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ARTICLE INFO ABSTRACT

Keywords: Background: Orthodontics involves diagnosis and treatment of dental and skeletal malocclusions. Orthodontic
Orthodontics apparatus may repair these malocclusions but may also impair oral hygiene making patients prone to develop
Phenothiazine both periodontal diseases and caries. Antimicrobial agents may be used to prevent this.To avoid increased an-
Photodynamic therapy timicrobial resistance to available drugs, A-PDT (Antimicrobial Photodynamic Therapy) appears as a viable
Photoinactivation

alternative.

Objective: This work aimed to evaluate the efficacy of A-PDT on reducing the number of colony forming units
(CFU) through the use of phenothiazine compound (methylene blue+ toluidine blue) as a photosensitizer, as-
sociated with red LED (A640 = 5nm) irradiation in orthodontic patients.

Methodology: Twenty-one patients consented to participate in the study. Three biofilm collections were per-
formed around the brackets and gums of the inferior central incisors; first before any intervention (Control);
second after 5min of pre-irradiation and the last one immediately after AmPDT. Subsequently, a microbiological
routine for microorganism growth period were performed and CFU counting after a 24h done.

Results: The data showed that the AmPDT was able to reduce CFU count around 90% when compared to Control
group (p=0.007) and also between the A-PDT and Photosensitizer groups (p=0.010). However, there were no
differences between the Control and Photosensitizer groups.

Conclusion: A-PDT associated with the use of phenothiazine compounds and red LED was able to significantly
reduce the number of CFUs in orthodontic patients.

1. Introduction normal conditions, oral pathogens are controlled or even eliminated by

the bacteriostatic and bactericidal properties of saliva [2].

Orthodontic treatment is often performed at early ages and re-
presents an improvement of both oral function and esthetics providing a
better quality of life for patients. The occlusal disharmony is also cap-
able to cause periodontal diseases, and these conditions may worsen
with the use of fixed corrective orthodontic appliances. Biofilm accu-
mulation and oral hygiene difficulty caused by these disposits make
maintenance of periodontal health problematic. Usually orthodontic
patients show some degree of gingivitis during treatment [1]. Under

Different microbial species found in the biofilm are responsible for
the development of caries, induction and maintenance of gingival in-
flammation, among other conditions. The inflammatory process in-
duced by the accumulated biofilm may cause gingival pockets, loss of
periodontal insertion, bone destruction, pathological migration and,
finally, possible tooth loss [2].

Oral biofilm has been considered an ecosystem of continuous
changes, varying in composition around different places of the mouth.
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It is estimated that more than 800 microbial species are able to colonize
the oral cavity and each individual can carry around of 150-200 species
[3]. The establishment and maintenance of an infectious process de-
pends on a complex interaction between the virulence factors of pa-
thogenic microorganisms and the defense mechanisms of the host [4].

When reports of light-absorbing and fluorescence properties of the
light emerged it become clear that light can influence cellular meta-
bolism as well as on causing damage to biological systems in specific
situations. One of those phenomenon is called photodynamic effect,
being described as a process in which light, after being absorbed by a
certain substance accumulated in the target cells, lead to ROS and
singlet oxygen production inducing damage through a phototoxic re-
action, usually via oxidative damage [4-7].

Currently, photodynamic antimicrobial therapy (A-PDT) is an op-
tion for treating oral infections caused by biofilm accumulation, being
able to kill a wide range of pathogens and disorganize the biofilm.
Initially it was used in vitro [8-11] and later it was used in several
clinical situations such as root canal infections, periodontal treatment
[12-14] and against oral biofilms [15,16].

The photosensitizers (PS) choice should consider the target cell,
once gram-positive bacterium has structural differences in relation to
the gram-negative and consequently have different mechanisms of in-
teraction with the drugs. The effectiveness of the PS depends on the
relation between its ionic charge (positive or negative) and that pre-
sented by the cellular structures. Phenothiazine derivatives presents
some characteristics that make them capable of interacting with both
positive and negative molecules, so they are characterized as hydro-
philic and hydrophobic and capable to be used against a wide variety of
microorganisms [4].

It was hypothesized that AmPDT could help the microbial control on
orthodontic patients. Therefore, the aim of this study was to evaluate
the efficacy of A-PDT using a phenothiazine compound (Methylene Blue
+Toluidine Blue, 1: 1, 12.5ug) as a photosensitizing agent associated
with red LED irradiation (A640 = 5 nm, CW, 110mW, 294s, 30J/cm?)
against microbial consortium of oral biofilms of orthodontic patients.

