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Citotoxicity assessment of different endodontic-use sealing
cementsin gingival fibroblast cultures

Evaluacion de |la citotoxicidad de distintos cementos selladores endoddnticos
en cultivos de fibroblastos gingivales
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ABSTRACT

The aim of the present study was the in vitro evaluation of the
response, within 96 hours, of gingival fibroblast cultures with respect
to different endodontic sealers. Results obtained at time intervals
of 0, 1, 2, 3, 6, 24, 48, 72 and 96 hours were used to determine
sealers’ cytotoxicity. Gingival fibroblasts cultures without root canal
sealer and with Sealapex were used as negative and positive
controls respectively. Results were compared with negative controls
and statistically analyzed with t Dunnett test (p < 0.05). Assessed
sealing cements were: ProRoot MTA, grey and white, CPM, MTA
Angelus, Sealapex and GuttaFlow. Results showed that even
though ProRoot MTA (grey and white) MTA Angelus, CPM and
GuttaFlow exhibited lower cytotoxic potential than Sealapex, no
statistical significant differences were established.

RESUMEN

El objetivo de esta investigacion fue evaluar in vitro la respuesta
de fibroblastos gingivales contra diferentes selladores endodén-
cicos mediante cultivos celulares, en un lapso de 96 horas. Los
resultados obtenidos a intervalos de tiempo de 0O, 1, 2, 3, 6, 24,
48, 72 y 96 horas fueron utilizados para determinar la citotoxi-
cidad de los selladores. Cultivos de fibroblastos gingivales sin
ningun sellador y con Sealapex fueron utilizados como contro-
les positivos y negativos respectivamente. Los resultados fueron
comparados con los controles negativos y analizados estadisti-
camente por medio de la prueba t Dunnett (p < 0.05). Los cemen-
tos selladores investigados fueron: ProRoot MTA gris y blanco
CPM, MTA Angelus, Sealapex y GuttaFlow. Los resultados de-
mostraron que a pesar de que el ProRoot MTA (gris y blanco)
MTA Angelus, CPM y GuttaFlow demostraron tener un potencial
citotéxico menor que el Sealapex, no se encontraron diferencias
estadisticas significativas.
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INTRODUCTION

Several materials such as amalgam, zinc oxide-
eugenol, IRM, Super EBA calcium hydroxide
as well as glass ionomener have been used for
endodontic treatment of iatrogenic lesions such
as root perforation and/or perforation of the pulp
chamber.! Nevertheless, none of these materials
has been able to achieve satisfactory sealing of
the aforementioned lesions. Therefore, up to the
present date, it has not been possible to promote
regeneration of periapical tissues? damaged by the
perforations. To achieve this goal, in our days, the
use of a tri-oxide aggregate based cement (ProRoot
MTA) has been promoted.

ProRoot MTA was approved by the Food and
Drug Administration in 1998. Lee & al were the first
to describe it in endodontic scientific literature,®
since that time, ProRoot MTA has been used in
surgical and non-surgical treatments. ProRoot MTA’s
chemical composition has been studied in different
research endeavors. It has been studied with the help
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of X-rays, scattered energy spectrometer as well as
electronic microscope.*” Trioxide aggregate mineral
(ProRoot MTA) is a hydrophilic, fine particle powder,
which hardens when humidity is present. The result
is a colloidal gel which solidifies into solid structure
in less than 4 hours.’ ProRoot MTA consists of tri-
calcium silicate, tri-calcium aluminum, tri-calcium
oxide and silicate oxide, as well as lesser amounts
of mineral oxides. According to the manufacturer,
these are responsible for this material’s specific
chemical and physical properties.® Bismuth oxide
present in ProRoot MTA imparts suitable radio-
opacity to this product. According to Torabinejad et
al,® this radio-opacity is greater (7.17 aluminum) than
that presented by Shah et al* for gutta-percha (6.1
aluminum) and dentin. Its identification in X-rays is
therefore easily discernible. According to Torabinejad
et al,® ProRoot MTA’s physical-chemical composition
allows for a better adaptation and therefore, better
marginal seal of this material when compared to
Super EBA and amalgam. In our days, there are two
ProRoot MTA cement types: grey and white. One
of the disadvantages of grey ProRoot MTA placed
in a cavity to be filled is the fact that this material
could compromise the aesthetics of the treated tooth.
This was primarily the reason for the introduction of
white ProRoot MTA cement, which was done with the
aim of eliminating possible discoloration of adjacent
tissues and teeth.?

