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Abstract This in vitro study evaluated the effect of photo-
dynamic therapy (PDT) on the multispecies biofilm of
Candida albicans, Candida glabrata, and Streptococcus
mutans. Standardized fungal and bacterial suspensions were
cultivated appropriately for each species and inoculated in
96-well microtiter plates for mix-biofilm formation. After
48 h of incubation, the biofilms were submitted to PDT
(P+L+) using Photodithazine® (PDZ) at 100, 150, 175,
200, or 250 mg/mL for 20 min and 37.5 J/cm2 of light-
emitting diode (LED) (660 nm). Additional samples were
treated only with PDZ (P+L−) or LED (P−L+), or nei-
ther (control, P−L-). Afterwards, the biofilms were eval-
uated by quantification of colonies (CFU/mL), metabolic
activity (XTT reduction assay), total biomass (crystal
violet staining), and confocal scanning laser microscopy
(CSLM). Data were analyzed by one-way ANOVA and
Tukey tests (p<0.05). Compared with the control, PDT
promoted a significant reduction in colonies viability of
the three species evaluated with 175 and 200 mg/mL of
PDZ. PDT also significantly reduced the metabolic activ-
ity of the biofilms compared with the control, despite the
PDZ concentration. However, no significant difference
was found in the total biomass of samples submitted or
not to PDT. For all analysis, no significant difference
was verified among P−L−, P+L−, and P−L+. CSLM

showed a visual increase of dead cells after PDT. PDT-
mediated PDZ was effective in reducing the cell viability
of multispecies biofilm.
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Introduction

In the human oral cavity, the Candida species are consid-
ered the main pathogens responsible for the development
of common infections among the elderly such as
oropharingeal candidosis (OPC) [1]. Some etiological fac-
tors such as poorly fitting dentures, poor oral hygiene,
smoking habits, diabetes mellitus, and prolonged use of
broad-spectrum antibiotic and immunosuppressive drugs
can predispose the individuals to this opportunistic infec-
tion [2]. Although Candida albicans is by far the most
commonly isolated species in these infections, a substan-
tial proportion of non-albicans species, in particular
Candida glabrata, has been reported in the oral
Candidiasis development [3, 4]. This species has been asso-
ciated with an increasing cause of fungaemia, especially in
immunosuppressed patients [5].

Despite that the Candida species are considered important
pathogens in the occurrence of OPC, bacteria may contribute
to the colonization and proliferation of Candida strains in the
oral cavity [6]. The fungal and the bacterial species are
present on the oral microbiota living in harmony with each
other and forming a polymicrobial biofilm [7, 8]. The mi-
crobial community is composed of microorganisms embed-
ded in an extrapolymeric matrix and strongly attached to the
biotic or abiotic surface. These complex structures have
particular advantages that protect them from host defenses
and promote mutually beneficial interactions [8]. An
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example of mutual cooperation is the phenomenon of
coaggregation, which consists of a specific cell-to-cell recog-
nition of genetically different cells [9]. Most of the early oral
colonizers are species of Streptococcus [10], and according to
Pereira-Cenci et al. [2] Streptococcus mutans increases
Candida biofilm formation. These authors did not observe a
difference in candidal counts between dual and single-species
biofilm of C. albicans and C. glabrata [11, 12].

The antifungal agents are frequently used for OPC treat-
ment [13], but the diluent effect of saliva and the cleansing
action of the oral musculature tend to reduce the concentra-
tion of topical agents to sub-therapeutic levels. On the other
hand, the systemic antifungal agents may show nephrotoxic
or hepatotoxic side effects and cause the appearance of drug-
resistant microorganisms. Moreover, when cells are orga-
nized such as biofilm, they show increased resistance to the
conventional treatment [14, 15].

Thus, studies have been performed in order to search for
new alternative therapies for treating biofilm-associated infec-
tions. One potential alternative approach is photodynamic
therapy (PDT). Photodynamic therapy is an emergent process
which requires an association of oxygen, visible light source,
and (PS) [16]. When the PS is activated by the exposure of
non-thermal visible light in an appropriate wavelength in the
presence of oxygen, the PS is transformed from its ground
state to its triplet excited state and it starts two oxidative
mechanisms: the photochemical reaction generates free radi-
cals (Type I) and/or singlet oxygen (Type II) [17]. These
reactive oxygen species are responsible for causing irrevers-
ible damage in cellular targets [16, 17] such as membrane
lyses and protein inactivation [17]. In general, PS is applied
externally to the cell, thus the cell membrane is considered the
initial target of the photodynamic process [18].