2. Methods
2.1. Ethical aspects and sampling

This cross-over clinical study was approved by the Ethics Committee
of the School of Dentistry of the Federal University (No. 2,857,839).
The sample size was calculated assuming a level of significance of 95%,
90% of power, with an estimated difference of 40% between the groups.
The minimum sample size defined was defined in 19 individuals. An
increase of 10% was assumed with the aim of homogenizing the groups.
Thus, 21 individuals submitted to orthodontic treatment at the Center
for Orthodontics and Facial Orthopedics Prof. José Edimo Soares
Martins, Faculty of Dentistry, UFBA were selected. Patients that agreed
to participate the study were asked to sign the Informed Consent Form
(ICF).

2.2. Biofilm collection

Three biofilm collections were performed in the gingival region and
around the brackets of 41 and 42 teeth with sterile swabs. The first was
carried out before any procedure to determine the bacterial load pre-
sent in the patient's oral cavity. The second was done after the rinsing
with FS and the last after irradiation with red LED.

For AmPDT, 20ml of the photosensitizing solution (Methylene Blue
+Toluidine Blue, 1: 1, 12.5pg/mlL, Laboratory Férmula, Salvador,
Bahia, Brazil) was delivered to the patient and requested to do
mouthwash for 5min (pre-irradiation time) to allow contact of the so-
lution with oral biofilm. After expelling the solution, the irradiation
protocol was applied with a Red LED (MMOptics, Sao Carlos, Sao Paulo,
Brazil, A640 + 5nym, CW, 110mW, 294ss., 30J/cm?). All procedures
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followed the standards regulation for infection control as well as eye
protection by using glasses with specific optical density for wavelength
used.

2.3. Microbiological analysis

The collected material was transferred to test tubes containing 4ml
TSB culture broth (Tryptic Soy Broth, Merck Darmstadt, Hessen,
Germany). Then, the solution was homogenized by vortex device
(Genie 2, Scientific Industries, New York, USA) and thereafter; succes-
sive decimal dilutions (1072 to 10°) were carried out in PBS
(Phosphate Buffered Saline, Merck, Darmstadt, Germany). Finally,
100uL of the inoculum was taken to Petri dishes with BHI Agar (Brain
Heart Infusion, Merck Darmstadt, Hessen, Germany) in triplicate for
each dilution through Drigalski loop. After incubation for 24-h in in-
cubator (TE - 392 / I, Tecnal, Piracicaba, Sao Paulo, Brazil) at 37°C,
colony forming units (CFU) were quantified by direct counting.

2.3.1. Gram stain

The Gram staining technique was used to characterize the bacterial
consortium collected in the patients” biofilm. This allowed identify
through optical microscope (Olympus CX 40, Shinjuku, Tokyo, Japan)
bacterial species into two groups: gram-positive and gram-negative.

3. Results
3.1. Gram stain

Samples from all patients, at the three collection moments, were
stained using the Gram technique and it was possible to differentiate
both gram-negative and gram-positive microorganisms in all of them.

3.2. CFU count

The CFU counts for each patient can be seen in Table 1. After de-
scriptive analysis was carried out, the following measures of central
tendency and variability (mean and standard deviation) were obtained
to verify the effectiveness of antimicrobial photodynamic therapy in the
colony counts reduction: Control group =21514000 +
3694869436,948,694; Photosensitizing Group=20,111,111 =
30,243,013; and TFD group=7,288,121 + (Fig.1).

ANOVA general linear model was applied to determine if the means

Table 1
CFU count for each patient in the biofilm collection.

Patient Control Photosensitizer AmPDT

1 7.73E+05 2.77E+05 3.33E+04
2 6.87E+05 2.17E+05 2.27E+05
3 9.53E +04 1.15E+05 3.33E+03
4 1.01E+05 8.03E +04 6.67E+04
5 5.87E+06 6.63E+06 4.40E+ 06
6 2.74E+07 1.48E+07 7.80E + 06
7 9.17E+06 9.40E + 06 4.60E + 06
8 3.97E+06 1.42E+07 1.67E+05
9 3.63E+07 2.73E+07 1.11E+07
10 2.37E+06 3.83E+05 3.83E+03
11 1.59E+06 8.87E+05 2.83E+05
12 2.33E+05 6.97E+05 2.33E+04
13 3.07E+07 2.53E+07 3.67E+06
14 1.30E+04 1.10E+ 04 3.33E+01
15 1.24E+06 9.60E + 06 1.30E+07
16 3.15E+07 2.26E+07 9.83E+06
17 4.34E+07 1.71E+07 5.17E+06
18 4.33E+06 5.03E+06 3.33E+03
19 9.67E+07 7.40E +07 6.67E+03
20 1.29E+08 9.97E+07 4.80E+07
21 1.22E+08 9,40E +07 4.47E+07
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Fig. 1. Representation of the ANOVA and Tukey analyzes between the Control,
Photosensitizer and AmPDT groups. Comparison of the exponential reduction of
the microbial load after the addition of the photosensitizer and the treatment
with AmPDT. * = p < 0.05, ** = p < 0.01.

