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ABSTRACT

Plasma technique has been proposed as a tool to produce a hydrophilic surface to hydroxyapatite
(HA)-coated titanium, which is used as dental implant. The objective of this study was to evaluate the
effect of plasma treated HA coated titanium on preosteoblast adhesion, proliferation and differentiation,
The contact angle of plasma treated HA-coated titanium was lower than that of HA-coated titanium.
Cells on HA-coated titanium and plasma treated HA-coated titanium spreaded and proliferated preosteoblast
equally, But the MC3T3-E1 preosteoblast cells cultured on plasma treated HA-coated titanium enhanced
the ALP activity and the expression of osteocalcin and osteopontin gene. The result demonstrated that
atmospheric plasma decreased the contact angle of HA-coated titanium surface and promoted the
differentiation of the MC3T3-E1 osteoblast cell by enhancing ALP activity, osteocalcin and osteopontin
gene expression,
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Figure 1, A schematic illustration of the plasma treatment
and hydroxyapatite coating to titanium,
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Figure 2. Contact angle of (a) HA-coated titanium and (b)
plasma treated HA-coated titanium,
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Table 1, Oligonucleotide Primers for Gene Expression Analysis by RT-PCR,

Gene Primer sequence
oc F : 5'-AAG CAG GAG GGC AAT AAG GT-3'
R : 5-TTT GTA GGC CCT CTT CAA GC-3'
oP F : 5-TGC ACC CAG ATC CTA TAG CGC-3'
R : 5'-CTC CAT CGT CAT CATCAT CG-3'
RUMX-2 F : 5-ATG CTT CAT TCG CCT CAC AAA C-3'
R : 5'-CCA AAA GAA GTT TTG CTG ACA TGG-3'
GAPDH F : 5-CGA CCA CTT TGT CAA GCT CA-3'
R : 5'-AGG GGA GAT TCA GTG TGG TG-3'

product size (bp) annealing temperature

156 56
186 58
261 53
203 58
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Figure 3 The SEM image of HA-coated titanium and
plasma treated HA-coated titanium,
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Figure 4, Proliferation of MC3T13-E71 cells cultured on HA-
coated titanium and plasma treated HA-coated titanium,
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Figure 5, ALP activity of MC3T3-E1 cells cultured on HA-
coated titanium and plasma treated HA-coated titanium,
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Figure 6, Differentitation related gene expression of
MC3T3-E1 cells cultured on culture plate(1) HA-coated
titanium(2), and plasma treated HA-coated titanium(3),

=}
=

o

EolEre Adg QFRE ARz de Aedn
ot A2 FUEC BoH, B5H, RS EAA
22 Foo] 1 de S Shud s wde) @
o Amso] Axm glek. oleat wele] o] Fopd



0|&Z! 2| : 5l0|=ZA|ofTIEIO|E

12

=27 vt}ﬁ‘ra ZZA71AL, O Yozt mete]
aRHo s Fofstaal sk Aojt, olo £ ?i:lloﬂ
= dfo ]‘:i"lo}”JrE]rO]E Ao ofsf Azl EtolebE
R HELS SopAEete] e ShATIZ] 4
ato] Fepzut AR HAAA BHe A5dE
FHe] ASAe whilde] 32 AE H2 g H3
of wig Fash dgS = ZW QUAto|t; (Grinnell,
1978). Aw FH AEHS AAs
2719k gEo] AxEe Hzte] Fad s g}
Herrero-Climent $-& E‘ﬂgl AAZI7F AEe] 71”9
g R FhlE, BEURS Eee TeAw
Z7MAZIg L Rusledtl (Herrero-Climent, 2013),
Eefzrt Aol Sol=gAolstolE 29 tholeks
AN AT o] Fol=EAolsteiolEnt 7 B
olEFET A A Ueton], of s Fopq
2o FAox JFS Rl AoR AlmHY

