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Objectives: Recently, photodynamic therapy (PDT) has been introduced as a new modality in oral
bacterial decontamination. Besides, the ability of laser irradiation in the presence of photosensitiz-
ing agent to lethal effect on oral bacteria is well documented. Current research aims to evaluate the
effect of photodynamic killing of visible blue light in the presence of plaque disclosing agent ery-
throsine as photosensitizer on Porphyromonas gingivalis associated with periodontal bone loss and
Fusobacterium nucleatum associated with soft tissue inflammation, comparing with the near-
infrared diode laser.

Materials and methods: Standard suspension of P. gingivalis and F. nucleatum were exposed to
Light Emitting Diode (LED) (440-480 nm) used to photopolymerize composite resine dental
restoration in combination with erythrosine (22 pm) up to 5 minutes. Bacterial sample were also
exposed to a near-infrared diode laser (wavelength, 830 nm), using identical irradiation parameters
for comparison. Bacterial samples from each treatment groups (radiation-only group, erythrosine-
only group and light or laser with erythrosine group) were subcultured onto the surface of agar
plates. Survival of these bacteria was determined by counting the number of colony forming units
(CFU) after incubation.

Results: Exposure to visible blue light and diode laser in conjugation with erythrosine significantly
reduced both species examined viability, whereas erythrosine-treated samples exposed to visible
light suggested a statically meaningful differences comparing to diode laser. In addition, bacterici-
dal effect of visible light or diode laser alone on P. gingivalis as black-pigmented bacteria possess
endogenous porphyrins was noticeably.

Conclusion: Our result suggested that visible blue light source in the presence of plaque disclos-
ing agent erythrosine could can be consider as potential approach of PDT to kill the main gram-
negative periodontal pathogens. From a clinical standpoint, this regimen could be established as
an additional minimally invasive antibacterial treatment of plaque induced periodontal pathologies.
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Fusobacterium nucleatum are strongly believed as major
pathogens in the etiology of adult periodontitis 1,23
Conventional strategies for reducing the bacterial load are
first, mechanical removal includes scaling and root plan-
ning and brushing and second, antimicrobial chemothera-
py. Mechanical debridement can achieve a temporary
decrease in the subgingival levels of P. gingivalis
and F. nucleatum together with other pathogens %.
However, organisms cannot be removed from the
majority of periodontal pockets by mechanical therapy
alone. Antimicrobial chemotherapy may further sup-
press the periodontal pathogens and increase the ben-
efits obtained by conventional mechanical treatment.
Numerous systemic and local antimicrobial chemother-
apeutic agents have been evaluated for the treatment
of periodontitis with various degrees of success > ¢ 7).
The effectiveness of these approaches are comprised
by patient motivation, manual dexterity and the devel-
opment of drug-resistant strains 8 9. In addition, this
methods have some limitations such as mechanical
damage to the oral mucosa in patients with
mechanoblistering disease caused by brushing or
scraping, limited penetration of chemotherapeutic
agents into bacterial biofilm and the difficulty to main-
tain therapeutic concentration of antimicrobials in the
oral cavity which consequently results in reduced sus-
ceptibility of this kind of treatment 10- 1D,

Obviously there is a growing need for innovative
and alternative approaches leading to bacteria eradica-
tion. One potential alternative approach is
Photodynamic Therapy (PDT), which is a therapeutic
process, involving the combination of light and photo-
sensitive agents called photosensitizers 12, The photo-
dynamic process is a two-step protocol, in which target
cells are exposed to a photosensitizer and irradiated
with a harmless light in the maximum absorption of
the sensitizer wavelength, leading to the production of
singlet oxygen and free radicals that can damage
essential components of the cells, such as plasma
membrane and DNA, or modifying metabolic activities
in an irreversible way, thus possibly resulting in cell
death 13 19, Antimicrobial PDT (a-PDT) is a localized,
nonthermal and non-invasive antimicrobial method to
decrease bacterial contamination in oral infections 15
16, 17 Several studies have illustrated that PDT has a
strong effect on a large number of oral gram positive
and negative bacteria, using different photosensitizers
and light sources 18,19,

Traditionally, lasers as coherent light sources
were considered to be superior to the conventional
light sources. On the other hand, the usage of lasers
also has some essential drawbacks. First of all, they are
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very expensive. Second, they require specially trained
personnel to work with them 29, As a result, the alter-
native conventional light sources were developed. For
instance, in treatment of surface lesions non-coherent
light sources are more suitable, because they can even-
ly irradiate an entire lesion’s field in order to ensure
equal light portions for the whole surface 21, Recently
there are several reports on the bactericidal effect of
visible light, most of them claiming the blue part
(wavelength, 400-500nm) to be responsible for killing
various pathogens. Feuerstein et al. showed that broad-
band blue light sources such as light emitting diode
(LED) used in dentistry for curing resin-composite
materials at 400-500nm exert a phototoxic effect on
P. gingivalis and F. nucleatum 2.

