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Macedo PD. Efeito da Terapia Fotodindmica Antimicrobiana (aPDT), com Hipericina-
glucamina ativada por LED, na progressao e tratamento da doenga periodontal induzida em

ratos [Tese de Doutorado]. Araraquara: Faculdade de Odontologia da Unesp; 2017.

Resumo

O objetivo deste trabalho foi avaliar os efeitos da aPDT (antimicrobial photodynamic
therapy), com o fotossensibilizador Hipericina-glucamina (Hy-g), ativado por LED ambar
(34,10 J/cm?), no tratamento e progressio da doenga periodontal (DP) induzida
experimentalmente em ratos. Dois estudos distintos foram conduzidos. No Estudo 1, foi
avaliada a fetividade da aPDT como tratamento adjuvante a raspagem e alisamento radicular.
Em um periodo de 15 dias, 60 ratos permaneceram com ligadura ao redor do segundo molar
superior para indu¢do da DP. No dia seguinte a sua remoc¢ao, os animais foram distribuidos
entre 4 grupos experimentais (n =5): IDP (Inducdo da Doenga Periodontal); RAR (Raspagem
e Alisamento Radicular); aPDT e RAR+aPDT. Em 7, 15 ou 30 dias apos a aplicagdo dos
tratamentos os animais foram eutanasiados. Analises: histologica, histométrica,
microtomografica e estereométrica. No Estudo 2, apos 7 dias de indugdo da DP, 30 ratos
foram divididos em 3 grupos experimentais (n=5): Hy-g; LED e aPDT. Os animais foram
eutanasiados em 7 ou 15 dias apds a aplicag@o dos tratamentos. Analises: microtomografica,
histométrica, e imuno-histoquimica para Fosfatase Acida Tartarato Resistente. Os dados
foram submetidos a andlise estatistica (a=0,05). Como resultados, observamos que no Estudo
1 o grupo IDP apresentou alteragdes morfologicas mais severas do que os demais grupos
devido ao processo inflamatorio propagado pela DP. No periodo de 7 dias apods os
tratamentos, a andlise estereométrica mostrou uma propor¢ao significativamente maior de

fibroblastos nos animais dos grupos RAR ¢ RAR+aPDT, com relagdo aos animais do grupo



IDP. Entretanto, as demais analises ndo demonstraram diferencas significativas entre os
grupos experimentais. No Estudo 2, a microtomografia computadorizada mostrou que em 7
dias o grupo aPDT apresentou porcentagem de tecido dsseo significativamente maior do que
os demais grupos, assim como na avaliagdo histométrica em area de furca. No periodo de 15
dias, o grupo tratado com LED apresentou as maiores porcentagens de volume 6sseo, sendo
significativamente superior aos grupos tratados com Hy-g e aPDT. Na andlise histométrica,
os grupos controle (hemimaxila contra-lateral), mostraram perda significativamente maior
de nivel dsseo nas regides proximais com relacdo aos grupos tratados. Em 7 e 15 dias, o
tratamento com aPDT resultou em menor atividade osteoclatica. Concluimos que a aPDT
tem efeitos positivos no tratamento da DP, promovendo condigdes favoraveis ao reparo do

periodonto.

Palavras-chave: Fotoquimioterapia, Periodontite, Hypericum



Macedo PD. Effect of Photodynamic Therapy using Hypericin-Glucamine activate by LED,
in the progression and treatment of periodontal disease induced in rats [Tese de Doutorado].

Araraquara: Faculdade de Odontologia da Unesp; 2017.

Abstract

This research aims at evaluating the effect of aPDT (antimicrobial photodynamic therapy)
using the Hypericin-glucamine (Hy-g) as photosensitizer, activated by LED amber (34.10
J/em?), on the treatment of experimental induced periodontal disease (PD) in rats. Two
different studies were conducted. In the Study 1, we assessed the effectiveness of aPDT as
an adjunctive treatment to root scaling and straightening. The PD was induced in the second
upper molar of 60 rats using ligature for 15 days. In the day after removing the ligature, the
animals were divided randomly in 4 experimental groups (n=5): IPD (Induced Periodontal
Disease); RAR (Root Scaling and Smoothing); aPDT; and RAR+aPDT. At 7, 15 or 30 days
after applying the treatments, the animals were euthanized. Analyses: histological,
histometric, microtomographic and stereometric. In the Study 2, after 7 days of inducting the
PD, 30 rats were distributed into 3 experimental groups (n=5): Hy-g; LED e aPDT. The
animals were euthanized after 7 or 15 days from the treatments. Analyses: microtomographic,
histometric, and immunohistochemical for Resistant Tartarate Acid Phosphatase. All data
was submitted to statistical analysis (a=0,05). The results from Study 1 indicated that the [PD
group had more severe morphological changes than the other groups due to the inflammatory
process disseminated by the PD. The stereometric analysis showed a significantly higher
proportion of fibroblasts in the animals from the 7-days-after-treatment groups RAR and
RAR+aPDT than the group IPD. However, the other analyses did not demonstrate

significantly differences among the experimental groups. In the Study 2, the computerized



microtomography for the 7-days-after-treatment group aPDT had percentage of bone tissue
significantly higher than the other groups, as well as observed in the histometric evaluation
in the furcation areas. For the 15 days after treatment, the group treated with LED had the
highest percentages of bone volume, which were significantly higher than the groups treated
with Hy-g e aPDT. The histometric analysis exhibit that the control groups had a significantly
higher loss of bone levels in the proximal regions when compared to the treated groups. In
the 7 and 15 days, the treatment with aPDT resulted with less activity of osteoclastic. We
concluded that the aPDT has positive effects on the treatment of PD by promoting favorable

repairs in the periodontium.

Keywords: Photochemotherapy, Periodontitis, Hypericum



LISTA DE ABREVIATURAS

aPDT- Antimicrobial photodynamic therapy ou Terapia fotodindmica antimicrobiana

LED- Light emitting diode ou luz emissora de diodo

FS- Fotossensibilizador

HE- Hematoxilina e Eosina

MicroCT (nCT) — Microtomografia, Microtomografia computadorizada ou Microtomografia por

raios X

RAR- Raspagem e alisamento radicular

DP- Doenga periodontal

IDP- Inducao de doencga periodontal

ROS- Reactive oxygen species ou Espécies reativas de oxigénio

nm- Nandmetro

J/em?- Joule por centimetro quadrado

DMSO- Dimetilsulfoxido

pl-  Microlitro

Kyv - Kilovolt



mJ — Mili joule

W — Watts

s — Segundos

% - Porcento (porcentagem)

ml — Mililitro

g — Grama

pm- Micrometros

ps — Microsegundos

mm — Milimetro

EDTA — Etileno-diamino tetra-acetato

10; - Oxigénio singleto
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1 INTRODUCAO

A periodontite ¢ a doenga inflamatoria cronica mais prevalente em humanos. Segundo a
Organizacdo Mundial da Saude, em média, de 15% a 20% da populacdo mundial de adultos de
meia idade (35-44 anos) sofrem de doenga periodontal severa, sendo essa a causa de 5% a 15% das

perdas dentais na maioria das popula¢des'

A Periodontite se caracteriza por um conjunto de reagdes inflamatdrias e imunologicas, que
o individuo desenvolve em resposta a agressdo causada pelo biofilme bacteriano e seus
subprodutos. Sua progressdao e desenvolvimento dependem da ocorréncia simultanea de fatores
como a susceptibilidade local e sistémica do hospedeiro, e da presenga ¢ manutencdo de um

ambiente adequado para o crescimento polimicrobiano’*.

Smiley et al.>, desenvolveram um guia para a pratica clinica do tratamento ndo cirtrgico da
periodontite cronica. Por meio de revisao sistematica da literatura, analisaram os beneficios e
potenciais efeitos adversos das terapias aplicadas pelos autores e sugerem que a raspagem e
alisamento radicular (RAR), deve ser a escolha para tratamento inicial nos casos de periodontite

cronica.

Na maioria dos casos clinicos, a terapéutica de raspagem e alisamento radicular consegue
bons resultados, pois consiste na remogdo mecanica dos elementos contaminantes da superficie
radicular'*°, O sucesso da terapia por RAR é baseado no controle quantitativo e qualitativo da
microbiota do biofilme subgengival, que resulta clinicamente na regressdo dos sinais

inflamatérios>.

No entanto, em exames de reavaliagdo, clinicamente se observa que muitos sitios parecem

ndo ser capazes de recuperar e manter a saude periodontal®¢. Estes sitios, em sua maioria, sdo
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profundos ou envolvem regides de furca, invaginagdes ou concavidades, o que dificulta o acesso
para a realizagio de uma instrumentacdo adequada’. Deste modo, é grande o nimero de

profissionais que optam por métodos auxiliares a RAR.

A Terapia Fotodinamica (TFD) ¢ parte da fotomedicina, divisdo da medicina que utiliza a
luz como tratamento. Os primeiros relatos de experimentos baseados na terapia fotodindmica datam
de 1900, quando Raab e Von Tappeiner avaliaram o efeito da acridina vermelha em cultura de
paramécios, o causador da maldria, e suspeitaram que a luminosidade do ambiente estaria alterando
os resultados do experimento. Postularam, portanto, que haveria transferéncia de energia da luz
para a substancia quimica, assim como acorre nos processos de fotossintese. Deste modo, Von
Tappeiner chamou o processo de “A¢ao Fotodinamica”, e os estudos prosseguiram com novos
corantes, agora denominados fotossensibilizadores (FS), e lampadas convencionais. Observou-se
que, no entanto, a luz branca provocava aquecimento e consequentemente danos teciduais'*. Hoje,
sabe-se que a TFD deve ser realizada com fonte de luz capaz de ser absorvida pelo

fotossensibilizador, obtendo-se melhores resultados com lasers e LEDs®.

Wilson®, 1993, em um artigo de revisdo sobre fotolise em bactérias orais, expds que
algumas bactérias possuem compostos endogenos, e podem absorver luz de comprimento de onda
visivel, o que levaria a excitagdo das moléculas destes pigmentos, que poderiam interagir com o
oxigénio molecular formando oxigénio singleto reativo e consequentemente ocasionar a morte

celular.