Investigations have shown that PDT has fungicidal activity
against planktonic C. albicans, including resistant strains.
However, complete killing of cells surrounded the biofilms
is not usually observed [19, 20]. The association of methylene
blue with low-power laser irradiation resulted in greater re-
ductions in single species (2.32–3.29 log10) than the multispe-
cies biofilms (1.00–2.44 log10) ofC. albicans, Staphylococcus
aureus, and S. mutans [21]. In another in situ study, the
combination of toluidine blue together with red light promot-
ed only a tendency of reduction in total streptococci and
mutans streptococci counts in multispecies biofilms [22].
Previous studies have shown that PDTwas efficient in reduc-
ing C. albicans count in a murine model of oral candidiasis
[23] and for denture disinfection [4], employing a porphyrin
and light-emitting diode (LED). Clinical studies showed that
this combination promoted a reduction in candidal counts
from dentures and palates of denture stomatitis [24, 25].
Although these investigations have evaluated in vitro and
in vivo biofilms, few in vitro studies have assessedmultispecies
biofilms with bacteria and yeasts. In addition, research should

be performed to find adequate parameters of PDT prior to
clinical investigations and the search for new PSs remains an
important goal.

The Photodithazine® (PDZ) is a second-generation photo-
sensitizer, a chlorin e6 derivative, that has been considered
interesting as a potential drug for PDT because it presents a
high singlet oxygen quantum yield [26] and presents low
toxicity [27]. Nonetheless, PDZ has been more investigated
for anticancer PDT [28], and only a few studies have evaluated
its antimicrobial effectiveness. PS has shown its photodynamic
efficiency when it was associated with a visible light for
inactivation of cell suspensions of C. albicans and Candida
guilliermondii [18]. Soukos et al. [29] investigated the photo-
dynamic effects of a conjugate of the chlorin e6 on the bacteria
of natural dental plaque obtained from human subjects with
chronic periodontitis. The conjugate showed 75 and 80 %
killing of species when suspended in medium and phosphate-
buffered saline (PBS), respectively. However, these microor-
ganisms were exposed to light in suspension, and evaluations
should be directed towards biofilms since they better resemble
the in vivo conditions. Although Fontana et al. [30] had ob-
served no damage on tissues of rat tongue submitted to PDT
using PDZ and LED light, suggesting that PDT may be a safe
in vivo procedure, assessment of antimicrobial PDZ-mediated
PDT on multispecies biofilm has not yet been established.
Thus, the aim of this study was to evaluate the effects of PDT
mediated by PDZ on the inactivation of multispecies biofilm
formed by C. albicans, C. glabrata, and S. mutans.

Material and methods

Microorganisms and biofilm production

American Type Culture Collection strains (ATCC; Rockville,
MD, USA) ofC. albicans (ATCC 90028),C. glabrata (ATCC
2001), and S. mutans (ATCC 25175) were used to produce
multispecies biofilm. Prior to each experiment, C. albicans
and C. glabrata were seeded on Sabouraud dextrose agar
(Acumedia Manufacturers Inc., Baltimore, MD, USA) with
5 μg/mL of chloramphenicol and S. mutans on Mitis-
Salivarius agar (MSB, Difco, Laboratories, Detroit, MI, USA)
supplemented with 15 % sucrose and 0.2 IU/mL bacitracin,
which were incubated at 37 °C for 48 h. All experiments with
S. mutans were performed incubating it in candle jars.
Subsequently, two loopfulls of each microorganism were inocu-
lated into 20 mL of yeast nitrogen base (YNB, Himedia,
Laboratories Pvt. Ltda, Mumbai, India) medium supplemented
with 100 mM glucose for the Candida species and brain heart
infusion (BHI, Himedia Laboratories Pvt Ltda, Mumbai, India)
for S. mutans. All microorganisms were incubated at 37 °C
overnight in appropriate conditions. Microbial cells were
harvested, washed twice with PBS (pH 7.2) at 5,000×g for
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5 min and re-suspended in BHI. Candida species suspensions
were spectrophotometrically standardized at a concentration of
107 and 108 cells/mL for S. mutans [2]. Aliquots of 50 μl of
each standardized cell suspension were inoculated in 96-well
microtiter plates and incubated for 90 min at 37 °C in an orbital
shaker at 75 rpm (adhesion phase) [14]. The non-adherent cells
were removed by washing twice with 200 μL of PBS. For the
biofilm formation, 200 μL of BHI medium was added in each
well and the plates were incubated for 48 h at 37 °C in an orbital
shaker at 75 rpm. The negative control groups consisted of BHI
medium without microorganisms. All experiments were done
in triplicate on three independent occasions.

