JOURNAL OF

;‘-.;4*11;{13 S J Appl Oral Sci. 2005;13(4):387-92
DRAL SCIE |CE www.fob.usp.br/revista or www.scielo.br/jaos

DIRECT GENOTOXICITY AND MUTAGENICITY OF
ENDODONTIC SUBSTANCES AND MATERIALS AS
EVALUATED BY TWO PROKARYOTIC TEST SYSTEMS

GENOTOXICIDADE E MUTAGENICIDADE DIRETAS DE SUBSTANCIAS E MATERIAIS
ENDODONTICOS AVALIADAS POR DOIS TESTES PROCARIOTAS

Sérgio Marcio Motta GAHY VAL, José Freitas SIQUEIRA JUNIOR?

1- DDS, MSc, PhD Adjunct professor, Department of Endodontics, Estacio de Sa University, Rio de Janeiro, RJ, and Department of Dentistry,
Nova Friburgo Dental School, Nova Friburgo, RJ.
2- DDS, MSc, PhD, Chairman and professor, Department of Endodontics, Estacio de S& University, Rio de Janeiro, RJ, Brazil.

Corresponding address: José F. Siqueira Jr - Av. Almte Ary Parreiras 311 / 1001, Icarai, Niter6i, RJ - Brazil - Cep.: 24230-322
Phone: 21 8874-1022 - FAX: 21 2503-7289 ramal 223 - E-mail: siqueira@estacio.br

Received: April 25, 2005 - Modification: June 21, 2005 - Accepted: July 20, 2005

ABSTRACT

Substances and materials used in endodontic therapy come into close contact with the periradicular tissues via apical
foramen and foramina. Consequently, they should possess biocompatibility. There are currently few studies describing the
genotoxic and mutagenic potentials of substances and materials used in endodontics. The purpose of this study was to
evaluate the direct genotoxic and mutagenic properties of several substances and materials used in different phases of the
endodontic treatment. For this intent, two prokaryotic test systems were used: the SOS chromotest and the Ames test. No
metabolization with S9 was investigated, since only the direct effects of the substances and materials were surveyed. Most of
the substances and materials tested presented mild to moderate cytotoxicity and genotoxicity as revealed by the SOS chromotest.
Formocresol was the only tested substance to present severe genotoxicity to the tester bacterial strains. However, no substance
or material tested showed direct mutagenicity as revealed by the Ames test.

Uniterms: Root canal therapy; Intracanal medication; Root canal irrigants; Root canal filling materials; Genotoxycity tests;
Mutagenicity tests.

RESUMO

S ubstancias e materiais utilizados na terapia endoddntica entram em intimo contato com os tecidos perirradiculares via
forame apical e foraminas e, em decorréncia disto, deveriam idealmente possuir as seguintes caracteristicas: biocompatibilidade
e auséncia de mutagenicidade. Existem poucos estudos avaliando o potencial genotéxico e mutagénico de substancias e
materiais utilizados em Endodontia. Este estudo avaliou os efeitos citotdxicos, genotoxicos e mutagénicos diretos de varias
substancias e materiais utilizados em diferentes etapas do tratamento endoddntico. Para isto, dois sistemas procari6ticos
foram usados: 0 SOS chromotest e o teste de Ames. Metabolizagdo com fragdo S9 ndo foi realizada, uma vez que tencionou-se
avaliar os efeitos diretos das substancias e materiais. Os resultados demonstraram que algumas substancias e materiais foram
citotoxicos e/ou genotoxicos no SOS chromotest. Formocresol foi a Gnica substancia testada a apresentar efeitos genotdxicos
severos sobre as cepas teste. Todavia, nenhum dos materiais ou substancias avaliados apresentou mutagenicidade no teste
de Ames.

Unitermos: Tratamento do canal radicular; Medicagdo intracanal; Irrigantes do canal radicular; Materiais restauradores do
canal radicular; Testes de genotoxicidade; Testes de mutagenicidade.
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INTRODUCTION

Irrigants, medicaments and root filling materials enter into
close contact with the periradicular tissues via the apical
foramen and occasional lateral foramina. Therefore, an ideal
substance or material for endodontic use should be
biocompatible with the periradicular tissuest®.

