7 EOBUHHIEAAE R & U C O E FiFE R HAp LB L TR L 7. £72, &

ffisz N7 & HAPIChS & OO AEAER Z 55720, ZHLEMBLF~D & /37
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B OWAERMEZBEMRITIC LV EHME Lz, 618, # o7 B alE S UERkL T
(X LT, #gn (Zn) ZMAWZBENBREE 21TV, 0 F N7 EORERE N T O
Rt & 54T L 72

2. 2. EBFHE
2. 2. 1. HAp/ChS ZFLEHRLITF DIER

R 7 /v 7 I (CaC03:1029) 2 77 /L X K ERIC AL, FEE L 100°C/hour (2T 1050°C
T 3 HFHIfREF L721%, 300°CHE THRA Z BRI 260 H L7z, fonlz (2-1) 1R

CaCO3— Cal + CO2T . eeeveeinriesiieniie et (2-1)

TR E VR b v T A (Ca0) BERL LT, o=k iy T A% 569 #m LT
AT v VAR A, 18ml OZRKEZ T ) O TIZA T CICE %2 LT 1 4RIRY i
J7m EBE) . 0%, 10 5WEHE L. Z oK fEREEZ (G5 3E) MRl
7z. 1V » MIVOZEEKTHAIRL T 24 FEfEFHE LT Imol/l DKEEAL 71 v 2 0 LR A
T LU= IARWMAEROGIZ £ D Ca(OH), B350 5.

Ca0 + H20 = CaAOH)2 cvveeeveeeeee oo, (2-2)

HAp/ChS F / &R ZBAIEIC L W &k L7z (Fig. 2-1 288). (2-2):=ATH b 7= /KER{L
AN L (IM) ZZRKT 0.25M 1AL, 1V v bLoKEEE V> T LEREIK

(0.25M) {2 ChS (ZEAb P T34, Ml ke, 477 & : 15kDa) % Z 41241 0.5, 1.25, 2.5,
5.09 70Nz C 30 /Mg L QA S 7=, 2 2C, ChSITHERAIZAERT D HAp 12xf
THEE%DZINEIN 20,5.0, 10, 20wt%i272 5 L 9 127 (HAp/ChS2%, HAp/ChS5%,
HAp/ChS10%, HAp/ChS20%). ChS Z{&fESH7- 1 U v MV OKEL DV D LERETR

(0.25M) Z RS HIREET, U Bk (0.15M) Z 20ml/min O XEOHE T~ L
THHE pH 78 8.45~8.55 1072 5 X H I L7=. HAp oA ERiFTko@my Thsb. U
TR R %, 12 BRI L.

10Ca(OH); + 6H3POs — Caio(PO4)s(OH)z + 18H20........cccvevne (2-3)
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. )
Ca(OH):
(0.25mol/D)
HsPO, +
(0.15mol/1) U ChS-Na

Fig. 2-1 #2X35(2 & % HApIChS T A KD A

ZHEPRLFII A7 L — N7 1 & (Buch #L%4, Mini Spray Dryer, B-290) % I\ C/E
U2 AT — KT A4 &%, 7 Xv 08 1.5mm, &£ 0.046MPa, 257 # E 5.0ml/min,
HAFE 30m3h ¢, AB -« HAEEITZZENFN 180CL 715CL L7-.

HAp/ChS Bi&i&

N 00 00
EoE®e o O o0 O
O O

BEBARPD 1 REMFMREELT
BRI SN T 2 REIFHER

Fig. 2-3 27 L — K J A k.

Fig. 2-2 Mini Spray Dryer (B-290 Biich).

31



2. 2. 2. ZIEMKIT ORI

HApP/ChS A RRREIR T D 1 ki 11, FMAE BEMeE (TEM) I2 X 0Bl LTz,
D EOMERE =X ) —VIZBEET, 7V v MIE T - RS e CEE L O
BIE : 200kV).

AT L— KT A B CER L ZAUEMAL T O REIL, EERE K (SEM)
(JEOL ¢, JSM-5600LV) TH#IZ L7z, M#EEIL, 20kV & L. A—ARr7—7 1
ICEMRREZHE TASDa—T 4 T & Tl a—7 ¢ 7 4&@EIL (ELIONIX #f
#, ESC-101) % 7=.

ZFLUEMRL - DRI, L— Y —EHro2@E (WEEER, SALD-2001) TH
E LT, MRZAFKPICOBMESE T, BERBI S CGRE L. RERTIE, (FR
L 72hi DB —MEIZ W T HET L7z,

ZHUBEMRL T A2 SRR L & — 2 Fe L, X BRETHE (U 727 #E:8 SA-HF3) (2K Y
FhESLFE 2 [FE L7z, JIESA X 10°~90°, A7 » 7% 0.03°, CuKal (A=1.54060A) %
Mz, F7=, HAp ® 002 1 & 300 [ CORIPTHRONEIR DT — 2 2 HW\ T, fEdh 13
A X% VLT @ Scherrer O (2-4)0> 53R 7=

0.94

t: fELF A X (hm), A:JEE (=1.54060nm), B : :fEbE (rad), Os : [FI#TfH (rad)

BET {12 & 0 ki + D b s - AL 2 & L 7= (Beckman Coulter #1:8%, SA3100 Surface
Area Analyzer). #J150mg ORL 1% A —7 L AZAI T 150°CHLE C—Wrizf S W7, §7
SR B 100mg ZFFE L, 180°C, 120min CHILEEZ1T-7-. KILRIZBIL T
%, 8% EHAp OFE (3.16 g/cm®) ZHWTLLFOX N LEE L.

Vowl (2-5)

Voo =——oe
relative Vtotal +]/d

Vielative © AL (%), Viota @ FAAFH (Cm3/g) d: HAp DR (glcm3)
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2. 2. 3. HAp/ChS ZF.EMBI T DB TD ChS D¥EHHER

R IR 2 3R SETCRSRLF ) DI T % ChS LA F O HiETERS T L.
50mg Dki1-% 10ml 7K (DW), EFEHEK (NS), 10%PBS, V /Ny 77— (PB:
20mM), PBS (NaCl: 136.89mM, KCI: 2.68mM, Na;HPO.: 7.67mM, KHPO,: 1.39mM) |2
ZNENINZ T 1 RHEEER SR S 7. LIREfER, Ko f &K D X 7 ZATF ¥ — & 0o B
(3500rpm, 10min) &t 2% Z & TR -2 ILE S8 T EBARE oL, EBARED ChS
REA 7 = ) — VRIBEIC LD BT 2 2 & TChS R AR H L7z,

Zn** % W75 S8 72 HApIChS i 1-7 6 OVEHHE © JlE L 7=, 200mg @ HAp/ChS5%k; 1%
10ml @ ZnCl, /K¥Ei% (1.0 or 5.0 mg/ml, pH5.5) [ZiR{E S T 2 I il CirfRE S w7
(BIFREEFE : 30rpm) . £ D X 7 ZAF ¢ — 33z 07 2 (3500rpm, 10min), R K
ZEREL CTRAITHETRE L. 22T, EERKO ChS RELZ 7 = / — /UEiFEEIC X
VHIE U7z, i L 72Ri 713, HAP/ChS5% + 10Zn 35 & U HAp/ChS5% + 50Zn & &3t 9% .
50 mg ORI F-Z% 10ml @ PBS (2218 S8 T 1 BB S B2, 0%, E OO0 H)
T B RO ChS REZHE L TR+ b DIEHEEZHH L.

7z ) —VEREBEOFIAIZLL T OWE Y Th D, £, Iml OY o 7 VERIK 2 R E 120
Z, felFTaml @ 5% 7 = 7 —/L (100ml DX ) —/LHIZ 5g DT = ) — L AR SE
72) Mz 4. £L7T, bml OERMEAZHR~ZIHFL, HAICEAIETERT 10 7M
TE S E 5. 10 2%, 30°CICFHEE S 7K H T 20 /o MFHET 2. 20 /0%, R 490nm
[ZBITDWNEZ S IOEFTHIEL, TOERLIERERPOREZEN TS, 20
AL, TRERALER CHUPEICIAK DM S D O THREEEIZIIEEOEEN SN TS &

WA D,

o

2. 2. 4. FUoRVBEOWERRE L OEEFRNXEZ AV

X oY B % 10%PBS (AR S CIREE 2.0 mg/ml & Uiz, & 2 )71, pl O\ J7
MBIEIZ 7 U MiET V7 2> (BSA, pl:4.8), ~EZat (Hb, pl:6.8-7.0), > ~r/ 1
L (eyte, pl:10.2) AW, ZOX 7 Bk E4E4G (30.0,12.0,6.0, 4.0, 3.0, 2.4,
2.0,15,1.0 %) THAML, BEMESH & BAERBTI oM L. 6ml OFFEZ /X7 B
WIHIZ 20mg D UKL % I Z2 CT=RIRT 4 W EisEEE (A8 5 30rpm) L7z,
EILEIZ15mMIAR Y 7 a e L e a=J T = —7 (Falcon ) % 7. 5z 005 Bl (3500rpm,
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10min) (2 &V EERDEEZATVY, LEAREOWICEE 243 YO EFHI TRIE L7z, BOtE D
P Rl d eyt ¢ DIEWE D 7 520nm THLD & /37 BRI IT4 T 276nm T T o 7= WA R 1,
0—12 Wl & A &=,

Langmuir O 528 2%, ©— 2L F—fIc ) — 22 S Bl g 1o+ 2 B Th 5.
ZD, WAEVEPRECIZRIT 2WAEREQIFKA (3-1) TREND.

ZIT, Qi AKWER, K:WEBMHTHS., KER)IFEXHITKRDO XL I IZEE S
%.

C/Q=1Q K +I/Q,)C eeeeeeeeeeeeee oo, 2-7)

Q) ZCIZk LT my b L THEMEARAELNIZ, Langmuir 3 EISTE D, 4

X (/Q,) %, YINIXWQ, K)Z 525D T, Mi#HNLEREKWEREQ, I L WL TiiE
MKZRDDZENTED.

Langmuir-Freundlich ®OW5%E L, =3 ¥ —mICRE— 7 oy T ERBICRT 2
HimTH 5. Freundlich D EHRA L& > TREE O KBIIREZBET S5 Z LN T
XHLEZLNTVD.

ZIT, Q, KW AR, K: WEBF, Un WETEHTHS.

Freundlich O E2EXENL, W BEOMITIC R HO BN TWD 5 —D DM
RKTHY, HAOTFEWAEICIRE ST, JEHMEN iy 2 E 1o LTt S s, ©
OB 72T LRI R =R — 72 R I B WO CARE 20 A T 5 W 520 5
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Az ZEE LA TcE 5,

FE 3 OOWAESEIRE T LD 5 B, Akaike Information Criterion (AICc) X 3B L T
HERIZT 7 e —F LT EOHGRAN N2 RD 5 DICHW L LB = = Tl
® AICc Z T HFRR RiE Th D & 787,

AIC, :Iln$+2k+2k(l kzllj ............................................. (2-10)

| IXFERIE DR A > ML, RSS 13775 5% (the residual sum of square), k (XFEFIZE D

Bchs, ZhbORTESWEREYRZITIZ LY K, Qm nE L TNAICe ZFH5H L7-.

bt hMuE 7 17 U > (Immunoglobulin ; 1gG, Wako #:) % NS & L < 1% PBS IZIAfR & &
T IgG KK (1.omg/ml) ZA1ER+ 5. £7o, TNEFEEIZRD X HITHRL T & R
72 DUREED 196G KR & 1ERLT 5. 10mg O Z fUEMRL1-% 10ml 0 196G KIFHRIZIZIE &
FCEIR (20°C) TEsfEEER L= (0, 10, 60, 120, 240 43[#) . Ki+ & 19G KIFK DIRATR
Z 3z 043 BfE (3500rpm, 10min) L T By A DR % Advanced Protein Assay Reagent (ADVOL,
cytoskeleton inc.) CHIZE (590nm) L7z. #:.xF =—= (2.0ml, Certified, RNase/DNase &
Pyrogen Safe) (Z 0.2ml @ ADVOL ik & Nz 7%, 0.8ml D% /7 EIKEKZ M A T5
PRI L CTHRICEA IS, B LIRIROWNEZ 5 NEFIC L VR
Z 590nm ([ L CTELIZHIE L7z, TOERLICRERND X X EIREZ R L.
19G DL LUEMRL - ~DOW AR = FHI L, EROWAERGRT T V%2 FW T BT H17 -
7z

& 378 (BSA, Hb, cytc) % 10%PBS 2 ST, IRE2 1.0mg/ml £ 725 L 91
TR U7, ERLL 724 U R BRI B LT, BIREHEGELYEE  (Dynamic light scattering,
DLS : (#k) K&#E -, DLS-7000series) 1412 KV FEE SR PICEAR L= & 2 X7 B ORLE
A AT 4 T R ERIE LT-. L—Y—3 7L = R (Spectra-Physics £, BeamLok2080)
Z Tz,
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2. 2. 5. ZUVEEHEELCSLERN T2 0 ORBREN TORHRER

200mg ™ HAp/ChS (ChS &A=& : 2wt%) & L < IX pure HAp % 800 pg/ml D A&FE & 2 /3
7R (5ml, 10%PBS) 2Nz, =RiET 4 WRfEEEREE (EHEE 5 30rpm) S
7o, RO 2 X7 BN T IVEMRL TS S U, K 1Img 24720 20pg O ¥
NI EPHEFS NS RIZ, 3ml DAL R K EEK (10 mg/ml, 0.1M HCI /KiZ#E T pH=5.5
(ZFHHE) 2N 2T & BT 2 REERE R S B CRIANBALEE 21T - 72 305y BiE#% (3500rpm,
10min) , R7 - Z RS R S B 72 UL L 2 WS LB O - 1 S B L2 Dy B (3500rpm,
10min) 21TV, SR SET. RO X Lo EWERE, EBIEOWIEEE 55K
FEEFHZ T (P 276nm, cytc DA 520nm) HIETH Z & THRE L.

10mg DR L 7= BEI ki 7 A 5ml 0 PBS (2% T 37.0°C D E S fb ClRItE R S &
T BN ENRIE  BVE LW & D IZIRIARA 156 213, KRB oicd 5 &
2K 30rpm THEllE X E72. ZD%, £ 2.14rpm & L7z, mILE X 37 IR AN
LD (EKR—7 74 MU, 237 urttv—7 15mL ki) 26H Lz, kb
L, 1WpRI~1 @M ok L7z, Yo7 vida= 0578 (3500rpm, 10min) L72%%, L3
TR D Z XY R 2 ADVOLIC RV ERT 2 2 & THIEZR N L.

2FEMED 1gG (b FuE 2/ 17U > 1 1gG, Denosumab : Dmab) % NS (Z¥&fiF S8 T 1gG
RIEHR % VERL L 7=, 10ml @ 19G /K ¥EHR (J# % : 800, 400 or 200 pg/ml) (2 100mg @ HAp/ChS

(ChS EH & : 2wt%) & L <IE pure HAp ZIIZ T 4 FFREESEIEE L2 (Rl#mEE K
30rpm). #¢lF T, 3.0ml @ ZnCl K¥A#E (1.0 mg/ml, pH5.5) % 00z C (2 2 WE AL R
L7z, TORAWEZE O EE (3500rpm, 10min) (27 C BB EREL, LB E —
a2 T CHAG iz GXERE © —15 ) SH TR 25872, WE%RO BERKE
ADVOl ICXVEETHZ LT IgG OWEELZHM L. o, LEAED Zn RE%
Inductively Coupled Plasma &t 55 o3 #rdki&E (ICP) ICX W HIET S Z & T, Zn DR F~
DO EEZ R L.

723, Dmab [TV TER ORIV O TN D T r~—2%% iz, & b 1gG2
T/ 7= APURTHY, TOBRE MO HEZ 72— N9 5 cDNA ZH A L7 CHO iy
[CRVEASND. /3 FEITK 150kDa ThH Y, 448 HD T I/ FRIRIEN D72 2 HEH (v 2
$) 2 RO O T X VBRI OR 588H (k$H) 2 0 F OS2 MEEAE
Thd.
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5mg OBFLRL % 5Sml D PBS (ZiR{E X T 37.0C CTHAENRIR L7-. BIZIRIE 13
&L, FREICEW TR & PBS OIRETR & = O BEC T T EBARD 196 %
HES D 2 & TRANLKLF1 60 196 DtHEZR I L7z, 22T, EBAREEZREL
TH B ETRLFITH L PBS 212 THAEIFHE L THIFI O 19G Ot & IE L7z,
7z, BERRO ZIn BEZ ICPICLVAET HZ L TZn OHELEH L. &61Z,
ELISA{EIZ L AHE BTV, (ELISA THIE L72iREE) / (ADVOL THIE L7 IREE) & 515H L
THRIFERL -2 B 4172 Dmab ORIEZE E M 2 31l L 7-.

ZHEWRL IO DX XTI EDORHD A T = X LB FHRD 72012, TidlorndT ok
FeHEE I KO Higuchi A2 HWTH o7 B &2 50 L. ¥ e ikt ®E
FERUT U Y — =2 Higuchi RUZE /U v v 7 BOEMRICHN SN BHmATH D,

Q =Kt (Zero order release model) ..............ccoeevenininen. (2-11)

Q = KHt]/ ?  (Higuchi model based on Fickian diffusion) ..................... (2-12)

ZIT,QiEH DM IRV TR DI ST & Loy B, Ko 13 B & &
TR, Kn 1% Higuehi 1R T4y T- O REBOEE 2 71, Quitds 5 W T35V TR 720 B ficth
SNT=E R EEERT.

2. 3. #HE
2. 3. 1. 7/ BABEBLIVCZOSAEMMFOHEER

Fig. 2-4 |2 572 % ChS BB %R % IR - 7= HAp/ChS ¥k > TEM #1314 % ~J". ChS
EAHEDN 2-10Wt%/HAp DORREIRICE LTIk, £FEH 150nm THEAMKI 50nm DGR D
HApP/ChS B Uk LA ZBIZ2 L7=. ChS EHE%IEEN 10% T & 2 MR Ofksh 9 A
ZIIHERI 5nm, £ X 20nm TH o7z, ZDF J FEEA ChS 73 FELRIZI » T—JF A #&
FILTHCOHBIEZZR L TWD Z Enbnd. —F, HAp/IChS20%IZRH L T A CUEAk b
RITFR D o 7.
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g

HAp/ChS10%

Fig. 2-4 #.3E T B4/ HAp/ChS F /Rt (AP ay) O TEM 5E
Fig. 2-5 (2 ChS D H & %R E & 2 b S 7= AR SEM BIESFE R 2 =3, f53 4000 f%
IZBIT28EB TR 0¥ MEEBE LT-. ki ED ChS IBEICBWTHLEEIRTSH
0, Bk R Tholo. SEM BIEB ORI A RITRE AR R E KL<~ LT
7-.
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HAp/ChS2%

S RA

20kVx4000 = 51m 20kVx4000 = 511m

Fig. 2-5 A7 L — R 7 A JEIZ X W15 5472 HAp/ChS % fLE kL 0 SEM B &

Fig. 2-6 |2 ChS & B2 MLIZ L DRI 7£E D FE-SEM B &2 R"d. A7 L— T ARiD
IR O BEFECIE, TEM BIE5 R (Fig. 2-4) 220 b#EER O T 2 HEKREROTZN, 2
DBENG, AT L—RITAIZLD ZDF  EEENPEE L TR 2R S LTV D D)
bk, £iz, ChS OEHENMT 2 Z LIZ Lo TREN LV BIBIZ2>TNDON
Dol

HAp/ChS5%

PBS93S17 18.0k\

Fig. 2-6 2 JLET Ak 7- O i > FE-SEM
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2. 3. 2. ZIBEWKTFOREDT

Fig. 2-7 {2 HAp/ChS ki DRIE /34 k™. ZDRFD AT L— KT A k1%, AN DEE
180°C, # Ayt 30m¥h, WEFEE 0.046MPa, EKHE 5.0ml/min & L7z, A7 L— K74
AT HAp/ChS BRI LR, HE%IEEITN 1.3% Th-7-. ¥d ChS ZHEITH W
THPEPRABRITA 40um TH Y, ChS OEAEOZALITRIFR~FEE L eo o7z, L
ML, ChS EHENHEIMNT DU TR A XD —MENRE TR T L.

