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Abstract

The objective was to evaluate the cytotoxic, genotoxic and mutagenic properties of two experimental medication in Endodontics. For cytotoxic
evaluation, fibroblast and osteoblast cells (1x104 cells/well) were plated and divided into groups conforming to the product added in culture
medium: EM1 - 20 pL of experimental medication 1 (EM1); EM2 - 20 pL of experimental medication 2 (EM2); VE - 20 uL of vehicle used
in medications; C - without product. The MTT assay was performed at 24, 48 e 72 hours for cytotoxic analysis. For genotoxic and mutagenic
evaluation, 42 male rats were used. After 1 and 7 days of tubes containing EM1 or EM2, or empty (NC) were subcutaneously implanted, and
after 1 day, a single dose of cyclophosphamide (CY) to be applied, the bone marrow was collected and submitted to comet and micronuclei
assay. The significance level of 5% was considered for all statistical analysis. The viability of fibroblasts was <70% to both medications at
24h, and EM1 at 72h; at 72h, the proliferation cells was observed in EM2 (>100%). Both medications were non-cytotoxic to osteoblasts, and
the EM2 stimulate the cell proliferation at 72h. The damage frequency of CY was statistically similar to EM1 and different to EM2 (p<0.05).
The number of micronuclei was insignificant to EM1 and EM2 and no difference to group NC (p>0.05). Despite the absence of mutagenesis
and non-cytotoxicity to osteoblasts, the EM1 was cytotoxic and genotoxic to fibroblasts. The EM2 was non-genotoxic, non-cytotoxic and non-
mutagenic.
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Resumo

O objetivo foi avaliar as propriedades citotoxicas, genotoxicas e mutagénicas de dois medicamentos experimentais em Endodontia. Para
avaliagdo citotoxica, células fibroblasticas e osteoblasticas (1x104 células/pogo) foram plaqueadas e divididas em grupos de acordo com o
produto adicionado no meio de cultura: EM1 - 20 uL da medicagdo experimental 1 (EM1); EM?2 - 20 uL da medicagdo experimental 2 (EM2);
VE - 20 uL de veiculo utilizado em medicamentos, C — sem produto. O ensaio MTT foi realizado aos 24, 48 e 72 horas para andlise citotoxica.
Para avaliagdo genotoxica e mutagénica foram utilizados 42 ratos machos. Apos 1 e 7 dias foram implantados por via subcutanea tubos
contendo EM1 ou EM?2, ou vazios (NC), e apos 1 dia, foi aplicada dose unica de ciclofosfamida (CY), a medula dssea foi coletada e submetida
ao ensaio de cometa e microniicleos. O nivel de significancia de 5% foi considerado para todas as andlises estatisticas. A viabilidade dos
fibroblastos foi <70% para ambas as medicagdes as 24h e ao EM1 as 72h; as 72h, a proliferagdo de células foi observada em EM2 (>100%).
Ambas as medicagées foram ndo citotoxicas para os osteoblastos, e o EM2 estimulou a proliferacdo celular as 72h. A frequéncia de dano do
CY foi estatisticamente semelhante ao EM]1 e diferente do EM2 (p<0,05). O numero de micronucleos foi insignificante para EM1 e EM?2 e ndo
houve diferen¢a para o grupo NC (p>0,05). Apesar da auséncia de mutagénese e ndo citotoxicidade para osteoblastos, o EM1 foi citotoxico e
genotoxico para fibroblastos. O EM2 era ndo genotoxico, ndo citotoxico e ndo mutagénico.

Palavras-chave: Testes de Citotoxicidade. Testes de Genotoxicidade. Testes de Mutagenicidade. Medicamento para Canal Radicular.

1 Introduction efficient chemical-mechanical preparation with copious use
- L . 0/ o .
One of the aims of intracanal medications is to collaborate of antimicrobial intracanal irrigants, as 2.5%-6% sodium

. o F Jinal-10
with the control of microorganisms present in the root canal hypochlorite or 2% chlorhexidine™®, and the study of new

system in teeth with pulp necrosis'*. In many clinical cases, intracanal medications or biomaterials are crucial to clinical

especially in secondary or persistent infection, Enterococcus success'!""*,

faecalis (E. faecalis) is present and organized in biofilms*?, Parhizhar et al.', in 2018, reviewed the literature and
being their elimination essential to clinical repair and ©observed that the triple antibiotic paste (TAP) has been
establishes patient health'>. effective to eliminate diverse types of microorganisms.

