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Equisetum giganteum influences the ability of Candida albicans in forming biofilms
over the denture acrylic resin surface
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ABSTRACT
Context: Equisetum giganteum L. (Equisetaceae) is an endemic plant of Central and South America used
in traditional medicine. Natural drugs have been frequently used in the treatment of a myriad of diseases,
proving to be an alternative to synthetic chemicals, and have been intensively studied in the prevention
of sicknesses, including oral diseases.
Objective: This study evaluated the in vitro antiadherent activity of E. giganteum extract against Candida
albicans biofilms.
Materials and methods: Crystal violet and colony-forming units assays were used to quantify the total
biofilm biomass and biofilm living cells on a denture base acrylic resin pretreated with hydroethanolic
extract of E. giganteum in different concentrations (50, 25, 16, 8, and 4mg/mL), after 24h of biofilm
development.
Results: Equisetum giganteum affected biofilms by reduction of biomass and living cells per area of acrylic
specimens. The results revealed reduction of 15–44% of the biofilm mass and reduction of numbers of
colony-forming units (CFUs) present in biofilms (79%) compared to the untreated control (CTRL/PBS). At
all concentrations, it demonstrated important antiadherent activity on Candida albicans biofilms, the main
microbe in denture stomatitis.
Discussion and conclusion: The present findings show that E. giganteum antimicrobial effects may qualify
the extract as a promising natural alternative for topical treatment or prevention of denture stomatitis.
The usage of drugs made of natural products shows advantages in relation to synthetic drugs on the
market, such as lower cost, lower toxicity, and in relation to the occurrence of microbial resistance.
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Introduction

Candida albicans is a microorganism that colonizes the mucosa
in a commensal way, yet it may become pathogenic as an oppor-
tunist microorganism, being responsible for serious infections in
immunosuppressed patients (Odds 1988). The albicans is the
most abundant and important species from genus Candida, cur-
rently known as being responsible for human infections, such as
vulvovaginitis, nosocomial infections and oral candidiasis
(Harwood & Rao 2014).

Several factors contribute to Candida pathogenicity, including
adhesion to medical devices or host cells, biofilm formation and
secretion of hydrolytic enzymes (proteases, phospholipases and
hemolysins) (Silva et al. 2011). Successful colonization requires
both nonspecific and specific adhesion mechanisms. In the first,
the adhesion greatly depends on the apolar component of the
microorganism cell wall, while in the latter there is participation
of more specific receptors (Harun & Razak 2013). Some Candida
albicans molecules that mediate cells binding to other cells (host
or microbial), inert polymers, or proteins are called adhesins
(Cannon & Chaffin 2001). Adhesion and biofilm formation to

the denture-fitting surface are critical in the development of
denture stomatitis (DS), a superficial form of oral candidiasis
that affects 65% of complete denture wearers (Chandra et al.
2001).

The DS treatment requires oral and denture hygiene, includ-
ing strict disinfection of dentures (Neppelenbroek et al. 2008),
removal of dentures at night, correction of denture defects, and
utilization of topical and systemic antifungals, such as amphoteri-
cin B, nystatin, and azoles (Amanlou et al. 2006; Kulak et al.
1994; Neppelenbroek et al. 2008). Amphotericin B and nystatin
are topically used and sometimes applied to the denture-fitting
surface before its utilization, while azoles like fluconazole, itra-
conazole, and ketaconazole are available for systemic antifungal
treatment (Ellepola & Samaranayake 1998). Inefficiency of topical
antifungal drugs is common, due to dilution and rapid elimin-
ation by the saliva flushing action, which may reduce antifungal
agents to subtherapeutic concentrations. Furthermore, several
doses of these drugs are required, which may reduce the denture
adherence to oral tissues. Continued use of systemic antifungal
drugs can lead to some limitations regarding drug interactions
and toxicity. Moreover, resistant fungal species have evolved due
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to the spread usage of systemic medications (Amanlou et al.
2006; Pfaller 2012).

