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ABSTRACT
Background and objective:In Orthodontics, elastomeric chains are in contact with different types of material that
can increase the risk of contamination.Sterilization using peracetic acid (PAA) and glutaraldehyde has been
commonlyutilized for orthodontic elastic bands. In this study, the cytotoxic effect of elastomeric chains
disinfected with glutaraldehyde2% and peracetic acid 0.25% on different cell lines was investigated.
Material and methods:Orthodontic elastomeric chainswith 28 links weresterilized in 0.25% PAA and 2%
glutaraldehyde at time intervals of 1 hour, 6hours, and48 hours. In the following, disinfected elastomeric chains
were washed using distilled water for 15 second, 24 hours and without washing. After this, the elastics were
immersed in RPMI medium for 24 h and 72 h torelease possible toxic substances. Then, the medium was placed
incontact with L929, fibroblastand HELA cells for 24 h. Finally, cell viability was evaluated by MTT assay.
Results:Our results demonstrated that the highest decrease in cell viability was seen in all cell lines in disinfection
with glutaraldehyde without washing. In addition, the viability of the treated cell lines using
glutaraldehydeincreased with increasing the washing time and the highest viability was observed in 24h washing
time. The viability of all cell lines in disinfection by peracetic acid was significantly higher in comparison with
disinfection using glutaraldehyde in all conditions especially without washing. Moreover, the change in the
morphological characteristics of all cell lines in disinfection with peracetic acid was significantly lesser in
comparison with disinfected using glutaraldehyde in all states especially without washing.
Conclusion:In the present study, peracetic acid proved an efficient disinfectant agent, in addition to not affecting
the viability of the treated cell lines, therefore recommended for clinical use.
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INTRODUCTION
Elastomeric products are used in orthodontics in
the form of ligatures and chains or modules for
the engagement and retraction of teeth[1, 2].The
elastomeric
ligatures
and
chains
are
polyurethanes,
which
are
thermosetting
polymers possessing a — (NH) — (C = O) — O
— structural unit and formed by step-reaction
polymerization[3]. Elastomeric ligatures are one
of the important components in orthodontic

treatment because they tie the archwire, which
generates forces needed for tooth movement, to
the brackets [4, 5]. Unused portions of
elastomeric ligatures are sterilized by various
sterilization methods as recommended by the
Centers for Disease Control and Prevention
(CDC) and the US Department of Labor
Occupational Safety and Health Administration
(OSHA) for instruments that cannot withstand
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heat[6].During the manipulation process for the
separation of the units into individual portions or
for the storage of the productthat is sold in larger
packaging, or even in case of a non-useof total
units by the patient, cross-contamination may
occur[7-9].The method of
choice for
disinfection of dentalmaterial is an autoclave.
However, the literature showsthat cycles greater
than
20
minutes
can
alter
its
mechanicalproperties[10]. Nowadays, the 2%
glutaraldehyde, the 1%hypochlorite and the
0.2% peracetic acid are the maindisinfecting
agents used in dentistry. These solutions
haveproven antimicrobial action in heatsensitive materials suchas acrylic resins, print
materials and porcelain[11]. However, since the
latex elastic is a polymer composedof units of
isoprene,these characteristics may be influenced
bythe disinfecting agent, affecting not only the
disinfectingeffectiveness, but also the elastic
properties of the material[12]. Moreover,
elasticsincontact with the oral mucosa may
continue for months. Therefore, thequestion
arises about the possibility of toxic substances
being released byelastomers, which may be
capable ofharming the cells[13]. As they are
widely used materials in theorthodontic clinic,
one must beconcerned about the cytotoxicity
ofelastics, particularly the intraoral typethat
comes into intimate contact with themucosa[14].
Therefore, this study was conducted to
investigate the cytotoxic effect of elastomeric
chain disinfected with glutaraldehyde 2% and
peracetic acid 0.25% on L929, fibroblast and
HeLa cell lines.
MATERIAL AND METHODS:
Cell lines
The Hela and L929 cell lines werepurchased
from Pasteur institute, Tehran, Iran. Based on
the method we described earlier[15]fibroblasts
were isolated from fresh foreskin prepared from
children aged 1.5–3 months who underwent
routine circumcision at Amirkola Children’s
Hospital, in Babol, Iran. Thecell lines were
cultured
in
RPMI-1640
medium(PAA,
Austria)
supplemented
with
10%fetal
bovineserum and 1% antibiotics (penicillin/
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streptomycin(Invitrogen) in a humidified
atmosphere containing5% CO2 and 95% air, at
37°C.
Elastomeric chains disinfection
Twenty eight (28) segments of elastomeric
chains were disinfected as demonstrated inTable
1. Briefly, all the elastics with the exception of
the controlgroup were sterilized in 0.25% PAA
and 2% glutaraldehyde at time intervals of 1
hour, 6 hours, and 48 hours. After that,
disinfected elastomeric chains were washed
using distilled water for 15 second, 24 hours and
without washing. The elastics were immersed in
culture media for 24 h and 72 h torelease
possible toxic substances. Then, the medium
was placed incontact with L929, fibroblastand
Helacells for 24 h.
Table 1. Different washing methods and sterilization
of elastomeric chains.
Washing methods

