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Effects of the association of antifungal
drugs on the antimicrobial action of
endodontic sealers

Abstract: This in vitro study aimed to determine the susceptibility
of oral specimens and ATCC lineages of Candida albicans for five
endodontic sealers, which were pure and associated with two
antifungal drugs, and to analyze their effect on the physical properties.
For this purpose, 30 lineages of C. albicans, collected from the oral cavity
of patients assisted at the endodontics clinic of the Universidade Sagrado
Coragio, were analyzed. Yeasts susceptibility to the sealers was tested by
diffusion on agar plates. Physical properties were evaluated according
to the ADA specification no. 57. The pure versions of the Sealer 26,
AH Plus, Endofill, Fillapex, and Sealapex demonstrated antifungal
activity, with Endofill presenting the greatest inhibition zones. All
cements, except for Endofill, had their antifungal actions enhanced by
addition of ketoconazole and fluconazole (p < 0.05), and the AH Plus
presented the best antifungal activity. The addition of antifungal drugs
did not interfere with the setting time and flowability of the sealers. It
was concluded that the addition of antifungals to endodontic sealers
enhanced the antimicrobial action of most cements tested without
altering their physical properties.

Keywords: Antifungal Agents; Physical Properties; Root Canal
Obturation; Ketoconazole; Fluconazole.

Introduction

The frequency of invasive mycoses caused by opportunistic fungal
pathogens has significantly increased in the last decade. The main
etiologic agents of opportunistic mycoses include the yeast that belongs
to the Candida gender.! It is estimated that 46% of healthy individuals
are carriers of Candida albicans as part of their normal oral microbiota.?

As the main virulence factors, they produce proteinases, such as
collagenase, aminopeptidases, alkaline phosphatase, hyaluronidase,
and chondroitin sulfatase, which causes the degradation of extracellular
matrix proteins.’ Several disorders affecting the oral cavity have been
related to the presence of C. albicans, yet its effective participation in
the etiopathogenesis of endodontic and/or periodontal infection is still
controversial. However, the presence of this species has been detected
in electron microscopic studies in asymptomatic periapical lesions.**

Conversely, yeasts have been detected in areas of apical root resorption,
adhered by filamentous hyphae, and are able to penetrate the root dentin.®”#
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Particularly, they are also related to lesions persisting
after conventional endodontic treatment and cases of
endodontic abscesses, where C. albicans is the most
frequently identified species.”

Calcium hydroxide is one of the substances
most widely used as an intracanal dressing. By
releasing calcium and hydroxyl ions, because of
the high pH (12.6), it provides enzymatic inhibition
of bacteria, promoting satisfactory antimicrobial
activity. Simultaneously, it also acts on the alkaline
phosphatase release, favoring the deposition of
mineralized tissues'’. However, its antimicrobial
activity against C. albicans is nearly null,*" and it
may even favor its morphogenesis and proliferation
due to the release of calcium ions.™

Because the chemical-mechanical preparation and
intracanal dressing with calcium hydroxide are unable
to provide complete elimination of microorganisms
from the root canal system,>* particularly when C.
albicans is suspected, it is important to use additional
strategies to enhance the antimicrobial action of
endodontic materials.

Recently, the addition of antimicrobials to endodontic
sealers has been suggested, presenting favorable
outcomes on cultures of Enterococcus faecalis.”” Because
C. albicans also participates in endodontic infections
and its elimination from the root canal system is
difficult, the addition of specific antimicrobials, such
as antifungals, to endodontic sealers may constitute an
additional strategy. However, no studies have evaluated
the effects of this incorporation on the physicochemical
and antimicrobial properties of different formulas of
endodontic sealers.

This study evaluated the in vitro susceptibility
of several lineages of C. albicans (oral and ATCC) to
different formulas of endodontic sealers (AH Plus,
Fillapex, Sealapex, Sealer 26, and EndoFill), which are
either pure or with antifungal addition (ketoconazole
and fluconazole), as well as the effect of this addition
on certain physical properties (setting time and flow).

