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Abstract: Inthis work we present our experimental results on synthesis, structure evolution and in vitro bioactivity assessment of new gelatin/
silicocarnotite hybrid materials. The hybrids were obtained by diluting gelatin (G) and silicocarnotite (S) ceramic powder with G:S
ratios of 75:25 and 25:75 wt.% in hot (40°C) water. The hybrids were characterized using XRD, FTIR, SEM/EDS and XPS. FTIR depicts
that the “red shift” of amide | and COO- could be attributed to the fact that the gelatin prefers to chelate Ca?* from S. The growth of
calcium phosphates on the surface of the hybrids synthesized and then immersed in 1.5 SBF for 3 days was studied by using of FTIR,
XRD and SEM/EDS. According to FTIR results, after an immersion of 3 days, A and B-type CO,HA can be observed on the surface. XRD
results indicate the presence of hydroxyapatite with well defined crystallinity. SEM/EDS of the precipitated layers show the presence
of CO,HA and amorphous calcium phosphate on the surface of samples with different G/S content when immersed in 1.5 SBF. XPS of
the G/S hybrid with 25:75 wt.% proved the presence of Ca-deficient hydroxyapatite after an in vitro test for 3 days.
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1. Introduction

For the significant part of clinical applications
bioamaterials should be porous, biodegradable
and promote new bone formation. Hard tissues are
composed of both inorganic and organic phases. For
creation of biological bone Chang and DelLong [1] point
out the presence of three fundamental structural factors:
hydroxyapatite (HA) nanocrystals, collagen and organic/
inorganic interaction between them. Hydroxyapatite (HA)
is the main inorganic component of hard tissues such as
bone and teeth, in the human body [2-4]. The organic
phase consist of type | collagen and small amounts of

* E-mail: |_radev@abv.bg

proteoglycans, glycoproteins and glucosaminoglycans.
As is known, gelatin is a denaturated form of collagen
and contains a number of biological functional groups,
making it suitable for hard tissue application.

Nanostructured HA offers a favourable environment
for osteoconduction, protein adhesion and bone
regrowth [5,6]. Much of the research interests today
focus on the fabrication of artificial bone like ceramic/
polymer composites [6-9] especially on HA/gelatin
nanocomposites  [1,10-22], fluorapatite =~ (FHA)/
gelatin nanocomposites [23], carbonated fluorapatite
(CO,FHA)/gelatin nanocomposites [24]; drug delivery
carrier [25,26] and protein separation [27].
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Lien et al. [28] tried to show the feasibility of the
ceramic-gelatin assembly (CGA) scaffolds for articular
cartilage repair. The ceramic components of the
hybrids obtained were tricalcium phosphate (TCP)
and amorphous calcium polyphosphate (ACCP),
respectively. Panzavolta et al. [29] prepared gelatin
foams that contained increasing amounts (up to
40 wt.%) of TCP. The hybrid material obtained was
produced in the presence of non-toxic crosslinking
agent-genipine. They concluded that a partial
hydrolysis of a-TCP to octacalcium phosphate (OCP)
occurs during the foaming process of freeze-drying.
A biodegradable gelatin/TCP composite composed
of oligomeric proanthocyanidins cross-linked gelatin
mixed with TCP was developed by Chen et al. [30] as
a bone substitute.

In recent years some authors have even prepared
silicon substituted hydroxyapatites (SiHA) via sol-
gel method using TEOS as a SiO, precursor for
glass-ceramic samples [31-33]. In the materials so
synthesized, they found other crystalline phases, such
as TCP and CaO. It is known that silicocarnotite is a
calcium silicophosphate with carnotite structure. Some
authors determined that the silicocarnotite structure is
very similar to hydroxyapatite and examined its in vitro
bioactivity [34]. They concluded that the introduction of
silicon in HA lattice improved in vitro bioactive response
as compared to the apatite without silicon content [34].
Others suggested that the loss of all -OH from HA due
to SiO, substitution results in silicocarnotite structure.
They considered silicocarnotite as a mixture of a silicon
substituted dehydrated apatite and oxyapatite [35].
Ruys [31] found that the silicocarnotite can be present
as a impurity phase in HA structures at the lowest SiO,
addition accompanied by increasing amounts of a
a- and B-TCP in Ca-Si-P-O amorphous phase.

