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ABSTRACT

Candida biofilms adhere to the internal surface of removable dentures, which is an etiological
factor in the pathogenesis of denture stomatitis (DS). Adhesive materials are used at the base of
maxillary complete dentures to improve their retention and chewing qualities. This article reports
the antimicrobial activity of the enriched fractions of Equisetum giganteum and Punica granatum
incorporated into a denture adhesive against C. albicans biofilm. The biofilms were induced on
the surface of heat-cured acrylic resin specimens that were previously treated with a mixture of
adhesive/herb extracts. The antimicrobial activity was evaluated by CFU counts, XTT reduction,

ARTICLE HISTORY
Received 12 April 2017
Accepted 7 November 2017

KEYWORDS

Denture stomatitis; herbal
medicines; pomegranate;
giant horsetail; anti-biofilm;
alternative therapy

and SEM and CLSM analysis. Both herb extracts amplified the anti-biofilm action of the adhesive on
the acrylic resin by up to 12 h. Therefore, when these extracts were combined with COREGA®, they
played a collaborative and innovative role in biofilm control and can be considered alternatives for

temporary use in the treatment and/or prevention of DS.

Introduction

One of the most prevalent lesions in complete remova-
ble denture wearers, denture stomatitis (DS), is a chronic
disease that can be characterized by localized or gener-
alized inflammation of the oral mucosa, and is consid-
ered difficult to treat due to its multifactorial etiology
(Huang and Wu 2005). Although many causal factors are
involved in this disease (Budtz-Jorgensen 1978), most
studies have indicated that Candida albicans infection
represents the main etiological factor (Budtz-Jorgensen
and Bertram 1970; Arendorf and Walker 1987; Loster
etal. 2016; Aslanimehr et al. 2017). Candida species have
the capacity to adhere to and colonize the heat-cured
acrylic resin of the denture base (Budtz-Jorgensen 1990;
Chau et al. 1995), which is often rough and microporous,
thereby facilitating the invasion of microorganisms (Bollen
etal. 1997). The growth of Candida spp. in mycelial form
allows this fungus to develop inside the grooves formed
on the microporous resin, protecting itself from internal
removal forces, such as the self-cleaning effect of saliva

and brushing (Samaranayake et al. 1980). Moreover, the
internal surface can deteriorate as a result of oral hygiene,
presenting roughness values well above 0.2 pm, making
it susceptible to contamination and aiding the process of
biofilm formation (Bollen et al. 1997). Therefore, in associ-
ation with proper oral and denture hygiene, DS treatment
may involve the prescription of topical and/or systemic
conventional antifungal agents (Bueno et al. 2015). Due
to their high oral bioavailability and easy access to con-
ventional antifungal agents, medications such as nystatin
and fluconazole have been widely used to treat pathologies
where C. albicans is the main causal factor (Ng et al. 2017;
Singh et al. 2017).

However, this approach has limitations, since systemic
antifungal agents, such as azoles, and local antifungal
agents, such as various nystatin-based formulations, can-
not effectively act on the inner surface of contaminated
dentures (Barbeau et al. 2003; Bueno et al. 2015; Lima
et al. 2016), since biofilms are highly resistant to conven-
tional treatments. Additionally, topical antifungal agents
have side effects, such as allergic reactions and nausea due
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Figure 1. Analysis of C. albicans biofilm after development for 3 h on surfaces treated with COREGA® powder alone
(AD) or combined with CH,CI, (AD/Eg) or AcOEt (AD/Pg). (A) Quantification (mean + SD) of the CFU ml~" on the surface of heat-
cured acrylic resin specimens, according to the Mann-Whitney test. (B) Percentage (mean = SD) reduction in the metabolic activity of C.
albicans biofilms by the XTT reduction assay, according to a two-way analysis of variance (ANOVA), followed by a post hoc Tukey HSD. (C)
SEM images of the C. albicans biofilm microarchitecture (first column) and CLSM images showing the distribution of viable (green) and
nonviable (red) fungal cells (second column) (scale bars 20 um). (D) Mean + SD of the biofilm mass (um?3) and mean percentage (%) of
viable and nonviable cells. The data obtained from CLSM images were analyzed by the Biolmage software program. For all evaluations,
untreated specimens (PBS) or specimens treated with nystatin (AD/Nt) were the controls, and three independent experiments were
performed in triplicate (n = 90 — A and B) or in duplicate per group (n = 10 — C and D). Different letters represent p < 0.05.

to their extremely unpleasant taste (Terrell 1999), while
systemic antifungal agents have undesirable secondary
effects, such as hepatotoxicity (Heinemann et al. 1997)
and nephrotoxicity (Varlam et al. 2001).

Topically, it is difficult to maintain an effective drug
concentration at the infected surfaces and tissues due
to salivary flow, the tongue and swallowing movements,
which rapidly dissolve and eliminate the drug from the
oral cavity (Bueno et al. 2015). Thus, the continued use
of biocompatible adhesive materials associated with com-
pounds that have anti-Candida action, even for a limited
period of time, may be very beneficial in preventing DS
or contributing to the treatment of this disease.