Considering the exponentially increasing interest in antimicro-
bial agents derived from medicinal plants, natural products can
be considered a good alternative for synthetic chemical substan-
ces. Phytotherapeutic drugs have been frequently used in the
treatment of a myriad of diseases, proving to be an alternative to
synthetic chemicals, and have been intensively studied in the pre-
vention of sicknesses, including oral diseases (Pai et al. 2004;
Newman & Cragg 2007). Some studies have shown antifungal
activity against C. albicans from a wide variety of extracts
obtained from plants (Casaroto & Lara 2010).

Therefore, these herbal drugs may have an outstanding per-
formance in DS treatment.

Equisetum giganteum L. (Equisetaceae), commonly known as
cavalinha, cola de caballo, horsetail, or giant horsetail, is an
endemic to Central and South America and is used in traditional
medicine. For example, all over Brazil and Argentina, it is com-
mercialized as raw material for herbal medicines and as a food
supplement (Francescato et al. 2013).

Studies showed its antimicrobial activity against Streptococcus
pyogenes, Bacillus cereus, B. subtilis, Enterococcus faecalis,
Staphylococcus aureus and S. epidermidis (Kloucek et al. 2005).
Thus, its antimicrobial effects may qualify the extract as a prom-
ising alternative for topical treatment and prevention of oral can-
didiasis (Kloucek et al. 2005; Alavarce et al. 2015). Previously, we
showed that heat-cured acrylic resin specimens immersed in E.
giganteum extract presented antiadherent activity over the initial
C. albicans biofilm, based on quantification of biofilm mass by
confocal laser scanning microscopy (Alavarce et al. 2015).

This new study evaluated the antimicrobial/antiadherent
action of E. giganteum extract against a 24 h intermediate biofilm
of C. albicans, considered more resistant to antimicrobial action,
since the amount of extracellular polymeric substances (EPS) is
greater than in initial biofilms. It has been reported that the
higher the amount of EPS, the greater the microbial resistance
(Gilbert et al. 1997), due to the difficult drug diffusion through
this matrix. Besides, the present study investigated the viability of
fungal biofilm formed in vitro, by counting the colony-forming
units per unit area of acrylic specimens (colony-forming units
(CFU)/cm2) in agar, and the total biomass using crystal violet
assay (CV).

Materials and methods

Plant material and extract preparation

The E. giganteum aerial parts were collected in July 2012 at
Jardim Botânico Municipal de Bauru, SP, Brazil (22�200300S and
49�000300W). The plant was identified at the Herbarium of
UNESP, S~ao Paulo State University "J�ulio de Mesquita Filho",
UNBA (Bauru, SP, Brazil), where a voucher specimen was pre-
served under reference number 5795. The hydroethanolic extract
(70% EtOH) of E. giganteum was prepared as previously
described by Alavarce et al. (2015).

Specimens preparation

For this evaluation, 240 samples of heat-cured acrylic resin
(VipiCrilplus, type 1, class 1, VIPI, Pirassununga, S~ao Paulo,
Brazil) initially obtained using silicone patterns from an acrylic
matrix were fabricated, with rectangular shape, measuring
10� 10� 4mm. The specimens were polymerized in digital water

bath at 73 �C for 90min followed by heating for 30min at
100 �C. To obtain a roughened surface, one surface of each
acrylic resin specimen was chosen and manually abraded with
high-grade sandpaper (P80; Norton Abrasivos, S~ao Paulo, Brazil)
(Verran & Maryan 1997). Surface roughness was measured using
a roughness tester (Hommel Tester T 1000 basic; Hommelwerke
GmbH, Schwenningen, Germany). Readings were taken at three
different positions on the roughened surface of each acrylic resin
specimen (Rahal et al. 2004). The surface roughness (Ra) value
for all acrylic resin specimens was determined between 3 and
4 lm, able to facilitate the fungal adhesion to the acrylic resin
surface (Quirynen & Bollen 1995). Thereafter the acrylic resin
specimens were ultrasonicated (Ultrasonic Cleaner, Arotec,
Odontobra�s, S~ao Paulo, Brazil) for 20min (Pereira-Cenci et al.
2007) to remove any debris from the surfaces, washed in sterile
distilled water, dried and sterilized with ethylene oxide (Acecil –
Com�ercio e Esterilizaç~ao a �Oxido de Etileno, Campinas, Brazil).