Prokaryotic test systems have been widely used to
investigate the genotoxic and mutagenic potential of
substances *42%2, Two of the most commonly used
prokaryotic assays are the SOS chromotest?*?! and the Ames
test34 The SOS chromotest is based on the fact that some of
the responses induced by DNA-damaging agents on
Escherichia coli involve a set of functions referred to as the
SOS response®2L, With very few exceptions, most mutagenic
genotoxins are also SOS inducers. This method takes
advantage of an operon fusion placing lacZ, the structural
gene for b-galactosidase, under control of the sfiA gene, and
SOS function involved in inhibition of cell division. The E.
coli PQ37 tester strain used in the SOS chromotest carries a
sfiA:lacZ fusion and has a deletion for the normal lac region
so that b-galactosidase activity is strictly dependent on sfiA
expression. Production and induction of b-galactosidase by
the tester strain may be evidenced on indicator plates
containing a substrate (Xgal=5-bromo-4chloro-3-indolyl-b-
p-galactoside), which releases a colored dye when hydrolyzed
by b-galactosidase®. The Ames test is a mutagenicity test
that encompasses the detection of mutations by histidine-
dependant Salmonella typhimurium strains®4Y’, The strains
TA97a, TA98, TA100 and TA102 are auxotrophs for histidine
(His-) and can revert spontaneously to His+ and thus grow
in a histidine-free medium. This is a very weak spontaneous
reversion, which can however be increased by mutagens.
Increased reversion rate allows assessment of the mutagenic
potential of these substances®.

Little information exists in the literature on potencial
genotoxicity and mutagenicity of endodontic substances and
materials®-81112151819242528 The purpose of this study was to
examine several substances and materials for direct genotoxic
and/or mutagenic potential by the SOS chromotest and the
Ames test.

MATERIALS AND METHODS
Substances

The following materials and substances were used in this
experiment:

1. Camphorated paramonochlorophenol (CMCP)
(Biodindmica Quimica Farmacéutica Ltda, Ibipord, PR, Brazil);

2. Formaocresol (Biodindmica Quimica Farmacéutica Ltda);

3. Calcium hydroxide paste in glycerin;

4. Calcium hydroxide paste in CMCP and glycerin;

5. Calcium hydroxide paste in formocresol and glycerin;

6. 2% chlorhexidine digluconate (CHX) in natrozole gel
containing 15% zinc oxide;

7. 2% CHX solution in distilled water;

8. 2% NaOCl solution;

9. Zinc oxide/eugenol (ZOE) cement (Super Dentaria
Napoleéo Ltda, Rio de Janeiro, RJ, Brazil);

10. Grossman’s sealer (Fillcanal, Dermo Laboratorios Ltda,
Rio de Janeiro, RJ, Brazil);

11. AH Plus sealer (Dentsply DeTrey, Konstanz,
Germany);

12. Sealer 26 (Dentsply, Petropolis, RJ, Brazil);

13. Resin of Sealer 26 (bisphenol A diglycidyl ether).

Calcium hydroxide pastes were prepared by adding the
powder to the liquid up to a creamy consistency was achieved.
The ratio of CMCP or formocresol and glycerin in pastes 4
and 5 was 1:1 (volume:volume). Sealers were prepared
according to the manufacturers’ instructions.

SOS chromotest

Bacterial strains used in the SOS chromotest were E. coli
PQ35 and PQ37. The assay was performed as described by
Quillardet, et al.?* (1985). Production and induction of b-
galactosidade by the tester strains were determined in plates
containing Xgal substrate, which releases a colored tincture
when hydrolyzed by b-galactosidade.

Aliquots of 0.1 mL of an overnight culture of the tester
strains were diluted in 5 mL of LA medium and then incubated
under rotation for 2 h to reach a concentration of 2 x 108
colony forming units/mL. Afterwards, fractions of 0.1 mL were
distributed in assay tubes and 2.5 mL of molten top agar at
50°C was added to each test tube. After agitation, the mixture
was poured on ST medium plates. Plates were tilted and
rotated to distribute the top agar evenly. Agar was then
allowed to set.

All substances and materials tested were diluted in 95%
ethanol (1:1, volume:volume), except for CMCP, formocresol,
NaOCI and CHX solution, which were used in natura.
Eugenol was used as control for the ZOE cement.

