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The effect of exposure duration of self etch dentin bonding on
the toxicity of human gingival fibroblast of cell culture
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ABSTRACT

Self etch dentin bonding created to make light easily activate the application of composite resin on tooth surface. The monomer
content has acid effect that could irritate tooth pulp. The purpose of this study was to evaluate the effect of light exposure duration of
self etch dentin bonding on toxicity of human gingival fibroblast of cell culture by MTT assay. Self etch dentin bonding was used as
on experimental unit and the sample was exposed by visible light curing in different duration: 10, 20, 30 seconds and immerged in
artificial saliva in pH 7 for 24 hours. 100 ul artificial saliva was exposed to human gingival fibroblast of cell culture 20.000 cells/100
ul RPMI for 24 hours. Toxicity was evaluated by MTT assay, optical density was measured using 550 nm spectrophotometer. The
data was analyzed using Kruskal Wallis in 5% degree of significance. The result showed that increasing exposure duration (10, 20,
30 seconds) of self etch dentin bonding will reduce the toxicity of human gingival fibroblast of cell culture. It is concluded that 30

seconds-exposure of self etch dentin bonding will reduce the toxicity of human gingival fibroblast of cell culture.
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INTRODUCTION

The use of filler with similar color of natural tooth has
high esthetical value and it is increasingly applied due to
the increasing knowledge and awareness in oral health.
The filler material is composed of visible light composite
resin. Before finally filling is performed, the application
procedure is considerably complicated, requiring acid
etching technique for tooth surface adhesion and bonding
application. Totally etching technique is performed using
phosphate acid and to remove residual acid, irrigation is
done. Etching technique is applied to support the adhesion
process of composite resin on tooth surface while bonding
material should be previously applied. This episode would
have an impact on the duration of existing fuller material
on tooth surface.

The material of dentin bonding-generating VI (self
etch type) is created to simplify the procedure of bonding
application and it is adhesive material with one step system
which would enable a dentist to perform simultaneously
etching, priming and bonding.! Self etch technique does
not require acid etching phase and prolonged irrigation
therefore it could be time saving for clinical application.
Bonding material self etch type is containing monomer
with acid pH, polymer and adhesive resin. The application
without irrigation would possibly cover the acid material
and long duration contact with dentin is really vital.> Self
etch type is achieved by increasing the concentration of acid
resin monomer. Water is an important additional material to
ionize monomer to enable adhesive material to have optimal

function, while. Etching should be performed on smear
layer as well as on the dentin, consequently, hybridized
smear layer and hybrid layer would be formed on dentin.
One of the advantages of self etch type is not to remove
smear layer during etching, priming and bonding process,
but to modify, therefore, smear plug is formed to decrease
hydrophilic flow through dentinal tubule.!

Residual monomer is a substance which is unreacted at
the end of polymerization.* Residual monomer and acid in
dentin bonding applied on tooth tissue would immediately
come into contact. They would be released into the adjacent
soft tissue or pulp tissue resulting the death of cells.

Resin based restorative dental material would release
the substance having biological viability. The application of
most sophisticated method to detect the substance is unable
adequately to detect biological property correlated with the
concentration.’ Primary component which is mostly released
from urethane dimethacrylate (UDMA) composite resin is
monomer, then followed by small number of 1.6 Hexane
dimethacrylate, chamfer Quinone.6 Resin based restorative
material shows cytotoxicity effect and in-vitro change of
cell function, while, High Performance Chromatography
(HPLC) is incapable to detect clearly the number of released
substance.’ When the polymerization process is completed,
the component existed in tooth resin would be immediately
eluated into the environment resulting metabolic change in
various cells.’

Exposure duration is one of the factors affecting
polymerization of resin monomer originating from
bonding material and composite resin. Effective exposure
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duration for composite resin is 20 to 60 seconds with
2 mm restoration thickness.® The 10 second of exposured
duration is recommended by the manufacture for self etch
dentin bonding. The increase of exposured duration would
cause more adequate polymerization of adhesive resin
composed of bonding material self etch type resulting low
residual monomer.

Prolonged exposure duration whether it would terminate
the process of acid etching in tooth hard tissue contacting to
bonding material is still unknown. The impact on physical
and chemical property as well as on adjacent soft tissue
occurring in the process of acid etching without irrigation
followed by polymerization is also unknown. The impact
on soft tissue in-vitro test could be identified by toxicity
occurring in human gingival fibroblast of primary culture
cell. The use of human gingival fibroblast of primary
culture cell because it has been considered closed to natural
condition compared to animal fibroblast it culture cell or
line cell and it has different sensitivity.