Disinfection
time

1 hour
(T1)
6 hours
(T2)
48
hours
(T3)

24hours
(W2)

15
second
(W1)

Without
washing
(W0)

T1W2

T1W1

T1W0

T2W2

T2W1

T2W0

T3W2

T3W1

T3W0

Assessing the cytotoxicity of the materials
Hela, fibroblast and L929 cells were seed on a
96-wells microplate at aconcentration of104cells
per well and incubatedfor 24 h to maximize cell
attachment. Then, mediawere replaced with 200
µlaliquotsofextracts containing 10% fetal bovine
serum and 1% penicillin/ streptomycin
andthecellswereexposedinahumidifiedatmospher
eofairand5%CO2at37°Cfor24h.After
theincubation period (48h), cell viability was
determined using the MTT assay. After
removing the supernatant culture medium, 50uL
of (5 mg / ml) MTT was added to the cells of
each well, and incubated at 37 ° c in the
atmosphere contained % 5 CO₂. After 4 hours
supernatant of each well was removed and
added by 200 uL isopropanol acid 0.4%.
Incubation was performed at room temperature
and away from light for 10 minutes. Alcohol
causes lysis of the cell cytoplasm and emission
of insoluble formazan out of the cytoplasm that
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cause color to the environment. Eventually, the
absorption of the solution was obtained at 570by
an ELISA reader.
Morphological examination
Cells treated with elastomer extractswere
microscopically
examined
for
morphologicalchanges using an inverted
contrast microscope (Olympus, Germany)at 20x
magnification.
Data and statistical analysis
Cell viability was used to measure the toxicity
of theelastomeric chains using MTT assay. The
data wereanalyzed by analysis of variance
(ANOVA), andcomparisons between groups
were madeusing the Tukey multiple comparison
test (at a 95%confidence interval level; <0.05).
The statisticalsignificance level was established
at p< 0.05.
RESULTS
Cytotoxic effect of elastomers extract on
different cell line
The cytotoxic effect of the elastomeric chain
extractson different cell lines (HeLa, Fibroblast,
and L929) has been assessedby using
MTTassay. The different cell lines have been
treated withdifferent kind of extraction (24h and
72h) and different washing methods (W0, W1,
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and W2) as well as in various disinfection time
(T0, T1 and T2). Theobtained results illustrated in
Figure 5 show obviously that the highes
tdecrease in cell viability was seen in all cell
lines in elastomeric chain extract disinfected
with glutaraldehyde 2% without washing.
Moreover with increasing the concentration of
the glutaraldehydeadversely decreased the
viability of the treated cell lines ,with a highly
significant effect. On the other hands,the
viability of the treated cell lines increased with
increasing the washing time and the highest
viability was observed in 24h washing time.
Remarkably, the viability of all cell lines in
disinfection by peracetic acid 0.25% was
significantly higher in comparison with
disinfectionusing
glutaraldehyde
in
all
conditions
especially
without
washing.
Furthermore, the obtainedresults, for all cell
lines, also revealed that the effect on
cellviability was statistically significantly
changed upontreating the cells with different
washing time. Additionally, it can be evidently
observedthat treatment of HeLa, fibroblast and
L929 cells with either 24h or 72h extract
showed no statistically significant difference in
viability. Moreover, it can be clearly noted that
Hela was the most affected cells compared to
other cell lines.
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Figure 5.Effect of different kinds of elastomeric chain extract (24h and 72h)on the viability of different celllines
(A: HeLa, B: L929, C: Fibroblast). Data are expressed as means±SD.

MORPHOLOGICAL EXAMINATION
Figure 1, 2, 3 and 4 shows the morphological changes happened in L929, fibroblast and Hela cell lines
upontreatment with different kind of extraction, different disinfection time and different washing
methods. Decreasing the washing time resulted in a drastic change in the morphologicalcharacteristics
of the tested cell lines, which wasrelational to the concentrationof disinfected agent. Cells begin to
shrink and lose the ability to adhere to the surfaceof the plate and were completelyfloated.
Thehighestchange in the morphological characteristics was observedin all three cell lines in disinfection
with glutaraldehyde2% without washing. Moreover with increasing the washing time of the
glutaraldehydeadversely decreased the morphological changes of the treated cell lines. Thechange in the
morphological characteristics of all cell lines in disinfection with peracetic acid 0.25% was significantly
lesser in comparison with disinfected using glutaraldehyde 2% in all states especially without washing.
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Furthermore, for all cell lines, the effect on morphological characteristics was significantly changed
upontreating the cells with different washing time.