Calcium hydroxide is the foremost intracanal medication ~ This paste is composed of an association of ciprofloxacin,
used in the majority of endodontic cases?, but it has been = metronidazole, and minocycline, and despite the antimicrobial

showing ineffective on E. faecalis biofilm*¢. Therefore, the  effect, it permitted the development of resistant bacterial
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strains and tooth discolouration.

Considering these aspects above, two new experimental
medications, for applying in Endodontics as root canal
medicament, were proposed. These new experimental
medications are composed by an association of two antibiotics
(metronidazole and one derived of tetracycline - doxycycline
or minocycline, and one anti-septic (chlorhexidine) since all
components have action on E. faecalis™!*!”. Machado et
al.’® demonstrated that both experimental medications were
effective against E. faecalis biofilms, proving the antimicrobial
action of these medications. Mendes et al.!! evaluated the tooth
discolouration and concluded that experimental medication
containing doxycycline did not promote the tooth staining in
opposite to experimental medication containing minocycline.

Those data could suggest the use of experimental
medication in the endodontic clinic. However, studies to
determine the biological properties are essential since the
medications have contact with tissue adjacent to the root
(periodontal ligament and bone)'®. Having studied about those
aspects, the present study was proposed. Thus, the objective
of this study was to evaluate the cytotoxicity, genotoxicity
and mutagenicity properties of both cited experimental
medication.

2 Materials and Methods
2.1 Experimental medications

The experimental medications were idealized by Goldoni
and, these were similar that those used by Mendes et al."
and Machado et al.’. The experimental medication 1 was
composed of 0.2% chlorhexidine, 2.5% metronidazole and 2%
doxycycline (Pharmacotechnical Formulas, Tupa, SP, Brazil),
and the experimental medication 2 was composed of 0.2%
chlorhexidine, 2.5% metronidazole, and 2% minocycline
(Pharmacotechnical Formulas, Tupa, SP, Brazil).

2.2 Cytotoxicity Analysis

The cells used in this study were fibroblasts (1929
fibroblast, Mouse conjunctive tissue — ATCC CCL-1 NCTC -
Instituto Adolfo Luiz — SP, Brazil) and osteoblast (OFCOLII,
Mus musculus, Mouse, Balb/C - Bank of Cells from Rio de
Janeiro — BCRIJ, RJ, Brazil). Fibroblast cells were cultivated
in growth media (GM) Minimum Essential Media (MEM)
(GibcoTM — Invitrogen Corporation, Grand Island, USA)
supplemented with 5% fetal bovine serum (FBS) (Cultilab,
Brazil) and 1% antibiotic and antimycotic (Gibco, USA).
Osteoblast cells were cultivated in GM Dulbecco Minimum
Essential Media DMEM (GibcoTM — Invitrogen Corporation,
Grand Island, USA) supplemented with 5% fetal bovine
serum (FBS) (Cultilab, Brazil) and 1% antibiotic and
antimycotic (Gibco, USA). Both cultures were kept at 37 °C,
in a humidified atmosphere containing 5% CO2 and 95% air.
After sub-confluence (80%), cultures were subcultured and
plated in 96-well culture plates.
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To evaluate in vitro cytotoxicity, the used protocol
was based on the standards established by International
Organization for Standardization (ISO 10993-5)". For this, 96-
well plates (Fisher Scientific, Pittsburg, PA, USA) were used,
and four experimental groups for each type of cell (fibroblast
and osteoblast) were defined: group EMI (experimental
medication 1) - 1x104 cells/well with standard culture medium
without antibiotic plus 20 pL of experimental medication 1;
group EM2 (experimental medication 2) - 1x104 cells/well
with standard culture medium without antibiotic plus 20 puL of
experimental medication 2; group VE (vehicle) - 1x104 cells/
well with standard culture medium without antibiotic plus 20
uL of vehicle used in the experimental medications; group
C (control) - 1x104 cells/well with standard culture medium
without antibiotic.

The plates were incubated at 37 °C, 5% CO2, and the
Thiazolyl blue tetrazolium bromide (MTT) assay was
performed at 24, 48 ¢ 72 hours. Aliquots of MTT at 5 mg/
ml in phosphate-buffered saline solution (PBS; Gibco) were
prepared and the primary cultures were then incubated with
10% solution in culture media for 4 hours at 37°C, in a
humidified atmosphere containing 5% CO2. In sequence, 100
uL of dimethyl sulfoxide solution (DMSO) was added to each
well under stirring for 5 minutes for complete solubilization
of the precipitate formed. Aliquots of 150 uL were changed to
96-well culture plates to colourimetric in a spectrophotometer
(SpectraCount - Packard Instrument Company, USA) using
a wavelength of 570 nm. Each experiment was made in
triplicate.