Toxicity test using MTT assay is a method which is
considered sensitive and easy to be done to detect living
cell compared to other methods. MTT assay is based
on the capability of living cell to reduce MTT salt. The
principle is to break down ring of MTT tetrazolium
[3-(4.5 dimethilthiazol-z-yl)-2.5-diphenyl tetrazolium
bromide)] through dehydrogenase in active mitochondria,
producing unsoluble blue formazan.” Formazan product
can be counted by dissolving and measuring optical density
of solution outcome.® Blue color reaction is used as an
indicator of living cell measured as MTT product using
spectrophotometer with 570 nm wave length.>

Based on the above explanation, a study is necessarily
conducted on the effect of exposure duration of bonding
material self etch type in toxicity of human gingival
fibroblast of primary culture cell using MTT assay. The
advantage of the outcome is to understand the impact
of exposure duration and toxicity on human gingival
fibroblast.

MATERIALS AND METHODS

The study was performed by experimental laboratory.
Method and self etch type as the sample. The artificial
saliva was composed of 36 gr NaCl, 1.69 gr KCI, 0.95
CaCl,, 0.85 gr NaHCO; and 400 cc destilled water. The
devices applied were light curing (latex), micropipette,
flask, conical, petridish, syringe, 96 well micro plate,
laminar flow, CO, incubator, spectrophotometer, sheaher,
centrifuge, and counter. The sample was classified into
3 groups according to exposure duration: 10, 20, 30
seconds, each group was consist of 7 samples.

Material of self etch type dentin bonding was mixed
equally 1:1, homogenously stirred using brush. 10 ul
mixture was taken by micro point and poured sterile
aluminium foil, followed by curing in individual group for
10, 20, 30 seconds and soaked in tube containing 1500 pl

artificial saliva for 24 hours, the mixture was removed after
the period was over. The next process, the artificial saliva
which was used to soak the self etch type dentin bonding
(eluate) would be applied as the sample of the study. 100 pl
of each controlled group was taken for toxicity test.

The preparation process of human gingival fibroblast
of primary culture was performed by obtaining gingival
tissue taken from extracted gingival of healthy tooth. Next,
the gingival tissue was washed using Povidon Iodine,
and irrigated by phosphate buffer saune (PBS). Gingival
tissue was repeatedly washed (3 times) by PBS composed
of Penicillin and Streptomycin in petridish and cut into
pieces using sterile scissors. Next, it was placed in another
petridish filled by RPMI culture media added by fungi zone
or gentamycin. The petridish was covered and shaken to
make the gingival tissue equally spread in petridish. The
incubation was done for 3 days in 5% CO, incubator at
37° C, the process was done in sterile environment of
laminar flow. Culture media was changed once in 3 days
until the cell growth would reach 50% of petridish surface
or confluent in which the subculture would be possibly
conducted.

Toxicity test was performed using 96 hole microplate
in which in every hole would accommodate 20.000
human gingival fibroblast of cell culture and 10100 ul
RPMIL. In negative controlled group consisted of cell +
RPMI media, while, cell + RPMI media + artificial saliva
in positive controlled group. Controlled group included
the sample consisted of 100 ul artificial saliva which had
been exposed by eluate of self etch type dentin bonding in
different exposure duration (10, 20, 30 seconds) in every
hole. Microplate was incubated for 24 hours (or 20 hours)
in 5% CO, incubator then removed out and added by
5 mg/ml MTT and 100 ul PBS in every hole. The incubation
was continued for 4 to 5 hours, the supernatant was
disposed, meanwhile, 200 pl dimethyl sulfoxide (DMSO)
was dropped in every hole, waited for 5 minutes, sheaher
was done in 30 rpm for 30 minutes the supernatant was
removed then it was washed twice using 100 ul PBS. The
next, microplate was inserted into spectrophotometer in 550
nm wave length and color absorbance could be identified
(formazan optical density = optical density).

RESULT

The mean of optical density, the percentage of living cell
and primary culture toxicity of human gingival fibroblast
cell exposed by eluate of self etch dentin bonding type in
artificial saliva could be shown in Table 1.

Low toxicity was shown by high optical density, on the
contrary high toxicity was shown by low optical density.
The higher the number of living cell, the higher the amount
of color absorbance would occur (high OD) showing low
toxicity. Toxicity scoring was identified by OD value
in controlled group cell + media was 100% (estimated
toxicity value = 0) cell toxicity was consecutively graded
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Table 1. The mean of optical density, the percentage of living cell and the toxicity of human gingival fibroblast of cell
culture exposed by eluate of self etch type dentin bonding

10 seconds 20 seconds 30 seconds
OD LC DC LC DC OD LC DC
Cell + media 0.772 100% 0% 0.772 100% 0% 0.772 100% 0%
(controlled)
Cell + media + artificial 0.767 99.3% 0.76% 0.767 99.3% 0.76% 0.767 99.3% 0.76%
saliva (controlled)
Eluate of bonding dentin 0.206 26.7% 73.3% 0.437 56.6% 43.4% 0.465 60.2% 39.8%

in 100 pl artificial saliva

Note: OD = optical density, LC = Living cell, DO = Death cell > 50%

according to exposure duration: 10, 20, 30 seconds. Prior
to statistical analysis. Homogeneity test was done using
Levene test showed value of significance 0.001 (p < 0.005),
the meaning is in homogeneous data. The next followed by
non parametric test using Kruskal Wallis. The result could
be shown on table 2.

