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ABSTRACT

Aim: The effects of leached substances from the restorative dental
materials may induce local and systemic adverse effects. Thus the
biological and toxic properties of the restorative dental materials
must be compatible with the oral tissues or with general health.
Therefore, the need for biocompatible restorative dental material
implies the necessity of toxicity testing. It was the purpose of
this investigation to determine and compare the possible toxic
effect of silorane based composite (Filtek P90) on human gingival
fibroblast (HGF) in vitro using cytotoxicity measuring parameters
(MTT assay) in comparison with its methacrylate counterpart
(Z100) for their viability, proliferation rate.

Materials and Methods: Fresh healthy biopsy specimens of
human gingival tissue of patients were obtained. For HGF, cells
were cultured in Dulbecco’s modified Eagle medium and grown to
sub confluent monolayers. After attaining confluence, cells were
treated with different doses of the Filtek P90 or Z 100 for different
time point. HGF cells were observed for their proliferation, viability
by MTT assay.

Results: The results of the cytotoxicity assay showed that,
the percentage of viable cells was very good in the first 24h
and marginally decreased in the next 48h period in all groups.
However, the proliferation rate was never below 84% in all the
groups, at any given concentration. Filtek P90 and Z100 treated
cells exhibited insignificant decrease in the cell proliferation both
in 24h and 48h exposure when compared to significant decrease
in the cell survival rate in the positive control (Mitomycin C 250
pg/ml).) Comparison of the toxicity between Filtek P90 and Z100
in 24h & 48h separately showed that there was no significant
difference (p<0.05) between these two composites in 24h and
48h’ time period at all concentrations of the composites.

Conclusion: To conclude, the new silorane based restorative
composite showed comparable cytotoxic characteristics to
clinically successful dimethacrylate composites suggesting the
non-toxic nature in the oral environment and hence contributing
to clinical success of these new restorative materials.
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INTRODUCTION

Restorative dental materials are placed in direct contact with living
tissues of oral cavity. With time, the composition of the restorative
materials changes due to chemical and mechanical degradation in
the oral cavity. They may also influence the health of oral soft tissues
in several ways especially by delivering water soluble components
[1-3] into saliva/oral cavity as well as by interacting directly with
adjacent tissues like epithelia of gingiva and its connective tissue [2].
It has been shown that, the organic matrix of the dental composite
resins, when released into the oral cavity can cause a wide variety
of adverse biological reactions such as mucosal irritation, epithelial
proliferation, oral lichenoid reaction, hypersensitivity, anaphylactoid
reactions and may also cause fibrosis of the adjacent soft tissue
[2,4-6]. Thus the biological and toxic properties of the dental
materials must be compatible with the oral tissues and even with
general health. Therefore, the need for biocompatible restorative
dental material implies the necessity of toxicity testing.

The importance of using cell culture models to test the biocom-
patibility of dental materials is well established [2,7] with the help of
cultured fibroblast from human pulp, gingiva, skin, buccal mucosa,
periodontal membrane, oral epithelium and commercially available
cell lines such as Hela cells, BALb/c 3T3 etc. Human gingival
fioroblasts are most frequently used in the biological assessment of
dental materials [2,8-10].

Methacrylate based dental composite has been widely used as filling
(restorative) material in dentistry [11] which undergoes a free radical
addition polymerization mechanism. Polymerization shrinkage
and marginal integrity of restorations are the inevitable problems
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with methacrylate based composite [11]. Two to three percentage
shrinkage in the material causes stress at tooth restorative interface
leading to postoperative pain, fracturing of restoration, chipping
of margins, debonding, microleakage. These inevitable problems
caused by methacrylate composites can be minimized by changing
the chemistry of setting and using silorane based composites which
became highly desirable. This initiated the development of new
innovation in the field of dental composites.

A silorane based composite (Filtek P 90), comprising of ring-
opening monomer, claims low polymerization shrinkage (<1%). This
low shrinkage is because of ring opening polymerization process of
cyclic epoxides. It is desirable in the development of a new dental
composite filling material superior to the current resin compounds
based on acrylates [11-14]. Silorane contains siloxane and oxirane.
Polymerization of silorane-based composite via a photocationic
ring-opening reaction results in a lower polymerization contraction
compared to methacrylate based composite. In addition to
low polymerization shrinkage due to the oxirane ring-opening
polymerization reaction [12,13] it also has hydrophobicity due to the
presence of siloxane which promotes the insolubility of the material
in the presence of oral fluids [15,16].

