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Abstract

Background and aims. The aim of this study was to evaluate the effect of dilution and curing methods of an etch-and-
rinse adhesive and a self-etching primer from the same manufacturer at early exposure time on cytotoxicity of primary hu-
man gingival fibroblasts.

Materials and methods. Primary human gingival fibroblasts were exposed to different dilutions of Adper Single Bond
(ASB) and Adper Prompt L-Pop (APL) (3M ESPE, USA). They were evaluated in unpolymerized mode for 20 s, 5 min and
24 h and in polymerized mode for 24 h and 48 h. Cytotoxicity was evaluated using three cytotoxic tests (MTT, cell counting
and DNA condensation). Data was analyzed by a one-way ANOVA and Post Hoc Tukey HSD test.

Results. Cytotoxicity tests revealed that unpolymerized APL was more cytotoxic compared to ASB after 20 s (P<0.05). By
increasing the time to 5 min and 24 h, ASB was more cytotoxic than APL with lower dilutions. Polymerized ASB was more
toxic than APL.

Conclusion. Both adhesives were cytotoxic in different dilutions, times and curing modes. Cytotoxicity of the unpolymer-
ized self-etching primer (APL) was more than etch-and-rinse adhesive (ASB) in 20 s, which is important clinically and den-
tists should be aware of the harmful effects and try to minimize it by curing and rinsing soon after composite resin insertion.
ASB was more cytotoxic at 5 min and 24h.
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croleakage across the restoration—tooth interface,
increase the retention of the restoration and improve
entin bonding agents (DBAs) have been intro- bond strength.'” Several types of dentin adhesives
duced for more than two decades to reduce mi- have been introduced, but current products are cate-
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gorized as two major groups: etch-and-rinse and self-
etch systems.” Compared to the etch-and-rinse strat-
egy, which uses a separate etching step, self-etching
adhesives use an acidic primer with a pH lower than
that of phosphoric acid, which makes their applica-
tion easier and shorter in time.>” Based on the pH,
self-etch adhesives are categorized as mild, moder-
ate and strong, which could result in inflammatory
responses in pulpal, gingival and neural cells.*®

Studies regarding the cytotoxicity of DBAs re-
vealed that elutes from adhesives may exert poten-
tially harmful effects on the gingival cells and may
lead to mild to severe inflammatory reactions, cell
changes and cytotoxicity.”"' Some investigations
have shown contact dermatitis, lichenoid reactions,
sensitivity reactions, inflammation, necrosis of oral
mucosa, parakeratosis and hyperkeratosis of mucosal
epidermis and nebulous discoloration as side effects
of the application of dentin adhesives.'*"*

Various factors are responsible for the cytotoxic
effects of DBAs, such as chemical ingredients, dilu-
tion, application time, curing mode and acidity.”'*"
Among the different chemicals, some are cytotoxic.
BISGMA, TEGDMA, 2-hydroxyethylmetacrylate
(HEMA), ethylene glycol (EG) and initiators (e.g.
camphorquinone) are common constituents of adhe-
sive systems, which are cytotoxic to gingival fibro-
blasts.””"’

Since self-etch adhesives are not fully dispersed
during bonding process and cavity restoration with
composite resin, there is concern about their contact
time with the gingiva. Kaga et al'® suggested that
contact with uncured primers and adhesives should
be minimized. In this regard, long exposure of the
acidic part of an aggressive self-etch adhesive with-
out rinsing during its application, along with the
chemical composition, might affect gingival fibro-
blasts.

Since most studies with DBAs have evaluated their
cytotoxicity on mouse fibroblasts with only one or
two cytotoxic tests and a few variables in this area,'””
*> and mostly in 24 hours and after 24 hours,” ">
the current study focused on evaluation of the cyto-
toxicity of dentin adhesives at early exposure time of
cells (20 s and 5 min) with three different tests: MTT

Table 1. Principal components of the DBAs tested

assay is one of the sensitive tests to detect cellular
damage according to mitochondrial dehydrogenase
activities of cells;”*** DNA condensation, which
could also be considered a genotoxicity test, is asso-
ciated with cell death and detection of apoptotic
cells.”® Cell counting is a simple, inexpensive, con-
venient way to define the cytotoxic effect of a mate-
rial,*® which is not capable of evaluating toxicity as
the only test. The null hypothesis was that the self-
etch adhesive could be more cytotoxic than two-step
etch-and-rinse adhesive due to its higher acidity. It
was also assumed that the cytotoxicity of both adhe-
sives would increase with longer exposure time,
lower dilutions and when they are unpolymerized.

