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ABSTRACT

To assess, in vitro, the cellular viability in a murine
macrophage cell line J774 with 9 different orthodon-
tic wires and to evaluate the effects of its NO produc-
tion. To assess cellular viability by MTT: 3-(4,5-di-
methyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide
assay in the cell line J774 with 9 different orthodontic
wires and quantify NO production by these macro-
phages. Cell cultures were evaluated at 24, 48 and 72
hours. There was no significant difference of the
means of cellular viability between the control and
the group of wires in the respective time intervals. In
the comparison with the control group, there was
significant difference in the NO production in groups
1, 6, and 9 at 24 hours interval. Group 8 showed sig-
nificant difference in relation to the control group at
final time interval. Cellular viability in all groups was
higher at the final time interval than at the initial
time interval. This increase was significant in the
control group. In the material groups, the final mean
of cellular viability at 72 hours showed no significant
difference when compared with the control group.
NO production in all groups was higher at the final
time interval than at the initial time interval. This
increase was significant in the control group. In the
material groups, the final mean of NO production at
72 hours was only significant in group 8 (beta-tita-
nium) when compared with the control group.
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1. INTRODUCTION

As in many other fields of biotechnology, dentistry ma-
terials face the challenge of the absence of biocompati-
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bility, i.e. the lack of the coexistence of manufactured
materials with body tissues and fluids, which should re-
main in the organism for varied periods of time without
harming the soft tissues. Very few dentistry materials,
maybe even none, are totally inert from the biological
point of view because they have a variety of components
with toxic and irritative potentiality [1,2]. Biocompati-
bility is characterized by the capacity of the materials to
not cause toxic, irritative, inflammatory, allergic, muta-
genic or carcinogenic effects in tissues [3-6].

The development of biocompatible materials has been
one of the greatest challenges in the health field. One of
the main parameters for the evaluation of biological re-
sponse and damage or cell death potential are the cyto-
toxicity tests, which are the first trial tests used for al-
most all the materials [7].

The oral environment is favorable for the colonization
of a broad spectrum of microorganisms. The placement
of orthodontic appliances creates favorable conditions
for the accumulation of food residues and microorganisms,
which may cause caries and exacerbate any pre- existing
periodontal disease. Besides the presence of different
cytokines, nitric oxide (NO) production has been ob-
served in the microenvironment of the periodontal dis-
ease, which acts directly in the maintenance of inflame-
mation, as well as in the tissue destruction [8-10].

Once the oral environment is particularly ideal for the
biodegradation of metals because of its ionic, thermal,
microbiologic and enzymatic properties, the patient is
likely to be exposed to products of the corrosion process.
Previous studies have shown that metallic ions may be
released from metallic materials as a result of corrosion
[11-15].

Several studies on biocompatibility of the components
of orthodontic appliances used different cell lineages:
human gingival fibroblasts [16,17], human osteoblasts,
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fibroblasts and keratinocytes [18], J774 murine macro-
phages [19,20].

Locci et al. (2000) evaluated, in vitro, the effect of the
components of orthodontic appliances exposed and not
exposed to the corrosion phenomenon on some cell func-
tions. They concluded that the archwire was the most
biocompatible component, and the bracket was the least
biocompatible. Sestini et al. (2006) assessed the cytoto-
xicity of two types of orthodontic wires with different
concentrations of nickel and manganese. The results
showed that the wires were not toxic to the cells.

Noble et al., in 2008 [21], stated that nickel is a com-
mon component in many orthodontic materials and that
an allergy to nickel is commonly seen in the population,
more frequently in women. Other authors [22-26] re-
ported evidences that the oral exposure to nickel may
induce immunological tolerance to it, and thereby reduc-
ing the incidence of allergies.

The International Organization for Standardization
and the Council on Dental Materials, Instruments and
Equipment of the American Dental Association have
recommended batteries of in-vitro and in-vivo tests to
study the biocompatibility of materials, and, according
to the standards, the major tests for the initial evaluation
of materials are cellular viability tests. Among these
tests, the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetra-
zolium bromide (MTT; Sigma, St. Louis, Mo) assay is
an important test to determine the cytotoxicity of materi-
als of different origins on cell cultures [27].