Therefore, as they are a new source of diverse and potent
actives, herbal medicines have proven to be an effective
and innovative therapeutic option for treatment and/or
prevention of DS. Reports in the literature have shown
that plant extracts have antimicrobial activity against
oral pathogens, particularly against C. albicans (Koo et
al. 2000; Vasconcelos et al. 2006; Samet et al. 2007; Braga

et al. 2008; Endo et al. 2010). The crude extract (EtOH
70%) of Equisetum giganteum L. has been shown to be
beneficial against the formation of C. albicans biofilms.
This herb has shown antimicrobial activity against C. albi-
cans, Staphylococcus aureus (S. aureus) and Escherichia coli
(E. coli), anti-adherent activity against C. albicans on the
surface of polymerized acrylic resin and anti-inflamma-
tory action on human monocytes activated by C. albicans.
This antimicrobial activity is related to the presence of sec-
ondary metabolites, such as flavonoids, found in the 70%
EtOH fraction of E. giganteum. Additionally, this herb has
not negatively affected the viability of human epithelial
cells or monocytes in the human palate (Alavarce et al.
2015).

The antimicrobial activity of Punica granatum L. has
been widely investigated (Endo et al. 2012; Bakkiyaraj et
al. 2013; Labsi et al. 2016). The crude extract of P. gra-
natum appears to be able to inhibit microbial adhesion.
Researchers have claimed that oral bacterial biofilms and
C. albicans were sensitive to this extract. Considering the
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Figure 2. Analysis of the C. albicans biofilm after development for 6 h on the surface treated with COREGA® powder
alone (AD), or combined with CH,CI, (AD/Eg) or AcOEt (AD/Pg). (A) Quantification (mean + SD) of the CFU ml~" on the surface
of heat-cured acrylic resin specimens, according to the Mann-Whitney test. (B) Percentage (mean + SD) reduction in the metabolic
activity of the C. albicans biofilm, by the XTT reduction assay, according to two-way analysis of variance (ANOVA), followed by a post
hoc Tukey HSD. (C) SEM images of the C. albicans biofilm microarchitecture (first column) and CLSM images showing the distribution of
viable (green) and nonviable (red) fungi cells (second column) (scale bars 20 um). (D) Mean + SD of the biofilm mass (um3) and mean
percentage (%) of viable and nonviable cells. The data obtained from CLSM images were analyzed by the Biolmage software program.
For all evaluations, untreated specimens (PBS) or specimens treated with nystatin (AD/Nt) were the controls, and three independent
experiments were performed in triplicate (n = 90 — A and B) or in duplicate per group (n = 10 — C and D). Different letters represent

p <0.05.

gaps in knowledge about the mechanism of action and
the bioactive principles of these microorganisms, tannins,
which are the main polyphenols of the P. granatum extract,
are believed to act on cellular metabolism through the
cell walls. These compounds bind to the cell wall, cross
this structure and interfere with the production of pro-
teins and enzymes responsible for microbial adhesion
(Vasconcelos et al. 2006). Thus, these herbal medicines
could play an important role in the treatment and/or
prevention of DS (Casaroto and Lara 2010; Alavarce et
al. 2015). Overall, these herbal medicines contain com-
pounds with antimicrobial activity, and, in recent years,
there has been growing interest in identifying them (Endo
et al. 2010; Anibal et al. 2013).

Considering that DS is mainly associated with the
fungus C. albicans, it is important and crucial to create
biocompatible antifungal therapeutic alternatives with
new antimicrobial active principles to which the fungus
C. albicans does not yet have resistance. For example,

denture adhesives have been associated with antimicrobial
components, such as hexachlorophene, sodium tetrabo-
rate, sodium borate and ethanol (Grasso 2004; Pradies et
al. 2009). These materials are provisionally used at the base
of the dentures and are recommended for use by com-
plete removable denture wearers, particularly for maxillary
dentures, to improve chewing quality, because they allow
more efficient grinding of the ingested food by increasing
denture retention on the supporting mucosa (Folse 2004;
Sato et al. 2008; Bartlett et al. 2013). In addition, the use
of denture adhesive results in decreased pressure on the
supporting tissues, distributing occlusal forces and reduc-
ing localized pressure at any one point. As a result, this
minimizes tissue trauma, minimally irritating the mucosa,
and especially lowering the risk of developing DS (Tarbet
et al. 1980; Perez et al. 1985; Papadiochou et al. 2015).
The combination of denture adhesives and herbal medi-
cines may be a useful, effective and a complementary alter-
native for the treatment of DS, in addition to enhancing
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Figure 3. Analysis of the C. albicans biofilm after development for 12 h on a surface treated with COREGA® powder
alone (AD), or combined with CH,CI, (AD/Eg) or AcOEt (AD/Pg). (A) Quantification (mean + SD) of the CFU mI~" on the surface
of heat-cured acrylic resin specimens, according to the Mann-Whitney test. (B) Percentage (mean + SD) reduction in the metabolic
activity of the C. albicans biofilm by the XTT reduction assay, according to a two-way analysis of variance (ANOVA), followed by post
hoc Tukey HSD. (C) SEM images of the C. albicans biofilm microarchitecture (first column) and CLSM images showing the distribution
of viable (green) and nonviable (red) fungal cells (second column) (scale bars 20 um). (D) Mean = SD of the biofilm mass (um3) and
mean percentage (%) of the viable and nonviable cells. The data obtained from CLSM images were analyzed by the Biolmage software
program. For all the evaluations, untreated specimens (PBS) or specimens treated with nystatin (AD/Nt) were the controls, and three
independent experiments were performed in triplicate (n = 90 — A and B) or in duplicate per group (n = 10 — C and D). Different letters

