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Objective.)e aim of this study was to evaluate the cytotoxic potential of a type of endodontic pin on L929 cell line according to the
UNI EN ISO 10993/2009 rule.Methods. L929 cells were used for the assays; extracts were prepared from three different-diameter
endodontic pins, made of epoxy resin and fiberglass matrix and from Reference Materials (ZDEC, ZDBC, and HDP films). MTS
assay was performed after 24 h, 48 h, and 72 h of exposure of L929 cells to pin and ReferenceMaterial extracts, 5% phenol solution,
and control reagent. Cells cultured with different media containing extracts were monitored for up to 72 h and stained with
haematoxylin/eosin. Results. Pins of different diameters had no cytotoxic effects on L929 cells at 24 h, 48 h, and 72 h (all values
>70%). Cells cultured in medium containing pin extracts grew without any differences compared to the control cells. Conclusion.
)e endodontic pins tested showed no cytotoxic effects and did not induce changes in morphology for up to 72 h.

1. Introduction

Medical devices are designed for diagnostic, investigative,
and treatment purposes and used in direct or indirect
contact with the patient [1]. )e Consensus Conference of
the European Society for Biomaterials established that
biomaterials are “non viable materials used in medical de-
vices, intended to interact with biological systems” [2].
Dental pins, as medical devices, must satisfy the requirement
of biocompatibility, that is, the ability to induce an ap-
propriate biological response in a specific application,
without causing damage or injury. )is implies an in-
teraction between the host environment, the material, and
the function that it must perform [3]. In other words,
“biocompatibility” means a dynamic process aimed to
minimize any adverse reaction or rejection by the host [4]. In
fact, since dental implants integrate with the bone, vital
dentin, and dental pulp [5], the interaction of the material
with the surrounding tissues could be responsible for many
immunological alterations [6] or tissue reactions as in-
flammation and necrosis [7]. A type of endodontic pin,
currently widely used, is composed of an epoxy resin and

fiberglass matrix [8]. Fiberglass has high resistance and
biocompatibility, showing extraordinary mechanical char-
acteristics and a modulus of elasticity very similar to natural
teeth [9]. However, marketing of any biomaterial or device,
intended for human use or for a long-term contact, requires
the assessment of the biological response [10]. For this
purpose, the evaluation of biocompatibility is a crucial step
to establish the safety of the material [11]. In recent years, in
compliance with the European Directive 63/2010/EU [12],
the interest of the scientific community towards the appli-
cation of in vitro methods has grown due to the need of
replacement or reducing the in vivo methods. Among the
various methods, those based on the use of cell cultures are
very widespread in toxicology because they are sensitive,
reproducible, and certainly less expensive, compared to in
vivo methods [13]. It is known that the interaction of cell
cultures with a toxic compound or with its extract always
induces a detectable biological response [14, 15]. Cytotox-
icity tests estimate the possible alterations in basic cellular
functions [16] that can be evaluated by analyzing cellular
metabolism, structure, and proliferation rate or vitality
[17, 18]. In this context, the UNI EN ISO 10993/2009 rule,
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describes how to perform the biological evaluation of
medical devices. Particularly, part five gives specific
guidelines for in vitromethods to evaluate the cytotoxicity of
different types of materials. )ese methods consist on the
incubation of cell cultures with a medical device, in order to
evaluate the in vitro biological response. Tests can be per-
formed on materials or on their extracts by direct or indirect
contact, depending on the nature and shape of the material
[19].

)e aim of this work was to assess the cytotoxic potential
of three different-diameter endodontic pins, used in den-
tistry for restoring devitalized teeth, through an in vitro
method, alternative to animal use. )e L929 cell lines were
used for this purpose, according to the UNI EN ISO 10993/
2009 rule [19].

2. Materials and Methods

2.1. Samples. Samples used were endodontic pins made of
epoxy resin strengthened with fiberglass Richmond system
(FiberSite post, Megadental Italia), available in three di-
ameter sizes (2mm, 4mm, and 5mm) matching up the
mesiodistal diameters with the neck of all single-rooted
teeth, in order to guarantee a perfect match between the
abutment and root. ZDBC (zinc N,N-dibutyldithiocarba-
mate) and ZDEC (zinc diethyldithiocarbamate) films and
5% phenol solution were used as positive controls as in-
dicated in the rule. )ese materials were chosen as positive
controls due to their ability to induce a reproducible cy-
totoxic response. HDP (high-density polyethylene) films
were used as negative controls because it was demonstrated
that they do not induce any cytotoxicity [20]. ZDBC, ZDEC,
and HDP films consisted 2×15mm sheets (Food and Drug
Safety Center, Hatano Research Institute).

