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Abstract

Aim:To assess the cytotoxicity of polycarbonate orthodontic brackets. Methods: Polycarbonate brackets from two
different manufacturers, namely, Composite bracket (Morelli™) and Silkon Plus bracket (American Orthodontics™),
were assessed. In addition to these two experimental groups, other three control groups were included: Positive
Control Group (C+) consisting of amalgam cylinders, Negative Control Group (C-) consisting of glass rods, and Cell
Control Group (CC) consisting of cells not exposed to any material. All brackets were previously sterilized under
ultra-violet light (UV) and, then, immersed in Eagle’s minimum essential media (MEM) for 24 hours, after which
the supernatants were removed and placed into contact with L929 fibroblast cells. Cytotoxicity was evaluated at
24,48, 72 and 168 hours. After contact with MEM, the cells were further incubated at 37°C for 24 hours and 100
mL of 0.01% neutral red dye were added. The cells were incubated again at 37°C for three hours to incorporate
the dye. After this period, the cells were fixed and viable cell counting was performed by spectrophotometry at
492 nm wavelength. Results: No statistically significant difference was found between the experimental groups (1
and 2) and the negative and cell control groups (p > 0.05). The Positive Control Group exhibited high cytotoxicity
throughout experimental period are differed significantly from the other groups (p < 0.05). Conclusions: Polycar-
bonate orthodontic brackets were found not to be cytotoxic within the evaluated experimental period.
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Introduction

Dentistry has the main purpose of keeping or improving the patient’s quality of life by pre-
venting diseases, relieving pain, and improving the masticatory efficacy, phonetics and/or
esthetics. Most of these objectives require replacement or alteration of the existing dental
structure as well as changes in tooth positioning. Developing and selecting biocompatible
materials have been one of the major challenges in Dentistry'. Metals, ceramics, polymers
and composites are the four groups of materials that are currently employed®.

Little scientific information on these materials was available until the middle of the
last century. Toxic, inflammatory, allergic or mutagenic reactions are the possible biologi-
cal responses to these materials**. Toxicity is one of the main parameters for evaluating the
biological response and the potential damage to cells and tissues related to the use of such
materials™.



In Dentistry, various kinds of materials are used for transitory
restoration (wires, bands, brackets and resins) during medium and
long periods of time, and the orthodontic appliance consists of a
series of these materials. In attempt to make the orthodontic fixed
devices esthetically more acceptable, the manufacturers are pro-
ducing lingual brackets and accessories mimicking tooth colors.

Polycarbonate is a material for application in a wide vari-
ety of areas. This material is formed with small molecules called
monomers or giant molecules called polymers. They are produced
through chemical reactions that may be reversible or not, sponta-
neous or stimulated (by heat or reagents), in which the monomers
combine chemically to form long ramified molecules with the same
centesimal composition®.

The polymers usually employed in the orthodontic materials
may be divided into three groups with distinct characteristics: 1)
finished material to be used in its original shape; 2) cast polymers
to be used for structuring a variety of removable or functional ar-
tifacts, and 3) polymeric materials for impression, adhesion and
sealing.

Esthetic plastic orthodontic brackets are comprised in the first
group. These accessories are not chemically resistant when in con-
tact with solvents and, under high temperatures, allow migration
of monomers away from the original products®.

It is important to point out that, once inside the mouth, any
of these materials creates a dynamic interface whose interactions
may cause changes, thus leading to either an active biological reac-
tion to the material (i.e. biocompatibility) or degradation or cor-
rosion of the material itself'!. Therefore, the biocompatibility de-
pends on the release of elements from these materials. In addition,
composition, pretreatment, and manipulation of these apparatuses
influence on the release of such elements®*.

Under these circumstances, it is of crucial importance to evalu-
ate the cytotoxicity of polycarbonate brackets to be clinically used
in Orthodontics in order to detect any possible harmful effect of the
materials to the oral cavity.

