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l. INTRODUCTION

Titanium is the material of choice for oral
implantology, The superiority of titanium comes
from its mechanical, physicochemical, and bio—
logical properties, particularly immunotolerance
and cytocompatibilityl‘g)_ However because of
needs to improve its mechanical properties, ti—
tanium alloys such as Ti—6Al—4V, Ti—6Al—7Nb,
have also been used for dental and orthopedic
material®™® ,

Although titanium alloys are still widely used
in medicine, some concern has been expressed
over 1ts use since it appears that small
amounts of both vanadium and aluminum, re-—
leased in the human body, induce possible cy—
totoxic effect and neurological disorders, re—
spectivelyG_g),

In terms of mechanical properties, Ti—6A1—4V

alloy belongs to a +8 type titanium alloy

family, The rigidity of ¢« +5 type titanium al-
loy is much higher (about 120 GPa) than that
of the cortical bone (Max 30 GPa)® Such a
strong rigidity (a large modulus of elasticity)
causes insufficient loading of the bone adjacent
to the implant, This is often referred to as the
stress—shielding phenomenon and can lead to
potential bone resorption and eventual failure
of the implantm), Consequently the recent trend
in research and development of titanium alloys
for biomedical application is to develop low ri—
gidity titanium alloys composed of non—toxic
and non—allergenic elements with excellent me—
chanical properties and Workabilityg'lo),

The most promising materials are the § —type
titanium alloys because their elastic moduli are
smaller than that of @« — or ¢ +§ type titanium
family, Therefore new [ —type titanium alloys
which are composed of non—toxic elements like

Tantalum (Ta), Niobium (Nb), Zirconium (Zr),
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and Molybdenum (Mo), have been developed for
next generation biomaterials®?.

One of new ff —type titanium alloys, Ti—8Ta—
3Nb has recently developed for biomedical
application, This new Ti—8Ta—3Nb alloy is
composed of non—toxic elements and presents
low Young's modulus and excellent mechanical

. 13)
properties .

However, the biocompatibility of
Ti—8Ta—3Nb alloy is poorly understood, Cui et
al'” reported that Ti—Ta—Nb alloys, Ti—8Ta—
3Nb and Ti—10Ta— 10Nb alloys, exhibited better
cytocompatib—ility as compared to the Ti—6Al—
4V alloy and commercially pure titanium, They
used indirect cytotoxicity method that was
evaluated from extracts obtained by incubating
test titanium alloys in Dulbecco’'s modified
Eagle's medium without fetal bovine serum,
However to better understand the interaction
between the titanium surface and the bioclogical
environment, experiments should be done by
direct method that cells were seeded directly
onto the titanium materials,

The purpose of this study was assessed the
biocompatibility of Ti—8Ta—3Nb alloy in com-—
parison with pure titanium and Ti—6Al—-4V alloy
by scanning electron microscopy, cell pro—
liferation, alkaline phophatase activity analysis,
and reverse transcription polymerase chain re—

action method,

Il. MATERIALS & METHODS

1. Alloy preparation and surface charac—
terization of disks by atomic force
microscopy

In this study, three different titanium alloys

were prepared as follows: (1) titanium—8 tanta—

850

lum—3 neobium disks (weight percentage: 8%
tantalum, 3% neobium, Ti—8Ta—3Nb), (2) tita—
nium—6 aluminum—4 vanadium (weight per—
centage. 6% aluminum, 4% vanadium, Ti—6Al-
4V), (3) commercially pure titanium (grade II,
cp—Ti), The Ti—8Ta—-3Nb, Ti—6Al-4V,
cp—Ti disks were formed into disks 15 mm di—

and

ameter and 1 mm thickness and kindly provided
by the Department of Materials Science and
Engineering, Chonnam National University,
Ti—8Ta—3Nb, Ti~6A1-4V, and cp—Ti disks were
wet ground with 240, 400, and 600 grit silicon
carbide papers. These surfaces were ultrasoni—
cally degreased in aceton and ethanol for 10
minutes each, with deionized water rinsing be—
tween applications of each solvent, cp—T1 and
two titanium alloys, Ti—8Ta—3Nb, and Ti—6GAl-
4V disks were examined with atomic force mi—

croscopy to provide qualitative and quantitative

information on the 3 metallic surfaces,

2. Sample preparation

Ti—8Ta—3Nb, and Ti—6Al-4V disks

were placed under aseptic conditions in the

cp—Ti,

bottom of 12— or 6—well culture dishes, then
rinsed 3 times in 70% ethanol, exposed to UV
light for 1 hour and air dried in the cell culture
hood, |