20
g | —HAp/ChS2%
—— HAp/ChS5%
& 16 F HAp/ChS10%
3 14 | —~HAp/ChS20%
S
g 12}
s
et 10 |
a
=
: 8
[a+]
g 6f
=
g 4T
2 n
O 1 b 1
0.01 0.1 1 10 100 1000

Diameter (mm)

Fig. 2-7 K534

2. 3. 3. XRDZ%&#HF

Fig. 2-8, 2-9 |Z ChS HE &% 2 25k & ¥ 7= FF > HAp/ChS ki -0 XRD /3% — > K (X
HAp fii i34 X% 7~"3. HApP/ChS fiki+ D XRD /X —1x EN bR Lt TH - 7.
ChS10%IZ7E H 3% & (300) 5 1H1E#49 5nm, (002)IE#J 20nm TH Y, Z ik TEM BIEHE T
=T D, ZoOZEnD, AT — RTAHi# T HAp figa T O A XIIZE LR
ENND. ChS EHEDOHEIIC ST HAp fida O Edh (C Hl7m ; (002) 135
—J5, JEEh (A flJ5rm ; (300) 1XEEA L. ©F Y, ChS EEWIEEOEMIZ S ThE
i A XDT A7 M ((002)/(300) (XA L7z, DFE Y, ChS GH EOHIMIE-
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TamDEMENED L TIEOFENRF 20, cEDEENERKL TROFENMHL 72o

7c.
30
l
r 25
& *
E 20}
HAp/ChS20% %
I N 5
» 5| #c-axis (002)
| HAp/ChS10% 2 _
| S W a-axis (300)
HAp/ChS5% 2 10}
&}
HAp/ChS2% g
A1 1 L 1 L L 0 n 1 1
10 20 30 40 50 60 70 80 90 0 5 10 15 20
20 (degrees) wt% of ChS
Fig. 2-8 Z fLEMRI D XRD /3% — Fig. 2-9 Z LB 7 D HAp fsdh 13 A X

2. 3. 4. LLREMH - JILEHE - JIL=R

Table 2-1 |Z HAp/ChS Fi1- D lh R MifE « KALA & - [RALEEZ R T . EORIFIZBWN T,
100m?/g LA LD E R FFED S H 4L, ChRS A BN E VI SRV R B %~ L7z, Fig,
2-10 & HAPp/ChS $i ORI Z= E L7 . HAp/IChS ki TIZEB T 5 &, HAp
(Zxt4 % ChS E&E% DS 20%DK;, MFLoMidk s > ¥ — 71220, /INSWKFALY A X
~V 7 Rz, FD—FT, ChS HE% N 2%DKE, pure HAp ki1 & b XTIV A X%
REWF~ET LT

Table 2-1 R MmEFE, KILAFE L KILE

ChS wt% 0 2% 5%
Specific surface area (m%/g) 102.51 108.7 116.0
Total pore volume (ml/g) 0.7436 0.754 0.687
Porosity (%) 70.1774 70.47 68.49
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0.05
—pure HAp

0.04 __ —HAp/ChS2%
£ \ ~—HAp/ChS10%
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2 o0 | HAp/ChS20%
e
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S 002 f
(&)
S
[aS)

0.01 |
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Pore diameter (nm)

Fig. 2-10 ChS & B DEW T X DKLV A XA DAL

2. 3. 5. ZILEMRITH O D ChS IEHREME

HApP/ChS2%%i ¥, HAp/ChS5%%i+- ChS Wt Efif %2 4 1.740.4%, 4.0+0.4% T
Ho, EEoLHEME (ERRICRINLEZ ChS &) LvETARVWEARETH- . B
HEBRTIE, oD ChS A END ChS iR AZ R L7z,

Fig. 2-11 I3 DEZ XK D HApP/ChS5%%: -2 5 @ ChS IR DIEVMZ DV TRT .
WIRIZ D BIEIZ, DW, NS, PB, PBS, 10%PBS Toh 5. U VERIEENEWIEEE WA
HETHD, NSIIDW L ETEWENETH 7. Fig 2-12 X ChS B AL+
7-HF D ChS AR D&k Z7x 3. DW & 10%PBS (235 Tl HAp/ChS2%IZ HAp/ChS5%
L0 HIRWAEHEREZ R LA, PBS TIRXWORER L7257z,

Fig. 2-13 (27" K 912, Zn?" 2 W5 & 172 HAP/ChS5%K. -7 B O ChS DR H =R 27~ 7.
Zn* Z Wi zg ST, ZnCly KIS TIXRL 755 O ChS IEHRITMHEELL N Th - 72,
Zn* W5 SR, ZnP ARSI L TV ek & Bl L C, PBS HIZE T BRI
5@ ChS OIFHFITIKF L7Z. Lo L, Zn*OFRMEZ N S 72K ChS OEH=RIC
HEZEITIRON -T2,
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=% (n=4)
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2. 3. 6. FURTBOWRERKME

Fig. 2-14 [ZZFLEMRLF O cyt ¢ ([Zxf 3 2 W EORFFL{LZ <7 . Pure HAp,
HAP/ChS2% CTid#) 4 HFf] CEHARIRAEIZ 72 ¥, HAP/ChS5% Tl 12 KR & Tl &M N
Lz, RFBOBIRIC L DX "V EOENEEZBRE LT, DX X7 BOWAEFEER T
(TIRE I 2 4 RN [EE LT o 7.

350
-pure HAp
300 I -AHAp/ChS2%
— @-HAp/ChS5%
g 250
)
=
= 200
Q
g
a,
b b |
Q
=
2 100
<
50
O 1 1
0 200 400 600 800
Time (min)

Fig. 2-15 ([ FLE MK 712535, BSA, Hb 3 KUY eyt ¢ O E &M % 7~ 3. HAp/ChS
ZIVEPRL ISR D2 X O EET pure HAp & Bl L C, BSA TiEE4, Hb
TIXFEZE, cyt ¢ TIFEEM L2, Hb Tl ¥ o B Ll L CaWkEREZ R LT,
IO OWFEFERGEEZ 2. 2. 4. THIE L 3 DOWEFRKXOWTNUMNTELT D
DIRETT D721, AlCe 38 K OEREFRKNOWAE T A—F 2 H T L.

DLS HIEIZ X 5 &, 10%PBS HIZEAfR L 7= BSA (B 1.0 mg/ml) ® ¥4 X% 6.9+0.3nm
Tholz. ik, SCHE S FR%EOME (4.0nmx11.5nml%) TH 5 Z L5, 10%PBS H
I[ZFB W THREE 1.0 mg/ml Tid BSA OEEIFE Z > TW e 22 5. 10%PBS HIZ 1A fiE
L7- Hb (J&FE 1.0 mg/ml) O YA X% 31.4+1.2nm Toh - 7=. T L, SCHVE (Kl 7.9nm,
i 3.0nm, A 2.9nm) BUL RS L TEVWMETH A 720, IR THREE L T oA
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REMEN B 5. 10%PBS HIZIEME L7 cytc (JREE 1.0 mg/ml) O A X(EE £ 41 2.740.2nm
Thol=. B 0.5mg/ml @ cytc iFEF (IMGdn-HCI) T cytc O ¥ X%, DLS HIE
2L D 291nm L#HE XN TN L 72ol2B eyt c OEEIZL TRV EWVWZ D,

Adsorbed BSA (ng/mg)

Adsorbed cyt ¢ (ng/mg)
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Fig. 2-15 10%PBS &I 2331 5 2 ALUE ok
TD & Ry B AES R () BSA, (b) Hb and
(c)cytc



Table 2-2 Z LB Mk D BSA W& B LIS W25

Sample Parameter Langmuir Langmuir-Freundlich Freundlich
K(mL/mg) 40.4+7.6 283478 1.3240.06
Qu(mg/m?) 1.29+0.03 1.400.08
Pure HAp n 0.71%0.11 4.94%+0.79
r’ 0.970 0.982 0.904
AlCc -43.9 -44.2 -33.5
K(mL/mg) 26.5+6.6 16.1£7.5 0.97%0.04
Qm(mg/mz) 0.95%0.04 1.09%0.12
HAp/ChS2% n 0.67%+0.15 4.45+0.69
r? 0.947 0.967 0.905
AlCc -44.6 -44.1 -39.3

Table 2-2 (2RI F-125%H 9D BSA OWEFRBRAN b A WAE TR Z VTR L7z
¥ A o~9. HAp BTl AlCc 73 Langmuir-Freundlich T-44.2 i BIKETH Y 7 4
VT 4 7T HDOIZK LT, HAP/ChS Ki7- Tl Langmuir C AICc E723-44.6 & i HAKAE T
T4 T 47 LTz, DED ChS O AIZ L > TRARDWAFRAHES . WAE
TIVINEL T2 D 72 O W B R O B 7o IR IXINEECTH 573, pure HAp TiX KE E QmfEN
=V ME ) TR WIS B ) - e RGE B 2R LTz,

Table 2-3 ALk D Hb W5 &> BRI U= WE B8

Sample Parameter Langmuir Langmuir-Freundlich Freundlich
K(mL/mg) 2.57+0.35 1.0940.44 3.60%0.07
Qu(mg/m?) 4.58+0.31 6.561.09
Pure HAp n 0.78+0.06 1.83%0.06
r 0.990 0.998 0.995
AICc -37.0 -46.0 -44.1
K(mL/mg) 1.65+0.18 1.05%0.35 3.17%0.05
Qu(mg/m?) 4.830.30 5.90%+0.91
HAp/ChS2% n 0.870.06 1.640.04
o 0.995 0.998 0.997
AICc -44.7 -49.7 -50.7

Table 2-3 TIXEHL 12k T 2 Hb DR FEZERMRD D AW A SR A FHWCTHE M L2k E
Z¥g A9 Hb TiX, BSA LHZICIHRARD eyt ¢ & D LRI & b @V RS &%
~ L7, HAp KL TlE AlCc fE73-46.0 & fix HRME T&H % Langmuir-Freundlich (Z—29 %
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DIZ% LT, HApP/ChS k¥ Tl AlCc 73-50.7 & & HLIKfE T % Freundlich (Z—% L, Hb
A DAL —Z B3 o RET 5558 Tdh 5. ChS O AIZ L » THEZ &% R AUHE
V. TDOTD, WEFEORMREIINEETH 20, REBREITB DR T-.

Table 2-4 Z fLUEHKI T D cyt ¢ W B0 bR L 72 A WE A5

Sample Parameter Langmuir Langmuir-Freundlich Freundlich
K(mL/mg) 27.2+8.4 7.8+2.6 0.870.02
Qu(mg/m?) 0.85+0.04 1.18+0.08
Pure HAp n 0.48+0.04 4.63+0.44
12 0.932 0.997 0.968
AICc -38.7 573 -44.5
K(mL/mg) 255473 9.3+8.5 1.58+0.06
Qu(mg/m?) 1.53%0.08 2.0620.41
HAp/ChS2% n 0.4940.13 4.76+0.56
12 0.945 0.980 0.963
AICc -34.7 -39.2 -38.0

Table 2-4 TIEARLF xS cyt ¢ OWAEFERMD & A WAE TR A VTR L7k
EEH A R~T. BSA & Hb Tid ChS OIMEIC L 0 B/p B4R UTHE - TV =23, eyte
TlX, HAp kit & HAp/ChS HiFi% AICc fEAZANEI-57.3, -39.2 & & bAKfE TILIZ
Langmuir-Freundlich IZ—# L THE Y, =R VX —MICRE— 72K EH TOWREBR 2 RET
HREFRTHD. ChS DMAEIZL Y, KIETIIREZRBITRD R0 >7223, Qmad 118+
0.08 — 2.06=0.41 mg/m? & L& L7-.
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Table 2-5 Z FLEMKL T2/ D BRIR Z > X 7 B OWAERED £ & 0D

FLF pure HAp HAp/ChS
HFREFE (m¥g) 102.51 110.63
SN E BSA Hb eyt ¢ BSA Hb cyt ¢
S5F2(kDa) 66 65 12 66 65 12
EHIDSHFH 4 X (nm) 6.940.3 314%12 27402 6.9%0.3 314%12 27402
STHME (nm) 4.0X11.5 7.9X3.0X2.9 2.9 4.0X11.5 7.9%3.0X2.9 2.9
19FdH7c Y OEEEE (amd) 46 23.7 8.4 47.6 986 7.3
s e .
ii“ﬁmkiﬁ?% e 2.38 4.56 2.37 2.38 4.56 2.37
(mg/m")
— . . . . Langmuir-
i - £
&7l angmuir- Freundlich Langmuir Freundlich Freundlich
BAEES (mg/m) 1.40+0.08 6.56+1.09 1.18+0.08 0.95+0.04 2.06+0.41
S TR CFE—) TR | smwmr | TR

Table 2-5 [ZKIAZX 9 D ERIR 2 > 7 OYSERFED £ & ®Z7R7". Pure HAp T,
Z Ry ORI D LA T T VX Langmuir-Freundlich (2—# L T\ /2. —7,

HAp/ChS Tix, # /37 BIZk > TRARDZWAEET MR- Tz,

HAp/ChS (Zxf9" %

cyt ¢ DS Ti, iR KH ) 78 %5 EICHERTVMETH > 72, BSA OWFE T,
e KW A Bl 0.950.04 mg/m? & B GG fic RIS & 2.38 mg/m? D3 FEE T o 7.

Amount of adsorbed IgG (pg/mg)

250

200 |

150

100
50 F
0
0 50 100 150 200 250
Time (hour)

Fig. 2-16 Z FLE ORI 71259 % 19G D W45 550 45
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Fig. 2-16 (2581 C NS IZIAf# L 7= 19G @ HApP/ChS £ fLUE ki~ D W 5 B DR 2L,
T BUEIRIC W T, 196 OWAE BITHERF I L 72, Z OfE RITIN 2 TREFH]
DOIHIZ L D 196G OEMOfERMEE BB L, 5% OERNHIX 196G DL LBk -~
Ff S D BROWAE R 2 4 B[R] & 5%0E L7z,

300
® HAp in PBS A HAp/ChS in PBS
g 20T OHApinNS AHAp/ChS in NS
2
2 o)
200 |
2 & 5 o)
s 0
= 150 g £ %
g o A O
S o0 L D8 A A Y
3 O 7\ A o
: o AD “p A %
o
2 s0f A.'A s ~
Aw
0 1
0 02 04 0.6 0.8 1

Equilibrium concentration (mg/mL)

Fig. 2-17 ZAUEMRI 1233 5 IgG DO A SRR

Fig. 2-17 12, PBS & L < I NS HZ331F % pure HAp 3 X OV HAP/ChS £ fLE #ckr -~ D
I9G OWAEERMRZRT. NSEBELOPBS E 65128V TH, 2RI pure HAp D570
HApP/ChS LV % IgG OWAEN EN->To. WEIZHOWTIE NS OB EWREEE R L

7.

Table 2-7 PBS |23 F 5 Z FLE BRI ~D 19G DWW A5 /3F A —% L AlCc fE

Sample Parameter Langmuir Langmuir-Freundlich Freundlich
K(mL/mg) 3.4+07 4.6+13 0.99+0.05
Qu(mg/m?) 1.200.09 1.0520.13
HAp n 1.2320.25 1.8940.20
r’ 0.971 0.973 0.884
AlCc -105.1 -94.2 -84.8
K(mL/mg) 4.0+14 6.1+1.6 0.81£0.06
Qu(mg/m?) 0.95+0.12 0.78£0.09
HAp/ChS n 1.5940.55 1.97%0.31
r 0.918 0.926 0.878
AlCc -82.9 -81.9 -75.8
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Table 2-8 NS (25 1) % ZFLE MK F-~D 1gG DWW E /1T A —4 & AlCc fil

Sample Parameter Langmuir Langmuir-Freundlich Freundlich
K(mL/mg) 17.4+538 8.84+9.3 2.34+0.16
Qu(mg/m?) 2.08+0.18 2.71+0.73
HAp n 0.56%0.16 3.64%0.49
¥ 0.888 0.916 0.884
AlCc -49.4 -50.7 -48.3
K(mL/mg) 11.7£3.0 3.8+4.9 1.2340.05
Qu(mg/m?) 1.22£0.07 1.74%0.56
HAp/ChS n 0.54%0.15 3.2940:35
r 0.869 0.895 0.956
AICc -105.6 -108.6 -107.3

Table 2-7 & Table 2-8 |2, Z£4LZ4UNS, PBS FIZEIT HHWAEET WL HWHE /T A
— X B L AICC 7 £ 2 rd. PBS BV TIE, AICc fEA 5 pure HAp & HAp/ChS
DT &b EDOWAEZRMR Langmuir 7 /UIZHR S —EH L T\, —J7, NS 2B\ T
I%, Langmuir-Freundlich €7 Vil b —E L T\, IO DOREENDG, 1gG NEFLEM
B DKALNR AN LA T8 CHRRIZERE LTIZREO 196G 1 457 OB mfE %

Table 2-9 —ODLFEIIIFITBITHEMENRNT A —H2, WFEHX A T DL

Microparticle HAp HAp/ChS
Specific surface area 102.51 110.63
(m/g)
Solvent NS PBS NS PBS
pH 6.0-6.8 7.3 6.0-6.8 7.3
Charge of IgG + - + -

Charge of Microparticle + + - -
Adsorption model Langmuir Freundlich Langmuir Langmuir Freundlich Langmuir
Homo or Hetero? Heterogeneous Homogeneous Heterogeneous Homogeneous

Qu(mg/m?) 271 (>>1.85) (0.27<) 1.20 (<1.85) 1.74 (= 1.85) (0.27<C) 0.95 (<1.85)

Coverage area per one o I 1mn . .

molecule () 106 (<15.2) (15.2<) 24.0 (< 103) 17.8 (=15.2) (15.2<) 32.7 (< 103)
Adsorption type Multi layer ? End-on and/or Side-on Mainly End-on End-on and/or Side-on

50




Table 2-9 (2, ZAEWKHFB L OEEDENNCBITAEWERTA—FBLIOEZL
oW AR R & 27”77 HApP/ChS 2 fLE UKL 125 NS H1C IgG 2N KIR A& Sz & &,
I9G 1 73 1572 0 ORI 19G Oy 7 A R bHITVMETH 7=, T72bbh, WA
RS End-on WAENETH Y, 19G 43+ O & kiK1 & O AAEH %3173 19G 57
FTRZEIHETEL L EZ LN, £, T/ AT Z2MEH E LT 196 OEFM T NS
ARSI ETHWD ZENLNT & AT, UBEOERICIUVTHBHIE NS IR E L.