Material and methods

Cell culture

The cell line used for this study was mouse L929 fibroblasts ob-
tained from the American Type Culture Collection (TCC, Rock-
ville, MD, USA) and cultivated in Eagle’s minimum essential
medium (MEM) (Cultilab, Campinas, SP, Brazil). The cell culture
was supplemented with 2 mm of L-glutamine (Sigma, St. Louis,
Missouri, USA), 50 pg/mL of gentamicin (Schering Plough, Ken-
ilworth, NJ, USA), 2.5 ug/mL of fungizone (Bristol-Myers-Squibb
New York, NY, USA), 0.25 mm of sodium bicarbonate solution
(Merck”, Darmstadt, Germany), 10 mm of HEPES (Sigma), and
10% of fetal bovine serum (FBS) (Cultilab), then being kept at 37°C
in a 5%-CO, environment.

Orthodontic brackets

The sample consisted of polycarbonate brackets from two different
manufacturers, which were divided into two groups: Group 1, com-
posite bracket (Morelli, Sorocaba, Sdo Paulo, Brazil) and Group 2,
Silkon Plus bracket (American Orthodontics, Sheboygan, W1, USA).

Controls

To verify the cell response to extreme situations, other three groups
were included in the study: Group C+ (positive control), consisting of
amalgam cylinders; Group C- (negative control), consisting of glass
rods in contact with the cells; Group CC (cell control), consisting of
cells not exposed to any material.

(ytotoxicity assays

The materials were previously sterilized by exposing them to ultra-vi-
olet light (Labconco Corporation, Kansas City, MO, USA) for one hour.
Next, three samples of each material were placed in 24-well plates
containing Eagles’ MEM (Cultilab). The culture medium was replaced
with fresh medium every 24 hours, and the supernatants were collect-
ed after 24,48, 72, and 168 hours (7 days) for analysis of the toxicity to
1929 cells. The supernatants were placed in a 96-well plate containing
a single layer of 1929 cells and then incubated at 37°C for 24 hours a
in 5%-CO, environment. After the incubation period, cell viability was
determined using the “dye-uptake” technique described by Neyndorff
et al."?, but slightly modified. After the 24-hour incubation period, 100
pL of 0.01% neutral-red staining solution (Sigma) were added to the
medium within each well of the plates, and these were incubated for
3 hours at 37°C to allow the dye to penetrate the living cells. After this
period, the cells were fixed using 100 pL of 4% formaldehyde solution
(Reagen, Rio de Janeiro, RJ, Brazil) in PBS (130 mM NacCl; 2 mM KCI; 6
mM Na HPO, 2H,0; 1 mM K,HPO,, pH = 7.2) for 5 minutes. Next, 100
uL of 1% acetic acid solution (Vetec, Rio de Janeiro, RJ, Brazil) with 50%
methanol (Reagen) were added to the medium to remove the dye. Ab-
sorption was measured after 20 minutes by using a spectrophotometer
(Biotek Instruments Inc., Winooski, VT, USA) at 492 nm wavelengths.

Statistical analysis

Statistical analyses were performed by using a SPSS version 13.0 soft-
ware (SPSS Inc., Chicago, IL, USA), and means and standard devia-
tions were calculated for descriptive statistical analysis. The values
for the amount of viable cells were submitted to ANOVA and Tukey’s
test to determine whether statistically significant differences existed

between the groups. Significance level was set at 5% for all analyses.

Results

The results of the cytotoxicity of polycarbonate orthodontic brackets
are listed in Table 1.



Table 1. Statistical analysis with means and standard deviations for the studied groups

Groups 1t day 2" day 3rd day 7th day
M. Cel./sd Statistics M. Cel./sd Statistics M. Cel./sd Statistics M. Cel./sd Statistics
1 503.5 (50.05) A 5026 (113.7) AC 3284 (25.23) A 958.7 (70.29) A
2 496.4 (112.0) A 457 4 (66.0) A 284.7 (27.33) B 922.3(62.53) A
c+ 2746 (62.21) B 251.6(50.23) B 6(37.8) C 6(62.74) B
c 539 (6.06) A 3 (35.6) AC (26 84) AB 6(55.53) A
cc 566 (21.3) A 579(126.2) C 6(18.86) AB 1041.3(81.03) A

M. Cel.: mean values for the amount of viable cells; sd: standard deviation; Same letters indicate no statistically significant differences.