3. Cell culture of fetal rat calvarial cells
(FRCC)

Osteoblast—enriched cell preparations were
obtained from Sprague—Dawley 21 day fetal
calvaria by sequential collagenase digestion
(Type II; Invitrogen, U.S.A). The resultant cells
from the third to fifth 15—minute digestions



were pooled and cultured in BGJb media (Life
U.S.A)
heat—inactivated fetal bovine serum (FBS), 100 mg

Technologies, supplemented with 10%
/mf penicillin, and 100 mg/m{ streptomycin at 37C
in humidified atmosphere of 5% CO,—95% air,

4. Measurement of cell proliferation

Cells were cultured on cp—Ti, Ti—6Al-4V,
and Ti—8Ta—3Nb disks in 12-well plates at a
density of 1X 105 cells/m{ in the BGJb medium
supplemented with 10% FBS. The control was
cultured on cover glass (micro cover glass,
VWR Science, U.S A). After 24 hours, the me—
dium was changed to the BGJb medium supple—
mented with 2% FBS and cells were cultured for
an additional 3 days. Following incubation, cell
proliferation was assessed following the manu-—
facturer's guidelines, In these experiments, the
amount of reduced fomazan product is directly
proportional to the number of viable cells,
Fomazan accumulation was quantitated by ab—
sorbance at 490 nm by an enzyme—linked im-—
munoabsorbent assay (ELISA) plate reader and

analyzed, All experiments were carried out in

triplicate,

5. Scanning Electron Microscopy (SEM)

Fetal rat calvarial cells were evaluated for
cell attachment and growth using scanning
electron microscopy, Cells were seeded at a
density of 1X10° cells/m¢ in the BGJb medium
with 10% FBS, After 3—day incubation period,
dishes were washed three times with phosphate
buffered saline (PBS), fixed with 2.5% gluta—
raldehyde in 100 mM cacodylate buffer, Samples

were dehydrated in increasing concentrations of
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ethanol (30%, 60%, 95%, and 100%) at each
concentration, immersed in hexamethyldisila—
zane (Sigma, U.S,A) for 15 mins, air—dried, and
immediately mounted on aluminum stubs and

coated with carbon, SEM was performed,

6. Alkaline Phosphatase (ALP) Activity

The assay for ALP activity was carried out

according to Bretaudiere and Spillmanls),

For
this purpose cells were seeded onto 12 well
dishes at a density of 1x 10° cell/m¢ in the
BGJb medium containing 10% FBS, ascorbic acid
40 ug/mf and 20 pg/ml S —glycerol phosphate,
Determination of ALP activity was performed as
follows; At the day 7, cells were washed with
PBS, lysed in Triton 0.1% (Triton X—100) in
PBS. then frozen at —20TC and thawed, 100 uf
of cell-lysates was mixed with 200 gl of 10 mM
p—nitrophenyl phosphate and 100 ul of 1.5 M
Z2—amino—2—methyl—1-propanol buffer, Samples
were then incubated for 1 hour at 37 C, ALP
activity was measured for each sample by ab-—
sorbance reading at 405 nm with a spectropho—
tometer (SmartSpecTM, BioRAD, U.S.A) and
corrected for cell number determined in parallel,

All experiments were carried out in triplicate,

7. Reverse transcriptase polymerase chain
reaction (RT—PCR) gene expression
analysis

Gene expression of mineralized matrix mark—
ers was evaluated by RT-PCR, Ti—8Ta—3—Nb,
cp—Ti, and Ti—6Al-4V disks were placed under
aseptic conditions in the 6—well tissue culture
dishes, Then 9 0X10° cells in BGJb medium

containing 10% FBS were seeded into each well



and incubated for 1 day, After an initial at-
tachment period, the media was switched to
mineralized media containing 10% FBS, ascorbic
acid 40 ug/m¢ and 20 wug/ml S —glycerol phos—
phate for the duration of experiment and was
changed every 3 days.

