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RESUMEN. A pesar del prolongado tiempo de empleo de los biomateriales metáli-
cos, existen aún problemas no resueltos en relación con la liberación de iones y su
efecto en el medio biológico. La plata y el cobre son algunos de los metales de
importancia clínica debido al efecto tóxico de sus cationes. Por lo tanto, el estudio
de la corrosión de esos metales es importante en relación con su biocompatibilidad.
En muchos trabajos de investigación, se han empleado disoluciones salinas como
medio electrolítico. Sin embargo, la disolución metálica puede verse afectada por
los componentes orgánicos de los medios biológicos. Dentro de ellos, las proteínas
son libremente adsorbidas sobre varios metales y pueden afectar la velocidad de
corrosión. Los ensayos electroquímicos en el Dubelco´s Modified Eagle Médium
(DMEN) son interesantes porque los ensayos de biocompatibilidad se realizan
frecuentemente utilizando DMEN con la adición de suero fetal bovino, como un
medio de cultivo para osteoblastos. El objetivo de este trabajo fue comparar la
disolución de cobre y plata en disoluciones salinas y medios orgánicos tales como
el suero fetal bovino y el DMEN. Se emplearon técnicas potenciostáticas y
potenciodinámicas de barrido con diferentes programas de perturbación. La con-
centración de los iones metálicos fue determinada a través de espectrofotometría
de absorción atómica. También se realizaron observaciones microscópicas de las
muestras metálicas. Los resultados mostraron que el proceso de disolución en el
medio salino está principalmente gobernado por la concentración de iones cloruro.
Sin embargo, los voltamperogramas mostraron un fuerte efecto de las proteínas
sobre el proceso de disolución que ocurre en el medio biológico. Se observó una
inhibición significativa del proceso catódico y alteraciones en la distribución y for-
ma de los picos de reducción, especialmente, en el caso de la plata. El uso de la
línea de osteosarcoma UMR106 fue un método sensible y reproducible para eva-
luar la biocompatibilidad del cobre y la plata. Estos metales afectaron el crecimien-
to y la diferenciación de los osteoblastos. Se comprobó una correlación de segundo
orden entre la concentración de los iones liberados y la citotoxicidad.

ABSTRACT. Despite the long-standing use of metallic biomaterials there are
still unsolved problems in relation to ions release and its effect on the biologi-
cal environment. Silver and copper are some of the metal components of clini-
cal relevance because of the toxic effects of their cations. Thus, the study of
corrosion of these metals is important in relation to their biocompatibility.
Saline solutions have been employed in several research works as electrolyte
media. However, the metal dissolution may be affected by the organic compo-
nents of the biological media. Among them, proteins are readily adsorbed on
several metals and may affect the corrosion rate. Electrochemical tests in

Dubelco´s Modified Eagle Medium
(DMEM) are interesting because bio-
compatibility assays are frequently
made using DMEM with the addition
of fetal bovine serum as a culture
medium for osteoblast cells. The aim
of this work is to compare the disso-
lution of silver and copper in several
saline and organic media such as fe-
tal bovine serum and DMEM. Poten-
tiostatic and potentiodynamic electro-
chemical techniques with different
perturbation programs were applied.
The concentration of metal ions was
determined through atomic absorp-
tion spectrophotometry. Microscopic
observations of the metal samples
were also made. Results showed that
the dissolution process in the saline
media was mainly governed by the
chloride concentration. However, volta-
mograms showed a strong effect of
proteins on the dissolution process
occurring in biological media. A sig-
nificant inhibition of the cathodic pro-
cess and alterations in the distribution
and shape of the reduction peaks were
observed, particularly in the case of
silver. The osteosarcoma line UMR106
seems to be a convenient, sensitive
and reproducible system to evaluate
the biocompatibility of copper and
silver. These metals affected the
growth and differentiation of UMR106
osteoblast-like cells. There was a sec-
ond order correlation between the
concentration of the released ions and
cytoxicity.
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INTRODUCTION
Metallic biomaterials are some-

times in long-term intimate contact
with local tissues reaching their cat-
ions high concentrations in the mi-
croenvironments that surround the
biomaterial. Metal ions have been
detected within the tong, saliva and
gingival areas coming from the den-
tal materials.1 They also mediate
mutagenic and carcinogenic re-
sponses. It is worth mentioning that
the metal per se is not mutagenic, the
cations are.

Among 14 metals analysed Ag+

was found to cause the highest toxic
effect.2 Besides, copper and silver are
the most likely agents of succinic
dehydrogenase depression. They
also interact with proteins being the
adsorption of these molecules on
copper and silver very high. Metal
ions release may depend on the con-
tent of proteins. However, in many
research works devoted to evaluate
the corrosion of biomaterials saline
solutions were used as electrolytes.

Many factors influence on the
behaviour of metal alloys in vivo
such as local inflammatory response,
saliva composition, etc. Studies in
vitro can give more significant re-
sults than those made in vivo, be-
cause they allow the evaluation of
the behaviour of a single cell line as
regards viability and proliferation.3-5

The aim of the present study was to
evaluate the electrochemical beha-
viour of copper and silver in differ-
ent electrolyte media of biological
interest. The influence of the pres-
ence of proteins will be analysed.
The effect of metal cations on the
morphological alterations, prolif-
eration and differentiation of osteo-
blast were also evaluated.

