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Abstract

Biomaterials and bone grafts, with the ability of stimulating tissue growth and bone consolidation, have been emerging as

very promising strategies to treat bone fractures. Despite its well-known positive effects of biosilicate (BS) on osteogen-

esis, its use as bone grafts in critical situations such as bone defects of high dimensions or in non-consolidated fractures may

not be sufficient to stimulate tissue repair. Consequently, several approaches have been explored to improve the bioactivity

of BS. A promising strategy to reach this aim is the inclusion of an organic part, such as collagen, in order to mimic bone

structure. Thus, the present study investigated the biological effects of marine spongin (SPG)-enriched BS composites on

the process of healing, using a critical experimental model of cranial bone defect in rats. Histopathological and immuno-

histochemistry analyzes were performed after two and sixweeks of implantation to investigate the effects of the material

on bone repair (supplemental material-graphical abstract). Histological analysis demonstrated that for both BS and BS/SPG,

similar findings were observed, with signs of material degradation, the presence of granulation tissue along the defect area

and newly formed bone into the area of the defect. Additionally, histomorphometry showed that the control group

presented higher values for Ob.S/BS (%) and for N.Ob/T.Ar (mm2) (sixweeks post-surgery) compared to BS/SPG and

higher values of N.Ob/T.Ar (mm2) compared to BS (twoweeks post-surgery). Moreover, BS showed higher values for OV/

TV (%) compared to BS/SPG (sixweeks post-surgery). Also, VEGF immunohistochemistry was increased for BS

(twoweeks post-surgery) and for BS/SPG (sixweeks) compared to CG. TGFb immunostaining was higher for BS compared

to CG. The results of this study demonstrated that the BS and BS/SPG scaffolds were biocompatible and able to support

bone formation in a critical bone defect in rats. Moreover, an increased VEGF immunostaining was observed in BS/SPG.
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Introduction

Bone tissue is one of the most replaced tissues of the

body, with more than two million bone grafting per-

formed annually worldwide.1,2 In this context, bioma-

terials and bone grafts, with the ability of stimulating

bone tissue growth and producing bone consolidation,

constitute promising strategies to treat bone defects of

great dimensions or non-consolidated fractures.2,3

In this perspective, the osteogenic effects of bioac-

tive glasses (Bioglass 45S5) and glass-ceramics
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(including BiosilicateVR ) must be highlighted.4–11

Bioglass 45S5 (BG) and Biosilicate (BS) (Na2O–CaO–
SiO2–P2O5 system) have the ability to bond to bone
tissue, forming an apatite layer on their surface,
which acts as a template for newly bone forma-
tion.10,12,13 Especially BS, a fully crystallized glass-
ceramic, has been demonstrating stimulatory effects
on bone metabolism and on the process of fractures
healing.4–6,9–12,14 Despite its well-known positive effects
of BS on osteogenesis, its use as bone grafts in critical
situations such as bone defects of high dimensions or in
non-consolidated fractures (in osteoporotic patients for
example) may not be sufficient to stimulate tissue
healing.15,16

Consequently, several approaches have been
explored to improve the bioactivity of BS.11,15 A prom-
ising strategy to optimize the biological effects of BS is
the introduction of an organic part, such as collagen
(Col) in order to mimic bone structure.15–17

It is known that Col is the most abundant protein of
body and the major component of the extracellular
matrix (ECM).18 It is biocompatible, has a high affinity
to water, controllable biodegradation, hemostatic
properties, low inflammatory host response, being a
very useful material to be used in biomedical
applications.14,19

The most common sources of Col are from bovine
and porcine origin; however, they have been a matter
of concern mainly due to religious constraints related
with avoidance of porcine and bovine products, to the
recent episodes of the wide scale bovine spongiform
encephalopathy (BSE) outbreak in bovines and also
to the high manufacturing and production costs.14,19

