The toxic mechanism study of zinc oxide eugenol based and resin based
root canal sealers
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Abstract

According to the reports, that root
canal sealer will dissociation in the root
canals by contacting the tissue fluid.
When dissociation happened, the toxic
material will release and cause some
damage on the surround tissue. From the
past, our laboratory has been done the
research on the biocompatibility of resin
based root canal seder(AH 26 and AH
plus sealers). Our data showed that resin
based type sealer will cause the OC2
cell line toxicity and they also can show

some genotoxicity. But there are lack of
paper discussed on how it damaged the
cell or tissue and lack of discussion on
the toxic mechanism. The purpose of
this study are 1. Compare the ZnO
eugenol and Resin type sealer toxicity
by MTT and comet assay. 2. Discover
the pathway of the cell death - by
necrosis or apoptosis? The results
showed that the zinc oxide based and
resin based root cana sealers are dose
dependent increase to the gingival
fibroblast toxicity (p<0.05). The cell
death mechanism is by the aptotosis.
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Clearly, one of the principa
reguirements of an endodontic root canal
sealer should be that it is noncytotoxic
and immunologically compatible with
peripheral tissue [1]. Seder-elutable
substances or the degradation or
corrosion products from a root canal
sealer may gain access to periodonta
tissue through numerous pathways [2,3].
Root canal sedlers and their diffusible
components, therefore, need to be
critically evaluated for their
cytocompatiblity and genotoxicity prior
to their general clinical use.

Genotoxicity, mutagenicity and
carcinogenicity are very important
issues associated with the systemic
compatibility of root cana seders [4].
Recently, a new assay for assessing the
mutagenic  potential  of  various
compounds has been developed known
as the adkadine singlecel gd
electrophoresis assay (comet assay) [ 5],
this akaline single-cell gel
electrophoresis assay is both a rapid and
sensitive procedure for quantitating
DNA lesions in mammalian cells, and
may be used to detect specific DNA
damage and also DNA repair [5]. The
present study was going to use this
method to evaluate the root canal sedlers
genotoxicity.

The purpose of this study was to
analyze the biocompatibility of zinc



oxide base and the 1% and 2™ generation
epoxy resin seaers, e.g. AH26 and AH
Plus sealers, when treated on gingiva
fibroblast, by tetrazolium
spectrophotometic analysis(MTT) and
comet assay. Also to evauate the
mechanism of the cell death by the DNA
fragmentation assay.

Result:

The MTT assay showed the toxicity
existed on fibroblast treated with the
resin based and zinc oxide based sedlers.
There are dose dependent increase with
the decrease survival rate
(p<0.05).(Table 1-3)

The Comet assay showed the
component of the sealers are genotoxic
to the fibroblast (Table 4-5).

The apoptotic change of the
fibroblast treated with sealers showed
fragmentation on the gel electrophoresis.
(Figure 1).

Discussion
The MTT biological testing results of
root canad sealers reveded a

dose-dependent toxicity for Canals,
AH26 and AH Plus, such results being
in keeping with the observations of other
workers applying AH26 to other cell
culture systems [14,23]. The mixed
group of AH26 seder appears to be
capable of inducing a greater degree of
toxicity to astrocytes than is the case for
either the pure powder or liquid form of
AH26 (P<0.05).

Various in vitro and in vivo studies
have shown that freshly-prepared and
cured specimens of the epoxy
resin-based root canal sealer AH26 may
induce strong  cytotoxic  effects
[7,15,16,21]. These  experimental
observations have been confirmed by
some clinical case reports [23,24,25]. It
has been reported that the formaldehyde
emanating from the curing sealer may be
the main causative factor for the high
cytotoxicity of AH26 during,

particularly, the early setting period [8].
The liquid component of the AH26 is
prepared using bisphenol-A-diglycidyl
ether (table 1).

From our experiments, it is
apparent that the cured AH26 seder is
toxic to astrocytes in a dose-dependent
manner. The strongest cell inhibition
elicited by the sealer mix occurs a a
concentration of 0.10mg/ml, at which
concentration, both the liquid and mixed
groups exhibit the same degree of
toxicity, and, by contrast, the powder
seems to be somewhat more compatible
with astrocyte survival.

In Schweikl et a study found that
DMSO eluated of themixed material,
paste A and paste B clearly reduced the
viability of V79 cells and was mutagenic
in a dose dependent manner in V79 cells
[6].

