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In our previous study, glass in weight ratio of 47% SiO, - 26% CaO - 21% Na,O and 6% P,Os have been prepared by the con-
ventional melt quenching process. The referred glass have been characterized by X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and energy dispersive spectroscopy (EDS) confirming the
composition and its amorphous state well. The in vitro bioactivity study of all pellets prepared were carried out by soaking in
a simulated body fluid (SBF) for 1, 3, 7, 15, 20 and 30 days at 37°C. The analysis of SBF after each immersion time was car-
ried out by inductively coupled plasma optical emission spectrometry (ICP/OES). The XRD, FTIR, SEM and EDS analysis of
the glass surfaces after the in vitro essays, reveal the formation of an amorphous CaO—P,0s - rich layer on the surface of the
specimens after 20 days in the solution. After 30 days immersion time, a crystalline hydroxycarbonate apatite layer was
formed that is similar in composition and crystallinity to the biological apatite. Osteoblast cell culture experiments were per-
formed to assess the biocompatibility activity. Cell counts of the osteoblasts cultured on the bioactive glass samples were stud-
ied and compared with the polystyrene plates and Bioglass . The cells cultured on the bioactive 47S consistently highlighted

the biocompatibility of this glass compared to cells cultured on polystyrene plates used as reference compounds.

INTRODUCTION

Bioactive glasses and glass-ceramics have been
extensively investigated as bone grafts or fillers owing
to their ability to form a direct bond to living bone
through the development of surface layer of carbonated
hydroxyapatite [1-4]. Recent years have witnessed the
use of several types of bioceramics to repair damaged
and diseased bones. These bioceramics are generally
classified as bioinert (e.g. ALO; and ZrO,), bioactive
(e.g. Bioglass® and hydroxyapatite (HAP)) or biode-
gredable ceramics (e.g. tricalcium phosphate and bone
cement). Bioglasses and glass-ceramics have received
special interest due to their unique characteristics,
including (i) a rapid rate of surface reaction that leads to
their direct attachment to bone via a chemical bond [5];
(i1) the use of these compositional for particular clinical
applications; and (iii) their excellent controllability over
a wide range of chemical properties and rate of bonding
with tissues [6, 7].

It is well documented that a series of reactions with
their kinetics that take place on the surface of these mate-

rials after immersion in tissue or experimental fluids, is
responsible for the onset of the apatite formation [8-10].
Hench et al, synthesized the first bioactive material
(Bioglass®) [11] with composition SiO, 45 wt.%, CaO
24.5 wt.%, Na,O 24.5 wt.%, P,Os 6 wt.%. This material
has obtained by melting and rapid quenching. It was
able to form a chemical bond directly with natural bone
[12, 13]. This is the case of certain compositions of
glasses, glass ceramics [14, 15] and hydroxy-apatite
with different ratio of Ca/P [16, 17,18]. It is probable to
obtain either amorphous calcium phosphate phase with
possibly variable composition or crystalline apatite.
The apatite-like layer formation is responsible for
direct chemical bond with bone. It avoids the formation
of a fibrous capsule and, therefore, decreases the failure
possibilities of the prostheses [19]. Therefore, the for-
mation of the mentioned layer of biologically active
bonelike carbonate-containing hydroxyapatite on its
surface in the body seems to be necessary for glass and
glass ceramics to bond living bone. The specific criteria
for ideal material used in bone tissue engineering are
summarized as follows [20] (1) ability to deliver cells,
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(2) excellent osteoconductivity, (3) good biodegra-
dability, (4) appropriate mechanical properties, (5)
highly porous structure: porosity > 90% and pore size
> 400-500 pum, (6) irregular shape fabrication ability,
and (7) commercialization potential.

Bioactive glasses meet the first criteria. It has been
shown that a silica hydrogel layer is formed, when these
materials are in contact with simulated body fluid. This
layer allows the subsequent crystallization of the
apatite-like phase [21].

The mechanism for the nucleation and growth of
these calcium based phases on bioactive glass is still not
quite clear, but a number of hypotheses have been pro-
posed in many publications. Meanwhile, some work
[22] concluded that the combination of a large number
of hydroxyl groups and negative charges on the bioac-
tive gel surface were necessary for the induction of car-
bonate hydroxyapatite (HCAp). They demonstrated that
the negative charge would accumulate cations such as
Ca** on the surface and would ultimately lead to precip-
itation of calcium phosphate.