Materials and Methods
Cell Culture

Primary human gingival fibroblasts (HGFs) were
cultured by using the tissue explant technique. In-
flammation-free HGF cells were obtained from sur-
gical operations of impacted third molar teeth as part
of a research project (NO.130/4891-1382) approved
by the Medical Committee of the Research Depart-
ment of Tehran University of Medical Sciences to
work on humans as participants. Cells were cultured
in Dulbecco's Modified Eagle's Medium (DMEM)
(Biochrom AG, Germany) supplemented with 10%
fetal bovine serum (Sigma, USA). Cultures were
maintained at 37°C and 5% CO,.

Test Materials and Preparation

This part of the study was similar to that of a study
by Banava et al.*® The materials tested in this study
are listed in Table 1. The cytotoxicity of two adhe-
sive materials from the same company (3M ESPE,
USA) named Adper Single Bond (ASB), an etch-
and-rinse single bottle adhesive, and Adper Prompt
L-Pop (APL), a self-etching adhesive, were evalu-
ated at different times, with dilutions and in polym-
erized and unpolymerized modes. In the unpolymer-
ized mode, the adhesives were dissolved in 96° etha-
nol and diluted serially with phosphate-buffered se-
rum (PBS) and added to culture medium to obtain
various dilutions (107 to 10™). The ethanol concen-

Material (code) Ingredients Manufacturer Batch numbers
Adper Single Bond BIS-GMA(5-35%) ,HEMA  (5-25%), MMPAS (5-15%), 3M ESPE N275505
(ASB) UDMA,GDMA (2-25%), Ethanol (20-60%),Aqua (2-8%), cam- USA

phoroquinone, Polyacrylic acid
Adper Prompt L-Pop  Methacrylated phosphoric esters, Bis-GMA, camphoroquinone 3M ESPE Liquid A:
(APL) ,Stabilizers,Water, HEMA, HEMA phosphates,Methacrylate modi- USA D 17733
fied PAA Liquid B:
211713
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tration was not higher than 1% for each dilution,
which is considered as non-toxic for HGF cultures.

In the polymerized mode, 10 uL of each DBA was
applied centrally on a sterile glass slide and cured for
10 s with a halogen light-curing unit with a light in-
tensity of 400 mW/cm” (Dentamerica, CA, USA) at a
distance of 1 mm. After polymerization, each test
specimen was eluted in 2 mL of DMEM for 48 h in a
5% CO, air atmosphere. Then the extracted media
were passed through an 0.22-um filter and these
elutes were subsequently diluted with the culture
medium at 1:2, 1:4, 1:6, 1:8, 1:10, (and 1:1000 just
for ASB) ratios.

Exposure to Test Materials

The cells were diluted in fresh complete media and
seeded in proper tissue culture plates, depending on
the assay. After 24 h of culture, the cells were treated
with 10" to 107 dilutions of unpolymerized adhe-
sives for 20 s, 300 s (5 min) and 24 h, and different
dilutions (1:4,1:6 ,1:8) of extracts of cured adhesives
were treated for 24 h and 48 h. Negative control
group was considered for each subsequent experi-
ment.

Cytotoxicity Assays

Three cytotoxicity tests were used to evaluate the
cytotoxicity of the mentioned DBAs.

MTT Assay

In this assay, 6x10~ HGFs were cultured in DMEM
in 96-well culture plates. At the end of each treat-
ment, MTT dye was added to the wells. The plates
were incubated for 3 h and formazan crystals were
dissolved in dimethyl sulfoxide (Merck, Darmstadt,
Germany). The optical density was measured at 570
nm using a microplate reader (Anthos Reader 2001,
Salzburg, Austria). The percentage of cell viability
was calculated as % control.

DNA Condensation Assay

Since the chromatin condensation is a prominent
hallmark of apoptosis, the apoptotic cells were rec-
ognized in this assay on the basis of nuclear conden-
sation using Hoechst 33258 staining (Sigma, UK).
To conduct DNA condensation assay, HGFs were
plated at 1x10° cells per well in slide chambers
(Nuns, Naperville, IL, USA). At the end of each
treatment, treated and untreated (control) cells were
fixed with cold methanol-acetone 1:1 (v/v) for 15
min, then washed and incubated with Hoechst 33258
staining (1 pg/mL) in the dark for 20 min. The con-
densation was evaluated under a fluorescence micro-
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scope (Olympus BX50F) equipped with a 3-CCD
color video camera (Sony DXC) (Japan). All the ex-
periments were performed in triplicate and repeated
at three different times (n=3).