represent p < 0.05.

denture retention and comfort in the mouth. Considering
these aspects, this study evaluated whether the incorpora-
tion of enriched fractions of E. giganteum (Equisetaceae)
or P. granatum (Lythraceae) into the denture adhesive
powder (COREGA® powder, GlaxoSmithKline Brazil
Ltda, Rio de Janeiro, Brazil) formulation on the acrylic
resin surface would amplify antimicrobial action against
C. albicans biofilms.

Materials and methods
Plant material and preparation of the extract

The aerial parts of E. giganteum were collected in
November 2014 at Jardim Botanico Municipal de Bauru), SP,
Brazil (22°20'30"'S, 49°00"30""W). Voucher specimens were
included in the Herbarium collection of UNESP (UNBA)
in Bauru at Sdo Paulo State University ‘Tulio de Mesquita
Filho under code number 5795. The fresh material (aerial

parts) was dried in an air circulating oven at 45°C until it
was completely dry (2.9 kg). The extract was obtained by
percolation in 70% ethanol (EtOH:H,0 7:3 v v'') at room
temperature. The solvent was evaporated, and the extract
was lyophilized, yielding 41 g (8.3%) of crude hydroalco-
holic extract (70% EtOH) of E. giganteum.

The P, granatum fruits were purchased at the ‘Boa Fruta’
Fruit and Seedling Distributor Supermarket in November
2014. The fruit was cultivated in Petrolina, Pernambuco,
Brazil (9°46'30"S, 24°21'30"W). Pruning was carried out
every two months by scaling, and batch drip irrigation
was provided. An aliquot of fresh fruit peels (920 g) was
completely dried in an air circulation oven at 45°C. The
hydroalcoholic extract was obtained by percolation
through the dried material (400 g) at room tempera-
ture. After removing the solvent, the P. granatum crude
hydroalcoholic extract (70% EtOH) from the fruit peels
was lyophilized, yielding 52 g (13%).
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E. giganteum or P. granatum enriched fractions by
liquid-liquid extraction (LLE)

An aliquot of 2 g of the crude extract (70% EtOH) of
E. giganteum or P. granatum was dissolved in 500 ml of
deionized water and submitted to LLE for extraction using
organic solvents. The solvents were dichloromethane
(CH,CL,), ethyl acetate (AcOEt) and n-butanol (n-BuOH)
for E. giganteum, and ethyl acetate (AcOEt) and n-butanol
(n-BuOH) for P, granatum (Sigma-Aldrich® Inc., St Louis,
MO, USA) (Endo et al. 2010). The enriched fractions were
concentrated under a vacuum (Heidolph®, Schwabach,
Germany) and then lyophilized.

Determination of the minimum microbicidal
concentration (MMC)

All the enriched fractions were analyzed using an MMC
(minimum microbicidal concentration) assay with C.
albicans (SC5314) to determine the concentration with
antifungal activity. For MMC characterization, 10, 20,
30 and 50 mg of each enriched fraction and 70% EtOH
from E. giganteum or P. granatum were placed in micro-
tubes containing 50 pl of DMSO (dimethylsulfoxide —
Sigma-Aldrich® Inc.) and 950 pl of culture medium (TBS
- trypticase soy broth; Sigma-Aldrich® Inc.). The different
concentrations of each fraction and extract were distrib-
uted in 24-well cell culture plates and homogenized with
C. albicans (1 x 107 cells). As controls, 1 ml of inoculum
was maintained in TSB (negative control for fungicidal
activity) or homogenized with 10, 20 or 30 mg of nystatin
(positive control for fungicidal activity). The plates were
maintained at 37°C for 24 h under agitation (75 rpm).
After this period, the different concentrations of each
fraction and extract, as well as the controls, were serially
diluted, and aliquots of 50 pl were seeded in duplicate in
Sabouraud Dextrose agar (Difco®, Detroit, MI, USA) con-
taining chloramphenicol. The Petri dishes were kept in an
incubator at 37°C for 24 h. Afterwards, the viable Candida
colonies were quantified. A 1:1,000 dilution was consid-
ered ideal for counting the colony forming units. For this
assay, two independent experiments were performed.
The enriched fractions that presented the best antifun-
gal activity were CH,Cl, for E. giganteum and AcOEt for P.
granatum at concentrations of 30 and 50 mg. As expected,
the positive control (nystatin) had the lowest values at
all the evaluated concentrations (Supplemental material
Table S1). Considering these results, the cytotoxic effect
of 30 and 50 mg of both enriched fractions was evaluated.
Briefly, 1 x 10* human gingival fibroblasts (FGH) were
cultured in a 96-well cell culture plate previously treated
with 30 and 50 mg of enriched fractions containing 10 mg
of adhesive (AD/Eg or AD/Pg), enriched fractions only at