MATERIALS AND METHODS
Electrochemical experiments

With the aim of studying the in-
fluence of the DMEM components of
the culture medium, different elec-
trolyte solutions were assayed: a)
NaCl 9 g/L, b) NaCl (6.5 g/L) + KCl
(0.2 g/L) with the same chloride con-
centration that DMEM, c) medium
(b) + CaCl2 (0.2 g/L), d) medium (c) +
NaH2PO4 · H2O (0.125 g/L), MgSO4
(0.097 g/L) with the same ion concen-
trations that DMEM. In order to
study the effect of proteins on the
metal dissolution, experiments  with
d) NaCl 9 g/L + 10 % FBS or 0.5 %
FBS, e) DMEM + 10 % FBS and f)
saline solutions with human albu-
min were made.

A conventional double wall Pyrex
glass cell was employed in the ex-

periment. A platinum sheet was em-
ployed as counter electrode and a
saturated calomel electrode was
used as reference to which the po-
tentials in the text are referred. Pure
(99,99 %) Ag and Cu wires were used
as working electrodes (0.157 and
0.314 cm2 respectively).

The electrodes were polished
with alumina 1 mm and then were
successively rinsed with ethyl alco-
hol and distilled water. Solutions
were deaerated with pure nitrogen
and thermostatized at 37 ºC . Poten-
tiodynamic polarization curves were
performed at 0.02 V/min with differ-
ent anodic and cathodic limits be-
tween �1.0 and 0.6 V potential range.
At the end of the electrochemical
experiments the electrodes were ob-
served through an optical micros-
copy.

Cell cultures

UMR106 cells were cultured in
Dulbecco´s Modified Eagles Me-
dium (DMEM) with 10 % fetal bovine
serum (FBS), subcultured using
tripsin-EDTA and plated into 6 well-
plate or 10 mm dishes. When cells
reached 70 % confluence, media was
replaced by 0.5 % FBS-DMEM and
incubated for 24 or 48 h in the ab-
sence or the presence of different
dental metal materials.

0.942 cm2 metal samples were
immersed in sterile DMEM for dif-
ferent periods between 4 and 76 h
to assay the metal ion release
through atomic adsorption spectro-
photometry.

The experimental conditions of
morphological assays and cell sur-
vival as well as the osteoblastic differ-
entiation were previously reported.5

Experiments were performed by du-
plicate for each experimental condi-

tion. Results are expressed as mean
± SEM. Statistical differences were
analyzed using a Student�s t-test. The
correlation among different param-
eters was analyzed using the Pear-
son´s correlation coefficient.

RESULTS AND DISCUSSION

 It can be observed that the elec-
trochemical behaviour is mainly
governed by the chloride concentra-
tion (Fig. 1). On the contrary, when
FBS is added (solution d) a signifi-
cant reduction of the cathodic peak
high is noticed (Fig. 2). Besides, the
anodic dissolution current is slightly
shifted to more anodic potential val-
ues. Thus, some of the components
of SFB, probably the proteins, in-
hibit the dissolution process. Two
cathodic peaks are clearly defined in
the case of solutions d and e. In all
cases when the anodic limit is
shifted in the cathodic direction the
cathodic current decreases showing
a relationship between the oxidation
and reduction processes. A notori-
ous inhibition of the cathodic pro-
cess could be noticed between the
1st and the 2nd cycles made with so-
lution d.

Experiments made with copper
electrodes (Fig. 3) also show a de-
crease in the cathodic current con-
tribution with respect to the saline
solutions. Microscopic observations
showed that a thin transparent layer
is formed on the copper electrodes
immersed in FBS solutions. This
layer is frequently detached after the
dehydration process.

Experiments made with human
albumin revealed a strong effect
similar to that of FBS, even at very
low concentrations (0.5 %).

Cations released obtained by
espectrophotometric analysis showed

Fig. 1. Voltamperograms corresponding to silver electrodes immersed in saline
solutions of different compositions.(b, c and d). The composition of solution d was
coincident with that of the DMEN saline components.
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Fig. 3. Voltamperograms of Cu in solutions (e) and (f).

Fig. 2.  Voltamperograms of Ag in solution (d, 10 % FBS) with different anodic limits.

Even at low silver cations con-
centration (0.001 mg/mL) the cells
exhibited morphological alter-
ations.

CONCLUSIONS

Strong effect of chloride and pro-
teins, specially albumin, on copper
and silver dissolution processes
were detected through electrochemi-
cal assays. Citotoxicity effects were
produced in the presence of these
cations.
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that the dissolution of silver was
lower (0.001 mg/mL) than that of cop-
per (0.22 mg/mL) after 48 h .

Cell morphology, mitotic index
and cell survival percent were sig-
nificantly affected in the presence of
copper cations. There was a second

order correlation between the aver-
age concentration of the released
ions and cytotoxicity. The cells
showed important morphology alter-
ations, the mitotic index decreased
markedly and the alkaline phos-
phatase activity diminished (Fig. 4).

Fig. 4. UMR106 osteoblast-like cells incubated with 0.5 % FBS-DMEM media plus the
Cu-wire. Magnification: x63. Effects of citotoxicity can be observed on the central cell.
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