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Background:  Antimicrobial  photodynamic  therapy  (aPDT)  has  been  used  as an adjuvant  treatment  for
periodontitis.  It combines  a photosensitizer  with  a  light  source  to  induce  reactive  oxygen  species  and  kill
microbial  cells.  PpNetNI  is a  protoporphyrin  derivative,  and  it has  a chemical  binding  site at  biofilm  and
great  affinity  to  microbial  cells.  The  aim  of this  study  was  to investigate  the  effects  of aPDT  as  an  adjuvant
treatment  for periodontitis.
Methods: Thirty  healthy  male  rats  Wistar  (Rattus  norvegicus)  were  used  in  this  study  (Approved  by  UNI-
NOVE Ethical  committee  AN0029/2015).  Periodontitis  was  induced  by  placing  a cotton  ligature  around
the  first  mandibular  molar  in  a subgengival  position.  The  contralateral  mandibular  first  molar  received
neither  a ligature  nor  any  treatment,  and  was  used  as a control.  After  7 days,  the  ligature  was  removed
and all  animals  received  scaling  and  root  planing  (SRP)  and  were  divided  according  to  the  following  treat-
ments:  SRP  group  (received  SRP  and  irrigation  with  PpNetNI,  10 �M)  and  aPDT  group  (PpNetNI  10 �M
followed  by  LED irradiation).  aPDT  was performed  with  a  LED (630  nm)  with  an  output  power  of  400  mW
(fluence-rate  200  mW/cm2; fluence  18 J/cm2). Rats  were  euthanized  at  24  h,  48  h  and  7  days  postopera-
tively.  The  area  of  bone  loss  in  vestibular  region  of the  first  molar  was  evaluated  by Optical  Coherence

Tomography  (OCT,  THORLABS  LTD.,  Ely,  UK).  Data  were  analyzed  statistically  (ANOVA  and  Tukey  tests,
p  < 0.05).
Results:  The  animals  treated  by  aPDT  showed  bone  gain  of  approximately  30%  compared  to the  SRP  group
following  7  days  from  the  treatment.
Conclusion:  aPDT  promoted  bone  recovery  7 days  after  periodontal  intervention.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Periodontitis is an inflammatory disease of supportive peri-
dontal tissue characterized by gingival inflammation, loss of

onnective tissue attachment, and reabsorption of alveolar bone
1,2]. This disease is caused by microorganisms organized in
iofilms that colonize tooth surface; the biofilm is a complex

∗ Corresponding authors at: Biophotonics Program, Nove de Julho University (UNI-
OVE), Rua Vergueiro 235/249, Liberdade, São Paulo ZIP: 01504−001, Brazil.

E-mail addresses: leticiahalvarenga@uni9.pro.br (L.H. Alvarenga),
ratesra@uni9.pro.br (R.A. Prates).

ttp://dx.doi.org/10.1016/j.pdpdt.2017.03.008
572-1000/© 2017 Elsevier B.V. All rights reserved.
structure composed by microcolonies of bacteria imbibed in an
extra-cellular matrix that promotes cell protection and adherence
to the tooth [3,4]. The periodontal therapy is based on professional
removal of the biofilm and calculus by scaling and root planing
(SRP) in conjunction with personal plaque control [5]. However,
the mechanical debridement may  fail to remove some pathogenic
organisms because of their location in subgengival tissue, like fur-
cations or deep pockets and in some situations the use of systemic
antibiotics may  also be indicated [6,7].
Administration of antibiotic treatments has been decreasing
over the years because its side effects, such as stomach pain
and increase of bacterial resistance to antibiotic. In some cases,
patient leaves the antibiotic treatment before its end, and it gives
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Fig. 2. Cotton ligature around the right inferior first molar in a subgingival position.

Table 1
Irradiation parameters used in the experiment. The buccal area of the right first
molar was  irradiated once.

Irradiation parameters

Wavelength 630 nm
Radiant output power 400 mW
76 E.L. Belinello-Souza et al. / Photodiagnosis

 chance to select resistant bacteria [6,8]. Antimicrobial pho-
odynamic therapy (aPDT) has been proposed as adjunctive to
eriodontal treatment [9–11]. aPDT combines a non-toxic photo-
ensitizer (PS) and low intensity visible light, which in the presence
f oxygen produce cytotoxic reactive oxygen species (ROS), such as
inglet oxygen [12,13], that are toxic to bacterial cells.

The effect of aPDT has been evaluated by several rat ligature
odels, with induction of experimental periodontitis by ligature

lacement [14–16]. The ligature leads to biofilm accumulation,
esulting in loss of attachment and bone predictably in 7 days [17].

Considering that the results of clinical trials evaluating the bene-
ts of aPDT are still inconclusive [18–20], the purpose of this study
as to evaluate the efficacy of aPDT as an adjuvant to periodon-

al treatment in rats using proto-porphyrin PpNetNI as PS [21].
orphyrins-PDT have demonstrated good results in the inactiva-
ion of bacteria [22–24]. PpNetNI was used for the first time in this
nimal model associated with irradiation with LED. Optical coher-
nce tomography (OCT) assessment was used to evaluate the effects
rovided by aPDT in periodontal tissue.

. Materials and methods

The experiments were approved by the Ethics Committee for
nimal Research of UNINOVE/SP (n. AN0029/2015). All rats were
oused under the same conditions and maintained on food and
ater ad libitum.

