
Dental casting alloys with high and low noble metal
contents are widely used in dentistry. These alloys

usually have multiphase structures and contain several
metals that are known to be biologically active. The re-
lease of elements from these alloys occurs by corrosion
and has been studied extensively.1–3 Since the bio-
compatibility of Ni, Be, Cr, Co, and Mo is controver-
sial, the present study aimed to test whether these
base-metal alloys have any cytotoxic effect in the oral
microenvironment. Intraoral release of elements is

high at first, decreases with passivation, and remains
constant in time. Obviously, the release of elements has
to reach to a certain amount to cause harmful effects
on the tissues. Studies have shown that the in vitro cy-
totoxicity of dental casting alloys may correlate with
the release of elements from the alloys.1–3

Biocompatibility testing can be traditionally per-
formed in three ways: in vitro tests (cell culture),4–11 in
vivo tests (applied in animals), and usage tests (tests per-
formed in humans).12 Cell culture tests have evaluated
the cellular response to dental casting alloys. Cyto-
toxicity is generally assessed by measuring a certain
type of cellular activity, such as morphology, viability,
cellular proteins, hemolysis of human red blood cells,
and membrane states.12–25 Cell shape, motility, me-
chanical strength, and intracellular transportation
mechanisms are carried out by a group of filamentous
proteins in the cell, called the cytoskeleton. Therefore,
any substance that is potentially toxic would have a
negative effect on cytoskeletal organization of the cell.
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Purpose: The present study was designed to determine the cytotoxic effects of some widely
used dental base-metal casting alloys (Ni-Cr and Co-Cr) on the cytoskeleton in cultured
human fibroblasts, and to evaluate whether any structural alteration is associated with the
application of these alloys. Materials and Methods: Ten specimens from six different alloys
were prepared as 5-mm disks. Five of ten samples from each group were polished; the
remaining five samples were left sandblasted with 50-µm Al2O3. All samples were directly
exposed to human fibroblasts in a 24-well cell culture dish for 120 hours. Then, cells were
fixed and stained with antibodies against major cytoskeletal elements—actin, vimentin, and
microtubules—by immunofluorescent staining methods. Cells were analyzed in 3-D to
document the cytoskeletal alterations using a laser confocal microscope. Results:
Disintegration of actin filaments was observed in lamellipodia of fibroblasts by the effect of
both polished and sandblasted Ni-Cr and Co-Cr samples, with the exception of the polished
Co-Cr alloy (Wirocast). Moreover, intracytoplasmic actin-decorated stress fibers were found
bent and occasionally tangled in the sandblasted Ni-Cr (Wiron 99) and Co-Cr alloys
(Wirocast and Co-Cr Degussa). Vimentin, a mesenchymal cell intermediate filament protein
normally showing an intracellular meshwork pattern, was not affected by any of the
polished or sandblasted alloys. Microtubules mainly remained intact in all dental
alloy–treated groups. Conclusion: Taken together, it is possible to postulate that Ni-Cr and
Co-Cr dental alloys, especially sandblasted forms, may have detrimental effects on the
actin-based cytoskeleton, at least tested in vitro. Int J Prosthodont 2004;17:45–51.
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The aim of the present work was to study the detri-
mental effects of the surface state of dental casting al-
loys on the main cytoskeletal fibers (ie, microtubules,
actin microfilaments, and vimentin intermediate fil-
aments) that predominantly determine the cellular
morphology of cultured fibroblasts. 

Materials and Methods

Preparation of Dental Alloys and Cell Cultures

Ten specimens from each of the six alloys tested
(Table 1) were provided in the form of 5-mm-diam-
eter disks, 2 mm in thickness with a 7-mm stem at-
tached to one face to facilitate handling. Five of ten
samples from each group were polished separately
using a conventional technique to avoid cross-cont-
amination. The remaining five samples were left
sandblasted with 50-µm Al2O3. Each sample was
then cleaned by a soft toothbrush, rinsed in distilled
water, and ultrasonically treated in 99% ethanol for
15 minutes. After cleaning, the samples were placed
in the center of glass coverslips 13 µm in diameter in
24-well cell culture dishes. Cells from a human em-
bryonic cell line that was originally developed from
an aborted human embryo (Ethical Committee No.
126-1993) as a primary fibroblast culture (isolated by
one of the authors in 1993) were inoculated (104