of two or more collection moments were different. When verifying the
differences between the groups in the Covariance Analysis and Multiple
Regression analysis, no statistically significant difference was observed
between the initial collection and after the photosensitizer application
(p=0.787). However, statistically significant differences were observed
when AmPDT Group and Control Group (p=0.007) where compared
and when Photosensitizing Group and the AmPDT Group (p=0.010)
where compared. The model adjustment of the model was analyzed
from the likelihood ratio, which obtained a variance of 4.98%, in-
dicating that it was considered good.

4. Discussion

The development of resistant multidrug strains caused a search of
new approaches in substitution to the conventional use of antibiotics
whose effect is decreasing day by day [17-19]. However, it is necessary
to consider the difficulty of treating bacterial biofilm-forming consortia,
in vivo, as the main problems with conventional antimicrobial drugs are
both their unique target and mode of action. Most of microorganisms
can develop advanced resistance mechanisms for a single attack point
[3,4,19].

Thus, the A-PDT has proved itself to be both viable and effective,
obtaining satisfactory results in several clinical situations of difficult
solution [8-21]. The photodynamic effect may induce damage to bio-
molecules that will lead to loss of biological functionality, leading to
cell inactivation. The dynamics of substance distribution is one of the
main advantages of A-PDT [22]. Photosensitizers act either via singlet
oxygen or ROS production, which do not exhibit a specific target, re-
acting rapidly with a variety of substrates such as cholesterol, lipid
membrane layers, amino acid residues as well as on nucleic acid bases
of the DNA, particularly guanine and thymine [22-24].

These molecules may be triplet type (type I reaction) or singlet (type
II reaction) and they damage microbial cells by impairing membrane
lipids, proteins, nucleic acids and other cellular components. Singlet
oxygen causes greater damage to molecules due to their higher re-
activity (oxidation capacity), which justifies the use of photosensitizers
capable of generating large amounts of this molecule when performing
this therapy. Toluidine Blue produces larger amounts of this type of
molecule (type I reaction-short half-life time), when compared to

223

Photodiagnosis and Photodynamic Therapy 28 (2019) 221-225

methylene blue, which produces free radicals such as superoxide, per-
oxides and hydroxyl radicals (Long Half-life time) [22-26].

For the photodynamic effect to have the highest possible yield and
efficacy, the choice of the photosensitizing substance is of paramount
importance. Thus, the photosensitizer should be kinetic and thermo-
dynamically stable molecule of rapid synthesis, high yield and low cost.
In addition, it shall present favorable pharmacokinetics and present low
toxicity in the dark and consequently not causing cell death without
activation. The application of the irradiation protocol (amount of en-
ergy delivered) as well as the concentration of the photosensitizing
agent in the target cells, represent great challenges for the efficacy of
the AmPDT, being necessary to adjust these parameters to achieve re-
sults like those observed in vitro [6-22,24-27].

The pre-irradiation time is an important factor on AmPTD. In the
present study a pre-irradiation time of five minutes was used for sen-
sitization of the biofilm. Longer times could not be practical in clinical
pratice due to the difficulty to keep the drug in the mouth [16,26].

Sensitization sites and the effects of photodynamic inactivation of
microbial species are different for each class of photosensitizing agents.
Toluidine Blue has greater solubility in hydrophobic regions of the
membrane, consequently it concentrates on a larger scale within the
cell, while Methylene Blue binds with the cell membrane
[10,15,23,25,28,30]. In this way, although its action depends on the
type of target cell, in general the first causes damage to the nucleic
acids and the second acts on the cell membrane, causing increased
permeability [23,25].