Torabinejad et al® analyzed ProRoot MTA under
electron microscope, where it showed specific structure
divided into calcium oxide and calcium phosphate.
Calcium oxide was observed as discreet crystals,
calcium phosphate appeared as an amorphous
structure, apparently free of crystals and with granular
appearance. ProRoot MTA does not contain calcium
hydroxide, but calcium oxide, upon reacting with tissue
fluids, can produce an in situ formation of calcium
hydroxide.®

Ability to promote tissue regeneration, in situations
such as in apex treatment, perforations, retrogade
filling of any other clinical procedure used to
seal communication between root canal systems
and periapical tissue, is a desirable effect of any
material used as endodontic sealer. Histological
analyses'""® have reported the fact that there are
few dental materials which, when placed in contact
with periodontal tissue, induce cementogenesis, and
therefore, periapical tissue regeneration as is the case
of ProRoot MTA.

ProRoot MTA behavior in cellular cultures has
been assessed with cells similar to osteoblasts,
called Mg-63." Authors informed that the material

seemed to offer a substrate suitable for osteoblast
activation. It therefore stimulateed calcium phosphate
formation which in turn favored communication with
cellular content. During this phase, no hydroxiapatite
crystals were observed in the material when it was
analyzed under scanning electron microscope. This
elicited a change in cell behavior, and stimulated
bone growth over the substrate.™ Pisotrius et al'®
demonstrated in cellular cultures that when gingival
fibroblasts were in direct contact with ProRoot MTA,
they showed an apparently unaltered ability to
synthesize protein when compared to controls. This
ability was similar to that of titanium, therefore, they
deduced that its biocompatibility was similar to that
of titanium. Besides, authors reported normal cellular
proliferation potential, contrary to that observed in
amalgam.

In addition to analyzing possible toxic effects
of root canal filling materials in cellular cultures'422
there were observations made on dog and monkey
teeth'32324 gs well as in bone and subcutaneous
implants in animals.®%2526 Torabinejad et al?®2®
examined bone reaction after having implanted
ProRoot MTA, amalgam, IRM and EBA in guinea
pigs tibiae and jaws. They observed ProRoot MTA’s
high biocompatibility degree, since it presented a
favorable biological response. This was due to an
observed absence of inflammation in the region
surrounding the implants as well as greater bone
tissue apposition around implants. The same group
of researchers asserted that results of this research
could be corroborated as well as those obtained
with ProRoot MTA in previous research when it
was studied as retrograde filling material®?"2 as
well as pulp capping material.?® Torabinejad et al??
conducted research on ProRoot MTA and amalgam
as retrograde filling materials in dog root canals. They
histologically analyzed reactions of tissue surrounding
the root at 10 and 18 weeks. They observed lesser
extension and severity of inflammation surrounding
the roots of teeth treated with ProRoot MTA. They
observed greater bone apposition adjacent to
ProRoot MTA when compared to amalgam. They
also frequently found presence of root cement over
the ProRoot surface. Based on these results, authors
recommended use of ProRoot MTA as the most
suitable material for retrograde filling.

ProRoot MTA high retail cost has encouraged
production of similar products such as MTA Angelus
and CPM. Manufacturers asserted these materials
exhibited the same characteristics, at a lesser cost.
The aim of this research was to analyze cytotoxic
potential of CPM and MTA sealing cements in
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comparison with grey and white MTA in gingival
fibroblast cultures.