Treatment protocols

The acrylic resin specimens were randomly assigned to seven
groups of separated treatments: E50, E25, E16, E8, E4 (Alavarce
et al. 2015), obtained by brushing 50, 25, 16, 8 and 4mg
(respectively) of 70% EtOH extract of E. giganteum over the sur-
face of heat-cured acrylic resin specimens; CTRL/PBS (negative
control) was obtained by immersion of specimens into sterile
phosphate-buffered saline, containing 1.05mM monobasic potas-
sium phosphate, 155.17mM sodium chloride and 2.966mM
dibasic sodium phosphate (PBS, pH 7.2, Gibco, Grand Island,
NY); and CTRL/NaOCl (positive control) was obtained by
immersion of specimens into 1% sodium hypochlorite solution
(Specifica Pharmacy, Bauru, Brazil) for 10min (da Silva et al.
2011; Alavarce et al. 2015). The treatments were performed in a
24-well tissue culture plate, which was incubated at room tem-
perature. After treatments, each acrylic resin specimen was asep-
tically removed and washed three times with PBS to remove
residual solutions.

Inoculum and growth conditions

Candida albicans (SC5314) frozen culture stocks at 80 �C were
incubated in tryptic soy broth (TSB) (Accumedia Manufactures,
Inc, Lansing, MI) for 24 h, at 37 �C, under 180 rpm for reactiva-
tion. Afterwards, cells were harvested, washed with PBS, and
standardized to 1� 107 cells/mL in PBS (Chandra et al. 2001).

Biofilm development

The acrylic resin specimens with the rough side up were placed
in a 24-well tissue culture plate (TPP; Trasadingen, Switzerland)
containing 1mL of standardized cell suspension. The acrylic
specimens were incubated for 90min, at 37 �C, under 75 rpm
(adhesion period). After that, non-adherent organisms were
removed by washing with 1mL PBS and acrylic resin specimens
were incubated in new wells for 24 h, at 37 �C, under 75 rpm to
allow biofilm development, submersed in 1mL RPMI-1640
(Sigma-Aldrich, St. Louis, MO) (Alavarce et al. 2015).

Biofilm analysis

Colony-forming units

After 24 h of biofilm development, specimens were placed
into a polypropylene tube containing 1mL of sterilized PBS.
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Adherent microorganisms were removed from the specimens by
ultrasonication (Ultrasonic Cleaner, Arotec, Odontobra�s, S~ao
Paulo, Brazil) for 20min (Marra et al. 2012; Dantas et al. 2014).
The sonicated solutions were serially diluted in PBS (10�1 to
10�4), and 50 lL of 10�4 dilution were plated in duplicate on
Sabouraud Dextrose agar (Accumedia Manufactures, Inc,
Lansing, MI). The plates were incubated at 37 �C under aerobic
conditions for 24 h. After this period, the colony-forming units
were counted, transformed into actual counts based on known
dilution factors, and the total number of CFUs per unit area
(Log10 CFU/cm2) of acrylic specimens was counted. Each group
included three specimens, and the experiment was repeated four
times.

Crystal violet

The CV staining assay was performed according to the protocol
used by Peeters et al. (2008), with minor modifications. After
24 h of biofilm development, 1mL of 99% methanol (Merck
Millipore, Billerica, MA) was added for 15min for fixation of
biofilms. After that, supernatants were removed and the plates
were air-dried. Then, 2mL of a 0.1% CV solution (Sigma-
Aldrich, St. Louis, MO) was added to all wells. After 20min, the
excess CV was removed by washing the plates in sterile distilled
water. Finally, bound CV was released by adding 2mL of 95%
ethanol (Synth, Diadema, S~ao Paulo) (Li et al. 2003). The absorb-
ance was measured at 570 nm and standardized in relation to the
area of acrylic specimens (Abs/cm2). All steps were carried out at
room temperature. Each group included two specimens, and the
experiment was repeated six times.

