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The aim of the present study was to analyze the influence of different preconditioning
treatments with either bovine serum albumin or cell culture medium of different dental
metal alloys on human fibroblast cultures in the presence of such biomaterials as regards
both cell proliferation rates and the expression of molecules constituting the extracellular
matrix. Human fibroblasts (cell line Flow 2002) were cultured for 72 h in the presence of six
single-phase dental casting alloys. The amount of Ag+ and Cu++ release into cell culture
media was measured by atomic absorption spectroscopy. Incorporation of
5-bromodeoxyuridine, to investigate cell cycle, and the expression of fibronectin and
chondroitin sulfate glycosaminoglycans, to evaluate cell adhesion, were analyzed with an
immunocytochemical approach and related to cytocompatibility of the different substrates.
The immunocytochemical analysis were performed by fluorescence microscopy and
further analyzed with an image analysis software. Preconditioning treatments for 72 h
induced decreasing cytotoxicity of the tested alloys: indeed metal cation concentrations
decreased in cell culture media in the presence of preconditioned dental metal alloys. Both
cell proliferation rates and ECM-constituting molecule expression resulted higher when
tested in the presence of preconditioned dental metal alloys. Therefore, it is reasonable that
preconditioning treatments of dental alloys influenced their interactions with fibroblast
cultures by increasing their cytocompatibility in vitro.
C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Biocompatibility and cytotoxicity of dental metal al-
loys are commonly evaluated by means of in vitro tests
that analyze the possible adverse side effects result-
ing from the interaction between cell cultures and the
tested metal biomaterials. Previous studies on the cy-
totoxicity of dental alloys have been focused on both
the release of metal ions [1–3] and their interactions
with human cultured cells [4], since they have been
considered as main biocompatibility parameters. Ions
released by dental metal alloys could affect several cel-
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lular biological pathways influencing both cell prolif-
eration rates and cell adhesion to substrata by means
of different biomolecules constituting the extracellu-
lar matrix (ECM) [4–11]. However, in vitro investiga-
tions could often present controverse clinical relevance
if compared to in vivo studies on laboratory animals [4,
12–14]. Since metal alloys continuously release ions
into biological media, investigations based on long pe-
riods (i.e., over 10 months) should be considered more
appropriate [15] than short term tests [16, 17]. On the
other hand, previous studies on the biocompatibility of
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dental alloys have suggested the utility of short term in
vitro tests to investigate the possible cytotoxic actions
of different dental biomaterials, on the bases that no sig-
nificant variations of biological parameters were found
after extended exposures of biomaterials to biological
media [18].

Since a large number of new casting alloys proposed
for clinical appllications in restorative dentistry in the
latest years, current investigations have been focused
on developing new and reliable biocompatibility tests
in vitro to assess the cytotoxicity and the cytocompat-
ibility of such new biomaterials. In particular, Nelson
et al. have recently proposed the utility of a preexpo-
sure of dental casting alloys for 72 [19] or 168 h [20]
to three different biological solutions (i.e., one among
0.8% NaCl solution, complete cell culture medium,
0.8% NaCl solution with 3% bovine serum albumin)
before testing their cytotoxicity in cell culture systems.
The rationale for this procedure have been based on
the possibility of alloy preconditioning treatments to
remove more ionizable metal elements from biomate-
rials, as to reduce alloy cytotoxicity in vitro, and to
eliminate short-term change providing a corrosion pat-
tern that is more indicative of long-term in vivo.

In the assessment of biomaterial biocompatibility,
cell viability and cell proliferation rate are two of
the most studied biological parameters [15, 21–24]
on in vitro experimental models with stabilized cell
lines [19]. The analysis of the incorporation patterns
of a thymidine analogue, such as 5-bromodeoxyuridine
(BrdU), into cell nuclei during the S-phase of the cell
cycle is a useful technique to study cell proliferation
rates [25, 26]. Moreover, it is well known that cell pro-
liferation is strictly correlated to cell capability to ad-
here to substrata, therefore it seems appropriate to in-
vestigate both these biological aspects in relationships
to the presence of different dental biomaterials.