Quando a TFD ¢ indicada para o tratamento de lesdes infectadas, ¢ chamada de terapia

fotodindmica antimicrobiana ou “aPDT” (do inglés, Antimicrobial Photodynamic Therapy), sendo

direcionada para o controle microbiano pela indu¢do da morte celular bacteriana'®!”.
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Na aPDT, o farmaco denominado fotossensibilizador (FS), ¢ aplicado sobre a lesdo e apos
um periodo de incubacdo no escuro, ¢ aplicada uma fonte de luz com comprimento de onda capaz
de ativar o FS utilizado. Ao ser estimulado, o FS transfere energia as moléculas circundantes,
geralmente ao oxigénio molecular, produzindo radicais livres e moléculas altamente reativas e
citotoxicas, como o oxigénio singleto'® 2. Estes subprodutos podem modificar as estruturas das

9

membranas plasmaticas’® e causar morte celular através de diversos mecanismos, incluindo:

peroxidacdo lipidica, inibi¢io do sistema enzimatico e aglutinagio proteica’!?,

A eficacia do tratamento com terapia fotodinamica também esté relacionada a fonte de luz
utilizada, laser ou diodos emissores de luz (LEDs), e a variagdo de seus padrdes de aplica¢do, como:

comprimento de onda, intensidade e tempo de exposi¢io!®?>2,

A literatura comprova a eficacia do laser para acelerar a reparagdo tecidual em areas
normais ou infectadas, com ou sem o uso de fotossensibilizantes®. De um modo geral, os laseres
terapéuticos apresentam uma série de indicagdes, podendo ser usados isoladamente ou como
coadjuvante de outros tratamentos, sempre que se necessite de efeito bioldgico local, uma vez que,
modulam as células do sistema imune, estimulam a microcirculacdo, ativam a liberacao de
endorfinas e estimulam também a proliferacdo e a migra¢do celular, desempenhando agao
analgésica, anti-inflamatéria e bioestimulante ou cicatrizante®®?’. Estes efeitos estdo
provavelmente relacionados com a capacidade do laser em promover angiogenese, proliferacdo

celular e aceleracio da sintese de colageno?62%-30,

O sucesso no tratamento com aPDT depende também do tipo, da concentragdo e do modo
de acdo do fotossensibilizador, que por sua vez ¢ influenciado pelo sitio de acdo. O sitio de acao

depende das caracteristicas fisico-quimicas da interagdo microrganismo-fotossensibilizador, o que
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significa, que deve-se considerar: a colora¢do do tecido, presenca de sangramento ou fluidos, a
condutividade térmica, pH, entre outros fatores locais!>2!->4,

Braun et al.32, 2008, apés estudo clinico randomizado, concluiram que a aplicagdo de um
unico episodio de aPDT (fotossensibilizador cloreto de fenotiazina, ativado por laser diodo com
660nm e 100Mw), a raspagem e alisamento radicular, resulta em maior redugdo dos escores de
sangramento, quando comparado aos sitios tratados apenas com RAR. E, utilisando o mesmo
protocolo para aPDT, Chondros et al.%, 2009, observaram que 3 meses ap0s a terapia, houve
reducdo de Fusobacterium nucleatum e Eubacterium nodatum no grupo tratado com raspagem e
alisamento radicular associada a aPDT.

Fontana et al.’!, 2009, avaliaram a efic4cia da terapia fotodiniAmica antimicrobiana sobre
espécies subgengivais em biofilmes e em fase planctonica. As amostras foram obtidas de pacientes
com periodontite cronica. Para a aPDT, foi empregado o corante azul de metileno (25ug/ml),
incubagdo durante 5 min e exposicao a luz vermelha. Os autores concluiram que bactérias em fase
planctonica sdo mais afetadas pela aPDT do que em biofilmes. No entanto, a efetividade do
tratamento com aPDT em biofilmes ndo ¢ tdo prejudicada quanto o tratamento com antibidticos
para condicdes semelhantes.

Os estudos do grupo de pesquisa de Garcia et al.>* e Theodoro et al.>* que avaliaram a
utiliza¢do da terapia fotodindmica em associagdo a raspagem e alisamento radicular, em modelo
experimental animal, concluiram que a aplicacdo de aPDT como tratamento adjunto 8 RAR reduziu
significativamente os niveis de A. actinomycetemcomitans®®, além de observarem menor perda
Ossea em area de furca quando realizada apenas uma aplicagdo da aPDT, ndo havendo melhoria no
caso de aplicacdes sucessivas de aPDT?*,

A Hipericina ¢ um fotossensibilizador natural, presente em plantas herbaceas conhecidas

como erva de Sdo Jodo (género Hypericum perforatum)®®. Possui propriedades anti-inflamatorias,
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antissépticas, anti-infecciosas, antivirais, estimula a circulagdo sanguinea e elimina
hematomas!8-33-38,

Na TFD, estudos tém mostrado o grande poder fototdxico da hipericina no tratamento da
psoriase e outras doengas de pele®, potente atividade anticancer induzindo tanto apoptose quanto

0

a necrose de células tumorais®® e na aPDT, capacidade de promover a inativagio de

microrganismos*!, sendo considerada como um dos mais potentes fotossensibilizadores
encontrados na natureza'®*?

O principio de agdo da terapia fotodindmica esta na formagao das “ROS” do inglés Reactive
Oxygen Species, ou espécies reativas de oxigénio. A hipericina ¢ uma quinona policiclica, que
quando ativada reage com moléculas vizinhas por transferéncia de energia ao oxigénio induzindo
a producdo do oxigénio singlete (0,). Sendo assim, apresenta um alto rendimento quantico no
estado triplete e formagdo de oxigénio singlete, mesmo em baixas concentragdes (<0.1 pg/mL),

sendo considerada mais potente, e fotoestavel que a maioria dos fotossensibilizadores?>-6434,

A literatura mostra que as bactérias Gram-positivas podem ser eliminadas por varios
fotossensibilizadores e doses mais baixas de irradiagdo do que bactérias Gram-negativas'®!?. Os
parametros importantes do fotossensibilizador para esta interacdo incluem: solubilidade relativa
em agua e lipidios, constante de ionizacdo, fatores especificos como as caracteristicas de absor¢ao
de luz, e a eficiéncia da formacdo do estado excitado triplete ou da produgdao de oxigé€nio

singleto!?21:4

. Portanto, para uma maior eficiéncia da inativacdo dos microrganismos essas
diferencas devem ser superadas modificando o FS quanto a sua hidrofobicidade e carga, de acordo

com a caracteristica celular de cada microrganismo™.

O fotossensibilizador hipericina possui caracteristica hidrofébica e perde a sua acgdo

fotossensibilizadora quando em meio bioldgico, devido a auto agregagdo em meio aquoso € em
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muitos casos a uma subsequente precipitacdo que reduz drasticamente a capacidade de gerar
oxigénio singleto, diminuindo sua efetividade na aPDT?®. Uma estratégia proposta por estudiosos
em quimica ¢ a inducdo da formagao de espécies supramoleculares hidrofilicas. Supramolécula ¢é
uma espécie quimica constituida por duas ou mais moléculas, unidas por interacdes moleculares,
visando a obtengio de uma determinada propriedade ou funcionalidade*’. No caso da hipericina,
como representado na Figura 1A, para a formagdo de uma supramolécula hidrofilica, ¢ induzida
uma reacdo a partir do grupo fendlico, que cede o proton H*, formando a hipericina-glucamina
(Figura 1B). A presenca de varios grupos hidroxila na supramolécula hipericina-glucamina,

fornece os sitios onde as ligagdes de hidrogénio serdo estabelecidas, aumentando sua

hidrofilicidade.

Figura 1 — Estrutura quimca do fotossensibilizador Hipericina (1A) e sua espécie

supramolecular Hipericina-glucamina (1B).

Fonte: Autoria prépria.

Em estudos prévios in vitro, foram avaliadas diferentes concentragdes do
fotossensibilizador hipericina. Os resultados mostraram que a concentracao de 10mcg/mL foi capaz

de eliminar bactérias G- positivas e G-negativas *!.
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Em suma, observa-se que a aPDT demonstrou efeito bactericida contra
periodontopatogenos como P.  gingivalis, Agregactibacter  actinomycetemcomitans,
Capnocytophaga gingivalis, Fusobacterium nucleatum, Prevotella intermedia e Streptococcus
sanguis'>*’. Além de ser capaz de reduzir fatores-chave de viruléncia como lipopolisacarideos e

13304849 "¢ inativar citocinas inflamatorias do hospedeiro, tais como interleucina 1B e

proteases
TNFo*.

Observando que estudos clinicos demonstram que a RAR apresenta resultados melhorados
quando associada a aPDT e sabendo das propriedades hidrofilicas e anti-inflamatérias do
fotossensibilizador hipericina-glucamina, objetivamos avaliar in vivo a influéncia da aPDT,

utilizando o fotossensibilizador hipericina-glucamina, no tratamento e progressao da doenca

periodontal induzida em ratos.
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2 PROPOSICAO
Hipotese: A aPDT com o fotossensibilizador hipericina-glucamina, ativado por LED (34,10
J/em?), interfere na progressdo e possibilita melhores resultados no tratamento da doenga

periodontal.

Estudo 1
Objetivo: Avaliar in vivo a efetividade da aPDT, como tratamento principal ou adjuvante ao
tratamento mecanico de raspagem e alisamento radicular, pelas analises: microtomografica;

histométrica; histologica, estereométrica.