MATERIALSAND METHODS

This research encompassed the following cements:
Portland type ProRoot MTA grey and white (Dentsply
Tulsa, Tulsa, OK, USA) CPM (Medix DF, Mexico) MTA
Angelus (Londrina/Larana Brasil). Negative controls
were the following: root canal sealants Sealapex (Kerr
Sybron/Romulus, MI USA) and Guttaflow (Roeko
Coltene Whaledent/Langenau, Germany).

Human gingival fibroblasts used in this research
were harvested from a connective tissue biopsy
obtained during periodontal surgery of a healthy
patient with no clinical history. 4th to 9th passage
cell lines were used which, being younger passages,
guaranteed higher metabolism and division rate
without significant mutations.

Culture was conducted according to a known
and established method (ING).3%3" Biopsy was
fixated in small segments with Vaseline on plastic
Petri dishes, 8.8 cm? (Nunc/Wiesbaden, Germany)
and were covered with a nutrient solution. To
ensure preservation, cultures were preserved in
tissue culture jars (185 cm?/Greiner/Frikenhausen,
Germany) or 25 cm? (Nunc, Wiesbaden, Germany)
in a laminar flow bell (Function Line/Heraeus,
Hanau, Germany) at 37 °C constant temperature,
95% relative humidity atmosphere, 5% sodium, and
5% CO, saturation. In order to guarantee repeatable
and constant cell growth, culture medium was kept
at an 11 pH. Culture medium was changed after
assessing cellular growth under a model microscope
(Diavert Letiz/Wetzlar, Germany). Cellular growth
control included a subjective evaluation of cellular
layer density as well as probable morphological
changes of cell cultivated as nuclear anomalies
such a vacuolization and cellular death.®2 Once they
reached a confluent consistency forming a single
cell layer (mono-layer) they were separated and
used to form passages. A confluent cellular mono-
layer, formed in the span of three to four days,
was used for the experiments. At a later point, an
enzymatic activation was conducted. This was
performed with a EDTA trypsinized solution (200
mM, Life Technologies, Paisley, Scotland) under
microscope control (40X). Medium changes were
performed strictly observing hygiene measures.

Materials (10 mg) were mixed with a sterile
spatula according to manufacturers indications.
They were allowed to set for at least 15 hours under
ultraviolet light to avoid possible contamination.

They were later placed in cellular culture Petri
boxes. They were covered with 30,000 cells and
200 pL of DNEM/F12 medium (Dulbecco’s modified
Eagle basal medium) supplemented with calf fetus
serum at 10% (Grand Island Biological Company,
Grand Island, New York, USA). 50 Ul/mL of penicillin
and 50 mg/mL streptomycin (Seromed; Seromed
Biochrom-Produkte, Wiesbaden, Germany) were
incorporated as nutrients. Cell were under-cultivated
through trypsinization with a previously described
method.'® Gingival fibroblasts cultures devoid of
sealant and with Sealapex, were respectively used
as negative and positive controls. Viability, or cellular
proliferation rate was determined measuring tincture
intensity with Alamar Blue. This procedure was
performed with fluorescence micro-plate fluorometer
(FLX 800 Reader, Bio-Tek Insstruments/Winooski,
VA, USA) with 538-nm excitation and 600-nm wave
length emission, during a four day span. Cell cultures
were kept in a gas cultivator (Functionline, Heraeus
Kulzer/Hanau) at 37 °C constant temperature. Cell
structure was observed with the help of Phalladicin
and DAPI fluorescent dyes. DAPI (4’, 6- diamide-
2-phenylindole) is a fluorescent dye which colors
in blue the DNA of cells nuclei. Phallacidin is also
a fluorescent dye which colors in green the cell
cytoplasmatic skeleton. Both dyes allow observation
of cellular reactions in cultures under fluorescence
microscope.

CELLULAR PROLIFERATION POTENTIAL
EVALUATION

Measurement of cellular proliferation potential was
conducted at nine different incubation times (0, 1,
2, 3, 6, 24, 48, 36 and 96 hours). During this period
the cellular culture medium did not require changing,
since cells survived with unaltered alamar Blue
function.