Total RNA was isolated at day 7 using the

methodology described by the manufacturer,
First—strand ¢DNA synthesis was carried out in
an Amplitron II themocycler using SuperScript
II (Invitrigen, U.S.A). PCR was subsequently
using amplication primer sets

US.A) for glyceraldehyde

performed

(Sigma—Genosys,

—3—phosphate dehydrogenase (GAPDH), collagen

GAPDH—sense (+) 418

CACCATGGAGAAGGCCGGGG

GAPDH—antisense (—) GACGGACACATTGGGGGTAG
COL I—sense (+) 250 TCTCCACTCTTCTAGGTTCCT
COL I—antisense (-) TTGGGTCATTTCCACATGC
BSP—sense (+) 1068 AACAATCCGTGCCACTCA
BSP—antisense (—) GGAGGGGGCTTCACTGAT
OCN-sense (+) 198 TCTGACAAACCTTCATGTCC
OCN—antisense (—) AAATAGTGATACCGTAGATGCG
PCR programs
94 C 94 T 60 C 72 C 72 C
1 min 1 min 2 min 1 min 10 min
GAPDH
25 Cycles
94 C 94 C 95 C 72 C 72 C
1 min 1 min 2 min 1 min 10 min
COL 1
30 Cycles
94 C 94 T 50 C 72 C 72 C
BSP 1 min 1 min 2 min 1 min 10 min
OCN | |
30 Cycles

Figure 1. Amplification primer sets and conditions used in polymerase chain reaction. GAPDH,
glyceraldehyde—3—phosphate dehydrogenase; COL |, type 1 collagen; BSP, bone sialoprotein;

and OCN, osteocalcin.



type I (COL—I), bone sialoproteins (BSP) and
osteocalcin (OCN) as listed in Figure 1 for 30
cycles,

RT-PCR products were separated and ana-—
lyzed by gel electrophoresis., Resulting images
were captured using a Gel-Doc (BioRad, U.S.A)
imaging system equipped with UV light and a
gel scanner, These procedures were performed

twice,

7. Statistical analysis

An analysis of variance (ANOVA) for repli—
cate measurements and DUNCAN multiple range

test was done using  SAS program,

lll. RESULTS

1. Surface characterization and rough-—
ness test

Figure 2 showed SEM and AFM images of
cp—Ti, Ti—8Ta
—3Nb, and Ti—6AI-4V, Roughness measure—
ments of the AFM information yielded root

three different test surfaces,

mean square (RMS) values of the surface
topographies, Profile roughness measurements
cp—Ti, 290 nm on
Ti—8Ta—3Nb, and 7.7 nm on Ti—6Al—4V. For all
three tested disks, there were little difference

in the RMS roughness values (Table 1),

showed 33 nm on

2. Scanning Electron Microscopy

For each specimen, cells were examined by
SEM, The cells spreaded extensively and totally
flattened on Ti—8Ta—3Nb alloy surface, They
were polygonal shapes with filopodial ex—
tensions indicative of cell spreading, They did
not have regular orientation and looked scat—
tered in all directions,

On cp—Ti and Ti—6Al-4V alloy surfaces, cells
spreaded polygonally and cell projections con-—

necting cells were visible(figure 3).

3. Cell proliferation

Cell proliferation was measured by the MIT
assay, After 3 days, there was a significant
difference between on the glass and cp—T1 or
titanium alloys (p<0.001). However, cell pro-—
liferation cultured on the Ti—8Ta—3Nb surface
was nearly the same as that of cp—Ti, Cells on
Ti—8Ta—3Nb surface showed significantly higher
level than on the Ti—6Al—4V surface (figure 4).

4. Alkaline phosphatase (ALP) activity

Alkaline phosphatase activity on glass was
the highest of all test materials, Among three
test both and
Ti—8Ta—3Nb alloy exhibited the similar activity,

metallic materials, cp—Ti

but showed significantly higher than on Ti—GAl
—4V alloy (p<0.01, figure 5).