After setting of the top agar, 10 uL of each tested material
or substance were spotted onto the center of the plate. The
cytotoxic and genotoxic effects of the substances and
materials were assessed after overnight incubation at 37°C.
Evaluation of cytotoxicity was based on the zones of bacterial
growth inhibition around the substances. Genotoxicity was
evaluated on the basis of the colorimetric intensity of a blue
ring formed around the zone of inhibition. Both genotoxic
and cytotoxic effects were ranked as absent, mild, moderate,
and severe. 4-nitroquinoline-1-oxide (4NQO) was used as
positive control, while dimethyl sulfoxide (DMSO) and 95%
ethanol were used as negative controls.

Ames test

S. typhimurium strains TA98, TA97a, TA100 and TA102
were used in this test. Cultures of these strains grown
overnight were checked for confirmation of the following
features: rfa and uvrB mutation, presence of the plasmids
pKM101 (resistance to ampicillin) and pAQ1 (resistance to
tetracycline), dependence on hystidin, and spontaneous
reversal rate. The assay used was the spot test as described
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by Maron and Ames*” (1983).

Strains stored in liquid nitrogen were thawed and then
grown overnight in Oxoid nutrient broth #2 up to a density of
1-2 x 10° CFU/mL. All substances and materials were diluted
in 95% ethanol, except for CMCP, formocresol, NaOCl and
CHX solution, which were used in natura. Positive controls
consisted of 4-NQO, a recognized mutagenic substance, while
negative control was represented by DMSO.

Briefly, 100 mL of each bacterial strain were mixed with
molten top agar (0.55% agar, 0.55% NaCl, 50 mM L-histidine,
50 mM biotin, pH 7.4, 45°C) in a final volume of 3 mL. Each
mixture was then poured onto the minimal agar plates (1.5%
agar, Vogel-Bonner E medium, with 2% glucose). After a few
minutes, paper discs moistened with 10 uL of the liquid
substances tested were placed onto the top agar surface.
Ten microliters of the pastes were spotted directly on the
plates. Plates were then incubated at 37°C for 72 hours.

Controls were performed in triplicate, while experiments
using the test substances were performed in duplicate.
Mutagenicity was determined by the density of colony
forming units around the substances and materials and
classified as absent, mild, moderate, or severe.

RESULTS
SOS Chromotest

The substance 4NQO, used as positive control, showed
sfiA::lacZ induction characterized by an intense blue ring
around the substance (Figure 1), while no effects were
observed for DMSO and 95% ethanol (negative controls).
Among the several test substances and materials, some
showed zones of growth inhibition (cytotoxicity) and/or
sfiA::lacZ induction (genotoxicity). NaOCI showed moderate
cytotoxicity to both strains, and moderate genotoxicity to
strain PQ37. Chlorhexidine was mildly cytotoxic and
moderately genotoxic to strain PQ37. When this substance
was mixed with zinc oxide, it showed mild cytotoxicity and
genotoxicity to strain PQ35 (Figure 2), and mild citotoxicity
and moderate genotoxicity to strain PQ37. CMCP was mildly
cytotoxic and moderately genotoxic to strain PQ35, while it
induced moderate cytotoxicity and genotoxicity to strain
PQ37. Cytotoxicity of formocresol was moderate to strain
PQ37, but severe to PQ35. Genotoxicity was severe to both
strains (Figure 3). Calcium hydroxide pastes in formocresol or
CMCP were moderately genotoxic to strain PQ35. Calcium
hydroxide in glycerin, ZOE cement, AH Plus and Sealer 26 did
not show any cytotoxicity or genotoxicity to the test strains.
Sealer 26 resin showed no effects on PQ37, but it was mildly
genotoxic to strain PQ35. Grossman’s sealer showed mild
cytotoxicity only to strain PQ35, but no genotoxicity was
observed. Results are detailed in Table 1.

Ames test

The substance 4NQO, used as positive control, induced
a large increase in the number of revertant colonies

characterized by a ring of colonies around the substance
(Figure 4). No increase in the number of revertants occurred
for DMSO (negative control). No test substance or material
exhibited mutagenic potential to any of the S. tiphymurium
strains used in this study (Figure 5).