In previous studies on cultured fibroblasts on den-
tal biomaterials, we proposed that fibronectin (FN) and
chondroitin-sulfate glycosaminoglycans (CS) arrange-
ment in the extracellular matrix (ECM) could be useful
tools to evaluate cell adhesion in vitro in biomaterial
biocompatibility evaluation [21, 23, 27–29].

On these bases, the aim of the present study was to de-
termine the influence of two preconditioning solutions
(0.8% NaCl with 3% bovine serum albumin or com-
plete cell culture medium) on the cytotoxicity of six
dental metal alloys. Cytotoxicity was assessed in vitro
by quantifying the concentration of ions released from
biomaterials into culture media and by analyzing differ-
ent biological aspects (i.e., cell proliferation rates and
the immunocytochemical expression of FN and CS) of
the human fibroblast line Flow 2002. The hypothesis
was that alloy pretreatments using the two above men-
tioned solutions would increase the release of ions from
dental alloys and therefore it could change alloy cyto-
toxicity in comparison to the unconditioned alloys.

2. Materials and methods
2.1. Alloys and preconditioning treatments
Six single-phase dental casting alloys (manufactured by
Nobildent srl, Milano, Italy) were previously identified

as A, B, C, D, E, F. Subsequently, according to specifica-
tion #5 of the American Dental Association and to their
elemental composition (Table I), the alloys A (Au-Pt al-
loys), C, D and E (Au-Ag-Cu alloys) were classified as
high-noble alloys, the alloys B (Pd-Cu-Ga alloys) and
F (Pd-Ag-Cu alloy) were classified as noble alloys.

Metal blocks of each dental alloy (dimensions 1.2
× 0.7 × 0.1 cm, total surface area 2.06 cm2, weight
from 4.85 to 7.92 g) were sterilized by exposition for
24 h to an ultraviolet lamp (wave legth 254 nm, UV
ray dosage 30,000 μW-sec/cm2) contained in a lami-
nar flow hood. Specimens were randomly divided and
assigned to three different groups of treatment:

– Group 1: alloy preconditioning was performed by
using the preconditioning solution 1 (PS1) containing
0.8% NaCl added with 3% (wt/vol) bovine serum albu-
min (BSA, Fraction V, Sigma, St. Louis, MO, U.S.A.);

– Group 2: preconditioning was performed by using
the preconditioning solution 2 (PS2) constituted by cell
culture medium (Minimum Essential Medium, MEM;
Sigma, St. Louis, MO, U.S.A.) supplemented with 10%
fetal calf serum (FCS, Sigma, St. Louis, MO, U.S.A.),
100 U/mL penicillin and 100 μg/mL streptomycin sul-
fate (Sigma, St. Louis, MO, U.S.A.);

– Group 3: metal blocks of the six dental casting
alloys did not undergo any preconditioning treatment.

Preconditioning treatments were performed by im-
mersing the metal specimens into 0.5 mL of precondi-
tioning solutions (ratio between the total area of metal
blocks and solution volume was 4.12 cm2/mL) con-
tained in sterile polystyrene cell culture trays and by
leaving them there undisturbed for 72 h in a fully hu-
midified air atmosphere containing 5% CO2 at 37◦C.

Finally, the metal specimens were placed on ster-
ile gauze to remove residual preconditioning solution,
rinsed briefly in sterile water and at once transferred
into cell cultures.

2.2. Cell cultures
Human embryonic lung fibroblasts of the stabilized
cell line Flow 2002 (kindly provided by dr. G. Dal
Molin, Department of Public Health, University of Tri-
este, Italy) were cultured in 75 cm2 flasks in Mini-
mum Essential Medium (MEM, Sigma, St. Louis, Mo,
USA) supplemented with 10% fetal calf serum (FCS;
Sigma, St. Louis, Mo, USA), 100 U/mL penicillin and
100 μg/mL streptomycin sulfate, at 37◦C in a fully hu-
midified air atmosphere containing 5% CO2.