Cell Counting Assay

HGFs were plated 3x10" per well in 24-well culture
plates. After removing the medium at the end of each
treatment, adherent HGFs were collected by
trypsinization and counted using Trypan Blue Exclu-
sion assay, and the ratio of viable cells was calcu-
lated.

Data Analysis

Statistical analyses were presented as means + stan-
dard errors. The significance of the results obtained
from the control and treated groups were statistically
analyzed by one-way ANOVA and HSD Tukey
tests. P-values less than 0.05 were considered statis-
tically significant.

Results

The cytotoxicity results of Adper Single Bond (ASB)
and Adper prompt L-Pop (APL) are presented in
Figures 1 and 2 and Table 2.

MTT assay

The results of the MTT assay are summarized in fig-
ures. Figure (1A) shows the cytotoxicity of uncured
ASB after 20 s of application. The toxicity increased
from 18.3% at 10” to 42.5% and 56.7% at 107 and
107" dilutions, respectively, which was significantly
higher than in the control group for 10? and 10 di-
lutions (P<0.001). By increasing exposure time to
300 s and 24h, the cytotoxic dilution changed to 10~
and 10, respectively, and cell death exceeded 50%
and 80%. Statistical analysis revealed that compared
to 20s, ASB was significantly more cytotoxic in 107
dilution after 300s (P<0.001) and in 10 and 107
dilutions after 24 h (P<0.05). There were no signifi-
cant differences in the cytotoxicity of ASB with an
increase in time from 300 s to 24 h (P>0.05).

Figure (1B) shows the cytotoxicity of APL after 20
s. Cytotoxicity occurred at 107 dilution and in-
creased to 49% in 10™. After 300 s and 24 h the cy-
totoxic dilution moved to 10™* and cell death reached
61% and 73%, respectively. APL was more cyto-
toxic in 107 dilution at 20 s. There was no signifi-
cant difference between cytotoxicity at 300 s and 24
h (P>0.05).

Figure (1C) shows the comparison of cytotoxicity
of unpolymerized ASB and APL. In this mode, APL
was more cytotoxic than ASB after 20 s at 107 dilu-
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Figure. 1. Effect of unpolymerized ASB & APL at various dilutions and different treatment times on HGF using
MTT assay. (A) Effect of unpolymerized ASB. (B) Effect of unpolymerized APL. (C) Comparison of unpolymerized
ASB and APL effects at 10° dilution with MTT assay. The results represents as means + SE of three independent
experiments (*** P < 0.001). Comparison of polymerized ASB and APL effects at various dilutions after 24 hrs of
exposure using MTT test (D). The results represent as means + SE of three independent experiments (* P < 0.05, ***

P < 0.001).

tion (P<0.05). By increasing the exposure time to
300 s and 24 h, the first cytotoxic dilution changed to
107 and ASB was more cytotoxic than APL. Figure
(1D) shows the results of MTT test of cured adhe-
sives. Polymerized ASB was more toxic than polym-
erized APL at all dilutions.

Cell Counting Test

The results of cell counting assay in cured mode con-
firmed that cured ASB was more toxic than cured
APL (Table 2).

DNA Condensation Test

The results of DNA condensation revealed the pres-
ence of apoptosis in less than 5% of total death in
both cured and uncured adhesives (Figure 2).

Discussion

Biocompatibility is one of the important properties
of dental materials, and adhesives are no exception.”’
Several studies have reported the cytotoxicity of den-
tin bonding agents on pulpal and gingival cells.**

Table 2. Cytotoxic effect of polymerized ASB & APL was assessed using the cell counting assay at various dilutions
on HGF. Values were expressed as mean percentage + SE of cell mortality compared with control. N.D.: Not Deter-

mined
Dentin Bonding Agent Exposure Time
Dilution 24 hrs 48 hrs
Adper Single Bond 1:2 100 100
(ASB) 1:4 100 100
1:6 40.80 (5.40) 63.23(1.13)
1:8 19.86 (3.29) 53.83(2.13)
Adper Prompt L-pop 1:2 100 100
(APL) 1:4 54.83(3.45) 55.33(1.03)
1:6 3043 (1.72) 34.83(0.93)
1:8 N.D N.D
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Contact of these materials with gingival tissue during
adhesive restoration could cause harmful effects on
gingival cells. These materials have bioactive ingre-
dients which could result in their cytotoxicity.'"' In
the present study, the effect of two current adhesives
was evaluated on human gingival fibroblasts. This
cell line is the best cell type to predict the cytotoxic-
ity of a material in clinical situations in comparison
with mouse and bovine fibroblasts which might be
more sensitive to some and could over-estimate the
effect.”

