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ABSTRACT 

Biomimetic coatings constituted of gelatin and nanocrystalline apatite were deposited on titanium substrates from a 
slightly supersaturated calcium phosphate (CaP) solution enriched with different amounts of gelatin. Although the bio- 
polymer inhibits the crystallization of the inorganic phase, as shown by the reduction of the mean dimensions of the 
spherical aggregates and of the degree of crystallinity of the apatitic phase on increasing gelatin concentration, the 
deposition of a uniform layer of nanocrystalline apatite takes place in a few hours. Gelatin incorporation into the pre- 
cipitate increases on increasing its concentration in solution, up to about 20 wt%. Osteoblast-like MG63 cells cultured 
on the coatings display good proliferation and increased values of the differentiation parameters with respect to the con- 
trol. The presence of gelatin improves significantly the biological response to the biomimetic coatings, as shown by the 
higher values of proliferation, collagen type I and osteocalcin production, as well as alkaline phosphatase activity 
stimulation. 
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1. Introduction 

The presence of a thin layer of bone-like calcium phos- 
phate on metallic implants for bone substitution at high 
load-bearing sites enhances fixation stability and pro- 
motes integration with the host tissue, thanks to the ex- 
cellent bioactivity of calcium phosphates. A number of 
different methods can be utilized to deposit the coating 
[1-3]. The biomimetic approach involves the use of 
slightly supersaturated solutions at pH and temperature 
values similar to those characteristic of the biological 
fluids [4]. Starting from the very first formulation of 
Simulated Body Fluid (SBF) [5], which mimics the ionic 
composition of blood plasma, a number of different solu- 
tions have been proposed [4,6-8]. The main advantages 
of the biomimetic method include low cost, deposition of 
an apatitic phase similar to the poor crystalline carbon- 
ated apatite of bone, possible application to complex- 
shaped and porous materials, possible co-precipitation of 
ions, drugs, macromolecules and biological molecules 
together with the calcium phosphate [9-13]. In particular, 
the possibility to improve the biological performance of 
the coating by co-precipitating proteins, including bovine 
serum albumin, bone morphogenetic protein, and colla- 
gen, has been successfully explored [14-20]. The interest 
towards collagen obviously arises because of its relevant 

presence in the organic matrix of bone where the deposi- 
tion of inorganic deposits occurs. In order to reduce pos- 
sible immunogenic reaction and improve processability, 
recombinant human-like collagen has been employed too 
[21]. Gelatin is obtained by thermal denaturation or 
physical and chemical degradation of collagen through 
the breaking of the triple-helix structure into random 
coils [22]. With respect to collagen, gelatin does not ex- 
press antigenicity in physiological conditions, it is com- 
pletely resorbable in vivo and its physico-chemical prop- 
erties can be suitably modulated; furthermore it is much 
cheaper and easier to obtain in concentrate solutions [23]. 
For these reasons gelatin is widely used in pharmaceuti- 
cal and medical fields for a variety of applications in- 
cluding tissue engineering, wound dressing, drug deliv- 
ery and gene therapy [24]. In this work we studied the 
possibility to co-precipitate gelatin together with nano- 
crystalline apatite. To this aim, we utilized a slightly su- 
persaturated solution (CaP), previously developed by our 
group, which displays a quite simple ionic composition 
and allows to get a uniform nanocrystalline apatite coat- 
ing in a few hours [6,25]. Herein we report the results of 
the chemical, structural and morphological investigation 
carried out on the coatings deposited in the presence of 
different concentrations of gelatin, together with the results 
of in vitro tests that demonstrate the beneficial effect of 
gelatin on osteoblast proliferation and differentiation. *Corresponding author. 
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2. Materials and Methods 

2.1. CaP Calcifying Solutions  

The slightly supersaturated CaP solution was prepared as 
previously reported [6]. Briefly, the reagent grade chemi- 
cal CaCl2·2H2O was dissolved in double distilled water 
and buffered at pH 7.2 with Hepes (Ca solution). The 
reagent grade chemicals Na3PO4·12H2O, and NaHCO3 
were dissolved in double distilled water and buffered at 
pH 7.2 with Hepes (P solution). CaP supersaturated cal- 
cifying solution was freshly prepared by mixing 500 ml 
of the Ca solution and 500 ml of the P solution at 37˚C. 
The final ionic concentration of the CaP solution was 2.5 
mM Ca2+, 2.5 mM , and 18 mM . 3