In other publications on bioactive glasses, it has
been shown that the high surface area provides a high
concentration of surface silanol groups (Si—OH) that the
serve as nucleation sites for the crystallization of
HCADp. Karlson has proposed that the silanol groups on
the gel layer are flexible enough to supply the correct
atomic distances required by the crystal structure of
HCAp [23].

The aim of this study was to describe the kinetics of
HCADp layer formation "in vitro" in favor of glass with
47 wt% of SiO, and to check the toxicity of glass when
it's in contact with osseous cells.

In our research group, we view to study many com-
positions of bioactive glasses in the goal to determine
qualitatively and quantitatively the real limits between
different areas (groups A, B and C) in the Hench's ter-
nary diagram. The 47S6 compound is one of these com-
positions. However, changes of SiO,, CaO and Na,O
amounts in the bioactive glasses induce modifications
in the physico chemical properties like the temperature
of vitreous transition (7,) and other parameters neces-
sary for the bioactive glasses synthesis and consequent-
ly modifications in their general behaviour.

EXPERIMENTAL

Elaboration and physic- chemical characterization

Sodium Silicate (Na,Si0;), Calcium Silicate
(CaSi0;) and Sodium Phosphate (NaPO;) were used
to obtain glass composition 47S formed by: (47 % SiO,,
26 % CaO, 21 % Na,O and 6 % P,0Os in weight ratio).
The weight percentages of all compounds used in glass
fabrication are presented in Table 1.

Raw materials were weighed and mixed for one
hour in a polyethylene bottle. Premixed products were
melted in a covered Pt crucible at the temperature range
1300-1350°C for two hours. Samples were cast into a
Layton mold to form 8x13 mm cylinders. Thermo-
gravimetric analysis (TGA) (Labsys TGA-DTA/DSC,
Setaram) was performed on the powders calcined to
determine the temperature of vitreous transition (7).
After annealing at T, for 8 hours, the cylinders were cut
into disks. Then, those materials were coated in resin in
order to detain one surface on air. All glass disks coated
in resin were prepared by wet grinding with 600, 1200
grit Silicon carbide paper followed by wet grinding with
2400 grit paper. Polished samples were cleaned in an
acetone bath and air-dried [24].

The characterization of the bioactive glass samples
was carried out using X-Ray diffraction (XRD) with
a BRUKER AXS D8 ADVANCE diffractometer
(A = 1.54059 A, Bragg-Brentano geometry, 0-0) and
using scanning electron microscopy (SEM) in Jeol JSM
6301F. Semi quantitative chemical analysis on glass
surfaces, covered by gold-palladium layer to allow sur-
face conduction, was performed by energy dispersive
spectroscopy (EDS) in Jeol JSM 6400.

The newly formed layer was characterized by
infrared absorption analysis in a Fourier transform
infrared (FTIR) Bruker Equinox 55 spectrometer.

The XRD, SEM and EDS studies were carried out
directly on the surface of the glass samples; The FTIR
analyses were performed on ~ 1 mg of material scarped
from the glass surface with metallic blade. Spectra were
obtained between 4000 and 400 cm™' wave number, with
a resolution of 2 cm™.

Table 1. Glass composition.

Components . .......c.titiii e (Wt.%)
CaSiO; .ot 50
NaSiO; ..o 41.4
NaPOs .o 8.6

In vitro analysis
Immersion in SBF

The assessment of "in vitro" bioactivity was carried
out in simulated body fluid (SBF), which has a compo-
sition and ionic concentration similar to human plasma
as Shawn in Table 2.

The SBF-K9 solution [25] was synthesised in
our researcg group by dissolving the following
reagent chemicals in deionizer water: NaCl, NaHCO,,
(CH,OH);:CNH,, KCl, CaCl,2H,0, KH,PO,, MgCl,.
6H,0 and 6NHCI to regulate the pH at 7.4 [24]. Reagent
amounts were added, one by one in the order given in
Table 3. "In vitro" test samples were performed under
static conditions soaking in sealed polyethylene bottles
with 8 ml of SBF-K9 solution at 37°C. The solutions
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were kept at 37°C in an incubator at static condition for
the following time intervals: 1, 4 hours, 1, 3, 7, 15, 20
and 30 days.

The samples were removed from the incubator,
rinsed gently, first with pure ethanol and then using
deionized water, and left to dry at ambient temperature.
ICP-OES was used to analyze the ionic concentration of
the SBF after immersion of the glass samples.