Cytotoxicity might also be related to molecules re-
leased by a certain stimulus and cause tissue alteration.
Studies have reported a potentially cytotoxic molecule,
nitric oxide (NO), in the tissues of the oral cavity and its

involvement in inflammatory diseases [28-30]. NO is a
regulatory molecule, primarily produced by activated
macrophages and is of paramount importance in the
processes of immune response, inflammation, osseous
metabolism, and apoptosis. This gas appears to be bene-
ficial as well as detrimental. Beneficial effects can in-
clude antimicrobial activity and immune modulation. Its
detrimental effects are cytotoxic actions toward adjacent
host tissues, including alveolar bone [31-33].

The aims of this study were to assess, in vitro, the cel-
lular viability with the MTT assay in a murine macro-
phage cell line J774 with 9 different orthodontic wires
and also their effects in the production of NO by this
macrophage line.

2. MATERIAL AND METHODS

The study sample consisted of three 2-mm-long wire
sections of 9 different types of orthodontic rectangular
(0.017” x 0.025”) archwires (Table 1) for each time in-
terval (24, 48, and 72 hours). They were used as bought
commercially and were sterilized with ethylene oxide.

It was used the murine cell line J774 A.1 (ATCC no.
TIB-67, American Type Culture Collection, Manassas,
Va), which was placed in a plastic bottle with a supple-
mented culture medium (5% bovine fetal serum, 50 [U
per milliliter of penicillin, 1% nonessential amino acid,
and 2% L-glutamine (Gibco, Grand Island, NY)), and
incubated at 37°C in 5% carbon dioxide. After transfer to
an adequate container, the cells were washed with
centrifugation at 1200 rpm, for 10 minutes at 4°C.

For determination of viability and cell count, Trypan
blue stain was used in a 1:1 proportion (stain: culture

Table 1. Types of orthodontic archwires used in the sample.

WIRE TYPE

PRODUCER

1 Stainless steel

2 Stainless steel

3 Superelastic Nickel-Titanium

4 Superelastic Nickel-Titanium

5 Thermoactivated Nickel-Titanium
6 Thermoactivated Nickel-Titanium
7 Beta-Titanium (TMA)

8 Beta-Titanium (TMA)

9 Esthetic superelastic NiTi

Morelli Ortodontia, Sorocaba, Brasil

Highland Metals Inc., San Jose, USA

Morelli Ortodontia, Sorocaba, Brasil

3M Unitek, Monrovia, USA

Morelli Ortodontia, Sorocaba, Brasil

3M Unitek, Monrovia, USA

Beijing Smart Technology Co. Ltd., Beijing, China

3M Unitek, Monrovia, USA

Shenzhen Superline Technology Co. Ltd., Shenzhen, China

Copyright © 2012 SciRes.

OPEN ACCESS



C. E. P. Toledo et al. / J. Biomedical Science and Engineering 5 (2012) 255-262 257

medium) in the Newbauer chamber [34].

Culture plates (96 wells) were seeded with 2 x 104
J774 cells per well, in a volume of 100 pL, resuspended
in culture medium supplemented with Roswell Park
Memorial Institute Supplemented Medium 1640 (RPMI).
The wire sections were placed on the cells and kept in
the culture for 3 time intervals (24, 48, and 72 hours) in
5% carbon dioxide at 37°C. After each incubation period,
supernatant was collected for posterior NO quantifica-
tion, and the cells were evaluated for cytotoxicity after
wire removal. The control group consisted of J774 mur-
ine macrophages, which were seeded in 96 well plates
with- out any materials.

After supernatant removal, to the wires and to the
cells that remained in the wells of the plate, 90 uL of
RPMI- supplemented medium and 10 pL of MTT solu-
tion (50 mg/mL) were added. Cells were incubated for 4
hours in a carbon dioxide oven at 37°C. After the incuba-
tion period, MTT reaction was blocked with 100 pL per
well of alcohol-acid solution incubated for 10 minutes at
room temperature, and the reading was done at 540 nm
with a microplate reader (Spectramax 190-Molecular
Device, Sunnyvale, Calif) [34,35]. The analyses of cel-
lular vi- ability were done with the wires in the culture
wells, be- cause removing the wires would lead to the
loss of cells and lesions of the remaining cells, interfer-
ing with the results.