.1. Study design

Thirty healthy male Wistar rats (Rattus norvegicus) with a body
ass of approximately 250 g were used for this study. Periodon-

itis was induced by placing a cotton ligature around the right
nferior first molar in a subgingival position. After 7 days, the lig-
tures were removed from the animals and they were divided
nto two groups. SRP group (n = 15) received SRP and irrigation

ith 10 �M PpNetNI, without irradiation and aPDT group (n = 15)
eceived 10 �M PpNetNI followed by LED irradiation for 90 s. Rats
ere euthanized at 24 h, 48 h and 7 days postoperatively (n = 5 ani-
als per group) by the administration of a lethal dose of anesthetics

150 mg/kg thiopental).
The experimental schedule is illustrated in Fig. 1.

.2. Ligature induction of experimental periodontitis

The rats were anesthetized with ketamine (80 mg/kg) and
ylazine (10 mg/kg) by intraperitoneal injection. A cotton ligature
as placed around the right first molar of the jaw in a submarginal
osition to induce periodontal inflammation and the contralateral
as used as control, without periodontitis induction (Fig. 2).
.3. Photodynamic therapy

The PS (10 �M PpNetNI) was applied around the right inferior
rst molar and a pre irradiation time of 5 min  was set. The tested

ig. 1. Induction of periodontitis on day −7. All treatments were performed at day
.  The animals were euthanized following 24 h, 48 h, and 7 days from the treatment.
Irradiance 200 mW/cm2

Radiant exposure 18 J/cm2

size received LED irradiation during 90 s through the buccal side
with the parameters described above in Table 1.

2.4. Optical coherence tomography

The maxilla of the rats was removed and the samples were
immediately fixed in 4% paraformaldehyde in small glasses and
identified according the respective groups.

The area of bone loss in buccal region of the first molar was
evaluated by Optical Coherence Tomography (OCT, THORLABS LTD.,
Ely, UK). The analysis was made by measuring the distance of the
coronal margin of the bone crest to the cementoenamel junction
(CEJ). Each sample was evaluated and a percentage value of the
amount of bone loss was  calculated by using the contralateral tooth
as parameter.

To assess the effect of the treatments, One-Way ANOVA test was
used followed by TUKEY test. The results were considered statisti-
cally significant when (p < 0.05). Data is presented as the mean and
standard deviation of each group.

3. Results

Optical Coherence Tomography was able to detect bone loss in
the samples and it was a nondestructive method for this experi-
mental model (Fig. 3).

After 7 days from the treatment, the animals treated by PDT
showed bone gain of approximately 30% compared to the SRP group
(Fig. 4).
Furthermore, there was  an increase in bone loss in the SRP group,
while the aPDT group presented regression in the size of bone loss
after 7 days (Fig. 5).
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Fig. 3. Samples photographs (left) and OCT images (right) from an animal 24 h after treatment from aPDT group. We can observe the distance between the cementoenamel
junction (CEJ) and the bone crest (BC). Note the Furcation Lesion (FL) and the magnitude of bone loss. A − control side; B − test side.

Fig. 4. Samples photographs (left) and OCT images (right) from an animal 7 days after treatment from aPDT group. We can observe the distance between the cementoenamel
junction (CEJ) and the bone crest (BC). A − control side; B − test side.
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ig. 5. Quantification data of bone loss comparing aPDT and SRP group. The anima
an  observe the relation between the control and the test side. Data are means and
. Discussion

In the present study, we reproduced a previously reported
odel of periodontitis in rats induced by the presence of a ligature
e euthanized following 24 h, 48 h, and 7 days from the treatment. In the Y axis we
ard deviation. Statistical significant difference is represented by the symbol (*).
around a tooth [25]. Our study demonstrated that cotton ligatures
around the inferior right first molar resulted in progressive bone
loss in the furcation region after 7 days.
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The measurement of bone loss area was performed by optical
oherence tomography, which demonstrated to be a good appara-
us for this type of analysis, since it did not cause damage to the
amples and provides better image quality and resolution when
ompared to the traditional imaging methods. This was the first
ime that OCT was used in experimental models of periodontitis in
ats. Previously, the analysis of bone loss was performed with radio-
raphs [14,26] and histometric analysis [15,16,27,28]. The OCT data
emonstrated significantly reduced bone loss in the aPDT group
ompared to the SRP group at 7 days. Several animal studies and
linical trials that investigate the aPDT as adjuvant of periodon-
al therapy use the PS methylene blue (MB) [9–11,14,16]. Animal
tudies have shown good results with this combination [16,27], but
n clinical trials the efficacy of aPDT using MB  is still inconclusive
18–20]. In attempt to improve the results obtained by aPDT, we
roposed the use of PpNetNI as photosensitizer. The PpNetNI was
sed for the first time in animal model associated with irradiation
ith LED.

The results obtained in the present study showed that the asso-
iation of PpNetNI with LED irradiation at the settings mentioned
efore revealed more satisfactory results than isolated utilization of
RP. Significant bone gain was achieved in the aPDT group follow-
ng 7 days from the treatment, and this might be due to effects of
ow level laser therapy on osteogenic differentiation and prolifera-
ion [29]. Similar results were also verified in other animal studies
16,27]. The results suggested that aPDT reduced periodontal tissue
estruction and may  be useful as an adjuvant to SRP. However, fur-
her studies should be conducted to elucidate questions about the
fficacy of aPDT on periodontal disease and to establish effective
rotocols for the use of aPDT in clinical procedures.5. Conclusions

In conclusion, within the parameters used in this study, aPDT
as an effective alternative to held periodontal health after treat-
ent, and it was able to improve regeneration and prevent further

issue loss.
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