Methodology

This study was approved by the Ethics Committee
of the Universidade Sagrado Coragio - USC (131/11).
This study was conducted on 30 lineages of C. albicans
isolated from the oral cavity of patients assisted at the
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Endodontics clinic of the Dental School at the USC. A
standard lineage American Type Culture Collection
(ATCC) 10231 was used as a control for the study.

Collection of yeast lineages

The samples were collected using a sterile tongue
depressor, scrapped on the posterior region of the
tongue dorsum or on the whitish regions in the oral
cavity. The tongue depressor was rinsed in a flask
with hermetic seal containing 10 mL sterile saline
until the solution was turbid.

Triage of samples

One drop of saline from the sample was placed
between a glass slab and a coverslip for microscopic
analysis at 40x magnification to observe the presence
of blastoconidia, hyphae, or pseudo-hyphae.

Culture of samples for isolation of yeasts

Samples were plated by inoculum exhaustion
on the surface of Sabouraud dextrose agar plates
(Merck, Darmstadt, Germany) with the addition of
5% chloramphenicol. The plates were incubated in a
mycological oven at 37°C for 24-48 h. Colonies with
morphological aspects of yeasts were submitted to
direct examination between a glass slab and coverslip
to confirm the isolation.

Presumptive identification of C. albicans

To confirm isolation of yeasts, colonies were
plated on the surface of CHROMagar Candida plates
(DIFCO-BBL, Sparks, Maryland, USA) for presumptive
identification of the isolated species.”® Plates were
then incubated at 30°C for 48 h. The principle of this
medium is the pigmentation developed by the colonies
because of the pH indicators and fermentation of
specific compounds or chromogenic substrates, such
as $3-glucosaminidase by hexosaminidase enzymes.
In this medium, the presumptive identification for
C. albicans is obtained by observing clear green
pigmentation of colonies.’® The positive growth
control was obtained using the strain ATCC 10231.

Identification of C. albicans
The clear green colonies isolated from the
surface of the CHROMagar Candida plates were



submitted for confirmative identification of C.
albicans by the techniques of germinative tube
production and formation of chlamydoconidia as
suggested by Robles et al.’® The positive controls
germinative tube production and production of
chlamydoconidia were obtained using the strain
ATCC 10231. Yeasts confirmed as C. albicans were
stored in Sabouraud dextrose agar until susceptibility
tests were performed.

Activation of stored yeasts

The stored yeasts and strain ATCC 10231 were
activated on Sabouraud dextrose agar plates and
incubated in a mycological oven at 37°C for 24-48 h.
From the plates, the colonies were transferred to tubes
containing 4 mL Sabouraud dextrose broth (Merck,
Darmstadt, Deutschland) until total turbidity of the
culture broth was achieved.

Evaluation of antifungal activity

The antifungal drugs ketoconazole and fluconazole
(Farmacia Veritas, Bauru, Brazil) were used in
antimicrobial and physical tests. They were associated
with AH Plus, Fillapex, Sealapex, Sealer 26, and EndoFill
(Table 1) sealers, at a proportion of 0.5% by weight.

Antifungal activity was evaluated using the radial
diffusion technique of substances on the surface of
the Sabouraud dextrose agar plates.

For this purpose, five colonies were transferred
to a tube containing 5 mL of Sabouraud dextrose
broth and incubated at 37°C overnight. After growth,
adjustment was made in sterile saline for optical
density of 0.5 McFarland turbidity standard (1.5 x 108
colony forming units/mL). Petri plates measuring

Table 1. Endodontic sealers, compositions, and manufacturers.
Material Composition

MTA FillApex  Salicylate resin, diluent resin, nanoparticle resin, bismuth oxide, mineral trioxide aggregate, pigments

Weckwerth PH, Lima FLS, Greatti VR, Duarte MAH, Vivan RR

150 x 10 mm previously prepared with Sabouraud
dextrose agar (Merck, Darmstadt, Deutschland) with
a 6-mm thickness were excavated in wells with 5-mm
diameter and 3-mm depth. After adjustment of the
optical density of the saline, it was plated using sterile
cotton swabs on the surface of the plates, taking care
to avoid plating the interior of the excavated regions.
Plates were placed in an oven for 30 min to dry the
culture medium surface before the placement of
cements. The wells were filled using syringes and
the plates were left for 2 h at room temperature for
pre-incubation. Thereafter, they were incubated in
a growth chamber at 37°C, at adequate atmospheric
conditions for 24 h. The inhibition halos were measured
with a digital pachymeter under reflected light. The
same method was performed for the cements without
antifungal drugs.