To evaluate NO production, 100 uL of supernatant
from each well of the culture plate was transferred to 96
new well plates. The same amount of Griess reagent (1%
sulfanilamide, 0.1% naphthylenediamine dihydrochlo-
ride, and 2.5% phosphoric acid) was added to the super-
natant [36,37]. Nitrite concentrations in the supernatants
were obtained by linear regression analysis of the stan-
dard curve by using serial double dilutions of sodium
nitrite from 200 pmol/L to the eleventh dilution. Ab-
sorbance was determined at 540 nm by using the mi-
croplate reader.

The statistical analysis was performed with Mann-
Withney test (comparison of the means of each group of
wire with the control group in each time interval) e
Friedman and Wilcoxon tests (analysis of the variance of
means for each material in the time intervals 24 hours,
48 hours and 72 hours).

3. RESULTS

Table 2 gives the means and standard deviations for the
analysis of cellular viability for each material at 24, 48
and 72 hours, the P values of the Mann-Whitney test for
the comparison of each material with the control group,
and the P values of the Friedman and the Wilcoxon tests
for the comparison of cellular viability between 24 hours
and 48 hours, 24 hours and 72 hours, and 48 hours and
72 hours for each group.

Copyright © 2012 SciRes.

In the analysis of the difference between the time in-
tervals within each group, the control group showed p <
0.05 in the time intervals 24 - 48 hours and 24 - 72 hours.
The groups of wires did not show statistically significant
differences between the time intervals studied.

There was no statistically significant difference of the
means of cellular viability between the control group and
the group of wires in the respective time intervals (24
hours, 48 hours and 72 hours).

Table 3 gives the means and standard deviations for
the analysis of NO production for each material at 24, 48
and 72 hours, the P values of the Mann-Whitney test for
the comparison of each material with the control group,
and the P values of the Friedman and the Wilcoxon tests
for the comparison of NO production between 24 hours
and 48 hours, 24 hours and 72 hours, and 48 hours and
72 hours for each group.

In the analysis of the difference between the time in-
tervals within each group, the control group showed p <
0.05 in the time intervals 24 - 48 hours and 24 - 72 hours.
The groups of wires did not show statistically significant
differences between the time intervals studied.

In the comparison with the control group, there was
statistically significant difference in the NO production
in groups 1, 6 and 9 at 24 hours interval. Group 8 showed
statistically significant difference in relation to the con-
trol group at final time interval (72 hours).

4. DISCUSSION

The first step toward ensuring the biocompatibility of a
material to be used in humans is to test its cytotoxicity,
which can be evaluated by means of three types of tests:
in vitro, using cell cultures, in vivo, using animal ex-
periments, and through clinical tests. A negative result in
an in vitro test suggests that the material is free from
releasing harmful products or that the amount of such
products is insufficient to cause acute effects in isolated
cell groups. However, it must be clear that tests of cyto-
toxicity constitute the first step in the analysis of the ma-
terial. Conversely, a positive test of cytotoxicity may be
indicative that the material contains substances which
are released and capable of causing damage or interfere
with the cell metabolism [38,39].

In addition to traditional cytotoxicity tests, the study
of NO production relative to a specific material is an-
other way to determine the toxicity potential of a mate-
rial, because cytotoxicity might be related to molecules,
which, after being released in response to a certain
stimulus, can cause damage to the tissues [30].

In the analysis of cellular viability the means of the
control group increased from 24 hours to 48 hours and
from 48 hours to 72 hours, being the increase statistically
significant in the time intervals 24 - 48 hours and 24 - 72
hours. With the exception of group 7, which presented a
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Table 2. p value < 0.05, Mean, standard deviation, p value of the Mann-Whitney test for the comparison of cellular viability of the
murine macrophages for each material in relation to the control group in each time interval; p value of the Friedman and the
Wilcoxon tests for the comparison of cellular viability of the murine macrophages between the time intervals for each group (ns =

non significant).