HO null hypothesis considered the fact that
gingival fibroblast proliferation did not experience
changes during four days (96 hours). Comparison
was conducted with negative controls. Descriptive
analysis of results contained averages and standard
deviations of measurements performed with different
cements (n = 15). Possible significant differences were
established with Kolmogroff-Smirnoff and Kruskall-
Wallis tests, with < 5% confidence level.

RESULTS

Descriptive analysis was reflected in Table I.
After three hours of incubation time, it was observed
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that the highest fibroblast proliferation recorded
took place with CPM cement. Nevertheless, from 6
hours up to 96 hours a very similar reaction of CPM
with other cements was observed. Results showed
there was no significant statistical difference among
researched cements and negative controls. Only

Sealapex showed significant difference with respect
to other cements and controls from the 48 hours
incubation point and up to the end of the test (Figure
1). Figures 2A-J show gingival fibroblast reactions
to materials researched after having dyeing cultures
with Phallacidin and DAPI tinctures.

Table I. Averages and standard deviations of results obtained with different filling materials

at different incubation times.

Hours Control GuttaFlow MTA grey MTA white CPM CPM* Sealapex
0 30.92 (1.08) 34.33 (1.83) 33.17 (2.25) 34.75 (1.86) 32.17 (1.75) 34.67 (4.33) 30.58 (1.56)
1 29.33 (1.15) 31.75 (1.06) 30.17 (1.53) 32.83 (1.70) 33.50 (1.98) 42.08 (12.94) 29.25 (2.56)
2 29.17 (1.40) 31.67 (0.65) 30.00 (1.28) 32.17 (1.70) 35.17 (2.55) 63.50 (43.29) 31.25 (1.42)
3 30.42 (1.31) 32.25 (1.22) 30.58 (0.79) 32.33 (1.78) 37.92 (3.80) 91.42 (78.37) 32.75 (1.06)
6 42.67 (3.60) 40.67 (2.74) 40.17 (1.64) 38.83 (1.53) 48.67 (6.26) 46.33 (5.14) 34.67 (1.30)
24  99.00(34.25) 90.92 (29.26) 84.17 (23.65) 73.50(20.86) 101.67 (21.21) 93.42 (19.82) 37.75 (1.60)
48 196.08 (82.75) 178.42 (76.86) 156.50 (58.19) 131.42 (54.74) 170.42 (49.76) 156.92 (52.16) 45.17 (2.25)
72 279.75(107.17) 249.83 (103.03) 221.25(81.87) 181.08 (78.64) 223.58 (68.91) 198.83(79.47) 52.92 (3.50)
96 316.17 (101.46) 295.92 (113.43) 266.42 (94.27) 218.75(94.83) 260.58 (83.51) 237.50(90.00) 59.33 (4.58)
—e— Control - Gutta Flow MTA grey @ MTA white
—e— CPM CPM new* Sealapex
400
@ 300
o
c
i)
©
2
‘S 200
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Figure 1. Linear representation
100 of gingival fibroblast behavior
in contact with researched
materials and negative controls.
—— Cell development potential is
very similar in all materials,
0 ' ' ' ' ' ' ' exception made of CPM, during
0 1 2 3 6 24 48 72 96

Incubation time (hours)

the first six hours, and Sealapex
after six hour culture.
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2A. 2 B.
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2E. 2F.
2G. 2 H.

Figures 2 A-J. Reaction of human gingival fibroblasts to GuttaFlow (A and B), CPM (C and D), MTA Angelus (E and F), MTA
grey (G and H) and MTA white (I and J) dyed with Phalacidin and DPAI. DPAI is a nucleic acid and dyes DNA, for this reason,
the cells nuclei acquire a highly fluorescent blue hue. On the contrary, Phallacidin colors the cytoplasm of cells with green hue.
Phallacidin dyes actin f in nanomolar level concentrations and is used to mark, identify and quantify actin f in cell cultures and
tissue sections. Photographs show that fibroblast growth was stimulated by researched materials, and that cells composed a
net with tridimensional structure, and that cellular prolongations reached and penetrated into the researched material (A, C, E,
G, and 1 100x; B, D, F, H and J 200x).
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Figures 2 I-J.