Setting time

The setting time was determined according to
the ADA specification no. 57. Testing was performed
at controlled temperature and humidity conditions,
37°C + 1°C and 95% * 5%, respectively. For this
analysis, sealers were previously prepared with the
drugs at 0.5% of the total weight of sealers, mixed,
and inserted in metallic rings with 10-mm diameter
and 2-mm thickness.

Flowability

Flowability was analyzed by the method proposed
by the ANSI/ADA no. 57. The test was performed
by mixing sealers with antifungal drugs at 0.5% of
the total weight and, using disposable graduated
insulin syringes (a new syringe was used for each

Manufacturer

Angelus, Londrina, Brazil

Sealer 26 Powder: bismuth trioxide, calcium hydroxide, hexamethylenetetramine, titanium dioxide Dentsply, Petrépolis, Brazil
Liquid: epoxy bisphenol
AH Plus Paste A: epoxy resin, calcium tungstate, zirconia oxide, fumed silica, pigment, 1-adamantane amine  Dentsply, Konstanz, Germany
Paste B: N,N-dibenzil-5-oxa-nonandiamina-1,9,TCD diamine
Endofill Powder: zinc oxide, hydrogenate resin, bismuth subcarbonate, barium sulfate, sodium borate Dentsply, Petrépolis, Brazil
Liquid: eugenol and almond oil
Sealapex Calcium oxide, bismuth trioxide, zinc oxide, silica particles, titanium dioxide, zinc stearate, SybronEndo, Glendora, USA

tricalcium phosphate, mixer of isobutyl salicylate + methyl methylene salicylate + pigment
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specimen), 0.5 (+0.05) mL of cement was placed on the
center of a smooth and plain glass slab, measuring
70 x 70 x 5 mm. At 3 min after the onset of mixing,
another smooth and plain glass slab was placed on
the sealers and then submitted to a combined overall
weight of 120 g. Three specimens were fabricated for
each cement. At 10 min after the onset of mixing, the
plate and the weight were removed and the largest
and smallest diameters of the circle formed by the
sealers were measured with an aluminum ruler
graduated in mm.

Statistical analysis

Statistical analyses were performed by the
Kruskal-Wallis method and the Dunn’s test for the
individual comparisons between sealers. Statistical
analyses were performed using Graphpad Prism (SPSS
Inc.,, Chicago, USA) with a significance level set at 5%.

Results

Tables 2 and 3 present the inhibition zones in
mm of antifungal activity for each sealers, pure or
added to ketoconazole and fluconazole, at 24 and
48 h, respectively.

All pure cements analyzed presented inhibition
zones, with the strongest antifungal activity for the
cement EndoFill. However, addition of antifungals
to the sealer EndoFill did not enhance its antifungal

activity. Pure AH Plus presented the smallest inhibition
zone, yet the addition of ketoconazole and fluconazole
enhanced its antifungal activity (p < 0.05).

Statistical analyses by the Kruskal-Wallis method
and Dunn’s test for comparison demonstrated that
Sealer 26, AH Plus, Fill Apex, and Sealapex sealers added
to ketoconazole and fluconazole presented greater
inhibition zones compared to the pure sealers (p < 0.05).

Particularly in relation to Sealapex, the antifungal
activity provided by the addition of fluconazole was more
favorable than the addition of ketoconazole (p < 0.05).

The results of the setting time are presented in Table 4
and the results of the flowability test are presented in
Table 5. Different letters indicate statistically significant
differences of the antifungal effect on the physical
properties of each sealer (p < 0.05).