FIGURE 1- Intense blue ring around the test substance
indicating genotoxicity in the SOS chromotest. Positive
control with 4ANQO against strain PQ37

FIGURE 2- Mild genotoxicity of chlorhexidine gel containing
zinc oxide against strain PQ35 in the SOS chromotest

N

FIGURE 3- Severe genotoxicity of formocresol against strain
PQ37 in the SOS chromotest
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DISCUSSION

In this study we used two prokaryotic tests to check for
the direct genotoxicity and mutagenicity of substances and
materials commonly used in endodontic practice. Data on
these characteristics of endodontic substances and materials
are scarce in the literature and this study attempted to lend
additional knowledge on the subject. Even though
genotoxicity and mutagenicity tests using mammalian cells

are theoretically more relevant than prokaryotic systems, the
latter have been widely used and are commonly accepted for
screening of the genotoxic and mutagenic potential of
substances. These short-term prokaryotic tests can detect
potentially dangerous chemicals and indicate priorities for
further testing.

The SOS chromotest was performed with both PQ35 and
PQ37 strains with the purpose to investigate whether the
materials and substances were able to induce a SOS response,

FIGURE 4- Increase in the number of revertants forming a
ring of colonies around the test substance indicating
mutagenicity in the Ames test. Positive control with 4ANQO
against strain TA100

FIGURE 5- Absence of mutagenicity for the calcium
hydroxide paste in camphorated paramonochlorophenol
in the Ames test. Representative plate using strain TA98

TABLE 1- Results of the SOS chromotest for evaluation of the cytotoxic and genotoxic potential of different endodontic

substances and materials

Medicament/Material

Strain PQ35

Strain PQ37

Cytotoxicity

Genotoxicity

Cytotoxicity Genotoxicity

Ca(OH),/glycerin -
Ca(OH),/CMCP/glycerin -
Ca(OH), /formocresol/glycerin -
ZOE cement -
Eugenol +
AH Plus -
Sealer 26 -
Sealer 26 resin -
Grossman’s sealer +
CMCP +
Formocresol ++++
NaOCI ++
Chlorhexidine NT
Chlorhexidine/zinc oxide +
4ANQO (positive control) ++++

DMSO (negative control) -

++ - -

+++ - -

- + +

+ - -

++ ++ ++
++++ +++ ++++
- +++ ++
NT + +++
+ + +++
++++ +H++ +H++

Absent -; Mild +; Moderate ++ to +++; Severe ++++

CMCP, camphorated paramonochlorophenol; ZOE, zinc oxide/eugenol cement; NT, not tested.
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which is induced by damage that blocks DNA synthesis. To
determine whether the bacterial damage induced by the
materials and substances tested leads to mutation, the S.
typhimurium reverse mutagenesis test (Ames test) was also
employed. For a given substance to yield positive results in
the Ames test, it has to induce a significant increase in the
number of revertants as compared to negative controls in at
least two independent assays (duplicate)'’. A positive
response is considered when the increase in the number of
revertants around the test substance is higher than or equal
to the double of the number of spontaneous revertants®.

The capacity of the Ames test to identify carcinogens is
higher than that of the SOS chromotest'"?2. However, because
the number of false positive compounds is usually lower in
the SOS chromotest, the specificity, i.e., the capacity to
discriminate between carcinogens and non-carcinogens of
the SOS chromotest, appears to be higher than that of the
Ames test?®?2, Thus, the results of the SOS chromotest and
of the Ames test can complement each other. The SOS
chromotest is one of the most rapid and simple short-term
test for genotoxins and is easily adaptable to diverse
conditions, so that it can be used as an early test in a battery?.

Chemicals that initiate carcinogenesis are extremely
diverse in structure and include both natural and synthetic
products. They can be divided into two categories: direct-
acting compounds, which do not require chemical
transformation for their carcinogenicity, and indirect-acting
compounds, which require conversion by mammalian
metabolism? Incubation of substances with a rat liver
homogenate has been proposed to supply mammalian
metabolism in the test and activate potential indirect-acting
carcinogens?. All experiments in the present study were carried
out in the absence of exogenous metabolic activation (S9)
due to the fact that the substances and materials tested are
used in direct contact with a small host tissue area. Therefore,
our results are related to the direct genotoxicity and
mutagenicity of endodontic substances and materials. In fact,
most of the mutagenic effects reported for some endodontic
materials were observed without S9 activation'**?, Further
additional studies are required to investigate their indirect
effects after metabolization.

