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ABSTRACT

Purpose: this study aimed to evaluate the biocompatibility of Mineral Trioxide
Aggregate (MTA) versus Biodentine and Retro MTA extracts at three observation
periods (24h, 48h, and 72h) using MTT-Assay. Materials and Methods: 72 wells
in three culture insert plates were used in this study. MTA, Biodentine and Retro
MTA cements were evaluated in a fresh state. Passage four of human PDL cells were
included in this study. After cells preparation and culturing, an extract of the three tested
materials was prepared and cultured with the complete media in addition to 5x10*cells
were implanted into each well 24h earlier and incubated in a stem cell incubator. MTT
Assay was used to evaluate in vitro cytotoxicity, calculated the viable cells by hundred
percent using ELISA system and the inverted light microscope used to reassure their
confluence. After three different observation periods (24h, 48h, and 72h), evaluation
of cell viability was done after exposure to the material extracts. Results: MTA and
Biodentine cements showed no statistically significant differences at all the observation
periods. However, Retro MTA cement resulted in a statistically significant difference
at all the observation periods but none of them below the cut level. Meanwhile, all
the materials extracts resulted in a statistically significant increase in cytotoxicity
at 24h and then decrease at 48h and finally a little increase in cytotoxicity at 72h.
Conclusions: All the tested materials showed low cytotoxicity and are comparable to

the old standard MTA.

INTRODUCTION

Apicectomy is considered as a must in presence of a periradicular
lesion or when failure resulted from non-surgical retreatment”. The
desired success of apicectomy mainly assisted by the regeneration of
a functional periodontal attachment apparatus, including cementum
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overlying the resected root-end surface, alveolar
bone, and PDL®. To achieve this target, it was
suggested to place a retrofilling material that not
only allows for the deposition of a normal cementum
but also prevents entrance of any stimulus to form
a well seal in the apical piece®. Materials used
as retrofilling must possess some criteria such
as dimensional stability, untoxic, unaffected by
moisture, easy to manipulate, biocompatible, radio-
opaque and has antibacterial activity as well as
having good bond strength. No existence-filling
material fulfilled the ideal requirements®.

MTA represents the standard benchmark to
which other repair materials are compared. It
has many favorable properties that makes it the
material of choice such as its biocompatibility,
antimicrobial activity and enhance regeneration of
the original tissue when placed in close to any vital
tissue. Although MTA has high biocompatibility
and sealing ability in comparison to the other
usable biomaterials. It has some defects for
instance extended setting and manipulation time,
sophisticated handling properties. Although the
numerous applicators in the market to aid in its
clinical application, endodontists are still finding
MTA difficult to use in certain surgical situations
such as small-sized root-end preparation®.

Biodentine with silicate based Technology was
available in the market since 2009. It is considered
as a bioceramic material, which could overcome
the MTA drawbacks.
bioactivity with high mechanical properties and
biocompatibility. In addition to Biodentine has an
excellent handling properties and reasonable setting
time making it easier than MTA in use®. Anew

Biodentine has excellent

generations of MTA-based products, including
Retro MTA. It has been reported to have a cheaper
price than the Pro Root MTA, faster-setting time
than MTA, with a preliminary setting time of about
3.5 minutes.

Biocompatibility is considered as an important
criterion of retrofilling materials. Biocompatibility
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tests measure the ability of a material to maintain
high percent of cell viability®!?, Limited studies
exist about the biocompatibility of MTA, Biodentine
and Retro MTA. This study was performed to
evaluate the biocompatibility of MTA, Biodentine
and Retro MTA on human PDL fibroblasts using
MTT assay test.

MATERIALS AND METHODS

Fibroblasts of humankind PDL were pick out
from impacted third molars in healthy patients
presented to the clinics of the Department of Oral
Surgery AL-Azhar University who underwent
surgical extractions. Extracted periodontal ligament
pieces were cultured in 25cm? flask with 10ml
DMEM-F12 supplemented to 10% Foetal Bovine
Serum and 1%
fungizone, then the cultured pieces were incubated
at 99F, 5% CO, atmosphere and 97% humidity
inside a biological incubator.