Another important factor for the efficacy of the AmPDT is the choice
of the light source as well as the wavelength to be used for the pho-
toactivation. Typically, these wavelengths are within the visible and
near-infrared spectrum (A600-900nm) [26]. Wavelengths above
A850nm due to their low energetic levels, reduces the efficacy of the
photosensitizer. The choice of the wavelength should be the closest to
absorption peak of the photosensitizer [6,7,25]. On the present study
the red LED device emitted at the A 640 = 5nm [16,23,27], placed
between the absorption peaks of Methylene Blue (A664nm) and To-
luidine Blue (A626nm) [25]. The use of inadequate wavelength will
reduce or even not photoactivate the photosensitizer thus making the
AmPDT not efficacious.

This study showed that AmPDT was effective in significantly
(p=0.007) reducing the number of microorganisms as seen on the UFC
counts in patients undergoing active orthodontic treatment. The direct
count of colonies has the advantage of observing viable cells, while
other methods do not distinguish between dead and living micro-
organisms. The percentage of reduction observed in the present study
was “90%. Similar results have been observed in other studies using
phenothiazine derivatives as photosensitizing agents, but the rate of
microorganism death was not superior to 70% [8-16,23,28-30]. That
could be explained by the combination of Methylene Blue and Tolui-
dine Blue (1:1) used on this study as their present different sites of
accumulation in the cell being the compound able to sensitize a wide
range of cells types. The combination of the two compounds in ortho-
dontics was never reported.

The irradiation protocol applied in this study was chosen based on
an in vitro study using red LED associated with phenothiazine deriva-
tives, Methylene blue and Toluidine blue, where the concentration of
12.5pg/ml achieved the highest lethality when combined with the en-
ergy density of 12J/cm? [10]. On this study, the energy density was
adjusted to 30J/cm? due to large energy loss being observed when
scanning process is used. This parameter represents an important lim-
itation for clinical trials due to the large variation found in several
studies using other photosensitizers [10,29,30].

As Gram-positive and Gram-negative bacteria present differences in
relation to the susceptibility to AmPDT [15,16,18] it was necessary the
identification of the microorganisms present in the samples, so Gram
staining was performed, and both Gram-positive and Gram-negative
microorganisms were observed. The results found showed that the use
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of the photosensitizer at low-concentration (12.5ug/ml) was efficacious
on killing most of these microorganisms after activation by LED light.

A significant reduction in the number of bacteria ("90%) was de-
tected when compared to the initial load of microorganism observed in
each patient. On the other hand, the sole use of the photosensitizer did
not cause cell death in a statistically significant way (P=0.787)
[15-17,22-26]. These findings are in agreement with results observed
in a previous study [31] which showed, by SEM, that the AmPDT causes
morphological alterations in the biofilm formed by both Gram-positive
and Gram-negative bacteria leading to greater reduction in the number
of microorganisms and this, when associated to the disorganization of
the extracellular matrix of the biofilm (antimicrobial resistance factor),
the bacteria that were not killed by the AmPDT, were exposed to con-
ventional antibiotics and/or oral fluids as isolated cells and no longer as
biofilm, facilitating its inactivation.

It should be noted that the protocol proposed in this study, different
from conventional pharmacologic protocols using antibiotics, is unable
of producing local and/or systemic effects of microbial resistance.
Therefore, it can be repeated safely during clinical care, increasing the
efficacy of therapy [31,32]. Another important factor is the synergism
of the immune system acting against the infection. In addition, the use
of antibiotics may represent a good alternative associated with AmPDT,
because of it causes the disorganization of biofilms impairing some
mechanisms of resistance and thus leaving the remaining microorgan-
isms more susceptible to antimicrobials [9,11,15,16,24,30,31].

Thus, it is crucial to reinforce oral hygiene instructions through
routine follow-up in patients undergoing fixed and removable ortho-
dontic treatment. The small amount of studies involving orthodontic
patients and AmPDT, as reported in a systematic review work recently
published [33], it is difficult to prove the efficacy of AmPDT to control
the oral microbiota of these patients. However, it is believed that the
AmPTD protocol used in this study, in conjunction with maintenance of
oral hygiene and routine dental checkups, is reliable method to mini-
mize the risk of periodontal diseases in these patients.

Finally, new studies should be conducted in the search for even
more effective AmPDT protocol to achieve even higher percentages of
microbial death in the control of oral biofilms, avoiding bacterial re-
sistance and the occurrence of infections in patients undergoing or-
thodontic treatment.

5. Conclusion

It was concluded that AmPDT associated with the use of phe-
nothiazine compound and red LED was able to significantly reduce the
number of CFUs in orthodontic patients.
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