For these reasons, different sources of Col to be used
in the tissue engineering field have been explored such
as the ones from marine sponges.20–22 Marine sponge
Col or spongin (SPG) (which is similar to Type XIII
Col), is an excellent alternative for Col extraction, with
a low risk of transmission of infection-causing agents
and good biocompatibility.19,20 Also, it has been dem-
onstrated that SPG is able of accelerating osteoblast
cell proliferation in in vitro studies, showing an osteo-
genic potential.23–25

In view of the growing demand for developing com-
posites with improved osteogenic properties to be used
as off-the-shelf available bone substitutes and based on
the singularity of the marine biodiversity for providing
resources of bioactive compounds, it was hypothesized
that the addition of SPG might improve the biological
performance of BS. Thus, the aim of the current in vivo
study is to evaluate the orthotopic in vivo response to
BS/SPG composites in rats. Pre-set scaffolds in differ-
ent formulations were implanted in a cranial bone
defects in rats. Histocompatibility (orthotopic
implants; histology, histomorphometry and

immuhistochemistry) was evaluated after 15 and

45 days post-surgery.

Materials and methods

Biomaterials

SPG was extracted from the marine sponge Aplysina

fulva (collected in Praia Grande 23o49’23.76 “S,

45o25’01.79” W, S~ao Sebasti~ao, Brazil) based on the

method described by Swatschek et al..26 Samples were

collected and stored in sea water until to be submitted

to the procedures of extraction. For this, samples were

washed three times in Milli-Q water for debris removal

and were immediately stored at �20�C. Species were

then cut into small pieces and placed in Tris-HCl buffer

(100mM, pH 9.5, 10mM EDTA, 8M urea, 100mM

2-mercaptoethanol). NaOH solution was added to

adjust the pH to 9. Solution was transferred into a

stirred beaker during 24 h and centrifuged for 5min,

at 2�C. The pellet was discarded, and the supernatant

was removed. Afterwards, the pH was adjusted again

to 4 using acetic acid solution and a precipitate was

obtained. This precipitate was resuspended in Milli-Q

water, centrifuged one more time and lyophilized for

preservation.26

For this study, BS (particle size 250–1000 mm) which

is a fully crystallized bioactive ceramic of the quater-

nary P2O5–Na2O–CaO–SiO2 system/patent application

WO2004/074199) was used (Vitreous Materials

Engineering, Federal University of S~ao Carlos, S~ao
Carlos, SP, Brazil). Additionally, carboxymethyl cellu-

lose (CMC), density 1.59 g/cm3, was provided by Sigma

Aldrich (Missouri, USA). Poly (methyl methacrylate)

(PMMA, particle size: 15mm) and methyl methacrylate

(MMA, purity: 99.09%) was provided by VIPI

Produtos Odontol�ogicos (Pirassununga, S~ao Paulo,

Brazil) (the polymers were used with the purpose of

aggregating BS and SPG).

Scaffold preparation

Scaffolds, with two different formulations, were used in

this study: BS 100% and BS (80%) and SPG (20%).

PMMA was used to aggregate the materials. In addi-

tion, CMC was used to produce pores into the samples

(around 60%).27–29 For manufacturing, materials were

weighted (Table 1), put in a silicone container with

distilled water and mixed. After that, MMA monomer

was added, mixed again and transferred to a silicon

mold (8mm� 2mm). Subsequently, the molds were

sealed, submitted to a pressure air chamber (at

0.6MPa) for 30min and vacuum dried (10�3Torr) for

15min. Samples were then, removed from the silicon

2 Journal of Biomaterials Applications 0(0)



molds, packaged and sterilized by ethylene oxide
(Acecil, Campinas, SP, Brazil).