Statistical analysis

Data obtained from CFU and CV assays were presented as
means and standard deviations and statistically analyzed by
Kruskal–Wallis test or ANOVA, complemented by Miller test or
Tukey test, respectively, at a significance level of 5%, on the stat-
istical software Prisma 6.0 (San Diego, CA).

Results

Colony-forming units

The resin pretreatment with E. giganteum extract (50, 25, 16, 8
and 4mg/mL) showed fewer colonies compared to the negative
control (CTRL/PBS) (Log10 CFU/cm2). These results showed cell
density reduction of up to 79% in relation to CTRL/PBS
(Table 1). As shown in Figure 1, 70% EtOH extract of

E. giganteum in all concentrations demonstrated significant anti-
biofilm activity (p< 0.05) against C. albicans, and this result was
statistically similar to 1% NaOCl. No growth inhibition was
observed in the negative control (CRTL/PBS). Only the 8mg/mL
concentration was not statistically similar to CTRL/NaOCl, pre-
senting a slightly higher number of colonies in comparison to
the other extract concentrations. Yet, it presented a 50% reduc-
tion in relation to CTRL/PBS.

Crystal violet

Total biofilm mass assessment using CV staining demonstrated
that E. giganteum allowed formation of C. albicans biofilm
regardless of extract concentration. However, differences
occurred depending on the concentration (Table 1). As shown in
Figure 2, statistical significance was observed at the highest

Table 1. Comparison of results from CV and CFU assays, and reduction of viable
cells in relation to Control (CTRL/PBS), observed in biofilms remaining on the
surface of the resin specimens after different pretreatments with extract:
4–50mg/mL, or PBS (CTRL/PBS) or 1% sodium hypochlorite (CTRL/NaOCl), for
10min.

Treatment (Groups)
Biofilm mass determination
CV Abs(570nm)/cm2 ± SD

Log10 CFU/cm
2 Reduction

(% in relation to CTRL/PBS)

E50 1.55 ± 1.11 1.71 (79)
E25 1.41 ± 0.39 1.94 (74)
E16 1.67 ± 0.42 1.82 (74.5)
E8 2.00 ± 0.70 2.38 (50)
E4 2.12 ± 0.86 2.17 (66)
CTRL/NaOCl 0.79 ± 0.58 0.37 (99.5)
CTRL/PBS 2.51 ± 0.60 2.73 (0)

Figure 1. Antifungal activity of E. giganteum extracts against C. albicans.
Mean± S.D. of viable cells (Logarithm of colony forming units per cm2) remaining
on the surface of resin specimens after different pretreatments with extract:
4–50mg/mL, or PBS (CTRL/PBS) or 1% sodium hypochlorite (CTRL/NaOCl), for
10min. Data were obtained from analysis of 12 specimens for each group.�p< 0.05 compared to the control (CTRL/PBS).

Figure 2. Mean absorbance values per cm2 obtained by CV assay on biofilms
remaining on the surface of resin specimens after different pretreatments with
extract: 4–50mg/mL, or PBS (CTRL/PBS) or 1% sodium hypochlorite (CTRL/NaOCl),
for 10min. �p< 0.05 compared to the control (CTRL/PBS).
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concentrations of extract (50, 25 and 16mg/mL) and 1% NaOCl,
compared to CTRL/PBS. These results have shown reduction of
15–44% (from 2.12 to 1.41 absorbance) of biofilm compared to
the untreated control (CTRL/PBS).

Discussion

The growth of biofilms on the denture base is a critical aspect in
the development of denture stomatitis, a type of oral candidiasis
that affects denture wearers, especially individuals wearing maxil-
lary complete dentures (Zomorodian et al. 2011). Over-the-coun-
ter topical antifungal drugs are often unable to eliminate
microorganisms present on the denture base, while the systemic
use of antifungals could result in side effects, e.g. hepatotoxicity,
nephrotoxicity, and increased microbial resistance (Lombardi &
Budtz-Jorgensen 1993).