2.3 Genotoxicity and Mutagenesis Analysis

This study was based on and adapted from a previous
study by Nai et al.”. Forty-two male rats (Rattus, Norvegicus,
Albinus, Wistar), 90-days-old, and weighing 180-200 g (the
research was approved by the Institutional Review Board for
Animal Experimentation — Protocol n.3980) were used in this
study. The animals were maintained in the individual home
cage, which was monitored and cleaned daily. Water and solid
food were provided ad libitum during the experiment, except
for food at twelve hours before the surgical interventions.

For surgical interventions, the animals were anaesthetized
with ketamine hydrochloride (Sespo Industria e Comércio
Ltda, Paulinia, SP, Brazil) and xylazine hydrochloride
(Sespo Industria e Comércio Ltda, Paulinia, SP, Brazil), by
intraperitoneal injection, and they were divided into four
experimental groups: group EM1 (n=12) - the dorsal region
of each rat was trichotomyzed, antiseptic was performed with
2% chlorhexidine (FGM Produtos Odontologicos, Joinville,
Santa Catarina, Brazil), and the one sterile polypropylene
tubes with 2 mm in diameter x 10 mm in length containing
experimental medication 1 was subcutaneously implanted
after the incision and dissection of subcutaneous tissue. The
incision was sutured using 5-0 nylon (Ethicon Johnson &



Johnson, Sao Paulo, SP, Brazil); group EM2 (n=12) - similar
to group EM1, except for the experimental medication, since
in this group, the experimental medication 2 was used; group
NC (n=12) - similar to group EM1, except for the experimental
medication, since in this group, the empty tubes were used
(negative control); and, group CY (n=6) - the animals
received a single dose of cyclophosphamide (Genuxal, Baxter
Oncology GmbH, Halle/Westfalen, Germany) (50 mg/kg), by
intraperitoneal injection.

After 1 and 7 days, six rats of groups EM1, EM2 and
NC, respectively, were euthanized with an excessive dose of
anaesthetic. Rats of group CY was euthanized after 1 day?*'.
In sequence, the femurs were removed and sectioned to
collect the bone marrow, which was submitted to Comet and
Micronucleus assays.

The evaluation of DNA damage by Comet assay was
done as described by Scherer and Strohschoen?. Slides were
placed in an electrophoresis chamber, covered with buffer,
and incubated. Electrophoresis was performed in alkaline
conditions (pH>13) at 25 V and a current of 300 mA for one
hour. After, the samples were neutralized with Tris buffer, the
slides were placed in a fixative solution and then washed. The
samples were stained in a silver solution at 37 °C. After they
were washed and placed in a stop solution for five minutes
and washed again. After this process, slides were covered
with a coverslip for analysis. So, 100 cells were analyzed,
and the damage index may vary from 0 to 4. The damage
frequency was determined as the percentual of cells with a
tail, independent of their length?. A blind examiner performed
the analysis.

For micronuclei analysis, slides were stained with Giemsa
stain (Dolles, Sdo Paulo, Brazil) and there was determined the
number of micronuclei was present in 2000 polychromatic
erythrocytes for each animal. Thus, a blind examiner counted
1000 per slide (2 slides for each animal) using the optical
microscopic (400X magnification)[21]. The micronuclei
were determined as the structures surrounding the nuclear
membrane and a volume of less than one-third of the diameter
of the associated nuclei; furthermore, the staining intensity of
the micronuclei was similar to nuclei cell, and both structures
were observed in the same focal plane21.

2.4 Statistical analysis

After verifying the assumptions of normality and
homoscedasticity, for data referring to cytotoxicity, damage
frequency and the Micronucleus test, the Kruskal-Wallis test
was used, with Dunn’s post hoc test. For the Comet assay, the
data were arranged statistically employing a two-way analysis
of variance, with Tukey’s multiple comparison test. The tests
were performed with the software R [25], and the significance
level of 5% was considered for all analyzes.

3 Results and Discussion
3.1 Cytotoxicity Analysis

In fibroblast culture, the experimental medications
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presented a considerable reduction of viability cell at 24 hours
since this was inferior of 70%, and the data were statistically
significant difference to group C (p<0.05). Even without a
statistically significant difference to group C at 48h, the
experimental medication 1 (group EM1) had a cytotoxicity
effect because the viability cell percentual was inferior
of 70% at 72 hours (Figure 1-A). At 48 and 72 hours, the
experimental medication 2 (group EM2) presented viability
and proliferation cell considering the expansion of percentual
cell and absence of statistically significant difference to
group C (Figure 1-B and 1-C). The vehicle was a statistically
significant difference to group C in all experimental times, but
the viability cell percentual remained up of 70%, indicating
the absence of cytotoxicity.