In our previous works, on the basis of sol-gel
method we synthesized some bioactive ceramic
systems, CaO-SiO,-P,0, [36] and CaO-SiO,-P,0O,-
MgO [37]. The materials synthesized were shown to
have an in vitro bioactivity when evaluated in 1.5 SBF.
With the ceramic powders as the base, we synthesized
in vitro bioactive hybrid materials in the presence of
collagen [38,39]. In other papers we used bioactive
glasses in the SiO,-3Ca0O-P,0,-MgO [40], P,0,-CaO-
Na,0-K,0 [41], and fluorapatite (FA)-MgO-+SiO, and
FA-MgO-Al,0,SiO, gel glasses [42] for obtaining new
composites that showed interesting applications. New
nanostructured hybrid materials containing Al,O, for
alumina-silica oxycarbonitride materials and hybrid
systems Si-O-C-N-Zr have been synthesized in the
presence of different silica precursors [43,44]. On the

other hand we have also investigated the influence of
different silica precursors on the structure of hybrid
materials in the presence of HEMA, PEO and Chitin for
cell immobilization [45].

The purpose of this study was to develop new
bioactive materials with silicocarnotite ceramics by
addition of gelatin. The experimental methodology
comprised of three main steps. In the first step,
silicocarnotite was fabricated via polystep sol-gel
method, as described in [36]. The second step involved
preparation of gelatin/silicocarnotite hybrids in 25:75
and 75:25 wt.% by soft chemical route. Finally, the
hybrid materials obtained were soaked in 1.5 SBF for
assessment of in-vitro bioactivity.

2. Experimental Part

2.1. Preparation of the silicocarnotite as the

inorganic part of the synthetic hybrids
The silicocarnotite (S) was synthesized by polystep
sol-gel method as described in [36].

2.2. Preparation of the gelatin/silicocarnotite
hybrid materials

The gelatin/silicocarnotite (G/S) hybrids for 75:25 and
25:75 wt.% were prepared by adding the inorganic
powder to the gelatin (Fluka). Gelatin was taken
in amounts corresponding to the hybrid content
and added to 30 mL of distilled water at 40°C and
dissolved by stirring for 30 min at room temperature.
Gelatin concentration in the solutions was calculated
on the basis of 0.7 g weight of dry hybrid. After
homogenization, the finely powdered S was added
in the required amounts to the dissolved gelatin with
continuing intensive stirring. The stirring time was 3 h,
pH was adjusted at 8 using 25% NH,OH and a volume
of 0.5 mL 0.01% sodium azide was added to the mixed
xerogel to prevent bacterial growth [46]. The hybrid
materials obtained were dried in air at 37°C for 12 h.

2.3. In vitro assessment of bioactivity in 1.5
SBF

Bioactivity of G/S hybrids obtained was evaluated by

examining apatite formation on their surfaces after

immersion in 1.5 SBF.

The 1.5 SBF solution was prepared as a solution
with 11.9925 g NaCl, 0.5295 g NaHCO,, 0.3360 g KCl,
0.3420gK,HPO,*3H,0, 0.4575g MgCl.»6H,0,0.5520 g
CaCl,*2H,0, 0.1065 g Na,SO,. The solution was then
buffered at 36.5°C to a pH of 7.4 at with 9.0075 g TRIS
and 1M HCl in distilled water. S/G hybrids were pressed
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at 50 MPa with PVA to obtain disc specimens 12 mm
in diameter and 2 mm thick that were then immersed
in 1.5 SBF at the human body temperature of 36.6°C
in polyethylene bottles and then maintained in static
conditions for 3 days. After soaking, the specimens
were removed from the fluid and gently rinsed with
distilled water and dried at 37°C for 6 h [47].

2.4. Measurements and ohservations
The structure and in vitro bioactivity of G/S hybrids
were monitored by XRD, FTIR, SEM/EDS and XPS.