Cellular proliferation potential was a fundamental
parameter to ascertain whether researched cements
develop cytotoxic effect. To undertake statistical
analysis, control of fibroblasts without cement contact
was taken as well as incubation with cements in a 96
hour span.

DISCUSSION

Materials used in endodontic practice are placed
in direct contact with periodontal tissue. This is
particularly true when handling materials used for
retrograde filling. For this reason, it is essential to
verify the fact that sealing materials, besides meeting
appropriate requirements, are biocompatible and not
toxic to periodontal tissues.® Cytotoxic potential is
one of the most common parameters used in in vitro
studies to determine the biocompatibility degree of an
endodontic sealer. In general, there are simple and
rapid tests that can provide quantifiable results. These
results are valuable in order to assess the possibility
of clinically using a given material. Several methods
of cell cultures, such as assessment of cellular growth
inhibition, cell membrane permeability tests, enzymatic
activity tests, injury and/or cellular death recording®+3®
have been used to determine cytotoxicity of different
dental materials.

The present research conducted an in vitro
study of the cytotoxicity of several cements used
in endodontic practice. When the research material
elicits high and constant cytotoxic reaction with
some method of cell culture in vitro research, it is
possible to assume this material might well exert
high toxicity on vital tissues.'®2' The toxicity degree
of a material used for retrograde filling can also
be researched through its implantation on animal
sub-cutaneous tissue, either bone or muscle, so

2.

as to assess local tissue reaction caused by in vivo
reaction of the soft tissue induced by the tested
material either in humans or animals.3®

Results of in vitro cytotoxicity tests cannot fully
be extrapolated to an in vivo situation, where
multicellular systems and immunological processes
take place which are impossible to fully replicate in
the laboratory. In similar studies,®6:19-223637 hyman
gingival fibroblasts have also been used to assess
cytotoxicity of different dental materials. Due to the
fact that dental materials are in close proximity to oral
cavity gingival fibroblasts, authors confer them greater
clinical relevance. Different authors emphasize as
well the fact that these cells are sensitive as well as
easily isolated and cultivated. Willerhausen et al??
conducted a study to research biocompatibility of
several materials used as endodontic sealers. To
this end, they used three cell lines (nasal fibroblasts,
gingival fibroblasts and epithelial tumor cells). Cellular
growth, morphology and protein content as well as
PGEZ2 prostaglandin release were the parameters
used to determine cytotoxicty of assessed sealers.
Authors, based on observations achieved in the
study, recommended use of a sensitive and diploid
human cell line, as well as gingival fibroblasts, since
this cell type proved to be the most suitable for this
type of research.

Use of Alamar Blue dye is recommended as
Redox indicator. Since the dye is non toxic, it
becomes a suitable method to determine color
changes and fluorescent signals as response to a
given metabolic activity. Therefore, it is possible to
quantify proliferation of animal or human cellular
lines, bacteria and fungi. Alamar Blue is a sensitive
and simple method to use when compared to other
indicators employed in other research projects.'®
Results of this research project show the fact
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that fluorescent levels achieved with Alamar Blue
increased almost lineally after six hours of culture,
up to the final time of the cultures, exception made
of Sealapex. Results achieved by Willershausen
et al?® with Sealapex and gingival fibroblasts are
similar to those obtained in this study. Results
achieved in this study are apparently contrary to
those obtained in similar investigations'?' where
relatively low cytotoxicity to Sealapex has been
reported. We are obliged to point out the fact that
direct comparison among results achieved in this
research project with other research previously
mentioned in scientific literature is problematic,
since this research used Sealapex as positive
control and it was used as comparison with
materials which, due to their chemical composition,
were known, or presumed to have, lower cytotoxcity
than Sealapex.