A

}'—'H 2 FUlO Hil

2

o] AA= osteocalcin, osteopontin, 2 ALP7} &
obA|Ee #3le| BAIE Hiskil gl (Price T
1985, David &, 1998; Rodriguez &, 2003; Choi &,
2008), W] thAAZ 2] apatite7} ALPS] WS S71A|
ZIth= Havb lol(Inoue &, 2004), ¥ AFoMe &
gfznl Aglo] 9§t Iohxe] E3le] HHE FA
24 2 fFHAe wds FAsY Sk A
5 ALP T4 o] Frletglen, &3F osteocalcin
Frrzke] welo] #As] SVl Zo® Ushkith E
g ol I 2 FrY HIS fAsk Fad o
8tS 3= Ao 2 HEo|R= (Handschin %, 2006)
Runx-29] W% slo|=FA|olutElo|E FHE Elo|ehr
G+ WHol HE B, o Eekzeh Ae)
o oJaf ZopAlExe] Eslele JFS vHl AR AR
Hn, sto|=FAloluteto|EVF ARE ERolehmoel| Zet
znkg Aeleb ZoRAEe] F3 EE FAHUR= Fol
AEe 23E ¢ &3t & 4 9lod Matsuoka S
& AFR Zgolo] mlEshEobAEe] ALP FA-9
47} osteocalcin®] mRNA S F7RAZIvt Ha
Shith (Matsuoka &, 1999). Zef=vl Aol 23] F
el Zoldze] ek solmEAlolstetolEs) Hold
Bl Apon holee] ] FEsplic 2

)

2
£ Hol Z Aoz oaEe] A%e ol Aze
4 o Qe Aol A1,

FEE Elo|Ekz2| E2I=0t M2Vt =&

DAz 22t 8l 2slof 0z =1t 245

4 &
2 Aol A3g A del AgHn 9
& Holekrol MAE] A Babol] ARl EeA
08 goud 9A A% A TSSO FIA)

17} Sfol =g Alolsteto]E mHE Eholeol] ekl
Aol stol g ge dee Ak

1, slo|=EAjolulelo|E FEIE Eolely THe H=
e 6 olglon}, Eekzrlg Azjsde l, 2/
fasto] FHel /o] S7HENH.

2. BT BT} ZAEL o= Ao}sEelE
59 Bolehs} Fehznh Al stol=sAlolsle)

= 28 eolehrold Hgd 58 1.

3. TobES I3k Zekznt A3 slo|=EAlotut
EfolE FE E}O]E}ﬁdw ALP &Xo] A7k v
3tod Z7tebeinh ek B3l BX] SARk] osteocalcin
9} osteopontin®] ‘?g]"i‘ﬂol S7HAA.

O

Tt 2 Aolulelo]E FEE ElolElgdl
gelze} Aelg dw wHel R4l $71Eol, Bol
A2l $4 % FUE sfol=S ko= 294
olebgT Ze FFoT FEEHAN ZolM L Eils
& WIS ek, Bk LISl BaE 4
ARG & 5 g,

AgHoz, ol

= |

5

Ho

Gotfredsen K, Hijorting-Hansen E, Budtz-Jo rgensen
E. (1990) Clinical and radiographic evaluation of
submerged and nonsubmerged implants in monkeys.
Int J Prosthodont 3:463-9.

Jansen, J, A, van der Waerden, J. P, & de Groot, K,
(1991) Fibroblast and epithelial cell interactions
with surface-treated implant materials, Biomaterials
12, 25731,

Tkada, Y. (1994) Surface modification of polymers for
medical applications, Biomaterials 15, 725730.
Gustavo Mendonga, Daniela B.S. Mendonga, Francisco

J.L, Araga”o, Lyndon F, Cooper, (2008) Advancing
dental implant surface technology — From micron-to
nanotopography Biomaterials 29: 3822-3835

Jimbo, R., Sawase, T., Baba, K., Kurogi, T., Shibata,



246 CHEHR|npY|xjskS|x| #|402 H|3Z 2013

Y. & Atsuta, M. (2008) Enhanced initial cell responses
to chemically modified anodized Ti. Clin Implant
Dent Relar Res, 10, 55761,

Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y,
(2007) Surface treatments of titanium dental implants
for rapid osseointegration, Dent Mater, 23(7):844-54.