2. 3. 7. FURI7BEOKERE

Table 2-10 |2 BSA Z #H5f L7 AR 7 O FF &, S e sk, M2 A 7 &7
HEZNERIT Zn 22U L7= HAp 2 b > 7=, Fig. 2-18 12 PBS HIZ k1T B ALk
75 D BSA Ot ZEEE LU pure HAp b1 & DG Z7RT. Zn Z IR0 L TV 7R LA
LRI AT G-I 4 pg/mg BRE DT 277925, Z D% OMIITFR O 2> 7. — 75,
Zn ZWRINT 52 &1k, BEYHOKHAMZ b D721 TR 0% O @O
MMbFRHTZ. Zn ZEHIM L TORWKLFOIHZEENTI E S 5 OGRS —E Lo T
25, Zn ZEIN L 2 fANER 12 & B 5 6 Higuchi 22— LT /2. Pure HAp & O Eifig
T, FHUBHEENS 02518 0 HAp/IChS D5 A3 @ it E B A7) L 7=,
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Table 2-10 BSA % #1Ff L /- BIA WK+ DOHEFFE - IHHEHB IO 214 7

; ; ; 12 -1
Nicroparite Protein loading Encgpsulatlon Ka (™) Ko (h) Release Type
(ug/mg) efficiency (%) R R
2 -2 0
HAp/ChS 17.6 88.2 251 8.0%10
0.001 0.000
3.2x10° 1.2x10° o
+ 2 .
HAp/ChS + Zn 18 91.1 0.913 0.767 Monolithic
2 -1 >
pure HAp + Zn 19.5 97.6 ZAXI0 AERLO Monolithic
0.759 0.610
5

Amounts of released BSA (nug/mg)

-©-HAp/ChS

1 --HAp/ChS + Zn
-&—pure HAp + Zn

0 Il L L Il L Il Il L

0 20 40 60 80 100 120 140 160 180

Soaking time (hour)

Fig. 2-18 HKILKI -7 5 D BSA O it 25 )

Table 2-11 |2 Hb Z 4857 U7 RAULRL7- O R &, IS E e, M2 A 72 5R7.
Hbo OHEFIRITE NG 95%Hit: TH - 7. Fig. 2-19 (2 PBS HHIZ I 1T B RIANLRL A 225 D
Hb Ottt ZEs O pure HAp KLt & DL A7~ Zn Z L TW 7R W R 1%
PG % M 8 ugimg FRE OB 2R T 23, E DR OEHITESCHTH -7, Zn Z RN
THZLICLY, BEPHOKEPMA NN ZDHOKHERIZDLTINTH T2,
HAp/ChS Ti% Zn OEINCEL ST 86 b OMBERE REHIZIZFAETHo72H DO,
e EERIC—H LB VP =B EHFEINT. —JF, Pure HAp IZ Higuchi
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RIC—HLTBYVE /) Vv 7 THoT=. Pure HAp & DL TIE, MHEICKE 20E
VITR. B ho T,

Table 2-11 Hb A 48EF U 7= 8Lk 7 O E & - B EREB L O & 1 7

. . i i i 12 Ko (b
NrsHIe Protein loading Eﬁlicgpsulfltxfn Kx ( : ) 0 (’ ) Releass e
(ug/mg) efficiency (%) R R
7.3%x10™ 910" :
HAp/ChS 18.4 94.7 10 19210 Reservoir
0.867 0.872
3.2x10° 1.1x10° .
+ g 2 %
HAp/ChS + Zn 19.1 95.6 0.891 0.901 Reservoir
2 w103
pure HAp + Zn 19.3 97.6 3:0%10 22X10 Monolithic
0.900 0.774
100

10W
(

0.1 -©-HAp/ChS
—--HAp/ChS + Zn

—@-pure HAp +Zn

Amounts of released Hb (pg/mg)

0.01 A L A L A L L L
0 20 40 60 80 100 120 140 160 180

Soaking time (hour)

Fig. 2-19 HHKILRL -7 5 D Hb O fi 26

Table 2-12 |Z cyt ¢ Z#HFf L - FLRL 7 O Fr &, HEEEE, B & A 7 &R
cyt ¢ Tl EDRL 7 b HEI L 100% T - 7=. Fig. 2-20 (2 PBS HZ 3517 2 B LR 77>
5D cyt ¢ O ZEENES KO pure HAp b7 & O #2777, Zn ZUH L T 7220 AR
B3 B 5% 8.0 ug/mg FBREDKHZ7RTH, ZO%OKIIIRED /e ~7=. Zn
ZHRINT 52 &Ik, HEOHOKRHBIMZ 6N L 72T TR DTN G ZEDZRDIK
HHERDOTZ. Zn Z UL TV HAp/ChS KDt ZE 3 & H 6 0 BlFm=ic s T
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RWFEBIfRE R2MECTdh o 72, Zn Z IR L 7= KR 7-1% Higuehi i —E LTk, £
IV RO S A 7 Tho7=. Pure HAp & DLl Tk, HAp/ChS @ J5 HMEW ik H
HWEAZRLTZ.

Table 2-12 cyt ¢ & fHEF L 7= BIFILRL 1 O EF & - B ESB L O & 1 7

Protein loading Encapsulation Ku (02 Ko (0

Microparticle Qi) efficiency (%) = = Release Type
-1 -3
HAp/ChS 20.0 100 JiL¥10 1810 Reservoir
0.066 0.466
2.0x10’ 4.5%10° g
+ d
HAp/ChS + Zn 20.0 100 0.980 0.914 Monolithic
pure HAp + Zn 20.0 100 J6X100 S.60107 Monolithic
0.845 0.694
10
9 L
=
=11]
£ 8 W
2
~— 7 F
)
> 6 -©-HAp/ChS
=
2 5 f -8-HAp/ChS + Zn
51
e 4 k -@&—pure HAp+Zn
G
o}
2 3
2 2
1

0 20 40 60 80 100 120 140 160 180

Soaking time (hour)

Fig. 2-20 AR 125 D cyt ¢ D ZEE)

Table 2-13 (2 1gG % HH4F U 7= AR O, g HGEE SIS L O 2 1 7 &R
9. 1gG OfHErEL, RAUCMEROFRIZ Zn ZRNT 5 Z & TEREA L. Zn 28 L 7= 3
FUERI 71X EH 5 4 Higuchi i~ L TBVE Vv v 7 RBITH-7208, Zn ZIRML
TWARWRANLR X b b ofgmET LRICH —~F Lano7e. %7, Fig. 2-21 12 PBS
21T 2 WHNLRL 722 b D 196G DOtz E 2787, Zn Z 3R L TORWARLT- Tlid 5
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W1 10-15 png/mg BEOK Z2R4 7%, £O®ROBIITRD RN, L TAHN, Zn
Z UM L 7= AR T, P10 23 80 2 6305 721 T < Z O ORI 72 i &
W, ZOHEFENY, Bu kB ERIC B L e, BHEEE L HAp/ChS 5
EVMEZ R L7, Fig. 2-21(c)i2C 19G fitHEDRIE R B AR % H L PBS (2A3# L
7D 19G D ZEh &7 3. 2 TR 20, 40 and 80 pg/mg O RAILRL - F
7. Zn &AW/ 7= 20 and 40 pg/mg @ HAp/ChS SUHKIERE 113 4% 5- 24 Bi[f# TF <
AU 1.5 and 4.0 ng/mg FRE DK 2R LT2tk, DT 0720 6 ORI 8N 2380 7=, 80
ng/mg @ HAp/ChS BUANLRL 7Tk, 5 24 B2 9.0 ng/mg F2E O it 27~ L7223,
E D% ORERFR 72 EINTRB D e o 7. —J7, Zn Z 7z pure HAp & HAp/ChS #4541k
B2 oW TIE, &5 24 B TENZE 6.0and 7.5 pg/mg B2 & Zn 2 WD Z & THF
FOBERIMZ B, & D% O 2 U EOEINT LT Th o 72, 196 DOHEFFEN
HIN9 212250 T 196G D &I L=, Zn 2 HW = BANERL 1238\ C, pure HAp
L7 L 2 A, HAP/IChS D7 BmWW i E %~ Lz

Table 2-13 1gG Z ¥ L 7= AR+ O EF & - S E$ds K Ot & 1 7

. . Protein loading Encapsulation Ku (1™?) Ko (b
Microparticle (ishis) efficicncy (%) = = Release Type
HAp 76.3 95.3 SLElE
- 0.046
1.1x10° 5.4x107 .
HAp +7Zn 78.8 98.5 0.368 0.923 Reservoir
- - X -2
HAp/ChS 57.5 71.9 X0
- 0.260
1.8x10° 9.3x10 .
HAp/ChS +Zn 76.6 96.1 Reservoir
0.912 0.929
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15
—6—HAp/ChS +1gG20  =—A—HAp/ChS + [gG40
—B-HAp/CHS +1gG80  —&—HAp/ChS + [gG80 + Zn
12 | —e~HAp+1gGS0O+Zn

Amounts of released IgG (pg/mg)

0 20 40 60 80 100 120 140 160

Time (hour)

Fig. 2-21 BIALRI 7725 Ot () Zn REEFRL 5 D 19G it &, (b) Zn KI5 D 1gG Jik
Hif, ) EEREEZHF LWVPBSICAZH LI L &0 196 k& (196 &% 2L St 7-5f)

Table 2-14 |Z Dmab Z #iff L 7= KR OHEr &, Bl EEH, B X0 % A
T, FEE In ZRINT A2 TR E L. A A T In ZEINL TH R0
pure HAp NE/ Vv 7 BITHDL T L 2RV TETEr REHEERIC—FHLTU ¥
—N—BITH o7, In ZWNT 5 2 & ThctdE X B&H- L, HAp/ChS 075773 pure HAp
LV @R 2R LT, Fig. 2-22, 2-23 [ BUANLRL 7> 5 0 Dmab D283 X Ot
e S 472 Dmab OEEZEMEDO G Z ~T. 8B 5 S HIH 0 196 Hi &% 3.0-4.0 ng/mg
FEEEIZHN 2 B AV DD F ORI L7225, HAPIChS + Zn @ J5 3 i Gl BE 3 A AT
m <, B UM% TR ED 22 ug/mg FRE £ THEAN L 72, B S 47z Dmab OFEE%:
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EMEN, %51 HH TIX, HAp/ChS (2 Zn 2RI % SR EMENFEICm EL-. #&
H7HBTIIAEEEEZRO R T,

Table 2-14 Dmab % £ L /- 8AN LR F O HEF&E - fHEEB IO 214 7

. . Protein loading Encapsulation Ku (1™?) Ko (b)
Microparticle Qisihus) efficiency (%) = = Release Type
1 -2
HAp 59 65.1 47x10 2:6810 Monolithic
0.850 0.809
1.3x107 8.0x10” :
o . ) ;
HAp +7Zn 78.2 97.7 0721 0.809 Reservoir
1 -2
HAp/ChS 236 29.6 ASR10 1610 Reservoir
0.849 0.878
HAp/ChS +Z 73.0 91.2 L6x10" 9.3x10° R /01
p n : % 0.802 0.900 eservoir
25
- OHAp i 100
2 OHAp/ChS 90
?ﬁ 20 f mHAp+Zn 5 _ | mid m7d P<0.05
P eHAp/ChS +Zn WM + el |
=
g 157 3 I
- - -
(]
:
=
2 10 r i
f—
o
E il B
g st @ m o o
2 (D 0 HAp+Dmab HAp+Dmab+Zn HAp/ChS+Dmab  HAp/ChS+Dmab+Zn
0
0 20 40 60 80 100 120 140 160 180 . Jts
Fig. 2-23 HANLRL 77> 5 O figH &7z Dmab
Time (‘hour) D& EVERE (n=4)
Fig. 2-22 AR F-7> 5 O Dmab O JigH &

(n=4)

Fig. 2-24 |2, Zn ZfEH L7 HAp/ChS BAI LRI+ (1gG $HEF : 80 pg/mg) 76 D Zn**d

WHERZ R, ORI RAN AR I L7 Zn? 0 9 B S ElG 2R 3. B

(R FIZWAE LT Zn®* D& 14.3 ug/mg Th o 7. Fh5 LBE%IZEH T 5 3T 0.1%

BETH Y ZORDTNITHMNT 2 b DOORG% 4 B Zn?* OFHERIT 0.3% 4
MCThHolz.
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Fig. 2-24 Zn % N U 7 WAULRL T2 B D Zn DEE R

2. 4. B8
2. 4. 1. ABFBLKEEH L7 HAP/ChS T/ BAILD A =X A

HAp (T B DO ERR S Th 50, AKe hOFICITEHEY ST TR a T =700
ISP PORBYLEENTEY HAp LHEALT 5 2 L 1T X - THIRITRE A HErr
LTV AL F OB EEEZT T BBEICHIRET 20, ZiUd HAp Ofl ik iE
P TRAHY EDEALOREIZL > THLELAT S, HlzIE, & FOFIZHAp @ Ca
A AN T = DOHVRF VAL EMEER L TEA L LA LS TV Z
LixFELTH AL

=2 CHA L, AREGE BT S HApZIBRIEIZ X 0 AT 2RIV T, KR
LAy DIREIRIZChSHIAR Z IR « RS Tns U VBKIFR AT T4 528 T
HAp/ChST / AR EZ AR L. 2D X 51, HApAIChSE N THIC B Cf b+ 5 8%
IZSH Rhee 5 (2 X » T ST 502U Fig, 2-25(2k 3 K 918, Kb vy o Lk
IR IZChS Z VAR S 25 £ ChSD B LR L LR A LR = VERIZAICHEBE L TV 5D T,

(BT HCaf A v LRI G T 202 A HAPEIE R O & L THAp T/ fidh
IR T AN HE T 2 K5 I K #hi100-150nmAR EE DRGEER O SR &2 TR % . {E L, ChS
DOEWMES BN 725 &, ChSOF#HE TR 5 A A N X D8 EFESINAELTT /E
BROTER BT s,
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Fig. 2-25 HAp/ChS 7/ A KTERL D A J1 = X

2. 4. 2. HAp/ChS ZF BRI T & Zn O Z X7 GRF~DF HtE

HAp Z LB KL 7% % L /_ 7 B oA & LTSS 2819813 1990 R0 51T T
VW72, W Paul 51, 300mm F2EED HAp ZALE BRI Z/ER L TR Y AL CRE =2 —7 1 >
7452 & CRIANLAEE L Tk MILET VT R 2R (391 pg/mg) &HC 60 H O

ERELNTZ EERE LT F7o, FHRIZA AU &R (61U/g) SHT

polyethylene vinylacetate T=—7 1 > 27 L CHRIANLILEE L, T > MR THERELIEEZA
KIMpED Y 2 7 Rk L7 2 & A LT 5P, Viadimir S. Komlev 5%, Hi 1%
50-2000pum O HAp BRI ZERL L CAF L U 7N —%HEIECT v MG LTI 2 4,
AF LT N—OMFPREN S ARMFRFESE 2 Z LICkE LT 5P T, Matsumoto & (%
HAp f& s 2 /ER L C eyt ¢ OB RrE A2 T L, B TBUREEH 2 A 9 5 Mg E A
TORMMERE LToFgAEEZHRE LWL —J, 2o XU BERTTRGEDE
THLT A~V ERBSETTAX U Ta—T ¢ 7 L CRIANLALEET 2 Hiff
bEE ST PLED X512, HAp ZALERIFOIERICHREI L, Z 2 R7 BoE
IR DS & D 2 & D S AN F DR EfE AR & L Tlifs Sh Tz,

FEERIC, MR AEIK - 2 4R S CEMD SERIREG A 1T © BFZEIE 2000 AEARICERE ST
Wiz 7e7E L, MIRRESEIR FIROE - BN LT, IRIR B CHERF T & 2 KO 2B
EALE L S TWER, HAp P TIRZ O L S 2B EHI- T e N TEanEEx
ST, N2 AT D EnF CRANCRIE 21T 720, ~NA Ru i 8 LiRE

L TR 2 A 5 S8 5 EOTRM RSN TV, Kaito T HiE, HAp & A5 iR %
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AT 2RYVABE-R) 2F Lo 7Y a—LEGKE OEGZILVERAX Y 74—/ N
VERL L CE AR (bone morphogenetic protein; BMP) % 05 X8 C 7 ¥ X 5 KRS
BHELIZEZA, AFX ¥ 74—V FOKILIZEDB AV AT X 9 IZAE T % bone ingrowth
NRD LI, BEXREHOBERICAEHTHL ZLE2HREL WD Jung RE 513, BMP
DR 2 5 S8 572012, HAp & B-tricalciumphosphate (B-TCP) D#EAATERL 721
TRRY=F L7 a—ing FaF L e @8ab STy FOBESELICRS

Ll Zh, BEMIMEAZRLIZZ LE2WE L TWAEL Zo k512, HAp IZ45#
PERETLEmN TR ELEALIED 2 & TRIBFHER T 5-3h, BMP 2 HFF S CH)
WG LIz 2 A, BNCBRRIERZ R T2 EBbhrole. LALARRS, Eilko X
91T BMP JLAE « 20 L3 <, Sl K 2 JRAmRE OMERF R #E L <, BMPIZ X %
BTt E b7 EORIERNRHBEE 220, B ETIERTIZ BMP O T #5851 34
LTWR0.

RO HAp & &0 TMEHE 245 T L L TEAES B b D TIERW. £77,
Y HLRT. EDEGIRIED S5 FI1E, B REH TOFHE - BHEOMER L0502 L
HBESINTWD., 22T, AIETIIHERRIENZA T2 BMP, #HESSMIaEFER 1
(FGF-), FZ7 AT = 7RRINFB (TGF-B) 72 & ORI fIN 1Ltk 2 o
WNIBETHDZ 0D, b & OFFEHRBER 2@ TRAE - BibiFeEz m LS5
H )T HAp ICAERIRE ROy TH D ChS L3 - LV THEHA LSBT AR %
AR LT, Fiz, HFEZ HAp R 72 A AR IK 2 EICEE S CHEN CRFTE 57 553
(AR D HAp 13K & BN AT < Wz b Rzt Al LIz < W, £ Z2°C, Bk Chs
LIS D EAGITHIG A TRIEMED M BT 5.

ChSix, /=y R4, 3feaSnirsnvrua gl N-TrFATT 7 MY UhiEE
FH e THEOME Y IR UHAL LT HFEM GAG TH H. KICFIETED, HREEIZIER
VS CORAKE « PEZ A9 5. ChSIET VA U ICIZELE TR Y, BEREE D VAR Hh C R RE(H]
BT 2 ENAKGIRENTEHEELDHT T 7 M - BifE - iz 4 U505 Z oy
BUBESXIEE AL SRINDN, BIR T CHZY ) —UERBLEST 5L, 7Y av R
FEAMIEE A EOW SN TICBMBIE SN AEY HF 7 M 2BV, 4 ENLRIEAK
FEWBIEE AT H D% 2 RuA F U -4-5ifE (ChS-4) Xk = Ru A F Rk A,
6 BN IRIL KB RLICHREZ AT o0&y Ru A F o -6-fifk (ChS-6) Xit=r Fu
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A FUWiEE C &S, ChS-4 DREENS 7V 7 v EEH 0 2 B koK 38 BT R 55 2 0
RICbDOBRT N~ X UiE T 5. ChS-4REFH D7 V7 v O pK T 3 LG Sh
TWBB AERPIZIFAET D ChS D H B, 20— 40% 1B IZE N T\ 5. Mz, ChS-4
T~ v By OSEeRERE, UORERE, HEROMEERCE i, Chs-6
(TEDHE - B - DT - BOE - RS - AR - R PRERY - B - BRI LIz e E 0
TW5. F72, b MR - JREIE 72137 > o - FHEINL L RS T\W5. Chs
DEZBIT 2 FBEIL HYA L0 bE<, BEXKETES oM 50042 Bk
T, BEESAKRILT v AR EHET 2 5%E &2 b oW Z oS R, BEHICFEET
LI L DNARX D NVEPBEIERSG THHT20 LB LTS, MALBEM ORE 21X
F & LTChS4, A A DL RHEABICITF L LT ChS-6 35 F AT 2 3344461,
ChS-4 & ChS-6 TiX, R « BN T RAp 23844 HrDR&E X - - K - &
WSBEITIZIFE LWL Chs L X VRV BEORAICE L TIE, &Y OKEBENRES
LTCWDZ LRI TN M,

HAp/ChS F / #E&1K%E % L7 BEOMIKE L UNHT 554, HAp/IChS F / EEK%
BEE B L fUE R T ORENRLE T LV, 7287 s, 7/ HAKRTIZZEOERICH L]
JBEWAESETHAEBSN FICBRIND & &7 U X7 ERE ISR TR &SNS i
MWNH DD THD. MNAAENER TH V87BN ) EERORmICEE S i
(i) ST WS, Z o Ry oMK E L CEEMIZEAT HICEBRRARH 5. £12,
F ) AR TIXY A X8 100-150nm FREE7Z & ARN TR I ERSC~ 7 v 7 7 — VI
BRINTLEY, MIIRE CENZRETE R LB NNDD. —F, KTER
20um LA B2 B L, HHERSe~ 7 v T 7 —DICERITEN WG O ORI LA N ICEE
BH INTEGAICEMNE TOE-> T LEWMEHAEDORIK L 2o famttEd H 5. LI ED
B, R FRITEMIMNE 2 @i T & 2R MEK (6um F2EE) & [RIFREE D 4.0-5.0pum F2E OfokL
T EE R D.

ZAVEMRLF & L CRALAICZ X BB AN, & X7 HOKFLNIER A fili# T
TNIEESHM OB LA TE 5. HAP/IChS F / HAKNOL AT L — RI 4Bk Vi
fi - BRAE SRR LT ZALEMORL -1, IR 74873 4.0um F2EETH YV Fig. 2-6 72 H b
HApP/ChS F / HAKRNEEL TW\WDH Z L RNFER TE /. Fig. 2-10 277 X 9512,
HAp/ChS2%6k: 1~ DAL A X% 20-60nm FRETH Y X L X7 BOH A XL D HR&E .
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HAp/ChS ZALEMHR. F1L EH 6 b ARTHROFEM Th 2O KESEITEND b
DD, KA BHERIZLDEHES~OLBEIIMFT o 0ENHSH. H. Omi HiE, HAp/ChS £
LBk 2 U X ORBEEFLICHE G LIz & 2 A, 4 BRZITE AL OVE Fid o1
BLOEEEMZRDZEHELTWDEPA g, BXREEOEEERFIZBWT,
HApP/ChS R3Sk & L TG SN BICHER B RNV B B AEDOLER - & 72 5 0]
REMEDNMEWZ 2R 5. ks, 5 4 = TH HAp/ChS ZALEMR % 7 v M RIRE 1L
I E LRIV THET 5.

