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Chitosan(poly-N-acetylglucosaminoglycan)< A Al
Ao $5-8hH A UiellA BTk, &,
chitosan& MEe] P&, F4& ST SHE
& zhar glow, A BjoA] 27 Aot
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¢12} (platelet derived growth factor BB, PDGF-BB)
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1. A=

Chitosan (Tae-Hoon Bio., Kyong-Book, Korea)Z;
Lysozyme (Sigma-Aldrich, St. Louis, MO, USA), ~L&]
11, tricalcium phosphate(Showa Chemicals, Osaka,
Japan)E FHIEI3TE PDGF-BB ¢} 1 91947}
228 PDGF-BBE 247} Genzyme (Cambridge,
MA, USA)T} Amersham (Buckinghamshire, UK)o}|A]
T3k}, f-glycerol phosphate, L-ascorbic acid
& Sigma-Aldrich (St. Louis, MO, USA)¢l|A],
Trypsin-EDTA, fetal bovine serum (FBS), @-mini-
mum essential medium (a-MEM) &2 Gibco
(Grand island, NY, USA)| A 4 8F5 et

2. TCP/chitosan microgranules2| M=

o8%2 golAE3}E chitosan (4g)S 3% P EA}
folld] =t} Tricalcium phosphate (2g)& chi-
tosan §-H ol 1T HXA 5, 3L FHoE A
BEES AASAY. EFES FgA AoFH
A NaOH/ethanol/water (4/20/76)(w/v/v)E FAL7|
2 B sml¥ ok nAlage] 271 FAVE
B3 2718 Bojdeo2i 2R, 37
o] 3L AV EESlE Ex Ve B 2
At sREolRl v AHEL pHYF $4¢] € W
7HA] SH5E AL, 400-800 um Abo] <] wl A7
& Fehlo] $A7x ANATE AR
7} S v ABEE IS v HYHeR 18
TCP/chitosan M)A #Hg 20 mg 3 300 ng &] A%
FelAdAIAE HrFEte 4°CollA 3R Bt &
4 1z A

3. FAITARIOIE 2

n) A 7}¢-& gold sputtering $3) coating Al7]
i, (Sputter Coater, POLARON SC 7620, VG



Microtech, England) S e & doli7] 98] FARHAL
Hu] A (EOL Model JSM 5200, JEOL Ltd., Tokyo,
Japan)2. & #3384t

4. ME B 2

BioOss®, chitosan B A, 18]3l TCP/chitosan
w7 20 mge 22t 24-well A Zufofgte] WL,
B ofelof] E0]3)i= MC3T3-E1 ¥ (2X10¢ cells/ml)
E 2 A8 92 gomHrh MigAS 1 ml 9 a-
MEM, 10 mM9] 15% FBS, 1 %2} antibiotic-antimy-
cotic solution, 10 mM#] sodium £-glycerol phos-
phate, 50 ug/mL¢] L-ascorbic acid, -L8]1L 107 M
dexamethasone &. 2 YHE9ITh v 4E o 7]AI= o
HEE7) 95 %, o] AkBHekA 5 %R YL, L& 37°C
2 gABA 371 A Fol| vjAAgs tE
v kg Aol &A Al vl 39 vt wj g
& el AE ¢ S Al &4 AgE A
HBSSZ B A AlHslaL, 4 mM EDTAY typsin
(2.5%)& T EAE o]88te] RFE AEES
7)Ao A "ol B AR 8 437 918
trypan blue exclusion WS o] 83}t