Estudo 2

Objetivo: Avaliar in vivo as respostas inflamatorias e teciduais do emprego da aPDT, e de cada um
de seus componentes (Hipericina-glucamina e LED Ambar), isoladamente, na progressio da
doenca periodontal induzida em ratos, pelas andlises: microtomografica; histométrica,

estereométrica e imuno-histoquimica para Fosfatase Acida Tartarato Resistente (TRAP).
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Abstract

Purpose: The purpose of this study was to evaluate the effectiveness of a photosensitizer hypericin-
glucamine, activated by LED amber (34.10 J/cm2) as an adjuvant to scaling and root planing (SRP),
on the treatment of experimental periodontal disease (PD) in rats. Methods: In a 15-day period, PD
was induced in the mandibular molars through ligature placement. The animals (n=60) were
randomly divided into 4 groups: Control (with induction of periodontal disease); Scaling and root
planing (SRP); Antimicrobial photodynamic therapy (aPDT); and SRP + aPDT. At 7, 15, and 30
days after treatments, animals were euthanized. Digital microtomography, histometric and
stereometric analyses were performed to calculate the bone loss of mandibular second molars, and
the tissue repair was analysed histologically. The data were subjected to statistical analysis (o=
5%). Results: Histologically, the Control group periodontium showed several morphological
changes, but an evident gradual reduction in the inflammatory process was observed in the
subsequent periods. The SRP, aPDT and SRP + aPDT groups presented the same, but in less
intensity. The stereometric analysis showed a significantly higher proportion of fibroblasts in SRP
group (p < 0,001) and SRP + aPDT group (p < 0,0001) compared to the Control group at 7 days
post treatment. Conclusions: The scaling and root planing with or without photodynamic therapy
with hypericin-glucamine increased density of the fibroblast and cell density. However, there is no

statistically significant difference between SRP and SRP+aPDT.

Keywords: Phototherapy Periodontitis; Hypericum
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Introduction

The most appropriate treatment for periodontal disease is scaling and root planing (SRP) [12].
However, in clinical evaluation exams, deep pocket or those involving furcation areas,
invaginations, and root curvatures do not seem to be able to recover and maintain their periodontal
health [12, 26, 31, 35]. For this reason, there is a constant commitment to developing treatments

auxiliary to periodontal therapy.

Antimicrobial photodynamic therapy (aPDT) has shown a bactericidal effect against
periodontopathogens such as Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Capnocytophaga gingivalis, Fusobacterium nucleatum, Prevotella
intermedia and Streptococcus sanguis [7, 15, 30]. In this light-based treatment, a photosensitizer
is applied to the diseased site, left for a period of incubation in the dark and then a source of light
with a specific wavelength activate it. The photosensitizer used in aPDT should be selected
carefully since it is influenced by the site in which it will be deposited. The type, concentration,
and mode of action of the photosensitizer are essential factors for the effectiveness of the therapy

[10, 19].

Hypericin is a natural photosensitizer, present in herbaceous plants known as St. John's wort (genus
Hypericum perfuratum) [14]. It is used currently as an herbal medicine in psycho-vegetative
disorders and depressive states and for fear and/or anxiety [1]. It has anti-inflammatory, antiseptic,
anti-infective, and antiviral properties and stimulates blood circulation and eliminates bruising

[30].

Studies have shown the great phototoxic power of hypericin in the treatment of psoriasis and other

skin diseases [30] as well as in anticancer activity by inducing both apoptosis and necrosis of tumor
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cells [13]. This photosensitizer has also the ability to inactivate microorganisms [8], making it one
of the most powerful photo-agent found in nature [28, 33]. Nonetheless, the hypericin loses its
photosensitizing action when submitted to a biological medium due to its hydrophobic
characteristic. Its ability to generate singlet oxygen decreases as consequence to the auto-

aggregation in an aqueous medium, thus affecting the effectiveness of the aPDT [22, 32].

A strategy proposed by chemical scholars is inducing the formation of supramolecular species,
which are composed of two or more molecules joined by secondary molecular bonds to obtain a
certain property or functionality. In the case of hypericin, a reaction is induced from the phenolic
group of the molecule which yields the proton H+. The result is the formation of hypericin-
glucamine. The presence of several hydroxyl groups in the hypericin-glucamine supramolecule

provides sites where hydrogen bonds will be established, thus increasing its hydrophilicity [4].

The aPDT benefits mechanical treatment in residual pockets and reduces the indications of surgical
debridement, and the risk of bacteremia during the treatment [23]. Given these benefits summed
with the hypericin-glucamine properties [2, 5, 9, 10. 23] we aim at evaluating the influence of
aPDT using the photosensitizer hypericin-glucamine activated by LED (34.10 J/cm2) in the

treatment of periodontal disease induced in rats.

Methods

Experimental Periodontitis

This study was performed using 60 male adult Wistar rats (Rattus norvegicus albinus, Holtzman).
All experimental procedures involving the rats were performed under anesthesia, with a
combination of ketamine chloridrate (0.08 mL/100 g; Syntec, Sao Paulo, Brazil) and xylazine

chloridrate (0.04 mL/100 g; Syntec, Sao Paulo, Brazil). The experimental periodontal disease
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model was randomly implemented by ligadures insertion (Corrente Algodao n" 24; Coats Corrente,
Sao Paulo, SP, Brazil) around one of the upper second molars (randomly chosen) in the subgingival
sulcus for a 15 days period. The study was approved by the Institutional Animal Care and Use

Committee (07/2012).

Photosensitizer (PH)

Hypericin-glucamine was obtained from a stock solution (200 umol L-1 in polar aprotic solvent,
dimethyl sulfoxide (DMSO), sterilized by filtration using a 0.22 pym membrane and kept out of the
light). The working solution was prepared by diluting the stock solution in sodium phosphate buffer
(pH 7.2) to a final concentration of 10 pg/mL, where the final percentage of DMSO was less than

1%.

Light

An amber-colored LED (MM Opto, Sdo Carlos / SP - Brazil) with 700 mA, the wavelength of 590
nm - coincident with the maximum absorption band of hypericin-glucamine and converted the
power of 90 mW was used in this study. The LED was applied for 6 minutes at a dosage of 34.10

J/cm.

Experimental Groups

After a 15-days period, the ligatures were removed, and in a day after, the treatments were
performed. The rats were randomly assigned into four groups of 5 animals to each period: Induction
of Periodontal Disease (Control): No treatment was performed. Scaling and root planing (SRP):
Supra and subgingival scaling and root planning (SRP) using manual curettes (n. 7-8/ mine five,

11-12/mine and 13—14/mine; Hu-Friedy, Co.) performed by a single operator. Mechanical removal
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of mature plaque present on the free faces of the tooth was performed by repeated movements in
the apical-coronal direction. Antimicrobial photodynamic therapy (aPDT): Ten (10) uL of the
photosensitizer, which was stored in light-protected falcons, transferred to a blunt tip syringe and
coated cylinder. The tip of the needle was inserted between the tooth and gingival tissue and PH
was deposited in the gingival sulcus. After incubating for ten minutes, the LED was applied for 6
minutes on the occlusal surface (34.10 J/cm?2), consequently, the transmucosal irradiation of all
faces of the second molar was given in only one application. Scaling and root planing +
Antimicrobial photodynamic therapy (SRP+ aPDT): both protocols were carried out, respectively.
After the corresponding experimental period (7, 15 and 30 days after treatments), the animals were

euthanized with an anesthetic overdose, and the maxilla were removed for the proposed analyses.

Microtomography of X-rays (u-CT)

The hemimaxilla were analyzed by X-ray beam scanning in a three-dimensional radiography
system (computerized digital microtomography - MicroCT) [28]. The samples were scanned by
the SkyScan microtome (SkyScan 1176 Bruker MicroCT, Aatselaar, Belgium, 2003) using cuts of
18 um (50Kv and 500p) and the area of interest was delimited by standardized dimensions (1.26
mm high x 0.56 mm wide) in the proximal (mesial and distal) areas of the second molar [21]. Next,
the volume percentage of the bone tissue present in these areas was obtained with a threshold
radiodensity of 55-250 Hounsfield units in the grayscale scale [6]. For the analysis, the mean values
obtained for the mesial and distal areas were used. Measurements were performed by a blinded and

calibrated examiner (SC).
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Histological Analysis

After decalcification in 7% EDTA buffered, the samples were dehydrated embedded in paraffin
and histological serial sagittal sections (thickness of 4 um) were stained with hematoxylin-eosin
(HE) technique. The images were captured using an optical microscope (DIASTAR Microscope,
Leica Reichert & Jung products, Wetzlar, Hessen, Germany). Evaluations were performed by a
trained, calibrated, and blinded examiner (SC). The following parameters were evaluated: the
inflammatory reactions of the connective tissue, bone resorption processes, and tissue

neoformation.

Histometric Analysis

To perform the histometry, a blinded and calibrated examiner selected 2 slides of each animal
considering the presence of the central portion of the pulp (SC). The furca region was delimited
according to the methodology of Cesar Neto et al. 2006 using a software (Image J Launcher 1.42q,
Bethesda, MD, USA) [7]. The measurements values of bone loss in the proximal area were obtained
from images with a 10-fold increase, in which lines were drawn between the height part of the

cementum-enamel junction and the height of the bone crest.

Stereometry Analysis

The microscopic stereologic point-counting technique was employed on sections stained with HE
to the experimental periods of 7 and 15 days. The images were captured in an optical microscope
(DIASTAR Microscope, Leica Reichert & Jung products, Wetzlar, Hessen, Germany) at X10
magnification. A square-lattice grid micrometer was positioned over two regions of interest: A-
interproximal and B-furca. For each grid, 50 coincident points were counted on the histological

structures, which indicated the relative volume density of the following tissue components: bone,
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fibroblasts, inflammatory cells and blood vessels. A percentage analysis of each tissue component
was carried out considering the total number of points counted per experimental period [27].

Evaluations were performed by a trained, calibrated, and blinded examiner (FK)

Statistical Analyzes

A software (Graphpad Prism version 5.00 for Windows, GraphPad Software, La Jolla California
USA) was used for statistical analysis. The Shapiro-Wilk normality test was applied and ANOVA
test was used, followed by Tukey’s post-test for the intra and inter-groups analysis. A significance

level of 95% was applied to all analysis.

Results

Microtomography of X-rays (uCT)

The comparison between the experimental groups showed no statistical differences when observed

a the percentage of bone volume (Table 1). Fig 1 shows the representative diagram of the samples.

Fig 1- Representative diagram of the samples in 3D generated by X-ray Microtomy. Images of the
rat maxillas from the Control (a, e, 1), SRP (b, f, j), aPDT (c, g, k) and SRP +aPDT ( d, h, 1) groups
at7 (a-d), 15 (e—h)and 30 (i - 1) days. Graph -Area of bone tissue present in the proximal region
of the first maxillary molar, referring to the different groups and experimental periods evaluated.