In vivo studies

Male Wistar rats (12weeks, weight 300–350 g) were
randomly distributed into three groups (n¼ 12) (con-
trol group: CG; BS: Biosilicate and BS/SPG 80/20:
Biosilicate and spongin). Animals were distributed
into two sub-groups with different times of euthanasia
(15 and 45 days). The animals were maintained under
controlled temperature (22� 2�C), light–dark periods
of 12 h and had free access to water and standard
food. This study was approved by the Animal Care
Committee guidelines of the Federal University of
S~ao Paulo (CEUA n� 6544170217).

For the surgical procedures, rats were submitted to
anaesthesia with a combination of ketamine (80mg/
kg), xylazine (8mg/kg), acepromazine (1mg/kg) and
fentanyl (0.05mg/kg). Animals were immobilized and
had their skulls shaved, washed and disinfected with
povidone-iodine. Using aseptic techniques, an incision
was made through the skin and the periosteum was
removed, for bone exposure. A 8mm defect was creat-
ed in the parietal region using a trephine drill (3i
Implant Innovations Inc., Palm Beach Gardens,
USA) under copious saline irrigation.30,31 The implants
were placed in the created defect, according to a ran-
domization scheme. The wound was closed with
resorbable Vicryl

VR

5–0 (Johnson & Johnson, St.
Stevens-Woluwe, Belgium) after which the skin was
also sutured with nylon (Agraven

VR

; InstruVet BV,
Cuijk, The Netherlands). Four animals were housed
per cage and the intake of water and food was moni-
tored in the initial post-operative period. Further, rats
were given appropriate postoperative care and animals
were observed for signs of pain, infection and proper
activity. After the experimental periods, animals were
euthanized by CO2 for sample removal.

Histological procedures

Skulls were fixated in 4% formaldehyde for 24 h, fol-
lowed by dehydration in a graded series of ethanol and
embedding in methylmethacrylate (MMA). After poly-
merization of the specimens, histological analysis was
done. Therefore, thin sections (5mm) were obtained (in
a perpendicular direction, to the medial-lateral drilling
axis of the implants) using a microtome with a tungsten

carbide disposable blade (Leica TC65, Leica
Microsystems SP 1600, Nussloch, Germany). Samples
were stained with Goldner Trichrome.

At least three sections of each specimen were exam-
ined using light microscopy (Leica Microsystems AG,
Wetzlar, Germany). A qualitative analysis was per-
formed considering the following parameters: presence
of granulation tissue, newly formed bone, osteoid and
biomaterial particles. The analysis was performed in a
blinded way by two experienced researchers (G.C.A.V
and J.R.P.). Also, illustrative photomicrographies rep-
resenting an overview of the bone defect area were
performed using the software OsteoMeasure System
(Osteometrics, Atlanta, GA, USA) for all groups.5

Histomorphometric analysis

Samples were quantitatively scored trough
OsteoMeasure System (Osteometrics, Atlanta, GA,
USA). First, the region of interest (ROI) was defined
as all the region of the defect, from its right border
through the left. The mean tissue area (T.Ar) analyzed
was 3.01� 1.41 mm2. For that, the following parame-
ters were evaluated: bone volume as a percentage of
tissue volume (BV/TV, %), osteoid volume as a per-
centage of tissue volume (OV/TV, %), osteoid thick-
ness (O.Th, mm), osteoblastic surface as a percentage of
the bone surface (Ob.S/BS, %) and number of osteo-
blasts per unit of tissue area (N.Ob/T.Ar,/mm2). In
addition, the analysis was performed by one experi-
enced observer (G.C.A.V.) in a blinded way.

Immunohistochemistry analysis

For immunohistochemistry analysis, the protocol
which was described previously was used,32 using the
streptavidin-biotin-peroxidase method. Resin from the
sections was removed with xylene/chloroform (1:1),
rehydrated in graded ethanol and pretreated with
0.01M citric acid buffer (pH 6) in a steamer for
5min. The endogenous peroxidase was inactivated
using hydrogen peroxide in phosphate-buffered saline
(PBS) for 5min and blocked with 5% normal goat
serum in PBS for 10min. The primary antibody was
incubated with anti-vascular endothelial growth factor
(anti-VEGF, Santa Cruz Biotechnology, USA) at a
concentration of 1:200 and anti-transforming growth
factor beta (anti-TGF-b, Santa Cruz Biotechnology,
USA) also at a concentration of 1:200 for 2 h. Then,

Table 1. Experimental formulations of composites expressed in grams (g).