cells/well) into these wells in a 37°C, humidified,
5% CO2 atmosphere in 0.5 mL Dulbecco’s Modified
Eagle’s Medium–Ham’s F-12 cell culture medium
(pH 7.4; Sigma) containing penicillin (100 IU/mL),
streptomycin (100 mg/mL), amphotericin B (2.5
mg/mL), and sodium bicarbonate (1.2 g/L). Surface
area of an alloy disk exposed to the cells was 0.195
cm2, while the total surface area of cells plated was
1.130 cm2.

The growth of cells was visually inspected by phase
contrast microscope every 12 hours. The culture
medium was changed every 72 hours. Cells were cul-
tured in contact with the samples for 5 days. Cells cul-
tured without alloy samples under the same condi-
tions were used as a control group. 

Fixation, Immunostaining, and Observation of
Cultured Fibroblasts

After 120 hours of culture, the medium and the alloy
disks were removed from the cell culture wells. Cells
were washed with Dulbecco’s phosphate-buffered
saline (PBS) and fixed in a microtubule stabilization-ex-
traction-fixation buffer (0.125 M Pipes, pH 6.9, 5 mM
MgCl2·6H2O, 2.5 mM EGTA containing 2.0%
formaldehyde, 0.1% Triton X-100, 1 µM taxol, 0.01%
aprotinin, 1 mM dithiothreitol, and 50% deuterium
oxide)26 for 10 minutes at 37°C and stored in PBS until
staining procedures. 

The microtubules were labeled with a 1:1 mixture
of mouse monoclonal anti-alpha and anti-beta tubu-
lin antibodies (1:100 in PBS; Sigma) at 37°C for 90
minutes in a dark and humidified chamber. Cells
were washed three times in PBS and incubated in the
same conditions with an FITC-conjugated sheep anti-
mouse IgG antibody (1:100 in PBS; Jackson
ImmunoResearch). Finally, cells were washed three
times in PBS and mounted on slides with glycerol at
50% (v/v) in PBS. 

Actin and vimentin filaments (Figs 1 to 3) were
stained on the same slides as follows. Actin filaments
were labeled with the rhodamine phalloidin (1:10 in
PBS; Molecular Probes), a rhodamine-conjugated
mushroom toxin that specifically binds to actin fila-
ments. Vimentin intermediate filaments were labeled
using mouse-monoclonal anti-vimentin antibody
(1:200 in PBS; Sigma) at 37°C for 90 minutes in a dark
and humidified chamber. Cells were washed three
times in PBS and incubated in the same conditions
with an FITC-conjugated sheep anti-mouse IgG an-
tibody (1:100 in PBS; Jackson ImmunoResearch).
Finally, cells were washed three times in PBS and
mounted on slides with glycerol at 50% (v/v) in PBS. 

Mounted coverslips were examined with a Zeiss
LSM-510 Meta confocal microscope using 488-nm
argon ion and 543-nm green He-Ne lasers at 40�
and 63� plan-apo objectives. The confocal micro-
scope enabled three-dimensional image acquisition
by removing the out-of-focus images excited by two
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Table 1 Base-Metal Alloys and Their Elemental Compositions (wt%)

Dental alloy Co Cr Ni Mo Fe Si C Ce Nb

Ni-Cr
Wiron 99, Bego — 22.5 65.0 9.5 0.5 1.0 0.02 0.5 1.0
Wirocer, Bego — 22.0 66.5 9.0 0.5 1.6 — 0.4 —
Duceranium U, Degussa — 21.0 60.0 4.5 — — — — 3.0

Co-Cr
Wironit, Bego 64.0 28.7 — 5.0 — 1.0 0.40 1.0 —
Wirocast, Bego 33.0 30.0 — 5.0 29.0 1.0 0.30 0.3 0.2
Co-Cr Degussa, Degussa 63.0 28.0 1.0 5.0 — 1.0 1.00 1.0 1.0



monochromatic lasers, allowing recording of high-
resolution digital images as optical sections. 