Data expressed as bone volume percentage measured + standard deviation.
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Descriptive Histological Analysis

The periodontium of the animals of the Control group (Fig 2) showed several morphological
changes. After 7 days, an intense inflammatory process was observed in the lamina propria of the
interdental gingiva. The interdental papilla often presented ulceration. The gingival epithelium was
adjacent to the surface of the acellular cement, i.e apically to the cemento-enamel junction. An

evident gradual reduction in the inflammatory process was observed in the subsequent periods.

Analysis of the SRP, aPDT and SRP + aPDT groups (Fig 2) presented the same, but in less
intensity, histological characteristics found for the Control group. Thereby, the histological
descriptions were similar for all experimental groups. The images illustrate the periodontal tissues

after each treatment in different periods.

Fig. 2 - Photomicrographs of axial sections of the rat maxillas from the Control (a, e, i, m, g, u),
SRP (b, f, j,n, r, v), aPDT (e, g, k, 0, s, x) and SRP + aPDT (d, h, I, p, t, y) groups at 7 (a - h), 15
(1—p) and 30 (q — y) days, which presented similar characteristics; for the initial period without
treatment (Control - 7 days) the inflammatory profile is exacerbated. At 20x magnification,
observed the alveolar process (AP) formed by irregular bone trabeculae, located between the st
and 2nd and the 2nd and 3rd molars. The cervical portion of the alveolar process (AP) lies near the
apical third of the 2nd molars roots. Resorption of the alveolar bone was observed in the furca
region. At 40x (e - h, m — p, u -y) magnification, the gingival epithelium (GE) is located apically
at the cemento-enamel junction where the gingival mucosa exhibits an inflammatory process and

the interdental papilla was destroyed.
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Histometric Analysis

The comparison between the experimental groups showed no significant differences (p > 0.05) in
the volume of bone present in the furcation area (Graph 1). Regarding the mean distance between
cementum-enamel junction and bone crest of the proximal areas of each tooth, no statistically

significant differences were found among the groups, in as shown in Graph 2.

Graph 1 - Percentage of bone volume in the furcation region of the upper second molar, referring

to the different groups and experimental periods evaluated. Data expressed as the mean
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Graph 2 - Distance between cementum-enamel junction (CEJ) and the proximal and mesial regions
of the bone crest in relation to the different groups and experimental periods evaluated. Data

expressed as the mean (percentage) = standard deviation.
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Stereometry Analysis

On a 7-days period after the treatment, a significantly (p<0,001) higher proportion of fibroblasts
was observed for the SRP group compared to the Control group. The difference showed more

significant (p<0,0001) when the aPDT treatment was combined to scaling and root planing in

aPDT+ SRP group (Graph 3).
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Graph 3 - The relative volumetric density of fibroblasts at 7 days.
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Discussion

This study aims at evaluating the efficacy of photodynamic therapy using the photosensitizer
hypericin-glucamine as an adjuvant to scaling and root planing (SRP) in the treatment of
periodontal disease. The mechanical treatment of scaling and root planing with the application of
photodynamic therapy showed promising results in the treatment of periodontal disease [2, 5, 9,

10, 14, 34].

The scaling and root planning (SRP) model, although frequently used, has some limitations to fully
represent the clinical reality. There is a lack of clinical instruments suitable for reduced size of the
animal tooth and, consequently, the treatment is restricted to removing the mature biofilm in the
accessible regions. Nonetheless, the mechanical treatment in clinical practice cannot always reach
hard-accessible regions of patient’s teeth, which compensate in part those limitations mentioned

before.”
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As already described previously [18], the rats show a rapid tissue repair, therefore we evaluated its
inflammatory profile by Stereometry analysis only for the periods of 7 and 15 days after removing
the ligatures and treating the animals. Seven days after the treatment, the SRP and aPDT + SRP
groups had a significantly higher proportion of fibroblasts than the Control group. Fibroblasts are
able to modulate connective tissue response since they synthesize proteins such as collagen and
elastin [20, 27], and their increased density indicates the connective tissue repair in the post-

treatment period.

The histological, histometric and X-ray microtomography findings did not show a statistically
significant difference between the experimental groups. The groups in which treatment with
photodynamic therapy (aPDT and SRP + aPDT) were applied had similar results to those obtained
in the group where only scaling and root planing (SRP) were performed. These results demonstrate
that the hypericin-glucamine photosensitizer did not cause any damage to the periodontal tissues.
On the other hand, Melo et al. [25] evaluated hypericin in relation to hypericin-glucamine in
cultures of epithelial cells and the results demonstrated that hydrophilicity increases the efficiency
of the photosensitizer, preserving its selectivity. Another justification for these results is the
photosensitizer time of action where the singlet oxygen formed in the reaction during the activation
of hypericin with light has a short action time and therefore a limited range of action (20 nm),
which means that it will only act where hypericin-glucamine is exposed to light. This is due to the
high selectivity of photodynamic therapy with hypericin-glucamine that avoids interactions with

adjacent tissues.

The principle of photodynamic therapy action is the formation of reactive oxygen species.
Hypericin is a polycyclic quinone that reacts with neighboring molecules when activated by

transferring energy to oxygen, inducing the production of singlet oxygen ('02) even at low
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concentrations (<0.1 pg/ mL), thus, it is considered more powerful [37] and photostable than most
photosensitizers [4, 24, 36]. The hypericin-glucamine photosensitizer used in our study shows that
hypericin has the advantage of being effective at lower concentrations due to its hydrophilic
characteristics, allowing the photosensitizer to penetrate the target cell easierly and with less
aggregation [17, 25]. Since hypericin-glucamine is a modification of the hypericin photosensitizer,

we maintained the 10 mcg/mL consensus for hypericin-glucamine used in this study.

In 2014, Melo et al. [25] assessed the action of hypericin in comparison to hypericin-glucamine
accounting its most water-soluble derivative in the selective inactivation of S. aureus and E. coli
bacteria. The study concluded that hydrophilicity increases the photodynamic efficiency of the
photosensitizers, suggesting that this inactivation is related to the greater intracellular accumulation
of the hydrophilic photosensitizer by the bacteria. This fact could be observed in the
photoinactivation assays of E. coli and S. aureus since hypericin-glucamine caused greater

inhibition of the bacteria than hypericin without prejudice to the selectivity of the photosensitizer.

Although the results from the digital microtomography and histometry for the groups treated with
photodynamic therapy were similar to the SRP group, some factors should be discussed. The
methodology used in this study consisted of only one section of aPDT. Although other studies
claim positive results with one application [9, 14], most aPDT reports in dentistry and in cancer
treatments presented a gradual improvement only after consecutive sections were performed [11].
Other factors include the concentration of the photosensitizer and the expected incubation time for
light application. The periodontal disease occurs locally as a chronic inflammatory process.
Thereby, the photosensitizer may have interacted with the hemoglobin from the gingival sulcus

before it could react with the microorganisms in the site. In other words, the time-span of one day
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between removing the ligature and treating the rats with the LED lights may have affected the

effectiveness of the aPDT [3].

No significant differences were found in the analysis by computerized microtomography; however,
we observed that the Control group had a tendency toward lower bone volume. The SRP and aPDT
groups showed similar results for the three experimental periods. A trend towards a higher
percentage of bone volume in the proximal groups of the SRP-treated after 7 and 15 days was

observed. This same trend occurred the aPDT group at 30 days.

The differences in the results between the histometric analysis and microCT may be related to the
characteristics of the evaluations. Microtomography promotes a 3D scan of the entire sample,
obtaining a total bone volume around the tooth while, in the histometric evaluation, two slides were

chosen to represent the entire tooth, which may not represent what was occurring throughout the

furca [29].

Finally, the results corroborate the literature and show the importance of the mechanical treatment
for periodontal disease. The aPDT with hypericin-glucamine could accentuate the repair response
of the connective tissue. The method is promising and indeed there is a plenty of space for more
studies, such as changing the concentration and the incubation time of the photosensitizer as well

as the dose of light employed.

Conclusion

We conclude that scaling and root planing with or without photodynamic therapy with hypericin-

glucamine increased density of the fibroblast and cell density. However, there is no statistically
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significant difference between SRP and SRP+aPDT. Aditional studies are needed to better

understand the mechanisms involved in the process of recovering and improve the therapy routine.
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Abstract

Objective: To evaluate the effect of antimicrobial photodynamic therapy (aPDT) using the
photosensitizer hypericin-glucamine, in the progression of experimentally induced periodontal
disease (PD) in rats. Materials and methods: Subgingival ligatures were inserted around the upper
second molars of 30 rats. After 7 days (Baseline), the animals were randomly distributed into 3
experimental (n = 5) groups: Hypericin-glucamine; LED (amber LED, 700mA, 590nm, 90mW,
34.10 J/em?) and aPDT (hypericin-glucamine + LED). The hemimaxil that received the treatment
was randomly chosen, with the opposite hemimaxil used as the negative control of each animal, in
which the progression of the periodontal disease was observed without treatment interference.
Animal euthanasia was programmed according to each experimental period, 7 or 15 days after the
Baseline. Microtomographic, histometric and Tartarate Resistant Acid Phosphatase (TRAP)
immunohistochemistry analyses were performed. Results: Computerized microtomography
analyses indicate that the aPDT group presented a significantly higher percentage of bone tissue
than the other groups in the 7-day experiment, corroborated by the histometric evaluation of the
furcal area. During the 15-day period, the LED treated group presented the highest percentages of
bone volume, significantly higher than the groups treated with Hy-g and aPDT. The histometric
analysis demonstrated that the control groups presented significantly greater bone loss in the
proximal regions compared to the treated groups. aPDT treatment led to lower osteoclast activity
at both 7 and 15 days. aPDT, thus, exhibits positive effects in PD treatment, promoting favorable
conditions for periodontal repair.