CONTROL
GROUP
24 hours 48 hours 72 hours
Mean 0.395 0.614 0.643
Standard deviation 0.066 0.172 0.062
p value (Mann-Whitney) Hxx HoHk HoAk
Friedman Test 0.011
24 - 48 hs 0.028
Wilcoxon 24-72 hs 0.028
48 -72 hs ns
1 2 3
GROUP
24 hs 48 hs 72 hs 24 hs 48 hs 48 hs 72 hs
Mean 0.327 0.815 0.563 0.421 0.682 0.649 0.608
Standard deviation 0.060 0.178 0.038 0.126 0.086 0.263 0.041
p value (Mann-Whitney) ns ns ns ns ns ns ns
Friedman Test ns ns ns
24 - 48 hs ns ns ns
Wilcoxon 24-72hs ns ns ns
48 -72 hs ns ns ns
4 5 6
GROUP
24 hs 48 hs 72 hs 24 hs 48 hs 48 hs 72 hs
Mean 0.361 0.732 0.607 0.427 0.841 0.647 0.621
Standard deviation 0.028 0.036 0.191 0.054 0.300 0.101 0.004
p value (Mann-Whitney) ns ns ns ns ns ns ns
Friedman Test ns ns ns
24 - 48 hs ns ns ns
Wilcoxon 24-72 hs ns ns ns
48 - 72 hs ns ns ns
7 8 9
GROUP
24 hs 48 hs 72 hs 24 hs 48 hs 48 hs 72 hs
Mean 0.377 0.694 0.765 0.362 0.738 0.668 0.520
Standard deviation 0.007 0.012 0.235 0.039 0.145 0.046 0.071
z\)llg:]une-Wh |tney) ns ns ns ns ns ns ns
Friedman Test ns ns ns
24 - 48 hs ns ns ns
Wilcoxon 24-72hs ns ns ns
48 -72 hs ns ns ns

Copyright © 2012 SciRes.
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Table 3. p value < 0.05, Mean, standard deviation, p value of the Mann-Whitney test for the comparison of nitric oxide production
by the murine macrophages for each material in relation to the control group in each time interval; p value of the Friedman and the
Wilcoxon tests for the comparison of nitric oxide production by the murine macrophages between the time intervals for each group
(ns = non significant).

CONTROL
GROUP
24 hours 48 hours 72 hours
Mean 0.583 2.250 3.848
Standard deviation 0.367 0.426 2.043
p value (Mann-Whitney) ok ok ok
Friedman Test 0.006
24 -48 hs 0.028
Wilcoxon 24 -72hs 0.028
48-72 hs ns
1 2 3
GROUP
48 hs 48 hs 48 hs
Mean 2.718 2.376 2.195
Standard deviation 0.355 0.262 0.417
p value (Mann-Whitney) ns ns ns
Friedman Test ns ns ns
24 - 48 hs ns ns ns
Wilcoxon 24 -72 hs ns ns ns
48 - 72 hs ns ns ns
4 5 6
GROUP
48 hs 48 hs 48 hs
Mean 3.322 2.936 2911
Standard deviation 0.922 0.940 0.762
p value (Mann-Whitney) ns ns ns
Friedman Test ns ns ns
24 - 48 hs ns ns ns
Wilcoxon 24 -72 hs ns ns ns
48 - 72 hs ns ns ns
7 8 9
GROUP
48 hs 48 hs 48 hs
Mean 2.544 2.345 2.892
Standard deviation 0.847 0.328 0.898
p value (Mann-Whitney) ns ns ns
Friedman Test ns ns ns
24 - 48 hs ns ns ns
Wilcoxon 24 -72 hs ns ns ns
48-72 hs ns ns ns

Copyright © 2012 SciRes.
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similar behavior to that of the control group, the means
of cellular viability for the other groups showed an in-
crease from 24 hours to 48 hours and a decrease from 48
hours to 72 hours. However, in none of the groups were
these variations statistically significant.

It was also noted that the means of cellular viability of
the material groups in each of the time intervals did not
show statistically significant differences when compared
to the control group.

