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Effect on adhesion and proliferation of osteoblast
cell with immobilization of hyaluronic acid on

surface of titanium

2010+ 8H 25H

zAYsn s
EEE



o] 373

-
a3

A7t ==A

al

5}
o nMA= 93

)}_}

Nie

E

-
El
1A

20104 6/1



+
g

B

or

il
ﬁo
~

&

oF

+
g

B

or

+
g

B

or

El

o

mo

+
g

B

or

£

+
g

B

or

H

20104 6/



SR

LIST OF FIGURES

ABSTRACT ...,

Al 17F A B o

;q] 210} o]%;@

z]
A 18 Zd=vl FIUL

A 3 APdAQs D Wk
A 1A AIAAE e
A 28 FFAS e,
A 38 =9 THTE
A 48 S LFFEA AAS
Al 58 AESFA FHIF o,

Al 4% A4y D wF
Al 148 EFg=vsdd HAZAS e
A 2d nWNAdA Helwxnde 3
Al 3" ABESHA EI} e,






Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.
Fig. 8.

Fig. 9.

Fig.10.

Fig.11.

Fig.12.

LIST OF FIGURES

Bicyclic step-growth mechanism of plasma polymerization. ..... 4
Titanium disk after mechanically polishing. ........c.cccoceeieie. 5
Experiment conditions and apparatus of anodic oxidation. ..... 6
Plasma deposition system for polymerization. ........c..cccceeueennenee. 7
Titanium disk after plasma polymerization. ..........ccccoecuvenenee. 8
Molecular structure of allylamine. ...........cccoovviiiiiiieniniciee 8
Molecular structure of hyaluronic acid (HA). ....cccoveerieeennee. 10
Preparation of three modified surfaces (Ti, Anodized Ti,
Anodized Ti/NH,, Anodized Ti/NH2/HA). ..cccovevviiiieninnne. 10
ATR-FTIR spectra of (a) anodized Ti/NH, and (b) anodized
TU/NH2 HA. e e e 13
SEM images of (a, b) Ti (¢, d) anodized Ti, (e, f) anodized
Ti/NH, and (g, h) anodized Ti/NHy/HA. ....ccccooiviininiiiiees 15
AFM images of Ti; (a, b), anodized Ti; (c, d), anodized
Ti/NHy; (e, f), and anodized Ti/NH»/HA; (g, h). .ccooveenrnneen. 16
The result of MTT assay from the MC3T3-E1 seeded on (a)

Ti, (b) anodized Ti, (c) anodized Ti/NH,, (d) anodized
Ti/NHo/HA for 1 d, 3 d, and 6 d. ..cooceeiiiiiciieces 18



ABSTRACT

Effect on adhesion and proliferation of osteoblast cell with

immobilization of hyaluronic acid on surface of titanium

Han-Seok Myung, D.D.S, M.S.D
Director : Prof. Yeong-Mu Ko, Ph.D., DDS
Department of Dental Science

Graduate School of Chosun University

Anodic oxidation is a commonly developed surface treatment for several

applications, such as corrosion protection, aspect improvement, joining with
polymers, etc. Plasma-induced graft polymerization has consequently proven highly
successful as a means to develop functional interfaces for the immobilization of
biomolecules. The purpose of this study was to development of bioactive
functionalized titanium surface by immobilizing hyaluronic acid (HA) onto - NH;
functionalized anodizing titanium surfaces to improve biological, physical and
chemical properties of titanium. Anodized titanium surface modification was
carried out by depositing an ultra thin polymeric layer containing amine groups
through plasma polymerization using an allylamine (AA) monomer. A natural
polymer HA was immobilized onto the -NH, functionalized surface in EDC -
NHS aqueous solution. The modified titanium surface were characterized by
X-ray photoelectron spectroscopy, scanning electron microscopy, attenuated total
reflection fourier transfer infrared spectroscopy and atomic force microscope.
Osteoblast like cell, MC3T3-E1 cells were cultured on each sample and the cell
viability was examined using a MTT assay. 0.2-0.5m pores (approximately) were
formed on the surfaces of anodized titanium and HA was immobilized

successfully with a covalent bond. The cell viability shows that significantly
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enhanced viability on the anodized and HA coated anodized metals than on the

unanodized metals.
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Fig. 1 Bicyclic step-growth mechanism of plasma polymerization.
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Fig. 2. Titanium disk after mechanically polishing
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» Anodic oxidation

electrolyte 1 M H;PO,
Counter electrode Pt rod a
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Applied voltage 180V
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Sament Bensity 30 mfem™ @ cooling system thermometer

Fig. 3. Experimental conditions and apparatus of anodic oxidation.