The biocompatibility of silorane based composite (Filtek P90) was
tested using individual constituents of silorane rather than Filtek
P90 as a whole. There is no report to show the sensitivity of oral
fibroblasts harvested from patients on Filtek P90. Therefore, the
present study is designed to evaluate and compare the cytotoxic
effect of silorane based composite (Filtek P90) and methacrylate
based counterpart (Z100) on human gingival fibroblast (HGF).
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[Table/Fig-1]: Materials used in the study

Since the possible toxic effect can culminate in various oral health
problems, the results of this test of Filtek P90 may suggest the
compatibility of these materials in the oral environment and hence,
may contribute to clinical success of this new material.

MATERIALS AND METHODS

Preparation of stock solution: The two composites used in the
study [Table /Fig-1] were dissolved in dimethylsulfoxide (DMSO).
From the stock solution (10mg/ml), seven different concentration of
composite (20, 10, 5, 2.5, 1.25, 0.625 and 0.3125 ug/ml) were used
to treat cells at the final concentration of DMSO less than 0.2%.

Cell Culture Method

After obtaining the approval from the institutional ethical committee,
human gingival fibroblasts (HGF) for this study were obtained from
the healthy gingiva (without diabetes, hormonal imbalance, and drug
induced gingival hyperplasia, devoid of gingivitis and other periodontal
problems) of two volunteer patients undergoing oral prophylactic
procedures in Manipal College of dental sciences, Mangalore,
India. Informed consents were obtained from patients prior to
extractions according to institutional ethical committee regulations.
Gingival biopsy was taken by giving a local anesthetic and a sulcular
incision was made around the tooth and a flap elevated to a limited
extent (i.e., the flap was not raised to the mucogingival junction).
Remaining gingival tissue tags were removed by thorough curetting
of the cervical area of the root surface. Immediately after removal,
the tissue was washed twice with Hanks’ salt solution containing
with 10% antibiotics (penicillin+streptomycin). Specimens dispersed
on glass slides were minced into small pieces and the cut biopsies
were plated in 6-well tissue culture plates in Dulbecco’s modified
Eagle medium (Sigma, UK) supplemented with 10% fetal calf serum
(Biowest Ltd., UK), 2% I-glutamine (Sigma), 100 U/ml penicillin,
(Sigma), and 100ug/ml streptomycin (Sigma) and incubated at 37°C
in a humidified atmosphere of 5% carbon dioxide in air. Once cells
starts to grow [Table/Fig-2a] [17], the adherent cells (fibroblast) were
washed with HBSS to remove the large mass of tissues. After 80%
confluence, the cells [Table/Fig-2b,3a] were passaged and frozen to
use when required.

Treatment

After recovering the frozen cells, cells were grown to reach about
80% confluent. Then the cells were trypsinized and counted using
Neubauer’s chamber. Ten thousand cells were plated in 96 well
plates in triplicate. After attachment of cells, the cells were treated
with different doses of the Filtek P90 and Z100 for 24h and 48
h. Then these cells were subjected to MTT assay to assess the
proliferation and viability.

MTT Assay

The cells were seeded into a 96 well plate [Table/Fig-3b] at a
density of 10 cells/well and incubated for 48 hours to allow them
to attach. The attached cells were then treated with various doses
of both the composites. DMSO treated cells and untreated cells
served as control. Culture was incubated for 24h and 48h. At the
end of the incubation period, 20 u of MTT stock solution {3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide} was added
to each well and were incubated for 4 h at 37°C. Then the purple
colored formazan crystals were formed due to the reduction activity

Name Type Manufacturer Shade Organic matrix Inorganic fillers [wt.%]

Z100 Methacrylate based universal 3M/ESPE, St. Paul, MN, USA A2 Bis-GMA and TEGDMA Zirconium, silica 66
composite

Filtek P90 | Silorane based microhybrid 3M/ESPE, St. Paul, MN, USA A2 3,4-Epoxycyclohexylethylcyclopolymet | Silanized quartz, 76

hylsiloxane, bis-3,4-poxycyclohexylethy
Iphenylmethylsilane

yttrium fluoride

[Table/Fig-2]: (A) Initial stage of the culture of fibroblast (#) from the gingival biopsy
specimen (*) (B) Confluent fibroblast cells after one week of culture

[Table/Fig-3]: (A) Gingival fibroblast primary culture flask (B) Gingival fibroblast
seeded for MTT assay in 96-well tissue culture plate

of the oxidoreductase enzymes in the cells. These crystals were
then dissolved in lysis solution (1:24 ratio of HCI: isopropanol) for
1hr at room temperature. The absorbance of the purple coloured
solution was measured using ELISA plate Reader at wavelength
570nm [18]. Each experiment was done in triplicates. Readings
were analysed using Microsoft Excel program.

STATISTICAL ANALYSIS

The data were presented as mean and SD. The effects of the two
composites on the HGF was compared by t-test and to compare
the toxicity within the various concentration of composite used and
time period one-way ANOVA was used followed by Tukey’s multiple
comparison test at significance level of p < 0.05.