Although there are few approaches about the influence of
herbal medicines on C. albicans viability, especially on acrylic
resins (Casaroto & Lara 2010), and a scarcity of published studies
about E. giganteum biological activities, it is important to men-
tion that it is an easy-to-find and abundant native species of
some countries, such as Brazil (Alavarce et al. 2015; Kloucek
et al. 2005). A research that used an in vitro model similar to
our study concluded that resin surface pretreatment with trad-
itionally used antimicrobial agents significantly reduced the adhe-
sion of Candida species on acrylic resin (Mccourtie et al. 1986),
thereby demonstrating that pretreatment of acrylic resin with
antimicrobial substances can be effective.

In a previous in vitro study, we demonstrated that this herbal
drug has antimicrobial activities against C. albicans, S. aureus,
and E. coli; antiadherent action over C. albicans into heat-cured
acrylic resin specimens model; and anti-inflammatory effects on
human monocytes activated by C. albicans without compromis-
ing the cell viability (Alavarce et al. 2015). In this initial study,
the antiadherent and antimicrobial assays were performed against
a 12-h initial biofilm of C. albicans, and the anti-inflammatory
and cytotoxicity tests used experimental models based on extract
immersion on human cells (Alavarce et al. 2015), where the
extract did not show cytotoxicity in contact with these cells.

In the current study, the antiadherent activity of E. gigan-
teum extract against C. albicans was assessed in a 24 h biofilm,
in which the amount of EPS is greater, which has been
reported as one of the factors influencing the occurrence of
microbial resistance. Some studies suggest that EPS present in
microbial biofilms physically interact with antimicrobial drugs
contributing to microbial resistance. However, for other
authors, it is unclear if this resistance to antimicrobial drugs is
due to production of EPS or due to genetic and biochemical
changes in fungal cells (Hoyle & Costerton 1991; Gilbert et al.
1997). Besides, in the present work, the extract was brushed
over the resin specimens and not immersed, which resulted in
higher amount of residual extract on the surface than in
immersed specimens.

CFU and CV assays were the two methods selected for this
study. The main difference between CV and CFU is that the for-
mer stains both live and dead cells, together with the EPS, allow-
ing quantification of total biofilm biomass (Hawser 1996;
Ramage et al. 2001). Besides, it is a cheaper and faster method.
Since the CV assay stains negatively charged molecules (live and
dead cells) on the surface, as well as the polysaccharides that
compose the extracellular matrix, it cannot be considered a suit-
able assay to assess the antibiofilm efficacy of herbal or any other
antimicrobial substances (Pantanella et al. 2013).

CFU, a gold standard in microbiology, analyzes the viability
of biofilm mass and must be carried out after biofilm disruption.
It is a hardworking and time-consuming method (Donlan &
Costerton 2002). The CFU was used to complement data
obtained from the CV assay, providing quantification of biofilm
living cells. Since they are complex structures, studies on biofilms
require multiple approaches that characterize their different
aspects, which cannot be obtained by a single assay (Peeters et al.
2008).

Our results showed that the resin surface previously treated
by brushing with E. giganteum extract at all concentrations pro-
duced significant reduction of C. albicans biofilm mass compared
with the untreated resin (CTRL/PBS). This was most evident
from the concentration of 16mg/mL. In the highest concentra-
tion, the reduction in biofilm cell viability was 79%.

Results obtained from both methods of biofilm analysis were
compared and correlated, because in general the lower number
of viable cells counted in the biofilm (CFU assay) matched a
minor amount of extracellular matrices remaining on the acrylic
resin surface (CV assay). Therefore, we suggest that, for this
reason, the highest CFU values (extract concentrations 8 and
4mg/mL) in CV assay showed no statistical difference with the
negative control (PBS). From these two methods, it was possible
to verify that the extract brushed on the surface of specimens
was able to reduce not only the number of remaining viable cells,
but also the amount of EPS.

