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| Introduction

The filling of bone defects resulting from trauma
or periodontal disease requires bone grafts?,
Autogenous bone grafts are some disadvatages relat-
ed to this modality, especially lack of sufficient avail-
able bone and the need for a second intraoral or
extraoral surgical site, which increases patient incon-
venience and morbidity?. Therefore, there have led
to the development of new synthetic or natural
bone substitutes?

Bovine derived xenograft (BDX) is a natural bone
substitute made from bovine bone via a proprietary
extraction procedure, Osteoblasts form a layer on
the BDX mesh and, osteoid and finally lamellar
bone covers BDX trabecullae, BDX scaffold persists
for some time which permits the correction of alveo-
lar defects with permanent results ¥,

Biomaterials, such as calcium phosphate ceramics,
appear to be suitable alternatives to bone grafts,
Biphasic calcium phosphate(BCP) ceramics prepared

from a close association of hydroxyapatite (HA) and

A-tricalcium phosphate( £-TCP) were developed in
the 1980s”. Calcium phosphate ceramics have been
used mostly because of their close chemical and
crystal resemblance to bone mineral, BCP is bioccom-
patible and osteoconductive; it is able to promote
new bone formation on contact, but it seems to have
no intrinsic osteoinductive properties®, Macroporous
type of BCP have been used for bone substitution for
orthopedic surgery, and was carried out lots of
experiments in vivo and in vitro for a long time?,
Recently, The microstructure in the macropore
surface enlarged greatly the surface area for protein
adsorption, more proteins could be absorbed on the
surface; the larger surface area could also facilitate
ion exchanges and bone-like apatite surface forma-
tion by the process of dissolution and re-precipita-
tion”, Therfore, the micro- and macro-porous BCP
may be more favorable for bone ingrowth, But,
micro- and macro- porous BCP has not been stud-
ied sufficiently yet. The purpose of this study was to
evaluate the potential of micro- and macro porous

BCP compared with BDX to stimulate bone regener-
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ation in periodontal and implant dentistry,
Il Materials and methods
1. Culture of human fetal osteoblasts

Human fetal osteoblastic cell line (hFOB 1.19 ;
American Type Culture Collection, Manassas, VA,
USA) that have the ability of production and calci-
fication of bone matrix protein® were plated at 5
10* cells/well of 6-well plate containing 2 ml of
DMEM/F-12 HAM (Sigma, St. Louis, MO, USA), with
10% FBS (Gibco BRL, Grand island, NY, USA) and
0.03mg/ml of G-418 (Duchefa, Netherlands). Cells
were cultured at 34C in an atmosphere of 5% COg,
95% air and 100% humidity, The four groups of dif-
ferent concentrations within 1ug/m~1ng/ml in both
BDX (Bio-Oss®, Geistlich-Pharma, Wolhusen,
Switzerland) and BCP (MBCP®, Biomatlante,

France) were added in each experiment.
2. Cell number counting

hFOB 1,19 were plated in 6-well culture dishes at
1x10* cells/well, After 24 h, cells were exposed to
BDX and BCP. The number of viable cells after try-
pan blue exclusion was counted under microscope
at 3 and 5 days of incubation, There were four cul-

tures in each group at each time,
3. Collagen synthesis analysis

To measure the total collagen synthesis of hFOB
1,19 indirectly, hydroxyproline contents were mea-
sured (Rojkind et al 1979). Briefly, hFOB 1,19 were
plated in 60-mm plates at 3 x 10° cells with 50 ug/ml
ascorbic acid and 10mM sodium f-glycerophos-
phate, Afier cells were reached a confluence, BDX
and BCP were added and cultured 3 days more,
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After hydrolyzing at 100C for 24 hours, samples
were filtered, collected, and completely dried at 60°C
and 504 methanol was added for removing of HCI,
Remaining precipitates were dissolved with 1.2 ml of
50% isopropanol, and placed at room temperature
for 10 minutes after mixing with 2004 chloramin-T
solution (Sigma). 1.0 ml of Ehrlich reaction reagent
(Sigma) was mixed and cultured at 50T for 90 min-
utes, and chilled at room temperature, Collagen syn-
thesis was measured at 557 nm wave length using
spectrophotometer (Beckman, Fullerton, CA, USA).
And the standard concentrations of protein were cal-
culated using BCA protein assay reagent (Pierce,
Rockford, 1L, USA). Results were expressed as colla-
gen/total protein(ug/mg/ml),