Groups PMMA (g) MMA (g) BS (g) SPG (g) CMC (g) Water (g)

BS 0.236 0.472 0.560 0 0.043 0.565

BS/SPG 0.236 0.472 0.368 0.092 0.043 0.565

Parisi et al. 3



biotin-conjugated secondary antibody was incubated
with anti-rabbit IgG (Vector Laboratories,
Burlingame, CA, USA) at a concentration of 1:200 in
PBS was used (for 30min). Samples were incubated
with avidin biotin complex conjugated to peroxidase
for 30min. A solution of 3–30-diaminobenzidine solu-
tion was used to reveal the immunostaining (5min) and
restained with Harris haematoxylin (Merck) for 4min.
A light microscopy (Leica Microsystems AG, Wetzlar,
Germany) were used for qualitative analysis (presence
and location of the immunomarkers) and semi-
quantitative evaluation according to a previously
described scoring scale from 1 to 4: 1¼ absent (0% of
immunostaining), 2¼weak (1–35% of immunostain-
ing), 3¼moderate (36–67% of immunostaining), and
4¼ intense (68–100% of immunostaining).32 The anal-
ysis was performed in a blinded way by three experi-
enced researchers (G.C.A.V., J.R.P. and K.R.F.).

Statistical analysis

Data were analysed and displayed in graphs, and the
values were expressed as mean and standard deviation.
In the statistical analysis, the distribution of variables
was tested using the Shapiro–Wilk normality test. For
the analysis of multiple comparisons, ANOVA was
used with post hoc Tukey for parametric data and non-
parametric data, and the Kruskal–Wallis test was used
with post hoc Dunn. The level of significance was set at
5% (p� 0.05). All statistical analyses were performed
using GraphPad Prism version 6.01.

Results

Histological analysis

An illustrative overview of the defect area of all exper-
imental groups, two and sixweeks post-surgery, is
shown in Figure 1. For CG, twoweeks post-surgery,
newly formed bone was observed throughout the
defect, with some areas of osteoid. For BS and BS/
SPG, bone defect area was filled mainly by biomaterial
particles, with some spare areas of newly formed bone
and osteoid. Six weeks post-surgery, thickness area of
the bone defect for CG decreased and a larger amount
of bone could be seen. For BS-treated animals, the
thickness of the bone defect seems to be lower, with
some degradation of the biomaterial, surrounded by
osteoids and areas of newly formed bone. For BS/
SPG, the thickness of bone defect remained similar to
the other experimental period, with the presence of
some osteoids and newly formed bone.

Figure 2 shows the photomicrographs of the quali-
tative histological analysis of all experimental groups
(two and sixweeks post-surgery).

Two weeks post-surgery, no sign of inflammatory
process was observed for any group. CG presented
some areas of the newly formed bone, especially at
the edges and center of the defect, with the presence
of osteoids and granulation tissue (Figure 2(a)). For
BS, most of the defect was filled by granulation
tissue, with newly formed bone observed at the edges
(Figure 2(b)). Also, initial degradation of the implanted
biomaterial was verified. For BS/SPG, granulation
tissue was presented in most of the defect area, with
some osteoids and newly formed bone. Additionally,
for most of the samples, particles of the biomaterial
were presented in the defect region (Figure 2(c)).