Because of the multifactorial process of biofilm formation and
the complexity of bioactive substances that form the crude
extract, this investigation cannot state the exact mechanism and/
or factor responsible for the antiadherent effect of E. giganteum
on C. albicans biofilms, since this extract is able to act on differ-
ent targets using different mechanisms for biofilm development
(Braga et al. 2008). However, we previously verified that E. gigan-
teum extract presents in its composition phenolic compounds
derived from caffeic and ferulic acids and flavonoid heterosides
derived from quercetin and kaempferol, which are known to
have antimicrobial activity, because of the ability to inactivate
adhesion proteins and cause disruption of the microbial cell
membrane (Alavarce et al. 2015; Cowan 1999). Another possibil-
ity that should be taken into account, regarding the antiadherent
effect of the extract on C. albicans, would be that the extract can
interact and modify the surface of heat-cured acrylic resin,
increasing the contact angle and reducing its surface free energy,
making it more hydrophobic, which decreases the fungal adhe-
sion (Al-Dwairi et al. 2012; Combe et al. 2004).

This study was done with the extract in its raw form, which is
a complex mixture represented by both primary and secondary
metabolites. In general, isolation of the active principles of inter-
est (fractions usage) results in better outcomes from lower con-
centrations of the herbal extracts (Machado et al. 2003).

Thus, we suggest that, by isolation of active compounds of the
raw extract (fractions usage) we can obtain a more effective anti-
fungal/antimicrobial activity in lower concentrations than with
the extract (Wolfender et al. 2015).

Conclusions

These results suggest that E. giganteum antimicrobial potential
and its ability to eliminate or prevent the adhesion of C. albicans
to resin surface may qualify the extract as a promising natural
alternative for topical treatment or prevention of denture stoma-
titis. After further testing, it will be able to be clinically applied
in microorganisms-related infectious diseases, such as DS.

PHARMACEUTICAL BIOLOGY 1701



Acknowledgments

We thank Marcio Tavares Villas Boas and Gisele da Silva Dalben for
improving the use of English in the manuscript.

Disclosure statement

The authors report that they have no declarations of interest regard-
ing publication of this paper.

Funding

This research was supported by the PIBIC/CNPq (Conselho
Nacional de Desenvolvimento Cient�ıfico e Tecnol�ogico) [grant num-
ber 13.1.04460.25.6].

ORCID

Rafaela Alves da Silva http://orcid.org/0000-0002-9584-2045
Laura Pozato Bernardo http://orcid.org/0000-0002-3330-4233
Jessica Monique Lopes Moreno http://orcid.org/0000-0001-5359-
3418
Vanessa Soares Lara http://orcid.org/0000-0003-1986-0003
Vinicius Carvalho Porto http://orcid.org/0000-0002-6609-9934

References

Al-Dwairi ZN, Al-Quran FA, Al-Omari OY. 2012. The effect of antifungal
agents on surface properties of poly(methyl methacrylate) and its relation
to adherence of Candida albicans. J Prosthodontic Res. 56:272–280.

Alavarce RA, Saldanha LL, Almeida NL, Porto VC, Dokkedal AL, Lara VS.
2015. The beneficial effect of Equisetum giganteum L. against Candida bio-
film formation: new approaches to denture stomatitis. Evidence-Based
Complem Alternat Med. 2015:939625.

Amanlou M, Beitollahi JM, Abdollahzadeh S, Tohidast-Ekrad Z. 2006.
Miconazole gel compared with Zataria multiflora Boiss gel in the treat-
ment of denture stomatitis. Phytother Res. 20:966–969.

Braga PC, Culici M, Alfieri M, Dal Sasso M. 2008. Thymol inhibits Candida
albicans biofilm formation and mature biofilm. Int J Antimicrobial
Agents. 31:472–477.

Cannon RD, Chaffin WL. 2001. Colonization is a crucial factor in oral can-
didiasis. J Dent Educ. 65:785–787.

Casaroto AR, Lara VS. 2010. Phytomedicines for Candida-associated denture
stomatitis. Fitoterapia. 81:323–328.