In addition to the light sources, Antibacterial pho-
tosensitizers currently under investigation for use in the
mouth include toluidine blue O (TBO) 23 and chlorin
e6 2. These agents show great promise, but will be
subject to lengthy clinical and legislative assessment.
More immediate benefit could be attained from photo-
sensitizers already available for use in the mouth. One
such photosensitizer is erythrosine. Dental practitioners
currently use erythrosine to stain and visualize dental
plaque in the form of disclosing solution or tablets.
Erythrosine has some reported antimicrobial activity
against Gram-positive and Gram-negative oral bacteria
2527 However, erythrosine also belongs to a class of
cyclic compounds called xanthenes, which absorb light
in the visible region, and the ability of erythrosine to
initiate photochemical reactions is well documented 28;
29 Moreover, the results reported by Wood et al.
pointed out that erythrosine-mediated PDT is 5 - 10
times more effective than methylene blue -mediated
PDT at killing Streptococcus mutans biofilm bacteria
30, This is extremely encouraging, as methylene blue
is an established and effective tumour 31 32 and
antimicrobial photosensitizer 33, 34-30),

There are rare works attempting to explore the
antimicrobial activity exerted by blue-band visible light
in conjugation with erythrosine against periodontal
pathogenic species. The purpose of this study was to
carry out a preliminary assessment to test the effect of
our novel therapeutic and supplementary regimen of
visible light with erythrosine as an exogenous photo-
sensitizer on the viability of P. gingivalis associated
with periodontal bone loss and F. nucleatum associat-
ed with soft tissue inflammation. Besides, the near-
infrared diode laser (wavelength, 830 nm), using iden-
tical irradiation parameters was applied because clini-
cal reports showing a beneficial effect of diode laser
on periodontal pockets hypothesized that this effect is
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attributable to its bactericidal effect 37,
2. Materials and Methods

2.1.Bacteria and growth conditions

Fresh lyophilized Porphyromonas gingivalis (33277),
Fusobacterium nucleatum (25586) from the American
Type Culture Collection (Rayen Biotechnology Co. Ltd.,
Tehran, Iran) were used. P. gingivalis and F. nucleatum
were rehydrated in brain heart infusion (BHID) broth
(Merck KGaA, Darmstadt, Germany) and incubated in
an anaerobic jar at <1% O2 and 9-13% COz2 at 37°C. All
the strains were subcultured twice before exposure to
light. The bacterial concentration after 24 h incubation
was standardized by dilution with sterile broth to
OD650nm = 0.45, equivalent to ~ 5x10° colony forming
units (CFU).

2.2. Light source and Photosensitizer

We applied two sources for light energy: a commer-
cially available visible light source, usually used in
dental office, was Light Emitting Diode (LED) (440-480
nm with peak at 460 nm) (Starlight pro, Mectron, Italy).
For comparison, irradiation was performed at a wave-
length of 830 nm, using a diode laser (DLT-101,
Behsaz Gostar Co. Ltd., Tehran, Iran). The laser beam
was coupled with an optical fiber and was defocused
by an expanding lens at its distal end. The distance
between the light source tip and the exposed sample
was fixed to obtain a constant power density. An aver-
age light power of 570 mW/cm? and 400 mW/cm? was
measured for LED and diode laser respectively using a
power meter (Puyesh Tajhiz Sanat Pasargad Co.,
Tehran, Iran) over a spot of 0.7 cm diameter. To calcu-
late power density, the average power was divided by
the area of light spot. Besides, a 1% (w/v) erythrosine
(Sigma Ltd, Poole, UK) powder as photosensitizer was
used and dissolved in distilled water to reach the final
concentration of 22 pum, where the filter was sterilized
to obtain clear and homogenous solution.