Cell culture studies

Human osteoblast cell line hFob (immortalized
with SV40 virus) is maintained in Dulbecco's Modified
Eagle's Medium (BioWhitttaker™, Cambrex) supple-
mented with 10% heat-inactivated fetal bovine serum
(BioWhitttaker™, Cambrex), 2mM L-glutamine, 100 U
ml” penicillin, and 100 ug ml" streptomycin. Cells were
cultivated in a humid 5% CO, atmosphere at 37°C.

The bioactive glass-conditioned medium containing
the dissolution products of 45S5 or 47S were prepa-
red by incubing 1% w/v biomaterials particulate
(100-600 pm in diameter). Particulates were removed
by filtration through a 0.20 um filter (Sartorius, UK).
And the collected medium supplemented as described
above for the complete medium.

hFob cells were seeded at 15000 cells per well in a
24 wells plates. After 24 h, medium was removed, and re-
placed by fresh complete medium (control) or Glass-Con-
ditioned Medium respectively for 24 h of contact time.

Cell proliferation evaluation

The viability of cells was determined by the stan-
dard colorimetric 3-(4,5-dimethyl-2thiazolyl)-2,5-di-
phenyl-2H-tetrazolium bromide (MTT) assay. Cells
grown in 24 well multiplates were incubated for 2 h at

37°C in cells incubator with the MTT solution
(1 mg/ml) (Sigma). The yellow tetrazolium salt was
metabolized by viable cells to purple crystals of for-
mazan. The crystals were solubilized in Dimethyl Sul-
foxide solution (Sigma).

The product was quantified spectrophotometrically
by measuring absorbance at 570 nm wavelength using a
Dynatech MR5000 microplate reader.

Statistical Analysis

The quantitative results from the MTT tests were
analyzed using Statview V, one-way ANOVA followed
by PLSD Fisher test to determine where significant dif-
ferences lay (P 0.05).

RESULTS
SBF Solution analysis

The solutions of the bioactivity tests were analyzed
using the induced coupled plasma (ICP-OES) spec-
troscopy in order to determine the evaluation of the ele-
mental concentration of Ca, Si and P ions as function of
immersion time. These results are very useful to under-
stand the phenomenon of ions transfer which will take
place between the glass surface and the synthetic phy-
siological liquid.

Changes in SBF composition

Figures 1, 2 and 3 correlate the elemental concen-
trations of Si, Ca and P, before the immersion in SBF
solution and after different immersion times for glass
disk. It shows the profiles of dissolution of melt-derived
47S disks in SBF.

Table 2. Ion concentration (mM) in SBF - K, and in human blood plasma [24].

Ton Na* K* Mg* Ca> Cr HCOy HPO,> SO~
SBF - K, 142.0 5.0 1.5 2.5 147.8 4.2 1.0 0.5
Human Plasma 142.0 5.0 1.5 2.5 103.0 27.0 1.0 0.5

Table 3. FTIR band assignment.

Wave number (cm™)

Vibration mode

This work Published data [23-25 ]
1460-1415 1465-1415 C-O stretching
1250 1250-1150 P-O stretching
1070 1095 Si—O-Si stretching
1043-1024 1045, 1025 P-O stretching
960 960 P-O stretching
920 940-860 Si—O-Si stretching of non-bridging oxygen atoms
870 878 C-O stretching
727 840-720 Si—O-Si symmetric stretch of bridging oxygen atoms between tetrahedra
600 600-560 P-O bending (amorphous)
560 560-500 P-O bending (crystal)
461 470-455 Si—O-Si bending
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In SBF, the concentration of silicon released into
solution increases rapidly during the time of immersion.
The silicon concentration in the SBF increases from a
value of 0 ppm to approximately 35 ppm. This release
of silicon ions indicates the first stage of dissolution by
breaking up of the outer silica layers of the network.
The solid silica dissolves in the form of monosilicic
acid Si(OH), to the solution resulting from breakage of
Si—O-Si bonds and formation of Si—~OH (silanols) at the
glass solution interface.

Si—-O-Si + H,O — Si—OH + HO-Si

The curve which presents the evolution of the con-
centration of calcium shows 3 stages. A transitional
stage which the concentration of calcium increases until
145 ppm during the first 120 h. The calcium concentra-
tion did not change significantly between the 5" day and
the 20" day. Finally, a decrease is observed for time
between 20 and 30 days, reaching value of 137 ppm.