Camp et al®*® report that incubation time is an
important factor for the quantification of ProRoot
MTA’s cytotoxicity. Authors suggest there is a
relationship between filling material solubility and its
dissolution in the culture medium. In this research
project, no dissolution of materials in culture medium
was observed. One of the disadvantages in the
method used in this research could be the possibility
that materials’ cytotoxicity during setting phase could
be higher than the observed one. Nevertheless, the
advantage of this methodology is that materials,
once set, cannot dissolve in the medium, and for this
reason it was possible to quantify their cytotoxicity
during longer periods, without incurring in the doubt
that results might not be fully true due to dissolution
of materials in the culture medium. Our results
show that the degree of fluorescent obtained with
CPM showed to be relatively high immediately
after incorporation of Alamar Blue and up to three
hours after its incubation, this tends to suggest low
cytotoxicity of the material. Nevertheless, during the
three initial incubation hours, cellular proliferation
was not possible. Therefore, in spite of everything, it
was not possible to rule out the possibility that CPM
elicited some sort of cytotoxic reaction during the
first hours of incubation with gingival fibroblasts. In
other studies'”2'® where setting of materials was
excluded as parameter, research was conducted
on cytotoxicity of sealing cements based on
calcium hydroxide used for retrograde filling, after
being allowed to set during 48 hours in cell cultures
with human gingival fibroblasts. Results reported
in those studies were similar to ours, even though
in some of them there was research conducted on
cements with similar chemical properties to those

researched in this study, only the manufacturers
were different.

Osorio et al'® conducted a study assessing
sealing and retrograde filling cements in root
canals. The study was conducted with mice and
human gingival fibroblast cell cultures (L-929) to
determine mitochondrial enzymatic activity as well
as viable cells numbers. Authors reported the fact
that ProRoot MTA did not cause cytotoxic reactions.
These results were similar to those observed in this
research project. ProRoot MTA showed relatively
high cytotoxicity at the beginning of the experiment,
but at its completion, due to the incubation period,
it decreased noticeably. Nevertheless, according to
results obtained in this research project, it was not
possible to assert that the material was inert and
therefore did not cause any cytotoxicity. Holland et
al'® conducted research on the reaction of periapical
tissue in dog teeth filled with gutta-percha and
Ketac-Endo as well as ProRoot MTA. After a six
month period they performed a histopathological
exam. Results revealed complete absence of
periapical tissue inflammatory response as well
as total closure of apical foramen in all teeth filled
with ProRoot MTA. Teeth filled with Ketac-Endo
presented two cases of partial apical closure and
mild chronic inflammatory reactions in periapical
tissue in over-obturated cases. In non over-
obturated cases, total lack of inflammation was
observed in some cases, and mild inflammation
in others. Authors concluded that even though
ProRoot MTA presented more favorable results than
Ketac-Endo, both materials could be considered as
biocompatible with periapical tissue. Histological
results of the aforementioned research, as well as
those obtained from the present one (even though
it was conducted with cell cultures) suggested the
fact that materials based on trioxide aggregate
mineral present low toxic and/or cytotoxic potential
and therefore, their practically unrestricted use in
endodontics can be recommended.

Results of this research project were similar to
those obtained in other research endeavors?®:2
and showed that all materials, CPM excepted,
elicited certain cellular irritation during the first
six incubation hours. After the seventh incubation
hour, constant cellular proliferation increase was
observed, until reaching the 96 incubation hours.
This same behavior was observed in gingival
fibroblasts used as control. Exception had to be
made with Sealapex, which showed no marked
cellular proliferation increase when compared to
the other materials subject of the research.
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CONCLUSIONS

Results of the present research project showed the
following:

e CPM, ProRoot MTA (grey and white), MTA Angelus
and GuttaFlow did not inhibit gingival fibroblast
proliferation potential,

* Sealapex presented a tendency to be more cytotoxic
than the other materials under investigation and,

e Based on cytotoxic effect of researched materials,
their use could be recommended as sealing
cements in endodontic practice.
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