Fig. 4+ Z¥=v}lvlE (Miniplasma station, Korea)ol »] 93 Ze}=w
2 o] AEAR A Au] FAEE JER Y. EEEegd s Al
SFweld A e EEbxv) ‘?z“@xoi]i T/d = o 3

o

T(AA)E AHE Az Fig. 69 WeERHAT. Blebw ARz
Aol wd #A3E F-oshy] flste] Als dAE AR (0)7FE
],

A&
£ 64 scem, Ze=vF BAA 7] 60 W 2 o® SR S8ttt o]oA
o]
B

tt
Ho

ZHAuEEe 0 AAE 32 scem FEoE EHEw vk r] otd E=918}
2l 30 WolA 587 ¥reAl7l & 33 /752 AZsE o, 232 oA

Az A7l HA A st A gl ARgshth

Fig. b= Z8=vl 34Hs & PAA(poly allylamine)¥tdto] ¥ E E el
Age A% gz ®e Aolth Fig. 204 HoE F A2 Hew 439
el Wl PAA ariApdbdte] sy wo] H whAl FA &0 WalE of7ho
Aol rolz A& #AE 5 AUk (Fig. 5).

32,

Fig. 4. Plasma deposition system for polymerization.



Fig. 5. Titanium disk after plasma polymerization.

Fig. 6. Molecular structure of allylamine.
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Glucuronic acid N-acetyl-glucosamine

Fig. 7. Molecular structure of hyaluronic acid (HA).

==t [ Anodized 11 | === [ Anodized Ti Anodized Ti

Fig. 8 Preparation of three modified surfaces (Ti, Anodized Ti,
Anodized Ti/NH,, Anodized Ti/NH,/HA)
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a purple formazan product) assays AW I8t Fofo| A A EF-2#E I} A E
ZHEL A A A¥ whgeg. ® Ayl MC3T3-El
(subclone 4, CRL-2593) M¥E& ATCCZHH Fulsted ALl wlkd
AXE WS EF AlAT & PBSE ol &3t AlFH3H 2w trpsin/EDTA
£ 4% FIbsto] MSFHAETH AT " Alxdd FBS7F £3H4d
A& H7bslo] WhEE AAAZ] F ARV E o] &t AEE FH e
Ak AE wAE FHIbstel tAl HA AR S FHE Sl HIME
12-well plated] Z+7F 1 X 107 cells/well S T}&3a Tt A& 37T, 5% CO2
7Tl A Z42E 1Y, 349, 69 &2k wFst = MTTE H7bsted AR 9]
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Absorbance

Fig. 9. ATR-FTIR spectra of (a) anodized Ti/NH, and (b) anodized

| vNH v C-H v €Oy c=0
1 T \ v N-H
v N-H v C-H v CO,
& N-H
(a)
I I I I
4000 3500 3000 2500 2000

Wavenumbers (cm™)

Ti/NH2/HA.
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Fig. 10 SEM images of (a, b) Ti (c, d) anodized Ti, (e, f) anodized
Ti/NH, and (g, h) anodized Ti/NH,/HA.
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@

~ Ra=0.758nm

Fig. 11 AFM images of Ti; (a, b), anodized Ti; (c, d), anodized
Ti/NH»; (e, f), and anodized Ti/NH»/HA; (g, h).
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A3 A AESHH Ao}
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208 Aoz 44
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Fig. 12 The result of MTT assay from the MC3T3-El seeded on (a)
Ti, (b) anodized Ti, (c) anodized Ti/NH», (d) anodized Ti/NH»/HA for
1d 3d and 6 d.

_18_



il

4

A5

Ho

B

A

Ho

ol
o

)

—_
"o

Juty
;00

K

Z =4
2]

gl =]
S

MC3T3-E1¢] A

X

o] FIA|

il

2.
=

A4

& ALP test, calcification

6(;]:

ol

Fepzv
2 Atmgch

2,

_19_



1. Albrektsson, T. (1933) Direct bone anchorage of dental implants. J.
Pros. Dent. 50: 255 - 261.

2. Braénemark, PI (1983) Osseointegration and its experimental
background. J. Pros. Dent. 50: 399-410.

3. Wennerberg, A., Hallgren, C., Johansson, C. Danelli, S. (1998) A
histomorphometric evaluation of screwshaped implants each prepared
with two surface roughnesses. Cli. Oral Implants Res. 9: 11 - 19.

4. Cochran, D.I., Schenk, R.K. Lussi, A., Higginbottom, F.L.. Buser, D.
(1998) Bone response to unloaded and loaded titanium implants with a
sandblasted and acidetched surface: a histometric study in the canine
mandible. J. Biomed Mat. Res. 40 1-11.

