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ABSTRACT

The increased resistance of Candida albicans to antibiotic ther-
apy indicates the need for alternative treatments for oral
candidiasis. Photodynamic therapy (PDT) has been researched
as an alternative tool to inactivate pathogenic microorganisms.
It uses a combination of a photosensitizer and a visible light
source. This study evaluated the susceptibility of C. albicans to
PDT and compared the efficacy of 100 ug/mL methylene blue
(MB) and toluidine blue (TB) as photosensitizers. The light
source was Indium-Gallium-Aluminum Phosphide (InGaAIP)
laser at 53 J/cm?. Suspensions of 108 cells/mL of C. albicans
were subject to PDT for 5 minutes in 96-well plates, then deci-
mal dilutions were plated on Sabouraud Dextrose agar. After

48h incubation at 37°C, the number of CFU/mL were obtained
and submitted to statistical analysis using Kolmogorov-
Smirnov, ANOVA (p<0.0001) and Tukey tests. The results
showed that MB or laser irradiation alone did not have statis-
tically significant antifungal activity compared to the positive
control group (p>0.05). Conversely, the number of viable C.
albicans cells was reduced significantly after PDT using MB
or mainly TB associated to diode laser irradiation. The data
proved the efficacy of PDT against C. albicans cells, regard-
less of the photosensitizer used.

Key words: methylene blue, photochemotherapy, Candida albi-
cans.

SUSCETIBILIDADE DA CANDIDA ALBICANS A TERAPIA FOTODINAMICA UTILIZANDO
AZUL DE METILENO E AZUL DE TOLUIDINA COMO FOTOSSENSIBILIZADORES

RESUMO

O aumento da resisténcia de Candida albicans a antibioticoter-
apia indica a necessidade de tratamentos alternativos para a
candidiase oral. A terapia fotodinamica (PDT) tem sido inves-
tigado como uma ferramenta alternativa para inativag¢do de
microrganismos patogénicos, em que uma combinagdo de um
fotossensibilizador e uma fonte de luz visivel é utilizada neste
processo. Este estudo avaliou a suscetibilidade de C. albicans a
PDT e comparou a eficacia do azul de metileno (MB) e azul de
toluidina (TB), na concentragdo de 100 mg/mL como fotossen-
sibilizadores. A fonte de luz era indio-galio-aluminio Phosphide
laser (InGaAlIP) a 53 J/cm?’. Suspensées de 108 células/ mL de
C. albicans foram submetidos ao PDT por 5 minutos em placas
de 96 pogos, e dilui¢ées decimais foram semeadas em dagar

INTRODUCTION

The increased resistance of Candida species to
antibiotic therapy has been widely demonstrated
and indicates the need for alternative treatment of
candidiasis'. Susceptible patients, such as those
with leukemia, immunosuppressed, corticosteroid
users and HIV-infected patients*S, or patients with
other debilitating conditions may develop more

Sabouraud Dextrose. Apos 48h de incubagdo a 37°C, o numero
de UFC/mL foram obtidos e submetidos a andlise estatistica
usando Kolmogorov-Smirnov, ANOVA (p <0,0001) e teste de
Tukey. Os resultados mostraram que separadamente, MB ou
irradiag¢do do laser ndo apresentaram atividade antifungica
significativa, em compara¢do ao grupo controle positivo (p>
0,05). Por outro lado, o numero de células viaveis de C. albi-
cans reduziu significativamente apos PDT, utilizando MB ou
principalmente TB associado a irradiagdo do laser de diodo.
Os dados demonstraram a eficacia da PDT em C. Albicans,
independente do fotossensibilizador utilizado.

Palavras-chave: azul de metileno, fotoquimioterapia, Candida
albicans.

severe, extensive and difficult to treat systemic
and/or local infections.

Photodynamic therapy (PDT) has been investigated
as a potential antimicrobial therapy®’ and an alter-
native tool against some infectious diseases®. The
process combines light and a photosensitizing drug,
promoting a phototoxic response of the treated cells,
usually via oxidative damage®8. The transfer of the
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energy from the reaction between the activated pho-
tosensitizer and the available oxygen results in the
formation of toxic oxygen species and free radicals’.
As most microbial species do not have endogenous pho-
tosensitive components, it is important to use a photo-
sensitizer capable of attracting light and initiating the
formation of free radicals'®. The action of various pho-
tosensitizers, especially phenothiazine dyes, porphyrins
and phthalocyanines, has been studied. The photosensi-
tizing drug acts as an agent of optical absorption or chro-
mophore, which produces fluorescence after irradiation,
causing citotoxicity in the medium.

