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ABSTRACT

Aim: The aim of this study was to evaluate the cytotoxicity of three resin luting agents
Rely X luting cement, Rely X luting 2 cement and Clearfil SA luting cement before and
after electron beam irradiation.
Materials and Methods: Growth and maintenance of cell cultures of human pulp cells
was done in Dulbecco’s modified Eagle’s Medium (DMEM). The test samples were
divided into two Categories: Irradiated Category and Non-radiated Category. Samples in
Irradiated category were exposed to electron beam radiation at 200Gy. Three subgroups
of radiated category and non radiated category were made. All the samples were
subjected to MTT assay and spectrophotometric analysis and their cytotoxicity was
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assessed. Statistical analysis was done using t test.
Results: Evaluation of Rely X luting Cement showed that radiated samples of powder,
liquid and set cements showed decreased cell viability than non radiated samples. In
Case of Rely X luting 2 cement, radiated samples showed increased cell viability for
Paste A and Paste B samples. But in set material, irradiated samples showed decreased
cell viability as compared to non radiated samples. For Clearfil SA luting Cement, Paste
B showed increased cell viability for radiated samples. Paste A and Set cement of
radiated samples showed decreased cell viability than non radiated samples.
Conclusion: In the present study , the increased cytotoxicity of irradiated samples  may
be due to increase  in the release of unbound monomers which may be due to chain
breakage after irradiation and a reduction in the cytotoxicity which may be due to the
cross linking of unbound monomers during irradiation.

Keywords: Electron beam irradiation; resin luting agents; cytotoxicity; pulp cells.

1. INTRODUCTION

A dental luting agent link the fixed prosthesis to the tooth structure. Conventional glass
ionomer luting agents attained a high demand due to their properties such as fluoride
release, Coefficient of thermal expansion and modulus of elasticity similar to dentin, bonding
to tooth and biocompatibility [1-6]. Further research also showed that glass ionomer luting
agents had some disadvantages such as high susceptibility for dehydration, and poor
physical properties such as slow setting rate and high solubility [7,8]. Due to these
limitations, further research leads to the development of resin modified glass ionomer
cement. In this new material, basic composition of glass ionomer luting agents are
maintained but modified by the presence of resin [2]. In ‘resin modified glass ionomer
cement’, hydrophilic monomers and photoinitiaters were added to improve the physical and
mechanical properties of cement [9]. Due to the poor adhesive properties of resin modified
glass ionomer cements, further research has occurred in the field of resin modified glass
ionomer luting agents that have resulted in the introduction of adhesive resin cements [10].
Although, resin modified glass ionomer cements and adhesive resin luting cements have
their own advantages, it is also been confirmed in several literatures that these cements
possess cytotoxicity due to the release of unbound free monomers during and after
polymerisation, presence of HEMA, and due to the release of ions[11-14] Some literatures
have been shown that electron beam irradiation of dental materials can be used as a tool
able to increase the properties of dental materials [15-19].

Radiation is commonly used in the biomaterials science for sterilization, surface modification,
and to improve bulk properties of materials. The energy sources which is commonly used in
the irradiation of biomaterials are high-energy electrons, gamma radiation, ultraviolet (UV)
and visible light [20].

Microtron is a high–energy accelerator for protons or electrons which are capable of
producing very high currents. A microtron is regarded as a cyclotron in which the kinetic
energy of electrons is increased by a constant amount per field change [21].

Electron beam irradiation is described as a method to change the mechanical properties as
well as physical properties of polymers. Investigations of Charlesby and Ross showed that
electron beam irradiation can be used for improving the properties of polymers [22]. In
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general, electron beam irradiation of polymers can give rise to two type of reactions: cross
linking, chain breakage [23,24].

Although studies have been done on various dental materials using electron beam radiation
to evaluate the changes in their physical and mechanical properties, till date no study has
been done to assess biological properties of resin based dental luting agents. If resin based
luting agents can reduce the cytotoxicity of material after electron beam irradiation, it can be
used as a tool to modify the present day dental luting agent properties [17-19]. Hence, the
present study investigated the effect of electron beam radiation on the cytotoxicity of three
resin luting agents.

2. MATERIALS AND METHOD

The electron beam irradiation of resin luting cements were conducted with the materials
listed in Table 1.

Table 1. Resin luting cements used for the study and their composition

Material Composition
Rely X luting
Cement(3M ESPE,
St. Paul, MN, USA)

Powder: fluoroaluminosilicate, potassium persulfate, ascorbic
acid, opacifying agent
Liquid: 30-40% copolymer of acrylic and itaconic acids,25-35% 2-
hydroxy ethyl methacylate, 25-35% water.