RESULTS

The results of the cytotoxicity assay showed that the percentage
of viable cells was very good in the first 24h of treatment and
marginally decreased in 48 h of treatment in all groups. However,
the proliferation rate was never below 84% in all the groups, at any
given concentration.

Result of the MTT assay demonstrated that the survival rate of cells
in DMSO (solvent control) alone was about 73% in comparison with
untreated group. The percent cell survival rate at different doses of
Filtek P90 (drug F) and Z100 (drug Z) was calculated in comparison
with the untreated control. Filtek P90 and Z100 treated cells
exhibited insignificant decrease (about 15%) in the cell proliferation
both in 24h and 48h exposure. Whereas mitomycin (positive control)
treated cells (at concentration of 250ug/ml) showed significant
decrease (70%) in the cell survival rate compared to all other groups.
While comparing the toxicity of Filtek P90 and Z100 treated cells
in 24h & 48 h separately [Table/Fig-4,5], it was found that there
was no significant difference between these two composites after
24 h of treatment at all concentrations. Treating the cells with 10
pg/ml concentration of Z100, showed significantly higher toxicity
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[Table/Fig-4]: Comparison proliferation of gingival fibroblasts treated with drug Z
and drug F for 24 hours
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[Table/Fig-5]: Comparison of proliferation of gingival fibroblasts treated with drug

Z and drug F for 48 hours

(p=0.032) than that of Filtek P90 after 48 h of treatment. However,
after 48 h of treatment, the Z100 was found to be little more toxic
than the Filtek p90. When compared the rate of cell proliferation
24h and 48h of treatment, the cells treated with 20 pg/ml of Z100
showed significantly (p < 0.05) lower rate of proliferation after 48h.
Similarly the cells treated with 20 & 10 pg/ml of Filtek P90 showed
significantly (p < 0.05) lower cell growth after 48 h of treatment.
Overall no significant alteration in the cell growth was found either in
Z100 treated cells or Filtek P90 treated cells.

DISCUSSION

Though the methacrylate based composites are popularly & widely
used, efforts are being made to overcome the clinical deficiencies
by recent development and refocusing from the filler content to
the matrix resin. There has been dearth of reports in literature on
the biocompatibility of siloranes. Present result of nontoxic nature
of the materials is in accordance with the observations of others
on methacrylates [19,20] and siloranes [21]. However, there are
conflicting reports on the cytotoxicity of these materials [21-25].

In the present study, the cytotoxicity observed was mild in both the
materials at any given concentrations. The non-cytotoxicity of these
composites could be due to the following reasons:

1. Hydrolytic stability of the material. As showed by Palin et al.,
2005 [26] that compared to methacrylate based composites (Z250),
silorane- based composite exhibits lower solubility, water sorption
and diffusion coefficients. These hydrophobic properties diminishes
the release of unpolymerized monomers to the oral cavity thus
reducing the toxicity [27]

2. Lower levels of residual monomers after polymerization.
Monomers released due to lower degree of conversion after
incomplete polymerization, can increase the cytotoxic effect of the
composite resins [21].

3. Insufficient release of leachable components that produces the
cytotoxicity. The low cytotoxicity does not imply absence of leached
components. But if, the process of leaching of toxic compounds is
slow, it may not reach the lethal dose at any given time to cause the
cytotoxicity in the oral cavity. In the present study also, Filtek P90
and Z100 exhibited low level of cytotoxicity as incubation period

Journal of Clinical and Diagnostic Research. 2015 Jan, Vol-9(1): ZC05-ZC08

Prashanthi Sampath Madhyastha et al., Cytotoxicity of Dental Composites

increased suggesting that these composites have limited leaching
of the cytotoxic components into surrounding media [Table/Fig-5].
However, there is a contradicting report which has described a
lower degree polymerization of methacrylate-based composites
(Filtek Z250) [28] which may release the cytotoxic substances.

Earlier, it has been shown that monomer release from composite
resins is complete in 24 h [8,29]. Therefore, most toxic effects
from composite resins occur during first 24h. In our present study
no significant cytotoxicity was found even after exposing for 48h.
However, further evaluation of effect of residual monomers on
apoptosis, oxidative stress, delay in cell and molecular mechanism,
remains to be elucidated so that the cytotoxicity of resinous materials
or monomers can be analysed.

CONCLUSION

The Filtek P90 and Z100 restorative materials do not cause
cytotoxicity in human gingival fibroblasts and are regarded safe
when tested in vitro. The new silorane based restorative composite
showed comparable cytotoxic characteristics to clinically successful
dimethacrylate composites suggesting the non-toxic nature in the
oral environment and hence contributing to clinical success of these
new restorative materials.
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