Concurrent with the increase in silicon, the concen-
tration of phosphorus decreases rapidly over the first few
hours of dissolution. This behavior typically is attributed
to the incorporation of phosphorus ions together with
calcium ions from the dissolution medium within the
Ca-P rich reaction layer forming on the glass surface.

Formation of apatite-like layer

Formation of an apatite-like layer on glass surfaces
after soaking in SBF solution is evidenced from the fol-
lowing analyses: XRD, FTIR and SEM-EDS.

XRD patterns of glass before and after soaking in
SBF for several days are shown in Figure 4. On the
latter, we superimposed the diagrams corresponding to
the various times of immersion in the SBF. The layer
formed on the surface of glass is not crystallized same
after 20 days immersion. As can be observed, after
20 days of immersion in SBF, a slight reflection (211) of
an apatite-like phase starts to appear. Further sharpening
of the peak and an important shifting corresponding to
the (002) reflection. Then, a slight shifting of the maxi-
ma corresponding to (004) apatite reflection were
observed after 30 days of soaking in SBF.

Figure 5 shows the IR spectra on the glass surface
before immersion in SBF and the detached precipitates
formed on the glass surface after 1, 3, 7, 15, 20 and
30 days in SBF. The FTIR spectra of a commercially
synthesized HA are presented, for comparison reasons.
Bands were assigned on the basis of published data
according to Table 3 [26-28]. Roughly, all FTIR meas-
urements yielded similar spectra although with different
band intensities. From the tabulated assignments it is
clear that a silica-rich layer is present, together with a
carbonate- containing hydroxyapatite layer.
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Figure 1. Evolution of silicon concentration in SBF versus
soaking time for sample 47S.
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Figure 2. Evolution of calcium concentration in SBF versus
soaking time for sample 478S.
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Figure 3. Evolution of phosphorus concentration in SBF versus
soaking time for sample 478S.
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Figure 4. XRD patterns of the glass before and after soaking
in SBF for different periods of time. XRD pattern of hydroxy-
apatite is included for reference purpose.
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Figure 5. FTIR spectra obtained for glass before and after

soaking in SBF. FTIR spectrum of hydroxyapatite is included
for reference purpose.

This analysis shows changes in surface composi-
tion before and after soaking in the SBF solution. The
spectrum before the immersion reveals silicate absorp-
tion bands at about 492, 727, 920 and phosphate absorp-
tion at 1025 cm™. The following changes were observed
after various reaction times:

- After 4 hours: the band of silicate at 492 was shifted
to 466 cm” and the band of phosphate at 1025 cm
was disappeared taking place to band of silicate at
1070 cm™. Additionally, the hydroxyl band at about
3550 cm™.

After lday: the band at 1070 cm™' disappeared and
appearance of a phosphate band at 1045 cm™.

After 3 days: the band at 1045 cm’ shifted to
1030 cm'.

After 7 and 15 days: there were no significant
changes.

After 20 days: appearance of a phosphate band at
600 cm™.

After 30 days: appearance of phosphate absorption
bands at about 560, 600, 960, 1250 cm”, carbonate
absorption bands at about 870, 1411 and 1457 cm
and hydroxyl band at about 3550 cm'. The presence of
two peaks at 600 and 566 cm™ means that this layer is
crystalline after 30 days.

Figure 6 shows the SEM micrographs of 47S before
and after 2 day, 20 days and 30 days immersion in SBF
solution. The starting material (Figure 6a) shows the
surface of glass before immersion in physiological
liquid synthetic SBF. It presents a smooth and amor-
phous aspect.

Than after immersion, the morphology of surface
changed and we can observe the formation of a silica
gel layer. After 2 days immersion in SBF (Figure 6b),
this layer has approximately a height of 0.5 pm. The
thickness of silica gel layer increases during 20 days of
immersion (Figure 6c¢), it reaches 4 pum. After soaking
in SBF for 30 days (Figure 6d), the glass surface was
fully covered by a layer of spherical particles less than
0.2 pm in diameter. This phase is formed on top of sili-
ca gel layer. It was identified as hydroxycarbonate
apatite like layer.

EDS profiles of the glass surfaces before and after
soaking in SBF are shown in Figure 7. After 20 days,
the silicon content decreased from 20.26% in weight to
11.51% while the calcium and phosphate contents
increased. After 30 days, the remaining quantity of sili-
con presents only 3% in mass and Ca/P ratio increase.

