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The use of a suitable biological material, represented by the normal cell culture cell line RM, consisting of
monkey kidney cells or of suitable experimental models allow the investigation of the reactivity of the cell
protein synthesis process (illustrated by the total protein content of the cell cultures aged 72 hours, after a
48-hour treatment), cell proliferation (expressed by the evolution of the total cell number during cell culture
development), cell viability (characterized by the dynamics of the dead / living cells ratio), cell apoptosis and
cell culture development. Alteration of these processes reflects the cytotoxic impact of some products on
protein synthesis, mitosis, cell apoptosis and cell viability.
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In vitro research, on cell systems of human or animal
origin, offers the possibility of direct monitoring of the
cytotoxic effects that occur as a result of the direct contact
between the drug and the target cells, providing in a
relatively short time, indications on the activity of a large
variety of compounds. The present study aims to highlight
and quantify the cytotoxic effect of the chemical
components in the structure of removable prosthesis
restorative materials, following their contact, washing and
elution by saliva (in our experimental case by a substitute
thereof, artificial saliva).

Experimental part
A number of 5 preparations were included in the

cytotoxicity testing circuit, coded as follows: SA - (artificial
saliva, incubation environment of various dental materials);
SA - Titan (ionically diffused in artificial saliva); SA - Verasoft
(ionic diffused in artificial saliva); SA - Superpont (ionic
diffused in artificial saliva); SA - Nitinol (ionic diffused in
artificial saliva). Artificial saliva has a chemical composition
and pH similar to natural saliva, mimetic medium being a
solubilizing or mobilizing agent of some ions from the
composition of the dental restoration materials with which
it is in direct contact. The biological material used in the in
vitro test experiments of the cytotoxic impact of the eluates
was represented by normal, non-contaminated kidney cell
cultures (obtained from the monkey kidneys of
Cercopithecus aethiops), maintained in 25 cm2 plates.
These plates contain DMEM growth medium (Dulbeco’s
Modified Essential Medium, Biochrom AG, Germany)
supplemented with 2% fetal bovine serum, 100 µg/mL
streptomycin (Biochrom AG, Germany), 100 IU/mL
penicillin (Biochrom AG, Germany) and 50 µg/mL
amphotericin B (Biochrom AG, Germany), being placed in
an incubator with a humidified atmosphere, 5% CO2, and a
temperature of 3700C [1-3]. When the cell cultures reached
the monolayer stage, achieved by the confluence of the
RM cells, they were detached from the lower solid
substrate of the plate using a 0.25% trypsin solution and
0.02% EDTA (ethylene diamine tetra acetic acid, Biochrom
AG, Germany), then centrifuged at 1800 rpm for 2 min and
suspended one more in normal medium. Volumes of 2 mL
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of cell suspension, with a density of 1x105 cells / mL, were
inoculated into the test tubes, which were maintained, at
different time intervals, under the same environmental
conditions, in the incubator [4-6]. 24 h after the start of the
experiment, when the monolayer phase of the daughter
cultures was performed, the growth medium in the test
tubes was decanted and replaced either with a normal
one (in the case of control cultures) or with one containing
liquid samples to be tested in volume. 0.2 mL / mL culture
medium (in the case of treated cultures) [2,4,5]. After
another in vitro development interval, which provides 48h
cell treatment, 72-hour-old cultures were removed for
growth medium, and the cell layer was washed with TFS
(phosphate buffered saline), and then subjected to different
methods for biochemical determination of total protein
content by the Lowry method modified by Oyama. The
values   of total protein content, expressed in µg protein /
culture and recorded in the control and treated cultures
were inserted in the tables and converted into another index
of evaluation of the cytotoxic impact of the various
biological preparations, this being the degree of
development of the cell cultures represented graphically.
Its disturbance represents the realization of their impact
on protein synthesis inhibitors, mito-inhibitors, disruption
on apoptosis and cell viability [5, 6]. In order to obtain direct
indications regarding the interaction of the agents
investigated with the process of cell mitosis, with apoptosis
and cell viability, we developed a new experimental model
compatible with their evaluation during the evolution of
the different cell culture variants of RM, in which the
modern flow cytometry technique was used. Thus, after
24 h from the formation of the initial cell cultures, the 25
cm2 culture vials were separated into the two experimental
variants, one for tracking the cell proliferation process and
the other for investigating apoptosis and cell viability [5-6].