After six weeks post-surgery, CG presented areas of
woven bone with a more mature aspect and newly
formed bone in all extension of the defect (Figure 2
(d)). In addition, granulation tissue and osteoids
could be observed in all extension of the defect. For
BS, degradation of the material was verified in the
defect area but some particles still could be seen, sur-
rounded by granulation tissue and some newly formed
bone (Figure 2(e)). For BS/SPG, an intense degrada-
tion of the material was observed, with the presence of
few remaining particles, surrounded by portions of
osteoids (Figure 2(f)). Furthermore, for these animals,
it was possible to observe the presence of newly formed
bone in all extension of the defect and with a mature
aspect in the margin (Figure 2(f)).

Histomorphometric analysis

The histomorphometric analysis demonstrated that no
statistical difference was observed for BV/TV (%)
among groups, two and sixweeks post-surgery
(Figure 3).

Figure 4(a) demonstrated a higher mean value of
OV/TV (%) for CG when compared to BS
(p¼ 0.0089) after twoweeks. In addition, six weeks
post-surgery, BS showed higher values for this variable
compared to BS/SPG (p¼ 0.0387). Also, for O.th (mm),
no statistical difference was found among groups for
both the experimental periods (Figure 4(b)).

For Ob.S/BS (%) (Figure 5(a)), no statistical differ-
ence was found among groups after twoweeks post-
surgery. However, CG presented higher values for
this variable compared to BS/SPG (p¼ 0.045). Also,
for N.Ob/T.Ar (mm2), a significant higher values
(p¼ 0.0284) was found for CG compared to BS after
twoweeks. Six weeks post-surgery, a higher value
(p¼ 0.0024) was verified for CG compared to BS/
SPG (Figure 5(b)).

Immunohistochemistry analysis

VEGF immunostaining. Figure 6 represents the qualitative
immunohistochemistry analysis of VEGF for CG, BS

4 Journal of Biomaterials Applications 0(0)



CG

(a) (b) (c)

(d) (e) (f)

BS BS/SPG

2 Weeks

6 Weeks

Figure 2. Representative histological sections of cranial bone defects of the groups: Control (a, d); BS (b, e); BS/SPG (c, f) after two
and sixweeks, respectively. Newly formed bone (NB), granulation tissue (GT), osteoid (*), residual material (black arrow). Bar
represents 200mm. (mag. �10). Goldner Trichrome stain.

GC BS BS/SPG

Bone
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Figure 1. Overview of all the experimental groups: Control (a, b); BS (c, d); BS/SPG (e, f) after two and sixweeks post-surgery. Scale
bar¼ 600mm.
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and BS/SPG groups two and sixweeks post-surgery.
For both periods, VEGF immunostaining was
observed in the connective tissue fibers along the
bone defect in CG (Figure 6(a) and (d)). For BS and
BS/SPG, VEGF immunostaining was verified around
the particles of the materials and in the connective

tissue throughout the bone defect after two and
sixweeks (Figure 6(b), (c), (e) and (f)). Furthermore,
for BS/SPG in both periods, VEGF immunostaining
was also observed in the granulation tissue (Figure 6
(c) and (f)).

Figure 7 demonstrated the semi-quantitative analy-
sis of VEGF immunostaining after two and sixweeks
post-surgery. In the first period analyzed, a higher
value of VEGF immunostaining was observed in the
BS compared to CG (p¼ 0.0182). Additionally, BS/
SPG demonstrated a higher value of VEGF immunos-
taining compared to CG (p¼ 0.0256) after sixweeks
post-surgery.