4. Alkaline Phosphatase (ALP) activity

After hFOB 1,19 were plated in 6-well plates at 1
X 10° cells/well, it was cultured until a confluence in
50 pg/ml ascorbic acid, 10 mM sodium Bglyc-
erophosphate, After BDX and BCP were added,
each group was incubated for 3 days more, Each 0.1
ml of suspension was mixed with 0.1 M glycine
NaOH buffer (pH 10.4) 0.2 ml, 15 mM pNPP (para-
nitrophenyl phosphate, Sigma) 0.1 ml, 0.1% Triton
X-100/saline 0.1 ml and 0.1 ml of sterilized distilled
water, and the reaction was stopped by 0.1 N NaOH
0.6 ml, The culured cells were transported on 96-
well plate and the absorbance was measured at 410
nm in ELISA reader, And the standard concentrations
of protein were calculated using BCA protein assay
reagent (Pierce), Results were expressed as nmol of

para-nitrophenol released per min/mg protein.
5, Western blot analysis

hFOB 1,19 plated in 100-mm dishes at 5X 103

cells/well were reached a confluence, 1ng/ml of



BDX and BCP were added in experimental group.
And then each group was incubated for 21 days
more, Protein was isolated from cells using lysis
buffer under the conditions recommended by the
manufacturer. Protein concentration was deter-
mined by BCA solution, The denatured supernatant
containing 100 g of protein was electrophoresed in
a 15% SDS-polyacrylamide gel and transferred onto
a PVDF (Immobilon-P membrane, Milipore,
Bedford, MA, USA). To reduce nonspecific antibody
binding, the membrane was incubated in a blocking
solution (Zymed, San Francisco, CA, U.S.A.) for 1
And
osteocalcin(OC, Biogenesis, Kingston, NH, USA)

hours at room temperature, then
and bone sialoprotein(BSP, Chemicon, Temecula,
CA, USA) as first antibody activated for 90 minutes,
After washing with PBS, the membrane was treated
with anti-mouse IgG-alkaline phosphatase conjugat-
ed secondary antibody for 1 hours, and washed
again with PBS. The membrane was then incubated
in ECL Western Star Substrate reagent (Amersham,
Buckinghamshire, UK), and exposed to Hyperfilm-

MP (Amersham) for a few minutes,

6, Statistical analysis

Statistical significance was evaluated for by one
way analysis of variance (ANOVA) using SPSS
(v10.0, Chicago, IL, USA) program of computer, The
mean, and the standard deviation was calculated for
each variable. Differences were considered statisti-
cally significant at P{0,05,

lll. Results

1. Cell number counting of BDX and BCP
onhFOB 1,19

Cell proliferation by BDX and BCP was deter-
mined by cell number counting (Zhang et al,, 2000;
Watson et al., 1998), The proliferation results of the
cultures on control and experimental groups are
summarized in Figure 1, BDX and BCP treated did
not show a significant increase than control at 3 and
5 days, indicating that BDX and BCP have no effect
on cell proliferation. And, there were no significant
differences between BDX and BCP, and between
each concentration of BDX and BCP (P)0.05).
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Figure 1. Effect of BDX and BCP on cell proliferation of hRFOB 1,19,
hFOB 1,19 were plated in a 6-well plate at 1x 10* cells/well and cultured in EMDM/F-12 HAM containing BDX
and BCP for 3 and 5 days, Values represent averages from four independent experiments and standard devi-

ation, C : control
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2. Collagen synthesis of BDX and BCP on
hFOB 1,19