Cell culture studies

Background signal (wells with no cells) was
deducted from the absorbance values. To compare the
results obtained, the absorbance values were expressed
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as a function of the control (without materials). The
absorbance value obtained with the control was consi-
dered as indicating 100% viability. The relative percen-
tages of viability were expressed in terms of the control.
After 48 h in conditioned medium, a decrease of cell
proliferation was detected for 47S compared with the
control (p < 0.05) (Figure 8). After 72 h and 96 h, there
is not difference between the two materials and the con-
trol (Figures 9 and 10).

DISCUSSION

The 47S glass develops a dual silica-calcium phos-
phate layer in SBF. The following discussion will be
based on the mechanism proposed by Le Geros [28] to
explain the glass surface activity, namely the existence of
a silica gel layer as a supplier of calcium phosphate sites.

The ICP-OES analysis shows that the silicone
increases in the solution of SBF. This result is attributed
to a loss of soluble silica in the form of Si(OH), to the

N T

solution resulting from breakage of Si—~O-Si bonds and
formation of Si—OH (silanols) at the glass solution
interface. Than a condensation and repolymerization of
Si0, rich layer on the surface that is depleted in alkalis
and alkaline earth cations.

2(Si-OH) + 2(OH-Si) — ~Si-0-Si-0-Si-0-Si-O—

This result is confirmed by SEM (Figure 4b, 4c). It
shows the formation of a silica gel layer which increas-
es in thickness by increasing the immersion time: after
20 days the X-ray measurements indicate the formation
of a peak at 32° characteristic to an amorphous calcium
phosphate phase. This result show that Ca** and PO,*
migration groups to the surface through the SiO, rich
layer forming a CaO-P,0;s rich film on top of the SiO,
rich layer, followed by growth of an amorphous
CaO-P,0:s rich film by incorporation of soluble calcium
and phosphate from solution.

After 30 days immersion in SBF, the SEM micro-
graphs and the X-ray measurements indicate the forma-

S T

et

Figure 6. Scanning Electron Micrograph of the cross-sections of the specimens before immersion a) and after immersion in SBF

for b) 2 days, c¢) 20 days and d) 30 days.
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tion of micro-crystalline hydroxyapatite phase. This
result is at the origin of crystallization of the amorphous
CaO-P,0; film by incorporation of OH and CO;*
anions from solution to form hydroxyl carbonate apatite
(HCA) layer.

The width of XRD diffraction peak reflects crystal
size. The shifting of the maxima observed between the
XRD pattern of the glass before soaking and after soak-
ing at 30 days, concomitant with the appearance of
much sharper apatite diffraction peaks (Figure 2), indi-
cates two things:(1) Difference in composition between
the original glass (before soaking) and the forming
apatite-like layer; and (2) growth of the apatite crystals

Si

Na

a.u.

relative to the period of soaking. The formation of the
new layer on the surface of glass starts about the 20"
days. Indeed, the peak at 32° was visualized and repre-
sents an amorphous calcium phosphate layer.

The sharp (002) reflection appeared at 30 days
immersion in SBF. It indicates the crystallization of the
phase hydroxyapatite. This reflection presents the pre-
ferred orientation of the apatite crystallite.

After immersion in SBF, the FTIR spectra indicate
the formation of new bands. The main characteristics of
the spectrum of the unreacted bioglass pellet are attrib-
uted to the amorphous silica glass, e.g. the bands at
920 cm™ assigned to Si—O-Si stretching vibration and a
band at 492 cm' assigned to Si—-O-Si bending one
[26,29,30]. The spectra from the reacted pellets for
4 hours in SBF reveal new band at 1070 cm™ that can be
assigned to the amorphous silica gel rich layer formed
on the surface of bioglass® pellets. After one day of
immersion, the band silicate at 1070 cm™ disappeared
taking place to a band at 1040 cm™ assigned to P-O
stretching vibration. There were no significant changes
between 3 and 15 days. After 20 days, the FTIR spectra
showed the formation of a new band at 600 cm™. It can
be assigned to the amorphous CaO-P,0; phase layer.
The appearance, at the spectra from immersed 30 days
in SBF, of the band at 560 cm™ proves that after 30 days
in SBF a crystalline phase of HCAP layer is developed
[23, 30, 31-33]. Peak at 920 (Si—O bonds) was not
detected at 30 days immersion, indicating that the sili-
ca-rich layer is polymerized for the immersion time