streptomycin, penicillin, and

Every three days, the changes in the Culture
Media was detected using an inverted light
microscope. When the cell formation units reached
90% confluence, the cells were passed into 75-cm?
flask and this was passage one. The fourth Cell
passage were used in this study. During passaging,
fibroblasts were transported from flask to another
flask with trypsenization process using Trypsin
EDTA solution aiming to de-adhering cells from the
flask 112,

The three materials MTA, Biodentine, and
Retro MTA were mixed according to the directives
given by the manufacturer into soft thickness
under completely aseptic conditions. Once the
materials were prepared, they were mixed with
the supplemented medium DMEM-F12 to a
concentration of 2.5 mg/mL and this weighted with
a sensitive balance and agitated overnight. The
medium obtained was spun using the vortex device
at 13,500 rpm for 6 min. The resulted supernatant
was allowed to precipitate again and the medium
was spun, again, and the supernatant obtained at the
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second spun was filtered with 0.20 um membrane
and stored inside the incubator at 4°C for its later
use. The resulted extract contained the products
released from the material which allow evaluation
of cytotoxicity and cell adhesion with great
predictability (cell viability assay) this is called
the extract fresh form of the materials according to
study in 20179,

Classification of the sample

The PDL cells treated with different materials
were divided into four groups, group 1: 18 well
in three Culture plates (6 each) treated with MTA
extract, Group 2: 18 well in three Culture plates (6
each) treated with Biodentine extract, Group 3:18
well in three Culture plates (6 each) treated with
RetroMTA extract, Group 4: (Negative control
group) consisting of 18 well in three culture plates
(6 each) without biomaterials. They were evaluated
by 24,48, and at 72hours.

Once the fibroblast cultures were found at 80-
90% confluence, they were separated from the flask
with trypsin-EDTA. Then 5x10*cells were overlaid
in 100 uL of culture medium onto insert culture
plates and incubated for Sh period at 99F, 6%
CO,, and 97% humidity "?. Initially, the complete
media was added without material extract, to allow
adaptation of the cells to the plate for 24h. After 24
hours, the media was removed and replaced with
100uL of culture medium with the type of cement
evaluated.

Fibroblasts cell line fourth passage were seeded
into 24 well of three 96-insert culture plates at a
concentration of 5x10*cells/well. Cells was seeded
in complete media included DMEM supplemented
with 1% pen/ strep/ fungizone antibiotic, 10% FBS,
for 24h at 99 F, 5% CO, and 97% humidity.

After 24h from incubation, the culture medium
was replaced with 100uL of material extractions
were replaced in wells related to the three test groups
in addition to the negative control group. Complete
media was used as the control group, instead of
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material extraction. The plates were incubated at
5% COzv 98% humidity, and 37°C, for 24, 48, and
for 72h then were evaluated by MTT Assay.

Upon the end of the observing periods 24h, 48h
and 72h the predictable MTT Assay was processed
in a sterile cabinet. The extracts of the cement were
removed from wells of the culture plate, and replaced
with the sterile MTT solution (5Smg/mL) diluted
in cell culture media (1:10 ratio). Then, the plates
were incubated inside the biological incubator for
2h at 99F at 97% humidity and 5% CO,. During this
period, the metabolically active cells bio-reduced
MTT salt to formazan . After this period MTT
solution was removed from the cells and 100ul of
dimethy]l sulfoxide solution was added to each group
to dissolve the insoluble formazan crystal formed
inside the cells. The assay was subsequently read
on a microplate reader at 580nm, with 620nm as a
reference wavelength, using an ELISA plate reader.

The background absorbance was subtracted from
the primary values to attain the main optical density
of the test well. All tests were compared with the
negative control cells untreated with cement.
The result was confirmed with the inverted light
microscope. All of tests were repeated in triplicate
for 24, 48 and for 72h. Cytotoxicity was expressed
with the percentage (%) of the viable cells using the
following formula:

Statistical Analysis

The statistical data were collected; mean and
standard deviation (SD) of cell viability for each
group were calculated. Statistical analysis was
performed using one-way analysis of variance
(ANOVA). Repeated measures ANOVA test was
used to compare between cytotoxicity, which
in inverse relation with cell viability of the four
groups as well as to study the changes by time
within each group. Qualitative data were presented
as frequencies and percentages. Chi-square test or
Fisher’s Exact test when applicable were used for
the comparisons. The significance level was set at



412) ADJ-for Grils, Vol. 6, No. 4

P < 0.05. Statistical analysis was performed with
IBM SPSS Statistics Version 21 for Windows.