Figure 1 - Viability percentual of fibroblasts by experimental
groups and periods, and statistically significant difference
between those (p<0.05). In 1-A, 1-B and 1-C, different letters
indicate statistically significant difference at 24h, 48h and 72h,
respectively
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Source: authors.

In osteoblast culture, besides the statistically significant



difference of group EM1 with group C in all experimental
periods (Figure 2), this group presented an absence of
cytotoxicity effect because the viability cell percentual
remained up to 70%. The experimental medication 2 (group
EM2) presented viability cell in all experimental periods
considering 70% of percentual minimum to its parameter
(Figure 2); this group was a statistically significant difference
to group C (p<0.05) at 24 and 72h, being that the latter a
considerable proliferation was observed in relation of other
experimental groups. The vehicle was a statistically significant
difference to group C at 24 and 48h, but the viability cell
percentual remained up of 70%, indicating the absence of
cytotoxicity.

Figure 2 - Viability percentual of osteoblasts by experimental
groups and periods, and statistically significant difference
between those (p<0.05). In 2-A and 2-B, different letters indicate

statistically significant difference at 24h and 48h, respectively; in
2-C, * with the difference of ® and © with the difference of ‘at 72h.
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3.2 Genotoxicity and Mutagenesis Analyses

The details of DNA damage frequency by Comet assay
can be observed in Table 1. The experimental medication 1
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(group EM1) exhibited a similar damage frequency with
group CY at | day and a different damage index with group
EM2 (experimental medication 2) and NC (negative control)
(p<0.05), independence the experimental periods. The
experimental medication 2 (group EM2) performed a parallel
index with group NC (negative control) in all experimental
periods, and it was the difference to group CY. Details to each
score of Comet assay and experimental groups and periods
can be observed in Table 2. These data confirmed the absence
of genotoxicity to EM2.

Table 1 - Mean (in percentual) and standard deviation (SD) of
the damage frequency by comet assay according to experimental
groups and periods

1 day 7 days

Mean SD Mean SD
Group EMI (experi-| 67 500 | 756 | 67.83 | 6.73
mental medication 1)
Group EM2 (experi-| 53 o | 709 | 51000 | 6,54
mental medication 2)
Group NC (negative | 55000 | 708 | 52000 | 8.06
control)
Group CY (positive 79,407 761 ) )
control)
Different lowercase letters represent statistical difference in the column
(p<0.05)

Source: research data.

Table 2 - Minimum and maximum number of each comet assay
score according to experimental groups and periods

1 day 7 days
Group EM1 0-10 0-20
Group EM2 0-20° b
Score 0 | Group NC 0-12° éjgb
Group CY 9-24°
Group EM1 0-28 311
Group EM2 10-26
Seore 1| Group NC 16-34 }gﬁ?
Group CY 7-16
Group EM1 0-10 7.8
Group EM2 6-122
Seore2 | Group NC 4-13 .
Group CY 1-30°
Group EM1 0-10 9-130
Score 3 Group EM2 3-13 3-10b
Group NC 3-6 3-10
Group CY 1-17
Group EM1 5-50 19258
Score 4 Group EM2 2-19 1145
Group NC 2-9 215
Group CY 0-6

Different lowercase letters represent statistical difference in the column
to same score and same periods (p<0.05). Group EM1 = experimental
medication 1; Group EM2 (experimental medication 2); Group NC
(negative control); Group CY (positive control).

Source: research data.

The use of experimental medication 1 and 2 (groups
EM1 and EM2) promoted an insignificant occurrence of
micronuclei in all experimental periods without a statically
difference to NC (p<0.05). Both medications showed different
to group CY evidencing the absence of mutagenesis capacity
(Table 3).



Table 3 - Minimum and maximum number of micronuclei
according to experimental groups and periods

1 day 7 days
Group EM1 (experimental medication 1) 0-0° 0-1°
Group EM2 (experimental medication 2) 0-2* 0-7*
Group NC (negative control) 0-1° 0-12
Group CY (positive control) 6-11b
Different lowercase letters represent statistical difference in the column

(p<0.05)
Source: research data.