TGF-b immunostaining. Figure 8 represents the qualitative
immunohistochemical analysis of TGF-b for CG, BS
and BS/SPG two and sixweeks post-surgery. For CG
in both periods (Figure 8[a] and 8[d]) it is possible to
observe that TGF-b immunolabeling predominantly
immunostaining in the connective tissue fibers present
along bone defect. For BS and BS/SPG, TGF-b immu-
nostaining was verified around the particles of the
materials and in the connective and granulation tissue
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Figure 4. Figure 4. Means and standard deviation of OV/TV (a); and O.Th (b) for the CG, BS and BS/SPG after two and sixweeks
post-surgery. Dunn’s test. *p<0.05 and **p<0.01.
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Figure 5. Means and standard deviation of OB.S/BS (a); and N.OB/T.Ar (b) for the CG, BS and BS/SPG after two and sixweeks post-
surgery. Dunn’s test. *p<0.05 and **p<0.01.
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Figure 3. Means and standard deviation of BV/TV for the CG,
BS and BS/SPG after two and sixweeks post-surgery. Dunn’s test.
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throughout the bone defect (two and sixweeks post-
surgery) (Figure 8(b), (c), (e) and (f)).

Figure 9 presents the semi-quantitative analysis of
TGF-b immunostainig two and sixweeks post-surgery.
No significant difference was observed among the
others groups analyzed in the first period.
Furthermore, after sixweeks, a higher value was
observed for TGF-b immunostaining in the BS com-
pared to CG (p¼ 0.049).

Discussion

The present study investigated the biological effects of
SPG-enriched BS composites on the process of healing,
using a critical experimental model of cranial bone
defect in rats. Histological analysis demonstrated that
for both BS and BS/SPG, similar findings were

observed, with signs of material degradation, the pres-
ence of granulation tissue along the defect area and
newly formed bone. Interestingly, for these groups,
the thickness of the defect was higher compared to
CG. Histomorphometry showed no difference for
BV/TV among groups. Furthermore, CG presented
higher values for Ob.S/BS (%) and for N.Ob/T.Ar
(mm2) (six weeks post-surgery) compared to BS/SPG
and higher values of N.Ob/T.Ar (mm2) compared to
BS (twoweeks post-surgery). Moreover, BS showed
higher values for OV/TV (%) compared to BS/SPG
(sixweeks post-surgery). Also, VEGF immunolabelling
was increased for BS (twoweeks post-surgery) and for
BS/SPG (six weeks) compared to CG. TGFb immunos-
taining was higher for BS compared to CG.

Many authors demonstrated the stimulatory effects
of BS on bone tissue metabolism.5,8,9,11 Histological
findings demonstrated that BS scaffolds (with or with-
out Col) degraded over time, liberating space into the
defect area and allowing tissue ingrowth. Also, it is
important to emphasize that no inflammatory response
was observed in the biomaterial-treated animals, indi-
cating the biocompatibility of BS and SPG. It is well
known that ionic dissolution products of BS have been
shown to beneficially affect osteogenesis by the forma-
tion of a silica-rich layer which acts as a template for
calcium phosphate precipitation and directs new bone
formation.12,16,33,34 Furthermore, combining materials
with the aim of obtaining bone biomimetic composites
(for example, BS and Col) may be a very promising
strategy for bone tissue engineering proposals.
Composites mimicking bone composition such as the

CG

(a) (b) (c)

(d) (e) (f)

BS BS/SPG

2 weeks

6 weeks

Figure 6. Representative histological sections of VEGF immunohistochemistry for CG (a and d), BS (b and e) and BS/SPG(c and f),
two and sixweeks postsurgery. Biomaterial (*) and VEGF immunostaining (�). Scale bar: 200mm (mag. 10).
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Figure 7. Means and SD scores of immunohistochemistry of
VEGF after two and sixweeks. *p< 0.05.
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association of Col (representing the organic part) with

BG (the inorganic part) have been demonstrating

improved biological properties in the process of bone

healing.24,35,36 However, in the present study, the addi-

tion of SPG (at the percentage of 20%) was not able to

produce increased bone tissue deposition. Two hypoth-

eses for this finding could be raised: (i) the amount of

SPG was not sufficient to improve the stimulatory

effect of BS; (ii) the rate of bioactivity of BS was

high enough to stimulate the bone tissue growth, pre-

venting an extra effect of SPG.
Moreover, histomorphometric findings showed that,

besides the similar amount of mineralized bone inside

the defect, the presence of osteoid tissue was higher in

BS than in BS/SPG at sixweeks. Interestingly, at the

same time point, only BS/SPG exhibited a lower

number of osteoblasts and lower osteoblastic surface
than CG. It is well known that, as BS degrades, the

ionic products of its dissolution are able to stimulate
the osteoblast recruitment, growth, osteogenic differen-

tiation and matrix deposition.29,36 So, even if any cells

are required for the growth of bone mineral on the
surface of a bioactive glass at the beginning of the pro-

cess, cell activity and function may also be enhanced by
the local chemical environment created by BS.37