While the zinc oxide-eugenol cement showed no toxicity
to the strains tested, eugenol alone induced the sfiA::lacZ
fusion in PQ37 strain. This corroborates the findings from
other studies®®*#, which demonstrated that eugenol can be
cytotoxic, but not mutagenic. Also Stea, et al.?® (1994)
investigated the mutagenic potential of some endodontic
sealers through the Ames test and showed that zinc oxide-
eugenol cement was toxic against strain TA100, but lacked
mutagenicity. They also observed that calcium hydroxide-
containing sealers had a low cytotoxic potential and absence
of mutagenicity. This is also in accordance with our findings.

Jukic, etal.t* (2000) observed that AH Plus was mutagenic
toward strain TA100 without S9 one hour after mixing. One
month after mixing, mutagenic activity was expressed only in
TA98. AH26 was mutagenic to TA100 without S9 immediately
after mixing, one hour later, and one month after it was
polymerized. Schweikl and Schmalz? (1991) demonstrated

mutagenicity for freshly mixed AH26. In the present study,
neither AH Plus sealer nor Sealer 26, which is a derivative of
AH 26, presented genotoxic or mutagenic effects. Our findings
are in consonance with Leyhausen, et al.*® (1999), who found
no such adverse effects for the resin of the AH Plus sealer. In
regard to Sealer 26, it is possible that addition of calcium
hydroxide to the sealer’s formulation can diminish toxic effects,
but further studies should confirm this assumption.

Of the tested substances and materials, formocresol was
the only one that showed severe genotoxicity in the SOS
chromotest. It is well known that formaldehyde (a component
of formocresol) is highly cytotoxic, genotoxic, mutagenic and
carcinogenic®42%, Mutagenic properties of formaldehyde are
usually associated with its ability to form adenine dimers
through methylene bridges**. Even though no mutagenic
effects were observed for formocresol on Salmonella strains
in the Ames test used in this study, data are not conclusive. It
has been reported that the results with formaldehyde in the
Ames test are somewhat conflicting®®. Detection of
formaldehyde as a mutagen in the Ames test can be hampered
by the high toxicity of the substance toward the test bacteria,
leaving only a narrow dose range for mutagenicity detection.
In addition, the high volatility of formaldehyde can also
account for some of the negative results®. In our opinion,
because of its high genotoxicity as demonstrated in this study
and the mutagenic activity as shown by others*?, the use of
formaldehyde-containing substances should be discontinued
in endodontic therapy.

CMCP was moderately genotoxic in the SOS chromotest.
Both cytotoxic and genotoxic effects of formocresol and
CMCP when associated with calcium hydroxide were reduced
or abolished in comparison with the substances alone. These
results are possibly related to the fact that CMCP or
formocresol are slowly released from the paste with calcium
hydroxide, and in lower concentrations. These findings are in
agreement with previous studies showing that association of
CMCP with calcium hydroxide in a paste can reduce the toxic
effects of the former?*?°, while maintaining excellent
antimicrobial activity??’.

Under normal treatment conditions, endodontic
substances and materials enter into contact with the
periradicular tissues through a small area and, except for root-
filling materials, for a short time period. Thus, it is highly
unlikely that these substances will induce significant damage
to the tissues provided their use is restricted to the confines
of the root canal system®. In the event of extrusion of these
substances into the periradicular tissues, a larger contact area
is established and undesirable effects can ensue, such as
cytotoxicity and genotoxicity.

CONCLUSIONS

Some tested substances showed cytotoxicity and
genotoxicity to the strains used in the SOS chromotest.
However, these effects were not pronounced, except for
formocresol, which was highly cytotoxic and genotoxic to
the tester strains. No substance or material presented direct
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mutagenicity without S9 activation in the Ames test. Even so,
the use of highly cytotoxic and genotoxic substances in
endodontic therapy should be avoided to prevent adverse
reactions of the periradicular tissues that could put in risk the
outcome of the treatment. Further studies using a large battery
of tests, metabolization approaches, and eukaryotic systems
are required before safety for using these substances and
materials can be assured.
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