Keywords: Hypericum; Phototherapy; Periodontitis
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Introduction

Antimicrobial Photodynamic Therapy (aPDT), increasingly, been applied in in
periodontic research. The representativeness of the scientific publications that approach the
subject suggest its importance and the imminent need for new studies that aim to understand
aPDT mechanisms and its action during periodontal disease development.

aPDT action and effectiveness vary according to the chosen photosensitizer (PS) and
light source. Thus, these parameters should to be discussed in order to better understand aPDT
mode of action, as well as better standardize the technique, in order to achieve results that
bring real benefits to the clinical practice.

aPDT action arises through the interaction between its components (light and PS)
with the site of action in which they will be applied. The results depend on the intensity,
exposure time, mode of operation and wavelength of the light source, whether it be a laser or
light emitting diodes (LEDs) [1].

The effectiveness of aPDT varies with the type, concentration and mode of action of
the PS, which in turn is influenced by the site of action to which it is assigned. The site of
action influences the physical-chemical characteristics of the microorganism-PS interaction,
which means that tissue color, bleeding or fluids, thermal conductivity and pH must be
considered, among other local factors [1-3].

Important PS parameters regarding this interaction include relative solubility in water
and lipids, ionization constant, specific factors, such as light absorption characteristics, and
the formation efficiency of a triplet excited state or singlet oxygen production [1,4].
Therefore, for greater microorganism inactivation efficiency, these differences must be
overcome by modifying the PS concerning its hydrophobicity and charge, according to the
cellular characteristic of each microorganism [5-8].

Hypericin-glucamine (Hy-g) exhibits several desirable properties as a PS to be allied

in aPDT, including a high quantum yield of singlet oxygen generation, high extinction
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coefficient close to 600 nm and relatively low dark toxicity [9,10]. Studies have
demonstrated significant phototoxic hypericin power in the PDT treatment of psoriasis
and other skin diseases [11,12], as well as potent anti-cancer activity, inducing both
apoptosis and tumor cell necrosis [13], and the ability to promote microorganism inactivation
[10,14-16], thus, being considered one of the most potent PS found in nature [17-19].

In this context, the present study aims to evaluate the action of hypericine-glucamine
aPDT, activated by an amber LED source (34.10 J/cm?) in the progression and development

of experimentally induced periodontal disease (PD) in rats.

Material and methods
Animals

The present study used 30 male adult rats (Rattus norvegicus albinus), weighing
between 300-330 grams. The animals were kept in plastic boxes with a maximum of 3
animals per box, in a controlled light, humidity and temperature environment. The study

was submitted to the Ethics Committee on Animal Use (CEUA n °© 07/2012).

Periodontal disease induction

The animals were anesthetized with a combination of Xanthine (Virilaxine
Hydrochloride - Virbaxyl 2% - Virbac do Brasil Ind. e Com. Ltda.) and Ketamine
(Ketamine Hydrochloride - Francotar 3% - Virbac do Brasil Ind. And Com.), at 0.08
mL/100g and 0.04 mL/100g body weight, respectively. No. 24 cotton strands (Cotton
Chain, Coats Corrente Ltda., Sao Paulo, SP, Brazil) were inserted into the subgingival
region around both upper second molars for PD induction and maintained throughout the

experimental period until animal euthanasia.
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Experimental groups

The treatments for each experimental group were applied after 7 days of ligature
insertion (Baseline). The hemimaxil that received the treatment (right or left) was
randomly chosen, with the contralateral hemimaxil used as negative control. The animals
were randomly distributed between the groups (n = 5):

For animals belonging to the aPDT group, irradiation was applied after 10 minutes
of PS incubation. At the time of application, 1 mL, approximately 0.2 mg of PS ointment,
was deposited in the groove to be treated and kept in the dark for 10 minutes (incubation
time).

- Hy-g (Hypericin-glucamine) Group: At the time of application, 1 mL,
approximately 0.2 mg of the PS ointment was deposited in the groove to be
treated, kept in the dark for 10 minutes (incubation time) and removed with the
aid of a cotton swab;

- LED Group: An amber-colored LED was used, at a current of 700mA, diameter
11mm, wavelength 590 nm (equivalent to the maximum absorption band of
hypericin, which does not change for hypericin-glucamine) and converted power
of 90 Mw (MM Optics, Sao Carlos/SP - Brazil). The tip diameter was adequate to
simultaneously cover all the faces of the evaluated tooth, so an amber LED
transmucosal application was performed for 6 minutes, resulting in a 34.10 J/cm?
dosage.

- aPDT Group (Hy-g +LED): PS application, as described for the "Hy-g" group,

followed by LED activation as described for the "LED" group.

Animal euthanasia was programmed according to the experimental period of 7 or

15 days after the Baseline. Animals were euthanized with an anesthetic overdose and the
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hemimaxillae were removed and fixed in 4% paraformaldehyde for 48 hours, washed in

running water for 24 hours and stored in 70% alcohol.

Standards used for Hypericin-glucamine aPDT

The PS preparation was carried out 15 days before its use, at the Photosensitizer
Laboratory of the Sao Carlos Institute of Chemistry, University of Sao Paulo (IQSC-
USP). Manipulation of the hypericin-glucamine ointment was carried out from a stock
solution, synthesized by Prof. Dr. Anderson O. Ribeiro, at the Federal University of ABC.
The hypericin-glucamine PS stock solution (200 umol L) was prepared in a polar aprotic
solvent, dimethyl sulfoxide (DMSO), sterilized by filtration through a 0.22 um membrane
and kept in the dark. The working solution was prepared by diluting the stock solution in
sodium phosphate buffer (pH 7.2), resulting in a semi-solid, with final concentration of

10 ug mL!, where the DMSO percentage was less than 1%

Digital Microtomography Evaluation (nCT)

After the fixation period in paraformaldehyde, the hemimaxillae were stored in
70% alcohol and submitted to X-ray beam scanning in a computerized digital
microtomography system, which evaluates the percentage of bone volume present in the
upper second molar region, for bone tissue quantification. The pieces were scanned in a
SkyScan microtograph (SkyScan 1176 Bruker MicroCT, Aatselaar, Belgium, 2003), at
Al 0.5mm filter; voxel size: 17.48 micrometers, voltage of 50 KV and 500 microamper
electric current. After the fixation period, the images obtained by X-ray projection in the
samples were stored and reconstituted by the NRecon software, rotated and repositioned
in a standard orientation using the DataViewer software and saved in the coronal plane.

The CTAnalyser - CTAn software was then used to define the region of interest
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(ROD[20,21]. Two ROIs were defined: the first comprising the second molar in the
coronoid/apical sense of the furcation ceiling region up to 1,000 micrometers in the apical
direction until its proximal limitations with neighboring teeth, and the second with the
same anatomical delimitation of the first, but circling and covering only the roots of the
second molar. To obtain the percentage of bone volume, the second ROI was substracted

from the first.

Histological processing

After the computerized microtomography analysis, the hemimaxillae were
washed in running water for 24 hours and submitted to a decalcification process, followed
by routine histological processing. Briefly, the hemimaxillae were embedded in paraffin
in the mesio-distal direction along the axis of the tooth. Four micrometres were cut and
placed onti three slides each, totaling 10 slides. Slides 1, 3, 4, 5 and 7 were stained by
hematoxylin-eosin (HE) and used in the histometric analyses, while slides 2, 6 and 10

were reserved for the immunohistochemical analyses.

Histometric Analyses

Furca and proximal area

The second molar images were captured using a DIASTAR (Leica Reichert &
Jung products, Germany) 40X magnification optical microscope, and sent to a
microcomputer with the aid of a DXC-1107A/107AP video camera (Sony Electronics
Inc, Japan).

Measurements were performed by a trained and blind examiner, who selected
three histological images from each animal, corresponding to the beginning, middle and

end of each sample. The ImageJ - Launcher software version 1.48b (National Institutes



58

of Health, USA) was used. The analyzed area was defined by measuring 1000 um in the
apical sense, from the furca ceiling and limited horizontally by the roots of the second
molar [22,23]. Photomicrographs at a 10-fold magnification were used to evaluate bone
loss extension values of the proximal area,. Horizontal lines were drawn at the height of
the cementum-enamel junction up to the height of the bone crest. The distance between
the lines was measured with the aid of the software Image J, initially in microtomes and

later transformed to millimeters.

Immunohistochemistry for Tartarate Resistant Acid Phosphatase (TRAP)
Immunohistochemical analyses were performed to identify and locate the
expression of the tartrate resistant acid phosphatase (TRAP) protein. The sections were
subjected to blocking of nonspecific epitopes by the application of 3% hydrogen peroxide
for 30 minutes and 3% bovine albumin protein (BSA) for 2 hours. Immediately after, the
cuts were incubated for 16 hours with the primary antibody at a 1:100 ratio (Abcam, Inc.
Cambridge, MA, USA). Negative controls comprised histological sections treated by
normal IgG (R & D Systems, Minneapolis, MN, USA), replacing the primary antibody,
at the same dilution. Subsequently, the cuts were treated by the avidin-biotin-peroxidase
(ABC) complex method using the ABC Staining System kit (ABC kit DAKO A/S,
Copenhagen, Denmark) according to the manufacturer's instructions. The sections were
counterstained with a Carrazi hematoxylin solution for visualization of cell nuclei. The
TRAP analysis was performed by counting the stained osteoclasts in contact with the
bone tissue of the furcation region and around the second molar [23]. The result of each
sample was given as the sum of the osteoclast values present in the region of interest. All

analyses were performed by a blind and trained examiner.
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Statistical analyses

The power of the study was 95% for a 5-animal sample (p <0.05). The Graphpad
5.0 software (Graphpad Prism version 5.00 for Windows, GraphPad Software, La Jolla
California, USA) was used for the statistical analyses. The data were statistically
evaluated using the Shapiro-Wilk normality test. The data concerning the analyses
between the treated hemimaxillae and their negative controls were submitted to the paired
Student's t-test, and comparisons between the treated groups were carried out by the
Anova parametric test complemented by the Tukey test. All analyses were applied at a

significance level of 95%.