Rely X luting 2
Cement(3M ESPE,
St. Paul, MN, USA)

Paste A: Fluoroaluminosilicate glass, Proprietary reducing agent,
HEMA, water, opacifying agent
Paste B: Methacrylated carboxylic acid, Bis GMA, HEMA, water,
potassium persulfate, zirconia silica filler.

Clearfil  SA Luting
Cement

Paste A: BIS GMA, TEG DMA, Hydrophobic aromatic
dimethacrylate, Silanated barium glass filler, Silanated Colloidal
Silica, dl- Camphorquinone, Benzoyl Peroxide, Initiator
PasteB: BIS GMA, Hydrophobic aliphatic dimethacrylate,
Hydrophobic aromatic dimethacrylate, Silanated barium glass
filler, Silanated Colloidal Silica, Surface treated sodium fluoride,
Accelarator.

The experiment for cell culture cytotoxicity was done in the Cell Culture Laboratory of
Central Research lab, Nitte University, Mangalore, India. The procedure of Irradiation of the
resin luting cements was done in Microtron Centre, Mangalore University, India.

The study was conducted in the following steps:

1. Growth and maintenance of cell cultures
2. Sample preparation and Irradiation of the samples for elution
3. Addition of elute or extract to the cells
4. MTT assay.

After obtaining Consent form from patient, human pulp cells were collected from healthy
tooth extracting for orthodontic purposes. The tooth root was removed by horizontal section
below CEJ with a no. 330 bur in high speed with water spray. The pulp tissue was removed
aseptically, rinsed with Dulbecco’s modified Eagle’s medium (DMEM). Pulp tissue was
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placed with a no.15 blade into small fragments and explants were cultivated in 25 cm3 tissue
flasks (Orange Scientific, Belgium) containing Dulbecco’s modified Eagle’s Medium (DMEM,
Hi Media Labs, India). It was supplemented with 5% fetal bovine serum (FBS, Hi Media
Labs, India), 100UmL-1 penicillin, 100μLmL-1 streptomycin and 2mmolL-1Lglutamine, at
370C in a humidified atmosphere of 95% air and 5% CO2(Nuaire,CO2 Incubator, USA). Sub
cultivation was performed with cell cultures treated with 0.25% Trypsin for 4hrs at 4°C. After
trypsinization, cells were counted by using a Tryphan Blue Dye on a Nuebaer’s Chamber
and then seeded at a density of 3.6×104 cells per well in the 96 well Tissue culture plates
(Laxbro, India) and incubated for 24 hours in 5% CO2, 95% air at 37°C, to get sub confluent
monolayers of cells.

2.1 Sample Preparation and Irradiation of the Samples for Elution

Electron beam irradiation of resin luting cements were conducted with 200Gy that was
previously standardised in various studies [17,18]. The test samples (108 samples)were
divided into two categories based on radiation exposure: Radiated Category and non
radiated category. In radiated category, all the three resin luting cements were exposed to
electron beam radiation at 200Gy. (Microtron, Electron Beam Accelerator, Microtron Centre,
Mangalore University). Irradiated category were divided into 3 subgroups. In subgroup 1, all
the 3 luting cements powder / paste A were placed in sterile Teflon moulds and were
irradiated (18 samples). In subgroup II, all the 3 luting cements liquid / paste B were placed
in sterile Teflon moulds and were irradiated. (18 samples) In subgroup III, all the 3 luting
cements were mixed and placed on a polytetrafluroethylene moulds with the dimension of
25×2×2 mm and the set cements were placed in sterile moulds and exposed to electron
beam irradiation (18 Samples).

Non radiated category also divided into three sub groups. In subgroup I, all 3 luting cements
powder/ Paste A were placed in microvials and kept in a humid chamber at 37°C. (18
samples) In subgroup II, all 3 luting cements liquid / paste B were placed in microvials and
kept in a humid chamber at 37°C (18 Samples). In subgroup III, all 3 luting cements were
mixed and placed on a polytetrafluroethylene moulds with the dimension of 25×2×2 mm and
the set cement were placed in microvials and kept in a humid chamber at 37°C
(18 samples).

The luting cement extraction of one hundred and eight samples was done following which
were subjected to cytotoxicity assay. The test solutions were sterile filtered using a Sterile
Filter Unit (0.2μm pore size) (Sartorius Stedim, Biotech, Germany) before being exposed to
culture. DMEM culture medium was used as control.