Discussion

The concentration of 0.5% of antifungal was
determined due to the ease of preparation of the sealer
for obturation, i.e., this concentration maintained the
adequate handling characteristics of the material.
When greater concentrations were tested, there
was an increase in the thickness of the sealers and
a reduction in their flowability (pilot test). Thus,
the antifungal activity tests were performed on the
sealers where 0.5% in total weight of ketoconazole
and fluconazole were added.

Table 2. Mean and standard deviation of inhibition halos (mm) of the sensitivity of C. albicans to sealers, pure and following

addition of antifungals in 24 h.

Cements Sealer 26 AH Plus

Pure 13.4 =2.01° 8.1 = 1.26°
Ketoconazole' 25.2 = 2.52° 28.4 = 1.68°
Fluconazole" 26.2 = 1.89° 28.5 + 1.33°

Endofill Fillapex Sealapex
17.4 = 0.72° 11.1 = 1.55¢ 11.6 = 1.19°
17.9 = 1.32° 22.8 +2.02° 18.6 + 2.37°
17.8 £ 0.93° 22.8 +1.41° 28.1 + 2.05¢

' Sealers added to 0.5% (w/w) of ketoconazole; " Cements added to 0.5% (w/w) of fluconazole. Different lowercase letters indicate statistically
significant differences of the antifungal effect on the antimicrobial action of each sealer (p < 0.05).

Table 3. Mean and standard deviation of inhibition halos (mm) of the sensitivity of C. albicans to sealers, pure and following

addition of antifungals in 48 h.

Cements Sealer 26 AH Plus

Pure 13.6 = 1.92° 82 = 1.10°
Ketoconazole' 28.6 + 2.95° 30.3 = 1.49°
Fluconazole" 30.2 + 2.55° 37.8 = 1.53°

Endofill Fillapex Sealapex
18.0 = 0.65° 11.1 = 1.26° 11.8 + 1.02¢
19.2 = 1.65° 23.7 = 1.92% 20.1 +2.19°
18.5 + 0.99° 30.7 + 2.38¢ 29.7 + 2.55¢

' Sealers added to 0.5% (w/w) of ketoconazole; " Cements added to 0.5% (w/w) of fluconazole. Different lowercase letters indicate statistically
significant differences of the antifungal effect on the antimicrobial action of each sealer (p < 0.05).
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Table 4. Mean and standard deviation of setting times in minutes of sealers, pure and following addition of ketoconazole and fluconazole.

c Manufacturer’s Pure
ements . .

directions Initial Final
Sealer 26 720 min 1000 = 18.93* 2700 = 76.38*
AH Plus 480 min 720 = 10.41¢ 1680 + 7.634
Endofill NI 1080 = 25.11° 2400 = 36.86"
Fillapex 120 min 4000 + 89.01¢ 7200 + 66.00*
Sealapex 60 min NFFY NFF

Ketoconazole' Fluconazole"

Initial Final Initial Final

1200 = 32.15° 2900 = 45.83* 1100 + 47.26° 2850 + 20.00*
900 = 37.53° 1750 = 34.03*
1200 = 56.89* 2600 = 39.66* 1100 + 31.63° 2450 + 32.35*
2800 = 40.58> 5644 = 117.60®8 3000 = 99.23> 5700 + 66.00°

840 + 7.09° 1745 = 7.63

NFF NFF NFF NFF

' Sealers added to 0.5% (w/w) of ketoconazole; " Cements added to 0.5% (w/w) of fluconazole; " not informed; "V did not fulfill. Different
lowercase letters indicate statistically significant differences of the antifungal effect on the initial setting time of each sealer. Different capital letters
indicate statistically significant differences of the antifungal effect on the final setting time of each sealer (p < 0.05).

Table 5. Mean and standard deviation in cm of the flow
test of sealers, pure and following addition of ketoconazole
and fluconazole.