2.3. Lethal photosensitization of bacteria

Colonies of P. gingivalis and F. nucleatum from
Mueller-Hinton (MH) Agar plates were suspended in
BHI broth, and bacterial density was visually adjusted
to a turbidity of 0.5 McFarland standard reagents. The
exact density (CFU/mL) of each suspension was veri-
fied on MH agar plates. P. gingivalis and F. nucleatum
solutions were prepared for five 96-well (7mm diame-
ter) flat-bottom plates with lids (Orange Scientific,
Belgium) as follow: visible light + erythrosine (LED*
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ERY), laser + erythrosine (L* ER™), laser (L* ER"), visi-
ble light (LED* ER) and erythrosine (I” or LED- ER").
In each study well of plates, 175 pL of P. gingivalis or
F. nucleatum suspension plus 175 pL of erythrosine
were added. In the groups of laser (LED* ER"), visible
light (LED* ER"), 175 pL of the sterile phosphate-
buffered saline (PBS) was added to equalize the level
of the walls. Samples were then kept in the dark for 5
minutes before irradiation. Samples of bacteria in sus-
pension were exposed in a laminar flow hood (Besat,
Tehran, Iran) under dark aseptic and aerobic condi-
tions to the maximum output of each light source. The
treatment was performed under aerobic condition
since the result of a study strongly recommended that
the mechanism of phototoxicity of blue light on peri-
opathogenic bacteria is oxygen dependent, which
might result mainly in the formation of hydroxyl radi-
cals 3®. Light devices were fixed in vertical positions at
the level of the wells. To prevent light transmission
into neighboring wells, 15 wells of each plate, with 2-
well distance between them, were selected and plates
were covered with a black shield with an orifice corre-
sponding to the diameter of the wells. Every sample
was exposed 1, 2, 3, 4 and 5 min to each light source,
bacterial strain and medium combinations, equivalent
to flounce of 34-172 J/cm? using LED. Similar bacterial
samples were exposed to the near-infrared diode laser
using light exposure parameters similar to those used
for blue visible light.

2.4. Determination of bacterial survival

After exposure of the bacteria in suspension to light,
samples were diluted 1:10 for six executive times in
sterile broth. Then, triplicates of 10 pL were applied to
the agar plates. Survival of these bacteria was deter-
mined by counting the number of colony forming units
(CFU) after incubation. P. gingivalis and F. nucleatum
were cultured under anaerobic condition at 37°C until
bacteria colonies were visible (1-5 days). The percent-
age of surviving bacteria was calculated in relation to
the control nonexposed samples under similar experi-
mental conditions. All the experiments in which the
results of the treated samples differed from those of
the control were repeated at least five times.

2.5. Temperature changes in the medium after
exposure to the light

A rise in temperature could be secondary factor affect-
ing bacterial survival. For each combination of light
source and medium, the temperature was measured in
triplicate inside the exposed suspension using thermo-
couple electrodes (Almemo, Holzkirchen, Germany),
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before and immediately after a 5 min exposure to the
light.

2.6. Statistical methods

To assess the effect of bacterial strains, light source,
photosensitizer and the length of exposure to light on
bacterial survival, multiway analysis of variance
(ANOVA) was applied. The one-sample t-test was used
to determine whether the change in bacterial count
was significant. All the applied tests were two-tailed,
and a P value of = 0.05 was considered statistically sig-
nificant.

3. Results

3.1. Effect of different treatments and exposure
time on bacterial growth

Viability was assessed after different treatments were
applied to bacteria under same conditions and is
expressed by percent survival of bacteria in suspen-
sion. To assess the effect of exposure time and differ-
ent treatments on bacterial survival, multiway analysis
of variance (ANOVA) was applied which its results
(P=0.00 for both bacteria species) suggested that the
both factors including the exposure time and treatment
were significantly effective to reduce the viability of
bacteria. Besides, to achieve the optimal treatment and
exposure time for each bacteria species, the t-test was
used when multiple pairwise comparisons were made.
Exposure to visible blue light and diode laser in con-
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jugation with erythrosine resulted in the reduced of
P. gingivalis and F. nucleatum noticeably, which was
positively affected by exposure time. In addition, we
found the same pattern of bactericidal effect of differ-
ent light sources alone on P. gingivalis as black-pig-
mented bacteria possesses endogenous porphyrins.
The reduced viability of P. gingivalis after three
minutes exposure to visible light or laser without photo-
sensitizer was significantly higher in comparison with F.
nucleatum (Fig. 1a, b). The survival rate was moderate-
ly lower when the F. nucleatum bacteria treated with
erythrosine alone in comparison with the P. gingivalis at
the end of whole process which may indicates the
probable susceptibility of F. nucleatum to erythrosine
as photosensitizer. For example, F. nucleatum in sus-
pension exposed to visible light in the presence of
erythrosine for 4 minutes resulted in nearly zero sur-
vival, compared with approximately 60% survival
when F. nucleatum expose to blue light alone which
may points out a possible synergic phototoxic effect of
visible blue light and erythrosine as a photosensitizer
on this bacteria species (P=0.00, pairwise comparison, t-
test) (table 1). Interestingly, the viability of F. nucleatum
was reduced remarkably when exposed to diode laser
in conjugation with erythrosine comparing with diode
laser alone which the difference is statistically mean-
ingful (P=0.00, t-test). Therefore, the result presented
here indicates that erythrosine-mediated PDT is a
potential treatment to reduce the F. nucleatum as one
of the main periopathogenic bacteria. In addition, the
number of survived P. gingivalis when exposed to