Table 1. Summary of AFM surface roughness of Ti—based alloys.

cp—T1i
Ti—8Ta—3Nb

Ti—6Al-4V

3.3
29.0

7.7
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Figure 2. Surface characteristics of cp-Ti (A), Ti-8Ta~3Ta alloy (B), and Ti-6Al-4V alloy (C).

Figure 3. Photomicrographs of SEM findings at day 3. Pure Ti (A) and Ti-8Ta-3Nb (B) surfa-
ces show that cells grown on both Ti and Ti-8Ta-3Nb surfaces, presented a flat, elon—
gated spindle-like morphology. while cells on Ti-6AlI-4V (C) surface were flat, but some
cells were oval or round in shape (x 500).
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Ti-6Al-4V alloy.
than Ti—6Al-4V alloy {p<0.001).
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*

Ti-8Ta-3Nb and
Significantly  different

#. Statistically significant differences be-

tween glass and all three metallic surfaces.

GAPDH |

COL-|
BSP
OCN
1 2 3 4
Figure 6. Reverse transcription—polymerase

chain reaction (RT-PCR) analysis of colla—
gen type | (COL-I), bone sialoprotein (BSP),

osteocalcin  (OCN),

and glyceraldehyde-

3

-phosphate dehydrogenase (GAPDH) mRNA
expression in rat calvarial cells (lane 1: DNA
ladder, lane 2: glass, lane 3; cp-Ti, lane 4.

Ti-8Ta-3Nb).

5. RT—PCR gene expression analysis

After 7 days culture, the expression of type I
collagen gene (COL-I), bone sialoprotein (BSP),
and osteocalcin (OCN) mRNA from cells was
evaluated by RT—PCR, Total RNA isolated from
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mary rat calvarial cells on the pure
Titanium (Ti), Ti-8Ta-3Nb and Ti-BAl-4V
surfaces at day 7 (U/ 100,000 celis).

= Significantly different than Ti—6Al-4V al-
loy (p<0.001).

cells on Ti—6Al-4V alloy did not yield enough
products for use with RT-PCR analysis, In
contrast, enough total RNA was obtained on
glass surfaces, cp—Ti, and Ti—8Ta—3Nb, For
COL—-I, the expression level of COL—I mRNA
cp—Ti, and
Ti—8Ta—3Nb, The level of BSP mRNA ex-—

was not different on glass,
pression was not different on glass, cp—Ti, and
Ti—8Ta—3Nb. OCN mRNA was not expressed on

glass, cp—Ti, and Ti—8Ta—3Nb(Figure 6),

IV. DISCUSSION

One of the most important properties of bio—
materials is safety, Metal and alloys are widely
used as biomedical materials in medical and
dental devices, and the biocompatibility of a
metallic alloy is closely associated with the in—
teraction of the alloy with the surrounding
environment,

Among biomaterials, commercially pure tita—
nium and titanium alloys are widely used, The

biocompatibility of these materials is predom-—



1nantly due to passive oxide film formed on the
metallic surface, which is thermodynamically
stable, chemically inert, and shows low sol—
ubility in the body fluid™®. Among titanium
alloys employed as metallic implant materials,
Ti—6Al—4V has been widely used in dental and
medical fields, Although this alloy is still
widely used in dental and medical fields, some
concerns such as toxicity of V and Al and high
elastic modulus, have been reporto:—)dﬁ_8J . New f3
—type titanium alloys composed of non—toxic
elements like Ta, Zr, Mo and Nb with lower
moduli of elasticity compared with that of
Ti—6A1-4V alloy and good mechanical proper-—
ties have been developed recentlyg_m_

In this study on biocompatibility, a new S
—type titanium alloy Ti—8Ta—3Nb, cp—Ti and
Ti—6Al-4V alloy samples were put in direct
contact with FRCC, in order to assess the re—
action of the cells to these materials,

Whether primary cell or immortalized cell
lines would be used when testing biomaterial is
controversial, Primary osteoblasts have a dip—
loid chromosome pattern, are characterized by
growing slowly and have a finite lifespan16),
Established cell lines, on the other hand, have
an aneuploid chromosome pattern, tend to mul—
tiply rapidly and, if appropriately subcultured,
have unlimited lifespan, An advantage of using
a permanent cell line is that it provides pheno—
typically consistent and stable cell populations,

large enough for biochemical 1619,

analysis
However, it may not always be possible to ex—
trapolate results from osteosarcoma cell cul—
tures because immortalization can affect cel—
Iular behavior,