In the control group only the cells were present in the
culture media, allowing cellular proliferation to occur
progressively in the time intervals studied, what could be
observed through the means shown by the group and the
significant increase of such means in the time intervals
evaluated. The introduction of the wire sections in the
culture media may induce greater cellular proliferation
in that the J774 macrophages are cells of immune re-
sponse. Therefore, it was observed that the means of all
groups at the 48 hour interval were greater than that of
the control group. However, at 72 hours, there was a
decrease in the mean of cellular viability but in none of
the groups was this viability, in the final time interval,
significantly different from the control group.

Thus, by the results presented, none of the orthodontic
archwire groups was capable of affecting significantly
cellular proliferation, being hereby considered no cyto-
toxic in this study.

According to Abbas, Lichtman and Pillai (2007) [40]
NO production can be considered the result of normal
physi- ology of cells such as macrophages and could be
affected by imune modulatory substances that might
increase or decrease the production of these molecules.
NO has emerged as a major modulator of cellular func-
tion in health and disease and can have both cytotoxic
and cytoprotective effects [41].

In the analysis of NO production the means of the
control group increased from 24 hours to 48 hours and
from 48 hours to 72 hours, being this increase statistic-
cally significant in the time intervals 24 - 48 hours and
24 - 72 hours. With the exception of group 2, in which
there was a decrease in the mean from 48 hours to 72
hours, all the other groups presented similar behavior to
that of the control group. However, in none of the groups
were these variations statistically significant.

At 24 hours, NO production was higher in all groups
of wires when compared with the control group. How-
ever, a statistically significant difference was noted only
in groups 1, 6 and 9. The contact between the material
and the cell might stimulate greater NO production,
since the activated macrophages are the primary produc-
ers of this molecule of major importance in immune re-
sponses and inflammatory processes (33). At 48 hours,
the means of NO production did not show statistically
significant difference in any of the groups. In the final
time interval (72 hours), group 8 (beta-Titanium—Tita-

Copyright © 2012 SciRes.

nium Molybdenum Alloy) showed significant difference
in relation to the control group (p = 0.048).

Both in the analysis of the means of cellular viability
and in the analysis of NO production it could be ob-
served that, in the final time interval, only the mean of
NO production in the beta-titanium group (Titanium
Molybdenum Alloy) was statistically significant in rela-
tion to the control group. In the other groups differences
were not evident in cellular viability, nor were in the NO
production in this time interval. Other studies on cyto-
toxicity of orthodontic materials demonstrated that the
archwire was the least cytotoxic component of the or-
thodontic appliance [17,18].

In the orthodontic literature, it can be found reports of
allergic reactions to nickel-titanium archwires owing to
the presence of Nickel, Cobalt and Chrome [42]. However,
the Niti wires evaluated in this study did not show any
significant action on cellular proliferation or NO produc-
tion at final time of evaluation (72 hours). As for the
beta-titanium (Titanium Molybdenum Alloy) archwires,
which contain in their composition mainly Titanium and
Molybdenum, no cytotoxic reactions have been reported.
Titanium is used in dental implants because of its capac-
ity for osseointegration.

The best assessment method for analyzing the prob-
lem of corrosion in the oral medium, which releases
harmful substances to the tissues [1,12-15], is the in vivo
study. Cytotoxicity tests, in which the cells remain in
contact with the wire sections for up to 72 hours in the
culture medium, do not provide sufficient time for the
process of corrosion to occur. The mechanical action of
mastication as well as the presence of microorganisms
may be factors that, by interacting with the orthodontic
wires, lead to reactions in which the final product may
be harmful to the surrounding tissues.

5. CONCLUSIONS

1) Cellular viability in all groups was higher at the
final time interval than at the initial time interval. This
increase was statistically significant in the control group.

2) In the material groups, the final mean of cellular
viability at 72 hours showed no statistically significant
difference when compared with the control group.

3) NO production in all groups was higher at the final
time interval than at the initial time interval. This
increase was statistically significant in the control group.

4) In the material groups, the final mean of NO produc-
tion at 72 hours was only significant in group 8 (beta-
titanium-Titanium Molybdenum Alloy) when compared
with the control group.
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