To assay cell proliferation rates, 104 cells were de-
tached from cell culture flasks and spread on sterile
coverslips, and then put into 150-mm Petri dishes each
containing 5 mL of cell culture medium and left there
for 72 h in the presence of one metal alloy specimen
without renewing the culture medium. Each cell culture
test was performed in duplicate and repeated five times,
for a total of ten replications. Eighteen culture speci-
mens were performed: six in the presence of the un-
conditioned specimens, six in the presence of the PS1
preconditioned specimens and six in the presence of the
PS2 preconditioned specimens. Further six cell cultures
were performed in the same experimental conditions of
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TABL E I Metal composition of six dental metal alloys

American dental
Alloys ∗Nobility% Au Pt Pd Ag Cu Sn In Ir Ga Zn Rh % association classification

Au-Pt (A) 98 85 9 3.1 <1.5 <1.5 <1.5 <1.5 <1.5 <0.5 <0.5 <0.5 wt% High noble
85.3 72.8 7.7 4.8 2.1 3.8 2 2.1 1.1 1.1 1.1 0.6 at%

Pd-Cu-Ga (B) 82 2 <1.5 79.5 <0.5 8.5 2.5 <1.5 <1.5 7 wt% Noble
73.1 0.9 0.6 71.6 0.3 12.7 2 1.2 0.6 9.5 at%

Au-Ag-Cu (C) 78 75.5 1.7 <1.5 13.5 >5 <0.5 <0.5 <1.5 <0.5 <1.5 wt% High noble
62 58.7 1.2 2.1 19.1 11.9 0.6 0.6 1 1 3.3 at%

Au-Ag-Cu (D) 65 59 2.2 3.3 19 >5 <0.5 <0.5 <1.5 <0.5 <1.5 wt% High noble
53.2 46.7 1.7 4.8 27.5 12.2 0.6 0.6 1 1 3.4 at%

Au-Ag-Cu (E) 55 50 <1.5 4 29.5 >5 <0.5 <0.5 <1.5 <0.5 <1.5 wt% High noble
42.8 36.5 1 5.3 39.4 11.2 0.5 0.5 1 0.7 3.1 at%

Pd-Ag-Cu (F) 30 1 <1.5 28.5 59 >5 <0.5 <0.5 <1.5 <0.5 <1.5 wt% Noble
29.3 0.5 0.7 28.1 57.6 8.2 0.4 0.4 0.7 0.7 2.3 at%

at% = atomic weight percentage; wt% = weight percentage.
∗Sum of weight percentages for Au, Pd and P.
High noble = Au ≥ 40%, Au + Pd + Pt ≥ 60% (weight percentage), Noble = Au + Pd + Pt ≥ 25% (weight percentage).

culture but without any alloy specimens and they were
used as controls.

After 72 h, cells adherent to coverslips were in-
cubated with 10−6 M 5-bromodeoxyuridine (BrdU,
Sigma, St. Louis, Mo, U.S.A.) for 20 min at 37◦C di-
luted in the same culture medium. Cells were washed
in phosphate buffered saline (PBS, pH 7.3), fixed in 4%
paraformaldehyde in PBS (pH 7.3) for 20 min at room
temperature, rinsed in PBS, denatured in 4N HCl for 30
min, dehydrated in graded ethanol (70, 90 and 100%)
and air dried. Subsequently, specimens were processed
for BrdU immunocytochemistry.

2.3. Determination of metal cation
concentration within cell culture media

Cell culture media obtained from each culture were
collected after 72 h and transferred into sterile cen-
trifuge tubes. Concentrations (expressed in mg/mL) of
Ag+ and Cu++ within these culture media were mea-
sured using a flame atomic absorption spectrophotome-
ter (Perkin-Elmer, Wellesley, MA, USA).

2.4. BrdU immunocytochemistry
After being incubated with BrdU, slides were treated
with a mouse monoclonal anti-BrdU antibody (Sigma,
St. Louis, Mo, USA) diluted 1:20 in 2% bovine serum
albumin (BSA) - 3% normal goat serum (NGS) in PBS,
for 3 h at 37◦C. Antibody binding was detected by
incubating slides for 30 min at 37◦C with a fluores-
cein isothiocyanate-conjugated (FITC) anti mouse IgG
(Sigma, St. Louis, Mo, U.S.A.) diluted 1:50 in 2% BSA
- 3% NGS in PBS. Slides were washed in PBS, mounted
with glycerol containing 2.3% 1,4-diazobicyclo (2.2.2.)
octane. For each culture sample, 103 cells choosen from
randomly selected fields were counted always by the
same operator using a Zeiss Axiophot microscope (Carl
Zeiss GmbH, Jena, Germany) under both epifluores-
cence (wave length 490 nm) and phase contrast condi-
tions.