0 2 4 used. Additional characteristics from the HCAP layer
—— Energy (keV) are two bands at 1411 and 1457 cm™ assigned to C-O
a) stretching vibration and one at 870 cm™ assigned to
C c O
)
S S
© ®©
P
Si
P
Ca
Ca
Ca pu Ca 3 Au
Na Na
Ca ‘ Ca
LA A bt
rrrrrrrrrrrrrrrrrrrrrrrr e L B e e e e e e B e e e s e
0 2 4 0 2 4
— Energy (keV) — Energy (keV)
b) ¢)
Figure 7. EDS patterns of the 47S glass surface: a) before soaking in SBF, b) after 20 days and c) after 30 days.
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C-O out-of-plane bending vibration of the carbonate
group [27, 32]. The phosphate peaks became more
intense and sharp with the increase in immersion time,
indicating the growth of crystalline apatite "in vitro".
The appearance of the phosphate and carbonate absorp-
tion bands in the spectra of the materials formed on
glass surfaces after soaking in SBF not only confirms
the formation of an apatite-like layer (as determined by
XRD and EDS analysis but also determines that the
apatite-like material is a carbonate hydroxyapatite
(HCAP) similar in composition and structure to bone
apatite and also found on bioactive glass [1-4]. Forma-
tion of HCAP in vivo on the surfaces of calcium phos-
phate materials (hydroxyapatite and biphasic calcium
phosphates), reported previously, has been associated
with the reactivity of the materials [33]. From the spec-
tra in Figure 5, it is clearly concluded that an amorphous
layer is formed after 20 days immersion in SBF. While
after 30 days the layer is converted to HCAp crystalline
phase. The presence of the carbonate group in the
30 days immersed in SBF samples is documented from
the two weak broad bands at 1400-1490 cm™” and the
one band at 870 cm™.

Hydroxyl stretch is observed at about 3550 cm™ in
the spectra of the 47S glass after 4 hours immersion in
SBF. It indicates the formation of Si—OH (silanols) at
the glass solution interface. This band persists and it is
seen after 20 and 30 days. It indicates the formation of
hydroxyl-carbonate-apatite (HCA) layer.

From the analysis by scanning Electron Micro-
scopy, it is demonstrated that morphologically no appar-
ent changes appeared on the surface until the 20" days
of the specimens. Only, the thickness of silica gel layer
increases by 0.5 um to 4 pm and it is covered by a few
aggregates of the amorphous apatite phase with diame-
ter less than 100 nm.

After 30 days immersion in SBF, the surface of the
specimens is still fully covered by a layer of apatite with
aggregates of approximately 250 nm in size.

120
] W48h
o72h

100 4 m9%h

—  Cell viability
D
o

Control 4585 478

Figure 8. Osteoblasts proliferation after 48 h, 72 h and 96 h of
culture in contact with particulate glass 47S (bioglass® (45S5)
is given for comparison purposes).

The EDS studies reveal the inclusion of phosphorus
in the composition of the newly formed layer since the
after 20 days of immersion (Figure 7 b). The phospho-
rus present on the newly formed layer proceeds from the
SBF solution. It also shows an increase in the calcium
content and a decrease in the silicon content as a func-
tion of the soaking time. The decrease in Si with
increasing Ca and P concentrations with time on newly
formed layers also indicates the formation of an apatite-
like layer material.

Cytotoxicity of ionic products of 45S5 and 47S
Bioactive glass dissolution has been controlled with
Human immortalized osteoblast cell hFob. In this work
and after 48 h of treatment, cell proliferation decreased
only with 478, this toxicity was light (8.5%) compared
with control cells. The difference between composition
45S5 and 47S explained this result with pH medium
variation. After this time, cell proliferation increased to
be the same as 45S5 and 47S. This experiment demon-
strated that there is no difference between the two mate-
rials and that there is not real cytotoxicity. Xynos et al
showed that ionic product of 45S5 dissolution increased
osteoblast proliferation with longer incubation time
[34]. Hench observes cells cycle variation after 6 days
incubation [35].