Powder X-ray diffraction spectra were collected
within the range of 10° to 80° 26 with a constant
step 0.04° 26 and counting time 1s/step on a Bruker
D8 Advance diffractometer with CuK, radiation and
SolX detector. The spectra were evaluated with the
Diffracplus EVA package.

The composition and the electronic properties
of the hybrids after in vitro testing in 1.5 SBF were
investigated by X-ray photoelectron spectroscopy
(XPS). The measurements were performed in a VG
ESCALAB Il electron spectrometer using AIK  radiation
with energy of 1486.6 eV. The binding energies (BE)
were determined with an accuracy of £0.1 eV utilizing
the C1s line at 285.0 eV (from an adventitious carbon)
as a reference. The composition and chemical
surrounding of the films were investigated on the
basis of the areas and binding energies of C1s, Ofs,
Ca2p, P2p, Si2p, Na1s, CI2p and N1s photoelectron
peaks (after linear subtraction of the background) and
Scofield’s photoionization cross-sections.

On the dry ceramic powders and organic/inorganic
hybrids, FTIR transmission spectra were recorded
using a Bruker Tensor 27 spectrometer with the scanner
velocity at 10 KHz. KBr pellets were prepared by mixing
~1 mg of the samples with 300 mg KBr. Transmission
spectra were recorded using MCT detector, with
64 scans and 1 cm resolution.

SEM (Jeol, JSM-35 CF, Japan) in conjunction with
EDS at accelerating voltage of 10 kV was used to
ascertain the morphology and chemical constituents of
the hybrids after immersion in 1.5 SBF for 3 days.

3. Results and Discussion

3.1. X-ray diffraction of the synthesized
hybrids, before in vitro test

Fig. 1 shows the X-ray diffraction patterns of pure
gelatine, revealing that the structure is essentially
amorphous with a more pronounced peak [48] at
around 20° 26.

Intensity, a.u.

2 theta, degree
Figure 1. XRD of pure gelatin (Fluka)

X-ray diffraction data for the G/S hybrid material
(25:75 wt.%) prepared is presented in Fig. 2.

: CaP) S0,

Intensity, a. u.

2 Theta, degree
Figure 2. XRD of the prepared G/S hybrid (25:75 wt.%) sample

The phase of gelatin/silicocarnotite hybrid
was analyzed by X-ray diffraction reflections, as
shown in Fig. 2. In the hybrid material obtained,
typical silicocarnotite (PDF 40-0309) peaks were
observed [36]. In conclusion, we see that the gelatin/
silicocarnotite hybrids provide well-defined signals
with smaller peak width in spite of the presence of an
amorphous phase. This suggests the association of
crystalline silicocarnotite to an amorphous gelatin. The
data obtained corresponds with the results of other
authors [19].
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3.2. FTIR of the synthesized G/S hybrids, prior
to in vitro testing in 1.5 SBF

Fig. 3 represents the FTIR spectrum of pure gelatin,

the organic part of the hybrids.

It is known that the amide groups of polypeptides
and proteins possess characteristic vibration modes
of group frequencies. The region of amide I, Il and
Il bands of the spectrum are directly related to the
polypeptide conformation [49]. The amide | band
with the characteristic frequencies in the range
1600-1700 cm" is mainly associated with the stretching
vibrations of the carbonyl groups (C=0 bond) along
the polypeptide backbone [15,23,50] and is a sensitive
marker of the peptide secondary structure. Three
typical bands at 1650-1660 cm™, 1630-1640 cm™ and
1680-1700 cm™ in the amide | region of the protein is
well established. In the present case amide | band is
centered at 1670 cm™ [15,23]. The amide Il region of
the protein bands are observed at 1540-1550 cm™,
1620-1530 cm™ and 1520-1545 cm™ [51]. In pure
gelatin the amide Il is centered at 1547 cm™'. For the
amide lll, there are bands centered at 1270-1300 cm™',
1229-1235 cm™ and 1243-1253 cm™ [15,23,24,51].
Fig. 3 shows a band assigned to the amide Il at
1251 cm™, as described in [50]. Two bands at 1407 and
1340 cm™ can be assigned to the presence of COOH
and COO- as seen in the spectrum of pure collagen
and gelatin [10,15,23].