Chandra J, Kuhn DM, Mukherjee PK, Hoyer LL, McCormick T, Ghannoum
MA. 2001. Biofilm formation by the fungal pathogen Candida albicans:
development, architecture, and drug resistance. J Bacteriol Mycol.
183:5385–5394.

Chandra J, Mukherjee PK, Leidich SD, Faddoul FF, Hoyer LL, Douglas LJ,
Ghannoum MA. 2001. Antifungal resistance of candidal biofilms formed
on denture acrylic in vitro. J Dent Res. 80:903–908.

Combe EC, Owen BA, Hodges JS. 2004. A protocol for determining the sur-
face free energy of dental materials. Dent Mater. 20:262–268.

Cowan MM. 1999. Plant products as antimicrobial agents. Clin Microbiol
Rev. 12:564–582.

da Silva PM, Acosta EJ, Pinto Lde R, Graeff M, Spolidorio DM, Almeida RS,
Porto VC. 2011. Microscopical analysis of Candida albicans biofilms on
heat-polymerised acrylic resin after chlorhexidine gluconate and sodium
hypochlorite treatments. Mycose.s 54:e712–e717.

Dantas A, Consani R, Sardi J, Mesquita M, da Silva M, Sinhoreti M. 2014.
Biofilm formation in denture base acrylic resins and disinfection method
using microwave. J Res Practice Dentistry. 2014:1–9.

Donlan RM, Costerton JW. 2002. Biofilms: Survival mechanisms of clinically
relevant microorganisms. Clin Microbiol Rev. 15:167.

Ellepola AN, Samaranayake LP. 1998. Adhesion of oral Candida albicans iso-
lates to denture acrylic following limited exposure to antifungal agents.
Arch Oral Biol. 43:999–1007.

Francescato LN, Debenedetti SL, Schwanz TG, Bassani VL, Henriques AT.
2013. Identification of phenolic compounds in Equisetum giganteum by

LC-ESI-MS/MS and a new approach to total flavonoid quantification.
Talanta. 15:192–203.

Gilbert P, Das J, Foley I. 1997. Biofilm susceptibility to antimicrobials. Adv
Dent Res. 11:160–167.

Harun WHAW, Razak FA. 2013. An in vitro study on the anti-adherence
effect of Brucea javanica and Piper betle extracts towards oral Candida.
Arch Oral Biol. 58:1335–1342.

Harwood CG, Rao RP. 2014. Host pathogen relations: exploring animal mod-
els for fungal pathogens. Pathogens. 3:549–562.

Hawser S. 1996. Adhesion of different Candida spp. to plastic: XTT formazan
determinations. J Med Vet Mycol. 34:407–410.

Hoyle BD, Costerton JW. 1991. Bacterial resistance to antibiotics: the role of
biofilms. Prog Drug Res. 37:91–105.

Kloucek P, Polesny Z, Svobodova B, Vlkova E, Kokoska L. 2005.
Antibacterial screening of some Peruvian medicinal plants used in Caller�ıa
District. J Ethnopharmacol. 99:309–312.

Kulak Y, Arikan A, Delibalta N. 1994. Comparison of three different treatment
methods for generalized denture stomatitis. J Prosthet Dent. 72:283–288.

Li X, Yan Z, Xu J. 2003. Quantitative variation of biofilms among strains in
natural populations of Candida albicans. Microbiology (Reading, Engl.).
149:353–362.

Lombardi T, Budtz-Jorgensen E. 1993. Treatment of denture-induced stoma-
titis: a review. Eur J Prosthodont Restor Dent. 2:17–22.

Machado TB, Pinto AV, Pinto MC, Leal IC, Silva MG, Amaral AC, Kuster RM,
Netto-dosSantos KR. 2003. In vitro activity of Brazilian medicinal plants,
naturally occurring naphthoquinones and their analogues, against methicil-
lin-resistant Staphylococcus aureus. Int J Antimicrob Agents. 21:279–284.

Marra J, Paleari AG, Rodriguez LS, Leite ARP, Pero AC, Compagnoni MA.
2012. Effect of an acrylic resin combined with an antimicrobial polymer
on biofilm formation. J Appl Oral Sci. 20:643–648.