In vitro studies have shown the use of a laser associat-
ed to a photosensitizer is very efficient against bacte-
ria, yeasts, viruses and parasites'!-'>, However, a great
number of variables can influence the number of
microorganisms affected by this technique, including
the type and concentration of the photosensitizer, the
physiological phase of the microorganism, the incu-
bation period of the photosensitizer before the irradia-
tion, the exposure period and laser output intensity!°.
The aim of this study was to evaluate C. albicans
susceptibility to PDT and compare the efficacy of
methylene blue (MB) and toluidine blue (TB) as
photosensitizers.

METHODS

Preparation of the C. albicans suspension

A standard suspension of C. albicans (ATCC
10231) was prepared in 5 ml of sterile saline solu-
tion, from a 24-hour growth, and standardized using
the 0.5 tube of the McFarland scale.

Photosensitizers and laser source
Methylene blue (MB) or toluidine blue (TB) were used
as photosensitizers, at a concentration of 100 pg/mL.
They were stored and manipulated in the absence of
light. The irradiation was performed
using an InGaAlP diode laser
(Whitening Lase II, DMC, Sao Car-
los, Brazil). This device emitted
electromagnetic irradiation with 630
to 690nm wavelengths and maxi-
mum absorbance peak of 660nm,

Groups

which is coincident with the dye 22
absorbance range. The energy dose

was set at 53 J/cm?, an output inten- =
sity of 40mW and an irradiation time a6
of 5 minutes. The area was 0.38 cm?, =

which corresponds to a single orifice

G1 (negative control)
G2 (positive control)

of a sterile 96-orifice microdilution plate used in the
experiment.

In vitro photosensitization

Table 1 shows the experimental groups. Each ori-
fice of a 96-well plate was filled with 0.1 mL of C.
albicans suspension and one of the photosensitizing
agents MB or TB, and incubated at 37°C for 5 min-
utes. After incubation, laser irradiation was applied
for 5 minutes. The tests were performed 5 times for
each group. Serial dilutions up to 10> were obtained
from each sample and aliquots of 0.1 mL were plat-
ed in duplicate on Sabouraud Dextrose Agar (ASD).
After incubation at 37°C for 48 h, the number of
colony-forming units (CFU/mL) was obtained and
submitted to statistical analysis. Control groups
received saline solution instead of MB or TB.

Statistical analysis

Data were submitted to Kolmogorov Smirnov nor-
mality test. Means and standard deviations of
CFU/mL were calculated in logarithm for the stud-
ied groups. Data were subjected to ANOVA and
Tukey’s test (p<0.05). Percent reduction of each
photosensitizer was calculated whether the diode
laser was associated or not.

Scanning electron microscopy (SEM)

One specimen from each group was prepared for
SEM observation (SSX-550, Shimadzu, Tokyo,
Japan) after fixing with 2.5% glutaraldehyde for 10
minutes on a glass slide. The samples were dehy-
drated with colloidal silica, stored in a dry heat oven
for 48 hours at 37°C, sputter coated and then exam-
ined under SEM (2400 X magnification). Each sam-
ple was qualitatively analyzed to establish the shape
and integrity of the fungal cells.

Table 1. Experimental treatments according to the groups.

Experimental treatments

Buffered saline solution
C. albicans suspension + saline solution
C. albicans suspension + TB
C. albicans suspension + MB

C. albicans suspension + saline solution
+ laser irradiation

C. albicans suspension + TB + laser irradiation
C. albicans suspension + MB + laser irradiation
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RESULTS

Data analysis indicated the normality of the val-
ues (p>0.10). The groups which were irradiated
in the presence of a photosensitizer agent (G6 and
G7) had lower mean values for CFU/mL than the
groups using only MB, TB or laser irradiation
(Table 2).

On the other hand, no difference was observed
between groups G6 and G7 (p>0.05) where there
was a 73.58% and 62.18% reduction in C. albicans
cells, respectively compared to the control group
(Table 3).

Scanning electron microscopy was performed to
visualize the effect of PDT on C. albicans cells
compared to the controls. Roughness of cells sur-
faces was observed, mostly in G7, followed by G6.
In group G7, parts of the cell walls seemed to have
been removed. When TB and MB were used alone,
no change was observed on the surface of the yeasts
cells (Fig. 1).

Table 2. Mean values and standard deviations
of colony forming units (CFU /mL) and
logarithm (CFU/mL) recovered from five
samples of each experimental group.