FTIR of the prepared G/S hybrids before the in vitro
test are given in Figs. 4 and 5.

FTIR spectra depicted in Figs. 4 and 5 show very
complicated data. In accordance with literature data
[52,53], the intense bands centered at 568, 600, 960,
1043 and 1008 cm™ correspond to v,, v, and v, P-O
stretching vibration modes. The FTIR spectra of the
hybrid materials prepared, exhibit characteristic v,
PO, and v, PO,* bands indicated by the presence
of three peaks at 1015, 1060 and 942 cm™ (Figs. 4
and 5) [53]. On the other hand the absorption bands
centred at 1015 (1080) cm™ for the two samples can
be assigned to the vibration of the Si-O-Si bond [54].
The v, PO,* was identified by the presence of some
peaks posited at 548, 583, 615 and 689 cm (Fig. 4)
and 526, 549, 585, 615 and 689 cm™ (Fig. 5) [53,55].
For the hybrid materials synthesized, the absorption
peaks centered at 504, 845 and 942 cm (Fig. 4) and
504, 875 and 942 cm™ (Fig. 5) were observed. These
peaks can be assigned to the presence of SiO,* in the
hybrids [55]. From the spectra we also see that the
silicon content leads to a decrease in the intensity of
the band centered at 630 cm™' (for the two samples)
that corresponds to the presence of -OH [36]. This
observation is consistent with the silicon substitution
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Wavenumber, cm’”’

Figure 3. FTIR of pure gelatin
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Figure 4. FTIR of G/S hybrid (75:25 wt.%) before immersion in 1.5
SBF
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——
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Figure 5. FTIR of G/S hybrid (25:75 wt.%) before immersion in 1.5
SBF



L. Radev et al.

mechanism proposed as SiO,*— PO,*, leading to
loss of some -OH groups so as to maintain the charge
balance [52]. From the FTIR results obtained we can
assume that the inorganic part silicocarnotite, of the
hybrids may be partially dehydroxylated [36]. This also
explains the dramatic decrease of the OH stretches
at 3404 cm™ (Fig. 4) and 3420 cm™' (Fig. 5) in samples
with increasing addition of silicon [36].

Furthermore, there are two distinct changes when
the spectra of pure gelatine (Fig. 3) and G/S hybrids
with different weight ratio of the components (Figs. 4
and 5) were compared. First, the intensity of amide I
had increased while that of the amide Ill had slightly
decreased. Second, the amide | peak observed for
pure gelatine centered at 1673 cm™' (Fig. 3) shifted to
1658 cm™' (Fig. 4) and to 1660 cm™ (Fig. 5),
respectively. From the FTIR spectra obtained we can
conform that gelatine prefers to chelate Ca?* from the
partially dissolved silicocarnotite glass-ceramic under
the conditions. We determined the partially dissolved
silicocarnotite by the decrease in intensity of the vSi-O-
Ca band centered at 942 cm™ [56]. Furthermore, FTIR
spectrum (Fig. 4) shows that the flexible vibration of
vSi-O at 904 cm™' became weak and the band, centered
at 1060 cm™ became sharp. The peak centered at
1015 cm™' (v O-Si-O) slightly decreased. The analysis
indicates that O-Si-O and Si-O-Ca groups are exposed
and transferred under the experimental conditions. As
can be seen, the “red shift” of amide | peak (Figs. 4 and 5)
indicates that the C=0 bonds in the peptide chain are
weakened because of the formation of new chelate
bonds between Ca?* and C=0 bond. Other researchers
concluded that the carbonyl groups on the surface
of peptide are binding sites of Ca?" [57]. As reported
earlier, since C=0 has non-bonding free electron pairs
it is therefore possible for carbonyl oxygen to chelate
with some metal ions that have vacant electron orbitals
[471.