these concentrations (Eg or Pg), or adhesive only (AD -
10 mg), with culture medium for viability control or with
methanol for the cytotoxic control. After 12 h, viability
was evaluated by means of the LIVE/DEAD™ Viability/
Cytotoxicity Kit, for mammalian cells (Molecular Probes,
Eugene, OR, USA) using a fluorescence assay in accord-
ance with the manufacturer’s instructions. To analyze via-
ble cells, the means of relative fluorescence were obtained
using a spectrophotometer at 485/530 nm for calcein. A
qualitative assay was also performed by image analysis
of the cells labeled with calcein and/or with an ethidium
homodimer (nonviable) and a Leica DM IRBE inverted
microscope (LEICA Microsystems, Wetzlar, Germany).
Considering that the highest concentration (50 mg) was
more cytotoxic, a concentration of 30 mg for both the
enriched fractions was chosen for the following assay.
Three independent experiments were performed in trip-
licate (Supplemental material Figure S1).

Fabrication of specimens

The specimens were fabricated as described by Silva et
al. (2016) with some modifications. A total of 800 heat-
cured acrylic resin specimens (Lucitone 550; Dentsply
International Inc., Chicago, MI, USA) were made
(10 mm x 10 mm x 5 mm) according to the manufacturer’s
instructions. Both sides of all the specimens were ground
in a horizontal polisher (ER 27000; Erios, Sdo Paulo,
Brazil) and were randomly selected to simulate the inner
portion of the denture base with a mean surface rough-
ness (Ra) of 3 um (Surftest SJ-301; Mitutoyo Corporation,
Kanagawa, Japan). After polishing, the specimens were
immersed in distilled water at 37°C for 48 h to allow the
release of the residual monomers (Neppelenbroek et
al. 2005) and sent for sterilization using ethylene oxide
(Acecil® - Central Sterilization of Commerce and Industry
Ltda, Campinas, Brazil).

Surface treatment of specimens

Aliquots of 30 mg of enriched fractions (CH,Cl, and
AcOEt) were diluted in 50 ul of DMSO and then mixed
with 10 mg ml™! of denture adhesive powder (COREGA®
powder, GlaxoSmithKline Brazil Ltda, Rio de Janeiro,
Brazil) according to previous reports (de Gomes et al.
2011; Garaicoa et al. 2016; Bates et al. 2017). This mixture
was suspended and mechanically homogenized in 1 ml
of PBS (phosphate-buftered saline, Sigma-Aldrich® Inc.).
The entire volume of the suspension was brushed onto the
acrylic resin specimen surfaces which were then placed in
a 24-well cell culture plate for 50 min, to allow for the com-
plete adhesion of all the components on the surfaces. Then,
the specimens were dried at room temperature for 24 h.



As controls, some specimens were untreated and
immersed in PBS, allowing fungal growth, while others
were treated only with 10 mg ml™" of denture adhesive
powder (COREGA®) to evaluate the possible antimicrobial
action of the vehicle or with an adhesive/nystatin combi-
nation (10 mg ml™! of adhesive and 32 mg ml™! of nysta-
tin — Pharmacia Specifica Ltda, Bauru, Brazil) (Bueno et
al. 2015) to authenticate antimicrobial action. Thus, the
samples were randomly divided into five groups (n =2 per
group in each experiment): AD - surface treated only with
COREGA® powder (10 mg ml™), AD/Eg - with the combi-
nation COREGA® and CH, CL, (10 and 30 mg ml™'), AD/
Pg - with the combination COREGA® and AcOEt (10 and
30 mg ml™!), AD/Nt - with the combination COREGA®
and nystatin (10 and 32 mg ml™") and PBS - specimens
kept only in PBS without treatment.