In the first day, no statistically significant differences were found
between the experimental groups in relation to Positive Control and
Cell Control Groups. On the second day, however, a statistically sig-
nificant difference was observed between Group 2 and Cell Control
Group. On the third day, Groups 1 and 2 differed significantly from
each other, but there were no statistically significant differences be-
tween the Positive Control and Cell Control Groups. At the end of the
experiment (seventh day), the brackets exhibited low cytotoxicity,
with no statistically significant differences between them and be-
tween the control groups. Group C+ showed high level of cytotoxicity
during the whole period of the study.

Discussion

The development and selection of biocompatible materials have
been one of the greatest challenges in the area of health care. Toxic,
inflammatory, allergic or mutagenic reactions are the possible bio-
logical responses to these materials, and cytotoxicity is one of the
main parameters for biological evaluation. The goal of orthodontic
treatment is to promote tooth movements by using a series of mate-
rials, including the brackets. These accessories, available in metal-
lic, plastic, and ceramic compositions, are attached to tooth surface
and, consequently, are in direct contact with oral tissues and saliva.
Changes in the properties of these materials may cause harmful ef-
fects on the surrounding tissues, leading to the development of in-
flammatory processes. Based on these premises, the present study
assessed the cytotoxicity of polycarbonate brackets, as they repre-
sent a great demand due to their esthetic appearance and low cost in
comparison to ceramic brackets.

The method in which vital dye neutral red is used was employed
to evaluate cell viability. Analysis of neutral red is a cell survival/
viability essay based on the capacity of viable cells to incorporate
and process the neutral red within their lysosomes. This is normally
performed by adherent cells. The neutral red is a weak cationic dye
that penetrates the cell membrane and accumulates within the lyso-
somes (lysosomic pH < cytoplasmatic pH), where it combines with
the anionic part of the lysosomic matrix*®. The changes in either cell
surface or lysosomic membrane result in lysosomal membrane fra-
gility and other changes that become gradually irreversible. Such
alterations resulting from the action of xenobiotics decrease the ab-
sorption and process of neutral red dye. Therefore, it is possible to
distinguish viable, damaged or dead cells, which is the basis of this

essay. The amount of dye incorporated in the cells is measured by
spectrometry, being directly proportional to the number of cells with
intact membrane.

This method was firstly used by Pithon et al.**, who compared it
to the agar diffusion method for evaluating the cytotoxicity of orth-
odontic materials and found that both methods provide adequate
cytotoxic evaluation. The results obtained in the first, second, third
days and at the end of the experiment are in accordance with the
findings of Costa et al.'®, who assessed the cytotoxicity of stainless
steel brackets with nickel in the composition.

Under these conditions, the polycarbonate brackets showed no
toxic effects on cells for all study periods. This may have occurred due
to the fact that only new brackets were evaluated, so none of them
were exposed to chemical, thermal or mechanical agents, which, in
turn, would release residual monomers, as previously suggested®.

Although four experimental periods were used (24, 48, 72, and
168 hours), these periods are very short in comparison to the length of
time in which the brackets remain within the oral cavity, 30 months
on average. In face of the initial results herein obtained, further re-
searches with longer experimental periods are necessary.

The evaluation of cytotoxicity is important to clarify the biological
mechanism by which the cytotoxic effect is produced®, as well as the
action mechanism of different materials during the material-tissue
interaction'”'®. The presence of in vitro cytotoxic effect does not mean
that the material is toxic for in vivo application. On the other hand,
the absence of cytotoxic effect is guarantee of good clinical response®®.
Therefore, the results from in vitro studies should be judiciously com-
pared to clinical outcomes as there is still controversy on this issue®.

Based on the findings of the present study, it may be concluded
that polycarbonate brackets were not cytotoxic within the experi-
mental period of zero to seven days.
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