The very interesting feature in the FTIR spectra
(Figs. 4 and 5) is the presence of the band centred at
1333-332 cm™ that could be ascribed to the formation of
COO~-Ca?bond.Ascanbeseentheasymmetricstretching
vibration of the above carboxylate anions (COO"),
observed in pure gelatine and collagen at 1340 cm"'
shifted to lower wavenumber in the case of the hybrids
(Figs. 4 and 5). The amount of “red shift” could be
determined by the preparation conditions, such as pH
and concentration of reagents [10]. In our case, the “red
shift” is not influenced from the concentration of two
different components of the hybrids.

It is worth mentioning that the chemical bond
formation between COO-and Ca? in the synthesized
hybrid materials was not carried out under biomimetic

pathway as it was established by other authors
[1,10,18-20,23,58]. It affords interesting opportunities
in the field of hybrid materials, synthesized under soft
conditions with the participation of calcium phosphate
silicate glass ceramics. It would be interesting to know
whether the above mentioned tendency concerning the
participation of sol-gel glasses will be met. This will be
an object of our future research

3.3. XBD and XPS of the obtained hybrid
materials after immersion in 1.5 SBF

Fig. 6 depicts X-ray diffraction patterns of the G/S hybrids

obtained after 3 days of immersion in 1.5 SBF.

" Ca(PO),SO,
@ Hydroxyapatite

Intensity, a. u

2 Theta, degree

Figure 6. XRD obtained for G/S hybrid materials with 25:75 wt.%
(a) and 75:25 wt.% (b) after immersion in 1.5 SBF for 3
days

The XRD pattern before (Fig. 2) and after (Fig. 6)
immersion in 1.5 SBF is obviously quite different. The
graph shows the presence of hydroxyapatite (PDF
76-0694) of defined crystallinity with the presence of
crystallographic maxima at 10.6°, 32.2°, 32.8° and
45.5° 20 (Fig. 6). We also see that the crystallinity of
silicocarnotite phase slightly decreases after immersion
in 1.5 SBF. Further, the intensity of the amorphous halo
of gelatin also decreased after the immersion process.
XPS analysis of the elements on the surface of the G/S
hybrid synthesized with 75:25 wt.% and immersed in
1.5 SBF for 3 days is given in Fig. 7.

Ca2p, P2p, O1s, C1s and N1s were identified for
the sample that was obtained after immersion process.
Additional peaks of Na1ls, Si2p and CI2p were also
found. The peak position of elements detected on the
surface and their relative concentration is presented in
Table 1.
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As can be seen, the binding energies determined
for P2p, Ca2p and O1s and obtained at 132.96 eV,
347.09 (350.44) eV (Fig. 8) and 531.2 eV undoubtedly
corresponded to calcium phosphate (apatite) formation
on the surface of the immersed samples. However,
this apatite probably is calcium-deficient apatite

Ots

Ca2p W
" Al A m ™

Intensity (a. u.)

0 100 200 300 400 500 600 700 800 900 1000
Binding Energy (eV)

Figure 7. XPS spectrum for obtained G/S hybrid material 25:75 wt.%
after immersion in 1.5 SBF for 3 days

Ca2p

340 345 350 355 360
Binding Energy (eV)

Figure 8. XxPs Ca2p spectrum for G/S hybrid material 25:75 wt.%
after immersion in 1.5 SBF for 3 days

layer because its Ca/P (at.%) was equal to 1.3. This
ratio is much lower than the Ca/P of 1.67, the normal
soichiometric value. The C1s peak centred at 285.38 eV
corresponded to the aliphatic or aromatic C atoms
from amino acid residues of gelatine. The N1s posited
at 400.1 eV could be ascribed to the presence of the
nitrogen atom of the peptide backbone. The presence of
Si2p, centered at 102. 91 eV corresponds to processes
of incomplete covering of hybrid surface with crystalline
calcium phosphate coating (or even after three days).

3.4. FTIR of the prepared hybrids after

immersion in 1.5 SBF for 3 days
FTIR data for the G/S samples after immersion in
1.5 SBF are presented in Figs. 9 and 10.