AL}z Qe FHshe BEe g 7Y
w9} 28U o) BA3IGTE NE wjF 7S 2 A

£ wjkdAllA Ade] 2.5% glutaraldehyde
(Sigma)E A7}8H0.1 M2] PBS (pH = 7.4)14] 30 &
ZF 2AANZ F, 0.1 M) PBSE M HFAch 18],
1% osmium tetroxide (Polyscience Inc., PA, USA)E
A5 T Ag Yol 30408 B F F, EoleT
2 AFsgnt. 24" BEE $H we &3
2 g4A)7)1 $2 AZ§ %, gold sputtering S 3f
o] FAPAAED| A o 2 T3t AIE vl Y 28
Aozt AEE WMFHANA AN 3.7%
formaldehyded| A 328 F9F I A AL, 70%
ethanol o] Yo}F3t) 2 BES S5AII ¥,
gl o 2 TujAIH L, Gum FA 2 o] Aesldrt
Hematoxylin-eosin G4& 3 ¥, 387
(Olympus BH-2 light microscope, Olympus Optical
Co., Osaka, Japan ) 2.2 A8 T
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5. ELHRERII0IA U A

15 RZE a2 4321 (10uCi, Amersham,
UK)YE "I S] PDGE-BBSF 41014 1 uCi &f WAL
Ao g 3 AA17] L] TCP/chitosan 1] AT 20
mg g 300 ng ] AUF-2AAAIAE H7I8t 4°C
oM 3Rt B & FAARAA P15 A
AR A FE] BT 9] 9k reverse phase
HPLCE 53 Belsfe Aw} 5% ofst2 yebdt). Tk
EolA 82w A AAN-TCP/chitosan (PDGF-
TCP/chitosan) ]AZL-E 10 mle] EXH0]E 45
oB(Phosphate buffer solution, PBS, pH = 7.4)0] £¢131
= 8700 9 F,37°C 20l Wil 15 pmo. 2 3
ANFT 24 SAHAPEE gEte ABEkglaL, A
Aslt gFdo E0iQ+= PDGF-BBY Y& gamma
counter (Cobra II, Packard Instrument, Meriden, CT,

USAYE o]-8-8to] S48}t
6. 2X% MY 5%

F2AQNFEE ol 98 FAESYEEE
& 1dg o]g3krt, chitosan 7MY, TCP/chi-
tosan B A3}, PDGF-TCP/chitosan W] Al3H 2
BioGran (Orthovita Inc,, Malvern, PA, USA)}& 4|
3}tk New Zealand white rabbits (4 #Z: 2.5
kg)& xylazine (3.5mg/kg body wt, )2 & T-&FAL3}
o plHAZ F, FAE 4 E el o R Ax3t
i, #2203 E 2 % lidocaine §¥ 22 A3}
FE B9 HRE v ¥, T AN
t}. Trephine burg o}t e FYrE FE 3
walzmA 2% 8 mme] YHFAERE YA
t}, o] AR FH[3 AEE Fo]AE e
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hzFo 2 Fo|2E a4 Wttt 293t 0 &
Z¥z} 5.0 chromic gut, 4-0 silk (Ethicon, Somervile,
NJ, USA)E o3 B8t} AUEEE 45 F4
B YA )AL, AF e B T 2T- S Yol 1
A7 e}, Super Low-viscosity Embedding Media
(Polysciences Inc,, PA, USA)E Z3& Xujslal,



Figure 1, Scanning electron microscopic view of TCP/chitosan microgranules,
(Bar = 100 um, Original magpnification: x100,)
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Figure 2, Osteoblast proliferation level of TCP/chitosan microgranules after 1, 7, 14, 28 days of culture, Data
are presented as mean *standard error (n=6), At 28 days of culture, cell number of TCP/chitosan
microgranule was more than that of others without significant differences,

Exakt Cutting-Grinding system (Exakt Apparateb,
Hamburg, Germany) 2. & FE2-2 20 um F7 2 A2}
%+ &, basic fuchsin®} toluidine blue (multiple stain-
ing kit, Polyscience Inc,, PA, USA)Z ¢4 sle] n| &t
IFES Agint 228 FEH0E (Olympus
BH-2 light microscope, Olympus Optical Co., Osaka,
Japan) 2.2 ZAFt Tt