4PO 
3

Type A gelatin (280 Bloom, Italgelatine S.p.A.) from 
pig skin was used for the preparation of gelatin modified 
CaP solutions. CaP solutions containing increasing amounts 
of gelatin, from 0.05 to 1 wt%, were prepared, by dis- 
solving gelatin powder in the buffered solution. 

HCO

2.2. Powder Samples 

In order to better evaluate the effect of gelatin on the 
inorganic phase precipitated from the calcifying solution, 
preliminary data were obtained on the powders precipi- 
tated in the absence of Ti substrates: after mixing the 
cationic solution with the anionic solution the tempera- 
ture was kept at 37˚C for 6 hours, then the precipitate 
deposited on the bottom of the flask was filtered, washed 
with double distilled water and dried at 37˚C overnight. 

In the following, the powder samples are labelled as in 
Table 1. 

X-ray diffraction (XRD) analysis was carried out by 
means of a PANalytical powder diffractometer equipped 
with a fast X’Celerator detector. CuKa radiation was 
used (40 mA, 40 kV). The 2 range was from 3˚ to 50˚ 
with a step size of 0.0334˚ and a counting time of 19 s. In 
order to evaluate the coherence lengths of the crystals, 
further X-ray powder data were collected in the relevant 
regions of 2, from 24.5˚ to 27.5˚, with a step size of 
0.334˚ and a counting time of 1000 s. 

For infrared adsorption (FT-IR) analysis, 1 mg of the 
ground samples was carefully mixed with 300 mg of KBr 
(infrared grade) and pelletized under a pressure of 10 

tons for 2 min. The pellets were analyzed using a Nicolet 
FT 205 IR spectrophotometer to collect 32 scans in the 
range 4000 - 400 cm–1 at a resolution of 4 cm–1. 

Morphological investigation was performed using a 
Philips XL-20 scanning electron microscope operating at 
15 kV. The samples were sputter-coated with gold before 
examination. 

Gelatin content of the powders was determined through 
thermogravimetric analysis, which was carried out using 
a Perkin Elmer TGA-7. Heating was performed in a 
platinum crucible in air flow (20 mL/min) at a rate of 
10˚C/min up to 800˚C. The samples weights were in the 
range 5 - 10 mg. 

2.3. Substrate Coatings 

Disk-shaped Ti substrates ( 12 mm; thickness 1.5 mm, 
SAMO SpA, Milan), mechanically polished and subse- 
quently submitted to acid etching to get an extended ac- 
tive surface [25,26], were rinsed in acetone, and then in 
double distilled water. 

Coating of the substrates was performed by immersion 
of the etched disks in the CaP calcifying solution and, 
alternatively, in the gel-modified calcifying solutions at 
37˚C for 6 h. Coated samples were accurately rinsed in 
double distilled water, and dried at 37˚C overnight. 

In the following, the coated titanium samples are la- 
belled as in Table 1. 

XRD measurements were performed on the coatings 
using a PANalytical powder diffractometer equipped 
with a fast X’Celerator detector. CuKa radiation was 
used (40 mA, 40 kV). The 2 range was from 24˚ to 34˚ 
with a step size of 0.068˚ and a counting time of 1500 s. 

Morphological investigations of the coatings were 
performed using a Philips XL-20 scanning electron mi- 
croscope, operating at 15 kV. The samples were sputter- 
coated with gold before examination. 

In order to appreciate the presence of gelatin in the 
coatings, we performed microscopy fluorescence obser- 
vations on samples obtained by adding Fluorescein iso- 
thiocyanate (FITC) to the gelatin-containing calcifying 
solutions, at the concentration of 0.1% respect to gelatin 
weight. 

 
Table 1. Gelatin contents of solid powders synthesized at increasing gelatin content in solution. The values are expressed as 
wt%. The labels used for both the powder samples and the related coatings are reported. 