Results

Actin Filaments

The actin-based intracytoplasmic filaments, called
stress fibers, of a healthy cultured fibroblast were
arranged as straight, long bundles throughout the cy-
toplasm (Fig 1a) and extended between the flattened
extensions of cytoplasm called lamellipodia (Fig 1b),
where tiny protrusions called microspikes were lo-
cated at leading and lateral edges (Fig 1c). Lamel-
lipodia and microspikes did not contain any or-
ganelles. Two major results were obtained in polished
and sandblasted Ni-Cr– and Co-Cr–treated groups: (1)
disintegration of lamellipodial actin filaments, and
(2) bending of cytoplasmic stress fibers that dramati-
cally altered the cell shape. 

In most of the Ni-Cr and Co-Cr groups, actin fila-
ments did not seem to demonstrate any perturbed
structure in cytoplasmic stress fibers (Figs 1d and 1g).

However, when cells were detected carefully in
higher magnifications, disintegration of stress fibers
was conspicuous in lamellipodia when compared to
controls. All polished and sandblasted Ni-Cr and Co-
Cr groups, except the polished Co-Cr Wirocast (not
shown), displayed this phenomenon (Figs 1e, 1f, 1h,
and 1i). Bending and curling of actin microfilaments
were rarely observed compared to the disintegration
of lamellipodial actin filaments. Only the sandblasted
forms of the Ni-Cr alloy Wiron 99 (Fig 2b) and Co-
Cr alloys Wirocast (Fig 2c) and Co-Cr Degussa (Fig
2d) caused the bending and curling of cytoplasmic
stress fibers. The actin-based results summarized
above were homogeneous in all cells, with no regard
to the proximity of cells to the metal alloy disk in the
cell culture well. 

Vimentin Filaments

Vimentin-type intermediate filaments that normally
show a meshwork throughout the entire cytoplasm
were not affected by any of the polished or sand-
blasted base-metal alloys (Fig 3).
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Fig 1 Fluorescent-labeled actin
filaments in cultured human fi-
broblasts are seen in control sam-
ples as cytoplasmic stress 
bundles (A), slender fibers in la-
mellipodia (B), and in microspikes
(C). Note the delicate network of
the actin filaments in lamellipodia
and microspikes that extend from
the cytoplasmic core to the lamel-
lipodial ends forming the focal ad-
hesion plaques. Treatment of cells
with base-metal alloys did not
demonstrate a gross change in
stress fibers (D and G). However,
it caused a profound effect on the
fine structure of those cell proces-
ses, as seen in the severe disinte-
gration of actin filaments (E, F, H,
and I). D and E = polished Ni-Cr
Wiron 99; F = sandblasted Ni-Cr
Wiron 99; G and H = polished Co-
Cr Degussa; I = sandblasted Co-
Cr Degussa. Punctate staining of
leftover actin filaments was lo-
cated randomly within the lamel-
lipodia.
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Microtubules

Microtubules that tend to radiate from the cell cen-
ter (centrosome) to the periphery were not basically
affected by any of the polished or sandblasted alloys.
Dual fluorescent labeling with antibodies raised
against alpha- or beta-tubulin dimers did suggest that
neither alpha- nor beta-tubulin polymers were af-
fected (Fig 4).

Discussion

Addition of elements to metal alloys for providing
various properties causes harmful effects to organ-
isms.1,2,16–25 Some elements might be harmful even
in low concentrations.12–25 Therefore, biocompati-
bility of a dental material is critical, and cellular ef-
fects are evaluated with cytotoxicity tests. Evaluation
of biocompatibility in cell culture tests of dental
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Fig 2 Bending and curling of actin-based
stress fibers are observed in the control (A)
and sandblasted Ni-Cr alloy Wiron 99 (B),
Co-Cr alloy Wirocast (C), and Co-Cr
Degussa (D). Note the shrinkage or even dis-
appearance of lamellipodia in these cells. 