Microorganism and biofilm growth

C. albicans (SC5314) was grown in YEPD broth (Difco®,
Sparks, MD, USA), and cells were inoculated into
Sabouraud dextrose broth (Difco®) to obtain only the yeast-
form. The inoculum was standardized at a concentration
of 107 cells ml™%. C. albicans was then grown according
to the method proposed by Chandra et al. (2001) with
some modifications. After treatment (AD, AD/Eg, AD/
Pg, AD/Nt) or not (PBS), the specimens were placed in
a 24-well cell culture plate containing 1 ml of inoculum.
To allow fungal adhesion, the plates were incubated at
37°C for 90 min, under agitation (75 rpm). Subsequently,
the non-adherent fungal cells were removed by washing
the specimens with PBS, and then transferring them to
another 24-well cell culture plate. Afterwards, for biofilm
growth, the specimens were immersed in 1 ml of RPMI-
1640 culture medium (Roswell Park Memorial Institute
Sigma-Aldrich® Inc.) and incubated at 37°C under agi-
tation (75 rpm) (Kumamoto 2002; Bizerra et al. 2008).

After incubation time intervals of 3, 6 or 12 h, the speci-
mens were carefully washed three times with 1 ml of PBS. At
this point, the C. albicans biofilm formed on the acrylic resin
surface of the specimens was evaluated by the counting col-
ony forming units per milliliter (CFU ml™), the metabolic
activity according to the percentage reduction of XTT to
formazan (XTT assay), ultrastructural analysis by scanning
electron microscopy (SEM) and biofilm mass quantification
by confocal laser scanning microscopy (CLSM).

Biofilm quantification by counting colony forming
units (CFUmI")

Three independent experiments were performed for each
incubation time interval. After biofilm growth, the fun-
gal cells, which were adhered to the specimens previously
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accommodated in the 24-well cell culture plate, were gen-
tly detached using a cell scraper (Costar® 3010, Corning
Incorporated, Corning, NY, USA) (Tobudic et al. 2010).
Afterwards, the suspension containing the fungal cells was
recovered and serially diluted. Aliquots (50 ul) of each
dilution, in duplicate, were seeded in Sabouraud dextrose
agar (Difco®) containing chloramphenicol and incubated
at 37°C for 24 h (Estivill et al. 2011). Then, viable colo-
nies of Candida were visually quantified by counting the
colony forming units (CFU ml™).

Biofilm quantification by the XTT reduction assay

The XTT (2,3 bis (2-methoxy-4-nitro-5-sulfophenyl)-5-
[(amino phenyl) carbonyl]-2H-tetrazolium hydroxide)
reduction assay was performed as previously reported
(Pierce et al. 2008), with some modifications. Briefly, after
biofilm growth for 3, 6 and 12 h in a 24-well cell culture
plate, 2 ml of XTT solution at 0.5 mg ml™' menadione,
0.1 mM (Sigma-Aldrich® Inc.) were added to each well
containing the previously treated or untreated specimens.
The plates were covered with aluminum foil and incubated
at 37°C for 3 h. Then, a volume of 1.6 ml from each well
was centrifuged at 10°C for 2 min at 10,000 rpm to decant
the fungal cells present in the supernatant (Chandra et
al. 2001; Kuhn et al. 2003). Aliquots of 200 ul were plated
in triplicate in a 96-well plate (TPP® - Techno Plastic
Products, Trasadingen, Switzerland) and analyzed by
absorbance at 550 nm using a spectrophotometer (Biotek
Synergy MX based Monochromator®, Winoosky, VT,
USA) to evaluate the metabolic activity of the viable C.
albicans cells in the biofilm. Three independent experi-
ments were performed for each time interval.

Ultrastructural characteristics of C. albicans biofilm
established by SEM

To authenticate the antimicrobial activity of the enriched
fractions and nystatin, after biofilm growth for 3, 6,0r 12h
on the surface of the acrylic resin previously treated (AD,
AD/Eg, AD/Pg, AD/Nt) or not (PBS), the specimens were
transferred to another 24-well cell culture plate and gently
washed three times with 1 ml of sodium cacodylate buffer
(0.05 M, pH 7.4). After washing, the specimens were fixed
in glutaraldehyde (2.5%) for 30 min (pH 7.4), and washed
again with 1 ml of sodium cacodylate buffer and post-
fixed with 1% aqueous osmium tetra-oxide (w v'!) for
20 min at room temperature. The osmium tetra-oxide was
then displaced with sodium cacodylate buffer. Afterwards,
the specimens were treated with increasing percentages
(30-100%) of ethanol (3 min each) to dehydrate the
biofilms. The specimens were dried with 1 ml of hexam-
ethyldisilazane (HDMS - Sigma-Aldrich® Inc.) for 10 min.
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Finally, each specimen was mounted on an aluminum
stub and sputter-coated with gold for SEM examination
ofthe C. albicans biofilms. This experiment was performed
in duplicate in each group (n = 10) (Abdul Razak et al.
2017).

