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The concept of biocompatibility is based on the inter-
actions between a material and a biological environ-
ment. The failure of a biomaterial, in a clinical situa-

tion, to display good biocompatibility is often
revealed by a breakdown in the desired material
properties or an unsatisfactory biological response.
The most important aspect of biocompatibility, for
the performance of the material, is the local response,
as this usually provides a clinical indication of a bio-
compatibility deficiency [1]. Analysis of the local tis-
sue response to a biomaterial has long been recog-
nized to play an important role in biocompatibility
testing. The normal wound-healing response is a
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Abstract

Glass-fiber composites are frequently used in dentistry. In order to evaluate their biocompatibility we tested, in an exper-
imental model "in vivo", their tissue response pointing our attention on presence of mast cells (MCs) and fibrotic pro-
cess. Sprague Dawley rats were used for the experimental design. The fibers were introduced in a subcutaneous pock-
et along the middle dorsal line between the two scapulas for 7, 14 or 21 days. At the end of the treatments the skins were
excised and then processed for Toluidine Blue, to determine the presence of MCs, and Picrosirius Red staining, to eval-
uate the presence of fibrotic tissue. Our preliminary results showed and increase of both MC number and deposition of
collagen type I, which characterized the fibrotic tissue. So, subsequent aims of our study were to evaluate the role played
by MCs in tissue fibrosis and to give a possible explanation regarding the mechanisms that were responsible of biolog-
ical response observed, through the analyses of some proteins, such as metalloproteinase-2 (MMP-2), its inhibitor
(TIMP-2) and transforming growth factor-β (TGF-β). Our data confirmed the involvement of TGF-β, released by MCs,
in the disruption of the equilibrium between MMP-2 and TIMP-2 that were implicated in the enhancement of fibrosis.
In summary, this study demonstrate that this type of materials induced an inflammatory response at the site of implant
and help to clarify what type of mechanism and which proteins are involved in this biological response. Nevertheless,
more extensive investigations are in progress to better evaluate the inflammatory process.
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dynamic phenomenon, in which cells and their prod-
ucts interact to repair damaged tissue. If an implant
is present in the tissue, this sequence of events is dis-
rupted to varying degrees, resulting in a visible
change in tissue morphology. Many types of cells are
involved in normal wound healing, including inflam-
matory cells that are the predominant components of
cell/polymer interactions and, in particular,
macrophage activation induces the cells to further
differentiate, phagocytose or to the surrounding envi-
ronment, being an important macrophage property
their ability to recognize foreign surfaces [2, 3].
Moreover, wound healing in the presence of bioma-
terial may induce a more complex reaction involving
different types of cells that may trigger an array of
iatrogenic effects including inflammation, fibrosis,
coagulation and infection [4]. In view of the inert and
non-toxic nature of most biomaterials, it is puzzling
that tissue contact implants very often acquire an
extensive overlay of phagocytic cells. These phago-
cytes have been implicated in a number of subse-
quent adverse effects such as osteolytic changes
around joint implants [5], degradation of biomaterial
implants [6] and fibrosis surrounding prostheses [7]
and many other types of implants [8, 9]. It has been
demonstrated that materials, such as standardized
implants of calcium hydroxide, glass ionomer
cement and allows for ceramic crowns and for
removable prostheses, surgically introduced into
Wistar rats’ back bone and along the middle dorsal
line between the two scapulas respectively, triggered
various inflammatory responses. These latters were
responsible to interstitial fibrosis and to increased
number of mast cells (MCs) [10, 11]. Moreover, it
has been shown that the presence and the disposition
of fibrous tissue around implants of dental materials
are indicative to tissue response. So, the biocompati-
bility of a material is inversely related to the amount
of fibrosis developed around it [12].