There is only scant information
regarding the mutagenicity of these root
cana  seders. Schwelkl e .
investigated the mutagenicity of AH26
in the v79/HGPRT mammalian cell
assay [7]. They found this materia
induces mutagenic effects 24 h after
mixing which significantly decrease
within 1 week. Stea etl al. (Ames test)[8]
and Heil et a. (umu, DIT)[9] found
mutagenic substance even in the set
material. The akaline single cell gel
electrophoresis assay (comet assay) is a
sensitive method to investigate DNA
breakage in individual cells as a
consequence of their in vitro or in vivo
exposure to genotoxic compounds [10].
In our experimental series, the
mutagenic effects of AH26 and AH Plus
demonstrated genotoxicity to astrocytes
(Table 6.). Resin-based seders
mutageni c potencies were noted to occur
in a dose-dependent manner; following
exposure of astrocytes to these two
compounds, ie an increased migration
factor was noted.

Observed DNA damage at a sealer
concentration of 0.25mg/ml of AH26
and AH Plusin culture medium revealed



a more pronounced migration for the
AH Plus group than for its analogue,
suggesting that the AH Plus sealer elicits
more substantial DNA damage than is
the case for the AH26 group. The effect
of dying or dead cells upon the
assay-derived data may be to influence
the estimate of the positive response of
resin-released chemicals, since dying or
dead cells may increase DNA migration
in this assay [5]. In our experiments, the
AH Plus (ID50 = 0.04mg/ml) is more
toxic than AH26 (ID50 = 0.05mg/ml);
the migration of the AH Plus moiety is
larger than that of its analogue in the
assay. There is a less possibility that
dead cells participated in the positive
responses of chemicals. In shape factor
evauation, the AH26 and AH-Plus
seders exert their influence
dose-dependently, such results being
similar to the results of the migration
factor assessment.

Ersev et a.[11] study indicated that

mixed, slver-free AH26 €licited
mutagenicity in  eukaryotic and
prokaryotic cells, they speculating that
the mutagenic effect of AH26 may arise
from the liquid component
bisphenol-A-diglycidyl ether and also
formaldehyde.  Their  experimenta
results were similar to those from our
experiments that AH26 can dlicit
astrocyte DNA damage.
Our experimental series indicated that
the epoxy resin-based sealers AH26 or
AH Plus are not true biocompatible
[12,13]. From this work, we have
demonstrated a direct dose-dependent /n
vitro  relationship  between  the
concentration of administered sealer and
cytotoxic and mutagenic effects.

The mechanism of the seders
treated on the fibroblast showed that
they are by apoptotic change rather than
by necrotic change. The seder is
genotoxic to the fibroblast cells. When
using the sedler, one should be careful
not to let the sealer through the apex of
the tooth to the periodontal tissue.

In present study, the

biocompatibility of the seders are
shown in the MTT assay and comet
assay. From the results, the further
finding on gel electrophoresis, showed
that the sealer and its components can
make the fibroblast DNA fragmentation.
This findings has never been published
in the journal. From our work, it is
provide the new findings on the
biocompatible study. Also, this project
provide a good study mode to a serid
study on the biocompatible materials.
In the next study, if possible , we will
continue to find the intracellular change
of the cell after sealer treatment. And try
to discover more information on the cell
changes.
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TABLE 1. Cytotoxicity of AH 26 in fibroblast evaluated by MTT assay.

Powder Liquid Mixed
Concentration Absorbance Survival % Absorbance Survival % Absorbance Survival %

(M £ SD) (M = SD) (M = SD)
Control 0.10+0.02 0.10 £ 0.02 0.10+ 0.02
DMSO 1.97 £ 0.09 1.97 £0.09 1.97 £0.09
0.01 mg/ml 1.85+0.09 9316 203+0.05 10325 164+0.03 8201
0.02 mg/mi 1.88+0.06 9487 188+0.10 9477 1.72+0.07 86.28
0.04 mg/mi 1.71+£011 8575 158+0.04 7924 1.10+£0.05 53.30
0.08 mg/ml 0.95+012 4562 030+0.01 1088 0.69+0.02 3175
0.10 mg/ml 0.79+0.04 36.17 0.25+0.07 7.95 0.25+0.01 7.95
Fvalue 172.9 984.25 1,111.22
P<0.05 Yes Yes Yes
TABLE 2. Cytotoxicity of AH plusin fibroblast evaluated by MTT assay.