Results

Computerized microtomography (uCT)

The X-ray micrograph analysis assessed the percentage of bone tissue present in the
second molar region. No significant difference was observed between the hemimaxil that
received the proposed treatment in relation to the control side for both experimental
periods, although the treated groups exhibited a trend of higher percentage of bone tissue
(Graph 1). Hemimaxills treated with aPDT showed a significantly higher percentage of
bone tissue than those treated only with Hypericin-glucamine only for the 7 day-

experiment (p <0.01).
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Figure 1 — Panel exhibiting representative 3D images, generated by computerized
microtomography. The representation of the bone tissue percentage present in the region
of interest (proximal and furca) of the second upper molar is displayed for the

experimental groups and periods.
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Histometric analyses
Furca region

For the 7-day period experiment, the hemimaxillae treated with hypericin-
glucamine (p <0.01) and LED (p <0.001) presented significantly higher bone volume
percentages in the furcation region compared to the control side. All groups showed a
trend for higher bone volume percentage in the treated hemimaxillae. Hypericin-
glucamine treated hemimaxillae from the 7-day experimental presented a significantly
higher bone volume percentage compared to LED-treated hemimaxillae (p <0.05), while
those treated with aPDT presented higher bone tissue percentage compared to those
treated with hypericin-glucamine (p <0.01) and LED (p <0.001) (Graph inlay in Figure
2).

For the 15-day period experiment, the group treated with LED presented the
highest bone volume percentage, significantly higher than the groups treated with

hypericin-glucamine (p <0.001) and with aPDT (p <0.05) (Graph inlay in Figure 2).
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Figure 2 — Photomicrograph panel exhibiting the furcation region of all experimental
groups, and their respective controls, for the 7 and 15-day experimental periods. HE,
100x. The graph inlay indicates the mean percentages and standard deviations of bone
tissue present in the furcation region of the upper second molar, referring to the different

groups and experimental periods evaluated by histometry.

7Days 15 Days

3 Treated
33 Control
a
ﬁ'-] Fk
—_—
A ! Fkk *
¢ 0 * r—— - r—

Control
% Bone Volume

H-g LED aPDT Hy-g LED aPDT

7 Days 15 Days

aPDT

## p<0,01 Student’s T test
### p<0,001 Student’s T test
*p<0,05 Tukey’s test, ** p<0,01 Tukey's test
% p<0,001 Tukey's test

o Control




63

Interproximal region

All control groups exhibited significantly greater bone tissue loss compared to the
treated groups (Graph 1). Regarding the 7-day treatment, the LED-treated group exhibited
significantly higher interproximal bone loss compared to the aPDT group (<0.01) and the
Hypericin-glucamine group (p <0.001), while the aPDT group presented higher bone loss
than the group treated only with Hypericin-glucamine (p <0.01). No significant

differences were detected between the proposed treatments for the 15-day experiments.

Graph 1 - Representation of the mean distance, in millimeters, from the cementum enamel
junction (CEJ) to the alveolar bone crest, in the interproximal region of the upper second

molar, referring to the evaluated groups and experimental periods.
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Immunohistochemistry for Tartarate Resistant Acid Phosphatase (TRAP)

The groups with highest TRAP staining were the control groups, with a trend for greater
staining in the longer ligature period (Graph 2). Significantly fewer positive TRAP cells
for the aPDT group were observed within 7 days after treatment, relative to controls for
all periods. In the 15-day period, lower staining was observed in relation to the control,

aPDT (p <o.or) and LEDs (p <0.01) groups.

Figure 3 — Representative photomicrograph panel of the immunohistochemical analyses.
HE, 100x. The arrows point to positively labeled TRAP cells. The graph indicates the
mean percentages and standard deviations of the number of cells positively labeled for
TRAP in the upper second molar region, referring to the different experimental groups

and their respective controls, at 7 and 15 days.
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Discussion

In the present study, the effects of aPDT and its components, Hy-g and an amber
LED source, were evaluated concerning the progression and development of PD. When
the isolated effect of Hypericin-glucamine was evaluated 7 days after treatment, a
significantly higher bone tissue percentage in the furcation area was detected, as well as
less bone loss in the interproximal region compared to the controls, that received no
treatment. These results were better explained by the immunohistochemical analyses,
which presented lower osteoclast cell staining in the Hy-g treated hemimaxillae compared
to the controls. The results are consistent with the literature, where Hypericin effects as a
drug and not as a PS are reported, and therapeutic action, such as anti-inflammatory and
biomodulating properties were detected [24-26].

Previous studies [10,27-29], evaluated the best conditions for the
photoinactivation of S. aureus and E. coli, testing hypericin and its hydrophilic derivative,
hypericin-glucamine, activated by amber LED, similar to the present study. The authors
concluded that, due to Hy-g hydrophilicity, greater intracellular PS accumulation in the
microorganisms was possible without, however, harming their selectivity. In the present
study, the lowest bone loss was observed in the aPDT-treated group, while the highest
bone tissue percentage was detected by digital microtomography for the 7-day period, in
the aPDT-treated group. This can be explained by the results of the osteoclast activity
analyses, which was significantly lower for this experimental group, for both
experimental periods.

The effectiveness of Photodynamic Therapy treatment depends on factors such as
light length, intensity, exposure time and operation mode of the light source, which may
be a laser or light emitting diodes (LEDs)[1]. An amber colored LED was applied herein,

and after 7 days, less osteoclastic activation was observed, leading to higher bone tissue
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percentages in the furcation region and lower bone loss in the interproximal regions
compared to the control hemimaxillae. Other studies corroborate these findings,
evidencing the biomodulating role of LED sources in periodontal tissue. Choi et al.[30],
evaluated LED application (635nm) on human gingival fibroblasts treated with or without
Porphyromonas gingivalis lipopolysaccharides (LPS), and observed inhibition of
proinflammatory cytokine activation, demonstrating that LED irradiation may be
clinically useful as an anti- inflammatory. Fonseca et al. [31], in 2013, analyzed the
effects of a LED source application (940nm) on periodontal healing after experimental
orthodontic traction in rats, observing a lower number of osteoclasts and inflammatory
cells, as well as increased blood vessels, suggesting a decrease in inflammation and root
resorption.

Both histometric evaluations in the furca area and computerized
microtomography, which allows for a comprehensive reading of the entire second molar
region, indicated no significant differences between the bone tissue percentages present
in the treated groups and their respective controls for the 15-day experiment. Although it
was necessary for the objectives of this study, continuous induction led to sufficient time
for site recolonization and significantly higher development of PD. However, the model
applied herein mimics the disease process in areas of difficult access for mechanical
treatment [23,32,33].

The individualized study of aPDT components demonstrated that both the
employed LED and PS do not cause damage to periodontal tissue and bring benefits to
the treatment of periodontitis, with more expressive results when they act together in
aPDT. Thus, the understanding of the mechanisms of action of both the LED source and
hypericin-glucamine should be better elucidated, in order to allow for more adequate

technique standards for the periodontal site, in order to produce more expressive results.
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Conclusions

Both hypericin-glucamine and LED exhibit therapeutic properties and contribute
to the biomodulation of periodontal tissue, with the aPDT technique, when applied as
proposed, demonstrating promising results. However, for a greater expressiveness of the
findings reported herein, further studies should be performed, evaluating the effectiveness

of more than one therapy application session and the investigation of its mode of action.
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4 DISCUSSAO

No primeiro estudo, avaliamos o papel da aPDT como terapia isolada ou adjunta ao
tratamento basico de raspagem e alisamento radicular, para o tratamento da doenga periodontal
induzida em ratos. Os achados histolégicos, histométricos, ¢ microtomografia digital, nao
demonstraram diferenca estatisticamente significante entre os grupos experimentais, entretanto foi
observada maior tendencia a reparo tecidual nos grupos tratados com a aPDT. Como parte da
metodologia do primeiro estudo, as ligaduras foram removidas no dia anterior a aplicagdo dos
tratamentos, para viabilizar a instrumentacdo mecanica e para que ndo houvesse interferéncia de
exsudado ou sangue no sulco gengival. Entretanto, acreditamos que isso possa ter mascarado os
resultados, dada a reconhecida reparagdo tecidual que ocorre quando sdo removidas as

ligaduras*->°.

Os resultados obtidos nos grupos com a terapia fotodinamica foram comparaveis ao grupo
RAR, e sempre superiores a auséncia de tratamento. A analise estereométrica deu suporte a estes
achados, mostrando maior densidade de fibroblastos nos grupos tratados pela aPDT, indicando um
maior reparo periodontal. Assim como grande parte dos estudos que utilisam a aPDT como terapia
adjuvante no tratamento da doenca periodontal, nossos resultados foram promissores, mas nao

conclusivos®*17,

A aPDT se d4, pela agdo de um dado fotossensibilizador, ao ser ativado por uma fonte de
luz com comprimento de onda adequado, interagindo com o sitio de a¢do e gerando oxigénio
singleto e outros subprodutos metabodlicos toxicos a determinados microorganismos®. As
caracteristicas do fotossensibilidador, da fonte de luz utilizada, e do sitio de a¢do no qual a aPDT
sera aplicada, sdo varidveis que devem ser entendidas e corretamente combinadas, para que se

alcanse 0 méaximo aproveitamento da técnica no tratamento.
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O Photofrin® foi o primeiro FS a ser comercializado e ¢ utilizado até hoje, no tratamento
de cancer de pulmio, colo do ttero, bexiga e esdfago®®>’. Ele faz parte da primeira geracio de
fotossensibilizadores, e apesar do €xito obtido nos tratamentos, possui algumas desvantagens,
implicando na necessidade de grandes quantidades de farmaco para se obter o efeito desejado, e
devido ao seu tempo e eliminagcdo do organismo ser muito alto, os pacientes tem que evitar
exposi¢do a luz solar por até oito semanas®®. A maioria dos estudos que aplicam a aPDT como

terapia adjuvante para o tratamento da doenca periodontal, utilizam o azul de metileno (MB) como

59-61 60,62

fotossensibilizador . Estudos em animais tem mostrado bons resultados, entretanto, em

ensaios clinicos a eficicia da aPDT com MB ainda apresenta resultados inconclusiveis®%

A maioria dos estudos que aplicam a aPDT como terapia adjuvante para o tratamento da
doenga periodontal, utilizam o azul de metileno (MB) como fotossensibilizador®®®1:%¢, Estudos em

62,65

animais tem mostrado bons resultados, entretanto, em ensaios clinicos a eficacia da aPDT com

MB ainda apresenta resultados inconclusiveis >*%.