Gelatin concentration in solution Gelatin concentration in the powders Label of powder samples Label of the coated samples 

- - CaP TiCaP 

0.05 4.9  0.1 CaP0.05 TiCaP0.05 

0.1 6  1 CaP0.1 TiCaP0.1 

0.5 14.5  0.5 CaP0.5 TiCaP0.5 

1 19.5  0.4 CaP1 TiCaP1 
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2.4. In Vitro Studies 

2.4.1. Osteoblast Culture 
MG-63 human osteoblast-like cells were cultured in 
DMEM medium (Sigma, UK) supplemented with 10% 
FCS, and antibiotics (100 U/ml penicillin, 100 g/ml 
streptomycin). Cells were detached from culture flasks 
by trypsinization, and centrifuged. Cell number and vi- 
ability were checked with trypan blue dye exclusion test. 

MG-63 osteoblast-like cells were plated at a density of 
2 × 104 cells/ml in 24-well plates containing six sterile 
samples for each biomaterial: titanium coated with CaP 
(TiCaP, reference), and CaP added with 0.1% or 0.5% 
gelatin (TiCaP0.1 and TiCaP0.5 respectively). The same 
concentration of cells was seeded into empty wells as a 
control (CTR). The medium was changed with DMEM to 
which β-Glycerophosphate (10–2 M) and Ascorbic acid 
(50 μg/ml) were added to activate the osteoblasts. Plates 
were cultured under standard conditions, at 37˚C ± 0.5˚C 
with 95% humidity and 5% CO2 ± 0.2 up to 7 days. For 
the production of osteocalcin the culture medium was 
enriched with 1,25(OH)2D3 (10–9 M) 48 hours before end 
of each experimental time. 

2.4.2. Osteoblast Proliferation 
Cell proliferation and viability (1, 3, and 7 days) was 
assessed by WST1 (WST1, Roche Diagnostics GmbH, 
Manheim, Germany) colorimetric reagent test. This vi- 
ability test is based on the reduction of a tetrazolium salt 
to a soluble formazan salt by a reductase of the mito- 
chondrial respiratory chain that is active only in viable 
cells. 50 l of WST1 solution and 450 l of medium (fi- 
nal dilution: 1:10) were added to the cell monolayer, and 
the multi-well plates were incubated at 37˚C for the next 
4 h. Supernatants were quantified spectrophotometrically 
at 450 nm with a reference wavelength of 625 nm. Re- 
sults of WST1 are reported as optical density (OD) and 
can be directly correlated with the cell number. 

Phalloidin staining (specific for cellular microtubules) 
was performed after 24 hours from seeding to assess cell 
adhesion and colonization of samples: samples were 
washed in PBS and fixed in a solution of 4% formalde- 
hyde in PBS for 15 min at 37˚C; then the samples were 
permeabilized in 0.5% Triton X-100 for 15min, washed 
in PBS, and a FITC-conjugate phalloidin solution (1:100 
in PBS) was added and incubated for 30 min at 37˚C. 
After washing, samples were examined by fluorescence 
microscopy and the images were evaluated by a comput- 
erized image analysis system (Kontron KS 300 software, 
Kontron Electronic GmbH, Eching bei Munchen, Ger- 
many) to calculate the percent coverage of samples area 
by adhered cells. 

2.4.3. Osteoblast Activity and Differentiation 
At 3 and 7 days the supernatant was collected from all 

wells and centrifuged to remove particulates, if any. Ali- 
quots of the supernatants were dispensed into Eppendorf 
tubes for storage at –70˚C and assayed for Alkaline 
Phosphatase activity (ALP, Ostase BAP immunoenzy- 
matic assay, Immuno Diagnostic Systems, UK), Collagen 
Type I (COL I, immunoenzymatic assay kit, Uscn Life 
Sciences, UK), Osteocalcin (OC, enzyme Immunoassay 
kit, Bender MedSystems, Vienna, A), Transforming 
Growth Factor-β1 and Interleukin 6, (TGF-β1, IL-6, 
Quantikine Immunoassay, R&D Systems, MN, USA). 
All the measured concentrations and activities were nor- 
malized by Total Protein content (TP, Total Protein mi- 
cro-Lowry kit, SIGMA) to take into account the differ- 
ences in cell growth. 