O Light

O Erythrosine

>< Light + Erythrosine
& Laser

—— Laser + Erythrosine

o

Percent survival

Exposure time (min)

Fig. 1: Effect of different treatments on viability of bacteria in suspension of F. nucleatum (a)
and P. gingivalis (b), with exposure time up to 5 minutes.
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diode laser in the presence of erythrosine was similar
to that after treated with diode laser alone at the end
of process (Fig. 1b).

Our results suggested that 3 minutes exposure of
visible blue light with erythrosine exerted a remarkable
phototoxic effect on both bacteria species compared
with diode laser in the presence of erythrosine which the
differences were statistically significant [(P. gingivalis,
P=0.013)(F. nucleatum, P=0.066 as a borderline differ-
ence), pairwise comparison, t-test) (table 1,2).
Perhaps, our suggested treatment (LED* ER*) can be
consider as potential approach of PDT to kill the main
periopathogenic species particularly F. nucleatum.

3.2. Temperature change following exposure to
light and its effect on bacterial growth

The bacterial medium temperature was measured
before and immediately after exposure to diode laser
and blue light for up to 5 minutes. The maximum tem-
perature change recorded was 26.5°C and 25.0°C for
visible light and diode laser respectively, were mea-
sured when compared with the control at 23.0°C.
There was no difference in bacterial growth between
samples incubated at 27.0 °C for five minutes and the
control samples (data not shown).

4. Discussion

Currently, there is considerable interest in the use of
locally applied antimicrobial agents in the treatment of
periodontitis 3. A major advantage of this approach
over the systemic administration of such agents is that
it minimizes disruption of the normal microflora at
other body sites, so helping to avoid opportunistic
infections at these sites. However, one problem with
this approach is the difficulty in maintaining therapeu-
tic levels of the agent for a sufficient period of time
due to elution of the agent by gingival crevicular fluid
40 The use of PDT, however, is not beset by such
problems, as the photosensitizer needs to be retained
in the periodontal pocket for only a short time. This is
extremely encouraging, as the results of our study
show a significant bactericidal effect of blue visible
light in the presence of erythrosine on two main peri-
opathogenic species during exposure time of 3 min-
utes.

In the current study, we applied LED or nonco-
herent blue light for activating erythrosine which are
commonly used in dentistry for photopolymerization of
tooth-colored restorative material. LED is a non-mono-
chromatic light that has become a practical technology
for PDT in the last few years, especially for irradiation
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of easily accessible tissue surfaces. The main advan-
tages of LED over laser are their low cost and ease
configuration of LED arrays into different geometries
4D In this investigation, we use moderate power light
sources since a stimulatory effect of low energy visible
light irradiation on various cells proliferation have been
largely demonstrated in vitro in a variety of cell lines
42, 43) Besides, higher exposure doses were required
to kill bacteria in suspension and this is probably
attributable to the scattering and absorption of the light
beams in the suspension. Our results indicated that the
bactericidal effects of visible light and infrared diode
laser were similar at the end of exposure time on both
species examined. This is, however, partly in contrast
with a study where the authors recommended that
using near-infrared laser had no effect on the survival
rate of P. gingivalis and F. nucleatum 2. In addition,
there are some authors claiming bacteria killing with
red and near IR light. For example Nussbaum et al.
reported a bactericidal effect at 630 nm for
Pseudomonas aeruginosa and Escherichia coli 9.
Therefore, the lethal exposure dose of diode laser
probably was not dependent not only bacteria species
but also on the experimental conditions.

Bacteria species such as Porphyromonas and
Prevotella endogenously synthetize porphyrines which
absorb at wavelength similar to visible blue light used
in this study 4. Soukos et al. claimed that broadband
light (380 to 520 nm) rapidly and selectively kills oral
black-pigmented bacteria (BPB) in pure cultures and in
dental plaque samples obtained from human subjects
with chronic periodontitis and they hypothesize that
this killing effect is a result of light excitation of their
endogenous porphyrins 40). Besides, the results of a
study pointed out those bacteria which possess high
amounts of endogenous photosensitizers can easily be
destroyed with visible light 47 and are in agreement
completely with our findings that the exposure visible
light or diode laser alone after 3 minutes resulted in
significant reduction of viability of P. gingivalis com-
paring with F. nucleatum. However, it was beyond the
scope of the present study to test the role of this pho-
tosensitizer in phototoxicity of blue light on bacteria.