Usually one or two tests are used to evaluate the
cytotoxicity of a material, but in the present study,
three tests were assigned to provide a complete and
in-depth assessment of the cytotoxic effect. MTT
assay should be one of the main tests in these kinds
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of studies because it shows cell viability in both
cured and uncured modes.”" Cell counting cannot be
the only test because of technical problems such as
precipitation of the uncured adhesives which causes
incomplete evaluation. DNA condensation which is a
confirmation test for cell death and detection of
apoptotic cells also could not be the sole test in a
study because it just reveals the apoptotic cells. In
this regard, this study showed complete assessment
of the cytotoxicity of the tested adhesives.

The present study is consistent with previous stud-
ies, revealing that both adhesives are cytotoxic like
other dentin adhesives after 24 h;*"?® the main differ-
ence between this study and others is the evaluation
of the early exposure time of uncured adhesive after
20 s and 5 min, which has not been done before and

'..5.-'_::
3 i

L

Figure. 2. Hoechst staining of HGF following exposure to both adhesives for 24 hrs. HGF cells were treated with the

(A,B) control medium , (C,D) unpolymerized APL at 107 dilution, (E,F) polymerized APL at 1:4 dilution. (G,H)
cured ASB A, C, E and G were taken using fluorescence microscope. In B, D, F and H fluorescent images are super-
imposed on light microscope images of the same field. Apoptotic cells are indicated with arrows (Magnification x20).
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most studies have evaluated the effects of cured ad-
hesives in 24 h and after several days while in clini-
cal situations adhesive materials may contact the
gingival cells from the very first moment after appli-
cation until the finishing and polishing of composite
resin and rinsing with water. During this time un-
cured adhesives have enough time to contact and
affect the gingiva. In this study, unpolymerized Ad-
per Prompt L-Pop was more cytotoxic than Adper
Single Bond in 20 s, which is clinically important.
MTT assay showed that the longer the contact time
of both adhesives in unpolymerized and polymerized
mode the more the toxicity with lower dilutions.
Kubia et al*® also showed that curing makes adhe-
sives less cytotoxic than when unpolymerized, but
they studied the effects after 24 h. Curing of an ad-
hesive polymerized resins significantly diminishes
the amount of free monomers and substantially re-
duces the potential of noxious stimuli.**** Since
cured resins are not fully polymerized, they will also
degrade with time and could release stimulants
which could cause toxicity later.”® Leakage of un-
polymerized monomers of an adhesive after curing
and adjacent to the gingiva could also result in cyto-
toxicity.” The results of DNA condensation showed
that the main mechanism of cell death was not apop-
tosis. These results were similar to the previous
study which revealed that 85-99% of cell death was
due to necrosis.”* It seems that for a definite consid-
eration of cell death, other studies need to be con-
ducted to evaluate the different types of adhesives
chemically to reveal the main reason of cell death to
make appropriate changes in future adhesives.

Although cell counting test showed the same re-
sults as MTT assay, it was unable to show the effect
of unpolymerized adhesives due to technical prob-
lems. It seems that this test could not be used as the
only cytotoxic assay in a study and should be ac-
companied by other tests to provide more detailed
findings or ignored at all.

The results of the current study revealed that the
toxicity is dose-dependent. Hashich et al'® showed
that all the dilutions of dentin bonding agents (from
10% to 10'1), including ASB, are toxic in 24 hours on
L-929 fibroblasts and with increasing the dilution,
cytotoxicity will decrease. In the present study ASB
was cytotoxic at 10 in 5 min and 24 h. This differ-
ence could probably be due to the different cell type
evaluated in that study, which seems to be more sen-
sitive than human gingival fibroblasts that better
represents clinical consequences.