In attempting to well define the influence of bio-
material presence on the normal would-healing
response and to assessment the degree of local tis-
sue response to the implants, we considered the
polymer-fiber composites that reached almost all
disciplines of dentistry [13], and that are, in partic-
ular, used for removable prostodontics [14]. In fact,
in the last ten years, different fiber products com-
posed predominantly of glass fibers have been
introduced since they have good resistance to trac-
tion and tearing, high modulus and dimensional sta-

bility [15]. To our knowledge, there are no data
about their tissue response, so the objectives of this
work are threefold: 1) to test in an experimental
model “in vivo” the biocompatibility of the glass-
fiber composites (FRCs), using the two above
reported points, the involvement of MCs and the
presence of fibrotic tissue near the implant; 2) to
evaluate the role played by MCs in tissue fibrosis;
3) to give a possible explanation regarding the
mechanisms that are responsible of biological
response to biomaterials since, when it is aberrant,
many pathological conditions can born or be exac-
erbated. So, we focused our attention on the role of
some proteins, such as matrix metalloproteinase-2
(MMP-2), its tissue inhibitor (TIMP-2) and trans-
forming growth factor-β (TGF-β). They are
involved in many biological processes as well as
normal tissue remodelling, embryogenesis, wound
healing and angiogenesis. In particular, it is report-
ed that TGF-β facilitate collagen production, as
well as the expression of MMPs, which are respon-
sible for tissue breakdown [16]. So, disruption of
the equilibrium between these proteins has been
shown to induce an increased and continuous depo-
sition of extracellular matrix [17]. Moreover, the
alteration of this balance results in serious diseases
such as fibrosis, arthritis, and tumour growth [18].

Materials and methods

Animal and experimental design

60 adult male Sprague Dawley rats weighing 150–200g
were obtained from Harlan Laboratories, Italy. They
were housed in individual sterile cages with food and
water ad libitum; the animal houses were kept at a con-
stant temperature and humidity with 12 h alternating
dark/light cycle. All the experiments were performed
minimizing animal suffering according to the Italian Law
on the protection of laboratory animals, as well as with
Ethical Committee Regulations; all procedures were
approved by Italian Ministry of Health.

After an adaptation period of two weeks, the rats were
randomly divided into two main groups constituted by
three subgroups (n = 10) for each one. Group 1a-b-c (con-
trol groups): the animals were sham operated respectively
for 7, 14 and 21 days. Group 2a-b-c (experimental groups):
the animals were implanted in subcutaneous pockets with
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FRCs (Stick®Net, StickTech, Turku, Finland) and treated
respectively for 7, 14 and 21 days. These cast specimens
have a square shape of 1 cm2 in size and a rough surface (it
has not been smoothed after polymerization). The exact
site of implantation is in a subcutaneous pocket along the
middle dorsal line between the two scapulas as previously
reported for different implanted biomaterials by Rezzani et
al. [11]. At the end of the treatments, the animals were
killed and the skin around implant was excised. 

Preparation of FRC specimens

The FRC examined in this study was glass fiber
(Stick®Net, StickTech, Turku, Finland). The fibers was
impregnated with a light-polymerized resin (StickTech,
Turku, Finland) and polymerized with a light-curing unit
(Optilux 501, Sds Kerr, Danbury, CT) for 40 seconds. The
wavelength of the unit was between 380 and 520 nm and
the light intensity was 700 mW/cm2 verified with the
light-curing unit’s internal radiometer. At the end of poly-
merization, the specimens were refined but not smoothed.
For our aim, pieces, approximately, 10 x 10 mm in size
and 1 mm in thickness, were cut with a surgical knife.

Histopathological analysis

Skin samples were, first of all, washed in phosphate buffer
saline (PBS) 0.1M (pH 7.4), then were fixed in 10%
buffered formalin, embedded in paraffin according to stan-
dard procedures and serially sectioned at 5 μm by micro-
tome. For histopathological evaluation, these sections
were deparaffined, rehydrated, immersed in water and,
finally, stained with: - Toluidine Blue, for identification of
MCs and visualization of granules present in these cells; -
Picrosirius Red for assessing the presence of fibrosis. 

For the toluidine blue staining, the samples have been
treated according to Rezzani et al. [11].

The quantitative evaluation of MCs was estimated in
a blinder fashion in 10 samples for both control and
experimental groups at a final magnification of 20 x. The
number was calculated for arbitrary areas, measuring 10
fields with the same area for each sample and, succes-
sively, statistically studied.