Fig 3 Vimentin does not show any sign of disturbance upon treatment with polished (B) or sandblasted (C) base-metal alloys when com-
pared to controls (A). Here, only polished Ni-Cr (B) and sandblasted Co-Cr (C) samples are presented. Unusual shape of the cell in C is
possibly due to the impairment of actin filaments as shown in Fig 2.
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casting alloys directly in contact with cells is well-
accepted. Many studies have investigated the cyto-
toxicity of elements released from dental al-
loys.6,12–25,27,28

In the present study, the cytotoxicity of dental cast-
ing alloys was assessed regarding the morphology of
actin microfilaments, intermediate filaments (vimentin),
and microtubules. The base-metal casting alloys tested
did not grossly alter the morphology of in vitro–ex-
posed cells. However, mild to moderate degradation
of actin-based filaments, particularly in growing tips of
the cells, indicated onset of a destructive mechanism
that might result in the complete loss of cells if the cul-
ture period extends. The degradation of these intra-
cellular fibers that are responsible for promoting cell
movement, maintaining cell shape, and organizing
intracellular organelles will eventually have an effect
on cell function. Briefly, microtubules and actin mi-
crofilaments are important in keeping the cell skeleton
together, coordination of intracellular events, and ma-
terial transport. Vimentin filaments comprise the major

cytoskeletal element that stabilizes the cell shape and
organelle localization in mesenchymal cells. The base
structure of these filaments is a group of proteins of dif-
ferent molecular structure and behavior. For instance,
while microtubules possess a dynamic instability prop-
erty that enables them to polymerize/depolymerize
within minutes or even seconds, vimentin and actin fil-
aments are rather stable and more resistant to sudden
changes. Therefore, the data obtained here will demon-
strate a structural response of cells to dental alloys, for
which relatively little knowledge has been accumu-
lated in the literature. 

Fibroblasts are major cellular components of the
gingival connective tissue and are consequently af-
fected by released elements of dental alloys. Macro-
phages and fibroblasts are much more sensitive to el-
ements released from dental alloys.12–25,27–30 Human
gingival fibroblasts obtained from primary explant
cultures were not preferred in this study because of
their slow development and growth rate. Our pre-
liminary experiments showed that this finite human
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Fig 4 Microtubules labeled using tubulin antibody raised against alpha- and beta-tubulin dimers demonstrate a radiating fashion from
the cell center throughout the cytoplasm. A = control; B = sandblasted Co-Cr Wironit; C = polished Ni-Cr Wiron 99; D = sandblasted
Co-Cr Degussa; E = polished Co-Cr Wironit; F = polished Ni-Cr Duceranium U. No detectable destruction is noted in any of the sam-
ples presented.
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embryonic fibroblast cell line is the most appropriate
tool for in vitro assays for three reasons: (1) they were
cultivated from a human primary culture; (2) they
grow much faster than adult fibroblasts, thus allow-
ing follow-up of several rounds of cell division; and
(3) they express vast amounts of cytoskeletal pro-
teins simply detectable by immunofluorescent stain-
ing techniques. According to the literature,5,7,11,15,25,29

120 hours was chosen for the evaluation period.
Craig and Hanks4,5 tested the effect of cast and pol-
ished base-metal alloys on the morphology of culture
fibroblasts. In contact with sandblasted Ni-Cr and Co-
Cr, cellular morphology is profoundly affected com-
pared to polished alloys.

Breakage of lamellipodial actin microfilaments
was found in almost all cells. This has been thought
to be related to an increase in the reversion of F-actin
(fibrillar) to G-actin (globular) as a result of an im-
pairment of the polymerization-depolymerization
balance. In addition to actin breakage, bending of cy-
toplasmic actin filaments intimately in contact with
sandblasted Ni-Cr alloy Wiron 99, sandblasted Co-
Cr alloy Wirocast, or Co-Cr Degussa is thought to
occur primarily because of element release. As a re-
sult, cells tend to dissociate from the substrate. Few
cells were completely freed from the substrate. It is
therefore possible that cytoskeletal alterations are
the primary target for the released elements. Obvi-
ously, this does not rule out the possibility that an-
other cellular function, such as signaling pathway or
energy metabolism, is primarily impaired rather than
synthesis and/or assembly of cytoskeletal filaments. 