Experimental CFU/mL Log (CFU/mL)

groups Mean = SD Mean = SD
G1 0 0
G2 14440 + 2161 4.15 + 0.06
G3 8542 + 1009 3.91 +0.03
G4 12190 + 673.4 4.08 + 0.02
G5 11390 + 2272 4.04 = 0.09
G6 3814 + 868.2 3.57 £ 0.09
G7 5460 + 947.0 3.72 +0.08

Fig. 1: SEM image of Candida albicans cells surfaces for each
experimental condition.

DISCUSSION

Studies have been reported on the use of PDT for
elimination of fungi and bacteria from the oral cav-
ity. Souza et al."*used a red laser (685nm, 28 J/cm?)
in the presence of MB (100 ug/mL) and found that
the CFU/mL counts were reduced by 88.6% for C.
albicans, 84.8% for C. dubliniensis, 91.6% for C.
krusei and 82.3% for C. tropicalis. Light-activation
of MB by the red laser had fungicidal effect on all
the Candida species, but laser irradiation or meth-
ylene blue alone did not significantly reduce the
number of CFU/mL of Candida samples, except for
C. tropicalis. Our results showed a 62.18% reduc-
tion using methylene blue in the same concentra-
tion. It could be explained by differences in strain
sensibility, exposition period, and laser irradiation.
Giroldo et al.'> suggest that after irradiation, MB
can lead to the production of cytotoxic singlet oxy-
gen and other reactive oxygen species, which can
damage the cell membrane and consequently pro-
mote cell death.

In our study, the reduction of the CFU/mL of C. a/bi-
cans using TB was greater than when methylene blue

Table 3. Percent reduction of viable C. albicans cells
exposed to different experimental condi-
tions as compared between the groups
and their respective significance levels.

Experimental Reduction of p-value*
groups CFU/mL (%)
G2 X G6 73.58 p<0.001*
G4 X G6 68.71 p<0.001*
G5 X G6 66.51 p<0.001*
G2 X G7 62.18 p<0.001*
G3 X G6 55585 p<0.001*
G4 X G7 55.21 p<0.001*
G5 X G7 52.06 p<0.001*
G2 X G3 40.84 p<0.001*
G3 X G7 36.08 p<0.01*
G7 X G6 30.15 p<0.05*
G4 X G3 29.93 p<0.05*
G5 X G3 25.00 p>0.05 ns
G2 X G5 21.12 p>0.05 ns
G2 X G4 15.58 p>0.05 ns
G4 X G5 6.56 p>0.05 ns

* Statistically significant differences according to ANOVA and
Tukey'’s test; ns- Non-statistically significant differences
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was used (p<0.05) (Tables 2 and 3). Our results sup-
port the findings of O’Neill et al.'®, which observed
a 97.4% reduction in the microorganisms found in
dental biofilm when toluidine blue and He-Ne laser
(632.8 nm) were applied. Sarkar et al.!” also observed
a significant reduction of aerobic and anaerobic bac-
teria (lethal percent of 91.6% and 96.6%, respective-
ly) found subgingivally, using toluidine blue (50
pg/mL) and He-Ne laser (7.3 mW for 30s).

The MB absorption spectrum ranges from 620 to
700 nm, with optimal penetration of the tissues and
maximum absorption at 665 nm in aqueous solu-
tion's. It has been reported that the maximum
absorption for TB was found to be 636 nm'.
According to Teichert et al.!"”. MB is the ideal pho-
tosensitizer for antifungal therapy due to its low
toxicity, wide acceptance for medical applications,
and light-active antimicrobial potential.

In our study, the photosensitization of MB and TB
(100 pg/mL concentration) using laser irradiation (660
nm and 53 J/em?) reduced C. albicans CFU/mL counts
(62.18% and 73.58%, respectively) (Table 3). In con-
trast, Wilson and Mia'® reported a 42% reduction in
C.albicans CFU/mL counts when methylene blue
(100 pg/mL) and a 660 nm laser irradiation (2.04
J/em? energy dose) were used. These differences could
probably be attributed to different parameters of the
laser sources. Our findings support the studies of Car-
valho et al.” and Usacheva et al.?°, which reported
antimicrobial activity of the association between laser
and a photosensitizer for PDT. Souza et al.'> suggest
that the solubility of toluidine blue should be higher in
the hydrophobic region of the membrane, thus, tolui-
dine blue could interact more easily than methylene
blue with the bacterial membrane. As a result, the con-
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CONCLUSIONS
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