2.4.4. Cell Morphology 
Samples for each material, at the end of the experiment, 
were processed for Scanning Electron Microscopy (SEM): 
osteoblasts grown on the materials were fixed in 2.5% 
glutaraldehyde, in pH 7.4 phosphate buffer 0.01M for 1 h 
and dehydrated in a graded ethanol series. After a pas- 
sage in hexamethyldisilazane, the samples were air dried. 
The samples were sputter-coated with Au-Pd prior to 
examination with a Philips XL-20 Scanning Electron 
Microscope.  

2.4.5. Statistical Analysis 
Statistical evaluation of data was performed using the 
software package SPSS/PC+ StatisticsTM 10.1 (SPSS Inc., 
Chicago, IL USA). Data are reported as mean  standard 
deviations (SD) of six replicate at a significance level of 
p < 0.05. After having verified normal distribution and 
homogeneity of variance, a one-way ANOVA was done 
for comparison between groups. The Scheffé’s post hoc 
multiple comparison tests were performed to detect sig- 
nificant differences between groups. Pearson test was 
performed to assess correlation between the analyzed 
parameters. 

3. Results and Discussion 

The CaP solution can induce precipitation of a thin layer 
of poor crystalline hydroxyapatite on Ti substrates in just 
1.5 h [25]. The thickness of the layer was previously 
found to increase with soaking time [6,25]. In this paper, 
in view of the possible inhibitory effect of gelatin on 
inorganic phase precipitation, the Ti substrates were 
maintained in the calcifying solutions for 6 h. Accord- 
ingly, also the powders deposited from the calcifying 
solutions in the absence of the substrates were analyzed 
after the same period of time. 

3.1. Powder Samples 

In order to better evaluate the effect of gelatin on the 

Copyright © 2012 SciRes.                                                                                JBNB 



Gelatin-Modified Biomimetic Apatite Coatings 157

inorganic phase precipitated from the calcifying solution, 
preliminary data were obtained on the powders precipi- 
tated in the absence of Ti substrates: after mixing the 
cationic solution with the anionic solution the tempera- 
ture was kept at 37˚C for 6 hours, then the precipitate 
deposited on the bottom of the flask was filtered, washed 
with double distilled water and dried at 37˚C overnight. 

The amount of gelatin incorporated in the inorganic 
phase was evaluated through thermogravimetric analysis. 
The thermogram of gelatin displays three thermal proc- 
esses: the first process occurs between 25˚C and 250˚C, 
and it is due to loss of water; the second one between 
250˚C and 450˚C involves gelatin decomposition, and 
the third one between 450˚C and 700˚C corresponds to 
the combustion of the residual organic component [27]. 
Gelatin content of the precipitated powders evaluated 
from the TG/DTG plots (Figures 1(a)-(d)) increased on 
increasing gelatin concentration in the calcifying solution 
up to about 20 wt% (Table 1). The combustion process, 
which in pure gelatin occurs at about 600˚C, shifted at 
lower temperatures in the thermograms of the powders 
precipitated from CaP in the presence of gelatin. More- 
over, the relative amount of weight loss associated to this 
peak with respect to the loss associated with the denatu- 
ration peak centered at 350˚C was reduced with respect 
to that observed for pure gelatin. The TG/DTG plots re- 
ported in Figure 1 show that at relatively high protein 
content the combustion peaks is just a shoulder of the 
decomposition peak: the thermogram is similar to those 
characteristic of biologically calcified tissues, such as 
bone and tendons [27], and it indicates a strong interact- 
tion between gelatin and the inorganic component during 
apatite formation. At variance, the TG/DTG plot re- 
corded from a mechanical mixture of 20 wt% gelatin and 
80 wt% poorly crystalline apatite (precipitated from CaP 
solution in the absence of gelatin) was quite similar to 
that of pure gelatin, in agreement with the lack of in- 
teraction between the two components of the mixture 
(Figure 2). 