C. albicans biofilm mass analysis by CLMS

After biofilm growth for 3, 6, or 12 h on the surface of
the acrylic resin previously treated (AD, AD/Eg, AD/
Pg, AD/Nt) or not (PBS), the specimens were trans-
ferred to another 24-well cell culture plate and delicately
washed three times in 1 ml of PBS. The specimens were
then stained with 200 pl of the LIVE/DEAD BacLight
Bacterial Viability Kit solution (Molecular Probes) and
incubated at room temperature, in the dark for 15min.
Subsequently, the specimens were examined in a CLMS
(Leica Microsystems GmbH, Mannheim, Germany) from
which digital images were obtained. The cells were labeled
in green using SYTO 9 or red using propidium iodide for
viable and dead cells, respectively. With the use of the
Biolmage Software program, the biofilm mass was quan-
tified, including both the viable and nonviable cells, and
expressed as um?>. The greater the decrease in the biofilm
mass of the specimens, the higher the anti-biofilm activity.
This experiment was performed in duplicate per group (n
=10) (Alavarce et al. 2015).

Statistical analysis

The results were analyzed by mean + SD and expressed
according to the normality pattern (Kolmogorov-
Smirnov). For the CFU ml!, the Kruskal-Wallis test for
comparison was applied between the times and groups;
additionally, the Mann-Whitney test was used to deter-
mine differences between the experimental groups and
controls. For the XTT reduction assay, the results were
subjected to two-way analysis of variance (ANOVA), fol-
lowed by post hoc Tukey HSD (honest significant differ-
ence). In parallel, the Dunnett test was performed. The
difference was considered statistically significant when
p<0.05.

Results and discussion

Enriched fractions of E. giganteum or P. granatum
amplified the adhesive ability to interfere with C.
albicans biofilm growth

Denture adhesives, such as COREGA”®, are widely used
among wearers of maxillary completely removable den-
tures because they improve the quality of mastication and
the retention of dentures on the supporting mucosa (Folse
2004; Sato et al. 2008; Bartlett et al. 2013). Thus, they are

materials for temporary use, which allow a better distribu-
tion of occlusal forces, thereby minimizing tissue trauma
and the risk of developing DS (Tarbet et al. 1980; Perez
et al. 1985). The composition of COREGA® contains no
potential antifungal component. However, the adhesive
has polyethylene glycol (PEG), which significantly reduces
the interaction of microbial cells with the biomaterial
surface by forming a physical barrier that hinders fungal
adhesion and consequently prevents microbial infections
(Park et al. 1998; Xu and Siedlecki 2012, 2014, 2017).

In the present study, this adhesive interfered with
adherence and growth of C. albicans biofilm on the surface
of the resin specimens (AD group). The biofilm of these
specimens showed lower CFU ml™! values and decreased
metabolic activity in comparison with those obtained in
the untreated group (PBS) at all evaluation time inter-
vals (3, 6 and 12 h) (Figures 1A, B, 2A, B, 3A and B). In
agreement with these results, SEM analysis revealed that
fungal colonization had a less dense layer on the surfaces
treated with adhesive (AD) compared with the untreated
surfaces (PBS) (Figures 1C, 2C and 3C), which could be
confirmed by their lower biomass values as quantified by
CLMS after all periods (mean values of 14.195; 23.842 and
14.396 pum? for ADj; 29.950; 99.984 and 140.304 pum? for
PBS, respectively 3, 6 and 12 h) (Figures 1D, 2D and 3D).

Therefore, the denture adhesive by itself was a factor
interfering with the growth of the yeast cells adhered to
the acrylic resin surface. In view of this ability to con-
trol the biofilm formation process, the PEG present in
COREGA" was possibly one of the factors responsible for
the reduction in C. albicans colonization, hampering the
development of biofilms on the resin surface treated only
with this material.

The present results also revealed that these anti-biofilm
effects were even greater when the resin was treated with
E. giganteum or P. granatum incorporated into the adhe-
sive. Statistically significant differences in CFU ml™ values
were found when AD/Eg and AD/Pg were compared with
the AD group in all periods (AD/Eg vs AD: p < 0.001 for
3,6 and 12 h; and AD/Pg vs AD: p < 0.01 for 3 and 6 h,
and p = 0.047 for 12 h). The CFU ml™! values obtained
after treatment with herbal medicines were similar to each
other, irrespective of the time interval (Figures 1A, 2A and
3A). Accordingly, the treatment with E. giganteum and P
granatum was associated with a higher percentage reduc-
tion in the metabolic activity of the C. albicans biofilm
attached to resin, in comparison with the AD group (p <
0.001 for all periods). When comparing herbal extracts,
E. giganteum treatment resulted in a higher percentage
metabolic reduction of Candida in the biofilm at all the
time intervals (AD/Eg vs AD/Pg: p = 0.000021; 0.000022;
0.000049, respectively at 3, 6 and 12 h) (Figures 1B, 2B
and 3B). In the initial period, 3 h post-biofilm growth,



the percentage reduction in the metabolic activity of C.
albicans in the AD/Eg group was similar to that of the
treatment with the adhesive/nystatin combination (AD/
Nt) (Figure 1B).