The photosensitizer that was used in this study
was oral plaque disclosing agent or erythrosine.
However, despite the main medical application of ery-
throsine being its use in staining the aetiological agent
of common oral diseases (dental plaque), to our
knowledge there are rare reports of the use of erythro-
sine as a photosensitizer in the mouth. Clearly, erythro-
sine has an advantage over other photosensitizers in
development, as it already targets dental plaque and
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has full approval for use in the mouth. To determine
the phototoxic effect of erythrosine as bacterial sensi-
tizer, we have observed that when the bacteria species
exposed to both light source particularly visible blue
light in conjugation with erythrosine, the survival rate
decreased noticeably. To illustrate, 4 minutes exposure
of P. gingivalis and F. nucleatum to the visible light
with erythrosine led to nearly zero percent survival.
These results completely are in agreement other find-
ings demonstrated well the efficacy of erythrosine in
sensitizing of non-oral microbes to killing by light 48-50)
which probably highlight the excellence clinical poten-
tial of erythrosine-mediated PDT in the control and
treatment of periopathogenic and dental plaque biofilm
bacteria.

The result of our study confirmed that the bacte-
ricidal effects of both light sources with erythrosine
decreased moderately in fourth and fifth minute com-
paring with the first three minute of exposure time.
This fact can be explained not only by the limited
numbers of photosensitizer’s molecules but also by the
limited reactive oxygen species (ROS) generating
capacity. Moreover, the photodynamic process also
leads to diminish erythrosine levels due to the photo-
bleaching 39, Metcalf et al. observed that the fractiona-
tion of white light during the erythrosine-mediated
PDT of S. mutans biofilm grown in vitro results in
increased cell killing compared with continuous irradi-
ation. This may be due to the replenishment, during
dark periods, of target molecules (such as oxygen) for
the excited photosensitizer and any photosensitizer
concentration gradient might be equilibrated during
dark periods (51). Therefore, we concluded that the
maximum bactericidal effect of our suggested treat-
ment (LED* ERY) for both species examined could be
achieved by optimal exposure time of 3 minutes.
However, for the longer exposure duration, we suggest
to increase the concentration of the photosensitizer or
consider a dark period in which the general replenish-
ment of target molecules (such as oxygen) or redistrib-
ution of the photosensitizer would be happened.

The argument that the mechanism of killing of
P. gingivalis by blue light is not photochemical but
heat induced 5% is not inline with the result of a study
where the authors indicated that toxic ROS are generat-
ed. In the present investigation, we found that when
using lethal light doses (up to 172 J/cm?) an increase
in the temperature of the bacteria suspension was
recorded but did not reached 27 °C under the experi-
mental conditions. Thus, this result probably may not
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support a rise in temperature as the killing mechanism
involved; however, the possibility that under certain
conditions oxygen synergize with temperature in
reducing bacterial viability should not be rule out.
Perhaps, in clinical condition, the increased tempera-
ture duo to the light exposure may be reduced in the
presence of some factors such as saliva.

On the other hand, the results of some in vivo
studies indicated positive potential effects of photody-
namic therapy on reduction of inflammatory signs and
main periopathogenic species in animal model 53-5%
To illustrate, Moritz et al. studied the efficacy of diode
laser on treatment of periodontal pockets and interest-
ingly, they observed that the exposure of diode laser
revealed a bactericidal effect and help to reduce the
periodontal signs of redness and bleeding on probing
in addition to scaling 37). However, there is a lack of
clinical or animal researches to determine the efficacy
of visible blue light-mediated PDT in the presence of
erythrosine particularly on periopathogenic species and
periodontal inflammatory signs that merits further
investigations.

5. Conclusion

We conclude that the blue light source, which is used
to photopolymerize dental composite material, in con-
jugation with plaque disclosing agent erythrosine could
also serve for the significant reduction of main peri-
opathogenic bacteria. It is likely that the phototoxic
effect would be greater under clinical conditions where
bacteria are under stress than under ideal in vitro con-
ditions. The encouraging results of this preliminary
study suggest that an in vivo investigation of this novel
approach are worth undertaken to establish as an addi-
tional minimally invasive antibacterial treatment of
plaque induced periodontal pathologies such as peri-
odontitis.
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