Table 2. Kruskal Wallis statistical test analysing toxicity
of human gingival fibroblast of cell culture
exposed eluate of self etch dentin bonding

Exposure duration

Chi square 8.440
Df 6
A symp sig 208

The result of Kruskal Wallis test showed no significant
difference was found in the group exposed by eluate of
bonding dentin self etch in exposure duration 10, 20,
30 seconds (p > 0.001) indicating that toxicity of human
gingival fibroblast of cell culture was not affected by the
increase of exposure duration of self etch type dentin
bonding.

DISCUSSION

The result of the study showed there was no significant
difference in toxicity among the groups with exposure
in different duration. The highest toxicity was found in
bonding dentine self etch type for 10 second exposure
due to unpolymerized monomer which was much higher
comparing to 20 seconds and 30 seconds exposure.
Lack exposure decreased energy which functioned to
activate polymerization process therefore the degree of
polymerization would also decrease* and the decrease
of light energy would also simultaneously contribute the
decrease of photon number which was useful to activate
free radical formation.'?> Consequently the decrease of free
radical would make the process of polymerization less
maximal resulting in the increase of residual monomer.
Residual monomer would be instantly released into fluid

environment producing the response on the contact site of
dentin bonding.” The finding is also supported by the idea
that cytotoxity occurs due to the release of unpolymerizes
main component from the material on air resistant layer.
Inadequate polymerization process might make high
concentration of residual monomer. '® The release of residual
monomer would be more and higher in bonding dentin self
etch type which has high concentration residual monomer,
because bonding dentin self etch type with low exposure
duration possibly will have high residual monomer therefore
the release would come into contact with the adjacent fluid
tissue is high resulting higher value of toxicity compared
to 20, 30 second-exposure duration. In this case, it is in
accordance with the previous study stated that inadequate
polymerized monomer would release 50% after 3 hours
being soaked in oral fluid and 85-100% after 24 hours.'* In
this study, the existing residual monomer could be released
into artificial saliva affecting soft tissue and as a matter of
fact the residual monomer was toxic to human gingival
fibroblast. It was revealed in bonding dentin for 10 second-
exposure that OD 0.206, living cell 26.7%, toxicity 73.3%
(CD > 50%), it was evidently toxic. The toxicity of residual
monomer was also similar to the previous study suggested
that dental material would be toxic in the condition of
CD > 50%.'5 The analysis using Kruskal Wallis showed
no significant difference suggesting the cytotoxicity was
most possible due to the acid content in bonding dentin
as well as residual monomer resulted from incomplete
polymerization process."!® The occurrence of many dead
cells because of acid monomer (pH < 1) content in bonding
dentin self etch type.! The elevation of cell membrane
permeability was also contributed by the monomer, as
aresult, internal plasma membrane was exposed by the acid
material, therefore, cell inflammation would eventually
exhibit the synthesis process and dead cell would occur.
Low pH might also cause protein denaturation that was the
damage of covalent intra molecular binding disulfide and
ionic binding, hydrophobic and hydrogen binding.'®
Another reason suggested that bonding dentin self etch
type was consisted of HEMA which was used to increase the
strength of bonding and dentin with 130.14 molecule weight
could be completely soluble in water. High concentration
supported by HEMA rapid release in self etch dentin
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bonding.!”In addition, the cause of toxicity was the activity
of material which was not neutralized by calcium ion of the
teeth as it was clinically applied in-vivo study. This would
differ between the application on tooth with in-vitro study
without application on tooth tissue.

Performing in vitro toxicity test on cell culture could be
the evidence of initial biocompatibility of dental material.
In this study, primary culture of human gingival fibroblast
cell was applied in order to achieve closely similar to natural
clinical condition. Because human gingival fibroblast cell
is the most important cell and the biggest component of
pulp and periodontal ligament, in this study primary culture
of gingival tissue was applied. The strength of primary
culture of human gingival fibroblast cell is having sensitive
response compared to cell line culture. The weakness is
primary culture having short life span and difficult to do
repeated subculture therefore it requires procedure of new
culture process for application.

Based on the result of the study, it could be concluded
that 10, 20, 30 seconds light exposure of dentin bonding
self etch type on human gingival fibroblast cell reduces
toxicity.
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