2.2 Addition of Elute or Extract to the Cells in Culture

Cells were diluted in fresh medium and seeded into 96 well plates (3.6×104 cells per well).
After incubation for 24 hours, the medium was aspirated from all wells and replaced with
100μL per well of test solution or control medium. The test solutions were added to wells and
one column of wells was filled with only culture medium as control group. The plates were
incubated for another 24 hours, in 5% CO2, 95% air mixture at 37°C in a CO2 incubator
(Nuaire, USA) before cytotoxicity was addressed.
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2.3 MTT Assay

MTT solution was prepared as 1 mg/ml in phosphate buffer saline just before use. 100μL
MTT dye was added to each well containing cells treated with extracts of the sealer and also
to the control wells. Plates were incubated in a CO2 incubator for 4hours.

Optical density was determined by dissolving the MTT-formazan inter cellular reaction
product with dimethyl sulfoxide [6.25% v/v 0.1 N NaOH in dimethyl sulphoxide (DMSO)] and
the spectrophotometric absorbance was measured at 630 nm using a ELISA microplate
reader (Lisa Plus, Aspen Diagnostics, India). Three readings were taken per well and the
mean was considered.

Percentage of cell viability was calculated from the formula:

% of cell viability = Absorbance of sample × 100
Absorbance of control

The percentage of cell viability for each resin luting cements was recorded and the results
were tabulated and subjected to statistical analysis by using student t test.

3. RESULT

The result of evaluation of cytotoxicity on electron beam irradiation of resin luting cements
are depicted in Diagrams 1, 2, 3 and Table 2.

In non radiated group of Rely X luting cement powder, liquid and set samples showed
slightly cytotoxicity whereas in Rely X luting cement radiated group, powder, liquid and set
cement showed moderate cytotoxicity. It can also be interpreted from the Diagram 1 that
radiated group of Rely X luting cement powder, liquid and set cement was reported to have a
reduced cell viability than non radiated group.

Non radiated and radiated group of Rely X luting 2 cement of paste A and set cement
showed moderate cytotoxicity. But in the mean it was showed that there is a slight reduction
in the cytotoxicity of radiated Paste A group. In radiated group of Paste B , it showed only
slightly cytotoxic whereas non radiated group of Paste B showed moderate cytotoxicity. It
can also be interpreted from the Diagram 2 that Paste A and Paste B was reported to have
an increased cell viability for radiated group.

Table 2. Cytotoxicity was rated based on cell viability relative to control as
(Dahl et al. 2006) [28]

Interpretation % Cell Viability
Non-cytotoxic >90% cell viability
Slightly cytotoxic 0–90% cell viability
Moderately cytotoxic 0–59% cell viability
Strongly cytotoxic <30% cell viability
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Diagram 1. Bar diagram showing the mean % of cell viability of radiated and non
radiated groups of rely x luting cement powder, liquid and set cement

Diagram 2. Bar diagram showing the mean % of cell viability of radiated and non
radiated groups of rely x luting 2 cement paste a, paste b and set cement
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Diagram 1. Bar diagram showing the mean % of cell viability of radiated and non
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Diagram 1. Bar diagram showing the mean % of cell viability of radiated and non
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Diagram 3. Bar diagram showing the mean % of cell viability of radiated and
non-radiated groups of clearfil sa luting cement paste a , paste b and set cement

In non-radiated and radiated group of Clearfil SA luting Cement, Paste A, Paste B and set
cement showed moderate cytotoxicity except for non radiated Paste A. In non radiated group
Paste A, it showed only slight cytotoxicity.  But in the mean it was showed that there is a
slight reduction in the cytotoxicity of paste B radiated group than non radiated group.

When the means of all groups were compared , i.e. Sub group I, II and III of radiated and
non radiated samples of Rely X luting Cement, Rely X luting 2 cement and Clearfil SA luting
cement did not show any statistical difference in cytotoxicity of radiated and non radiated
luting cement components Table 3.
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Table 3. Comparison of cell viability of non radiated and radiated luting cement components

GROUPS N Mean Std.
Deviation

t df Sig. (2-tailed)