Cements Pure Ketoconazole®  Fluconazole®
Sealer 26 3.5 = 0.25¢ 3.4 =0.15° 3.4 + 0.35°
AH Plus 3.4 =0.30°* 2.9 +0.25° 3.9 £ 0.30°
Endofill 5.0 = 0.25¢ 4.7 = 0.40° 3.8 + 0.20°
Fillapex 5.1 £ 0.36° 5.1 =£0.20° 4.7 = 0.35°
Sealapex 3.5 +0.25° 3.4 =£0.15° 3.6 +0.15°

@ Sealers added to 0.5% (w/w) of ketoconazole; ® Cements added
to 0.5% (w/w) of fluconazole. Different lowercase letters indicate
statistically significant differences of the antifungal effect on the
flowability of each sealer (p < 0.05).

In this study, the antifungal activity test was
performed by measuring the diffusion of sealers,
pure and combined with antifungal drugs on the
surface of Sabouraud dextrose agar. This method is
widely employed by several investigators.?’!

This method allows for semi-qualitative direct
comparison between materials and also indicates
which sealers may present antimicrobial activity inside
the root canal system. However, the results obtained
by this method not only depend on the toxicity of
substances on the microorganisms analyzed, but also
influenced by the diffusion of components through the
culture medium ® Thus, materials with higher diffusion
ability may promote bigger zones of inhibition of
microbial growth.®! However, a pre-incubation period
was allowed, which consists of leaving the plates
for 2 h at room temperature to avoid diffusion of
substances through the agar before incubation at
adequate atmospheric conditions.

The present results revealed that all pure sealers
tested present antifungal activity against C. albicans,
based on the formation of inhibition zones on the agar
surface, corroborating the results of previous studies.®*

Sealer 26 also presented potent antifungal activity,
in disagreement with previous authors.®?! For this
microorganism, using the same methodology, the
differences could be related to the manipulation
method, in which previous studies may have used a
lower quantity of resin with less cement flow. Another
reason that may explain the differences in the results
would be the variable resistance of lineages employed.

Even though pure AH Plus exhibited antifungal
activity, it presented the smallest zone of inhibition
of microbial growth. The pure FillApex and Sealapex
presented very similar inhibition zones. Some studies
have suggested the addition of antimicrobial drugs to
the sealers to enhance their antimicrobial activity."”

The results of this study revealed increased
antifungal activity against C. albicans when
ketoconazole and fluconazole were added to the
cements. The sealers combined with these drugs
exhibited increased inhibition zones on the agar
compared with pure sealers (p < 0.05), except for the
EndokFill cement. This sealer is based on zinc oxide
and eugenol and may inhibit the release of antifungal
drugs during the diffusion tests, which may be
explained by future studies on this phenomenon.

The AH Plus demonstrated an improvement in
antifungal activity against C. albicans when combined
with ketoconazole and fluconazole. When the sealers
combined with drugs were compared, fluconazole
added to Sealapex revealed a significant difference
in the antifungal activity (p < 0.05) compared to the
addition of ketoconazole.

Physical tests were conducted following the no.
57 ADA specification, using a 100 g Gillmore needle,
which allowed the analysis of the setting time of
the cements tested. According to the no. 57 ADA
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specification, the setting time of endodontic sealers
should not be longer than 10% of the time provided
in the manufacturer’s instructions.

Analysis of the setting time is important to verify
the release of calcium and hydroxyl ions by the
sealers, consequently acting as antimicrobial and
biological agents. Physical tests on the sealers, both
pure and combined with antifungals, were conducted
to demonstrate that the association does not interfere
with them. Slight changes were observed, likely due
to the powder/liquid or paste/paste ratio used for
the manipulation of the sealers.

For some sealers, such as Sealer 26, the manufacturer
recommends approximately two to three parts of
powder to one part liquid, which may promote slight
changes in the setting time. For AH Plus, this may
be explained by the separation between components
of pastes A and B, depending on the tube region
from which it is obtained.” For EndokFill, this may
be explained by the lack of information from the
manufacturer, which does not accurately determine
the powder/liquid relationship that should be used.
Finally, the formula of the sealer FillApex was changed
inits current commercial presentation. The Sealapex
sealer did not set in the present study, likely due to
the absence of humidity. It contains calcium oxide
in its composition and requires humidity in order to
set. Our results are in accordance with Borges et al.?
The addition of antifungals interfered significantly
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