Investigation of the cytotoxic effect of the samples
included in the in vitro screening on normal animal
eukaryotic cell cultures required: estimation of the total
protein concentration at 72 hours of the control, reference
and treated cultures for 48 hours; establishing the impact
of the studied biological preparations on the cell proliferation
process and appreciating the amplitude of their mito-
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inhibitory effect; evaluation of the consequences of
exposure of normal kidney cell cultures to the action of
ionic eluates on cell viability; evaluation of the degree of
cell apoptosis, all these evaluation indices reflecting and
actually conditioning the direct interaction of the agents
with the monkey kidney cells and their degree of
development. There were used for each category of
monkey kidney cell culture and five culture tubes, this being
the minimum number required for statistical calculation
using Student’s t test and histograms.

Results and discussions
In a series of two successive tests, the events of the

protein synthesis of the monkey kidney cells were
expressed, expressed by the concentration of the total
cellular proteins, during the 48 h evolution of the cultures in
the growth medium containing adequate volumes of ionic,
solubilized and drained eluates. Arficial saliva from the
fragments of some incubated dental materials. The
average values   of the index of evaluation of the reactivity
of the cellular protein synthesis, are inserted in table 1 and
graphically represented in figure 1. In the following, we
will present the results of our investigations on the in vitro
reactivity of monkey kidney cells, by the action of samples
from Titanium, Nitinol, Verasoft (Cr-Ni), Superpont,
biochemically characterized as ionic diffusers, obtained
from different dental materials in artificial incubation saliva.
Their presentation in histogram 1 is performed in the order
of the intensity of the observed cellular protein synthesis.

of the RM cell cultures with the artificial saliva led to the
recording of average values   of the protein concentration,
which reveals a different behavior of the cell cultures upon
its action.

Thus, compared to the control, the 72-hour-old reference
cell cultures (48 of which were treated with artificial saliva)
are characterized by a statistically significantly reduced
average protein content, the impact of protein-
synthesorbate disturbance being the cause of an inhibition
of the development of the RM cultures that reach a level of
24.12%. [2,7] In the case of the mobilized ion samples
from Titan we notice moderate, statistically significant
changes in the intracellular protein contents, compared to
the control concentration, the disruptive effect on the
cellular protein biosynthesis being potentiated (this time
compared to the reference cultures treated only with
artificial saliva) by 3.74% by Titan ions. The presence, in
the culture medium of the monkey kidney cells, of the
ionic eluates resulting from the incubation of the dental
materials of NiTi, Verasoft, Superpont, causes a reduction
of the degree of cell development, compared to the control
group, with values   between 34.12 and 40%. Excluding the
influence of artificial saliva, the carrier of the different ions
released from the structure of the dental materials used,
the degree of inhibition of cell development only by the
dental materials was: 10.88% (NiTi), 12.08% (Verasoft),
12.80 % (Superpont). The comparative analysis of the
intensity of the cellular protein synthesis, compared to the
control cultures, but especially to the reference cultures,
allows a first hierarchy (in descending order) of the dental
materials from the point of view of the cytotoxic potential:
Titan, NiTi, Verasoft, Superpont.