The X-ray diffraction patterns of the powders prepared 
in the presence of increasing amounts of gelatin were 
consistent with the presence of poorly crystalline hy- 
droxyapatite as the unique crystalline phase (Figure 3). 
The broadening of the diffraction peaks increased on 
increasing gelatin content, in agreement with a progress- 
sive reduction of the degree of crystallinity. The mean 
size of coherently scattering domains along the c-axis 
direction (002) evaluated from the Scherrer equation, on 
the hypothesis of negligible microstrain, is reported in 
Table 2. 002 values slightly decreased on increasing 
gelatin content, in agreement with the inhibitory role of 
gelatin on the crystallization of calcium phosphates [28- 
30]. 

 

Figure 1. TG/DTG plots of the powders at different gelatin 
content. (a) CaP; (b) CaP0.05; (c) CaP0.1; (d) CaP0.5; (e) 
CaP1. 
 

 

Figure 2. TG/DTG plot of the mechanical mixture of 20% 
wt gelatin and 80% wt poorly cristalline apatite. 
 

 
2θ/° 

Figure 3. X-ray diffraction patterns of the powders pre- 
pared in the presence of increasing amounts of gelatin. (a) 
CaP; (b) CaP0.05; (c) CaP0.1; (d) CaP0.5; (e) CaP1. 
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Electron microscope images showed that the CaP sam- 
ple was constituted of almost spherical aggregates with 
mean diameter of about 2 - 4 μm (Figure 4(a)). On in- 
creasing gelatin content, the mean dimensions of the 
spherical aggregates decreased to 1 - 2 μm, for the CaP0.1 
samples (Figure 4(c)), while the samples CaP0.5 and 
CaP1 appeared as almost uniform blocks (Figures 4(d) 
and (e)), where the single particles are barely detectable. 
(Figure 4(f)).  

3.2. Substrate Coatings 

Figure 5 reports the X-ray diffraction patterns recorded 
from the Ti substrates after 6 h soaking in the different 
 
Table 2. Coherent lengths (hkl) of the perfect crystalline 
domains, in the direction normal to 002 planes of the CaP 
powders, at increased gelatin content. 

sample 002 (nm) 

CaP 30.1 ± 0.4 

CaP0.05 30.3 ± 0.1 

CaP0.1 29.4 ± 0.4 

CaP0.5 28.5 ± 0.2 

CaP1 28.7 ± 0.3 

 

 
(a)                          (b) 

 
(c)                          (d) 

 
(e)                          (f) 

Figure 4. SEM images of the powders obtained on increase- 
ing gelatin concentration. (a) CaP; (b) CaP0.05; (c) CaP0.1; 
(d) CaP0.5; (e)-(f) CaP1; Bars: (a), (b), (c), (f) = 2 micron; 
(d), (e) = 5 micron). 

 
2θ/° 

Figure 5. X-ray diffraction patterns recorded from the Ti 
substrates after 6 h soaking in the different calcifying solu- 
tions. (a) Ti substrate; (b) TiCaP; (c) TiCaP0.05; (d) Ti- 
CaP0.1; (e) TiCaP0.5. 

 
calcifying solutions. The patterns indicate that immersion 
in the calcifying solutions provoked the deposition of an 
inorganic phase consisting of poorly crystalline apatite. 
The SEM micrographs of the Ti substrates after soaking 
are reported in Figure 6. TiCaP appears coated with a 
thin, but homogeneous, layer of inorganic deposition 
which is constituted of almost spherical aggregates, with 
mean dimensions of about 1 μm (Figure 6(a)). Similar 
aggregates are present on TiCaP0.05 and TiCaP0.1 (Fig- 
ures 6(b) and (c)), whereas the particles on TiCaP0.5 are 
even smaller (Figure 6(d)). The smaller dimensions of 
the spherical aggregates on the coatings (Figures 6(a) and 
(b)) with respect to those in the powders (Figures 4(a) 
and (b)) are coherent with the classical nucleation theory. 
The presence of a foreign surface, namely the Ti sub-
strate, promotes nucleation and favours formation of a 
greater number of nuclei. As a consequence, nuclei growth 
is reduced with respect to that observed in the absence of 
the substrates. Furthermore, the inhibiting effect of gela- 
tin provokes the decrease of the aggregates mean dimen- 
sions on increasing gelatin concentration up to TiCaP1 
where the particles are so small that they form a con- 
tinuous layer which follows the substrate morphology 
(Figure 6(e)). The results obtained on the samples pre-
pared in the presence of fluorescein dye confirm the 
presence of gelatin in the coatings. Figure 6(f) provides 
confocal microscopy images of the sample TiCaP01, con- 
taining fluorescent marker: gelatin is present and is ho-
mogeneously distributed in the coating. 