7. 8482

EE &L 30l oo 2 ARSI, H
EZAE T3} SAREA Y= ANOVA (SPSS
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10,0 SPSS Inc, , Chicago, 1, USA)YE A|8831T),
in, Ha}
1. TCP/chitosan BA| 222 HE|

=0l vMFAHE FHCRHD AR, IV
250-1000 ume] 4] ol A%Avt. TCP/chitosan ]
A e) FARAA A AN 48& o]F
= AL chitosan A9, EFE TCP7}F BH
EABe Agole I 2 53 E718 3438
I 9%t o] 2 <18 whE0)3 TCP/chitosan 7] A|F}
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Figure 3. Scanning electron microscopic view of osteoblasts on (A) BioOss®, (B) chitosan microgmaules, (C)
TCP/chitosan microgrnaules seeded with 2 x 10* cells/well and cultured for 7days, Attached
osteoblasts were interconnected in A, C, Individual cells were flat and very closely attached on the
chitosan microgranule in B, (Bar = 100 um in A and C, 50um in B)

A

Figure 4, Light microscopic view of (A) BioOss® (original magnification x 100), (B) chitosan microgmaules (origi-
nal magnification x 100), (C) TCP/chitosan microgrnaules (original magnification x 400), Cells were
seeded at 2x10* cells/well and cultured for 28days. Cells were only on the surface of BioOss® On
the contrary, cells on the microgranules were in multiplayer and interconnected each other(B,C).
Arrows indicate attached osteoblasts;,

o) FHe P3| AAYY, ) wAHGS0] M Z249,03+0,30x10¢, 11,5020,18x10¢ , 712
M 27be)) 2%k F0E s BYs FEHU 13.881+1,59 x 10* ] Q1tKFigure 2), TCP/chitosan ¥]
t} (Figure 1) | TCPE E83}4] & chitosan 7] 4 Ag@Ael 2] ME F7} Bio-Oss®} chitosan 1]
A oA B TCP E717] gl e ¥4 A AdollAe] IRK T BUA FAGAH R

2 Ho)ar gltkFigure 3-B), o & zle] & ATHP) 0.05).
BioOss®, chitosan 2 TCP/chitosan ®] M35 A3l
2, EOMIEZ 54 A 7 A7F e F FE3E FAREAE A a9

(Figure 3)9]A] BioOss®(A)¢} TCP/chitosan ®] 4|7}

BioOss®, chitosan V] H|2§, & TCP/chitosan 1] H(C) Aol FFH AE7) 3F3] Bol HE A

A el A MC3TC-E1 M| 3.9] 2418 1,7, 14, 28 B g gigle ) AEEE M2 HEHo 913l
Yot 24T 2 FolM AESL e €}, Figure 3-Bi= chitosan 7] A|Z ol A M E7} 27
T S Helon, 28 A Ao A = FABhaL Qe FR-ol AlEEe] Arst £7]18
BioOss®, chitosan, 18] 3L TCP/chitosan H]A|3}§3 4] B 712 B4 Z H 3o 3188 B 4 18Itk
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Figure 5, Cumulative release of PDGF-BB from TCP/chitosan microgranules in accordance with time, 300 ng
of PDGF-BB was loaded in 20mg of TCP/chitosan microgranules,

BioOss®, chitosan, TCP/chitosan B M|+ Aol A
28 Uz i © FohA|E <] B3| HAKFigure
4)o)4 BioOssPell= HEH FopdErt BH) &
Z0 32 ZA5k 91, chitosan, TCP/chitosan ]
Aol A S HEEC] Exet%aL, v AT
H Alololl FAH TN E MEE oF F&
o] F A EA3= BekE HAT

3. PDGF-BB Y= &l

PDGF-TCP/chitosan U|AJZE 0 2HH HATH
Azt &S 243 A (Figure 5), HAE
2K300 ng)9] 53 W7t A& 29 SR WEHUL, 1
o]F ol 507+ wiY 12 ng ¥ WL} 1 o) F
ol WEEE Yol ol EEUAR ¢ 279 F
QFHrZ o] o] oJH T},