The measurement of collagen synthesis is demon-
strated as Figure 2, Collagen synthesis increased in all
experimental groups. 1ng/ml{5.79£0.31) and
10ng/ml(5.64%0.29) of BDX and 1Ing/ml(5.96£0.09),
10ng/mi(6,1910,28) and 100ng/ml(5.89+0.29) of
BCP were significantly increased compare with the

control group, Especially, 10ng/mi(5.64+0.29) of
BDX and 10ng/ml(6.19£0.28) of BCP showed the
highest collagen synthesis than other groups. No sig-
nificant difference was observed between BDX and
BCP , and between each concentration of BDX and
BCP in the quantity of collagen synthesis (P<0.05),

3. ALP activity of BDX and BCP on hFOB
119
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Figure 2, Collagen synthesis of hFOB 1,19 treated with BDX and BCP(us/mg/mi), Cells were plated in 100-
mm plates at 5x 104 cells/well and cultured in EMDM/F-12 HAM until cells reached a confluence,
After that, BDX and BCP were added and cultured for another 3 days more, Values represent aver-
ages from each independent experiments and standard deviation, C : control
*and™ : Statistically significant difference compared with control (p (0.05)
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Figure 3, Effect of BDX and BCP on ALP activity of hFOB 1,19,
hFOB 1.19 were plated in 6-well plates at 1x105 cells/well and cultured in EMDM/F-12 HAM until cells
reached a confluence, After that, BDX and BCP were added and cultured for another 3 days more, Values
represent averages from each independent experiments and standard deviation, C : control
*and" : Statistically significant difference compared with control (p {0,05)



Increased ALP activity is associated with an
increase in osteoblastic differentiation, The measure-
ment of ALP activity is demonstrated as Figure 3.
Generally, ALP activity is increased with the reduc-
tion of concentrations. 1ng/ml(0.26+0.01) of BDX
and 10ng/ml(0,28+0.02), 100ng/ml(0,28%0.01)
and 1ug/mi(0.281+0.02) of BCP were significantly
increased compare with control group, Especially,
1ng/ml(0,26+0,01) of BDX and 10ng/ml(0.28=+
0.02) of BCP showed the highest ALP activity than
other groups. No significant difference was
observed between BDX and BCP, and between
each concentration of BDX and BCP in ALP activity
(P€0.05).

4. Expression of OC and BSP in hFOB
119

Because OC and BSP, non-collagenous matrix
proteins, is one of the major markers of bone forma-
tion in vitro, the expression level of OC and BSP
was investigated using western blot analysis. As
shown in Figure 4, OC and BSP in hFOB1.19 were
increased to 1ng/ml of BDX and BCP, Western blot
analysis indicated that the expression of OC in BCP

were increased than that of BDX, But, there is no

difference between BDX and BCP in the expression
of BSP,

IV, Discussion

The aim of the present study was to evaluate that
BCP will be a usable bone grafting material in den-
tistry by comparing it with commonly used
xenogenic bone BDX,

The present study has performed a preliminary
research (data not shown) on collagen synthesis and
ALP activity at concentrations of 100mg/ml~1ng/ml,
and we obtained proper results at 1ug/ml~1ng/ml,
Thus, four groups of different concentration within 1
ug/m~Ing/ml were used in this experiment method.

The osteoblastic cell proliferation indicates that
cells were responsive to mitogenic factors present in
the graft material®, In previous studies, Stephan et
al. reported that they cultured rat calvarial
osteoblasts on BDX and they found no significant
differences in cell proliferation®, Aybar B, found no
significant differences in various calctum phosphate
materials on cell proliferation using neonatal rat cal-
varial osteoblasts”. Toquet J. reported that the cell
number was not different on BCP and control, indi-
cating that BCP did not modify human mesenchy-
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Figure 4, Western blot analysis for intracellular levels of OC and BSP in hFOB 1,19, First lane is control group
and the second is BDX group, and the last one is BCP group, Cell extract equivalent to 100 g/ml of
total cellular protein of hHFOB 1,19 was electrophoresed by 15% SDS-PAGE and transferred to a
PVDF membrane_ The intracellular protein levels of OC and BSP in hFOB 1,19 was probed with anti-

bodies diluted by 1:1000



mal stem cell proliferation'”, These results support-
ed that no statistically significant increase in the
osteoblastic cell proliferation were detected for BDX
and BCP compare with the control in the present
study,