Mccourtie J, Macfarlane TW, Samaranayake LP. 1986. A comparison of the
effects of chlorhexidine gluconate, amphotericin-B and nystatin on the
adherence of Candida species to denture acrylic. J Antimicrob Chemoth.
17:575–583.

Neppelenbroek KH, Pavarina AC, Palomari Spolidorio DM, Sgavioli
Massucato EM, Spolidorio LC, Vergani CE. 2008. Effectiveness of micro-
wave disinfection of complete dentures on the treatment of Candida-
related denture stomatitis. J Oral Rehabil. 35:836–846.

Newman DJ, Cragg GM. 2007. Natural products as sources of new drugs
over the last 25 years. J Nat Prod. 70:461–477.

Odds FC. 1988. Activity of cilofungin (LY121019) against Candida species in
vitro. J Antimicrob Chemother. 22:891–897.

Pai MR, Acharya LD, Udupa N. 2004. Evaluation of antiplaque activity of
Azadirachta indica leaf extract gel-a 6-week clinical study.
J Ethnopharmacol. 90:99–103.

Pantanella F, Valenti P, Natalizi T, Passeri D, Berlutti F. 2013. Analytical
techniques to study microbial biofilm on abiotic surfaces: pros and cons of
the main techniques currently in use. Ann Ig. 25:31–42.

Peeters E, Nelis HJ, Coenye T. 2008. Comparison of multiple methods for
quantification of microbial biofilms grown in microtiter plates. J Microbiol
Methods. 72:157–165.

Pereira-Cenci T, Cury AA, Cenci MS, Rodrigues-Garcia RC. 2007. In vitro
Candida colonization on acrylic resins and denture liners: influence of sur-
face free energy, roughness, saliva, and adhering bacteria. Int J
Prosthodont. 20:308–310.

Pfaller MA. 2012. Antifungal drug resistance: mechanisms, epidemiology, and
consequences for treatment. Am J Med. 125:S3–S13.

Quirynen M, Bollen CM. 1995. The influence of surface roughness and sur-
face-free energy on supra- and subgingival plaque formation in man. A
review of the literature. J Clin Periodontol. 22:1–14.

Rahal JS, Mesquita MF, Henriques GE, Nobilo MA. 2004. Surface roughness
of acrylic resins submitted to mechanical and chemical polishing. J Oral
Rehabil. 31:1075–1079.

Ramage G, Vande Walle K, Wickes BL, Lopez-Ribot JL. 2001. Standardized
method for in vitro antifungal susceptibility testing of Candida albicans
biofilms. Antimicrob Agents Chemother. 45:2475–2479.

Silva S, Negri M, Henriques M, Oliveira R, Williams DW, Azeredo J. 2011.
Adherence and biofilm formation of non-Candida albicans Candida spe-
cies. Trends Microbiol. 19:241–247.

Verran J, Maryan CJ. 1997. Retention of Candida albicans on acrylic resin
and silicone of different surface topography. J Prosthet Dent. 77:535–539.

Wolfender JL, Marti G, Thomas A, Bertrand S. 2015. Current approaches and
challenges for the metabolite profiling of complex natural extracts.
J Chromatogr A. 20:136–164.

Zomorodian K, Haghighi NN, Rajaee N, Pakshir K, Tarazooie B, Vojdani M,
Sedaghat F, Vosoghi M. 2011. Assessment of Candida species colonization
and denture-related stomatitis in complete denture wearers. Med Mycol.
49:208–211.

1702 R. A. DA SILVA ET AL.


	Equisetum giganteum influences the ability of Candida albicans in forming biofilms over the denture acrylic resin surface
	Introduction
	Materials and methods
	Plant material and extract preparation
	Specimens preparation
	Treatment protocols
	Inoculum and growth conditions
	Biofilm development
	Biofilm analysis
	Colony-forming units
	Crystal violet

	Statistical analysis

	Results
	Colony-forming units
	Crystal violet

	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