4. ENY R=8Y

BioGran®, chitosan B| 4|2}, TCP/chitosan B Al
4, Z18)3 PDGF-TCP/chitosan | A% & E7]
FIhE LR o] 2%k gl A (Figure 6), Fo]4]
£ 3R] e H9(Figure 6-A) A= ABETAJ0)
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FAER PR Ao 2 MY, F23F9)
21& & 59| (Figure B-E)oX = ALY 7P
ZRE AI2HE AAEY o] FYFAR G
9191t} BioGran®, chitosan 1] A8, TCP/chitosan
u] 3HE o] AE FHoM ] S AEL
& 2po)E BT 4= g1, PDGF-TCP/chitosan
n| AL o] A3 F-$o e Y] AR
TAF7LFAYL, BAE 22 0] v &0 9
&I THFigure 6-F).

Iv. 58 % 0

A F HAER o) §HAL e ASE F
BioOss®$} BiogGran®2] 92} =17]&= 22} 250-1000
um, 300-355 um3?o|t}, o ST A AZHA chi-
tosan 7|3 @ TCP/chitosan P HFH e} =7+
250-1000 ume] H$ ol A3 AZzE v|ATH
E2 52 PR A 27t 2 TS YA
AATHFigure 1), o] AFL o] A2 AR HAE
o F222 4%, WY olF8E, A4
o2 ol F & Ao Az vHeo
2 chitosan H]AFAHe] TS tha Rl
(Figure 3-B), TCP/chitosan 7] A|3}@-& TCP7} 2h&



Figure 6, Histologic findings of TCP/chitosan microgranules in rabbit calvarial defects after 4 weeks implanta-
tion, (A) No treatment, (B) BioGran®, (C) chitosan microgranules, (D) TCP/chitosan microgrnaules, (E)
PDGF-TCP/chitosan microgranules, Bone margin was indicated by the arrow (). PDGF-TCP/chi-
tosan microgranules grafted sites(E) showed thicker trabeculae pattern and faster maturation of
new bone, (Basic fuchsin and toluidine blue multiple staining, original magnification x 40),

7] Bgo 2 BHo g l)e] A THS 34
Sk 13k, 7] ME7F B2 o) Rl §
HET AR B v & Ralshs 38393 TCP7}
A R3H o] Foldt FaadMela]sme)zhs Hoj
A] chitosan V] 4|2} K.t} TCP/chitosan B A3} 0]
AT 27] 534 d fesielet Azddh Tepr)
AARo| Hojuja F=7) e 7148 Zg
B0FH= g o] A TE TCPE A A Ulo] wj48 A4
5, WA=t A zhele] §lA] $a SHe)= £A)
o] Yo TCP £2S FeH» T2 Aajel® 31 &
it o] EAAES A Edstes dTx It o)
W Aol ¥HE01%] TCP/chitosan 7] 4382 chi-
tosan A TCP7} B2 5ol Fejgon] =7t
o] AL F A&EF YA FAE & 7|4
TCP/chitosan 1) H]3-H-& TCPS} chitosan 2] &S
E5 7M1 Qe Ao 2 oA

495

BioOss®, chitosan, TCP/chitosan 7] |73 A}o)| 4]
FolHE L] FAL2 1,7, 14, 28 YF<t wAelg =)
(Figure 2), A% E8-& 7}2 TCP/chitosan 7] 4 3}§
o] AIZ Rt o Fejate)t o= AR, 195
o] oA A Ratd AE = F72F Aol
HolA] gfsith RE Follq HE £ Fiyer
Z7Fskg.em, 2845 ol 4] TCP/chitosan 1] A2+
dellXe] ME F= Fo 3 Ao & Koz $3kA|
Tk Bio-Oss®2} chitosan W) A)Ege] 24 BT Bo)
EA8h= A o2 ey