Established cell lines have been used in pre—

vious studies investing cell morphology and cy—
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totoxicity in the presence of various titanium
alloys, Primary cell strains derived from living
tissues are necessary and have been recom-—
mended by the ISO for specific testing to simu-—
late the in vivo situation'

In this study, primary osteoblasts were ob—
tained from fetal rat calvaria, These are ex-—
cellent source of osteoblasts because cells from
young animals proliferate rapidly, Cells from
the third, fourth and fifth digests were col—
lected because these later digests provide a
more pure culture, containing most cells that
express an osteoblast—like phenotypezm, The
primary osteoblasts, used in this study are for
assessment of biocompatibility of newly devel—
oped Ti—8Ta—3Nb alloy. The biocompatibility
test was done by assessment of cell pro—
liferation and differentiation, In this study, fe—
tal rat calvarial cells were used to assess the
biocompatibility of Ti—8Ta—3Nb alloy by cell
proliferation, alkaline phosphatase activity, and
RT—-PCR analysis,
topography can
greatly affect the proliferation and protein

Surface roughness and
synthesis of osteoblast cells that are cultured
on a metal substrate characteristics in the
healing of bone”" 22}, Many studies have demon—
strated that roughness has a great influence on
cell responses. According to this respects, this
study showed that all the three test disk sur—
faces had a similar roughness after they were
polished(figure 2).

For each specimen, cell morphology was ex—
amined by the SEM., The SEM study showed
more cell spreading and higher cell densities on
glass than titanium or titanium alloys, Cells

had spread extensively and flattened on glass,
cp—Ti, and Ti—8Ta—3Nb, Ti—6Al-4V surface,



However, cells grew under orientation of the
residual machining grooves (figure 3). The ab—
sence of significant morphological modification
means to the cytocompatibility of these metals,
These appearances of cells were identical to

")3)

those observed in other studies™ involving

plastics or titanium and tantalum metals,

However, the cells

spherical in shape on
Ti—6Al-4V surface were detected occasionally
(data unshown).

Measurement of cell proliferation were con—
siderably greater on glass than on c¢p—Ti,
Ti—8Ta—3Nb alloy, and on Ti—6Al-4V alloys,
Cell proliferation on cp—Ti and Ti—8Ta—3Nb
surfaces were not significantly different (figure
4). No reports compared the cell proliferation
on cp—Ti with Ti—-8Ta—3Nb or with Ti—6Al1-4V
alloy, this result is similar with other stud-—
es”®™  showed that cytocompatibility on
cp—T1 and B —type Ti alloy was not sig—
nificantly different, However, the interesting
finding of this study is that cell proliferation
rate was lower on the Ti—6Al-4V surfaces than
on other test surfaces, Okazaki et al™ reported
that metallic ions such as Ti, Zr, Sn, Nb, and
Ta had evidently no harmful effects on the
growth ratios of cells however, Al and V ions
presented lower rate as compared to that of ti—

Hallab et al%)_ also showed that
cobalt (Co) and V released from Co— and

tanium ion,

Ti—based alloys respectively, could mediate cell
cytotoxicity in the joint periprosthetic milieu,
In the regards of these reports, Ti—6A1-4V al—
loy showed low cell proliferation in this study
because of leaching of cell toxic ions such as Al
or V into cell culture medium, So this result
reflects that the cell proliferation may be af—

fected by Ti chemical composition,
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The osteoblastic cells undergo a temporal se—
quence of phase during the development of
their completely differentiated phenotype! pro—
liferation, differentiation, and mineralization”” ,
Briefly, cells initially increase their number
and produce extracellular matrix, The phase of
differentiation follows, which is characterized
by the production of high levels of alkaline
phosphatase and modifications of the matrix
that lead to the deposition of hydroxyapatite
crystals, This phase of mineralization 1s also
characterized by the synthesis of collagen,
bone sialoprotein, and osteocalcin that play a
fundamental role in bone remodelling and rep—
resents the specific markers of final differ—
entiation of osteoblasts,