ChS GAHEIZOWTIE, Fig. 2-12 12”7 K 912 ChS A BN EWIE ERL 1225 D ChS
WML TH X7 GO AN—Z RN Z D afgetEn & s s, £7z, ChS &
Zn L OWBENT A EFHEE L TH T EORANIEHERET 5I1cH=Y, Chs &
MEE Zn ORMEIEINL T Zn I X 2 HmEOREN SIS . DL EORH)
3ELUMETIZIChS GHEL 2wt% & X E L7z,

ARG FE A 7 CTIL R E DN IE R IR TH DDA RBEL SN D Z & OMEICKT S
D & D IZHIES 2 B & - 728, PUREFE TITE WL IR E TR & A S
RN, HiRE REICHFTE TRWRHEE TREMBBE SN OILERD D.
kMMmS%ﬂ SR 7200 CIX 2 OFR AT 723 2 L ITREE L B 2, KILNICHE S
128 R EORANIEE 2 2L ST 0, #2378 & OF AN &2 #7- 8 T % i
TEHEIWEE LT N RNEHTH D Z LIZEME LT, HAp/IChS ZFLERL 1D
KA P CH D ChS DIFFEIC LIV AICHEL TnD. 22T, AlCHELE
RANE, A A ThD Zn7OPINZ L0 FPEIZE ST 5 2 & TH R EOKALN
PEBMEE SN D & WO RGERE LT

Zn?tm T2 & 2 3 7 B OB N B 3 2 PR 3 s S 4TV Mizushima Y & 1
HAp ZFLUE R+t FIIET VT 2 v & Zn? B IRINT 5 2 & TH 8T BE ORI
HEh, SiUANVAHIT CRFROBIEE TH LA v Z—7 o (IFNa) ZHES
T TR THEELZEZA, IFNaOMHRED ERASMEICEZ L 2WmEL T
WAHB Katrin M 1%, 7 VX VR E Zn OEARKI T A AT L — KT AR X D ERL,

R D TN UBORER R E X X7 B O HIEA~EHAT 5 2 SICEFh LT
HEAN Zn? 3 # Loy LA EAEM L MR Z AT 5. FrS, Z o0 Ehoe A
FOUEEPBSEG LTERY, 208G E 7 ua~v NI 7 =R LTH RV B

SRV
Sepe
o
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45 Z Li3a4 Th HBL

Zn I 2MilGA A L B4R THETH S, B FOEKRNITIE 1.4-2.3 g/7T0kg D Zn NG
FNTEY, lEERo T TIEAFESK 70 mglkg &b E <, B« fHA - Bl - Lligil2 1 30-50
ma/kg, fifi - B - FERE I 10-15 mg/kg & N TV A, IR I3 2.5 mglkg L& £
TR0, B ADIIZIE 90-300 mglkg, EBE2121% 90-260 mg/kg &N T 5. £
O, ENE - IR - BEEMERR - BRI bEEND. DANES Zn RZIEO—2TH S, i
AP CIE, Zn X SEPIC 12-20%, FRifLERFIZ 75-80%, FILERFICHT 3% & RAEL T\ 5
[56, 571

MAERHD ZniZEL LTT AT I EORBICE D X o7 HilkE LTHEL, €D
fCbT AT Ay (DALTE RUVE) « EXF VY (DA IFY =V »ap-v 71
a7 Y AR LTS, HEIER T, Zn 1314 R Y U ERREET D2 L TRIEZLE
LT 5. IRONRKEIIZ S EIRED Zn BMFET D, Zn® 3% 2 O E IR
LBEBOEEETHEEZ LN TWA. s, IR, Zn B\ FL— T 5V FY
VEEANT D EMENHBET S5 THD. T oM, Zn ITEERICH T DIEMAIE LT
EH L, fRmickBnTh mEEREHZ R,

niZEL LTHRErUIREN, B - /Mg - RIBDL D BN BRI S LT
ERALA~EE S ALD . BRI D Zn OBEREIIREY ) 6-27 mg/day, BEK 55 0.5
mg/day, K= H 75K 8.4 ngiday Th 5. WIRIFEEED 50-70% & 5 LT\ 5. Zn?

OWINZRET2MEE LT, BRPOT7 4 F U8 - W2 37 BiliE - U BRI -
RIUAALFUENDD. PRI TICEEN SR IND. ZnEBEM THRIR SS9
PRINE OHEMEILIER 72 & b T 500 mglday TH 5. TS OHEINE, 1 HH47205 1.2
mglkg TH 5. ZnZ O ZRET IWE L L TE AT VY « VAT AV« AT F =
EZIVCERDD.

BRF O Zn SRZT 5 L, & - BSOS, MEERREEZEOR S, KE - N
%5, WRR - T ORGE, SRR, mREOME - 421k, BIETIRmOELE, HALERE
DIEFNEZ 2. Zn 2R 5 &, FEE - gk - B - TR - RS - IR &
FERNBINS. BFEICRD L, TR OERICIX TEHEE « BELCRTRIE - @
K AMLERIAD - PARAPRRFEE 22 ENHN D

Zn OPICEWRTICEEND LOLHD. FIZIE, DNVEFI~TFL—F AT

i

\

a%i

piliing

(\r
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U470 L EOHEER L, ST Znix3 207 X BREL T 69-t ATV, T2-
TNE I VPR 169-E AF U ERES L, B 4 F B OBNINLE KRS TS LT H B
ZDOMEFIL, XTF R AT IFEE D VR D IVIERIE KSR D 2 L TH LR
VBEET I BRICERESES. £, RMRPICHDLIINVR=y 7T e RT—8 (REE
BiKEESR) 110724720 LED Zn* %57, Zn ZBRETDH LRIET D, Zn?tiTEICl
HiEHESEE LD, 3OO AF VL LENLL, F 4B ONEILE D DK UTKERK
EREG LTV g7 va— T e Rl —8 2 &FK) 1%, BEERY720 2@
R LG LTS (L4720 4O EEH). D5 L 2 DIIMEER, o 2
Dl 2 BEEEORFF A > T D iiERICREE-92 Zn © 5 b—J51%, 46, 174-
VATA VDORRER T, 67-E AF DA I — )V E R OUKSy FAZEAL L C VY i A
WEERLTWAD. &9 L, 97, 100, 103, 111-3 A7 A > O JFE - IZBLAL L C Y k&
REEE AR L TV D

HAp OFEET Va2~ T, TOEME DL RF VI EDHEERIZOW Tl
ERE L2 25, 2 iO&REA 4> TIEZEOREAGREIL Zn? RN b2 E b hro T
WBB KEFIETY, VYT — AR R S RBLRL A S OPIHN— A 2o T
Ca®*, Cu®*, Mg?, Mn%*, Fe**, Zn*Z izt 25, Zn? 2 bAIH R — 2 k234 &
A7z (data not shown). 7z, zZn?"1Z Eilkod X 512 & > )7 B O EALE T AT
EH A L TR AERMELEILE TH Y MEOTRIMTIZFE L RN &0 6, AP
BWTH 7 EORBICER bE LI-@&RA A & LTERALE. &biT, 278
EDHANEMTIZT TR, KILNDEM N T v A B S TH N7 BEOK[INILE &
flcEsrZ LlcblifFTE S,

2. 4. 3. ZFUVBEOEZLBMEL T ~DREB S
mm@%ﬁ BAL (CEAL) 1F, pH=6.0 TIZIFTEr &2V, ZHUU T TIXEIL, Fhll
TIXAICHET 50268 pBS (pH6.8) 1 CTD HAp KiFDFmEMIL, Wity 7 g
DTNT IV ERESEDLEKRTTS (—7.8mV — —123mV). —J, HEHEEX 7
BDY Y F—AOWRFETIEREEBNMOECITA O\, TIAT7 I EREEN
BT Z ER@E I T
HAp 1 D Z 23 7 B O 55510 41% Langmuir WS SR RUTHE S Z &G ST
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2 INE6T] KRR E D FLUE R T b AR IS Langmuir WS SER R, & L <12 oo Pl
METMES T, 2. 4. 2 THRBRRZ L D ICEAEMRLFDOKALY A XixF v~
WRIBEDOHA XL b REWD, ZAEWR 257 o\ ERRICRESED L, #
VORT GGy TR DKL A Y GA A THERL L C HAP/ChS T/ A IRF E WA S 1
%. HApIChS Z L&k -1 pure HAp & Lbikd~ % &, BSA TIIWEENKT L, Hb T

IEREOWREREEZ/RL, cyt ¢ TIIWBFENEIM L. ik, EEEH T CAlcH
BT D ChS WX Ry EEHEHEER LI EEZ b5, Table 2-2~2-4 |27 T &
212, pure HAp IZBWTIE 3 FEHD & TO X /37 B C Langmuir-Freundlich €7 /112
Mo TeWAEFRMEZ T L, RTFHNKILO AL —KE TORAEIHIET HERTH 7.
—J7C, HApIChS TIZH U RV BFIZ Ko TWAEET VR R > Tz, 2k, ChS @
MR K VAR EE 52 2 L 2R 5. 703, Hb X501 A X3 3CHRE &
DHEVVETH Y Hb 2 T3EE L T2 A REME D & 5.

L, BRIRY X BN SAEMRL IS SR DR, 4 v BN —
IZHEF ST E D DNEARMZEDORE R BIXFE TE 22, Table 2-5 12”7 X 912,
WA SRR DT TR L7 i KIS BT, Ho 2N TH v T HOY A X bHEtHE L
BRI R TR B LI L TNSWETH o7z, £Dled, BRIRZ 7 EIZE
WTIEKALNIZH I AV IAA TH—ITHE ST 2R > 7oAl RetEA E . Hb izow
TIE, FEROGFH A XN CEIE L Y EVETH - 72729, Hb 323 EEE L Tzl
REMEDS RV, ZAUR, KW N R Ry FIRAE B LV B>/ 2 LICBE L T
WD E LIz,

—75, 19G 2B T 5 Z LB ORALNEm TCOWEIZOWTim U b, Fig. 2-26 12,
PUREIEO BEAREE TH D 196 DORERIKE L 196 OB A Z /Rd. HEH & BT
FRENTTANLVT 4 REEGTHEAEINTWD. KIGIZT 2 2 ERE2GT 25 N Rl Hs
ORI T VD Fap EMEEND. XL T, KImlZ AR F I NEEHT 5 CRENIER
LT Fe EMEIEND. HEBEAILTLIRECTHDH, BRIKENL 5.0-95 I T7r— K7
=2 Rm L TR YT 7 T AN R > THEBROGMBER D720, —HIZEE R OE
TiEmd D2 EIXTE 22\, 1gG 1% HAp ZilZ End-on % L < IX Side-on OIKAE T AT
B8 F7, Hx OWERRICBTHHEmERNNERL LG 1 5FH72 0 OERED
g0 End-on (22T, 19G @ Fap il T35 5 anti-End-on H & % . 19G @ N KL

ASSS
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AFRSE T CIRIC, C R AICHET 5. pure HAp Tk ¥ —# B L W FICHET S
ZENHSTEY, IgG D C RKImMl->FE VD FfllZ4f A CTWRAE SN RNH 5. — 7,
HAp/ChS TITEIZHET A7, FalllZ4f A TWAE SNT-REEENH 5. 196G 7 1L N
Kl « C RIHOHFEITMEL L 0 /X W72, End-on W23 E 72 585546 1% Side-on W75 &
Db IR AE BN RKE V. £, End-on W& D03 1gG HIIEH & HAp FRifi & OFHAAEAIC
% U CEREIFET DToDICHE R R X =22, LV EEIC IgG 4+
FFoxaZ tnifsEins. Table 2-8 123 K 912, fa{K% HAp/ChS ki, TaAlLA NS
& LT A ORRKEAE RN, End-on WA LI-HE OB R KIS BICR HITVWVET
bHole. 2D, 196G DL FLEMKL T DKALNIT AV A A TH—OHE S 4u7z AlgEMEN
m. ZOUGERMEPARICE N TR bETTH 5 LW L, LIBEOERIZIS W TR
72 A St & L TR LTz,
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Fab

pl 6.8 (5.0-9.5)
MW 169kDa

Adsorption
Type

Covarage area (nm?)

Max. monolayer
adsorption (mg/m?)

Fig. 2-26 HUAEIKDOEEAME (o7 v 7 U 5 19G) &, ZAVEMRLFOKILNE T 2 196G
DY AR LN IgG 2SI DRALNE HE T KIS Sz & & ofERIcEE S
WAERE 1250 196 73F &= ) OHFEHEFEM
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2. 4. 4. ZHLEBRFNLDOHRREZ U7 BHRHBEE L Zn MEORE

ZAVEWRLF D D2 X7 O RHE, IO (initial release) & ZALLARED h
i (subsequent release) @ 2 DI 1T THEET 5. FIHOKMITR ORI S L < 1THEE
WG LT & X7 EOIINC L D, —J5, ERLAEORH TIEhiF OREIZRAE LT ¥
PN BOBIZ LS.

F9°, WHLKL 1% PBS FICERIESH 5 &, K rREIIWE LI /37 B2 PBS H
S SN D. ZAUT TSI N — 2 MIBET 5. RIS OB ObEFEET S v 87 ]
DRI H OKILNIEENAKAE T 5. KALNIEHOEE RS @ ME &, RO S D L
MRS 720 D& R EEBEKRT S, Lo T, ¥ 37 EOKALNILE Z 48 T
ST E R BEOBEE ZHIET S Z EBREE 2 D.

Zn & VT AW BIFY R - TIE, Fig. 2-18 & Fig. 2-20 127”79 & 912, BSA & cyt ¢
TN H DRRENBEH SIS OO, TOHOKHIZAR SN -7=. ZOHRIT,
Fig. 2-28 IZ/R"$ K 912, IO TIThiFoOREICHEFF S Wiz & /37 HIE ChS OfF
TEIZ XV B ITHERPICHH SN5 — T, b FRBICHFF ST b & 37 I3k 1
DRALNPAITHEE LTEREICE W, IEEITAICHE Le ¥ N7 B e A EH
Z T CRILNIEBDS L E SN2 L E 2 B D, Fig. 2-27 12333 L 512, pure HAp
TIXIEIZHE LT 5 23 HAp/ChS 2 LRI T-IXFRME S Ch 5 ChS DMEIC L W &
ICHELTWDO F7°, BSAITAICHET H7-OAICHET D ChS & OFERFIZ X
D BRI S D . IEICHET 5 cytc THE, Rirh HIEH L7z ChS —#EIhk
MENs. LZAN, Hb IZHMEX R0 B Th 2 1o OB EM BEH 2% I FLNE
BN TEOHBROMEHEZ 5.
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Fig. 2-27 HAp/ChS £ fL/E ki 1- D& — & A6

Initial Release

Subsequent Release

3-

KAHA X

: 20-60nm
cyte DY A X
:2.7%0.2nm

Fig. 2-28 Zn A 4 > M 7E FIZ3 1T 5 HApIChS ZFLE KL 1705 OERIR # L R 7 DO J i A 1 = X 1
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Zn Z AW TZBEERI T, Zn A A U SR F RIS Svic 2 o 7 B L FERE A
EA S LT b— MER L THIEOM 2 ImGl s, 612, Zn 4 3 ORI &
D RALNDHTENT & AP E , T OFEM AN E > TH 7 HEORAAN
PEHOREDNRELS R ZORDOBENEZ D EEZXDND. 12720, £ DH%OKHIRED
1gG & H# LTRSS WDITRALND Z 37 B & Zn & OEFERRFAEERIC L 5522
Exzbivd. Fig. 2-18~2-20 |27 7T K 912, pure HAp & Lbik3 2% & HAp/IChS oD &
NN ER, B2 X ETh D BSA TIEIIL, X X7 ETHD Hb T
XA, BEMEX X7 ETh D eyt e TIEEA Lc. ZORENG, Z "7 HORM

ZChs L OWEMAIFEHLREEZGZ TN I EBDND

2. 4. 5. HAp/ChS ZFLEMBLTH 5 D 19G B LV Zn MEDOEE
IgG TlXZE DR HMAE DN RNR DOERIK & R 7 L 1x 872 5. Fig. 2-29 12, HAp/ChS £ 4L
BRI b D 196G DA I =X L% T, £F, R FREICHEF S U2 1gG 1220
TIE, Fig. 2-21 & Fig. 2-22 1Z/R L7 K 912,  Zn (2 & 2 AN CALEE CHIHI O i 25 4m] &
M7= 73, Dmab TIZWIHI OIS S 7y~ 7. Table 2-15A & Table 2-15B (2777 &
, E7 e T U AT IgG AN bt O BUA (IgA, IgE, IgM 72 &) =& AT
WD DIZxEL, Dmab 1% 1V E KRN R 196G TH D, 196G DA DOHULN Zn 1 4> L
AAEA LU THRIEZIHE S0, LI IgM O X9 12 FERRKE WS, KL
DIAD TR DR AN AE LI DS IENC R SRR & 5. WTLICE &,
19G 1% Zn A 4> & OEBEN A AEERITES, 9ok Shznolt B2 5
no.

Table 2-15A & hEEZ 07 U OS5 HE

Isotype | EFE (%) | 4 FE (kDa)
IeG 70-75 146
IeM 10 970
IgA 10-15 160
IgD <1 184
IgE <0.001 190
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Table2-15B t M7 w7 U D43 H|

$7r52 | HE L&Y ?kﬁf Hﬁ(‘zﬁf & ﬁzﬁ)é s
IgG N KA 146 50 23 5.09.5
IgG; Y2 KA 146 50 23 5.0-8.5
IgG; Y3 KA 170 60 2.3 8.2.9.0
IgGy Y4 KA 146 50 2-3 5.0-6.0
IgM il KA 900 68 12 5.1-7.8
IgA, o KA 160 56 7-11 52.6.6
IgA, o KA 160 52 7-12 5.2.6.6
sIgA o102 KA 370 52-56 11 4.7-6.2
IgD 5 KA 184 68 12 n.d.

IgE e KA 190 72 12 n.d.

Subsequent Release Initial Release PO,

SAYA X

: 20-60nm
PO,” |1gcm¥1 X

: 4.5X23.5nm

Fig. 2-29 Zn A A U N 1E FIZH 1T % HApIChS ZFLERKL 1705 D 19G DJgH A B = X &

Z DB T, FICKILNOHENT VAL - T 196 DR FLNHEBEE N E1b
U CHHDEEIZR S 2. 19G @ pl T AN TH 273, EXKE) TOEM AT L
X7 a— R\ Z—2 %R LTCEY, Table 2-16B (2R T L9518, EICHET LT HA
7D NG RAIIHET AT XA T D196 bFET D, Zn BHEIE LR WEA, ChS OfF
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TECTRICHEB LKA TIEFFEMEEIERDD 196 LB LE S TZ OB O3 5

IZ< W, ZZTHA A THD InAF 20T 5 &, AICHE LEKAILNIEH T
fHEISESL 72, ZTOFEMEMFERNTEEY 196 75T ORILNILHOBHE N EH L
HOHENHEMNT %, Dmab & 196G, Toh W /AL 5.0-85 L7 r— Rigfe, [EIZHET
% 19Gy & AIZHTET D 19G2 DMRIET B 728, Zn DNTEDN IR WV FLN TIEEEM B/EAIC
K VYLEAIH S D,

Table 2-16 (2, Z1E TP IgG DO IHHIKIZBET 2O HEF 2~ 7. &b UVEIK
DIFREITNA R 7T, fiZid ) 2 ki T, ZHUERK, K- Th o7, HApidb & LD,
U BRI T I RERTI V2T DGR ORI 2 HFZE61IE45 0 & Z AV, Brenda
HIE, It INF-ofilkZz VAR Y —MIEALTT 2RI F2ER LIz L 25, Ba ki
DOEFERLIZZ L2 HE L THBU0 Daniel Hi%, 7T/AXUAA RaZ Lz Ef-L
T Ca®"lZ K 244G 85 % 19G O JHIAEIZ IS A3 29t 2 #d LT 2720 Sotirios 5

2JFYED T F oA Fa FVaFRL TIge OB w28 L7 Z & 2 8E L
TWAMEL ik, MEO A Ka v iTiEs THNED 196 DOILEEEA 1 & 72 5 7
DY = —HHHRIZE IS, Simovic HiX, 7/ R =T AEEOT NI FT L—%
{ERLL C rituximab Z S, [AILHODOY A XET VAT I Ta—7 4 7 LT
ELTHIETERRIKIC L2 MHIEAETH D Z L a@E L TnaplM Zof
RIIRAMEEZFAT LR THYE Y >y VRIS DD, B a IREH O F2BLUT AL
LTS, QiWang B, ¥ bad—rrOLfEAT Yy 74—V RE/ER L T
U TNF-of iR D i 8 2 3 LT A8 Keming Xu H1%, b7 ba S Ka s
JVERVERL L CHN A DRI TH S trastuzumab O HFMEZ A L TV 508 Ozge
Erdemli 5%, 43N % A9 % poly(e-caprolactone) > & 47+ & 1ERL L T 19G o ik 45 &
#HE LTV 5 Jaso C Stanwicka H 1%, FEHEEOIRK A HINE LT T r U EEE X
T —ADHEEERANA Fa 72 /E8 L THL Nago A SR O i 28 8hiZ SV T
LTn B 2ok 91z, 196 ORHHEEIZ BT 2 WL FERR SN TE TV DR, H
PRI Z B & LIHIROBRIC DWW TOHRE X, MBRY TIEED L AR,
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Table 2-16 3R 19G HHAEIR & Hiilkds K OV O ficH % E)

researchers carrier material antibody Release kinetics
Brenda R et al. polyanhydride nanoparticles anti-TNF-o antibody likely zero-order model
Daniel Schweizer et al. alginate hydrogel human IgG likely Higuchi model
Sotirios Koutsopoulos et al. two layer peptide hydrogel human IgG zero-order model
S. Simovic et al. nanoporous anodic alumina arrays rituximab zero-order model
Qi Wang et al. chitosan and collagen porous scaffold anti-TNF-o antibody likely Higuchi model
Keming Xu et al. hyaluronic acid—tyramine hydrogels trastuzumab likely Higuchi model
Ozge Erdemli poly(e-caprolactone) microspheres human IgG Higuchi model
Jason C. Stanwicka et al. hydrogel of hyaluronan and methylcellulose anti-NogoA antibody one-gii;rflsgsggﬁi)l;gkian

Ito H1FHZEIT NS 1T B-TCPIHAp AR (Zn &A & @ 1.26wt%) 75D 30 HHICEK
i B HEEN DR IEERIT 100pph FETH 7= Z L 2 @iE L Cck ¥ 30 AIcEIT 5 PBS
¢ HAp/ChS ALK+ (Zn &F & : 1.43wt%) 7>5H D Zn Dk (13.8ppb) LV
LEWETH 72 ZHUTHEEME EEBEoENC LD b0 Ebnd. Wit X,
AEFN DS OB EIZIFFITMETH Y, HFEHEEZ T EITBZIT .