AE7} S wapstedlels Alxe] 23}
o590 Fa3%F g 4olm g A AT Aol|A] AEe)
2 T4 I AT AAANER AEE 5 de
7He W7 F 8.3 8ot} ol EEe] 7Y
Ao chitosan P AT T F2lslA 2 F3tg
o] 9l R <45(Figure 3-B)T TCP/chitosan 1] A|3H&
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oA F4jo] GastA Yojut 433l TE
ZA31= B (Figure 3-00& §3) A= vlAAH
Eo] AE BAo] ¥4 & AL & 5 Ut A
Fgol] AEE 28YU Fehuj I3t AN AXES
o] m At FHdlx RABIIA|NE W AT Abo]
A ol F T2 FAI e BES BAE
tl (Figure 4), o1 R w7 o] B -2 A £
Eo| t] £33 vAZg Atolo] FAE T
(Figure )& A& Rog Aztect T} E3)3)
= o] -3 AEE7| 89 FE3Eo] T3}
2, BjoFdle AlET) 331 o 7 R|ShE AlEZE
o] Az argo| o & dojupm 2573 n] A3} gl
A FARE Bao FolA e Bl felehA &
3lelet o

ARz} Fol ehlAe QA2 Y2 FoeH
F9)z 2 Ao 23] 3|4o] HiL 2] i ¢
3 27t He, A oA AR TR A
A7 B¢ FAHES splE gA7t 4k 24
Woll Al E2ael gz E 789 A il ®
FHA1A vF2e XNFZ2AA AP o] &3 AP
A iRty wilE 42407k 3le
H 4 A%} ApE 96 % o) o] AR 2 F F
ol o)A AE B 4 gkl T
o] A& || A TCP/chitosan | I H O 2R E W&
B 2 A 2 Gt el
AA) -£3K300 ng)2] 53 %L, L F 5YZF Y 12
ng A S HAcE AAH R of 27Ut AolA
ok 2)&2 0 2 WA EE Ao g UERT AT
AN AHPDGF-BB)E= 0,194 100 ng/ml ¥ ]|
A Ew9 vlHEte] FolAxe] a7 SIS
ZTMNRPO FEg, HAg 1 FY oS &
¢ x5 oo g FAEHUS Ao R Adrt
ol Aol 27U71A] WEo] dojt AL n|A
e Az v A0FARAEAAY d57} w)Al
g Wi o7} ezt wlATgo] 3] £
2 o) 257 gEo g Azdc) AR
AR} 29 230 Fgg n|R)7] YA E 2714
ZH & urE = oo} kA%, oW o] A7 PDGF-
TCP/chitosan B A3}l A o] 27] W& At
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AFget £ Fol| AR ANIFAA
o AH Fojgk FEAGNMED 3] B &
(13 ug)-& T3, o Ao e o
234212} 300 ngol - MAFHHEE E7] T
FAYHER o]ty thE I A3} He
AiHFigure 6)E B YT} AAARE Fol2A o 3
FA7EE ARE o)A x YISt Stephan
592 £3] YLFAAFAAE BioOss®e} et
Ao T FAAA daoedFAR
23} Fol| T p] X Fgkol B3t AT-E 3Tk
o] AT M= BioOssBe} Zetale] EFES T
I EAFAAEIRE L BHT IS AT
Ao|w, da3hfa 430 30 %7t A 10 4F
otol] - ERATIAL EFG o, L o] Fof uprA] o)
o= Ak 2 WEHAEA Y e A5 Yk

BioGran®, chitosan T A#}§, TCP/chitosan H] A
G 7Aool & Aol §lE &S BAT =
0] A& AT B Y& 7)Y FNFAERAAN =
453 Fof FHER 1A ARt Agke] X7 0]
PAHUT FE AR o g XFH
i1, PDGE-TCP/chitosan V] HZg TollX& 45
o] 1oo] thg FolME} o FHIL, & A& w
27 1P A=rl(Figure 6), 7]E2] 314 ofj A
T o)9} vt A BTt