The percentages of BrdU-positive cell nuclei in rela-
tionship to total nuclei number were statistically eval-
uated (n = 5, mean values and standard deviations).
Statistical evaluations were performed with two-way

ANOVA and Scheffe post-hoc test (statistical signifi-
cance p ≤ 0.05).

2.5. Immunocytochemistry of extracellular
matrix (ECM) antigens

Fibroblast cultures that did not undergo BrdU incorpo-
ration were fixed in 4% paraformaldehyde in PBS (pH
7.3), washed in PBS and then underwent immunocy-
tochemical reactions with antibodies recognizing the
ECM consituting molecules FN and CS.

– FN-immunocytochemistry. Fibroblasts were
treated with a rabbit anti-human FN antibody (Sigma,
St. Louis, Mo, USA) diluted 1:100 in 4% BSA - 5%
NGS in PBS and subsequently by an anti-rabbit IgG
FITC-conjugated antibody (Sigma, St. Louis, Mo,
USA) diluted 1:50 in 4% BSA - 5% NGS in PBS;

– CS-immunocytochemistry. Cells were incubated
with a mouse monoclonal antibody (IgM) anti
chondroitin-4-sulfate and chondroitin-6-sulfate (anti-
CS, Sigma, St. Louis, Mo, USA) diluted 1:100 in 4%
BSA - 5% NGS in PBS and subsequently with a FITC-
conjugated anti-mouse IgM antibody (Sigma, St. Louis,
Mo, USA) diluted 1:50 in 4% BSA - 5% NGS in PBS.

Both reactions with primary antibodies were performed
after a preincubation with 4% BSA - 5% NGS in PBS
to block aspecific binding sites.

After incubation with the secondary antibodies,
slides were washed in PBS and finally mounted us-
ing glycerol containing 2.3% 1,4-diazobicyclo (2.2.2.)
octane. Samples were observed under epifluorescence
conditions (wave length 490 nm) using a Zeiss Axio-
phot microscope (Carl Zeiss GmbH, Jena, Germany).
Photographs were obtained on Agfachrome 100 films
at the same exposure times for all specimens regarding
the expression of each considered ECM antigen.

Immunofluorescence intensity was quantified as
mean gray values expressed in an intensity scale rang-
ing between 0 (black, minimum of fluorescence) and
255 (white, maximum of fluorescence) of pixels over a
defined area in photographs previously converted from
RBG to 8 bit gray (five areas for each sample) by us-
ing the image analysis program Optimas 6 (Optimas
Corporation, Bothell, WA, USA).
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Figure 1 Graphic presentation of Ag+ concentrations.

Figure 2 Graphic presentation of Cu++ concentrations.

3. Results
3.1. Metal cations concentration within cell

culture media
Cell culture media were analyzed after 72 h to deter-
mine the concentrations of metal cations Ag+ (Fig. 1)
and Cu++ (Fig. 2). The highest values of Ag+ and Cu++
concentration were detected within cell culture media
in the presence of the unconditioned alloys C, D and
E. The lowest amounts of Ag+ (i.e. below the detec-
tion limit of 0.024 mg/L) were found within cell cul-
ture media in the presence of the unconditioned alloys
A, B and F, whereas the lowest Cu++ concentration
(i.e., below the detection limit of 0.032 mg/L)were de-
tected in the presence of the unconditioned alloys B
and F.

After both preconditioning treatments of metal al-
loys, cell culture media in the presence of alloys C, D,
E contained a decreased amount of Ag+ and Cu++, in
particular in the presence of the alloy E.

After alloy preconditioning with both PS1 and PS2,
cell culture media in the presence of the alloy A revealed
Ag+ concentration below its detection limit, butv also
Cu++ concentration significantly decreased. Cell cul-
ture media in the presence of the alloy B exhibited the
concentrations of both Ag+ and Cu++ below their re-
spective detection limits. Similar data (i.e. the amounts
of both Ag+ and Cu++ below their respective detection
limit) were found within the media in the cell cultures
the presence of PS1-preconditioned alloy F, whereas af-
ter the preconditioning treatment with PS2 the release
of Cu++ from the alloy F into culture media resulted
higher in comparison to both the same unconditioned
metal block and after its PS1-preconditioning.