Fig. 2-23 (2”9 K 912, Zn Z 3NN L 72 RAMERL -2~ B i S 4v72 Dmab 1%, Zn Z 0
LZeo BB X 0 & ELISA IZ X 2R BH- Lz, Zhud, SAMRAsizEs
WT Zn 2T 5 2 & TLVLZEIC Dmab BHFEF SN TW=Z & &2 RIBT 5.

Table 2-17 ICZNE TOHX /7 B DORHZEBOREEZ £ Loz F 24 LT, K
WHRITETITE ) vy 7B FURTIZY B —_—BIDHZ A 7 ThoT-. IRFEL
fETIE, 2O DfERE S S ICEBRICEKR THWE D & X7 B2 MEr L2 -F R %
El4 52 L& LT,
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Table 2-17 ZFVERRI DD X X7 BEOKHEED £ &

BRI E E7INEN
AV ]
BSA Hb cyte IgG Dmab
Znt OAEE1EH =) 3
ChS & DA EAER i3 H i3
wmHEA T Monolithic Reservoir
T R Znt OREEH KILNHENTF VR
e .
HIE HAE
OPG (ERR%Z 2 E) HERARTF Scimab (i) HRFRIHIR 7
2. 5. &g

mFIEIZ LY G L7z HAp/IChS F AR D AT L— R T AR L0 ZALUE Rk +
Z/ERL U 7=. HAp/ChS £ L #cki 1% pure HAp L ¥ & ¥ JEME 2 o X 7 B OW SRR I
A, HAUCAEERHZ Zn 2T 52 & T, Z XTI HOPHAN—Z R BB TE 5720
TREZIANOHENT LV AZBIETH R EORHEEZHIECTE 5 2 LTk
L.
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# 3=
Z LA WORL T D> & OB MR Bl & 7 0 i et

3. 1. &= - B®

AR OFE ) 2B (R AL A Z U 2) I LT L-UL T &, il
DOYEFE - o3k - BBy - TEREZR E A HIET 20 A NI A - FIBRIETER - O ZPEDE B 2>
[Z7p o TE . Zhbid, RN TONRIINE S, ZRLMIIGE Z 7R3 72D, N
SR ORGSR FTIN 2 TG ER B R O B D . ZD72DI2iE, et - ik
PEICEN T2 L R BN L D 2 b Z VX7 B ORBAL B R AT R Td 5 . BRI
HEnTng &2 o™y BEEG DS XPURME « ZE M - ffarkg SICRENH 223, &
(B FHRLA M 2 B OESR I J 0 FUsPE T ScE ST & M & ooy BRIk LT
I EOSELRHIRBIEO 512 X 0 ELhyom ELRIER OIRPEL LN TWD . £
DIZOITIE, Z ™7 EINERN TEY O i E#iPH (Effective Dose 50% ; EDso :
M LT8O EU N R 2 i 5 &) I A bE TR RS b X 5 JANLSM
LT D UNERD S,

FHBORBIIEERANTH NP D E LTS, BIfOEAS 3-6 2 HEET 5.
BRI 2 TS 2B S, B A RIS D, 6 KON O EIE B D& E &
H

o EMnd 5. @E, EHEEOTEPEFINIRIZND X O ITHRE BWINE 1
X1 OHRTHERBNEHIL TWD. & 2AR, @il d & E Mol rgE< 2y

FSTANS B BRI BRI 72 % 2 & THENBD L THHRIE L 25, ERFEKNE LT, &
PEDPARERR K 5 LA LE L DMPREDKTIZE D b ONEF BN D . YRRN S F
HRRIE T LN K2 H0 5. BREZME L CHEAHEINSE 51203, B3Mads L<
(IE I A I 2 LR B . WA TR IR U T RO &0 iEEZ R
R

B AEHER 7 (Bone Morphogenic Protein; BMP 7 7 2 U —) [ K7 O F Tl b 58
NI B R SRR Z RO, BT (R O 6Lt () 1I2sn T
HHEAREZ R oo, FATETEIC BT 2 REBUE RO B s, BMP [Z/NEW - i)
Wk L TiEmWE AR AR T, ERETIIZED BMP 2408 L L, RIEMESL R
NENEKROH EoMBERE s sB A ZhETls, L-HAB— 74X/ T
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FAEELAHRERY =F L 7Y a—nu (PEG) bbb ABXATOT7 0y 7 EHA
k% BMP LilAabEL 2 LT, ROEREIMEEEEARE SN TR a5 -5
AR VOB B NTIRY IR AR PE BMP L 2 AEDOEDL L TUFXFOREFXR
#H (20mm) OFEENMEE ST L HE SN TWAD. Z Renwen 1%, HAp THURE L 72
FH =T LEET 4 AT BMP-T 275 SECHINFHEZRFL7ZEBL LaosLen s,
75-80% BMP-7 2M2IB % 1 (1 REf#fE) (Chit &4vT LWy (invitro), BIER D720
B %2 EHT DIIIMERP RSN TN D.

PRAEF MR IS GER - — 2 (FGF-2) 1%, M&HE - B4 - B AR S (EET ok
FEMEH R TH D, Tabata HIET 2 027 F o THER SN D ERINME AN R a7
RV R 2R L0 Zhiud, FGF-2 LdilA A ORI TR SN D F L— Lk
RIZE Y FGF-2 #5325 H O TH - 72. V. Midy 51, fREE V3 w7 52 HAp @ FGF-2
W% « BOHEEE (invitro) 285 L Q2 23000 (e SEALERIZ 1 2 S O 1R i b % (X 5 AfF 5
TliE 7oz,

FREVE SN B 23 S 72 RANKL 23 E MR i I Ed 2 RANK IZ/EHI % 2
& TR ATEM (L9500 = 2 C RANKL OF oA Z/KE LTERT 2 08
BT H DI I AN HIA - (osteoprotegerin; OPG) ¥ R & 7=0. Z ik, g
N D534t « 95E 22 i) L CTE I Z 309 2 7 m~l < Z & THEHIMER 263 27290,
BWIUZFE D A, BHERE, BIFR, ZFRMEEHEEC A MG iRER &R LT
Wrrsh Tzt LasL, OPG IFAEMRHN I HRD TRV 2, BRI G238
WO RSN TV, — 07, UL ERZA T 58 7 e —F A8k TH L1
RANKL Hi{& (denosumab; Dmab) 23 ¥-4E 12 1 Bl 5 CTEWVE B E EAZIENED 5,
HRIPUAMNEEE SN dh o722 & 2D, Amgen 1 OPG BAIDBHZE 2 hik L T Db
0 Z Dmab OEFRBI ZERI T Z & & LT,

L)L A 5, OPG (FZDOERFHZBO TEHEZREWINIMEINFTHLHZ b, bk
GO KD IS MR BT T < R IS O X O 2B WIE D SR TR RIS b B IR G H
TE LA EEEZMD TS, ey, ANTRESEBRKEOA 7 MEETIX
OPG/RANKL MK T L TWAEBL . f o775 o N R CIX BRI = 543, OPG @
RN % T G- C X2 U O F iRy T - IR CEX D AEEMES S D, TR ETIS,
OPG ARV AM—ARY =F L7 a—LESKICHEFSE, in vivo T3 HROHKH
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PGS TWDHI Lol en s, B OEEEENEFICD-< VW THDL I &%
Bz2bHE, OPGIZL D+ RARE I 5121 3 BHMOMIH TR+ Th o Hi
HEMOBENEEND.

WxIFE 2 W TR LIZE D1, Z v 7 BoBEN TR X ORAN T 2 fsr 4 5 2
EITHFI LT 5. HAp/IChS ZfUEMRI 71X, RmENE L ZED X Xy B x
T&, Zn ZAVWERAUCEINC L0 # v 7 Bo R E#IET 2 2 L8 T& 5. L
ST, 2% OPG D4 - Rt G- H-AI~OBRRIIGHT 2 Z LN E B2 b b.

AREETIE, OPG & HApP/ChS #khi 1 & DA AAERIC DWW TR~ 5 72912, HAp/ChS %
FUERRL 71269 % OPG DA Rt 27~ T OPG DK K2t L7z, ®iZ, OPG,
recombinant human BMP-2 (BMP-2) 7213 FGF-2% ki {-IZfHEF S8 C Zn & 7= Bk
B ZATV, WAULR 755 ORBREN TOZNENO KR8 23 L. Z LT,
OPG DAEHIERICET B FEIRER 72 5 72 OICHANLR T2 T » MO TEN Tag#
B U7z e i i B O HERS 2 B4 L 7-.

3. 2. ERFE
3. 2. 1. OPG EERBRB L OREZRAZE AT

AIEE T 5 407= HAp/IChS ZFLE ki + (ChSwit%: 2%) Z v /=, &2, s b
5 T DI [AIRR 22 G TR L 7o ik 72 HAp T80k + & V2. OPG 1, R&D #HEINBEEA
L 7= Sf21 Ml TR B S @ a2 D OPG (OPG-Fc : &5 OPG &t b IgG @ Fe f8
e ofhg & R E) b =3RSt b TR 5 TRV 72 Chinese Hamster Ovary #fifiil (CHO
M) THREASE CORRLCEE A ZTD OPG % V-,

15mL OERE (e T4t —7, FKX—27 T4 ~) ZH\W\T,3mg ® HAp & HAp/ChS
Ki% 5ml @ OPG /KiFiK (10%PBS) [ZhN % T=RIL T 4 B (AR : %9 30rpm)
W7z, m0srEE (3500rpm, 10min) S H 7%, REZKD OPG L % Advanced Protein
Assay Reagant (ADVO01, Cytoskeleton) CE&ET 2 Z LIC LW BEELZR T L. 22 Tig,
WIHAFEFE A 5-100 pg/ml THo7-7280, EOETE 5 ELISA HEIZ LV b ug/ml 12 E
DERIZHEINT- ADVOL % IV /-, Table 3-1 (2 OPG O AERBRS 2 5#T 5. WES
BAZOWNWTIE, 2. 2. 4. THRREFHRET A EHWCTERELHEF L L.
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Table 3-1 OPG W 35 7Bk oD 5:4F.

Total amount of OPG

Initial concentration Volume of OPG solutions : : : Added amount of the
dissolved in the solution : :
(ug/ml) (ml) microparticles (mg)
(ug)

5 5 25 3

10 5 50 3

25 5 125 3

50 5 250 3

75 5 375 3

100 5 500 3

3. 2. 2. OPG Z##f L7 BAULKLF DER & RBRE N HRR

3. 2. 2. 1. /HMSWVHEERIZEIT S OPG-Fc DB HFER

250mg ® HAp/ChS Hi+¥% 5ml ® OPG-Fc ¥&i% (5 pg/ml, 10%PBS) (ZA0Z, =EIRIZT 4
IRERAEE (R ) 30rpm) %177z (BEEmHHFFE : 0.1 pg/mg). Hild T ZnCly
KR (10 mg/ml, pH5.5) % 3ml iz C 2 BREEsE#EE S R FENH 21T - 7. =050
Bt (3500rpm,10min) (2T EEAEE L, REKIC TG LT, EY%Z Bl
M RERE : —15°C) W70, £, REZELIR 7 HIRERO FIEC L VER L. |k
B HIZFEAF L T % OPG-Fc 1% ELISA % (Human Osteoprotegerin ELISA, Biovendor
Laboratory Medicine, Inc.) (Z CE&EZITV, Kif~D OPG-Fc DWW EEAFHH L=, M
ABRIE, WANLRI 7 10mg (F721% 20mg) ZFFELY, 5ml @ PBS (23 &, 37°CCiig
B (EIEAHEE < 49 30rpm) % 1 REf~7 BT - 72, @O0 B L C BBk A ohh L,

OPG-Fc J/£ % ELISAJETER LT-.

3. 2. 2. 2. BMP-2 DRIFYLALE K OB HRER

BMP-2 (X1 2 NEISK (BR) : 87 A7 T ZAREK (BR) 7o fkh L THW b D2 £ D F

F M L7z, SANMEALEE I, 100mg @ HAp & HAp/ChS Ki+-% 3ml & BMP-2 k¥ (20 pg/ml,
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10%PBS) (201 % T C 4 REHREHEHR (BI85 © 2.14rpm) L7z, i) T 6ml @ ZnCl;
KEHE (1.0 mg/ml, pH5.5) &% T 2 RFElEREIHHE S TRANLALBE 21T > 7. =05y
e (3500rpm, 10min) (2 XV RiFZEEREL, &K (A0ml) £z THRALT v 7 A THf
U Lz, BmONBEHC R RIEZBREL, WY E —Es e GOEIRE © —157C)
SHTC. Zn ZEINL 2 0BG LRL T & AR OIS v fERLL 7=

T EBRIE, 5 or 10 mg ORANLKL 1% 10ml @ PBS ([Z4y i S, 37°C CHafE#REE (Al
AR @ 2.14rpm) % 1 FERINS 7 HIECITo 7. BHERFIZHE T, ZOOBEC LY
EE A Z L, BMP-2 RE4 ELISA 5 THIE L Tt &2 5 L7z, vEEI3 10ml
DFr L PBS Z A CRIBRD M THEREIFIFE L7z, ELISA E&ETHikd ELISA % b

(Quantikine® BMP-2 Immunoassay Cat. No. DBP200, R&D #L#!) % v /=. Calibrator
Diluent RD5P(1x) T & Z Fi%& L CHREMH Y~ 7L 2 /FR L7, (62.5-4000 pg/ml)
g6well 7' L — ~ D% well {2 100ul ™ Assay Diluent (RD1-19)% i F L7=. 50ul O &4
P TV RORES > TV T L TEIR T 4 RFRFEC ) RS #4#E & 7= Wash Buffer
T 4 [Aei5t%, 200ul @ Conjugate &z TR C 2 FERIEEBE S 7. EEicix v
— MEVR R (BIO RAD 8, Immuno Wash Model 1575) % F 7=, 4 [EI3ES#, 200ul @
Substrate Solution Z 1z THEE T 30 43 fflE S 5. 50ul @ Stop Solution &1 2 TH
S, 30 wUWNICF L — F Y —%— (BIO RAD %, Benchmark Plus Microplate
Spectrophotometer) TWEE (& @ 450nm) ZHIE L7z,

3. 2. 2. 3. FGF-2 DHEAYGALIE K OVHHRER

FGF-2 I%, Biovision fE22GIEA L=t O & L7z GEAMIE ; KiGEHR) . WAL
ALERIE, 50mg @ HAp & HAp/ChS i1 % 5ml @ FGF-2 /K¥E (10 pg/ml, 10%PBS) (20
2 CERIR C 4 W R AR B4R ([R5 R BT - 2. 24rpm) L 7=. i) T 3ml @ ZnClo /K (1.0 mg/ml,
pH5.5) ANl % T 2 RfEiAEREE S8 TR 21T > 2. = 0o0BE (3500rpm, 10min)
IZ& 0 BiEERREL, AR (Aoml) 22 CTHRLT v 7 A TR 235 Lz, @050
B L0 BiEEBREL, EmE —MERE R GRUERE © —15°C) ¥/, Zn ZIRM
L7 WRIFIERL b R O LB K v /ERL L 72

T HER BRI, 5mg ORIFLRIF % 5Sml D PBS (243 B S, 37°C CHafBE|iE#: ([nl#mEE -
2.14rpm) % 1 W5 7 HEITITo 72, mO0BEC L0 BB Z oL, FGF-2 21
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Z ELISA {ETE® L7, ELISA E&IHilk® ELISA % > I (Quantikine® FGF basic
Immunoassay Cat. No. DFB50, R&D 1) % f 7=. Calibrator Diluent RD5P(1x) C& i &
THEE L CREBRAY 7 V2 ERLL 72, (10-640 pg/ml) 96well 7" L — k d 4% well (Z 10001
® Assay Diluent (RD1-19)Z 3 F L7=. 50ul OV > 7 VK ONIEY > 7 V& T
L TR T 4 R RFE0 ) (IR E 4R & ¥ 7=, Wash Buffer T 4 [+, 200ul © Conjugate
ZINZ TR T 2 RpEIREIRE S 7. Va3 7" L — MU (BIO RAD 4184, Immuno
Wash Model 1575) % H\\ 7=, 4 [8l%Ey51%, 200ul @ Substrate Solution % i 2. CHE=E C 30
SrfERiE S %, 50ul @ Stop Solution Z 12 CTH A IH, 30 pLNICT L— KU —&—

(BIO RAD #:84, Benchmark Plus Microplate Spectrophotometer) TWS:E (& : 450nm)
ZlE LTz,

3. 2. 2. 4. OPG-Fc & OPG & DREIZRIT B HZEE D Ll
3. 2. 2. 1. 2% LT, 4{5DMHEFET OPG-Fc & OPG & ORIZIIT 5 ftHizE®)
DIEFEWEZIRET L7z, 125mg @ HAp/ChS ki1-% 5ml @ OPG-Fc & L < 1% OPG D/K{E#E (10
ug/ml, 10%PBS) (ZhN%, ZEIRICT 4 RedsE B2 1T o 72 (BERHHEFRE : 0.4 ug/mg).
5e1F C ZnClp ZK¥EE (10 mg/ml, pH5.5) % 3.0 ml N2 T 2 BEEaEIEE Uiz, 1000 B
(3500rpm,10min) (ZC BRI Z L, Z8EKICTHREFZITV, REY & — B e
BRI, £, REFER T BEEROFETHER U7z, BitstBiig, 8550k 10mg 2 FF
B, 5ml @ PBS (253 S, 37°C THafEfRFE (RIESEE @ %9 30rpm) % 1 HFfE~7 HfH
To7. 1m0y EEL T EEAD rh-OCIF OE &% ELISAJEIZ L VT 7.