As can be seen, the spectra presented are similar to
those of carbonated hydroxyapatite-protein composites,
previously reported by other authors [59]. For the G/S
hybrids obtained after immersion process, both the
FTIR spectra (Figs. 9 and 10) exhibit the presence of
v,- v, PO,* modes [10,17,18,24,58,60,61]. For the two
samples the infrared absorption bands of v, CO,> were
found at 866 cm™ with a shoulder at 872 cm™' for G/S
25:75 wt.% (Fig. 10) [24,58,61], v, CO,> at 1466 cm”
(Fig. 10) and 1460 cm™ (Fig. 9) [24] and weak bands
centered at 692 cm™ (for two samples), which correspond
to the B-type carbonate substitution (CO,>—PO,*)
in the hydroxyapatite lattice [10,19,24,61,62]. The two
FTIR spectra display a band, centered at 1549 (1555)
cm', which can be attributed to the presence of A-type
(CO,2—O0H") carbonate substitution as well as to
amide |l [24,61]. This finding allows as to conclude the
presence of CO,? ions within the channels of the apatite
crystal structure in aggregates grown in accordance with
experimental conditions of reference [24]. On the other
hand, Suetsugu et al. investigated and ascribed the
peaks at~1460 cm™to v, of A-site CO,> and v, of B-site
CO,> [63]. Additionally, amide A and B exhibit bands at
3070-3196 cm' which overlap with the stretching modes
of the water molecules. Trace amount of -OH in apatite
component of the samples subjected to the immersion
process are indicated by the existence of weak bands
at 692 cm™ in the FTIR spectra (overlap with the v,

Table 1. Binding energy (eV) and relative concentration (at. %) of the elements detected on the surface of G/S hybrid material 75:25 wt.% after

immersion in 1.5 SBF for 3 days

Characteristics Elements
[ o) Ca P Si Na Cl N Ca/P
L 347.05
Binding energy, eV 285.38 531.2 35035 132.96 102.91 1072.3 199.17 400.1
Relative concentration, at.% 29.4 35.6 12.3 9.0 1.7 19 6.6 3.5 1.36
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CO,% modes) which can be assigned to -OH vibrational
modes [24,61]. On the other hand, the stretching band
at ~3400 cm™ due to the -OH was not observed after
immersion for the hybrids in 1.5SBF.

The information from FTIR spectra of the samples
immersed in 1.5 SBF is summarized in Table 2.

3.5. SEM of the hybrids before and after
immersion in 1.5 SBF for 3 days

SEM images obtained for G/S hybrids before immersion

in 1.5 SBF are given in Figs. 11 and 12.

SEM morphology of the sample with high gelatine
content (Fig. 11) shows relatively dense microstructure
like that of the hydroxyapatite/gelatine nanocomposites

prepared via co-precipitation method in the presence of
400 300 3000 250 2000 150 1000 50 different cross-linkers [18]. It is important to note that the
silicocarnotite particles adhere in a non-homogeneous
. way on to the gelatine matrix, as presented in [67]. When
Figure 9. S1E;\/ISCE>3thhe G/S (75:25: wt.%) hybrid before immersion in - the quantity of silicocarnotite in the hybrid increased to
' 75 wt.% (Fig. 12) we observe different silicocarnotite
aggregates, which are composed of the glass-ceramic
particles embedded in gelatine matrix [17]. As described
in reference [12] SEM image also depicts the presence
of hollow zones with various pore diameters (5 and
6.7 um) and we also see that the silicocarnotite preserves
its morphology in the conditions used. In accordance
with our previous investigation [36], silicocarnotite
thermally treated at 1200°C/2 h could be ascribed as
an non-densified sample. In agreement with other
authors [68] we also observed that the densification
of the silicocarnotites decreases with increasing silica
content.

SEM images of G/S hybrids after immersion in
1.5 SBF are given in Figs. 13 and 14.