For Picrosirius Red method, the sections were stained
for 30 minutes with phosphomolybdic acid 0.1%, washed
in water and then immersed in Picrosirius Red (Sirius Red
0.1% in picric acid) for 60 minutes at room temperature
(RT). Successively, the sections were washed in water

and then rapidly dehydrated, cleared in xylene and
mounted. Collagen fibers were detected both by light and
polarized light microscopy (Olympus; Milan, Italy).
Under polarized light microscopy, type I collagen fibers
were stained from orange to red, whereas the type III col-
lagen fibers appeared green [19]. The quantitative evalu-
ation of collagen type was evaluated as percentage of
orange/red fibers in 10 samples of both control and exper-
imental groups. 10 fields were chosen for each sample, in
which the percentage of area injured, using an optical
polarized light microscope at a final magnification of 10
x, was counted. The percentage of collagen type was
observed in a blind fashion, calculated in arbitrary areas
and, successively, statistically studied.

Immmunohistochemical analysis

Briefly, the skin sections were fixed in 10% buffered for-
malin and embedding in paraffin. Before immunodetec-
tion, they were deparaffined and subjected to antigen
retrieval in 0.05M sodium citrate buffer (pH 6.0) in a
microwave oven (2 cycles of 5 minutes at 650W and 1
cycle of 3 minutes at 400W) according to Boon [20].
Endogenous peroxidase activity was blocked by incubation
with a solution of 3% hydrogen peroxide in methanol for
30 minutes (RT). Sections were then incubated with appro-
priated normal serum (diluted 1:5 Dakopatts, Italy) for 60
minutes, and serially treated overnight (ON) at 4°C with
MMP-2 (goat polyclonal, diluted 1:50, Santa Cruz, USA)
and TIMP-2 (mouse monoclonal, dilute 1:100, Chemicon,
USA) antibodies. The sections were washed in Tris buffer
solution (TBS) 0.1M (pH 7.4) and sequentially incubated
with proper biotinylated secondary antibody (diluted 1:50
Dakopatts, Italy), washed again and incubated for 1 hr (RT)
using an avidin-biotin horseradish peroxidase complex
according to the manufacturer’s instructions (ABC kit,
Dakopatts, Italy). Finally, peroxidase activity was demon-
strated using a solution of 0.05% 3,3-diaminobenzidine
tetrahydrochloride and 0.33% hydrogen peroxide. All sec-
tions were counterstained with haematoxylin, dehydrated
and mounted. Control reactions were performed in the
absence of the primary antibodies and with isotype-
matched irrelevant rat IgGs as negative control. 

For semiquantitative analysis, the degree of MMP-2
and TIMP-2 staining was evaluated by an observer blind-
ed and was graded as: (–) when there was no signal, (+/-)
when the staining was very weak, (+) when the staining
was weak, (++) when it was moderately positive and
(+++) when it was strong. 
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Immunoblotting analysis for MMP-2, TIMP-2
and TGF-ββ proteins.

The tissue was homogenised in a buffer system as
described below: 15 mg of frozen cutaneous rat tissue
was minced and extracted in 300 μl 2% sodium dodecyl-
sulfate (SDS)/PBS solution and incubate ON at 4°C. The
homogenate was centrifugated with 12000 rpm at 4°C
for 15 minutes, and the supernatants were processed
using immunoblotting analysis, gelatin zymography or
reverse zymography. Protein concentration was assessed
using Albumin Standards (Pierce, Illinois) according to
the manufacturer’s instruction. 10 μg of the samples
were analysed by 10% SDS-PAGE and electro-trans-
ferred to a nitro-cellulose membrane (pore size 0.45 μm;
BioRad) by wet blotting (100V for 1 hr). The membrane
was blocked with 5% non-fat dry milk in Tris-buffered
saline Tween-20 (TTBS) at 4°C. After washing with
TTBS, proteins were exposed overnight at 4°C to goat
polyclonal anti-MMP-2 and mouse monoclonal anti-
TIMP-2 and anti TGF-β. These were detected using a
proper biotinylated secondary antibodies (Dakopatts)
and an avidin–peroxidase complex according to the man-
ufacturer’s instructions (ABC kit, Dakopatts), with a
solution of 0.05% DAB (3.3-diamino-benzedine tetrahy-
drochloride) and 0.03% hydrogen peroxide. For the
quantitative analyses, the bands were evaluated as inte-
grated optical density (IOD), using Gel Pro 3.1 software,
and the data obtained were statistically studied. 