Rely  X Sub Group I powder % cell
viability

Non radiated 6 61.01 2.52 1.954 6.063 0.186

Irradiated 6 38.1 20.11
Sub Group II liquid % cell
viability

Non radiated 6 59.5 0.80 2.353 10 0.078

Irradiated 6 55.55 2.81
Sub Group III set cement  %
cell viability

Non radiated 6 65.18 11.69 1.568 6.048 0.255

Irradiated 6 54.53 1.28
Rely X
Luting 2

Sub Group I  paste A % cell
viability

Non radiated 6 57.31482 2.69 -
0.095

10 0.929

Irradiated 6 57.68 6.21
Sub Group II   Paste B % cell
viability

Non radiated 6 42.03 24.60 -
1.268

6.185 0.323

Irradiated 6 60.46 5.30
Sub Group III set cement  %
cell viability

Non radiated 6 54.72 0.27 0.998 6.001 0.423

Irradiated 6 41.48 22.97
Clearfil
SA

Sub Group I paste A % cell
viability

Non radiated 6 63.14 7.52 1.627 10 0.179

Irradiated 6 38.61 25.02
Sub Group II paste B  % cell
viability

Non radiated 6 51.11 2.37 -
1.875

10 0.134

Irradiated 6 55.09 2.80
Sub Group III set % cell
viability

Non radiated 6 54.90 3.93 0.434 10 0.687

Irradiated 6 53.61 3.36
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4. DISCUSSION

Resin based dental materials are claimed to cause cytotoxicity to the materials due their
presence of HEMA, BIS GMA, TEG DMA. It is also been confirmed that resin modified glass
ionomer luting cements release ions such as fluoride, aluminium and strontium which can
produce reactive Oxygen Species which are said to be cytotoxic [25].

Electron beam irradiation is a modern method for improving the properties of polymers and
composites. It was shown to increase the stiffness of polymers as well as the links between
polymer chains [26].

When a material is exposed to electron beam irradiation, two types of radiation initiation
reaction can occur: Chain linkage and chain breakage.

Whenever a polymer material is exposed to electron beam irradiation, irradiation initiates the
radical build up of all components of polymer and the entire polymer may be newly arranged
and cross linked [16].

In contrast, electron beam irradiation can leads to chain breakage of the polymer. During
reaction, the C-C bonds splits off and the polymer structure is broken down and leads to
chain breakage [27].

Some studies have shown that electron beam radiation on resins have  resulted in improved
fracture toughness properties, improved tensile strength, moduli, and strain to failure
properties, high thermal properties, low water absorption values, low resin densities, as well
as favourable rheological  properties [29]. This may be due to the cross linking of the
polymers.

In the present study, the effect of electron beam irradiation of three resin luting agents was
evaluated with the non radiated samples of same resin luting agents. Three different
components of the luting cements were evaluated in the study, i.e. Powder/ Paste A, Liquid/
Paste B and Set Cement.

In the present study, extracts of luting cements were prepared as per ISO-10993-12
guidelines. Extracts from luting cements microvials were obtained 24 hrs after being placed
in cell culture medium (DMEM), following which the radiated and non-radiated samples were
subjected to the cytotoxicity assay.

In the present study, Rely X luting cement radiated group shows moderately cytotoxic
whereas Rely X luting cement shows only slightly cytotoxic in non radiated group. The
increased cytotoxicity of irradiated group may be due to increase in the release of unbound
monomers which are present in the Rely X luting cement such as 30-40% copolymer of
acrylic and itaconic acids and 25-35% 2-hydroxy ethyl methacylate. This unbound monomer
release occurred which may be due to chain breakage after irradiation.

In the present study, radiated group of   Rely X luting 2 cement paste A and paste B shows a
reduction in the cytotoxicity as compared to the non radiated cement group of paste A and B.
This may be due to the cross linking of unbound monomers such as methacrylated
carboxylic acid, BIS GMA and HEMA during irradiation. Set Samples of irradiated group of
Rely X luting 2 cement shows an increased cytotoxicity as compared to non radiated set
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group. This may be due to increase in the release of unbound monomers which may be due
to chain breakage after irradiation.

In the present study, Paste A and set samples of radiated group of Clearfil SA luting cement
shows an increased cytotoxicity than non radiated group. This   may be due to increase in
the release of unbound monomers such as BIS GMA, TEG DMA, hydrophobic aromatic
dimethacrylate and hydrophobic aliphatic dimethacrylate which may be due to chain
breakage after irradiation. Irradiated group of paste B of Clearfil SA luting cement shows a
slight reduction in the cytotoxicity than non irradiated group. This may be due to the cross
linking of unbound monomers during irradiation and less amount of unreacted toxic particles.

5. CONCLUSION

The present study noted that if the material used for luting agent can provide cross linking
rather than chain breakage after irradiation, cytotoxicity can be reduced as well as we will be
able to increase the properties of the material.  So more investigations should be conducted
whether electron beam irradiation can be used as a tool to modify and improve the present
day dental materials.

Further studies should be done to evaluate the cell viability of electron beam radiation at
different time intervals.  Further research should be performed with electron beam radiation
on pure resin based materials in order to notice further improvement in physical as well as
biological properties in order to generate an upgraded version of the present dental
materials.
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