TABLE I I Percentage of BrdU-positive cells after the different pre-
conditioning treatments of metal alloys

Without PS1 0.8% NaCl PS2 complete cell
Alloy preconditioning + 3% BSA culture medium

A 20.17 ± 3.34b 28.69 ± 3.22a 27.25 ± 4.29a

B 26.01 ± 5.44a 28.98 ± 3.53a 26.80 ± 3.85a

C 20.47 ± 2.05b 29.59 ± 3.68a 28.65 ± 5.06a

D 25.28 ± 4.30a 29.05 ± 2.64a 26.64 ± 5.81a

E 18.37 ± 2.18b 26.22 ± 2.72a 28.84 ± 2.94a

F 26.52 ± 3,77a 24.93 ± 2.18a 26.36 ± 5.82a

Control 27.64 ± 4.45 27.64 ± 4.45 27.64 ± 4.45

aNot significant.
bSignificant (p ≤ 0.05).

3.2. BrdU immunocytochemistry
Data concerning the immunocytochemical detection of
BrdU incorporation into fibroblast nuclei are summa-
rized in Table II. Short-term experiments of in vitro
cytotoxicity (72 h) evidenced that the percentages of
BrdU positive nuclei of fibroblasts cultured in the pres-
ence of each alloy sample pretreated with either PS1 or
PS2 were similar to those of the control cultures (27.64
± 4.45). BrdU incorporation into nuclei of fibroblasts
cultured in the presence of alloys B, D and F was not
statistically different in comparison to that into cells
cultured in the presence of alloys pretreated with any of
the preconditioning solutions, whereas when detected
in cultures in the presence of both unconditioned and
preconditioned alloys exhibited similar statistical data.
On the contrary, fibroblasts cultured with the uncondi-
tioned alloys A (20.17 ± 3.34 ), C (20.47 ± 2.05) and
E (18.37 ± 2.18) showed significant decreases of the
proliferating cell percentage as compared both to cul-
tures in the presence of the same alloys pretreated with
PS2 and to controls (p < 0.05). As far as the employ
of the PS1 pretreatment of the same three alloys was
concerned, it was able to increase the number of BrdU
positive cells only in the cultures in the presence of the
alloy A (p < 0.05).

3.3. Immunocytochemistry of extracellular
matrix (ECM) antigens

FN was less expressed in all fibroblast cultures in the
presence of the six unconditioned dental metal alloys as
compared to controls (Fig. 3). Only fibroblast cultures

Figure 3 Graphic presentation of the quantitative evaluation of FN im-
munofluorescence intensity in fibroblast cultures in the presence of six
single-phase dental metal alloys (A, B, C, D, E, F) both unconditioned
and preconditioned with biological solutions.
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in the presence of the unconditioned alloy F exhibited
FN positivity similar to that expressed by control cul-
tures, that revealed FN both within the cytoplasm and
in the ECM, in which it appeared organized in fibrils.

Fibroblasts cultured in the presence of the alloys pre-
conditioned with PS1 revealed a higher FN immuno-
cytochemical expression in comparison to cultures in
the presence of the same unconditioned alloys, even
if FN positivity resulted always lower than in con-
trols (Fig. 3). PS2-preconditioning treatment provoked
a higher FN immunofluorescence in cultures in the pres-
ence of the alloys A (not statistically significant), B
(p < 0.05), D (p < 0.05) and E (not statistically sig-
nificant) than in cultures both in the presence of the
same unconditioned alloys and after their precondi-
tioning with PS1 (Fig. 3). FN appeared organized in
fibrils and localized both within the cytoplasm and in
the ECM (Fig. 4). On the contrary, fibroblasts cultured
in the presence of the alloy C revealed a higher FN im-
munofluorescence after alloy preconditioning with PS1
in comparison to the PS2-pretreatreatment, as well as
to the unconditioned biomaterial. Fibroblasts cultured
in the presence of the alloy F preconditioned with PS2
exhibited a lower FN immunocytochemical expression
than cultures in the presence of the unconditioned or

Figure 4 FN immunocytochemical expression in fibroblast cultures in the presence of two single-phase dental metal alloys (alloys C and E choosen
as relevant examples): (a, d) culture in the presence of unconditioned alloys, (b, e) culture in the presence of alloys after preconditioning treatment
with PS1, (c, f) culture in the presence of alloys after preconditioning treatment with PS2. Magnification bar = 40 μm.