Breakage of actin filaments seen in polished and
sandblasted Co-Cr alloy groups was not as common
in Ni-Cr alloy groups, a phenomenon that may be re-
lated to the higher toxicity of the nickel found in Ni-
Cr alloys. The detrimental effects of Ni-Cr alloys were
higher than those of Co-Cr alloys. It would seem rea-
sonable to conclude that in Ni-Cr alloys, the sever-
ity of actin-based cellular functions depends on the
cytotoxic potential of nickel ions released by corro-
sion. The varying results obtained with Co-Cr alloys
have been shown to be related to different percent-
ages of cobalt released from the alloys.2,5,15,30 Lack
of any change in actin filaments with polished alloys
can be due to lesser release compared to sandblasted
samples; observing more reaction with sandblasted
metal surfaces on actin filaments validates the im-
portance of the polishing procedure. Interestingly,
morphologic disturbances arising from the actin fil-
aments appeared not only in the cells closely local-
ized to the metal samples, but in the entire fibroblasts.
This supports the idea that detrimental effects of im-
plants occur as a result of metal ion release, not a me-
chanical effect. 

High-resolution immunofluorescent images en-
abled us to observe minute changes in actin fila-
ments as described above. However, more quantita-
tive approaches would facilitate the evaluation of
changes on actin-based cytoskeleton. Measurement
of G-actin protein by protein electrophoresis or image
analysis such as signal distribution graphs and area
measurements will eventually indicate the severity of
the cytoskeletal changes in future studies.

Vimentin was not affected by base-metal alloys.
More than 99% of the intermediate filaments remain
intact, whereas microfilaments and microtubules can
be easily distorted when a cell is exposed to lysis31;
it is not unusual to find the vimentin filaments intact,
at least for the tested doses and duration. 

Microtubules found in cells that were in contact
with sandblasted and polished alloys did not demon-
strate any prominent alteration compared to the con-
trols. However, in only two samples, staining dis-
continuities along microtubules were detected (not
shown) in cells contacting two polished Co-Cr alloys
(Wironit and Co-Cr Degussa). Microtubules are com-
prised of alpha- and beta-tubulin dimers organized in
a very tight fashion. Therefore, periodic lack of stain-
ing along the microtubules led us to assume that ei-
ther alpha- or beta-tubulin dimers could have been
affected. The resolution of both staining and observ-
ing techniques would not allow us to prove this hy-
pothesis. However, it is possible to test this by dual
staining of microtubules with alpha- and beta-tubu-
lin antibodies. Since alpha- and beta-tubulin
monomers have different posttransitional properties,
they could be altered differently depending on the
state they maintain. For instance, the acetylated form
of alpha-tubulin is more stabilized and therefore re-
sistant to depolymerizing agents.26

Under clinical conditions, a clear in vivo tolerance
is present for the levels of elements releasing from
dental alloys in the short run. These results at the cel-
lular level with this relatively short-term in vitro study
suggest that it is essential to continue study con-
cerning these alloys. 
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Literature Abstract

Micromechanics/structure relationships in the human mandible.

This research obtained the micromechanical properties of human mandibular cortical bone as a
function of orientation from TMJ to TMJ. A mandible obtained from a deceased 66-year-old
woman free of bone disease was used. The mandible was cut into 2-cm blocks and embedded in
poly methylmethacrylate. Micromechanical properties were analyzed using the UH3 scanning
acoustic microscope (SAM) in the burst mode for high resolution. The coordinates system was
defined such that the inferior border of the mandible is positioned on the x-y plane. x is along the
anterior-posterior direction, y is in the horizontal direction, and z is in the superior-inferior direc-
tion. The osteonal orientations were almost parallel to the x-axis and eventually branched into two
directions toward the coronoid process and condylar head. The SAM revealed that almost the
whole area of the mandibular body was transversely isotropic in the plane perpendicular to the x-
axis. In the parallel and oblique directions, all data were transversely isotropic with respect to the
x-axis. Data of the perpendicular osteons were transversely isotropic with respect to the z-axis.
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