3. 2. 2. 5. REVHEFFRIZRBIT S OPG DHHAR

3. 2. 2. 2. IZKLT, 20f50HEFE LD KO ALK 72 ER L7=. 50mg
@ HAp/ChS Ki¥ (ChS & A& : 2wt%) F 7213 HAp Ki+% 5ml ® OPG {&i% (80 pg/ml,
10%PBS) (2%, =IRIZT 4 RfajisfE st (BIESEEE %9 30rpm) Z1T-o 70 (Pamfs
& :8ug/mg). Zn ZIRINL 72 WBIKIER 71X, IRAR 2= 040 kE (3500rpm, 10min) (22>
T EBARIEZ L, KIS T L C, T 2 — iR vt GRXEIRE - —15°C)
SHET. HEONLHANCKL T OV 7 VAT HAPIChS L #9°%. Zn Zusind 5 fAI kL
TIE, el TR DI D ZnCl KK (1.0, 2.3, 5.0, 10 mg/ml, pH5.5) % 3ml iz T2
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IRF ISR R S, Zn 2 TR0 L7 W BESIRL F & RIAR OB Tl S 7. 22T
BFoid®MA K 0% TV EF E L HAp/ChS+3Zn, HAp/ChS+7Zn,
HAp/ChS+15Zn, HAp/ChS+30Zn & ¥4~ %. LA OPG IRE 4 ELISAJETHIEST 5 2 &
ThIFICHEFS 72 OPG A HH L7=. 5ml @ PBS |2 5mg O AN LR+ A 1218 - i S
&, 37°CCHAEIRERE (IS - K 30rpm) % 1 REfHI~7 BRI T 72, A& R iz O
SBEL C RIEARIEZ L, OPG REZ ELISAVETHIE L TR EZ R L=,

3. 2. 3. OPG Z#FF L7z HAp/ChS ZHLEMKLF DT v h~DHE KR 5HER

£7, 7 v MIEREGET LRAULKLF 2 /BT 5. 10%PBS THAIR L 72 OPG /Kisik (i
JZ 800 pg/ml) ZA{ERLT 2. 12.5ml O OPG KIE#KIZ 125 mg @ HAp/ChS kit A ZE ST
IR T 4 RSB HE T 2. Zn 28000 L 22 W BEI R - 1305 040 B T BB AR A BRE
L CHfEiE Lz, B on=8ANLKk % OPG-HAp/ChS EFrd 5. 728, EEARIED
OPG R % ADVOL THIlE L, K FICfHEFSi7- OPG E& R L7z, Zn Z W 2 55
BRI 712DV CUE, FElT T 0.75ml @ ZnCl, K¥EiE (10 mg/ml, pH5.5) % F L CTHEIZ 2
RFEREIRER T 5. TR (hit) 137884 K T 3 [EIVEH L, BRRERaER L CRUAILRL 7 215
7=, YT N4 % OPG-HAP/ChS+Zn L #5795,

Y ERICIL, AARAF ¥ — XU NRN—JL VA L2 1280 T » b (F344) % 7z,
BAMLRL % 200 mg/kg TT v N OEEIZK FHEN, b L ITMEEH~ERENER LT

(n=5). 541,23, 4,7 HHTEM (02ml) L, OPG DI iz ELISA i THIE
L7z.

OPG HUM$E G- L 72D Z v MR T O 4 74§ % 72, PBS IZ¥#E L 72 OPG /K
Wik % 16.0 mglkg T7 v M F#E L (n=5), 05,1, 2, 4, 6, 24 K§[#] H CTHIf. L T OPG
i H & ELISA 3£ CHIlE L7-.

3. 3. KR
3. 3. 1. BMP-2 OftH#Bk

Fig. 4-1 (2 HAp/ChS AR 7> 5 D BMP-2 i 28 2 ~4 (FHEfE ; 0.2 ng/mg (;
BMP-2, ki), ZnCl, ¥ E: ;0.06 mg/mg (; ZnClo, ki) ) . FIFIALELE O _EiKI21E BMP-2
FFRATE LT o 7272, I L72 BMP-2 @ 9 5 100% 23k - IZfHEF S 7 &0 2. 5.
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BRI, #EHhiE PBS 1> BMP-2 IR 23R4, IRIEE% TlE, Zn TRALLH
L7ohiA-13 Zn 2 W e o T2 BB RL - L 0 ARV EZ 7R Lz, £ 0% 9 RFE IS
0 RERFI 72 i R OB 2580 72, HERER T PBS 12l 7= ALk 7O E &% 10mg
& 50mg ICZ b EH T & 2 A, FHEITIN A 72 ALK O E &I A LTz,

100000
—O—HAp/ChS + Zn (10mg)
—8-HAp/ChS + Zn (50mg)
—A—HAp/ChS (10mg)

10000

. A/A/-A”A"’ﬂ

100 J/./-/./.

0 2 4 6 8 10

BMP-2 cummurative release (pg/ml)

10

Soaking time (hour)

Fig. 3-1 PBS H1iZ 31T 2 BANLKLT- 72 & 0 BMP-2 fit i Z58)

3. 3. 2. FGF-2 OikHABk

PHER - RIFUPALEIC BT, WSk o B FGF-2 51X, HAp + Zn; 4.7 pg/ml,
HAp/ChS ; 1299.6 pg/ml, HAp/ChS + Zn ; 24.0 pgiml T - 7=. BEE# o0 _LiEDOHEL
HAp + Zn ; 4.1 pg/ml, HAp/ChS ; 74.6 pg/ml, HAp/ChS + Zn ; 26.4 pg/ml TH~>7-. %
Ki1%, WINL7z FGF-2 @ 95 HIXIFE 100% A HEF S i-olxf L, KR+ TlE, &
T FGF-2 23 E3FICFRF LT\ iz, 7272 L, 2 TORFICBW THERZNSR T 99%LL T
Hoiz.

Fig. 3-2 [IZRHFMLRIF 206 D FGF-2 ftti % ®h 2 ~3 (#HFr& ; 1.0 pg/mg (; FGF-2/
KL 7)), ZnClL W& ; 0.06 mg/mg ( ; ZnCly,Ki¥)) . s3I, et PBS H o
FGF-2 IREEZ KT . Zn 2 L7227 T AN LKL 7 (HAp/ChS2%) 13, EiHiE#% (1 HF
Mtz) (2, FIl N—2 K~ (;995.4 pg/ml) MM STz, 2Dk, WefffeE & 2 i &
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DD L=, Zn 2 L= BN LRL 713, Zn 24650 L7272 » 1= S5 LR 7 & Fe T
N— A N S N= (HAp + Zn ; 2.6 pg/ml, HAp/ChS + Zn ; 14.9 pg/ml). 24 FFfE1 & ©
FUHEDEIN L7223, £ 0% LM E TIIMHHENZIE—E L o7, Zn 2 L7z HAp
SRk 7 & HAp/ChS #KI{bk 7 (HAp +Zn & HAp/ChS + Zn) T, HAp/ChS kit m
TR EW I EE R LTz,

100000
-&-HAp/ChS
10000 | -O-HAp/ChS + Zn
5 ~-HAp +Zn
2
o 1 ‘%
ol
Iz,
G}
=
3 100 f
3 W
Q
o
1 1 L 1 1 1 1 L 1

0 20 40 60 80 100 120 140 160 180

Soaking time (hour)

Fig. 3-2 PBS HT 1T 2 AR 72> & D FGF-2 fig =5 H)

3. 3. 3. OPG ODHERER

Fig. 3-3 IZZ FLEMKI T 12X % OPG DM Z /3. OPG DU &IT pure HAp
D13 < PRI QAN 150 pg/mg £ T LA L7z —J7, HA/ChS TIER# &
(3P B D HAN AV 120 pg/mg i< £ TEF L7z, Zh o OWEFR#RE b L ICET
PR E R THCEIICARAT LR % Table 32 (08T, MAFET T EHBOKT b
Langmuir-Freundlich (29 > Tz, £72, EH 6 ORLF HIEFITEmWRER M Th o 7.
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200
180 }
160 }
140 }
120 } -
100 }
80 A

60 F A pure HAp

40 Il HAp/ChS
20 ;

0 10 20 30 40
Equilibrium concentration (pg/ml)

Adsorbed OPG (pg/mg)

Fig. 3-3 10%PBS /KIEWRIZ 35 1T D LMK 7-12xF 925 OPG W 45 %14

Table 3-2 OPG W 75 Ik D& Wk 75 5 %%k

Sample Parameter Langmuir Langmuir-Freundlich Freundlich
K(mL/mg)  2775.5+846.6 4734.1+392.4 6.40+3.39
Qu(mg/m?) 1.54%0.14 1.360.06
Pure HAp n 2.5540.51 3.3840.99
P 0.952 0.989 0.8
AICc -18.1 -17.2 9.4
K(mL/mg)  1167.3%429.0 339.54+291.4 3.01%0.55
Qu(mg/m?) 0.9920.06 1.3120.25
HAp/ChS n 0.58+0.13 3.51%0.50
P 0.961 0.985 0.957
AICc -29.7 2295 -29.0

3. 3. 4. OPG DjtH#HBk

Fig. 3-4 12, HAp & HAp/ChS K& UKt 38R 1 & Mlifhie FERL 1T OCIF-Fe fitHH st D
gz ord (JHEFE 0 0.1 pg/mg, ZnCly SN : 0.12 mg/mg) . HEfh IR, fhedhix
PBS F10 OPG-Fc M Z~¢. HAp i% HAp/ChS X v &, Wi (24 Wiff1#%) O &N E
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v (HAp ; 0.46 ng/ml, HAp/ChS ; 0.36 ng/ml) /<, 1 % OB HEIZE L Tix HAp/ChS
DI NETEW I E (HAp ; 2.13 ng/ml, HAp/ChS ; 2.40 ng/ml) % /R L7=. £ CoOhi+
RAIZBNTHIHI AN — 2 MIBLIH ST, FERIROEIC AL O ERA 2 A8 (B v i)
Thole. £z, Zn N5 2 & THUINZEENIERE 2 MR U7 E FEE 2R Lz,
ChS DEHBEDE NI L D OPG HHHEDELITRD 72 0v > 7.

3
AHAp

25 | OHAp/ChS2% 0

z BHAp/ChS2%+Zn

2 2| @HAp/ICHSS%+Zn g o

-

C 15}

2

L

2 o @]
05 kA B
e 8

0 20 40 60 80 100 120 140 160 180
Time (hour)

Fig. 3-4 ChS & H & DiE\ I K 5 OPG-Fc O it &~ 5288

Fig. 3-5 (2 10mg & 20mg O &ALk 7 (FREFE : 0.1 pg/dmg, Zn #HNE : 0.12 mg/mg)
In B 0 OPG-Fc DRERFI 72 it &% 7% 3. PBS I COKRI 12 L DRBUTN T b ER
B Ch 7. Zn REHAORA LRI OE1E, 7 H# 2.5 ng/ml (10mg) & 5.0 ng/ml (20mg)
L7720, Zn fEH OHFLRL DA X, 7 H# 0.7 ng/ml (10mg) & 1.4 ng/ml (20mg) & 72 V),
IMA DRFEIZEVIEOHENR S D Z & 1300 5.
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AHAp/ChS2%(20mg)
6 [ BHAD/ChS2%+Zn(20mg)
AHApP/ChS2%(10mg)
OHAp/ChS2%+Zn(10mg)

A

Released OPG-Fc (ng/ml)

80 100 120 140 160 180

0 20 40 60

Time (hour)

Fig. 3-5 #ANLRI T OEEEZ BT L&D
OPG-Fc Dt B~ D32k

Fig. 3-6 |Z, Fig.3-2 LV & HEICHEFEO &S WEIANLEL T (HAp/ChS) Dtz % /R
(#E¥ & : 0.4 pg/mg, ZnCly #ANE: : 0.24 mg/mg). Zn i O RA LR TIXERRA 72
OPG-Fc D S tH2MBIEL X 7278, Zn Kl F O BIAM LR 1 T & OBINE N R ZETH

o7z,

DO MDD,

Mol

Zn ZMA5Z LI VHALNIHEERHI SN TWD Z &Ny

20
OHAp/ChS2%
16 F BHApP/ChS2%+Zn
)
= 12 o O
(]
o
2 O
S 8
[+]
2 O
c O
~ 4
O g @ 8
EnE.E

0 20 40 60 80 100 120 140 160 180

Time (hour)

Fig. 3-6 Zn ¥RANIC & % OPG-Fc D fit & D281,
(OPG-Fc 175 : 0.4 pg/mg)

Fig. 3-7 ICBAILRL 77> 5 D OPG ftiZ @) 2~ ($HFf&E : 0.4 ug/mg, ZnCl N -
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0.24 mg/mg) . Zn KAl ¥ L OV Zn i O RFU LR A2 31T 5 1 BRI O B &% 2.4 ng/ml
& 15ngiml TH-o7-. Zibix, OPG-Fc £V HAKVVE (Zn KfEH ; 12.8 ng/ml, Zn fEH ;
2.8 ng/ml) Z7Rr L7z, Zn REHOBANLRL I3 EORMENRLE TCHoT-. —T7,
Zn {5 FH D BHY KL I T EBRAY e B o #3427~ L7z

DHAp/ChS2%

25 | BEHAp/ChS2%+Zn O
: O
. i
C]
5 15 O O
s O -

[ |
0.5$ .
0 ;

0 20 40 60 80 100 120 140 160 180

Time (hour)

Fig. 3-7 Zn IRINIZ £ 5 OPG O it ¢ @ DAL
(OPG fH#FH : 0.4 ug/mg)

Fig. 3-8 12, Fig. 3-7 & v & H(CHEFED EWRIFILKL 7 (HAp/ChS) @ OPG Jif 24l
Zoa9 (HFFE 8.0 pug/mg). 72, ZniMEEE(L w721 (ZnCl #ANE: ; 0.00, 0.06,
0.14, 0.30 and 0.60 mg/mg ( ; ZnClo,Ki¥-)) @ OPG JigtH=E D2t H7Rr3. OPG DHHEF
HI3AK 8.0 pgimg & 785 X 912 OPG /KIEIRDIREZFFE L Th DA, EORIT IR
1D OPG 73 99% LA OIS ThFIZHEF S U TV e,
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45 }  AHAp/ChS

40 } BEHAp/ChS + 3Zn
BHAp/ChS + 7Zn
OHAp/ChS + 15Zn
EHAp/ChS +30Zn

mEE N

Released OPG (ng/ml)

0 20 40 60 80 100 120 140 160 180

Time (hour)

Fig. 3-8 Zn IR 2 Z (L S H 72 & & D HAp/ChS
BUAI LRI 7> 5 0D OPG D Hi )

Zn ZEI L TR WRIFIER Tl 5 1 I T 5 ng/ml B2 O 2388, £ D%
HERFAY 72 O TR B DN 2 Z8 D T2 N EAR A RN T2 <, £ 2 U &y 7 RO ZE @iz
—F L T /2. Higuchi & H W fEHT Tlx Ku=2.42 TH o 7=, —, Zn 2RI L 7= 54
LRI TIEHH DI 2 B 5 721 T < T OREMRIICHHES TN 5, U —
IN—RID B 2R LT,

F7o, WINLTz Zn O &ED EF-T 21270 TR 2 B | O & MEfRs LoD sl
FEDME T L72. ZnCl ¥INEY 0.06, 0.14, 0.30 and 0.60 mg/img ( : ZnCly,hi+) (Z5xbiad
DR CEAR ORI (y: b, xo WEGHRE) B L0 oG (R HE) %R
L& 2%, ZhEih y=0.2048x, R?=0.9955, y=0.1735x, R?=0.9948, y=0.1487x, R?=0.9916
and y=0.1391x, R?=0.9875 T ¥, & OHAFIR 2B W T HBEOEmWERENE S 7.
72, Zn WINEDBAIZHES T, BUHEMOERRMEL K S 2 & e SERIEROME & 2
HINL7Z (OF 0 BHEEENEMLZ.). ZOREND, ZnCl @& 0.06 mg/mg £ T
D SETHAE A= FRBI ST, 1T RERORBEHEOHNZ R Z &R bhho
7=. Fig. 3-9 12, OPG DJgHHE LM L7- Zn & & OMBIZ /RS . Zn OUSIES T
HUE E R &K T3 D2 2MG B A7z, Table 3-3 (240D B3 K O HEE
T E~T.
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Fig. 3-9 HBUANVALELRF D Zn IRINE & 2 LB
K175 D OPG fift & & DO Bf%

- B S L O 2 A

Table 3-3 OPG fHEFRL - DL FF &
. . Protein loading Encapsulation Ku (02 Ko ()
Microparticle Qug/me) efficiency (%) = = Release Type
0 )
HAp/ChS 8.0 100 2AXL0 hAx1G Ménolifliic
0.969 0.953
2.6x10° 2.0x10" ;
+ o ”
HAp/ChS +3Zn 8.0 100 0.905 0.997 Reservoir
0 1
HAp/ChS + 30Zn 8.0 100 L7210 LRI Reservoir
0.975 0.992

Fig. 3-10 1T, Zn & W= RHFILRLFI231T 2 HAp & HAp/ChS & Dl ZEh o bk &
~7 (JHERE : 8.0 pg/mg). HAp & HAp/ChS TliE, OPG Dl Ehc A E 22 b &80

IR Y
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Fig. 3-10 pure HAp & HAp/ChS & ORIZE T D OPG ik
HZR B D bhig

PLEDORERNS, OPG O HHEE X OPG OHEFER LN Zn OMEZ B E ¥ 572
F T BN OB EEEZFE TS 2 & T, OPG OFIENH/ICHE SN L
(EDso : 8-24 ng/ml) |ZH5ZE - HEFFC& 2 AREMED RIZ S 72,

3. 3. 5. HEREINLT v h®D OPG D FiEZRL

Fig. 3-11 127 v b~ 59 % 2 MHO /ALK 7 0 OPG k&4~ 4. BiRH D OPG
B L ZnCl 23 100% W& S 72 & &, Img i v-&H7- Y @ OPG OHFFE(X 80 pg/mg, Zn
AF 1T 294 pgimg L7 5. &6 6 ORFNLR A HIEFEIT 79.5 png/mg UL ETH Y K
H D OPG D 99% UL EAVKIFIZHFF &7z, WAMLAERKFIZ Zn 2375 2 & CHEF &
TN L 7.
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80

3 Hapchs
3 HAp/ChS+Zn

79.8

-1

79.6 l

Adsorbed OPG (pg/mg)

79.4

79:2

. 3-11 BUANLALEREE D HAP/ChS & FLE ki
\Z%I4 % OPG D EZR (n=3)

Fi

)

Fig. 3-12 ([ZBAULRI 7% T~ FORZ FIZHEEE Lz & ol FREOHER Z/~r3. Zn
ZWIN L TR WRIFIER 7 Tl 5- 1 B BIC LTI 2S 385.97+62.50 ng/ml £ T
EHFT 50, 2 HEUBETEZO A BRBEFTRTLZOBRBIE T EZRL. 7 HE
TIE, MR 28.363.98 ng/ml £ TIK T L7z, —J7, Zn Z RN L 7= 8AILRL 1Tl
#eh 1 B ROMPEET 138+16.98 ng/ml £ TIZMZ S5, 4 HH X TEOM PR
100-150 ng/ml FLEE CHEFF S LT =, LacL, 7 H BT g IAaici& L, Zn
ZIRINL TWZRURLF R0 SRV R E & e o 7.
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Fig. 3-12 7 v F&EERICH F#& 5 L7- 2L ki +
M5O OPG D28 (n=5)

Fig. 3-13 ICHAULRI % T » N OIEFENICHEIR G Lz & & Ol FEREOHERE 2 /R,
B b 1 BRIZR W T, BANLK 7225 O OPG it BT TG Of5 R L 13 zn % H
WZBIR bR O S m W EE R Uiz, 72, TG LTSGR L TEL b il
FUERL 7 b @V OPG it & 7w Liz. Zn & A7 BAMERL 7 Clidse 5 1 A % T 1381.90
+60.88 ng/ml, Zn % TV WA R Tl 1133.64£71.71 ng/ml Th -7, &5 2
A CI PR ILIEIZ 1 %O LL T £ TR T Lz, DRI RERMRGE & & b i R
PMETF L, Wi & b5 7 0% TP EIL Zn 2 V7= 8A1 bk T 0.85+0.32 ng/ml,
Zn & AW T 7 W BLFI R ClE 0.514+0.056 ng/ml £ TIK T L7=.
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Fig. 3-13 7 v MIEMENEG L= 2B M
RiF-036 D OPG D ZEE) (n=5)

Fig. 3-14, 3-15 127 v D& T4 L < IZEFENIZ OPG KRR DA % Hilmlfk 5 Lz & <D
M AR OHERS 2~ . ZAUVERRL - ICHEF STV 7220y OPG TlE, 2 T 5 6 IRFfE %

(e e I 2 P B IR R - T CfL R PR BE Y 1465.82215.8 ng/ml (& LR L © Crnax)
R LR, Tk 18 REMFGE CEEIY - Ty L ClLPREA 799.8+122.4 ng/iml &
ONART Lz, %5 24 Br[#% (1 HE) DML E I Fig. 3-11 12779 X 912 Zn 23RN
L CWARWREILR - X 0 b EVEZ R LT,

—J7, BRENICERE LIGE1E, &5 4 R TR AY 26422 +7766.9 ng/ml F2 4
FCTEFL, 0% 20 Rk U Cift PR A 603.2£145.6 ng/ml £ Tl L7z, 372
b, BERENICES Sz OPG 1E, BT ~1T LT 24 FFREILINICIZE A ED
OPG MR =iz,

98



OPG blood level (ng/ml)

OPG blood level (ng/ml)

2000

1500

1000

500

0 5 10 15 20 25
Time (day)
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3. 4. E&8
3. 4. 1. BMP-2 ik

HAP/ChS Fi 113 H R TEIEREEZ A L TV 5 2o B &1 i L <
W5, Zn &AW RANEAELC L Y, BMP-2 OFIH S— 2 230 &, 1EMIICHES
Witz ZhiE, Zn 2 BMP-2 LR HHAEMFEH L TWD Z & 2Rid 5. Zn 2
¥ S 72 HAp/ChS Ki+-7°5 %, PBS 1T ChS NiEH &N D (5 2 I=EMW). BMP-2
EDso (% 0.3-1.0 pg/ml Td 5728, R+ DA R A E T BMP-2 fHEF & - Ak 7
WNEZ 2L S EUE, EDso iZH OB TEMOIRKPIFTE 5.