In general, cell synthesis activity 1s sensitive
to the type of mterialgg), Cells grown on glass
showed alkaline phosphatase levels showed sig—
than cp—1i,
Ti—8Ta~3Nb, and Ti—6Al-4V (p<0.001, figure
5). Among three metallic test materials, both

cp—Ti and Ti—8Ta—3Nb alloy exhibited the sim—

nificantly  higher level on

llar activity, but showed significantly higher
than on Ti—6Al—4V alloy, This may be 1n case
of Ti—6A1-4V alloy, due to the release of Al
and/or V ions in culture medium, In particular,
vanadium is known to cytotoxic, this might af—
fect cells to protein synthesis, This result
means that Ti chemical composition interfered
with alkaline phosphatase activity,

In the RT—-PCR analysis, mRNA expression
was analyzed at 7 days, Type I collagen ex—
pression is an essential component of the ex-—
tracellular matrix that is required before min—
eralized matrix formation, In this study, mRNA
of Type 1

Ti—8Ta—3Nb alloy was consistent, This means

level collagen on cp—Ti and



that cp—Ti and Ti—8Ta—3Nb alloy did not in-—
hibit mineralized matrix expression of FRCC, It
is known that BSP and OCN are secreted by
osteoblasts and regulate calcification, Surface
topography has a direct impact not only on at—
tachment, but also on migration, proliferation
and differentiation of osteoblasts, Kawahara et
al® demonstrated that increased osteogenic ef —
fects for cells cultured on Ti with increased
They showed that bone
(Gla—OCN) production was

surface roughness,
growth protein
reached the highest peak within 10 days on
rough surfaces however, BGP production on the
plain surfaces was detected by 21 days after
culture, The experimental time period in this
study was up to 7 days, which might be short
for FRCC to differentiate into functional osteo-
blasts on the smooth cp—Ti and Ti—8Ta—3Nb
surfaces, This might be the reason why the ex—
pression of OCN was not detected in cp—Ti and
Ti—8Ta—3Nb alloy,

In this study, Ti—8Ta—3Nb alloy has similar
biocompatibility to cp—Ti as evaluated by rat
osteoblast proliferation and differentiation,
These properties could make Ti—8Ta—3Nb alloy
a useful candidate for the preparation of medi—
cal device, However, more animal and human

studies will be needed before using this alloy in

medical and dental use,

V. CONCLUSION

f —titanium alloys are useful in biomedical
application because of their excellent mechan—
Titanium—8  Tantalum—3

Niobium (Ti—8Ta—3Nb) has recently developed

ical  properties,

as a new implant material, Ti—8Ta—3Nb alloy is

composed of non—toxic elements and has better
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mechanical properties than commercially pure
titanium (cp—Ti) or the other ¢ +8 titanium
alloys. However, its biocompatibility has not
been adequately investigated.,

In this study, the biocompatibility of a new
8 —type Ti—8Ta—-3Nb alloy was assessed by
scanning electron microscopy (SEM), cell pro—
liferation, alkaline phophatase analysis, and

reverse transcription polymerase chain reaction

(RT-PCR) method,

The results are as follows;

1. Proliferation rate on Ti—8Ta—3Nb alloy was
equivalent to cp—Ti alloy and showed better
results than on Ti—6A1-4V alloy,

In comparison to Ti—6A1-4V alloy, cp—Ti and
Ti—8Ta—3Nb alloy enhanced alkaline phos—
phatase activity in vitro (p<0.05),

In RT-PCR analysis, COL—1 and BSP mRNA
were expressed in cp—Ti and Ti—8Ta—3Nb
alloy.

These results suggest that no differences in
aspect of biocompatibility between cp—Ti and
Ti—8Ta—3Nb alloy. These properties could make
Ti—8Ta—3Nb alloy a new implant material for
medical and dental fields,
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1. Titanium—6aluminum—4vanadium (Ti—6Al-4V) 3% 3EHOIAMQ A SAES  Titanium—
8Tantalum—3Niobium (Ti—-8Ta—3Nb) 3=}t £ Elolels o] vlg] S-25H it (p<0.001).
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