Type I collagen is important protein secreted from
osteoblasts and exists inside the bone'?. Collagen
have the largest part of bone tissue among organic
matters, If it is not produced properly, the activity of
ALP and the production of osteocalcin appear to be
quite low'?. According to the result of analyzing the
ability of collagen synthesis, the BDX and BCP
showed a significant increase in our study(figure 2),
which is similar to the results of research by the
other studies that both BDX and HA showed an
increase compared to control group!?1915),
Although the previous report in which BDX
enhanced collagen synthesis to much more than
that of HAM, this study dose not show significant
differences between BDX and BCP. This difference
seems that cell type used (human fetal osteoblast
cells vs MC3T3-E1 cells) and, tricalcium phosphate
in BCP which, accelerated cell differentiation',

ALP activity is associated with primary calcification
in a number of tissues including bone!®, Although
the function of skeletal ALP in vivo is unclear yet,
the enzyme is thought to be involved in bone for-
mation and calcification, In our work, progressive
elevation of ALP activity in both BDX and BCP sug-
gests that cells are entering the osteogenesis cascade
prior to mineralization, because the elevation of ALP
activity reflects an earlier stage of osteoblast differen-
tiation!”, In previous studies, Hofman et al, report-
ed that ALP activity was significantly increased in
two different BDX materials in cultured rat calvarial
osteoblasts'”, And, Sun et al, reported that STCP
and HA in various calcium phosphate materials is
shown a significant increase of ALP activity in rat

calvarial osteoblasts, These results supported the
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cell differentiation capability of BCP used in our
study'®, In addition to, Alarm et al, have investigat-
ed the pellet-shaped implants prepared from BCP
with different ratios of HA and TCP as a carrier of
thBMP-2, It was found that 100% HA and 75%
HA/25% TCP showed higher ALP activity than 25%
HA/75% TCP®, But, 100% HA is very slowly
resorbed in clinic and hampers rapid bone turnover
in the affected area, Therefore, using a combination
of HA and TCP, bone replacement can be enhanced
since TCP displays better bioresorption, In the pre-
sent study, BCP is composed of 60% HA/40% TCP,
and ALP activity is increased significantly similar to
results of Alarm et al.9.,

BSP and OC are referred to as a marker of the late
stage of osteoblastic differentiation in the process of
bone mineralization and maturation!”, BSP can
serve as a hydroxyapatite nucleation center and is
essential for matrix mineralization'”, BSP has a spe-
cific role during the initial phases of bone formation
at the cartilage and bone interface'. OC is one of
important noncollagenous proteins in the connec-
tive tissue resulting from the mineralization of verte-
brates?”, Also, mRNA of BSP is expressed by
osteoblasts earlier than mRNA of OC?V, We attempt-
ed to detect BSP and OC by Western blotting using
a monospecific antibody. The present study used
Ing/ml of BDX and BCP because it is shown a dis-
tinct increase in ALP activity and collagen synthesis
assay. It was resulted in an incresed expression of
BSP and OC compare with control, These mean that
BDX and BCP accelerated the mineralization of
matrix and the late stage of osteoblast differentia-
tion,

These findings suggest that BCP and BDX may
have a differentiating effect on osteoblasts with an
improvement of bone matrix synthesis, and without
effects of cellular proliferation, which is typical in

differentiated cells. The in vitro approach with



human osteoblasts may be a useful model for the
assessment of cellular response to new biomaterials

prior to their application in vivo,
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