Sandrini E, Chiesa R, Rondelli G, Santin M, Cigada A.
(2003) A novel biomimetic treatment for an improved
osteointegration of titanium, J Appl Biomater Bio-
mech, 1(1):33-42,

Webster TJ, Schadler LS, Siegel RW, Bizios R, (2001)
Mechanisms of enhanced osteoblast adhesion on
nanophase alumina involve vitronectin, 7issue Eng
7:291-301

Lee KW, Bae CM, Jung JY, Sim GB, Rautray TR, Lee
HJ, Kwon TY, Kim KH, (2011) Surface characteristics
and biological studies of hydroxyapatite coating
by a new method. J Biomed Mater Res B Appl
Biomater, 98(2):395-407.

Duske K, Koban I, Kindel E, Schroder K, Nebe B,
Holtfreter B, Jablonowski L, Weltmann KD, Kocher
T. (2012) Atmospheric plasma enhances wettability
and cell spreading on dental implant metals. J
Clin Periodontol, 39(4):400-7.

Zhao, G., Schwartz, Z., Wieland, M., Rupp, F., Geis-
Gerstorfer, J., Cochran, D. & Boyan, B. D. (2005)
High surface energy enhances cell response to Ti
substrate microstructure, Jjournal of Biomedical Mate-
rials Research, Part A 74, 49-58.

Cunha A, Renz RP, Blando E, de Oliveira RB, Hiibler
R. (2013) Osseointegration of atmospheric plasma-
sprayed titanium implants: Influence of the native
oxide layer. J Biomed Mater Res A, 2013 Apr 9.
[Epub ahead of print]

Grinnell, F.
cellular substrata, Int Rev Cytol 53: 65-144,

(1978). Cellular adhesiveness and extra-

Herrero-Climent M, Lazaro P, Vicente Rios J, Lluch S,
Marqués M, Guillem-Marti J, Gil FJ. (2013) Influence
of acid-etching after grit-blasted on osseointegration
of titanium dental implants: in vitro and in vivo

studies, J Mater Sci Mater Med, (in press)

Price PA, (1985) Vitamin K-dependent formation of
bone Gla protein(osteocalcin) and its function,
Vitam Horm 42:65-108,

David R, Villarreal, A, Sogal, and Joo L. Ong (1998)
Protein Adsorption and Osteoblast Responses to
Different Calcium Phosphate Surfaces. J Oral Imp-
lantology: 24(2), 67-73.

Rodriguez R, Kim KH, Ong JL. (2003) In vitro
osteoblast response to anodized titanium followed
by hydrothermal treatment. / Biomed Mater Res,
05A:352-358,

Choi ST, Kim JH, Kang EJ, Lee SW, Park MC, Park
YB, Lee SK. (2008) Osteopontin might be involved
in bone remodelling rather than in inflammation
in ankylosing spondylitis, Rheumatology (Oxtord).
47(12):17759.

Inoue M, Le Geros RZ, Inoue M, Tsujigiwa H, Naga-
tsuka H, Yamamoto T, Nagai N, (2004) In vitro
response of osteoblast-like and odontoblast-like cells
to unsubstituted and substituted apatites. J Biomed
Mater Res A, 70(4):585-93,

Handschin AE, Egermann M, Trentz O, Wanner GA,
Kock HJ, Zind G, Trentz OA., (2006) Cbfa-1
(Runx-2) and osteocalcin expression by human
osteoblasts in heparin osteoporosis in vitro. Clin
Appl Thromb Hemost, 12(4):465-72,

Matsuoka H, Akiyama H, Okada Y, Ito H, Shigeno C,
Konishi J, Kokubo T, Nakamura T, (1999) In vitro
analysis of the stimulation of bone formation by
highly bioactive apatite- and wollastonite-containing
glass-ceramic: Released calcium ions promote osteo-
genic differentiation in osteoblastic ROS17/2.8 cells.
J Biomed Mater Res, 47, 176-188,