Evaluation of biocompatibility, cytotoxicity, genotoxicity
and mutagenicity contribute considerably to indicate new
medications and biomaterials in endodontics clinica®!$2¢27,
The cytotoxic, genotoxic and mutagenesis assays provide
initial data to use these medications?*?’ since these analyses
demonstrate destructive effects, which can reduce the viability
and growth of cells®® or genetic damages link to some diseases
including cancer®-!. Reflecting on these last parameters, the
ideal biomaterial or medication must be no-cytotoxic and does
not have genotoxic and mutagenic potential®7*2,

We chose the criteria established by the International
Organization for Standardization (ISO 10993-5)" for analysis
of cytotoxicity. A cytotoxic assay is a primary form for
evaluating initial aspects of biological properties, and it should
be associated with other assays to an assertive analysis®. Then,
for expanding the biologic evaluation, we decided to include
two analyses following the comet and micronuclei assays for
genotoxicity and mutagenicity evaluation, respectively. These
assays can measure DNA damage or genomic instability in
safe and sensitive form, and when they are used in association
permit results are more substantial?%31:33-36,

In the present study, we evaluated two new experimental
medications for applying in Endodontics. The components
of these medications included 0.2% chlorhexidine, 2.5%
metronidazole and 2% tetracycline derivate in addition to a
viscous vehicle. So, the difference of experimental medications
was the tetracycline derivative, since the doxycycline was
used in experimental medication 1 (EM1) and minocycline in
experimental medication 2 (EM2).

According to our data, the EM1 was cytotoxic to fibroblast
cells since the viability of these cells was inferior 70% in
this group at 24 and 72h, and the EM2 was not cytotoxic to
fibroblast cells, including the increase of proliferation cell
at 72h (Figure 1). Both medications were no-cytotoxic to
osteoblasts; however, it was possible to notice the difference
between EM1 and EM2 since the latter stimulates the cell
proliferation at 72h (>100%).

Since that difference between medications is the
tetracycline derivatives as explained above, probably, the
difference in the behaviour of both medications could be
attributed to this factor. Park’, in 2012, observed in his
study that doxycycline and minocycline are no-cytotoxic
to osteoblast. And, Ma et al.*® observed the proliferation of
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osteoblasts and increasement of alveolar crest height in the
periodontitis model when the minocycline was used. These
results can explain our data since both medications were
no-cytotoxicy to osteoblasts and EM2 contains minocycline
improved osteoblast proliferation.

Considering the genotoxic potential, which was evaluated
in this study by Comet assay, EM1 was genotoxic instead
of EM2. The Comet assay is a reliable method to determine
DNA damage, and it is used routinely?**?*35, We could infer
that the genotoxic potential was caused by chlorhexidine
used as a component in medications. Ribeiro et al.** identified
the genotoxic potential of chlorhexidine at concentrations
varying from 0.01% to 1.00% on cells. And, in 2008,
Ribeiro [29] confirmed this statement and highlighted that
continuous exposures increase the risk. Barbin et al.*’, in
2013, demonstrated that 2% chlorhexidine converts itself in
molecules as para-chloroaniline and reactive oxygen species
(ROS), substances known as genotoxic***!; and, the reduction
of its concentration can collaborate to decrease this side
effect®*?. Hence, interpreting these studies, the concentration
in experimental medications used in our present was 0.2%.
Furthermore, we deduced that 0.2% chlorhexidine was not
responsible for the genotoxic potential of EM1 because a
similar concentration of chlorhexidine was used in EM2, too.
Probably, ionization reactions, the solubility of components or
acid-base balance® that occurred in EM1 can be induced this
undesirable effect.

Despite EM1 had genotoxic potential, the mutagenisis
was not observed to this medication (Table 3). In according of
Sommer et al.*, in 2020, some DNA damage can repair and
the fail or damage does not transfer during cell divides. So, we
believe that it can occurred with EM1 since that the number
of micronuclei was insignificant in this group. In relation to
EM2, it was possible to establish the absence of mutagenesis
capacity because these data were not different from the group
NC.

Considering these results and antimicrobial action against
E. faecalis®, it is possible to infer the efficacy of EM2 to use
in the endodontic clinic. However, this medication promoted
the discolouration of the tooth'!, indicating the necessity of
changes in its formula or attention in the cleaning of the tooth
crown when it will be used.

4 Conclusion

Despite the absence of mutagenesis and non-cytotoxicity
to osteoblasts of EM1, this medication was cytotoxic and
genotoxic to fibroblasts. The EM2 was non-genotoxic, non-
cytotoxic and non-mutagenic to osteoblasts and fibroblasts.
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