Zymographic and reverse zymographic
analysis for MMP-2 and TIMP-2 protein
respectively

For zymography, MMP-2 activity was detected according
to Rawdanowicz et al. [21] with minor modifications. 10
μg of the samples were loaded onto 10% SDS-polyacril-
amide gels containing 1 mg/ml bovine gelatin under non-
reducing conditions. Following electrophoreses, the gel
was washed twice with 2.5% Triton-X-100 solution for
15 minutes each, rinsed with incubation buffer (50mM
TRIS HCl, pH 8.0; 5mM CaCl2) and incubated in the
same buffer at 37°C ON. The gel was stained with
Comassie Blue R250 and destained in water. Gelatinase
was detected as white bands against a blue blackground. 

For reverse zymography, TIMP-2 was measured
according to Olivier et al. [22]. The standard separating
gel was prepared with 2.25 mg/ml porcine gelatine, 4 ml
H2O, 3.3 ml acrilamide mix, 2.5 ml Tris–HCl pH 8.8 1.5

mol, 0.1 ml SDS 1%, 0.1 ml APS 1%, 0.004 ml TEMED
and 160 ng/ml pro-gelatinase A. A standard stacking gel
was used. After electrophoresis, gels were agitated in two
washes (both 30 minutes duration) of 2.5% Triton X-100
to remove the SDS and restore enzyme activity for incu-
bation. Gels were incubated for 16 hrs at 37°C in 50 μl of
50 mmol Tris–HCl (20 mol NaCl, 50 mmol Tris, 5 mmol
CaCl2, pH 7.6; all chemicals from Sigma Chemical Co.,
St. Louis, MO, USA). Finally gels were stained with
Comassie Blue R-250 and then destained in water.

For the quantitative analyses, the bands were evaluat-
ed as integrated optical density (IOD), using Gel Pro 3.1
software, and the data obtained were statistically studied. 

Statistical analysis

The results for all analyses are presented as means ± SEM
and the statistical significance of differences among experi-
mental groups was estimated using the ANOVA test correct-
ed by Bonferroni, with P < 0.05 considered as significant.

Results

The skin of control groups at both 7, 14 and 21 days
did not show any differences for all analyses; so, we
decided to consider them without distinction. 

Histopathological study of the skin

The skin of all control groups showed a normal
morphology without signs of alterations. Instead,
we observed time-dependent changes in the tissue
of experimental groups. These alterations were
noted in the dermis and regarded the presence of
MCs and the appearance of fibrosis. As shown in
Fig. 1 MCs were not present in control groups but
they were found already 7 (group 2a) days after the
treatment. Moreover, most of them were degranu-
lated near the site of implant (Fig. 1D). 

The appearance of fibrosis was visible at 7 days
after the implant (group 2a) and this enhancement
was very high 21 days after (group 2c) (Fig. 2). In
particular, control groups showed mainly collagen
type III, that is constitutively present and visual-
ized in green colour (Fig. 2A), whereas the fibrosis
has been clearly seen as deposition of collagen type
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I visualized in orange/red colour under polarized
microscope (Figs 2B, 2C).  

All quantitative data of MC number and per-
centage of fibrosis are reported in Fig.3. We
observed a significant MC increase in experimental
groups respect to control already 7 days after
implant (group 2a); on the contrary, we observed a
statistically significant only 21 days after the begin-
ning of treatment (group 2c). 

Immunohistochemistry and
immunoblotting analysis of MMP-2 and
TIMP-2 proteins

In the fibroblasts of dermis, MMP-2 immunostaining
was very weak in control, whereas it appeared to

increase ranging from 7 to 21 days after the treatment
(Fig. 4A). Instead, TIMP-2 immunohistochemistry,
in the same cells, was moderate in control and com-
pletely negative 21 days from implant placement
(group 2c) (Fig. 4B). Moreover, as shown in Fig. 4C,
MCs were negative to MMP-2 and TIMP-2 already
at 7 days after the treatment (group 2a) and they
remain negative also at the end of the treatment. 

Negative control for immunohistochemistry did
not show MMP-2 or TIMP-2 expression in skin
from both control and experimental groups. 