A Hipericina, faz parte da segunda gera¢do de fotossensibilizadores, que apresentam
melhorias nas caracteristicas farmacocinéticas e fisico-quimicas, acarretando em maior formagao
de oxigénio singleto**. Yow?’, determinou o efeito antimicrobiano da terapia fotodindmica com
hipericina em Staphylococcus aureus e Escherichia coli, e observou que a eficacia da terapia foi
fortemente afetada pela estrutura celular e absor¢do do fotossensibilizador. A combinagdo da
hipericina com a irradiagdo de luz induziu morte celular de S. aureus (G-positivas), mas nao foi
efetiva para as células de E. coli (G-negativas). A autora atribuiu tal resultado as diferengas
estruturais de parede celular/membrana, que afetaram a captacao celular da hipericina. Deste modo,

em nossos estudos, foi utilizada a Hipericina-glucamina, na qual a presenca de varios grupos
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hidroxila na supramolécula Hy-G, fornece os sitios onde as ligagdes de hidrogénio sdo

estabelecidas, aumentando sua hidrofilicidade®’.

Deste modo, para melhor elucidar os efeitos de cada componente da aPDT, o segundo
estudo se propOs a avaliar a acdo da hipericina-glucamina ¢ do LED na progressio e
desenvolvimeto da doenca periodontal, mantendo a ligadura como meio de inducdo da doenca
periodontal durante todo o periodo experimental. Devido a presenga da ligadura, que dificulta o
acesso ao sulco gingival, para o segundo estudo o fotossensibilizador foi manipulado na
consisténcia de pomade, para que permanecesse depositado sobre a ligadura e tecido gengival ao

redor do segundo molar durante o periodo de incubagao.

As hemi-maxilas tratadas com Hipericina-glucamina, LED ou aPDT (Hy-g +aPDT) foram
comparadas as suas contra-laterais, nas quais a progressao da periodontite experimental ndo sofreu
a acdo de nenhum tratamento. Os resultados obtidos demostraram que tanto a Hipericina-glucamina
quanto o LED interferem na progressdo da doenca periodontal, possivelmente por suas
caracteristicas biomoduladoras e anti-inflamatorias, resultando em menor ativacao de osteoclastos
e consequentemente maior volume 6sseo na regido de furca e menores perdas dsseas nas cristas
proximais. E a aPDT (Hy-g+LED), demonstrou ser a somatdria dos efeitos positivos da
combinagdo do FS com o LED, tendo nao somente melhores resultados com relagao as hemi-

maxilas ndo tratadas, mas entre todos os grupos experimentais.

Embora haja diferengas explicitas nas metodologias dos dois trabalhos desenvolvidos, os
resultados do segundo estudo reforcam a aPDT com hipericina-glucamina ativada por LED ambar
como terapia promissora para o tratamento da donga periodontal. Tendo em vista que a terapia com
aPDT interferiu positivamente nos mecanismos de reabsor¢ao, inibindo a progressdo da doenca

periodontal, acreditamos que mais estudos devam ser realizados para elucidar sua ag¢do na
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microbiota especifica da periodontite, testando diferentes concentragdes e tempos de incubacao do

fotossensibilizador, além da terapéutica com sucessivas aplicacdes de aPDT.
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5 CONCLUSAO
De acordo com as metodologias utilizadas podemos concluir que na aPDT com o

fotossensibilizador hipericina-glucamina:

1. O fotossensibilizador ndo causa danos aos tecidos periodontais, € demonstrou que sua

caracteristica anti-inflamatéria agrega beneficios ao tratamento da doenca periodontal;

2. O LED ambar, na dosagem de (34,10 J/cm?), possui atividade biomoduladora e influéncia

positivamente no desenvolvimento da doenga periodontal;

3. A aPDT interfere na progressdo e desenvolvimento da doenca periodontal, diminuindo a

propor¢do da perda ossea, quando comparada a sitios ndo tratados;

4. A aPDT apresentou resultados semelhantes aos obtidos com a terapia de raspagem e
alisamento radicular, no entanto, para a manuten¢ao dos resultados € necessario que haja a

remog¢ao mecanica dos fatores etiologicos locais;
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6 APENDICE A
Material e Método Publicacio 1
Comité de Etica
O estudo foi submetido ao Conselho de Etica no Uso de Animal da FOAr-UNESP (CEUA)

e aprovado em 09/05/2012. Proc. CEUA n° 07/2012.
Amostra

Foram utilizados 60 ratos (Rattus Norvegicus), variagao albinus Holtzman, adultos, com
peso variando entre 300-350g, sendo mantidos no Biotério da Faculdade de Odontologia de
Araraquara (FOAr) — UNESP, com luz e temperatura controladas, e tratados com ragao e agua ad
libitum antes e durante todo o periodo experimental. Os animais foram distribuidos aleatoriamente

em caixas plasticas coletivas, resultando em 5 animais por caixa.
Preparo do Fotossensibilizador

O preparo do fotossensibilizador foi realizado no Laboratorio de Fotossensibilizadores do
Instituto de Quimica de Sdo Carlos, na Universidade de Sdo Paulo (IQSC-USP). A hipericina-
glucamina foi obtida a partir de uma solucao de estoque sintetizada pelo Prof. Dr. Anderson O.
Ribeiro da Universidade Federal do ABC. A solugdo estoque do FS (200 umol L-1) foi obtida em
solvente aprdtico polar, dimetil sulfoxido (DMSO), esterilizada por filtragio em membrana 0,22
pm e mantida ao abrigo da luz. A solucdo de trabalho foi preparada, diluindo-se a solugdo de
estoque em tampao fosfato de sodio (pH 7,2), obtendo-se a concentracao final de 10 ug/mL, onde

a porcentagem final de DMSO foi inferior a 1%.
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Fonte de Luz

A fonte de luz necessaria para ativar o fotossensibilizador Hipericina-glucamina deve ter
comprimento de onda 590nm, coincidindo com a banda de absor¢do méxima da Hipericina. Para a
realizacdo deste estudo, foi desenvolvido um LED de cor ambar, corrente de 700mA, comprimento
de onda 590nm (coincidindo com a banda de absor¢do maxima da hipericina, que ndo se altera para

a hipericina-glucamina) e poténcia convertida de 900Mw (MM Optics, Sdo Carlos/SP — Brasil).

O LED desenvolvido possui um diametro de ponta adequado para abranger
simultadneamente todas as faces do dente, deste modo, foi realizada uma aplicag¢ao transmucosa de
LED ambar, por 6 minutos, resultando na dosagem de 34,10 J/cm2. Para os animais do grupo

aPDT, a irradiagdo ocorreu ap6s os 10 minutos de incubagao do FS.

Preparo dos animais

Cada animal foi pesado e em seguida anestesiado por uma combinagdo de Quetamina com
Xilazina, na propor¢dao de 0,08ml/100g de massa corporal (Cloridrato de Quetamina, Cetamin,
Syntec) e 0,04ml/100g massa corporal (Cloridrato de Xilazina, Xilazin, Syntec). Posteriormente,
cada rato foi colocado em posi¢ao supina na mesa operatoria. Para facilitar a abertura bucal e acesso
a regido posterior da maxila foi utilizado um retrator que afasta queixo e lingua. As ligaduras (fios
de algodao n°24) foram inseridas na regido subgengival, em volta de um dos segundos molares
superiores, escolhido de forma randdmica. O tempo de inducdo da doenca (permanéncia da

ligadura) foi de 15 dias, como mostra a Figura A.
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Figura 2 - Em 2A, temos o Desenho experimental do estudo 1. Na Figura 2B observamos a ligadura
em posicdo. Em 2C, observamos a inflamagao gengival presente no dia da remogao das ligaduras
e, no detalhe, o acumulo de substrato decorrente dos 15 dias de indug@o. Um dia ap6s a remocao
das ligaduras (Figura 2D), os animais foram novamente anestesiados para a realizacdo dos

tratamentos de acordo com o protocolo proposto para cada grupo.

Fonte: Elaboracao propria
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Grupos Experimentais
Individualmente, cada animal foi acomodado em posicdo supina na mesa operatéria. Os
tratametos foram aplicados de acordo com o grupo (n=5) ao qual o animal havia sido

randomicamente destinado, descrito abaixo:

Inducio da Doenca Periodontal (IDP): Somente inducdo da doenca periodontal, ndo houve

tratamento.

Raspagem e Alisamento Radiular (RAR): Os animais foram submetidos a raspagem e alisamento
radicular com curetas especificas (Gracey mine Five 5-6, HuFriedy), executada por um tnico
operador. Foi realizada a remog¢ao mecanica de placa bacteriana madura, presente nas faces livres

do dente.

Terapia FotodinAmica Antimicrobiana (aPDT): Dez (10) pL do fotossensibilizador, que se
encontrava em falcons protegido da luz, foi transferido a uma seringa com agulha de ponta romba
e cilindro revestido. A ponta da agulha foi inserida entre dente e tecido gengival e o FS foi
depositado no sulco gengival. Foram aguardados 10 minutos de incubag¢do e o LED na cor ambar
(Figura 4) foi aplicado por 6 minutos. (34,10 J/cm?). No caso, a aplicagdo da ponta do LED sobre
a superficie oclusal, permitiu a irradiacdo transmucosa de todas as faces do segundo molar em

apenas uma aplicacdo, o que padronizou a metodologia para todas as faces.

RAR + aPDT: Raspagem e alisamento radicular (seguindo protocolo do Grupo RAR) e, em

seguida, aplicacdo da terapia fotodindmica antimicrobiana (seguindo protocolo do Grupo aPDT).



89

Obtencao das pecas cirurgicas

Apds o periodo experimental correspondente, os animais foram eutanasiados com
sobredose anestésica. As mandibulas foram removidas e fixadas em formol tamponado a 10% pelo
periodo de 48 horas, lavadas em agua corrente por 24 horas e armazenadas em alcool 70%, em

recipientes codificados.
Microtomografia de raios X (n-CT)

As hemimaxilas, armazenadas em alcool 70%, foram primeiramente submetidas a analise
por varredura de feixe de raios-X em um sistema de radiografia tridimensional (microtomografia
digital computadorizada — MicroCt). As pecas foram escaneadas pelo microtomoégrafo SkyScan
(SkyScan 1176 Bruker MicroCT, Aatselaar, Bélgica, 2003), utilizando cortes de 18 um (50Kv e
500u), as imagens obtidas pela projecdo dos raios X nas amostras foram armazenadas e

reconstituidas pelo software NRecon (Figura 3.1).