RESULTS

In MTA, Biodentine and Retro MTA groups,
the highest cell viability was recorded at 48h;
meanwhile the lowest cell viability was recorded at
72h. In all groups, a statistically significant change
in cytotoxicity was found by time. Comparisons
between the three time-periods revealed statistically
significant decrement in cell viability after 24h, a
statistically significant rising in cell viability after
48h followed by a statistically significant decrement
in cell viability after 72h. The mean cell viability
after 72h was statistically significant less than after
24h Fig: (1,2)

In the negative Control group, a statistically

time periods within each group.
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significant alteration in cell viability by time was
observed (P-value <0.001, Effect size = 0.581).
Pairwise comparisons between the three time-
periods demonstrated that there was a statistically
significant decrease in cell viability after 48h as
well as from 48 to 72h Fig: 3.

After 24, 48 and 72h, the highest cell viability
was recorded with MTA extract meanwhile the
lowest cell viability was recorded with Retro MTA
extract but the difference between material is not
significant. Retro MTA group showed the statistically
significant lowest cell viability compared with the
negative control group at all the observation periods
but none of them below the cut level 70%.

Table 1: The mean, standard deviation (SD) values
and results of repeated measures ANOVA test for
comparison between cell viability % at different

24 Hours 48 Hours 72 Hours
Group P-value Effect size (r)
Mean SD Mean SD Mean SD
MTA 89.03 B 2.04 90.98 ~ 2.03 87.39 ¢ 2.29 <0.001* 0.432
Biodentine 88.13 B 3.01 90.72 4 2.29 85.24 ¢ 3.32 <0.001* 0.636
Retro MTA 82.24 B 3.03 88.454 3.08 78.67 ¢ 3.98 <0.001* 0.854
Control 95.00 1.49 92.58 B 1.55 91.05¢ 1.26 <0.001* 0.581

*: Significant at P < 0.05, Different superscripts in the same row are statistically significantly different

Table 2: The mean, standard deviation (SD) values and results of the Kruskal-Wallis test for comparison

between cell viability (HU) in the four groups

MTA Biodentine Retro MTA Control
Time (n=18) (n=18) (n=18) (n=18) P-value | Effect size (v)
Mean SD Mean SD Mean SD Mean SD
24 Hours 89.03 8 2.04 | 88.138 | 3.01 82.24 ¢ 3.03 95.00 A 1.49 <0.001%* 0.779
48 Hours 90.98 B 2.03 | 90.728 | 2.29 88.45¢ 3.08 92.584 1.55 <0.001* 0.303
72 Hours 87.398 229 | 85.24°¢ |3.32 78.67 P 3.98 91.05* 1.26 <0.001* 0.718

*: Significant at P < 0.05, Different superscripts in the same row are statistically significantly different.
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Figure (1) Bar chart representing a comparison between cell
viability in the four groups.

Figure (2) Bar chart representing a comparison between cell
viability in the four groups.

without any material extracts at 24, 48, and 72h.From left to right respectively. Photomicrographs reveal decrease in cell
viability after 48h as well as from 48 to 72h.

DISCUSSION

The cytotoxicity of retrofilling materials plays
avital role especially in endodontic surgery because
the material can evoke the immune response, causes
partial necrosis of the periapical tissue and delay
healing of wounds. After endodontic surgery, ideal
healing includes alveolar bone regeneration and
PDL regrowth on the amputated root surface!'?.

Human PDL cells are considered an additional
advantage to reduce alignment concerning species
origin and non-tissue specific cell lines"*. Therefore,
we select the humankind PDL cells from extracted
molar to simulate the clinical condition, Cell lines

with more passage numbers show alterations in
cell morphology. Therefore, we preferred using the
passage four of cell lines to decrease cell changes
due to cell culture manipulation.