Fig. 13 shows SE-micrographs of the sample G/S
— -—,— (75:25 wt.%) after immersion in 1.5 SBF for 3 days.
4000 3500 3000 2500 2000 1500 1000 500 Consistent with the results reported by Durucan and
Brown [69] the CO,HA formed in flake-like morphology
with smaller crystalline size. EDS of the sample gave

Figure 10. FTIR of the G/S 25:75 wt.% after immersion in SBF for  Cg/P of 1.82. The observed Ca/P ratio (at.%) was
3 days

Transmittance

3197

Wavenumber, cm’”

Transmittance

Wavenumber, cm’

Table 2. IR vibration modes and their assignments observed for the G/S hybrids immersed in 1.5 SBF for 3 days

Vibration mode IR for G/S (75:25 wt.%), cm™! IR for G/S (25:75 wt.%), cm™! Literature

v, PO,* 479 467 [24, 62]

v, PO % v, O-Si-O 915 909, 948 [10, 17,18, 55, 58]
v,PO* 1037 1036 [24, 58, 61]

v, PO* 1144 1138 [58]

v, PO* 1208 1201 [10, 17]
v,PO* 1296 1297 [64]

v,PO* 600 556, 599 [24, 58, 60, 62]
v, CO/ 872 866, 878 [24, 58, 61, 62]
v, CO” 1404 1404 [53, 65]

v, CO> 1460 1466 [24, 62, 63]

v, CO/» 1555 1549 [24, 61, 62]
v,CO2, OH 669 669 [24, 61]
v,CO/ 692 692 [19, 24]

H,0 1631 1631 [66]
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Figure 11. SEM of the G/S (75:25wt.%) hybrid before immersion
in 1.5 SBF

18uml1358KV 318E3 f

Figure 12. SEM of the G/S (25:75 wt.%) hybrid before immersion
in 1.5 SBF

Figure 13. SEM of the G/S (75:25 wt.%) hybrid after immersion
in 1.5 SBF

higher than the Ca/P ratio for the stoichiometric HA
(C/P=1.67) and is due to the substitution of CO,> for
PO,* [62]. For the G/S (25:75 wt.%) sample, SEM
(Fig. 14) depicts that the surface of the sample is covered
with calcium phosphate layer. EDS measurement
showed a Ca/P=1.22. On the basis of this result we can
assume that after immersion in 1.5 SBF amorphous
calcium phosphate has been observed on the surface
of the sample.

4. Conclusions

The aims of the present article were to prepare gelatin/
silicocarnotite hybrid materials with different weight
ratio of the components and to evaluate the in vitro
bioactivity of the hybrids in 1.5 SBF. The silicocarnotite
was prepared via polystep sol-gel method with Ca/P+Si
(molar ratio) equal to 1.67. Water-soluble gelatin was
mixed with silicocarnotite glass-ceramic powder in 25:75

Figure 14. SEM of the G/S (25:75 wt.%) hybrid after immersion
in 1.5 SBF

and 75:25 wt.% without cross-linkage. The mixture
obtained was readjusted to pH=8 with 25% NH,OH. The
hybrids so synthesized were dried at 37°C/12 h. The
materials, before and after immersion in 1.5 SBF, were
characterized by FTIR, XRD and SEM.

FTIR showed that the amide | peak, observed
for pure gelatine centered at 1673 cm™ shifted to
1669 cm™ and to 1660 cm for the hybrids. The “red
shift” of amide | peak indicated that the C=0 bonds in
the peptide chain were weakened due to formation of
new chelate bonds between Ca?* and C=0 bond. On
the other hand, in the FTIR spectra before immersion
in 1.5 SBF showed the presence of the bands centred
at 1333 cm™ and 1332 cm™. The presence of these
bands could be ascribed to the formation of COO-Ca?*
bond in the hybrids prepared. The data presented were
in a good agreement with X-ray diffraction analysis.
After immersion of the hybrids in 1.5 SBF for 3 days,
FTIR depicts the formation of, A- and B-type carbonate
containing hydroxyapatite (A/B-CO,HA) on the surface.
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XRD shows the presence of hydroxyapatite with defined
crystallinity. SEM/EDS showed calcium phosphates with
different morphology on the samples immersed in 1.5
SBF for 3 days. XPS for the G/S hybrid with 25:75 wt.%
after in vitro test for 3 days proved the presence of Ca-
deficient hydroxyapatite.
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