Photosensitizer and light source

PDZ (Moscow, Russia) was used as a PS for sensibilization of
the biofilms. The PS were diluted in physiological solution
(0.85 % NaCl) at concentrations of 100, 150, 175, 200, and
250 mg/L. Samples were exposed to LED light source in the
red region, with a wavelength of 660 nm; the intensity of light
emitted was 71 mW/cm2 at a fluence of 37.5 J/cm2. LED light
was designed by Physical Institute of São Carlos (University
of São Paulo, São Carlos, SP, Brazil). To calculate the expo-
sure time, the following dosimetry formula was used: Fluence
(J/cm2)=intensity of light (W/cm2)×exposure time (s).

PDTwas performed by the administration of PDZ (100, 150,
175, 200, and 250 mg/L) and exposure to 37.5 J/cm2 of LED
light (660 nm) (P+L+group). Additional samples were treated
either with PDZ (P+L−) or LED light only (P−L+). Positive
control samples had neither light nor PDZ (P−L−). After biofilm
formation, the wells were washed twicewith PBS, and according
to the described experimental groups, 200μL of PDZwas added
for groups P+L+and P+L−, and aliquots of 200 μL of physio-
logical solution was added for groups P−L+and P−L−. Then,
the microtiter plates were incubated in the dark for 20 min (pre-
irradiation time). After this period, the P+L+and P−L+groups
were illuminated for 9 min (37.5 J/cm2).

All groups were evaluated by four methods:

1. Biofilm viability analyses
At the end of the experimental conditions, to evaluate

the cell viability, the biofilms were detached from the wells
with a sterile swab (Johnson) and aliquots of 25 μL of
serial dilutions were seeded presumptive in duplicate on
CHROMAgar Candida (Difco, Laboratories, Detroit, MI,
USA) and MSB for identification of Candida spp. and S.
mutans, respectively. After incubation at 37 °C for 48 h, the
colony forming unit per milliliter (CFU ml−1) was deter-
mined and log-transformed (log10).

2. XTT reduction assay
The metabolic activity of multispecies biofilm was mea-

sured for XTT reduction assay. After experimental condi-
tions, 200 μL of XTT solution (containing 158 μL of PBS

with 200 mM glucose, 40 μL of XTT ({2,3-bis(2-methoxy-
4-nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetra-
zolium hyadroxide}), and 2 μL of menadione) was placed in
each well. The plates were incubated for 3 h in the dark at
37 °C and colorimetric measured in a microtiter plate reader
at 492 nm [31].

3. Total biomass quantification
The quantification of biofilm total biomass was

performed by crystal violet (CV) staining. After being
submitted to the experimental procedures, the biofilm
was washed with PBS and then was fixed with 200 μL
of methanol for 15 min. Methanol was removed, and the
plates were allowed to dry at room temperature. After
drying, 200 μL of CV (1 % v/v) was added in the wells
and incubated for 5 min. The wells were washed with PBS,
and 200 μL of acetic acid (33 % v/v) was added to dissolve
the stain. The absorbance of the final solution was read
using a microtiter plate reader at 570 nm [32].

4. Confocal scanning laser microscopy
The viability of microorganisms were also evaluated by

confocal scanning laser microscopy (CSLM) after applica-
tions of LED light (37.5 J/cm2) in association with 175 and
200 mg/L of PDZ and compared with the positive control
group. Multispecies biofilm of 48 h were grown on sterilized
polystyrene coupons (10mm diameter). After this period, the
multispecies biofilmwas washed twice with PBS and stained
using the Live/DeadBacLight viability kit containing SYTO-
9 and propidium iodide (PI) (Molecular Probes, Inc., Eugene,
OR, USA). Biofilms were stained in the dark and incubated
at room temperature for 15 min, according to the manufac-
turer's instructions. The maxima excitation/emission used for
these stains are about 480/500 nm for SYTO-9 stain and
490/635 nm for PI [33]. Furthermore, it was evaluated if the
microorganisms by themselves emitted fluorescence in the
conditions described above that could be confusedwith those
emitted by the stains. Due to the absence of fluorescence
signal from the microorganisms, an image of transmittance
modewas obtained to show the presence of the biofilm on the
coupons.