3.3. In Vitro Study 

In vitro tests were performed on coated substrates at two  
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(a)                          (b) 

 
(c)                          (d) 

 
(e)                          (f) 

Figure 6. 6(a)-(e) SEM images of the coatings deposited on 
the Ti substrates after 6 h soaking in the different calcifying 
solutions. (a) TiCaP; (b) TiCaP0.05; (c) TiCaP0.1; (d) Ti- 
CaP0.5; (e) TiCaP1); (f) Confocal fluorescence microscope 
image of TiCaP0.1 with the addition of FITC. 
 
different gelatin concentrations, TiCaP0.1 and TiCaP0.5, 
as well as on TiCaP as reference material. 

Osteoblast Proliferation and Activity 
MG63 osteoblast-like cell proliferation, activity and dif- 
ferentiation when cultured on TiCaP0.1 and TiCaP0.5 
coatings were evaluated after 7 days of culture, and 
compared to TiCaP and CTR groups. After 24 hours 
from seeding no differences were found in cell prolifera- 
tion among all groups (Figure 7(a)), as also shown by 
phalloidin staining (Figures 8(a)-(c)). The percent cov- 
erage of sample area by cells seeded and adhered to the 
surface after 24 hours of culture was calculated as the 
mean of ten fields for each sample and is reported in 
Figure 8. Cells adhered uniformly on all material sam- 
ples, as on polystyrene (CTR). Osteoblast showed a 
regular shape and no differences were found in percent 
coverage. After 3 days of culture WST1 values of TiCaP 
and TiCaP0.1 were significantly higher than those of 
TiCaP0.5 and CTR, while at 7 days all experimental 
groups were significantly higher than CTR, demonstrate- 
ing that the TiCaP coatings enhance cell proliferation. 

The evaluation of osteoblast differentiation was per- 
formed according to well-established parameters of os- 
teoblastic phenotype: ALP, a specific indicator of os- 

teoblast activity is known to increase in the first phase of 
cell proliferation; COL I and OC, the major components 
of extracellular bone matrix, are synthesized in the fol- 
lowing phase of differentiation and mineralization. 

The results showed that the addition of gelatin to Ti- 
CaP coating significantly improved osteoblast activity, as 
reported in Figures 7(b)-(d) for ALP, COL I, and OC. 
ALP activity at 3 days was significantly higher in both 
TiCaP0.1 and TiCaP0.5 when compared to TiCaP and 
CTR groups (Figure 7(b)). COL I production on TiCaP 
was significantly higher than CTR group, but lower than 
TiCaP0.1 and TiCaP0.5 that reached the highest levels 
both at 3 and 7 days of culture (Figure 7(c)). OC synthe- 
sis was significantly higher on TiCaP0.5 with respect of 
all other groups already at 3 days, while at 7 days all the 
experimental groups showed significantly higher values 
in comparison with CTR: in particular TiCaP0.1 OC 
level was the highest, followed by TiCaP0.5 value, as 
shown in Figure 7(d). 

TGFb1 is a growth factor implicated in modulation of 
cell proliferation and deposition of extracellular bone 
matrix, promoting synthesis and inhibiting degradation. 
The results of this study showed that TGFb1 activation 
significantly increased from day 3 to 7 in all groups 
(Figure 7(e)). In particular, TiCaP and TiCaP0.1 dis- 
played higher levels than the other groups. Moreover, 
TGFb1 activity was directly correlated with cell prolif- 
eration, collagen type I and osteocalcin production (Pear- 
son correlation test, p < 0.001), while no correlation was 
found between TGFb1 and ALP activity. 