Paste A Paste B Mixed

Concentration Absorbance Survival % Absorbance Survival % Absorbance Survival %
Control 0.10+0.02 0.10+0.02 0.10+0.02
DMSO 1.97 £ 0.09 1.97 £ 0.09 1.97 £ 0.09
0.01 mg/ml 2.02+0.11 102.24 1.92+0.04 96.95 2.04+0.05 103.57
0.02 mg/ml 2.01+0.08 101.97 2.05+0.08 104.10 1.88+0.11 95.03
0.04 mg/mi 1.20+£0.10 58.91 2.05+0.05 103.89 0.76 £0.10 35.37
0.08 mg/mi 0.64 +£0.08 28.76 1.90 £ 0.05 53.09 0.35+0.03 13.39
0.10 mg/ml 0.63+ 0.07 28.44 1.05+ 0.04 50.74 0.29+0.01 10.13
Fvalue 301.04 304.67 688.41
P<0.05 Yes Yes Yes

TABLE 3. Cytotoxicity of Canalsin fibroblast evaluated by MTT assay.

Concentration (mg/100i I) Survival rate (%)
Powder (Fresh mix) Powder (After 24 hrs) Liquid (Fresh mix) Liquid (After 24 hrs)

Survival rate (%)

Survival rate (%) Survival rate (%)

0.02 89.79 + 3.53 79.45 £ 0.67 88.00 £ 2.42 82.82+0.68
0.1 41.71+0.67 19.58 + 0.55 63.26 + 0.29 63.96 + 1.14
0.5 12.06 + 1.81 6.63+0.25 38.49+0.03 57.92+0.98
25 475+1.78 594+0.14 17.29+0.20 50.49 + 0.49
12.5 1.12+0.71 3.62+ 0.60 3.24+0.15 8.16+1.15
LD50 (mg/100i 1) 0.11 0.04 0.25 0.65

Table 4. The comet assay of zinc oxide eugenol root canal sealer.

Material Concentration N Shape Factor= Length/Diameter Migration Factor (i m)=Length-Diameter
(Mean + SE) (Mean + SE)

DMSO 50 1.00+0 44.16+1.47

(Negative

Control)

4NQO 50 2.75x0.19 57.89+5.84

(Positive

Control)

Fvalue 89.23 5.20

Pvalue 0* 0.025*

Canals 0.1mg/ml 50 2.33+0.07 4654 +2.72
0.5 mg/ml 50 259+ 0.08 57.14+ 291
2.5 mg/ml 50 244+ 0.11 48.07 + 348

Fvalue 211 3.52

P value 0.116 0.032*




TABLE 5 The comet assay of the AH26 and AH plus sealers.

Condition N Migration(M £ SD) Shape Factor (M £ SD)

(Length-Diameter) (Length / Diameter)
DMSO 50 4416 + 1.47 F=5.20 1.00+0 F=89.23
(Negative Control)
4NQO 50 57.89+5.84 P=0.025* 275+0.19 P=0*
(Positive Control)
AH26 (mg/ml)
0.01 50 58.26 + 4.69 F=19.91 2.62+0.17 F=14.90
0.05 50 67.74+2.32 P=0* 3.63+0.14 P=0*
0.25 50 89.13+3.21 354+0.12
AH plus (mg/ml)
0.01 50 80.20 + 4.90 F=21.42 3.89+0.27 F=11.24
0.05 50 79.04 £ 3.23 P=0* 3.73+0.14 P=0*
0.25 50 110.83 + 3.33 4.97+0.17
F value 29.2 48.44
P < 0.05 * *

*: It represented that the comparison is statistically significant difference at P< 0.05.

The entire length of the comet (including the head) is defined as its length and the diameter of the head is defined as diameter.
Shape factor was calculated as the ratio of length to diameter. Migration (i m) was calculated as the difference between length
and diameter. The negative control : DM SO concentration is 0.05% of the medium. The positive control: 4NQO concentration is

0.0003 mg/ml.

Figure 1. The mechanism of the cell death. DNA fragmentation figure of the Canals,

AH plusand AH 26.
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aCanals powder, b: Canasliquid; c: Canals mixed; d: AH 26
powder; e AH26 liquid; f: AH 26 mixed.; g: AH plus paste A; h:
control; I: AH plus paste B; j: AH plus mixed; k: 24 hr AH plus
mixed; I: 24 hrs AH 26 ; m: 24 hr Canals; n: 24 hr Canals liquid;
0: 24 hr AH 26 liquid.
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