Statistical analysis

Homogeneity of the variance and normality was verified, re-
spectively, by the Levene and Shapiro–Wilk tests. The results
obtained were statistically evaluated using one-way analysis of
variance (ANOVA) and the Tukey test for multiple compari-
sons. A significance level of 0.05was used for all statistical tests.

Results

The mean values and standard deviation of CFU/ml (log10) of
three-species biofilms formed by C. albicans, C. glabrata and
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S.mutans in different experimental conditions for all groups are
shown in Fig. 1. PDT promoted a significant reduction of the
three species evaluated compared with the control when 175
and 200 mg/mL of PDZ was associated with LED light. The
highest reduction in the cell viability was detected in the group
that used the concentration of 200 mg/L of PDZ in association
with LED light for C. albicans (1.21 log10), C. glabrata
(1.19 log10), and S. mutans (2.39 log10) when compared with
the positive control group. Additionally, no statistical difference
was found among the groups P−L−, P+L−, and P−L+.

The metabolic activity was measured by the application of
the XTT reduction assay. The mean values and standard
deviation of the absorbance values obtained in the XTT meth-
od for all groups are showed in Fig. 2. It can be seen that PDT
provoked a slight interference in the metabolic activity of
mixed biofilm. A significant reduction (p<0.05) in the cellular

metabolism was observed when the biofilms were submitted
to PDT (P+L+groups) compared with the control (P−L−).
The highest reductions in the cellular metabolism were ob-
served when the biofilms were exposed to the concentrations
of 100, 150, 175, and 200 mg/L of PS and illuminated (no
significant difference among them, P>0.05), but 250 mg/L of
PDZ and light showed a significant difference (p<0.05) com-
pared with samples treated with 100 and 150 mg/L of PDZ
and light. Moreover, no significant difference among P−L−,
P+L−, and P−L+was observed.

Figure 3 shows the mean values and standard deviation of
the absorbance values obtained in the total biomass assay
(CV staining) for all groups. Opposite to the other evalua-
tions performed (CFU/mL and XTT), results obtained from
the CV staining showed no significant differences among the
groups.

Fig. 1 Mean values [log10(CFU/mL)] of cell viability (quantification of colonies) of C. albicans, C. glabrata, and S. mutans. Error bars standard
deviation, asterisks significant difference (p<0.05) compared with the control (P−L−)
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The micrographs obtained from the CSLM (Fig. 4) showed
that, in the absence of the SYTO-9 and PI, no fluorescence
from biofilms was verified (Fig. 4a). The presence of micro-
organisms on the coupons was observed by transmittance
mode (Fig. 4b). Cross section of samples showed a biofilm
thickness of 19 μm (Fig. 4d, f, and h). An apparent increase of
death cells of the biofilms submitted to PDT (Fig. 4e–h) was
verified when compared with the control (P−L−, Fig. 4c, d).
When PDZ at 175 mg/mL was associated with 37.5 J/cm2, a
visual increase of death cells was observed (Fig. 4e, f).

Discussion

In the present investigation, the effect of PDTmediated by PDZ
and LED light was evaluated by quantification of colonies
(CFU/mL), metabolic activity (XTT assay), total biomass
(CV staining), and CSLM. The conventional plating method

(CFU/mL) has been considered labor-intensive and slow, and it
requires the disruption of cell aggregates from the biofilm,
which may affect cell viability. Hence, other model systems,
such as the XTTand total biomass assays, have been described
for biofilm quantification. On the other hand, as the XTTassay
measures the metabolic activity of the cells, it would not
enumerate the total cells, since the microorganisms within a
biofilm may have restricted access to nutrients and oxygen,
altering their metabolic activity. CV staining is another tech-
nique that allows biofilm–biomass quantification (matrix, dead,
and alive cells) in the entire well of the microtiter plate. The
results obtained from the CFU test revealed that the association
of 175 and 200 mg/L of PDZ with LED light was able to
significantly reduce the microbial viable counts when com-
pared with the positive control group (P−L−). Although, there
was no statistical difference between the groups that used 175
or 200mg/L of PDZ, the concentration of 200mg/Lwas able to
promote the highest reduction in the cell viability which was