As mentioned earlier, there are various factors re-
sponsible for the cytotoxicity of dentin adhe-
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sives.”'*!"* The different components in dentin adhe-
sives have different levels of cytotoxicity."'” Ratha-
nasathien et al*® suggested that knowing the individ-
ual cytotoxicity of the components is not adequate
when testing the cytotoxicity of DBAs that release
multiple components. Bis-GMA, dimethoxybenzoine
(DMBZ), urethane-di-methacrylate (UDMA),N,N-
dimethyltetradecylamine (DMDTA), 2-hydroxy-
ethyl-methyacrylate (HEMA) have severe cytotoxic-
ity on fibroblasts, whereas dimethyl-p-toluidine
(DMPT), benzyl-methacrylate (BEMA)and cam-
phorquinone (CQ) showed mild cytotoxicity.*® Non-
irradiated CQ induces oxidative stress, DNA damage
and cytotoxicity as well in primary HGF.>’ Previous
studies demonstrated that components of an adhesive
may have a synergistic effect on the overall toxicity'’
and confirmed that BIS-GMA is more cytotoxic than
UDMA, TEGDMA and much more than HEMA, but
interaction of two or more components together
could decrease or increase the cytotoxicity of the
combination.”” Kusdemir et al’® suggested that the
type of methacrylate in the adhesive is an important
contributing factor. They evaluated the cytotoxicity
of six different self-etch adhesive with different
methacrylate monomers and concluded that the
BISGMA-based adhesives are more cytotoxic than
UDMA-, TEGDMA- and HEMA-containing adhe-
sives.*

Hydrophobic monomers, such as BIS-GMA,
TEGDMA and UDMA, can leak from polymerized
resins and cause side effects. Hydrophilic monomers
such as HEMA are cytotoxic but the cytotoxicity is
less than that of BIS-GMA and UDMA."**® How-
ever, if they are mixed with HEMA, the diffusion
will easily occur, resulting in more cytotoxicity.™®

The cytotoxicity of both adhesives in this study
could be related to their methacrylate monomers as
well as the CQ incorporated as photoinitiator as it
has been shown to be not only a cytotoxic agent,’”*
but also a mutagen.*’ ASB has more methacrylate
monomers than APL. It contains BIS-GMA,
MMPAS, UDMA, GDMA, and HEMA, which could
be one of the reasons for its cytotoxicity. Adper
Prompt L-Pop is a HEMA-based aggressive DBA
according to its pH, i.e. 0.9-1.0.% It has BIS-GMA,
methacrylate-modified polyacrylic acid and HEMA
phosphates that maybe caused less toxicity than
ASB. It seems that there are other factors than the
acidity of the primer in APL, which is responsible
for its cytotoxicity.

Future in vitro and in vivo studies are needed to
evaluate the replacement of the toxic ingredients of



dentin adhesives by more biocompatible compo-
nents.

According to the present study, it is suggested that
dentists be cautious during adhesive restorations and
avoid the contact of the adhesives with the gingival
tissues, especially with the use of self-etch types
with higher acidity at the very first seconds to pre-
vent possible harmful effects. Application of a rub-
ber dam or a Teflon ribbon on the gingiva to protect
it from the effects of the adhesives could be useful. If
contact occurs, the gingiva should be rinsed with
copious amounts of water very soon after restoring
the cavity, removing the additional adhesive from
the cavity by brush applicator, not by air stream to
avoid spreading it to gingiva, and using a high-
quality light source to produce a higher degree of
conversion of the monomers.

Conclusions

Within the limitations of the present study, the fol-
lowing could be concluded:

- The sensitivity of cytotoxicity to HGF depends
on the materials tested, dilution, time of exposure
and curing mode.

- Adper Prompt L-Pop was more cytotoxic than
Adper Single Bond in unpolymerized mode at 20 s
of exposure to human gingival fibroblast cells, which
is important clinically.

- Cured Adper Prompt L-Pop had less cytotoxicity
than Adper Single Bond in 24-48 h.

- By increasing the exposure time from 20 s to 24
h, lower dilutions of adhesives induced cytotoxicity.

- The cytotoxicity caused by adhesives in unpoly-
merized mode was significantly higher than polym-
erized mode, which should be considered in clinical
application of these materials.

- It is wise to isolate the gingiva properly during
adhesive restorations, especially the self-etch ones,
and rinse the area immediately after composite resin
polymerization to reduce the harmful effects of the
uncured adhesives.
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