Figure 1. Morphological changes in fibroblast celllines co-cultured with elastomeric chain extract (72h)
disinfected using peracetic acid (Images are captured usinginverted contrast microscope).

Figure 2. Morphological changes in fibroblast cell lines co-cultured with elastomeric chain extract
(72h) disinfected using glutaraldehyde (Images are captured using inverted contrast microscope).

Figure 3. Morphological changes in Hela cell lines co-cultured with elastomeric chain extract (24h) disinfected
using peracetic acid (Images are captured using inverted contrast microscope).
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Figure 4. Morphological changes in Hela cell lines co-cultured with elastomeric chain extract (24h) disinfected
using glutaraldehyde (Images are captured using inverted contrast microscope).

DISCUSSION
Elastomeric chains are in contact with different
types of material that can increase the risk of
contamination.Orthodontist
indirectly
contaminates the elastomeric chains at the time
of inserting them into patient’s oralcavity[7].
Several disinfecting methods has been used to
decrease withthe risk of contaminationincluding
autoclave, alcohol, glutaraldehyde, peracetic
acid
and
ultraviolet
radiation[10].
Glutaraldehyde and peracetic acid are widely
used in dentistryas central disinfecting
agents.These solutions are generally applied for
disinfection of heat-sensitive materials such as
acrylic resins, print materials, porcelainand
elastomeric chains. However antimicrobial
action of these solutions have been proven,the
materialscharacteristics
and
disinfecting
effectiveness may be affected by these
agent[11]. Moreover, several lines of evidence
have indicated that contact of disinfected
material such as elastomeric chainswith the oral
mucosa for a long time increasesthe possibility
of harming the cells by toxic substances being
released by elastomers[13, 14]. Because
elastomeric chains are widely used materials in
the orthodontic clinic, concerns have been
remainedabout the cytotoxicity of elastics which
arein contact with the mucosa.Therefore, in this
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study the cytotoxic effect of elastomeric chains
disinfected with glutaraldehyde 2% and
peracetic acid 0.25% on L929, fibroblast and
HeLa cell lines was investigated.
Theobtained
results
indicatedthat
thehighestdecrease in cell viability was seen in
all cell lines in disinfected elastomeric chain
with glutaraldehyde without washing. Moreover,
the viability of the treated cell lines with
glutaraldehyde increased significantly with
increasing the washing time and the highest
viability was observed in 24h washing time.
This must be related to concentration of the
glutaraldehydethat decreased the viability of the
treated cell lines. The results also showed that
the viability of all cell lines in disinfection with
peracetic acid 0.25% was significantly higher in
comparison
with
disinfected
using
glutaraldehyde 2%in all states especially without
washing. Furthermore, our findings revealed that
the adverse effect on cellviability was
significantly decreased by treating the cells
withmore washing timefor all cell lines.In
addition,
the
obtained
results
from
morphological examination revealed a drastic
change in the morphological characteristics of
the tested cell lines with decreasing the washing
time which was related to the concentration of
disinfection agent.Disinfection with peracetic
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acid resulted inlowest change in the
morphological characteristics of all cell lines
which was significantly lesser in comparison
with disinfection using glutaraldehyde in all
states especially without washing.These data
confirm the findings by Pithon MM et al. who
reportedthatPAA did not significantly influence
the cytotoxicity of elastomeric ligatures after a
sterilization time of 1 hour[16]. Similar to our
study, Huang et alevaluated the cytotoxicity of
denture base materials on fibroblasts anepithelial
cells using the MTT test. They found that all
materialshad effects on cell viability and the
autopolymerizedresins were highly cytotoxic for
both cells[17].
Sheridan et al also evaluated the cytotoxic effect
of
microwave,
thermopolymerized,
and
autopolymerizedacrylic resins on fibroblasts.
They stated that all resins had cytotoxic effects
on cells[18]. In addition, Lai et alstudied the
cytotoxic effects of relining dentalpolymers on
human gingival fibroblasts and periodontal
ligament. They reported that allmaterials had a
dose-dependentcytotoxic effects[19].
In the present study, peracetic acid proved an
efficient disinfectant agent, in addition to not
affecting the viability of the treated cell lines,
therefore
recommended
for
clinical
use.However, as in vitro experiments
cannotform the oral environment in all
itsaspects, further studies with differenttest
methods are needed to assess long-term biologic
effects of disinfection by glutaraldehyde and
peracetic acid.
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