As expected, the AD/Nt group showed the lowest C.
albicans CFU ml! values, irrespective of the biofilm for-
mation time interval. Moreover, nystatin significantly
reduced the metabolism of the C. albicans that adhered
to the acrylic resin, with mean values above 95% (Figures
1A, B, 2A, B, 3A and B).

Amplification of adhesive antifungal activity by the
addition of E. giganteum and P. granatum enriched frac-
tions was also confirmed by SEM analysis. When any of
the plant extracts were incorporated into COREGA® (AD/
Eg or AD/Pg), the reduction in the biofilm layer on the
resin surface was notable compared with the AD group in
all periods. The ultrastructural images showed a biofilm
that consisted of agglomerations of yeasts and hyphae-like
forms in the AD group. In contrast, there was no dense
and continuous fungal layer in the herbal groups (AD/Eg
or AD/Pg), and the nystatin group (AD/Nt) that presented
only a few yeast fungal cells, which increased slightly
over time, without the presence of hyphae-like forms. In
the control group, a layer of C. albicans cells adhered to
the entire surface of untreated specimens (PBS), which
became denser in the later periods. This layer was com-
posed of yeasts and hyphae-like forms that were grouped
in the extracellular polymeric substances (EPSs) (Figures
1C, 2C and 3C). C. albicans has the inherent potential to
form quantitatively significant biofilms (Kuhn, Chandra,
et al. 2002; Kuhn, George, et al. 2002). It was very interest-
ing to note this important effect of both herbal extracts (E.
giganteum and P. granatum) on the ability of C. albicans to
switch from yeast cells to hyphae-like forms. The polymor-
phism of C. albicans is one of its main virulence factors
during infection. By means of this morphologic switching,
virulent strains can disrupt the epithelial integrity and
invade the host tissue. This process is attributed to C. albi-
cans clonal types and is associated with the pathogenesis
of DS (Altarawneh et al. 2013).

Similar to the SEM analysis, quantification by CLSM
showed that the biofilms on specimens treated with
herbal extracts or nystatin (AD/Eg, AD/Pg and AD/Nt)
exhibited lower mean biomass values (um®) and con-
comitantly a lower mean percentage of viable fungal cells
(green) compared with AD-treated resin, in the 3and 6 h
time intervals (3,036.5 to 6,334.6 um?/15.3 to 44.2% for
groups treated with herbal extracts or nystatin and 14.195
pm?/70.5% for AD group after 3 h; and 2,915.3 to 6,519.5
pm?®/21.1 to 82.3% for groups treated with herbal extracts
or nystatin and 23.842 um?/94.7% for AD group after 6 h)
(Figures 1D, 2D and 3D). Among the medicinal plants,
only treatment with CH,CL, of E. giganteum resulted in
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control of the biofilm mass in comparison with the AD
group even after 12 h of C. albicans biofilm development
(3,602.7 vs 14,396.4 pm’, respectively).

The benefits of the 70% EtOH extract of E. giganteum
against C. albicans biofilms have previously been reported
and associated with the presence of flavonoids, since these
compounds are able to inactivate the proteins responsi-
ble for the adhesion of fungal cells to the substratum and
biofilm growth (Alavarce et al. 2015). In addition, flavo-
noids inactivate some carrier proteins, alter the membrane
permeability of the fungal cells (Cowan 1999; Calderon-
Montano et al. 2011; Kumar and Pandey 2013) and cause
oxidative stress in the biofilm matrix of C. albicans, thus
hindering their growth (Peralta et al. 2015). In the same
context, it was recently found that ellagitannin deriva-
tives, which are highlighted as major components identi-
fied in the crude hydroalcoholic extract from P. granatum
peels (70% EtOH), have anti-biofilm action, causing seri-
ous damage to the cellular structure of C. albicans yeast
(Fischer et al. 2011; Anibal et al. 2013; Bakkiyaraj et al.
2013).

Finally, these results authenticate the antifungal activ-
ity of E. giganteum and P. granatum when associated
with COREGA®, but the mechanism responsible for the
anti-biofilm action of the herb extracts on the surface of
the previously treated acrylic resin was not clearly elu-
cidated, since these herbs can act on different fungal
structures, either cellular or molecular, during biofilm
development and fungal adhesion (Braga et al. 2008; Liu
2013). However, the present study showed the important
influence of E. giganteum and P. granatum extracts on the
reduction in colonization, metabolic activity, density and
morphology of C. albicans biofilms adhered to an acrylic
resin surface treated with a combination of adhesive/herb
extracts.

