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Chitosan(poly-N-acetylglucosaminoglycan)2 A |
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& AR shaL o] & AT M| 7)o
Bo] YA S g B Q)

Tricalcium phosphatet™= A A| 18}4d0] Foldt Al
S0 2 BAwAe] $oste] B2 449 713
2 288 F ol Barwar girpe o7 A
A 12724 1874 Aolo] 5§
o) A0z} s 0 2t Refel B2
AR 2710, 2 A} Slep 0 spo] 2o B
HAEZ 2 3] ol A= o)A aL 9}

YAk 37l AFAU A EL} oA
o stetrAE LT, o] AZE9] EE& FXA
7102, FEAAG oM AF2 28303} Z2230 ] A
BE S7M7IE Ao ' BaEQIt sHAT, Fo
S AP SRS IEe R TER 27
Well o9l A @ar 4 nkel] iR A7
B0) 53,

ot A9 H4-L chitosan} tricalcium phos-
phatc & E5}o] vkl Alzsha, vl 4
o SO EE v Fato] AE ot S49 FS &
ot , AT RIS LEo] AAHES
AT del SHFAIA SEEFS A =22
Ao o FEE PIA=AE Yol = Aol

= =
EAE

.
227

= A

Il A= SR

o] &7-ol| A= TCP/chitosan W] Al|ZHS- A %3}
o] )& #2319l TCP/chitosan 7] A3+ Akl
Ao] ZoEE v gate] S W At wgk
T5 3kt &, A% TCP/chitosan ™) A2} ol
AT AAE FHHAA HEY P B

490

(o)

 Js

“

skon, A=Y

speiet

3ol o

e MAEAE AT

1. A=

Chitosan (Tae-Hoon Bio,, Kyong-Book, Korea)@}
Lysozyme (Sigma-Aldrich, St, Louis, MO, USA), Z1g]
31, tricalcium phosphate(Showa Chemicals, Osaka,
Japan)& FH|EF3ITE PDGE-BB ¢} %1 F9| 947}t
228 PDGF-BBE 42 Genzyme (Cambridge,
MA, USA)¥} Amersham (Buckinghamshire, UK)of| 4]
T3k, B-glycerol phosphate, L-ascorbic acid
5& Sigma-Aldrich (St. Louis, MO, USA)¢l|A],
Trypsin-EDTA, fetal bovine serum (FBS), @-mini-
mum essential medium (a-MEM) &€& Gibco
(Grand island, NY, USA)l| 4] T+ 3k tt.
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7R SFTE AL, 400-800 um Aol o] B A7+
< =effo] FAAE AAHT dadHA3ERIA
7B w AR WA e dede g e
TCP/chitosan P] A3 20 mg 9 300 ng ¢ 4%
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Microtech, England) g E]S Uoli 7] 5 FAAA}
&Hu|7d (JEOL Model JSM 5200, JEOL Ltd,, Tokyo,
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BioOss®, chitosan B A|#8, Z18]31 TCP/chitosan
W A2 20 mgS 2} 24-well A|3Eaf el ¥aL,
wjj ko] E0I90i= MC3T3-E1 A3 (2X10* cells/ml)
&4 A5 Y= Dolmyr}, Wi 1 ml ¢ a-
MEM, 10 mM2] 15% FBS, 1 %2] antibiotic-antimy-
cotic solution, 10 mM¢] sodium B-glycerol phos-
phate, 50 ug/mL2] L-ascorbic acid, Z8]3 107 M¢]
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2 AFsnt 14 128 B0 uet g2
2 BN T2 7Z3 3 gold sputtering S 3}
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7. 3t
g0 2 FujAFIL, Gum 7| 2 3] sttt
Hematoxylin-eosin §4-& 3 & 3&dn 7

(Olympus BH-2 light microscope, Olympus Optical
Co., Osaka, Japan ) 0.2 73X} T}
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Figure 1, Scanning electron microscopic view of TCP/chitosan microgranules,
(Bar = 100 um, Original magnification: 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 tstandard error (n=6). At 28 days of culture, cell number of TCP/chitosan
microgranule was more than that of others without significant differences,
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Figure 3, Scanning electron microscopic view of osteoblasts on (A) BioOss®, (B) chitosan microgrnaules, (C)
TCP/chitosan microgrnaules seeded with 2x 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 B

Figure 4, Light microscopic view of (A) BioOss® (original magnification x 100), (B) chitosan microgrnaules (origi-
nal magnification x 100), (C) TCP/chitosan microgrnaules (original magnification x400), 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,

1) A2 E0] A ZF2F9.034+0.30x 10, 11.5040,18 x 10¢ , 18]
oz TEE Q] 13.8811,59 x 10¢ 0] RITHFigure 2), TCP/chitosan ]
o} (Figure 1) , TCPE E35}A] &8 chitosan 1A ANFEAA MY HME 57} Bio-Oss®9} chitosan H]
FGAAE HE TCP EVI7F Par Rl B AR gelre) 2R wekAw sAs e

< Ho|aL )l rkFigure 3-B). frefgt ko= gl Thp) 0.05).
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(Figure 3)o4] BioOss®(A)¢} TCP/chitosan 1] A3}
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AFet 243U} 2 oA AEES HRAHo R t}. Figure 3-B chitosan ] 4|2} ol 4] A7} 27
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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,
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S A Z& Bé(Figure 6-A)ol| A= A EH Ao]
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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 (1), 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] Beko2 FRlo R yolglo] A3 wuE 34
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TCP/chitosan A A|#E-& TCP2} chitosan & A4
RF 7RI Qe Ao 2 o AZIH,
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-Abstract-

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

Yang-Jo Seol'3, Jue-Yeon Lee?, Seung-Beom Kye?, Young-Kyu Lee3, 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
4 Department 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, PDGE-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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