Fig. 2 Mean values of metabolic activity (absorbance of XTT assay at 492 nm) of multispecies biofilm. Error bars standard deviation, asterisks
significant difference (p<0.05) compared with the control (P−L−). &, significant difference (p<0.05) compared with P100+L+and P150+L+
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equivalent to 1.21, 1.19, and 2.39 logs for C. albicans, C.
glabrata, and S. mutans, respectively. To our knowledge, no
study has evaluated the efficacy of PDZ-mediated PDT on
polymicrobial biofilm. Therefore, no direct comparison is pos-
sible with the data currently available. Some reports evaluated a
chlorin e6 derivative for microbial photoinactivation and
showed effective photoinactivation of planktonic cultures [18,
29]. Strakhovskaia et al. [18] verified that planktonic culture of
C. guilliermondii was 1.6 to 1.7 more photosensitive than C.
albicans using PDZ.When biofilms of Streptococcus pyogenes
cultivated on membranes were sensitized by Sn (IV) chlorin e6
and exposed to laser light in a confocal microscope, a progres-
sive increase of cell death was observed in real time [34]. PDT
mediated by chlorin e6 also resulted in a two-log reduction of
bacterial biofilm in the root canals and reduced the biolumines-
cence signal of Pseudomonas aeruginosa and Proteus
mirabilis by over 95 % [35]. When PDT was associated with
conventional endodontic treatment, the bioluminescence signal
of bacterial regrowth in the root canals after 24 h was signifi-
cantly reduced compared with the control (no treatment) and
with either single treatment.

Other investigations have also verified a significant reduction
of cell viability of multispecies biofilm after PDT. Reductions
from 1.00 to 2.44 were found when dual or three-species biofilms
of S.mutans, Staphylococcus aureus, andC. albicanswere treated
by methylene blue and laser light [21]. Although a significant
reduction of S. mutans mono-species biofilm was achieved
in vitro, no significant effect was found in the viability of total
streptococci and mutans streptococci in multispecies in situ
biofilms treated with toluidine blue O and LED light [22].
When a cariogenic in vitro model of six-species biofilm
(Actinomyces naeslundii, Veillonella dispar, Fusobacterium
nucleatum, Streptococcus sobrinus, Streptococcus oralis, and C.
albicans) was cultivated on bovine enamel disks and submitted to
PDT (methylene blue and laser light), no significant difference
was observed comparedwith the control (no treatment), with only
a minimal effect on the cell viability of the biofilm (less than
1 log10 reduction) [36]. The outcomes of these studies show that
multispecies biofilm is less susceptible to PDT, and this finding
has been associated with the higher resistance of microbial cells
when organized as biofilm and also with the protection of cells
promoted by the polymeric extracellular matrix, which acts as a

Fig. 3 Mean values of the total biomass assay (absorbance of CV staining at 570 nm) of multispecies biofilm. Error bars standard deviation
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Fig. 4 Viability and spatial
arrangement in the multispecies
biofilm. C. albicans, C. glabrata,
and S. mutans. Biofilms were
grown on coupons and stained
with BacLight LIVE/DEAD and
processed for CSLM. Red cells
are considered dead (PI), while
green cells are alive (SYTO-9).
a Biofilm in the absence of the
SYTO-9 and PI, b image of the
transmittance mode of
multispecies biofilm. c Image of
biofilm from the positive control
group. d Cross sections and side
views of 19.0 μm (yellow line)
thick biofilm from the positive
control group. e Image of biofilm
after PTD (175 mg/mL of PDZ
and 37.5 J/cm2 of LED light).
f Cross sections and side views of
18.0 μm (yellow line) thick
biofilm after PTD (175 mg/mL of
PDZ and 37.5 J/cm2 of LED
light). g Image of biofilm after
PTD (200 mg/mL of PDZ and
37.5 J/cm2 of LED light). h Cross
sections and side views of a
19.0 μm (yellow line) thick
biofilm after PTD (200 mg/mL of
PDZ and 37.5 J/cm2 of LED light)
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barrier for PS penetration. Accordingly, some studies have shown
that the lethal photosensitization occurred predominantly in the
outer layers of the biofilm [21].