Interleukin 6 (IL-6) is a pro-inflammatory cytokine, 
that has a major role in the mediation of inflammation, 
but it is also implicated in bone remodeling, since it 
stimulates the first stages of osteoblast differentiation. At 
3 days its production was significantly higher on TiCaP 
and TiCaP0.1 than on the other groups, but at 7 days both 
values were reduced and no differences were found 
among the different groups (Figure 7(f)). 

SEM analysis of MG63 was performed to evaluate 
morphology of cells grown on the different material sur- 
faces after 7 days of culture. The osteoblasts were ob- 
served to attach and spread on coated surfaces. The cells 
generally appear well flattened and rich of filopodia, as 
shown in Figures 9(a) and (b) for TiCaP and TiCaP0.1. 

To resume, all the coatings greatly influenced os- 
teoblast behavior, as demonstrated by cell proliferation 
rate, COL I and OC production. The enrichment of the 
coating with gelatin significantly improved osteoblast 
proliferation and differentiation and yielded higher val- 
ues of proliferation, COL I and OC production, as well as 
ALP activity stimulation. Although the levels of the dif- 
ferentiation parameters show minor differences between 
TiCaP0.1 and TiCaP0.5, the data indicate that both gela- 
tin concentrations promote osteoblast proliferation and  
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(a)                                                               (b) 

 
(c)                                                               (d) 

 
(e)                                                               (f) 

Figure 7. Proliferation, differentiation and synthetic activity of osteoblasts after culture on samples of TiCaP, TiCaP0.1, 
TiCaP0.5, and CTR. Mean ± sd, n = 6. (* = p < 0.05; ** = p < 0.005; *** = p < 0.0001). (a) WST1. 3 days: ***TiCaP, TiCaP0.1 vs 
TiCaP0.5, CTR; 7 days: **TiCaP, Ti CaP0.5 vs CTR; ***TiCaP0.1 vs CTR. (b) ALP. 3 days: **TiCaP0.1, TiCaP0.5 vs TiCaP; 
***TiCaP0.1, TiCaP0.5 vs CTR. (c) COL I. 3 days: ***TiCaP0.1, TiCaP0.5 vs TiCaP, CTR; *TiCaP vs CTR; 7 days: ***TiCaP0.1, 
TiCaP0.5 vs TiCaP, CTR; ***TiCaP vs CTR. (d) OC. 3 days: ***TiCaP0.5 vs TiCaP, TiCaP0.1, CTR; 7 days: ***TiCaP vs CTR; 
***TiCaP0.1 vs TiCaP, TiCaP0.5, CTR; **TiCaP0.5 vs TiCaP; ***TiCaP0.5 vs CTR. (e) TGFb1. 7 days: *TiCaP vs CTR; 
**TiCaP0.1 vs CTR. (f) IL-6. 3days: ***TiCaP vs TiCaP0.1, TiCaP0.5, CTR; **TiCaP0.1 vs TiCaP0.5, CTR. 
 

 

Figure 8. Phalloidin staining and percent coverage of sample area to assess cell adhesion and colonization of MG63 grown on 
TiCaP, TiCaP0.1, TiCaP0.5, after 24 h of culture. 
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(a)                          (b) 

Figure 9. SEM images of MG63 cells after 7 days of culture 
onto (a) TiCaP and (b) TiCaP0.1 substrates. 
 
differentiation. 

4. Conclusion 

The slightly supersaturated CaP solution can be success- 
fully employed to get a fast deposition of thin gelatin- 
apatite composite films on metallic substrates. Gelatin in- 
hibits the crystallization of the inorganic phase: the di-
mensions of the spherical aggregates and the degree of 
crystallinity of the apatitic phase decrease on increasing 
gelatin concentration. The presence of gelatin improves 
osteoblast proliferation and differentiation, suggesting a 
beneficial role of the protein on bone cell response to the 
coatings. 
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