In this study, the DMEM-F12 was used as a main
culture media, which is considered a rich medium
that supports the growth of multiple types of cells
in both
Meanwhile, the other usable media was a-MEM
(a-Minimum Essential Media). This media must be
augmented with serum to be suitable for multiple
types of mammalian cells. DMEM-F12 has the
amino acids of double concentration and vitamins

serum and serum-free formulation"'®.

four times the amount compared to a-MEM7-1®),
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FBS was introduced by biologists in the late
1950 to aid in cellular growth and tissue culturing.
Nowadays FBS contains supportive components
for maintenance and cell proliferation such as
transport proteins, trace elements, hormones,
vitamins, spreading and growth factors. FBS has
been included as a supplement in culture media for
human, animal cells in research. Although bovine
sera of alternative origin are available, FBS is
most widely used due to its low content of Ig and
complement factors in addition to its availability and

low cost as recommended by a study in 201812,

1% streptomycin, penicillin and fungizone
were used to support the culture media sterilization
during all procedures. A Sterile cabinet was
used for all procedures to avoid any interfering
microorganism. All cell culture were incubated in a
humidified incubator with 99 F, 5% CO, to simulate
the human body®?". The Inverted light microscope
used in this study as it provides a 2D image with
a narrow depth of focus. Daily detection by the
inverted light microscope is a very important step
to follow interactions between the cells and the
materials visually and the confluence of the cell to
prevent its crowding and guarantee it’s feeding®?.
Material extracts could be a viable solution to assess
the cytotoxicity indirectly and to allow fibroblast to
proliferate safely in the culture media®.

Extract of the materials was used after mixing
with the vortex and filtering with the micro-filter
0,20 u/ml to leave the extract containing only the
cytotoxic products of the materials as described
by some studies®. Control group was added as a
reference point to the entire testing group. We
observed the percentage of living PDL cells, which
had direct contact with the bioactive materials®?.

The most accepted method to evaluate cell
viability is the MTT assay and it is considered as
a first-generation tetrazolium derivative. It is a
quantitative, reliable, and sensitive colorimetric
(calorimetry is the color measurement in a solution)
assay that measure activation, viability and cell
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proliferation®. The formazan amount produced
from MTT reduction is in direct matching to the
viable and active cells percentage. The MTT assay
exposed a greater advantage in the detection of
viable cells, which are not only dividing but also
metabolically active preparing for division®.

In this study, we evaluated cell viability using an
ELISA plate reader. The calorimetric absorbance is
inversely proportional to the cytotoxicity in culture.
It can be used to evaluate the percent of viable cells
in culture suspension®®.

The results of the present study showed statis-
tically significant highest cell viability associated
with the control group. Meanwhile there was no
statistically significant difference between MTA
and Biodentine. Retro MTA group showed statisti-
cally significant lowest cell viability compared with
the control group but none of them below the cut
level 70 %"9. The viable cells remained in all the
evaluated periods showing greater similarity at 24h,
a higher percentage of cell proliferation was at 48h
and the lowest at 72h. All groups are biocompat-
ible comparable to the negative control group. The
microscopic photographs taken during the culturing
procedures were consistent with the results of the
MTT assay.

The biocompatibility of MTA, Biodentine and
Retro MTA influenced by calcium ion release during
their setting time and hydroxyapatite formation via
calcium binding to phosphorus. These changes
seem to initiate alterations in the enzymatic activity
of affected cells rather than permeability change®
and the consanguinity in their chemical composition
of these root-end filling materials can be the most
important reason for the allocated behavior and the
formation of hydroxyapatite in the presence of Ca*
ion during the setting reaction"'?.

The three tested exhibited non-significant
decrement of cell viabilities at 24h and a higher
percentage of cell proliferation were at 48h. This
may be expounded in sudden increase in pH and
heat of the cement surface that result from mixing
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reaction. The alkaline pH and the exothermic
reaction can damage the cells directly by apoptosis
and (or) necrosis and indirectly damage the cells by
denaturing of culture medium proteins making it
aimless @2,

Significant decrement in cell viability after
72h in MTA, and Retro MTA may be attributed
to calcium hydroxide production due to the
hydration reaction in the materials; similarly, when
Biodentine rehydrate produce a by-product calcium
hydroxide®. The gradual release of hydroxyl ions
may increase the cytotoxicity in vitro. However,
under in vivo conditions, high alkalinity due to
hydroxyl ions may be compensated by the body
tissue fluid and may not cause significant effects on
cell viability©?,

CONCLUSIONS

Within the restrictions of this study, Biodentine
and Retro MTA showed good biocompatibility
compared to the gold standard MTA.
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