Another aspect pursued in the investigation of the
cytotoxic influence of the different dental materials for
dental use was the reactivity of the process of proliferation
of normal monkey renal cells to the action of the different
ionic eluates of some dental materials in artificial saliva by
flow cytometry. Compared with point 0, that of cell culture
initiation, we find in the control group a decrease of the
fluorescence intensity, which signals a normal division
process. The decrease of this fluorescence is not very great,
which can be explained by the fact that, using normal cells,
without alteration of the control of cell proliferation, the
cell division diminishes as a rate when the monolayer phase
is reached, a natural consequence of the functioning of
the contact inhibition. The group treated with artificial saliva
(SA) has a profile similar to that of the control group, which
shows an unaltered evolution by the presence of this
transporting agent in the culture medium of normal cells
RM. A minimal effect on the cell proliferation process of
normal monkey kidney cell cultures was found also in the
case of normal monkey kidney cell cultures treated with
SA-Titan, SA-Verasoft, the registered profile overlapping with
that registered in the control group or the reference one
(artificial saliva). Slight changes in the proliferative profile

Table 1
 PROTEIN CONCENTRATION (µG PROTEIN / CULTURE) OF 72 h-
OLD MRI CELL CULTURES, IN THE CONDITIONS OF THEIR

GROWTH DURING THE LAST 48 h IN THE PRESENCE OF IONIC
DIFFUSERS (0.5 mL / 1 mL CULTURE MEDIUM) FROM DIFFERENT

DENTAL MATERIAL

As can be seen, for each material tested, 5 samples
from the ion diffuser were used to obtain conclusive results
(number in parentheses). The percentage values   of cell
development and developmental inhibition in relation to
cell culture control and saliva control, appear differentiated
according to the ionic eluates mobilized by the saliva in
the material, at the set time interval (fig.1). From the
histogram and the above table, it can be observed that the
evolution of the cultures of control monkey kidney cells is
characterized, at 72 h interval, by average values   of the
total protein concentration; by their progressive growth, it
argues for the intensification of cellular protein synthesis,
correlated (as we will see in the results obtained under the
investigation of the cell proliferation process) with the
increase of the number of cells, by amplifying the rate of
cell multiplication, the factors inherently imprinting the
normal development of the control cultures. The incubation

Fig. 1. Alteration of the process of development of the cultures of
monkey kidney cells, expressed by the decrease of the intensity

of the cellular protein synthesis
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of monkey kidney cell cultures treated with the tested
dental materials are found in SA-Superpont. However, these
deviations (the magnitude of which does not exceed
significant values) from the specific profile of the control
and the reference group can be based on normal
physiological variations that occurred during the cell
proliferation process (fig. 2).

Flow cytometry analysis of cell viability and apoptosis
in monkey kidney cell cultures, raised under normal
environmental conditions, underlined a very good viability
of control cells, argued by the high percentage of living
cells (97.2%) and the presence of a percentage very low
for dead cells (2.67%), recommending the experimental
use of this cell line. At the same time, we find that the
population of component cells of the control cultures
comprises a negligible number of pre-apoptotic (0.014%)
and apoptotic (0.035%) cells, which confer the necessary

quality of experimental biological material to our RM
cultures. Incubation of RM cultures in the growth
environment, voluntarily contaminated with artificial saliva,
led to the appreciation of an increased viability of cell
cultures - expressed by the very high proportion of living
cells (97.7%) and extremely small of dead cells (2.28 %).
This relation between living and dying cells, in contrast to
the behavior of cellular protein synthesis in a similar
situation, attests the physiologically inert, therefore non-
toxic, of artificial saliva and thus its quality of vector suitable
for ions mobilized from various dental materials (fig. 3).

A similar behavior to the control and the reference
characterizes the RM cell cultures treated with artificial
saliva containing Titanium ions, mobilized from this dental
material can be seen in figure 4. The viability and cell
apoptosis are almost identical to those of the control and
reference cultures. And in this case, we are witnessing a

Fig. 2. Cell proliferation process of monkey
kidney cell cultures, recorded in continuous cell

flow at the Beckman Cell Lab Quanta SC blue
laser (488nm)

Fig. 3. Flow cytometry analysis of cell viability and
apoptosis in monkey kidney cell cultures grown under

normal environmental conditions and artificial saliva
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Fig. 4. Flow cytometric analysis of cell viability and apoptosis
in monkey kidney cell cultures grown under ambient
conditions contaminated with SA-Titan ionic eluates

value difference between the cytotoxic potential of
Titanium ions, estimated by the biochemical test of protein
synthesis (10.88% through the reactivity of the process to
artificial saliva) and the one recorded by continuous flow
cytometry (almost zero, so very well tolerated by cells).
The difference found is not large in size, so we can afford
to appreciate that Titanium-based dental materials are well
tolerated by monkey kidney cell cultures (probably those
of the oral cavity organs, digestive tract and other viscera,
where the Titanium ions can reach after their transport by
the liquids of the internal environment) the cellular
processes of protein synthesis, apoptosis and those that
imprint the cell viability being affected to a small and
insignificant extent.