BT O ChS IZAKAL - BEE A RET 2 Z Mt sh Tl v M8, e - M
DENTR W TEEREE Z R LT AR XH Zou 51X, 55#%2 T ChS OFRMNIC L
D RRMESE OB AMEE SN Z L ERE L TR L, avkagsFr—F
(CR VDRI NTZBTIE, ZOX) RHREIT RO NRhoT. T b0W|EL, &
DI ERKS TH D HAp & ChS & OOFHIC X 0 BEERENS M 7 2 ATREMEZ /R L T
%. invivo T, RIEHFIZIEH SNz ChSIIEER 25 LT BEE 2 EET 5 —7, ki
FND ChS (X7 7 EOIEEZREFFT 5 Z LD MfF & 5. HAp/IChS % DDS i) &
LU Cakatts, BRI S L < IZho BEICESEER S L, T OBOARNEREEZ F
ML THRISEHMEENEZLSZ 2.

3. 4. 2. FGF-2 ftH%

Zn ZAEH U772 8HER 71X, Zn Z2EH Lo 2 BANERL - L 0 IRV EZ R L
=2 e, ZInP R FGF-2 O EMHI L Wb EE X BND. Zn 2 Lgno =%
FUERLTF-TIE, FEEROEICHE > T FGF-2 B & D Lcdlzxt L, #Z8k+ CTILRFH]
P T2 U BE OB N R SNtz Zn?iE, # o7 B o EbN+Th
528G, ST FGF-2 OfiEz 2B L TW A RN 5. —T7, IENLEE
L7 HAp & HAp/ChS Ti%, HAp/ChS D i 3mm\ it B &k Lz, Zhud, FGF-2 23 ChS
EREGA Ll Ei s nzn, & L<IE Zn? iR X 2 KR ILNOER /3T o AR RS
fH\N T FGF-2 ORALNIEBS TTHE L7272 012, I EOMINIER T2 B2 6N 5.
FGF-2 @ EDso (% 0.5 ng/ml T&H 5. BMP-2 & [FIERIZ EDso IZF 70 T FGF-2 fHEf & - Bl
BN EZ i L TR E 2 b TE 2 2 R STz,
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GAG & FGF-2 &L DM AMEMIZ GAG DERIELEE L Bl 5 Z LA ME SN TN D kA
72 GAGs |2 & % FGF-2 DFEEFE R~ DRE LRI LTc & 2 A, ~NU >N T Uil
>F L~ B U =ChS >t 7L i U EEDNEIZ RO FLER S A LR Zhid, GAG
DORFEALEN B OE FGF-2 L OMAERNRESD Z L 2" 5. £/, ChS 1L 5
FGF-2 Ol sERE DM b G STV D, T v MEIMD B IETL L 7= ChS Z ki
faDEEERITIRIN L= & 2 A, FGF-2 %41 Lt o R /B o=k =
D OFERIT, RO FAEICBWT, FGF-2 & ChS OFfAIC L 2 Wikt D H H
PEZ R LTS, ERRIKTIE, KEEIEELIEICKT LT FGF-2 ZHFF S EE T F
A RaZ i cm OEEEBICCL Y N UERG TR Lz & 2 A B EEEE
Gy DE ARG LTV DL

3. 4. 3. HAp/ChS ZILEMKLF~D OPGC DEE A =K L

OPG DWL A4 IRART T L 912, HApP/ChS Ki1-i1% pure HAp Ki1- X 0 & OPG D7 &
PR 7o, EVWLZ D &, ChS OATEIZ K VK1~ OPG (23 2 WA FEPEIFIR T L7z,
HimET VE AW REREOF A2 To7-L 2 A, EB Lok Langmuir B HE -
THED, OPGIZxt L CHFITEmWIAERM N 2R Lz, ZOREND, OPG IFZLALEM
ki DKFLN D HApIChS F / BEMEREEICE W T, T R/F—RIcH— 2R Bl
INDZENRbroT. £72, HAP/ChS ZALEMKI 7-53 OPG IZxf L CHEWVEFN ) 29
% mil, HAp/ChS ZALEHKI 155 D OPG ORMIM ORIt Z RET DR THS.
7k, BAULAETIE, Zn 2T 52 & TREEN S HIZM R LT

3. 4. 4. ZnHrFEIZ X B HAp/ChS LFLEMRLF 5> 5 D OPG FH~D R 5

AREBTHWZ OPG 1%, Sf21 fifia THIBL S H 7B F#i#: 2 B OPG-Fc & U CHO
o CHIE I THE LZEETHER S OPG THY, BELSETMN LS.

OPG-Fc Ti, Zn & W T 7 WREIERL 7123V T HAp & HAp/ChS & Tl
EHFOEWRA O, HAp IZ HAp/ChS L0 HAIH (24 IE[#I1%) O FtH &A@\ W i %
D% OHHEIZE L CiX HAp/IChS O 3o T RN bWt Ea s Lz, 8 2 TR
L7=X 912, HAP/ChS [X PBS HIZIRIE S 2 L HDHED ChS WA S D . kirnb
OPG 721 T/ < ChS HRIIFICH &N Z & T, 1 EMOBOMHZEENIZ DTN 5
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LR 2 AREMEN DD, DO —T, Zn ZAWERENLR 2BV TIE, HAp &
HApP/ChS & CTIIHEEICHBRZTFRD Do 7=. Zn i OPG DR LT
BLAIZEE L TWbH B X b5,

T, MFFEOBINCIHE > THRHE LMLz, 512, ZnCl, D&% 0.06 mg/mg

(; ZnCly/ BiF) \ZE THA TR THIM A= b 72 < FeE OB 2B R 5 h
2. ZIHORERND, OPG @ EDsp (: 8-24 ng/ml) & H 7=t D B AT GEME A3 R
e X 7.

BRI T ORGAINERLF- 72> b O OPG it ZE 8L, Zn Z 35 L Ty 7B KL+ Tl
B 5 1R T d DR D OPG 23 it S & D% DR 3R S vz & D D OPG D —E
TR O 72 o7 2k, £ Vv y 7HOHZEE 2~ LT Y, Higuchi ZiZHE
S TWz, —J7, Zn ZIRNT 5 L #& 5 1% O OPG DI Z HD> DL D% D —
ER A VARG, RFE&EMHEOIEOMEN A 6N, T7hbb, VHF—"—Hop
it zEE 2R L, S 618, 1R TORERIL 1% K00 EMETH 72, Zhid, OPG
DA TR DOIEHT T HAP/ChS 22 FLE ORI 123 IEF T m B ) 2R LT 2 i & AH B
THRERTH S, pure HAp D J5758 HAP/IChS LV & WIEBFI A2 /R LT\ s, i
W K& 2ETRBDo7=. £ LT, Zn ZHW=HANERTlE, Fig. 3-8 123 X9
(2, ZnCl, DHINEAS 0.06 mg/mg O EIIVHOBHEN IR D b oD, 1EREZ D
BRI Zn Z O TV R WBFER - K 0 b sV E AR Lz, LavL, Zn OiRINE
ZH|ZHIR9 L OPG O HEE K T L2, 23Uk, ZALERK 7225 D OPG Ot %
2y ha—)LTEHAREEEZ RIBT HRERTH Y, Zn A 4> D OPG & O ASEHAEB LW
SALNEHHIEIC L D b0 EBZ b5,

3. 4. 5. Zv FEEEINZHHFLRLITH 6 D OPG B

OPG /KiwiE % 7 v b DR TICH G LTc 6 O3 24 RifEIFEEE TH Y OPG Hipho
FHTIRMPREZMERFSEL 2 LIFRETH S, Zn 2N L TW e WERFI KL % f2
TG Lz s A, BE 24 % o T 400 ng/ml T OPG KA = 45 L= 5H&
FU LM 6N ODOEDEZKFE ORI & & bl PRI T L.

Zn % R BUEI LR 7-ClE, Z ORI N— 2 h 23 138 ng/ml £ T S 4L, 254 H A
£ T FFRPREEDY 100 ng/ml F2EE £ THEFF S LT e, (REE 2709 O 7 v b OFFBR MK &3
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BXZE1728m THDH. ZHUET v D 1g H72 0 OFHIEER MK EH 64 milkg THDH Z
EnbER S5

CZHICESWT Ty FOfERMIKEZFRE L, &5 1 0 B TRANGKR -2 5Kt S h
7z OPG D&% OPG DMFIRENSHE T D&, Zn Wz B-FI R Tl 2.38ug
(0.055%) T, Zn % ATk 1Tl 6.67ug (0.16%) THh -7 (ZHiE OPG D
EERREH 2 BREICAN TRV ZORRIE, RERE PN O OPG i HFBR O F & AHE
T 5.

LML, 7y bR TREHRBRTIIREG 7 HEICL TIMHPREOZMRIK T 2807,
OPG DI HIRENHFHRE L TH 5 7 B B CRANLKLFICHEF S 7z OPG D4 THM A
SNz EEFBzIc . BH% 7 B EIC U TRIEEMET L722y, & L <L OPG Oft
HRRAUCRLT-22 5 D OPG DL LRl o7c/ed B2 HD. 7 v MENIZKIT
% BEUERL 235 D OPG BUHFFrEZ B S22 T 572 0121E, o 7 A HEESO L TEY
EWo M REOHB 2T 2L ERH 5.

—Ji, v bOEENEEIZBWTE, &5 1 HEBNLIMFRED Zn & Fv 7515750
bR Tl 5- 1 B % T 1381.90+60.88 ng/ml, Zn % H T 722 W BUKI{ERE - Clid 1133.64
+71.71 ng/ml Th-o7z. Zhae Ty FORERIERE ORI FAO S hze2 R/ L
=& A, Zn ROV ERBNLKL T 0.55%, Zn & AV TV i WRIFERL T TiE 0.46%
TRIFDOKMETH 57223, 4 HFTIX Zn & AW 72 BENERL -0 5 53 8o i Ho i B T
BL W, RIS OPG @9 B SN 7-HIFIZEDL B S 1% R Th o7
LoD, #51HBPLMFRENSM L EAThHo7o. BRENERGIZBWTIE Zn 2 H
WD Z & THIIN— A NI S o T EDRIK & 72 DT — 21T G HILTVRN,
ABIFERL T IZIEREN O X 5 RIS ITE 35 & 5 72 cavity ~OF 5 IZIEE L T
TN E .

OPG /K¥it B FIZ#eH- LT 6, I TFICHES % OPGIE W 2o Ic i Hic AT 5.
LovL, MERERNICES L7-5a, JEFEN O OPG (XE-C/m Iz i I FE 4T L C i i
EPRELS BT, Z20%O 24 FEFLNICIZE AL E D OPG MU ENTLE ).

OPG % fH¥f L 7= HAp/ChS £ fLE k1%, A TEAHENEPH O E A% (osteolysis) <) /)
L (stress shielding) 12 & 2B WX D T IHIZESLD & HIfFTE 5. osteolysis 1%, AU =
T L EER 2 U T2 N TR ISR E AT CIIEEREMm I D BMEOSIC LIV E T 5. T
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1%, BB b ~DR)G A LT 5 stress shielding & 13JFRHENN 72 5. Osteolysis Tl
JRESFTNZZH DY A N A ORI AR 123 EAE S TH Y, RANKL/OPG FE VA FIC
ERLTWAZ ERDLRoTNAE SF D, BWRNATLELIIRETH L0, B
WHHER 232 OPG o2 b LIZRFTRGIC L > TP TE o0 iehndsn. A
T BAFREHAN R IZ B2 7 4 X7 4 31— MK ZF G- L T stress shielding |2 & % X7 A8
g B OIHIREAR STV B0 B, Peter 51%, (> 77> MAEIZY LR
a L EERS T2 TA T T NEHOBBAEE M E L2 B LT
5. HAp Ca—T7 47 LiztA VT T MCEAT 3 AT 3 32— FO—FETHDHY L R
nUBERG LI A, VL RN BORGENEWIEEA 7T 2 NEFEOBEED
FHRL7ZBL A7 4 A7 4 F— NI OPG & [RIERIC B WL IHI 3 CHELL U= VEF R &
HLTWD=®D, OPG THRERDOMENIFFTE 5. AIFETIL, OPG HFHAN LRI -
DJRFTEGIAT > TN o, BIENIZRITR G L TAT AATHET L TITH 2 &
INSBROMEE SND.

N AXETERARER T & U TABICEIERZE 2R LTS, iEFO Zn RE
1.0-12X10*M Th 5. ZORETHEMMBEZERT D &, BT Ca &, FaKE
WREROT N VRAT 7 2 —BIERSCGEREY VXV EDa 7= '&Enf{ikL, B4
JRALASEHE S DB g, BB Zn WE X VIV BOGREHESE L0 EE
BATWD. Zn [ XBIHFMIAD Z o X 7 BE R OREMRE TH LT I/ 7 b —
tRNA SRR 215 L, 7 X /B —tRNA O EREL, ¥ X7 Bk E RS
THBE. F£7o, ZniTEFMEO X LRI EFEBNEE S, BTH, BRBNCERR
FATF N AR AERERTF - b TR T — I TR ERTF R EOREAR
Kag| &z 464,

N IEE RN ZIE T 2/FEA A LT 5. v U 2B R R I8V T Zn ZiRINT

BIFRAR R LB - BRI Z I D3 A4 U2 —a A % la- VARSHERED
B IURIER 712 X 0 B BRI D A E M SRR~ O Al 3 Bk S 47218 BB
D DI A~ O OEFE T, Zn X RANKL OFER 2432 &5 2 53T 5B,
ZIHORERIT Zn & AREEGEIN T - A DA OFHENIE ZRE L, HAP/ChS Ki17>
A VRTEE Zn A F PR S D 2 & TR E A - B IEESHIE S
L. B, F2ETRLIEL I, Zn ZHWTRANLR A5 D Zn O BT E LT
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Zn A A D5 H 1IEAMT 0.1%A51 L2 S22 &3> T %, OPG IZ L 51K
BRI IR TS T, RSN ZIn A AN L2 L HHFTX 5.

U bEMG, OPG ZfHEF L7 ALK 7135 HARIE - ZRMEHEE - Qe Eoey
PEFRBICHKT L CHRRIGH TE DA A2 D TV 5. £72, KB ER TR S Tk
R R TG CTREZ1T o 72, OPG DB EIESS « 1 > 77 o AWM @EAE « SRR
FEMEE 72 EORFTEBOBRIZ O RD R TE LML S5 2 5 &, SRR G-
BWTHBATOLENDD.

3. 5. &5
HAp/ChS ZFLE ki 1%, SAUVAFERIZ Zn ORINEE2 2L S8 5 Z & T OPG DOk
HEIBENCREI L, T v b~ 5|\ TP EE 2R T& 2 a2 R~ LT-.
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BAE
BRBIRER & ZHEMRLF 2 VTR EAE

4. 1. W= - BH

ZHETIT, AR T - EORE KRS U CRIBERAE - & B N T2 SRR O 583
TTONTVD A, ZOMAPRE 2 I T E R2WVN DIk 2 RRERAE SN TWD. Fr
2, ‘BIEIK T (bone morphogenetic protein: BMP) 158 /) 72 B AAMEEER N H 5 72D
PHRRIEE~ ORI AN ST, BFNREN ST 25 &L BtEa ka2 L
TRIES S Z BT D EME b STz, & 2T, B-tricalcium phosphate (B-TCP)
0> HApAD Z JLE R Z 4K & LC BMP 2 HfFF S ETHEXRBET MR G LI L &R
ARG SN TS, L LA S, AWFRIC K o CHIFHEFEE 123 5 Bz MR K
& R D ABRRICHA~DBRE L 72> TS,

—J7, RECERGEICIDEIREREDRbRES LTS, BIFRERLE S

(parathyroid hormone: PTH) (%, Ca A A v & FMNLIMHF~BITSEHEHZ 20N, =
NEBIKINCHE AR NG5 L BEED EAEREZAT 27200, BHERERREE L
TARTHERBEINTND., Fo, BIREREDR LA L THOB, BEEERICHENT
ik OFIREIEEZ B E LTHWD Z 68 H 5. L LAan b, HHOK FHEEIZEX
LEESOEEPPNDLIT TR, EFICEBETH D T O AP OBFEITH LT
B 212® 7> TRIEZE LORBERBEZE SN TND.

Z 2T, RO FEEREFERZAT 2xae Mt/ 7 u—F ik TH D6t
Sclerostin & (anti-sclerostin monoclonal antibody: Sclmab) 1%, mVVEEE FR/EHZ2H
LTBH LWEHRERREEE LCTHEASRTWDEL F72, BRAMEEER A LT
WA, BITEEIEE LR TE 5. 2L, F1EDOL. 2. THHRREIIL, B
FTOR BT L THURERE Z W T 28 R 215 5 T2 OIZIE R E ) DB El O #5728 1
Bl H0, RFTOEENEE L. Fox DFDHRY TlE, Sclmab ZHHEF L 7= f
R 2 B R AT G- L2132 0L D Th D, 5 2 % T, kX HAp/ChS Z 1L
BB IZHURESR O FEARBNL TH 5 196G ZHFF SH T Zn & AW CRANLAE T 5 = &
T, ZTOMHEHIECTELZLE2HLMNIT L. 2078, Scimab TH [FERIZZFLE M
R AIZHEF ST Zn Z W TRANCALIR 2175 2 & T, TORMMHIEN T&E 27217 T2
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<EMFEBRTOHFEEADIRZLIZOTAREELRS S.
AECIE, Scimab &40 U7= HAp/ChS 2 fLET kI 7 (ChS & & : 2wit%) % 5 » kK

BRAEE FLIC IR 5 L C R OB O E s - EE AT o 7. 72, Zn % 7 8ET Y

FHTAVE R T Sclmab O HIC & 0 B EECICH 2 DRI OV T L RE L.

4. 2. ERFHE
4. 2. 1. ZHEWKITF~® Sclmab OFHEF - RFIL

Charles River Laboratories & ¥ 7 @04t 7 ~ & (F344) ZEEAL7-. REIEERITH
REREMRFEMER Y 7 —DOMBEZAEZOKBEZETWD. 7y MNI=ER 22CT
12 B 7 A R ST R T — U INEREE(25 x 30 X 60 cm?) T 1 & F L7-.