With regard to the data obtained in this study, it is important
to emphasize that PDT was more effective in killing bacteria
than yeast cells. Similarly, Pereira et al. [21] evaluated the
effectiveness of PDT mediated by methylene blue on the
inactivation of mono, dual, and mixed species biofilms of
C.albicans, Staphylococcus aureus, and S. mutans. The results
showed that S. aureus and S. mutans were more susceptible to
PDT when compared to C. albicans in mono and mixed
biofilms. The vulnerability of the microorganisms to PDT can
be due to the structural differences between the bacterial and
fungal cells [14]. It appears that the presence of the nuclear
membrane in the eukaryotic cell may work as an additional
barrier for the penetration of the PS and for the reactive oxygen
species generated after PDT. Moreover, the size/volume of C.
albicans cells is about 25–50 times greater than the bacterial
cells [37]. As a result, greater quantities of singlet oxygen per
cell would be needed to inactivate the yeast cells [37, 38]. It has
been suggested that photodynamic treatment against microbial
cells is considered to depend on the mechanism of the singlet
oxygen generation, which can act against a target molecule,
such as membrane lipids, peptides, and nucleic acids [39].

In the present investigation, the XTT reduction assay was
performed in order to assess the immediate effect of PDTon the
multispecies biofilm as a whole. Since the XTT method is not
able to evaluate the effect of the treatment on the cellular
metabolism of each species involved, this test was performed
as a complementary test to evaluate the efficacy of PDT. The
use of the XTTmethod assay has been strongly correlated with
other quantitative techniques, such as CFU, that are used to
evaluate biofilm development [40]. This assay has been used to
study microbial cell behavior in mono-species biofilms [19, 20,
41]. Moreover, unlike the method of quantification of colonies,
in the XTT assay, the biofilm is evaluated intact, i.e., no
mechanical disruption is performed after experimental condi-
tions. The results obtained in the present investigation showed a
significant reduction in the biofilm metabolic activity at con-
centrations of 100, 150, 175, and 200 mg/L, when compared
with the positive control group (P−L−) with no significant
difference among these concentrations. The mean value of
reduction of the biofilm metabolic activity was equivalent to
36.4 %. The decrease of metabolic activity after PDT may be
also verified in the CLSM micrographs in which an apparent
increase of dead cells was observed after PDT. Previously,
some studies evaluated the efficacy of treatments against the
bacteria [42, 43] and yeast [19, 20] in mono-species biofilm
and their planktonic counterparts by using the XTT method.
When curcuminwas used as the PS, themetabolic activity ofC.
albicansmono-species biofilm was proportional to the concen-
tration of PS [19], and a significant reduction in the metabolic
activity of mono-species biofilm of C. albicans, C. glabrata,

and C. dubliniensis was observed after an increased incubation
time with the PS [20].

The biofilm model employed here was also evaluated through
quantification of total biomass by CV staining. The results
showed that there was no significant difference among all groups
evaluatedwhen comparedwith the positive control group (P−L−).
This finding contrasts with the other evaluations performed in the
present investigation in which a significant reduction of the cell
viability andmetabolism after PDTwas verified. The absence of a
significant difference in the total biomass among the groups
evaluated is probably attributed to the staining of the matrix as
well as both living and dead cells within the biofilm; thus, the CV
assay may not be so appropriate to evaluate the killing of the
biofilm cells [40]. Moreover, when the potential of biofilm for-
mation by multispecies of Candida was assessed by CVassay, a
higher degree of slim production was verified with the association
of C. albicans and C. glabrata, while C. tropicalis hampered the
slim production when associated with other non-albicans
Candida species [44]. Moreover, according to Silva et al. [32],
the C. glabrata biofilm matrix presents a high content of carbo-
hydrate and proteins, which are likely to adsorb more CV stain.
Thus, it may be suggested that, although PDT promoted a signif-
icant reduction in cell viability and metabolism in the present
investigation, no significant difference in total biomass was ob-
served after PDT probably due to the composition and the high
amount of slim produced by the association ofC. albicans andC.
glabrata. It seems that the production and interaction of matrix
polymers produced by different microorganisms result in the
increase of the matrix viscosity promoting the resistance of mul-
tispecies biofilms to disinfection methods [45]. Beyond the syn-
ergism between C. albicans and C. glabrata, Pereira-Cenci et al.
[2] revealed that S.mutans increases Candida spp. biofilm devel-
opment and inhibits hyphae formation ofC. albicans. Since yeast
forms are less susceptible to PDT than hyphae forms [46], it may
be suggested that the presence of bacteria in amultispecies biofilm
may promote the emergence of specific features that set lower
susceptibility to PDT.

Based on the methodology employed in this study and the
outcomes obtained, it may be concluded that PDT with the
association of PDZ and red LED light was effective in
decreasing cell viability of the multispecies biofilm evaluat-
ed. Nonetheless, further in vivo investigations for evaluation
of this promising result are required.
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