If the ions of the dental materials (Titanium), tested by
artificial saliva, can be labeled as agents with reduced
cytotoxicity, both on the basis of biochemical and flow
cytometry results, it seems that the samples made by
incubating the pieces from Verasoft and Superpont in the
same solubilizing agent, mobilizer and vehicle, artificial
saliva, appear to act as agents with aggressive action on
cells (fig. 5).

In the case of these materials the very low percentages
of living cells (14.7 and 17.6% respectively) are observed,
but also the very high percentage values of dead cells
(85.3%, respectively 82.4%), by the near disappearance
complete cases of pre-apoptotic cells and by increasing,
as a subunit, the number of apoptotic cells (0.042% and
0.052% respectively); these quantitative estimates were
made after only 48 hours contact of the biological material
with Verasoft samples, and Superpont and with a modern
method of high accuracy, sensitivity and precision. We can
say that monitoring the in vitro behavior of some cellular
processes and their consequences (protein synthesis,
apoptosis, cell viability) is appropriate for the study of the
toxicity of some dental materials and allows their
classification in terms of the likely cytotoxic potential:
dental materials with negligible experimental cytotoxic
action on monkey kidney cells (Titanium Verasoft and
Nitinol) and therefore with very good biocompatibility,
without side effects, side effects; dental materials with a
major cytotoxic potential, possibly generating significant

Fig. 5. Flow cytometry analysis of cell viability and
apoptosis in monkey kidney cell cultures grown under

conditions contaminated with ionic eluates Verasoft,
Superpont

adverse reactions (Verasoft and Superpont samples). Also,
in additional Nitinol alloy, one of the most used today in
modern orthodontics, Andraeson introduced NiTi wires for
orthodontic treatment. The composition of the wire used
in orthodontics is 55% Nickel and 45% Titanium and the
first company to market Nickel-Titanium springs was 3M
Unitek. The introduction of this type of alloy has
revolutionized the field of orthodontics, due to the light
continuous forces that allow for more wide and complex
range of dental movements compared to those obtained
with stainless steel springs. Over the years the manufacture
and composition of NiTi springs has improved so that they
have low rigidity, super elasticity, high strength, and high
elastic range. The NiTi wires have excellent spring-back
and deliver the lightest force. However, these wires are
expensive, have poor formability, and cannot be soldered
or welded and have high arch wire-bracket friction. The
wires with least load/deflection have highest super
elasticity and can thermal or stress induced. Thermo-
elasticity is due to temperature induced austenite to
martensitic transformation while stress induced
martensitic transformation is by applying force. [8-11] .
Every time will be different between laboratory aspects
and clinical aspects. concerning tisular reactions [12].
These aspects were also demonstrated in others studies
[13-22]. It is difficult to explain, at this moment, the
difference noticed between the two mentioned aspects, it
being probably related to the different sensitivity of the two
methods of investigation, biochemical and flowcitometric.
Due to the non-synchronization of the experimental data,
an uncertainty is installed in the assessment of the real
cytotoxic potential of the dental materials, the biochemical
test of the evaluation of the protein synthesis appearing to
be less accurate than the continuous cell flow cytometry.

Conclusions
Within the limits of this study we can conclude that the

Titanium and Nitinol materials exhibit an experimental
cytotoxic action on very small monkey kidney cells and
thus a very good biocompatibility and the materials Verasoft
and Superpont have a major possible cytotoxic potential
that generates notable adverse reactions.
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