Therefore, it seems reasonable to conclude that both
herbal extracts (E. giganteum and P, granatum) improved
the antifungal activity of the denture adhesive used in this
study. This means that the incorporation of herbal medi-
cine extracts into denture adhesives, such as COREGA®,
amplified their ability to interfere with the development of
the Candida biofilm adhered to the surface of the polym-
erized acrylic resin. This may be potentially innovative
for clinical practice, deserving additional laboratory and
subsequent clinical studies to rule out the possible harmful
action on human tissues and denture adhesives.

Clinical applicability and advantages of the
association of E. giganteum or P. granatum extracts
with COREGA® over time

Based on this in vitro experimental model, it was pos-
sible to detect increased susceptibility of fungal cells to
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resin treated with adhesive/herbal extract combinations.
Although the tested combinations did not show similarity
to nystatin at all concentrations in this study, the adhesive
associated with E. giganteum or P. granatum was effective
against the development of C. albicans biofilms on the
acrylic resin surfaces. This combination should be studied
in more depth, since it may provide clinical benefit to the
prevention and therapy of DS.

Although the use of nystatin causes some side effects,
such as unpleasant tastes, diarrhea, nausea, vomiting,
epigastric pain and the recurrence of inflammation, due
to C. albicans resistance (Mansourian et al. 2014), it is
important to emphasize the role of nystatin as a conven-
tional antifungal agent for the treatment of fungal infec-
tions, including DS. This work does not propose replacing
nystatin, but rather to suggest that the addition of herbal
medicine extracts with antimicrobial properties, such as
E. giganteum and P. granatum or their molecules that are
responsible for this action, could maximize the benefits of
using denture adhesive in the case of completely remova-
ble denture wearers. Moreover, this combination will allow
antimicrobial agents to remain close to both the internal
surface of the base of the contaminated dental prosthe-
sis and the oral mucosa surface, enabling preventive and
therapeutic actions.

Furthermore, to achieve successful treatment of
DS, nystatin is often recommended three times a day
for 15 days, further exacerbating its deleterious effects
(Hawser and Islam 1999). Finally, it is worth noting that
many geriatric patients, dependent on professional car-
egivers or hospital, present considerable difficulties and
limitations in medicating at the recommended time inter-
vals, including the use of antifungal agents. For these rea-
sons, new therapeutic and/or preventive proposals for DS
should be scientifically explored, including associations
of temporary adhesives with herbal extracts that have
not been associated with undesirable effects on the oral
mucosa/human cells (Cerda et al. 2003; Vidal et al. 2003;
Alavarce et al. 2015; Carraz et al. 2015; Jabeur et al. 2017).

The antifungal activity observed in this study, mainly
after incorporating herbal medicine extracts into the adhe-
sive, remained for over 12 h. This can also be explained
by the presence of PEG, a nonconventional antifungal
component capable of reducing the interaction of micro-
bial cells with the biomaterial surface. PEG has been
successfully incorporated as a carrier into conventional
antifungal agents, such as amphotericin B and nystatin,
as well as essential oils, such as clove, cinnamon and gar-
lic. The combination of PEG with compounds that have
antimicrobial activity has been considered a promising
alternative to aid in the treatment of infections caused by
C. albicans, S. aureus or Campylobacter jejuni (Llabot et
al. 2007a, 2007b; Ahmed et al. 2016; Halperin et al. 2016).

The PEG present in COREGA® possibly served as a
good carrier for extracts of both herbs (E. giganteum and
P. granatum) incorporated into the adhesive, allowing
interference in the development of the C. albicans biofilm
and throughout the experimental time of up to 12 h. As
these are adhesives, longer antifungal efficacy times may
not be necessary, since adhesives in the form of creams
or powders reach their adhesion potential 2—4 h after the
first application (Grasso et al. 1994). After 6 h of use, they
lose ~30-50% of their effectiveness as they are removed
by saliva (Chew 1990; Ghani and Picton 1994; Kulak et
al. 2005; Koronis et al. 2012). For COREGA®, the maxi-
mum time of use, according to the manufacturer, must not
exceed 12 h, after which it needs to be reapplied to main-
tain its function. Moreover, denture hygiene involves the
mechanical process of cleaning the internal and external
surfaces, ideally after meals. Consequently, the remaining
adhesive will be removed anyway and will require a fresh
application.

Finally, considering the main functions of the adhe-
sive, it is crucial to perform mechanical tests to verify
whether the association of COREGA® with the herbal
medicine extracts studied in this research could alter
these functions. The antimicrobial potential of these
combinations highlights that the incorporation of E.
giganteum or P. granatum extracts into COREGA® could
aid the therapeutic and/or preventive approaches to DS,
by acting on the main etiological factor, the fungus C.
albicans.

Conclusion

When E. giganteum and P. granatum extracts were com-
bined with COREGA?®, they interfered with the devel-
opment of C. albicans biofilms on the surface of the
polymerized acrylic resin, especially minimizing their
colonization and reducing their metabolism. Therefore,
this association played a synergistic and innovative role
as a temporary material and may aid the treatment and/
or prevention of DS.
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