Therefore, another hypothesis could be raised: the pres-

ence of SPG in a composite slows the ionic release by
the bioactive material, making the healing process

more gradual, which could be particularly favorable
for clinical applications in which the rate of the natural

tissue ingrowth into the material is also expected to be

slower (for instance in the case of vascular impair-
ment), avoiding the total material resorption before

complete tissue regeneration.
Also, the process of tissue repair and bone consoli-

dation is highly dependent of an adequate vasculariza-

tion and blood perfusion at the area of the injury.38,39

In the present study, higher VEGF immunolabelling

was observed for BS (twoweeks post-implantation)

and BS/SPG (sixweeks post-implantation). It has
been reported that BS has a stimulatory effect on neo-

vascularization by stimulating the secretion of angio-
genic factors,10,17 which together with the

osteopromotive properties of BS might further influ-

ence bone formation. Furthermore, Liu et al.,3 using
a biomimetic material (containing collagen), observed a

positive immunostaining for VEGF factor in a defect

CG

(a) (b) (c)

(d) (e) (f)

BS BS/SPG

2 weeks

6 weeks

Figure 8. Representative histological sections of transform growth factor beta (TGF-b) immunohistochemistry of the CG (a and d),
BS (b and e) and BS/SPG (c and f) experimental groups, after two and sixweeks post-surgery. TGF-b immunostaining (�) and
biomaterial (*). Scale bar: 200mm (mag. 10).
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Figure 9. Means and SD scores of immunohistochemistry of
TGF-b after two and sixweeks. *p< 0.05.
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of rat calvaria. The authors observed that the biomi-
metic materials that showed greater VEGF immunos-
taining exhibited superior regeneration properties
characterized by the profuse deposition of new bone
structures and vascularization in the middle of defect.

Furthermore, the immunohistochemistry analysis
demonstrated an increased immunolabeling of TGFb
in the BS, 15 days post-surgery. It is well known that
the TGFb plays a critical role in bone remodeling, stim-
ulating matrix protein synthesis and bone cell prolifer-
ation.40 In this context, the higher immunolabelling
observed for BS may have influenced the activity and
proliferation of osteoblast cells, which may be related
to the increased newly formed bone deposition. TGFb
is known to induce osteogenic differentiation of
BMSCs and enhance calvarial defect healing.40

Carinci et al.41 demonstrated an increase inTGFb
expression in an in vitro study in cells cultivated in
the presence of PerioGlass (a material with similar
properties of BS). Interestingly, the enrichment of
glass ceramic with SPG did not affect the TGFb
expression.

Based on the above considerations, the introduction
of SPG into BS was effective in increasing VEGF
immunolabeling, which may have increased the blood
supply. However, the biological performance of the
scaffolds was not optimized by this strategy evidenced
by the similar results of the histological analysis.
Possibly, this lack of results is related to the percentage
of SPG added to BS which was not sufficient to pro-
duce an extra effect. However, based on the stimulato-
ry effects of BS and SPG on tissue healing, further
studies are needed to investigate the effects of this com-
posite, especially using a higher concentration of SPG.

Conclusions

In summary, this study demonstrated that the BS and
BS/SPG scaffolds were biocompatible and able to sup-
port bone formation in a critical bone defect in rats.
Moreover, BS/SPG modulated the immunoexpression
of VEGF.
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