The cell culture experiments showed good viability
of hFob cell line after 48h incubation in conditioned
medium. In addition, the observations [34] showed that
bioactive materials seemed to provide a favourable tem-
plate for bone deposition. Indeed, bioactive glasses pos-
sess a composition and morphology that supports bone
cell phenotype and can be used as templates for "in
vitro" bone growth. The number of cell adhesion to the
bioglass samples increases at 72 h culture time, which
indicates the good "in vitro" biocompatibility of the 47S
bioactive glass compared to that of the references com-
pounds.

CONCLUSION

This "in vitro" study combined different techniques
to determine the composition and properties of materi-
als that are formed on glass surfaces after soaking in
SBF solution. The combined application of, ICP-OES,
SEM-EDS, FTIR and XRD techniques allowed the
monitoring of the formation of hydroxyl carbonate
apatite layer. Amorphous CaO-P,0s-rich layer is
formed on the top of silica gel layer. As well as the crys-
talline carbonate-containing apatite, develops in partic-
ulate glass, as shown from this study. The formation of
an amorphous CaO—P,0Os-rich layer was recognized on
the surface of the specimens after 20 days in SBF. After
30 days, the amorphous phase becomes crystalline and
the surface of glass is covered completely by the HCAP
layer. This phase as consisting of crystallites is similar
to biological apatite in bone.

"In vitro" biocompatibility assessments indicate
that our bioactive glass 47S stimulates no toxicity and
promotes proliferation.
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SYNTEZA A IN VITRO CHARAKTERISTIKA TAVENINY
ODVOZENEHO 47S CaO-P,05-8i0,Na,0
BIOAKTIVNIHO SKLA

MOHAMED MAMI*, ** HASSANE OUDADESSE*,
RACHIDA DORBEZ-SRIDI**, HERVE CAPIAUX****
PASCAL PELLEN-MUSSI***%*,
DOMINIQUE CHAUVEL-LEBRET**#*%*,
HASSANE CHAAIR*** GUY CATHELINEAU****
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Campus de Beaulieu, 263 avenue Général Leclerc,
35042 Rennes, France
**Laboratoire de Physico-chimie des matériaux.
Département de physique. Faculté des Sciences de Monastir,
Avenue de l'environnement, 5019 Monastir, Tunisie
***Laboratoire de Génie des Procédeés,

Faculté des Sciences et Techniques de Mohammedia, Maroc
**¥%%Université de Rennesl, UMR-CNRS 6226,

UFR Odontologie, 2 Avenue du Pr. Léon Bernard,
35043 Rennes, France

V nasi ptedchozi studii bylo pfipraveno sklo ve hmotnost-
nim poméru 47 % SiO, - 26 % CaO - 21 % Na,0O a 6 % P,Os a
to konvenénim procesem ochlazovani taveniny. Pfislusné sklo
bylo popsano rentgenovou difrakci (XRD), Fourierovou trans-
formacéni infra¢ervenou spektroskopii (FTIR), rastrovaci elek-
tronovou mikroskopii (SEM) a energeticky disperzni spek-
troskopii (EDS), které potvrdily slozeni a také amorfni stav
materialu. Studie in vitro bioaktivity vSech pfipravenych pelet
byly ptipraveny namafenim do simulované télni tekutiny
(SBF) podobu 1, 3,7, 15, 20 a 30 dni pfi teplote 37°C. Analyza
SBF po kazdé dobé¢ ponofeni byla provedena indukéné spiaze-
nou plazmovou optickou emisni spektrometrii (ICP/OES).
Analyza XRD, FTIR, SEM a EDS povrchu skla po zkouskach
in vitro prokazala vytvareni vrstvy bohaté na amorfni CaO-P,0s
na povrchu vzorkli po 20 dnech v roztoku. Po 30 dnech doby
ponofeni se vytvofila vrstva krystalick¢ého hydroxyuhlici-
tanového apatitu, kterd se podobad svym slozenim a krystali¢-
nosti biologickému apatitu. Byly provedeny pokusy s osteoblas-
tickou buné¢nou kulturou s cilem vyhodnotit aktivitu s ohle-
dem na biologickou kompatibilitu. Byly studovany pocty bunék
osteoblastll kultivovanych na vzorcich bioaktivniho skla a po-
rovnany s polystyrenovymi destickami a materidlem Bioglass®.
Bunky kultivované na bioaktivnim vzorku 47S trvale vykazo-
valy biologickou kompatibilitu tohoto skla ve srovnani s bufi-
kami kultivovanymi na polystyrenovych destickach pouzitych
jako referen¢ni smési.
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