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Albumin grafted titanium surfaces in vitro study

FlI ﬁ%gl
fif 7 PORPR A BT AT £ B S P ﬁ l*?fﬂﬁfﬁ%lfﬂ
S gfg,clsr%@ A A Jﬁf” [ESET ﬂﬁfﬂ@?ﬂ P s Vi J/JIE‘E[E(]‘ Ep EVRE
By > A AR liEiB fE(glow discharge) 1 i B il [l & P15 1
[EF18eF 1 (albumin) > 52~ m?ﬂ%plfzﬁ:’ﬁrf hE AT @‘%“?ﬁ?/ﬁ
BRI ﬁi{:’(allylamine)g—‘f‘f%ff% , f@%«z@;ﬁ%ﬁ%ﬂ%ﬁ” B NESEIE a4
FL(-NH2) - FII 0 G5 — [ (glutaraldehyde ) g [ F 15 77 [k FEE e
Rl PGS AR © A S AR S BRI O BT %4 H
%(SEM)B’FH'*)J%T%(AFM)Lﬁ@EE‘%I}l% RE 53 AT [}Xv&ﬁﬁ A~ Fﬁf
FE(XPS) 73T | 2 1R PR & i BT %’ﬁ[ Jlshgh; £, %\Fﬁhl%iﬂ F‘cﬁ;ﬁgm,@
Uk & %ﬁﬂ%ﬁ[ﬁ@ﬁ L rF IPYRYEY Frsrl Itefp‘lg X 55t B (GIXRD):E
& vrﬁf ”qu*}‘rmiléfﬁ T At 2 AT XPS SIATE g 1 IR S 2 ’?Eha e e
pudsigh 5 F[H] Protein A Gold ik fi[# EEl | I_ép—E 5 ]%1% FII') AFM @52
o 5T I S R I | SEM fﬁﬁp@
o) R vmﬁ% Ry I i Ff%?'ﬂ'%i?ﬁ & 5T TR
e ’?E{PEI’EEJ‘Jifgj?}‘ﬁi,%EIﬁé‘d(osteoblast—like cell, MG 63) »(MC3T3-E1) [
AMESTHIN] 5 x104 cell/ml ié@i‘ﬁ% e 1 ’J‘Eﬁ -8 'J‘E?’j ~ 24 'J‘Eé'jk'/ 48 ’J‘E?j
%] MTT assay & gﬁglqajagﬁ}uﬁglqmgﬂ& o 01| SEM B F5p e AR poid
[* o %% SEM & AFM #1<<tH 71 » Egngn?_—rfﬁ&m,@p Jﬁﬂjré RN WA R
*JI*’FE‘%% mﬁﬁﬁ\;?ﬁﬁfﬁail U EEERL SE R L EE Y i (fon
bombardment)#:-& Eﬁ?ﬁﬁ?@iﬁlpfﬁq“ > I'] GIXRD 41 » ﬁ?—*f'ﬁiﬁ,ﬁ EHESET
R )8 IS S RS #2112 (002) it
ﬁ?‘ﬁ”‘ﬁ‘f WA A i A T (7 R e E F (argon damage)
[ F¥E(nitridation effect)ﬁ: & JUfh o Vw?‘iﬂﬁ%ﬁ?' [P PR T R EL
(- NHZ)F'J'FI: o i 0 ’:ETFE’EE"IFU““?%J}{ E| TS 1P 3E XPS
I SF IPE!]?[‘J‘E’\TJ SN F%—,*f’r&nil.&p Uk & F;ETFE?E'I ?éﬁ*ﬁ YA 5 35T
S TP e P IS R BT PR ST < A SEM Wik
”FJ"”’E“WWEW T R TR T R 5k 8 R R SR
= HiE 8 TR ﬁ’;lﬁ%ﬁ%ﬁ FET!‘” o 24 PRV IR R AL
"E'WH%}FJ“[F'E F[ﬂ |9t IHIW M RS ff&ni'ﬁ YRS RS ﬂﬁ f J?E‘ﬁwifl
e o 1) R T (S PR e Iﬁf%f ik 7 I I vy i
OB [ kS AT L PR T PR (I RS R A
AR TSR~ R A P RIS W AR
fiET 0 (R L e %



e b iR

The surface of implantable biomaterials is in direct contact with the host tissue and
plays a critical role in determining biocompatibility. In order to improve the
integration of implants, it is desirable to control interfacial reactions such that
nonspecific adsorption of proteins is minimized and tissue-healing phenomena can be
controlled. In this regard, our goal is to develop a glow-discharge method to
functionalize titanium surfaces by the covalent immobilization of bioactive organic
molecules and evaluate the bioactivity in vitro. Titanium plate first was cleaned by
glow discharge using argon plasma to eliminate surface contaminants and to produce
a consistent and reproducible titanium oxide surface layer. Then an intermediary
allylamine deposition was covalently linked to the oxide layer by glow discharge,
followed by the covalent binding of albumin to the free terminal NH2 groups using
glutaraldehyde as a coupling agent. Surface morphology observation and surface
roughness were performed by scanning electron microscopy (SEM), and atomic force
microscopy (AFM). Variation of chemical properties on titanium surfaces was
analyzed by X-ray photoelectron spectroscopy (XPS). In addition, XRD was
performed to realize of plasma-treatment effect. Composition variations of titanium
surface with and without plasma treatments were analyzed by energy dispersive
spectrometry (EDS). Surface coverage by bound albumin was evaluated by SEM
visualization The results implied that the albumin was successful grafted on the
titanium plates by glow discharge technology and this method could offer the
possibility of covalently linking selected molecules in order to guide and promote the
tissue healing that occurs during implant integration in bone and soft tissue.
According to SEM and AFM investigation, argon plasma-treated time is proportional
to surface roughness and cleaning. It revealed the bombardments of energetic radicals
and ions during plasma treatment. Based on XRD results, the density and shape of
reflections indicate changes in the phase of titanium plate. The XRD peak of (002)
preferred-orientation titanium plate is not shifting. It implied the plasma treatment
didn’t lead to argon damage and nitridation effect. Allylamine with terminal NH2
groups was successfully linked with plasma-treated titanium plate. lonized allylamine
was deposited on titanium plate by XPS analyses. The binding energy shifting of N1s
peak is obvious. It revealed the allylamine was ionized by plasma treatments, and
dangling bond was acted as medium to linking albumin. The variation of cell cultures
on titanium surface with and without plasma treatment were observed by SEM.
Osteoblast-like cells (MG 63 and MG3T3) were cultured on the plasma-treated
titanium plates from 8 to 48 hours. The result showed the osteoblast-like cells spread
radically after 8 hours, and better adhesion were observed after 24 hours. It implied
that the plasma-treated titanium surface possesses the better bioactivity and



biocompatibility than that without plasma modification. The plasma treatment process
plays an important role in helping tissue-healing phenomena. It can be not only
provided clean titanium surface, but also make dangling bond NH2 on plasma-treated
titanium surface. It was better for linking glutaraldehyde and albumin absorption on
titanium surface. It is evident that plasma treatment will promote the tissue-healing.