All semiquantitative immunostaining data are
reported in Table 1.

Immunoblotting analysis for both proteins con-
firmed the immunohistochemical data (Figs 5A,
5B). The densitometric analysis of MMP-2 and
TIMP-2 levels are reported in Fig. 5C. 

Zymographic and reverse zymographic
analysis for MMP-2 and TIMP-2 proteins
respectively

The zymographic analysis revealed basal levels
of MMP-2 activity in control groups and an
increased amount of MMP-2 activity in experi-
mental groups. In particular, very high levels of
MMP-2 were found 21 days after surgery (group
2c) (Fig. 6A). This analysis allowed to visualize
not only activated MMP-2 but also the activity of
its precursor form, pro-MMP-2. On the contrary,
the reverse zymographic analysis revealed high-
est level of TIMP-2 activity in control groups and
very low levels 21 days after surgery (group 2c)
(Fig. 6B). The densitometric readings of MMP-2
and TIMP-2 activity are shown respectively in
Figs. 6C and 6D.  
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Fig. 1 Photomicrographs showing Toluidine Blue
staining of rat skin from control (A) and experimental
groups at 7 (B) and 21days (C) from implant placement
(Bar 20 μm). Photomicrograph D shows degranulating
mast cells near the implant (Bar 8 μm).

Fig. 2 Photomicrographs showing Sirius red staining, under polarized light microscope, of rat skin from control
(A) and experimental groups at 7 (B) and 21 (C) days from implant placement (Bar 80 μm).



Immunoblotting analysis of TGF-ββ protein

Immunoblotting analysis of TGF-β showed a sig-
nificant increase of this protein in the experimental
groups respect to control. This enhancement was
well evident and statistically significant 7 days after
surgery (group 2c); its levels remained high also 14
and 21 days after implant placement (respectively,
group 2b and 2c) (Fig. 7A). The densitometric anal-
ysis of TGF-β levels are reported in Fig. 7B. 

Discussion

In the present study we assessed the biocompatibili-
ty of FRCs, which are generally used in dentistry
field and, in particular, for removable prostodontics.
Our results showed that the biocompatibility of this
biomaterial is no good since it interferes with normal
biological metabolism disrupting the normal wound-
healing processes and inducing a different tissue
response. In fact, the tissue response in the rat skin is
characterized by: 1) increase in the number of MCs
with extensive degranulation, which was significant
respect to control groups only 7 days after surgery
and 2) an enhancement of fibrotic process which
resulted statistically significant 21 days after treat-
ment only. These data are in agreement with several
lines of evidence suggesting that MCs are involved
in fibrotic process and tissue remodeling [23, 24]. 

MCs may exert bi-directional effect on matrix
turnover contributing: 1) indirectly, inducing the
synthesis of certain types of mediators from secre-
tory granules that have fibrogenic effects; 2) direct-
ly, through their ability to produce extracellular
matrix glicoproteins.

Regarding the first effect, the degranulation of
MCs have been documented in fibrotic processes
“in vivo” determining the liberation of several
mediators such as TGF-β that facilitate collagen
production, as well as the expression of MMP
enzymes, which are responsible for tissue break-
down [25]. As illustrated in Fig. 8, our study pro-
vided support for the concept above reported sug-
gesting that TGF-β, produced by MCs, induces
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Fig. 3 (A) Quantitative analysis of the number of MCs
present in rat skin of control and experimental groups.
(B) Quantitative analysis of collagen content in rat skin
of control and experimental groups. Data are expressed
as means + SEM. * P < 0.05 vs. control; # P < 0.05 vs.
7 days after the implant; ° P < 0.05 vs. 14 days from
implant placement.

Fig. 4 Immunohistochemical localization for MMP-2 and for TIMP-2 in fibroblast of skin from experimental
group (21 days after implant placement) (A, B) and in mast cells (C) (Bar 8 μm).



MMP-2 in fibroblasts and contributed to the
enhancement of fibrotic process. Because many
fibrogenic MC factors are also produced by other
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Groups MMP-2 TIMP-2

Controls +/- ++

7 days + +

14 days ++ -

21 days +++ -

Table 1   Semiquantitative analysis of MMP-2 and
TIMP-2 expression

For semiquantitative analysis, the degree of MMP-2 and
TIMP-2 staining was evaluated by an observer blinded and
was graded as: (-) when there was no signal, (+/-) when the
staining was very weak, (+) when the staining was weak, (++)
when it was moderately positive and (+++) when it was strong.