5. Buser, D., Nydegger, T., Hirt, L.P., Cochran, DL. Nolte, L.-P. (1998)
Removal torque of titanium implants in the maxilla of miniature pigs.
Int. J. Oral Maxil. Implants 13: 611-619.

6. Laurent TC, Laurent UB, Fraser JR. (1995) Functions of hyaluronan.
Ann Rheum Dis 54: 429 - 432.

7. Ladeda V, Aguirre Ghiso JA, Bal de Kier Joffe E. (1998) Function and

expression of CD44 during spreading, migration, and invasion of
murine carcinoma cells. Exp Cell Res 242: 515 - 527.

8. Zhang S, Chang MC, Zylka D, Turley S, Harrison R, Turley EA.
(1998) The hyaluronan receptor RHAMM regulates extracellular regulat
ed kinase. J Biol Chem 273 11342 - 11348.

9. Entwistle J, Hall CL, Turley EA. (1996) HA receptors: regulators of
signalling to the cytoskeleton. J Cell Biochem 61: 569 - 577.

10. Turley EA. (1992) Hyaluronan and cell locomotion. Cancer Metastasis

_20_



11.

12.

13.

14.

15.

Rev 11: 21 - 30.

Rammelt S, Illert T, Bierbaum S, Scharnweber D, Zwipp H, Schneiders
W. (2006) Coating of titanium implants with collagen, RGD peptide
and chondroitin sulfate. Biomaterials 27: 5561 - 5571.

Barber TA, Gamble LJ, Castner DG, Healy KE. (2006) In vitro
characterization of peptide-modified p(AAm-co-EG/AAc) IPNcoated
titanium implants. J Orthop Res 24: 1366 - 1376.

Schuler M, Owen GR, Hamilton DW, de Wild M, Textor M,
Brunette DM, (2006). Biomimetic modification of titanium dental
implant model surfaces using the RGDSP-peptide sequence: a cell
morphology study. Biomaterials 27: 4003 - 4015.

Petrie TA, Capadona JR, Reyes CD, Garcia AJ. (2006) Integrin
specificity and enhanced cellular activities associated with surfaces
presenting a recombinant fibronectin fragment compared to RGD
supports. Biomaterials 27: 5459 - 5470.

Elmengaard B, Bechtold JE, Soballe K. (2005) In vivo effects of
RGDcoated titanium implants inserted in two bone-gap models. J

Biomed Mater Res A 75 249 - 255.

_21_



&= 0|8 =M
st D | xSt | st el | 20087430 | B | A
4 9 st=2: gstA otF : BARREH FE © Han Seok Myung
T A | DT QHAAl SR XS ML ICHX 2= QHARDIOHO| X2t
EEPS 011-9167-5061 | E-MAIL| dds0522@naver.com
St32: ElEts HHO SILRE4A2 DG ASHEL
220 SA0 OIXle 2E
== M= |20i: Effect on adhesion and proliferation of osteoblast
cell with immobilization of hyaluronic acid on
surface of titanium
=010l MAS 919 S0l Holol CFSI 22 X0k ZAUHS LIt HA2S
OIS & UYTE 32A5tn SOIBLICH
- Ct =
1. HEE22 DBFE & QHU S ZLEst IESHA SHE fst HEHE2
=,
JIAEXINS HE, 85 S22 dieE
2. Fo =SHE ot 228t Hel HUHA2 BE - FAAMO HHEZS 5E.
Ctot, H&EE22 igHde 2XE.
3. HE - &S ME=2 Jeld =82 st =X, M, 88 s2 22X E.
4, JE=0 Ok o822t 5922 &td, JI2tEE 3HE Ol B2 oAt
T AIDH
g2 2Rl ME22 0182(12t2 A= AFE
5. oY MEZS2 MERAZ EICINAH LE0AHL E= ETE 32 oS
dR0=
10HE OlULHOl CHEOl OIE SE2&.
6. &St = MEZ2 0|86 0lF oY ME=SZ CI6t 24dt= Etelo
o5t
He| ool CHotod Ml 8 MAS XK 22
7. A0Sl FEIIZU ME=S2 HME & CHY S B3ESAUS 0|6t
NE29|
HE - =8HE e
SNE : S( 0 ) Lol )
20108 6" 23 ¢
SRS PN g s 4« (MY &= 9l)
TS D EF 5t



	제1장 서론
	제2장 이론적 배경
	제1절 플라즈마 중합반응

	제3장 실험재료 및 방법
	제1절 실험재료
	제2절 양극산화
	제3절 플라즈마 중합반응
	제4절 히알루론산 고정화
	제5절 생물학적 평가

	제4장 실험결과 및 고찰
	제1절 플라즈마중합과 HA고정화
	제2절 표면개질된 티타늄표면의 형상
	제3절 생물학적 평가

	제5장 결론
	참고문헌