2.2. Cell Culture. L929 cell line (murine fibroblast) was
purchased from Cell Bank of National Reference Institute
for Alternative Methods, Welfare and Care of Laboratory
Animals (Istituto Zooprofilattico Sperimentale of Lombar-
dia and Emilia Romagna). Cells were grown in culture flasks
containing minimum essential medium (MEM, Sigma-
Aldrich), supplemented with 10% fetal bovine serum (FBS,
EuroClone), 1% antibiotic-antimytotic solution (Sigma-
Aldrich), and 1% nonessential aminoacids (NEAA, Euro-
Clone). Cells were maintained at +37°C in a humidified 5%
CO2 atmosphere and monitored daily by using an inverted
microscope. Subcultures were performed twice a week, when
an 80% of confluence was observed.

2.3. Samples Preparation. Among the methods recom-
mended by the UNI EN ISO 10993 regulation, the “ex-
traction dilution method” was considered the most suitable
for the shape and nature of the pin [20]. Before performing
the extraction procedure, each sample was sterilized at
+121°C for 20 minutes and then placed into a sterile,
chemically inert, and closed flask, suitable for cell culture.
)e extraction procedure was carried out in MEM, sup-
plemented with 10% FBS, 1% antibiotic-antimytotic

solution, and 1%NEAA, at +37°C± 1 for 72 h, by continuous
agitation. ZDBC, ZDEC, and HDP sheets were extracted as a
sample. )e surface area of samples was used to determine
the volume of the extraction vehicle needed [20]: 2mm
diameter pin was extracted in 5ml of extraction medium;
4mm diameter pin was extracted in 10ml of extraction
medium; 5mm diameter pin was extracted in 12.5ml of
extraction medium. Extraction medium without sample
(MEM with 10% FBS, 1% antibiotic-antimytotic solution,
and 1% NEAA) was used as reagent control and treated as a
sample.

2.4.CytotoxicityTest onL929Cell Line. Cells were seeded into
96-well culture plates at 1× 104 cells/ml ratio in MEM, sup-
plemented with 10% FBS, 1% antibiotic-antimytotic solution,
and 1%NEAA.)ree 96-well culture plates for each sample of
different diameter (2mm, 4mm, and 5mm) were prepared
and incubated at +37°C± 1 in 5% CO2 for 24 h. After this
time, culture media was replaced with 100 μl of 100% con-
centrated sample and control extracts and a series of two-fold
dilutions (from 1 : 2 to 1 : 32). )e assay was carried out in
triplicate. Moreover, intralaboratory assays were performed.
Some wells were filled with MEM, supplemented with 10%
FBS, 1% antibiotic-antimytotic solution, and 1% NEAA and
used as control cells (negative control). All plates were in-
cubated at +37± 1°C in a 5% CO2 atmosphere and examined
microscopically after 24 h, 48 h, and 72 h of incubation in
order to assess vitality and general morphology of cells. )e
vitalityMTS assay was performed at the same time points.)e
MTS reagent (CellTiter 96 AQueous One Solution Cell
Proliferation Assay—Promega) was directly put into each well
containing samples and controls and incubated at+37± 1°C in
a 5% CO2 for 4 h. During incubation, the metabolically active
cells bioreducedMTS salt to formazan, which is soluble in the
culture medium. )is reaction occurs in the mitochondria
through dehydrogenase enzymes. )e absorbance was
recorded at 490 nm with a 96-well plate reader. )e absor-
bance is directly proportional to the number of living cells. All
samples and controls were compared with negative control to
calculate the percentage of vital cells, using the following
equation:

Viab% � 100 ×
O.D490e

O.D490b
, (1)

where O.D490e is the mean value of the measured optical
density of extracts and O.D490b is the mean value of the
measured optical density of the negative control. According
to this equation, the O.D. of the cells treated with samples
(pin extracts) and controls (positive, negative and reagent)
was related to the O.D. of the negative control (cells without
treatment) in order to estimate the percentage of viability.
)e lower viability % value indicates a higher cytotoxic
potential. A sample is considered cytotoxic if the percentage
vitality value is <70% and noncytotoxic if the percentage
vitality value is >70%.

2.5. Hematoxylin/Eosin Staining on L929 Cell Line. Cells
were seeded into 6-well culture plates at 1× 105 cells/ml ratio
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in seven different media: negative control (I), pin extract (II),
ZDBC extract (III), ZDEC extract (IV), HDP extract (V), 5%
phenol solution (VI), and reagent control (VII).

Cells were maintained at +37°C± 1 in a humidified 5%
CO2 atmosphere and monitored daily by using an inverted
microscope for 72 h in order to evaluate cell morphology and
monolayer integrity. After 72 h incubation, haematoxylin/
eosin staining was performed. Briefly, media was removed
from each well, and cells were washed with PBS and fixed in
methanol; 1% haematoxylin (Sigma-Aldrich) solution was
added, followed by PBS washing, and 1% eosin staining
(Sigma-Aldrich). Cell morphology was evaluated by using an
inverted microscope supplied with camera (Leica).