Fig. 5 (A, B) Western blot analysis of MMP-2 (A) and
TIMP-2 (B) in rat skin from control and experimental
groups at 7, 14 and 21 days from implant placement.
(C) Quantitative analyses of MMP-2 and TIMP-2
expressions are presented in bar graphs; representative
blots with integrated optical density (IOD) readings are
expressed as arbitrary units. * P < 0.05 vs. control; # P <
0.05 vs. 7 days after the implant placement; ° P < 0.05
vs. 14 days after the implant placement.

Fig. 6 (A) Representative gelatin of MMP-2 zymo-
graphic analysis of protein extracts obtained from
skin of control (lane 1) and of rats at 7 (lane 2), 14
(lane 3) and 21 (lane 4) days after implant placement.
(B) Representative gelatin of TIMP-2 zymographic-
reverse analysis of protein extracts obtained from
skin of control (lane 1) and of rats at 7 (lane 2), 14
(lane 3) and 21 (lane 4) days after implant placement.
(C-D) Quantitative analyses of MMP-2 zymography
and TIMP-2 reverse-zymography are presented in bar
graphs; representative blots with integrated optical
density (IOD) readings are expressed as arbitrary
units. * P < 0.05 vs. control; # P < 0.05 vs. 7 days after
the implant placement; ° P < 0.05 vs 14 days after the
implant placement.

Fig. 7 (A) Western blot analysis of TGF-β in rat skin
from control and experimental groups at 7, 14 and 21
days after implant placement. (B) Quantitative analy-
ses of TGF-β expression are presented in bar graphs;
representative blots with integrated optical density
(IOD) readings are expressed as arbitrary units. *P <
0.05 vs. control.



cell types involved in fibrotic process, such as
macrophages, it is difficult to define the precise role
that MCs play in this process. One model that offers
the potential for further investigation is the geneti-
cally MC deficient W/Wc mouse [26]. If these ani-
mals show an impaired fibrogenic response after
the treatment that is not seen in the wild-type litter-
mates with normal MC numbers and this is
reversible after reconstruction with wild-type bone
marrow cells, then an important role for MCs in
skin fibrosis is established. It has already been
demonstrated in an animal model that cutaneous
fibrosis may be inhibited by MC stabilizing agents
[27] and that in tight-skin lesions MC are
involved/recruited and their proliferation and acti-
vation lead to augmentation of fibrosis [28]. 

Regarding the second effect played by MCs on
matrix turnover, there are data supporting the idea
that the MC activation induces secretion of Tumor
Necrosis Factor-α (TNF-α) which, released from
these cells, by a feed-back mechanism, activates
“in vitro” the zymogen forms of matrix metallo-
proteinases and protocollagenase [29]. Our data
are not in agreement with these results showing
that MMP-2 was not present in secretory granules
of MCs during all treatment. So, we suggest that,
since MMP-2 is not produced by MCs, and we
found an increase of TGF-β expression in skin,
MCs could act by an indirect mechanism on
fibrotic processes. 

Another interesting point of this study regards
the variation of TIMP-2 expression. We showed
that MCs were negative to this protein during all
treatment but it was present in fibroblast cytoplasm
of control groups. Western blotting analysis
showed a decrease of TIMP-2 protein 14 and 21

days after the implant. So, these results could sug-
gest that TIMP-2 alterations were linked to fibrob-
last cytoplasm only since there is not any presence
of this protein in MCs. Moreover, TIMP-2 decrease
could be related to MMP-2 alterations and its vari-
ation should be a compensatory mechanism against
the excessive accumulation of collagen as previ-
ously demonstrated [30]. In particular, MMP-2
increase in cytoplasm of fibroblasts could induce a
decrease of its inhibitor. 

Even if it should be represent an important point
for the future rational design of biocompatible bio-
materials, more extensive investigations are in
progress to better characterize the inflammatory
process and the evaluation of the involvement of
other different cell types, such as macrophages and
lymphocyte subpopulations. 
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