HApP/ChS LBk 1% T Ok B 25kGy TH v~k (230 MG L7=. Sclmab
Id BioRad Laboratories Inc X DA L7= 6 D TH 7 27 T XL 19gGaa T 5. 20mg @ HAp/ChS
K% 5ml @ Sclmab /KK (NS TASR, #EE 2 20 pg/ml) (ZHIN L TR T 4 KR
B L7, VT, 37.5uL @ ZnCla KR (1 mg/mL, pH5.5) Z#shn LT RIZ 2 Rf A E]
P L7z, 0408 (3500rpm, 10min) L C B AR Z = v X2 KL 7 TRBEZRR Y BrE

L, I smL ORBKEMATRNLT v 7 ATH#MLBRELDEE L. BB
% ATREZRIR V) BRE LIEBIT 40uL D NS Z i L TRANLRL - & NS DIRAK 2 R L
2. UTF LY ZoV 7 N4 % HAPIChS + Scimab + Zn E R 5. 7238, Zn 2L 7%
W 7L 441X HAp/ChS + Sclmab & #5344, Scimab ik &I e THE S iz
ug/mg 72 %.
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4. 2. 2. 7y MREREFEL~ORANCK T ORE5HR

KRR T O Z » b OWHIKEREZ 2cm F2EECREYIBH L TR TR A #IBE L CRR
2 [RE Uiz, WIS, KERFFIEZ GIBE U C RBRAT & S0 I FIBE L CRBRE A5 2 27 1
X®7z. Fig. 4-1 0 X 51z, KEEEASEE Y smm il osMIlORE %2 KV U 7L,
B 1.5mm, RS smm BREOFHLEER L. BMERET 5720 NS THIANZ
L, KALNIZE T 7L L 10ul O NS & OIRGHR Z @kl E iR A H £~ ~(Microman E®
GILSON )% W C#5 L CTHFL%E bone wax THASH L7=. 728, 'B4LH SRk Hif
WEL DD, FLUA T T2 MBREEREBIEMDL TOHLEE L. £0%, - £K
ZNEIZ T A m R THREA L THAILTZ. BEITULTO LS ICHRET S.

Pl 1VA

A.NS®D# (Control)

B. HAp/ChS

C. HAp/ChS+Sclmab

D. HAp/ChS+Sclmab+Zn

7 v belt (12 £
C,D®DSclmabH £ & : 4pg/mg

F3445 v + (150g, 7:@EME. HAF v —1 XY 3—)

- BRI E <y b T
Micro-CTH B (EELSIm) &
1 1 1 1 ____________ (KL F5Smg+NS10pL) ZIEA
0w = 1w = 2w = 3w (sacrifice) ENL Sclmabi% 5 & : 20pg / JC
HER: 6

Fig. 41 7 v M RBRE ~DORAUCRL 1 D Hilnl$ 55280 )7 i3 KOG R

ABE : NS (10ul)
B &£ : NS (10pl) + [HAp/ChS (5mg)]
C ¥ : NS (10ul) + [HAp/ChS + Sclmab (5mg)]
D B : NS (10ul) + [HAp/ChS + Sclmab + Zn (5mg)]
FAAIE R, BLO¥E 1, 2, 3HEB®ZENZENICE W CREEE OB FLEEOUCT e 217
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o7 b 3 MR ER L TR FLE P ORLRR A B E L TR L C Bl ¢ hematoxylin
and eosin (HE) %17 o7, KD D HEAEAIZ 10 H D HE Jeta G H 2 i L, Imagel
W CHEAG AT LI 2T VWV EE M L. B EFMICB VL TIE, ZHEERBRE
(Dunnett %, Steel-Dwass %) PNz LW FEEMRE&Z1T 7.

4. 3. #ER

Fig. 4-2 (2, SAULR F 2% 5 L2 T > M RERE LA 2 5 E% & &5 3
HBOMREMNRUCT BE (RIREND 2773, SRHCB W TR E R L7 LIl
BB E CHIBE B K VLI E AL ZER TE TV D 2 & D3R S 7z, RERE 0%
D HEFHOTRNE LGS TH 0 FVET AR AZ R LTS, & 3% O E
TIE, ARE, BEHIEALOBIEN LG IITE T OB 2O 25, CRE, DHEHIXAE
HOBFIC ARE, BREL Y OCRMOVELE AR BN EREL TR T 5 K
D IRFEB DOBITFRD 2o Te. FEE DRI EDORES REREITR D2 -T2, |
FUERL 7200 TR < IR D B e 5 G- LT BEA T TR I W T & 2725 g
WOipmolz. Fio, BECEWTERIEMH P OB AR h o 7.

Fig. 4-2 BANLKL 285 L C 3@EM% DT v b KEFEFLOUCT 55
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Fig. 4-3 12, BAMLRI 25 LT 3% IZI T 2 KRERE-FLEAMO HE e 5T HE %
Y. ERGEEBILE L L 25, HERK - BRI & RIEMIROIIE - FEE L2 R~e T 5
FrRITRO o To. Fie, MEMROEIEEZ R T DT bR Rt Fiifh, X
FLYERCRRICEBED D O 8 > 72725, RO 2 "3 2 P iTER o o 72 &AL
N (RAEED) (SITHTAEE O IIMER S e~ 7. ZHUE Fig. 4-2 DEHE & —F7 HHT
RCholz. LoL, BEICEWT, BEDOBHMITE A4S GaE) OFR, KEM
(TR O AR 258D 2. S I, I E FMESES L TV 28k b 2HETR
Dz, ZOEEOEEEERMICEHMET 572912, Fig. 4-3, 4-4 (R T X D IEILOEE
Y530 9 B, Imaged 12 K0 BB AT > TREFISEWREERS 2R LERb L
T BN R P B 5% 0> & BB B R AR O DAL o O Bl O x5 &
L7ginoiz.
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Fig. 4-3 fANLkI 2 &5 L C3AM%K D T ~ b KERFALEFEO HE Yeta 58 (K1)
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Drilled hole

l

Cortical
Bone marrow
Distal Proximal
I Cortical I

Fig. 4-4 H G- ERT ORI & RFEER S IZ 8 1 D FUE 5 B OHIE

Fig. 4-5 &R 2B IR OB &% /579, Dunnett (5P X2 BEICE Y, NS %
Be - U7-RE & Helg U Tl oD 3 D DOFEC B W CTERRE 1%ICB W THE BRI RO 7.
Frlo, DEEOEEEHEEILARD 183 FTholz. X 51T, Steel-Dwass 1EPNC X 2 &
HIT o7, CREEBREL L L THEZEITRD o725, DRI B L D bfak=k 1%
(BN THERE RNz,
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4. BE

4. 1. Sclmab O RFTEEIC L 3 BIEEIREDLEM

B AIEEER I > T2 O R H 51X, 50 L Z A RN7RIBEIE S L CTRLE L
Ty, PTH ORIRHIE TREIZE D T > b OBRKEITICRT 5886 O A hkiER
HIN TR0 ERRIRR T, L MU BEEOER ETEEE SN EMT D X O e
FERITFONTHRWEL X512, H=7 AL~ PTH OFRNESIZE - T, KE
DVET VU ZIHMEET DS 00, KREREOFBER M L35 &9 RIS -
7.

BMP @ X 5 22 MIRaHFEIR 712 K D837 - B REEICKT 2188 biThi Tzl
PG ERALI VI - Y - BT LA & 723 ) 27 BB S TR MR35
BEEE P B HT2 6t L Ch BMP O 512 & > CRIEINIC BATE Bk & & 72 L CHREREE A
HZDHIV AT HEZIOBND.

Z 2T, R TR THIEHREEH 2 F 3 2 PURESR & L TSclmabD A RN 4% <

HEXN TS, WtERIE D> & pEAE S v sclerostinl B HERRIZ/EH L C#F OREM: 2 L
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3~ %. SclmabiX% Dsclerostinz R X ¥ 2% = & THIFMIE ZTE ML S CTH R 212
T5. 7 v MK L CSclmabZz && 5 L2560 & EFEH bHE ShTnahel
T2, D=7 A FVATHT L SclmabD TR G & - T, BHEREMEIHIAEZ o3 v
LT H D IEHE - KBEE LR - BEE mAROFRA A IS0 Xy, @)
W~DEEGAZ L HEIMENRRD SNZ7-0 b MTHT AR b IThh -, R Lokt
L CLEMISclmab%210 mg/H TR TF# 5 Liz & 2 A, EHED 5 1311.3% i L 7=M,
T, TEROBHBRIERRELEE T OMRATHY, VFEOHAIRE THEEN?10%LL
P EHLEZEIFHRATHO TOWETHS.

ZD & DIT, ScimabDEH EEAZH 6 F B INA~ER T 2 G2 RIZ, Table 4-1127~
O, BB KRKED XD IR AIC L THIRPR S L L RE SN TS £,
7 MO EHFEGIZEID KRIREEFGY T VICBIT 2B OBEEMEE L2 &bt
HINTHBE0 Zy M2F TR Y ADFIET VIR LTS, 100 mglkgDF 55
THEIEIOR FEHIZ L > THITOBEMEES D Z L BbhrosTnHM. x5z, 7
> N OBBEITI~OHEHELRE SN TND Z b v N BT )T 2 ER
JISHbBHIfF STV D,

Sclmab D RH# 512 L 55 KIEH CoOFEEIMEH b #E ST\ 5. McDonald MM
HiX, SRR L7277 v b (OVX 7 v b)) ORREILACHICESS 3mm OF K A 1ERk L
T 2[9] Sclmab # &H &5 L& 25, &G 1K Ty br—UiE (BROH) &
LS U CHER B E B 7218, KRB RIE 2 1ER L7= 7 ~ M T Scimab % 25 mg/kg
TH 2[R TG Liz& 2A, KEMTOREREEHIMEM b ShTng 0718
F 7z, KIREEERTE7 /L CTH Sclmab D TG DA ZIERHE STV D, Alaee F 513,
7 v FOKREEEIZ 3mm ORI Z £ 5 BT 2 7Bk L T Sclmab Z#eh- L7z & 25, KIAKS
TOFEME OIEE AR 7219,
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Table 4-1 Sclmab O ENY) O J TR BT 2 2 & 51T 2 2 E ToRE

researchers

animal

dose

administration route

model

12-week-old male

Farhang Alaee et al. twice weekly at 25 mg/kg subcutaneous femoral defects
= Sprague-Dawley rats =F
Pui Kit Suen et al. Cmonthzold male twice weekly at 25 mg/kg subcutaneous open osteotomy
Sprague-Dawley rats
. 10-week-old male sclerostin P . i
Mohammad M. Alzahrani MD et al. . . once weekly at 100 mg/kg intravenous midshaft tibial osteotomy
knockout and wild type mice ==
Michelle M. McDonald et al. ovariectomized (OVX) rats twice weekly at 25 mg/kg subcutaneous 3. cm:ul-ar def"ecfts
in the proximal tibia
i 3-month-old ; ; i
Agholme, Fredrik et al. twice weekly at 25 mg/kg subcutaneous screw insertion
Sprague Dawley rats
Mandeep S. Virk et al. male Lewis rats twice weekly at 25 mg/kg subcutaneous femoral defects
Gao Feng et al. Savgekeoldmale twice weekly at 25 mg/kg subcutaneous femoral osteotomy

Sprague-Dawley rats

PLEDG, Sclmab ORH #5133 E T T 2RO Bl A e ERE S L THH
ThDHAREMEAZ D TV D, LN LR b, Bl a2 240 - 7= Sclmab D4 5 &1 25-100
mg/kg TV, BHIIEREOHKGE (3 mgky) @ 833fFLIEFICEHARETHD. ZD
Lo MmEHEIZRBIT 5 b ~OREMEITHENL SN TRV, o, BHERIEDO RS TIEH
R A EZITAH S TW W 00, ERMAEREEIEOET, MENDOAKL, HEE
BENHA SN TWATD, 20ROV TS —E L RIS LN TR R E L
TW5.

T2 LT, BB CIRERIC L 5 BHRO U 27 H44 5 729, BHILR 7O Jpr 5
TR T 72N ZATHD. K FBEPEREOIRKIZR D AEELRETE T, BBEOEE
MiZbbAADZ &, NLE BT 2MEmA S 5. UL, FEFEMEORETT - 2
BIEN - F KB DWW TIE, T AR CTHEEINER 249 % HAp/ChS f1{K(Z Scimab % 1
FIE TR LR, 2 ~ORERGIZED8WEH O Y 2 7 3 S 5 rTRENE
TbHbAADZ L, 2HEE IV LDRNEGETEHWVIRIIFHFTX .

]
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i 2B 5 NECE B L D3 BEE-¢BRAEICET 2 BHRIEE

Hamdan S. Alghamdi et al.
Cobelli, N. et al. Nat. Rev. Rhewnatol. 7, 600—608 Drug Discovery Today: Disease

(o11): Models Vol. xxx, No. xx 2014

Fig. 4-6 Sclmab J&j T #¢ 5- B4 O ERIR IS~ Al Red

BRI EER NGRS 5 X 5 R BIEEsstEB T o & 5 R RpTER R 2. #2012,
WreEdr, AR (BEGAE), BXER EIEFIREZ T L CHIRRICEET 2615
2272\, BRI, WEE TH D FTROBITTIEZ 9 W o FREGN IR IFIE LT i o 1
MEET L. £, MIHEEERETITERENMET L TWD DI TN L 55072 NE
EVFLNRNT ENZV. 270, M ERARZRICEITOFBMNELLZ L bH 5.
% 2T, Sclmab ZHEf L7 ®FLRLF 2 I FIrEs - B KRB RS54,
K25 Sclmab 23R AR AL S 4L CRIFTO MR EE S HERF S T o L3 IRFT& 5.
BARIROBANCR 7% NS R EELRALTYY DI CHRIICESE®R 5T 57210 T
<, BRIBEICH L THOATEEZAHE L THLZOMBICES T2 b TE . TR
BRI D3R AR W L C Scimab 23E0M A S i, B RUREEH 2 Btk o
BITBOBREERE RO L Z ENHFTE 5. 25 TUL, BlEAAE - B Y X7
PRI 5720 Tle <, L0 RHomEICHkETE 5.

iZh, BEE & A 7T hORIOF G Z2 et S & TmEIZEE SE5 2 & bl
FFCE 5. 2L, ITETIEA V77 FOBABFRBIZHET DI HR— 7 ARE ML E
LI ETA T T FRADZHAMED I E B L THEAE 45 (bone ingrowth) .
LirL, £UIA 77 o FEBOHENRE OE 2 LR S8 500 Tidnicd, RHI
ZRTA 7T NEBHOWENRE D EET D fERE b En D, Frlo, 4% ETE T
2 TL D EHBRIE R T3 2 N LR EHIT T, Mg OMEN S8 & I _XTFE LS
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KL< 2o TVWE, ZOX I RERMENR I BICHED. 22T, A 770 MaeRBET HH
2, MR I ERRRE K SRS SET— R MRIZ L= BANERL 2 5- L T Sclmab @
FOHHIT X0 B IERMEE S iU, FECTOBENRE L 7T TR A 77 MEAFHD
W OB EN LR L TA 7T FOREEN LT 5.

HH AN, HRBRICK T HIRREORFHREG AR TH L. FilIX, BT 2
B b AHE TE 5. (ABEIL B OEFED T T D O TR bt 2 1 C
BRSO KBEICEET D Z LN TE 5. ma—42 AV TREREZRN L, % 2 ICiEs e
EHED TOE EHEDHRAEICEIE L2 Z & 2R Lo b RANLR & BT 53 5. f
AR 7 & BB KED AT Y =P A>T T b a—F TR TE 5D T, KE
DEREE I TGN ATRETH 5. HAP/IChS ZFLE R+ D BRI dum FEE T
&Y, ChS L3 F L~V THEHAILSETBKRESBTEIN TS 20, Ml 2E8 2 @i
THIENTED. 23-21G OHZESTHIVUIEE ~OEH « KIF b IR\ 2 &3 %
V.

4. 4. 2. Sclmab ZRF#E-Liz7 v N KERE B OB ZERIFLM

BH ORI, RIEM - EEY - VET U I8N H 2P0. BITEZIE, E
U7 B, B RE, i, KA ET 2 MmE NSO S, ERICK-
THIFE LB OB SN D RIEMEY A b A COE-IC KV, 4FhEk - &M -
HRAE S 23 05 A L C RS2 TRk 22U, JRETC BMP &2 Ush & L7-F 4 Dl s
K 23ME L TR E B R HRSCRTE SIS B9~ 5. IRIC, BEFEMERRI I ST
EBENCB I BN OB ENEZ 5. ZORIEHTFINEE LB OHETH 5.
AT, RO R 2N M S0 IS o0 E 9 5. B il L o i 4
GH - R L, PEEEAEE U D, HGTEESCIIEN Tl & U CIREERAREZ Y, #E
NELIZE VIR 2ICEICEBR SN THL . 26 OB - E RO E I 2 180 L
D X I EICA U TRE LR D REDERIND & FIrIXLE L CGEiE 2155,
W OARE ITHE - BRHEMEE DS EERTHFRIIZE WS ThH 5. Z OIRE D ERIRINCZ

2725 FTIL6-8 MM AZET D, VET U 7T, B S IRHEME ISR

FVEREICERIND. BEMIEIC X 58RI & BRI K DB AR IR, K
B LEREE N ER S LTV DX D, iERITFRIRE DS S L TAR DB R~ & R
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D7D, ZOXIBRBEROTETIITENANOBEZET S,

FIr Oz et S 25120F, T oS omnimiat: T 2 RAES & EEH 2625 2
EINEETH Y, Scimab DEHEHIZ LY BMP-2 OFHLE HHIME OB IESMERE SN D
ZERbhroTWnBHEEL LaosL7ei b, Scmab R 53 51Chiz0, FEVET IV
TR OWE O — NS SN2, B U 7 THERK L 72 KERE-B LI BA L
ki ¥z L. &GE%IZ bone wax THALAZEEHT 2720, BANCRL 1138 HEPIZ
LT Sclmab 2/t d 2 &&E2 605, (B L7 FLITER 1.6mm R TR S 25 5mm
RETHY, BBILEOEMITL0.75%X0.75X3.14X5=10mm® (10ul) TH 5.

BEYDET VDT v h~DEEHYE : Sclmab 25ug/g = 3750pg/lt (KHE : £9150g)
Gao Feng et al., International Immunopharmacology 24, p7-13. 20135.

BEBLOHE
225y 1 i 2 9600 /L . - 10ul
(641l/2)

—
A%/.

1 f#] & 72 ¥ Sclmab 1250pg 2 1 & 72 Y Sclmab 1.3ug 2
=130pg/ml/week = 130ng/pl/week IgGOJithE (FHFF i 80pg/mg)
100ug/Smg/week

Spug/Smg/week

Fig. 4-7 AREBRIZ 31T 5 ALK Sclmab D& DOFRE T 1L

~ 7 A MC3T3-E1 MifidiZ %9 % Sclmab D #5328 Ti, #iREEAS Sug/ml L ETHEZRZ)
RO DI, ZOWREN EFT DI o0 T L7z Ca &3 B9 223 Firipiiit
ZiMliT 5 EHTT v MZEHES L5 TlE, #5813 25 mgkg (7 v hOKES
150g & B L7234 3750 pg/lt) T - 7= Fig. 4-712, AKEBRIZEIT 2 RANLR D
Sclmab OHHEFE DR E HiEE /R, (KE 1g H7- 0 OFFBR MK EIT 64ul TH R4 1 LH
720 OFFBR MK &% 9600ul & 725, L7z23»>7C, 1E&H7=0 25 mglkg TEHEH LT3
EECHEOEEZBLET DICHI-0, 1EMHY 3750/3 = 1250ug /313 bEE & 78 5.
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I NEIEER MK E CTE D &, 1250/9.6=130 ug/ml/week 972>, 130 ng/pliweek & 72 %.
— 7, AT G- CIRERR L7 B FLOMRFE TR 10ul TH 5006, LM 572V 1.3ug @ Sclmab
ML 702, 82 78T, WAKLR 7 (FARfE : 80 pg/mg) 76 D 1IgG OFREBRENTOD 1
BRI ORI EIX 20 pg/img Tho7=. 2FY, 7y ORI GEBRTHLELINDE
LIV HEED G BN END ZENbhroTWD. D7z, 80 ug/img TOMEFET
HAVUTRPTIC TH4r7e & O Sclmab 2SN ST, @mUWIRESL Z LR TRINE. L
MU G, REBRTITETWER/NROBEFE TONRBINGFOND K O, HiE
I LRRBRE N O i HHFRBR D 1/20 TH D 4 pg/mg IZRRE L=, ®HRMERIA1Z Smg 542 0
T Sclmab O 5 &£ 4X5=20ug £ 720, 1L#EMHZY 1X5=5ug F2E D Sclmab 23k
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IS 2 2 LT, I OB B S 4, EARAIIZ OPG 28 7 A7z
SNDZEERONE LT, 7000, FWEREV AT LMIBITLE /Uy 7 BOKH
Rtk 2 7R3 AU ORL 1728, Zn? 2 N3 5 2 & T P — ROt 5 T& 5
ZEMNTRBEINTZ. EHIT, OPG ZHEFLIMBL 27 v hOK TICRFREG LIz Z
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