3. Results

)e results of cell viability (MTS assay) showed that pins of
different diameters had no cytotoxic effects on L929 cells at
24 h, 48 h, and 72 h (all values >70%). Figure 1 shows results
calculated using equation (1) for determining cell viability of
L929 exposed to the different extracts. Figure 1(a) shows the
effect of Reference Materials and 0.5% phenol; Figure 1(b)
shows the percentage of vitality of cells exposed to the three
different-diameter pins and reagent control, compared with
0.5% phenol. Positive controls showed a cell viability <70%
confirming their cytotoxic effect. 0.5% phenol solution in-
duced a higher level of mortality (viability <9%), followed by
ZDEC (viability <20%) and ZDBC (viability <32%). Diluted
positive samples induced cytotoxicity until 1 : 4 dilution
(data not shown). )e HDP showed no cytotoxic effect
(viability >70%). )ese results demonstrated the efficacy of
the cellular system. Cells exposed to pin extracts showed a
high level of vitality in all tests performed. No differences in
cell viability were observed when the pin extracts were
diluted.

Figure 2 shows themorphology of L929 when cultured in
the seven different media for 24 h, 48 h, and 72 h. )e 72 h

column shows cells stained with hematoxylin/eosin. When
cultured in medium II (endodontic pin), medium V (HDP),
and medium VII (reagent control), cells grew without any
differences compared with medium I (negative control) at
different time points. In media III, IV, and VI (ZDEC,
ZDBC, and 0.5% phenol, respectively), the cell monolayer
was destroyed by the toxic effect of the substances present in
the media and cell mortality increased during the obser-
vation time. No adherent cells were detected after the
washing steps of the staining protocol.

4. Discussion

In this study, the potential cytotoxicity of three different-
diameter endodontic pins made of epoxy resin and fiber-
glass matrix was evaluated in comparison with the effects of
different Reference Materials on L929 cell line [20]. It is
known that ZDEC, ZDBC, and 0.5% phenol solution have
high cytotoxic effects on cell cultures. According to the
UNI EN ISO 10993 regulation, these positive controls were
used to determinate the level of their cytotoxicity on L929
cell line in order to compare the potential effect of end-
odontic material under examination. )e viability test used
was MTS assay, that is, a well-accepted cytotoxicity assay,
due to its low cost, accuracy, speed, and reproducibility
[6, 19]. Viable cells reduce MTS salt to formazan, which is
soluble in the culture medium and detectable by spectro-
photometer reading. )is assay does not use radioisotope
reagents, making it safe and easy to perform. In addition to
MTS assay, L929 cells were directly exposed to the extract
of pins and Reference Materials in order to observe how
different media could influence cell growth and cell
morphology.

Endodontic pins are highly used in dental clinical
practice to restore the devitalized teeth. Pins made of epoxy
resin and fiberglass are among themost used in dentistry due
to their major elasticity and similarity to natural tissue.
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Figure 1: Effects of Reference Materials, pin extracts, and controls on L929 cells at 24 h 48 h, and 72 h of exposure. Data express the
percentage of cell vitality after exposure to (a) ZDEC, ZDBC, and HDP extracts and phenol 0.5% and (b) the three different-diameter
endodontic pin extracts.
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However, it is important that the application of a biomaterial
is supported by scientific evidences [4] that demonstrate the
safety of the product and the absence of biological risks for
the patient. Both MTS assay and hematoxylin/eosin staining
demonstrated that the three different-diameter pins have no
cytotoxic effects on L929 cells. Cell viability and cell mor-
phology resulted unaffected by the pin extracts in com-
parison with control cells at three different times of
observation (24 h, 48 h, and 72 h), demonstrating that this
biomaterial is safe.

Cell-based assays represent an increasing approach in
toxicology, to reduce or replace the use of animal-based
tests. In vitro methods based on cell culture are sensitive,
reproducible, and low cost and have no ethical impli-
cations compared to in vivo assays. In fact, standardized
and validated tests in cell culture could significantly limit
the use of laboratory animals in biocompatibility tests.
)is study shows the suitability of an easy method to
assess the biocompatibility of an endodontic device by

evaluating viability and morphologic alterations of cell
cultures.

5. Conclusions

)e three endodontic pins tested were not cytotoxic and did not
induce changes in morphology when evaluated on L929 cells in
the incubation period of up to 72h. As expected, Reference
Materials and phenol solution used as positive controls induced
relevant alterations in cell morphology and metabolism.

Data Availability

)e data of this study are available from the corresponding
author upon request.
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Figure 2: Morphologic evaluation of L929 cells exposed to different media. Observation conduced at 24 h (first column), 48 h (second
column), and 72 h (third column) after haematoxylin/eosin staining. Lower (Figure 2(a)) and higher (Figure 2(b)) magnifications are shown.
In the rows from top to bottom: negative control (medium I), pin extract (medium II), ZDEC (medium III), ZDBC (medium IV), HDP
(medium V), phenol 0.5% (medium VI), and reagent control (medium VII).
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