Figure 5 Graphic presentation of the quantitative evaluation of CS im-
munofluorescence intensity in fibroblast cultures in the presence of six
single-phase dental metal alloys (A, B, C, D, E, F) both unconditioned
and preconditioned with biological solutions.

PS1-pretreated alloy F, as well as in comparison to con-
trol cultures (p < 0.05).

CS immunocytochemical expression in fibroblast
cultures in the presence of both unconditioned and
PS2-preconditioned alloys appeared lower than in con-
trols (p < 0.05, Fig. 5). After PS1-preconditioning
treatment, cell cultures in the presence of the alloys
A, D, E and F showed an increased CS immunocy-
tochemical expression in comparison to fibroblasts
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Figure 6 CS immunocytochemical expression in fibroblast cultures in the presence of two single-phase dental metal alloys (C and E choosen as
relevant examples): (a, d) culture in the presence of unconditioned alloys, (b, e) culture in the presence of alloys after preconditioning treatment with
PS1, (c, f) culture in the presence of alloys after preconditioning treatment with PS2. Magnification bar = 40 μm.

cultured with PS2-preconditioned alloys. Moreover, in
the cultures in the presence of the alloys E and F CS-
immunocytochemical positivity resulted higher also in
comparison to controls, as well as CS immunocyto-
chemical positivity was also detected within the ECM
(Fig. 6). Fibroblast cultures with PS2-preconditioned
alloys always revealed CS immunopositivity lower than
in controls, but higher than that exhibited by fibroblasts
grown in the presence of unconditioned alloys (Figs 5
and 6).

4. Discussion
Various biological parameters have been investigated
over the years to evaluate the cytotoxicity biocompati-
bility and the biocompatibility of biomaterials, among
which the evaluation of cell proliferation rates could be
considered one of the most useful tools in the assess-
ment of the biocompatibility of dental implants [21,
22, 25, 31] and dental alloys [5, 15, 24, 28–30] with
a close relationship to cell adhesion capability to sub-
strata. Moreover, previous studies in vitro have corre-
lated cell proliferation rate to the expression of various
ECM molecules, i.e. FN and its cellular receptor repre-
sented by the α5β1 integrin, type I collagen and CS [21,
23, 28–31]. It has been also hypothesized that the anal-

ysis of FN organization within the ECM may represent
an relevant morphological parameter to determine the
biocompatibility in vitro of biomaterials [21, 23, 27,
28]. Moreover, the biological responses in vitro to the
exposure to dental casting alloys has been shown to be
correlated to the release of metal cations into cell cul-
ture media [20, 32] that due to the corrosion processes
of these metal biomaterials: in particular, the concen-
trations of the most labile and, therefore, potentially
cytotoxic cations, i.e., Ag+ and Cu++ [20], are strictly
related to alloy biocompatibility. For this aim, the eval-
uation of cell proliferation rates, the organization of
the ECM molecules and the release of cations into cell
culture media were investigated and correlated in the
present study.

Previous studies have reported that cell culture media
(in particular media containing proteins) could signifi-
cantly affect the corrosion properties of dental casting
alloys by inducing a relevant release of ionized metal
elements [32]. Nelson et al. have reported that precon-
ditioning treatments of dental casting alloys with so
called biological solutions could reduce alloy cytotoxi-
city, since such preconditioning solutions could induce
different effects on the corrosion properties of dental
metal alloys [20].
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In the present investigation, we showed that Cu++
concentration was always lower in cell culture me-
dia in which fibroblasts were cultured in presence of
PS1-preconditioned metal alloys in comparison to PS2-
preconditioned metal biomaterials: these findings are in
accordance with Nelson et al. [19] who found higher
Cu++ concentration by performing the elemental anal-
ysis of a medium employed in alloy preconditioning
treatment and containing NaCl and BSA, whose com-
position was very similar to the PS1 proposed by us.