=0
OE}—

V. 3E

o]l ¢3Lo)| A& chitosan P Al#§, TCP/chitosan
oA #g, 183, PDGF-TCP/chitosan PIHZH-&
Azsta IYAELAE AEE F JEAE Yo
gk}t AzE TCP/chitosan B|A|#E-& chitosan ®]
AFR T} Foly L] Rate] FF Rl Fo}
A E7} v Aol 72 S48 BES SR1ES
t}. TCP/chitosan P A|#-He &AL}
AR o, 2FFAAFAATE 1 FURE
A HEHAL, L IR Y &Aoo e

=

=



WEEHAT. E7] SIS EERN EauhHA
AR - A1Z] TCP/chitosan 1) Hj3Hg Fofj A=
B9 F2F7F FAYA, FxA Y o) wa] 3
Fd Ao veldt o] AYe] e avhs
24742027} S € TCP/chitosan 1) A3} & &
AZARAMY 7S Bk
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-Abstract-

The effect of PDGF-BB loaded TCP/ chitosan
microgranules on new bone formation

Yang-Jo Seol!?, Jue-Yeon Lee?, Seung-Beom Kye3, Young-Kyu Lee?, Won-Kyeong Kim!#, Yong-Moo Lee! ,
Young Ku!, Soo-Boo Han!, Seung-Jin Lee?, Chong-Pyoung Chung!, In-Chul Rhyu'*

! Department of Periodontology, College of Dentistry, Seoul National University
2 Department of Pharmacy, College of Pharmacy, Ewha Womans University
3 Department of Periodontics, Samsung Medical Center, Sungkyunkwan University School of Medicine
4Department of Dentistry, Asan Medical Center

The purpose of this study was to evaluate newly fabricated tricalcium phosphate(TCP)/chitosan micro-
granuls as bone substitutes, TCP/chitosan microgranules were fabricated by dropping TCP-chitosan suspension
into the NaOH/ethanol solution, The size of microgranules could be controllable via airflow rate, PDGF-BB
was loaded into the fabricated granules via freeze-drying methods(300 ng/20 mg). To evaluate cell prolifera-
tion, cultured osteoblasts cell lines(MC3T3-E1) was dropped on the BioOss®, chitosan microgranules, TCP/chi-
tosan microgranules and cultured for 1, 7, 14, and 28 days. Scanning electron microscopic observation was
done after 7 days of culture and light microscopic examination was done after 28 days of culture, PDGF-BB
release from the microgranules was tested. Rabbit calvarial defects(8 mm in diameter) were formed and chi-
tosan, TCP/chitosan, PDGF-TCP/chitosan microgranules, and BioGran® were grafted to test the ability of new
bone formation, At SEM view, the size of prepared microgranules was 250-1000 um and TCP powders were
observed at the surface of TCP/chitosan microgranules, TCP powders gave roughness to the granules and this
might help the attachment of osteoblasts. The pores formed between microgranules might be able to allow
new bone ingrowth and vascularization, There were no significant differences in cell number among BioOss®
and two microgranules at 28 day. Light and scanning electron microscopic examination showed that seeded
osteoblastic cells were well attached to TCP/chitosan microgranules and proliferated in a multi-layer, PDGF-BB
released from TCP/chitosan microgranules was at therapeutic concentration for at least 1 week, In rabbit cal-
varial defect models, PDGF-TCP/chitosan microgranules grafted sites showed thicker bone trabeculae pattern
and faster bone maturation than others, These results suggested that the TCP/chitosan microgranules showed
the potential as bone substitutes,

Keywords : bone substitutes, chitosan, tricalcium phosphate, microgranules, PDGF-BB,
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