We also observed that the alloy F released a higher
amount of Cu++ into cell culture media when precon-
ditioned with PS2 as compared to the same uncondi-
tioned biomaterial and to the preconditioned one with
PS1. This fact would seem contradictory, but it should
be related to the specific alloy F composition that could
delay its corrosion process after the test period of 72
whenever it underwent PS2-preconditioning treatment.

As far as the release of Ag+ into cell culture media
was concerned, it was similarly influenced by alloy pre-
conditioning treatment with either PS1 or PS2. Indeed,
both these biological solutions provoked the decrease
of Ag+ concentration within cell culture media, there-
fore it is reasonable to assume that both PS1 and PS2
could be considered useful tools to remove Ag+ from
metal alloys.

We could observe that both alloy precondition-
ing treatments influenced the biological behavior of
fibroblast cultures. In particular, cell proliferation
rates increased as revealed by higher percentages of
BrdU-positive within cultures in the presence of the pre-
conditioned dental alloys in comparison to those with
the unconditioned biomaterials. This evidence, together
with the decreased metal cation concentrations within
culture media, could confirm the utility of alloy pre-
conditioning treatments, in accordance to Nelson et al.
[20], who also confirmed a higher cell viability in cell
cultures in the presence of preconditioned alloys.

Cell proliferation rates in the presence of the uncon-
ditioned alloys A, C and E were significantly different
as compared to control cultures; on the contrary, no
significant differences of cell proliferation rate were
detected in cultures with the unconditioned alloys B, D
and F in comparison to control. These evidences should
lead to the conclusion that cell proliferation rates of
fibroblast cultures with unconditioned high noble al-
loys (A, C, E) were significantly different to controls
(i.e., cell cultures without any alloy), whereas precon-
ditioning treatments with either PS1 and PS2 induced
a biological behavior similar to control.

In accordance to previous reports [21, 23, 28–30],
cell proliferation rates were correlated to the immuno-
cytochemical expression of some ECM antigens, i.e.
FN and CS. Data obtained in the present investigation
confirmed that higher FN immunofluorescence corre-
sponded to higher percentages of BrdU-positive cells.
In particular, a relevant FN immunofluorescence was
observed in cultures with alloys A, B, C, D, E that were
previously pretreated with PS1, whereas only fibroblast
cultures in the presence of PS1-preconditioned alloy F
revealed a weaker FN immunofluorescence intensity.
The preconditioning treatment with PS2 induced an in-

creasing expression of FN in comparison to cells cul-
tured together PS1-preconditioned metal blocks. These
data are in accordance with those regarding cell prolif-
eration rates and metal cation concentrations within cell
culture media, therefore, we could assume and confirm
that evaluation of FN expression could be considered
a useful tool to assess the biocompatibility in vitro of
dental metal alloys.

As far as the immunocytochemical expression of CS
was concerned, it was more influenced by alloy pre-
treatment with PS1 than with PS2. This finding was
particularly evident in the presence of the alloys E and
F preconditioned with PS1 in comparison to the same
metal specimens pretreated with PS2.

5. Conclusions
On the bases of results obtained by performing the
present investigation, we may assume that the biocom-
patibility of dental metal alloys could be usefully eval-
uated in vitro by using models of human cell cultures
and by correlating metal cation release into cell culture
media both to cell proliferation rates and to the im-
munocytochemical expression of ECM molecules, i.e.,
FN and CS. We could also affirm that the employ of
preconditioning treatments of dental metal alloys with
biological solutions could enhance their biocompatibil-
ity, since more labile metal elements could be removed
from dental metal alloys in form of cations, thus avoid-
ing or limiting their successive release either into cell
culture media during evaluations in vitro, or into bio-
logical fluids, i.e., saliva, during evaluations in vivo in
laboratory animals, as well as in clinical applications.
Therefore, the use of preconditioning treatments should
be recommended not only before tests of biocompati-
bility in vitro, but it could be suggested also before any
clinical employ of dental metal alloys.
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