Em seguida, por meio do software DataViewer (Figura 3.2), com a pe¢a escaneada em
imagens reconstruidas e reorientadas, delimitou-se uma area de interesse “ROI” com dimensdes
padronizadas de 1,26mm de altura por 0,56mm de largura nas areas proximais (mesial e distal) do
segundo molar, (Figuras 3.3 B e 3.3 C). As medic¢des foram realizadas por um examinador cego e

calibrado.

O software CTAn (Figura 3.3 A), a partir da delimitacdo da regido de interesse em 2D,
promoveu a analise em 3D da mesma, pela soma coletiva de todos os “ROI”s de um conjunto
contiguo de fatias de imagens transversais®®¢’. Deste modo, com o threshold 55-250 na escala de

tons de cinza, foi obtido o porcentual de volume do tecido dsseo presente nas areas de interesse
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previamente delimitadas (ROIs). Para a andlise, foi utilizado o valor médio entre ROI mesial e

distal.

Figura 3.1 - Software NRecon (SkyScan, 2011; Versao 1.6.6.0). 3.2 - Software Data Viewer
(SkyScan, Versao 1.4.4 64-bit). 3.3 A - Software CTAnalyser — CTAn (2003-11SkyScan, 2012
Bruker MicroCT Versao 1.12.4.0). 3.3 B - ROI posicionado na face mesial do 2° molar. 3.3 C -

ROI posicionado na face distal do 2° molar.

//,///,//{//-‘ /‘/l//,,,//{:/m)

Fonte: Elaboragdo propria

Processamento Histologico

Apos o periodo de fixagdo, as pecas foram lavadas em agua corrente por 24h e submersas
em solucao de EDTA (4cido etilenodiamino tetra acético) para descalcificagdo por um periodo de
11 semanas, com 3 trocas semanais. Posteriormente, as pecas foram lavadas e desidratadas em
alcool, diafanizadas em xilol e incluidas em parafina. Os cortes foram realizados da face vestibular

para a palatina, ao longo do eixo do dente com 4 pum de espessura. As cortes comegaram a ser
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montados em lamina assim que fosse possivel visualizar o primeiro terco das raizes do segundo
molar. Foram obtidas para cada bloco, 10 ldminas com 3 cortes cada. As laminas foram coradas

pela técnica de hematoxilina-eosina (HE).
Analise Histologica

As laminas foram posicionadas no microscopio optico DIASTAR (Leica Reichert & Jung
products, Germany) com objetiva para aumento de 4.0/10 vezes, através do qual as imagens foram
captadas e enviadas para um microcomputador, com o auxilio de uma camera de video DXC-
1107A/107AP (Sony Eletronics Inc, Japao). Para a avaliagdo histométrica, a determinacdo de
valores foi feita pelo software ImageJ (Sigma ProScan, Jandel Scientific, San Rafael, CA, USA).
As avaliagdes foram realizadas por um examinador treinado, calibrado e cego para os grupos
experimentais. Na andlise histologica foram observadas as reacdes inflamatoérias do tecido

conjuntivo em cada grupo experimental, processos de reabsor¢ao Ossea e neoformagdo tecidual.

Analise Histométrica

Area de furca

Utilizando-se um microscopio Optico DIASTAR (Leica Reichert & Jung products,
Germany) com magnificagdo de 40X, as imagens foram captadas e enviadas para um
microcomputador, com o auxilio de uma camera de video DXC-1107A/107AP (Sony Eletronics
Inc, Japao).

Para realizacdo da histometria, um examinador cego e calibrado selecionou 3 ldminas de
cada grupo, equidistantes 50 pm entre si. As mensuragdes foram feitas utilizando o software de

imagens ImageJ - Launcher versao 1.48b (National Institutes of Health, USA). Inicialmente, foi
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delimitada a area total da furca (Figura 4A), e em seguida, somente o osso presente na furca (Figura

4B) 70 como exemplificado na Figura 4.

Figura 4 — Esquema representativo da delimitacdo da area de furca para andlise de
porcentagem de perda 6ssea. Em 4A temos a delimitagdo da area de furca, 1000um abaixo do teto

da furca, e em 4B, as delimitacdes de area total de furca (vermelho) e de osso presente (azul).

Fonte: Elaboracao propria

Area proximal

Os valores da extensao da perda Ossea para a area proximal foram obtidos de imagens com
aumento de 10 vezes. Foram tracadas linhas na altura da juncdo cemento-esmalte, e na altura da
crista ssea, como demostrado na Figura 5. Com a ajuda do software Image J a distancia entre elas
foi medida, inicialmente em micrometros e posteriormente transformados em milimetros. Para os

calculos foi extraida a medida média entre X1 e X2.
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Figura 5 — Imagem representativa para as medidas de perda 6ssea interproximal mesial e

distal.

Fonte: Elaboracao propria

Analise Estereométrica

Foi realizada por um examinador cego e treinado, com o auxilio de um microscopio de luz
Leica DMLS (Leica - Reichert Diastar Products & Jung, Wetzlar, Germany) com magnitude de
40X. Utilizando o software FIJI - ImageJ - Launcher versdo 1.48b (National Institutes of Health,
USA), uma grade foi confeccionada com 30.000 um2 de area, apresentando 50 pontos coincidentes
das interseccdes das linhas horizontais e verticais. Esta grade foi posicionada sobre as areas: A-
Regides proximais mesial e distal do segundo molar e B- Furca. As células presentes em sobre cada
intersec¢ao foi definida. Em seguida, foi executada uma analise percentual de cada componente
tecidual em relagdo ao nimero total de pontos contados por periodo experimental, de acordo com
Odze et al.”!. Dessa forma, foi determinada a densidade volumétrica relativa (ou propor¢do) dos

seguintes componentes teciduais: osso, fibroblastos, células inflamatdrias e vasos sanguineos.
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Analises Estatisticas

Os resultados demonstraram que com um maostra de 5 animais (p<0,05), o poder do estudo
seria de 95%. Para as analises estatisticas foi utilisado o programa Graphpad 5.0 (Graphpad Prism
version 5.00 for Windows, GraphPad Software, La Jolla California USA). Os dados foram
submetidos ao teste de normalidade de Shapiro-Wilk avaliados estatisticamente pelo teste

ANOVA. Todas as anélises foram aplicadas com nivel de significancia de 95%.
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7 APENDICE B
Material e Método Publicaciao 2
Comité de Etica

O estudo foi submetido ao Conselho de Etica no Uso de Animais da FOAr-UNESP (CEUA)

e aprovado em 09/05/2012. Proc. CEUA n° 07/2012.
Amostra

Neste estudo foram utilizados 50 (5 por grupo, 15 por periodo) animais, Rattus Norvegicus,
variagdo albinus, Holtzman, machos, adultos, com peso variando entre 300-330 gramas,
provenientes do Biotério da Faculdade de Odontologia de Araraquara (FOAr) - UNESP. Os
animais foram mantidos no Biotério da FOAr, em ambiente com luz, umidade e temperatura

controladas.
Inducio da doenca periodontal

Os animais foram anestesiados por uma combina¢do de Quetamina (Cloridrato de
Quetamina — Francotar 3% — Virbac do Brasil Ind. e Com. Ltda.) com Xilazina (Cloridrato de
Xilazina - Virbaxyl 2% - Virbac do Brasil Ind. e Com. Ltda.), na proporg¢ao de 0,08 ml/100g e 0,04
ml/100g de massa corporal, respectivamente. As ligaduras (fios de algodao no 24) foram inseridas
na regido subgengival ao redor de ambos os segundos molares superiores para a indugdo da DP, e
mantidas durante todo o periodo experimental, até a eutanasia dos animais. Como mostra a Figura

6.



96

Figura 6. Em 6A, temos o Desenho experimental do estudo 2. Na Figura 6B observamos a ligadura

em posi¢do. Em 6C, observamos o acumulo de substrato decorrente dos 7 dias de indugdo da

doenga periodontal .

Baseline
@? I | I "

|
| | | |
-7 0 7 15 Dias
Insercdo Tratamentos & Y ?
6A das ligaduras Edianicia

Fonte: Elaboragdo propria

Grupos Experimentais

Os tratamentos referentes a cada grupo experimental foram aplicados apds 7 dias da
inser¢do das ligaduras, no Baseline, quando a hemimaxila que recebeu o tratamento (direita ou

esquerda), foi escolhida de forma randdmica, sendo sua contralateral seu controle negativo.
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Individualmente, cada animal foi acomodado em posi¢cao supina na mesa operatoria. A
hemimaxila controle foi protegida, para que ndo sofresse interferéncia do tratamento. Os tratametos
foram aplicados de acordo com o grupo ao qual o animal havia sido randomicamente destinado,

descritos abaixo:

Hipericina-glucamina (Hy-g): Aplicacdo do fotossensibilizador hipericina-glucamina (10

minutos de incubagao);

LED: Irradiagdo com LED ambar (6 minutos);

aPDT: Aplicacdo da terapia fotodindmica antimicrobiana com o fotossensibilizador hipericina-

glucamina e irradiacdo com o LED ambar por 6 minutos;

A eutanasia dos animais foi programada de acordo com o periodo experimental ao qual

haviam sido submetidos: 7 ou 15 dias apds o Baseline.

Preparo do Fotossensibilizador

O preparo do fotossensibilizador foi realizado 15 dias antes da sua utilizagdo, no
Laboratdrio de Fotossensibilizadores do Instituto de Quimica de Sao Carlos, na Universidade de
Sdo Paulo (IQSC-USP). A manipulagdo da pomada de hipericina-glucamina foi feita a partir de
uma solucdo de estoque, sintetizada pelo Prof. Dr. Anderson O. Ribeiro, da Universidade Federal
do ABC. A solug¢do estoque do FS hipericina-glucamina (200 pmol L-1), foi obtida em solvente
aprotico polar, dimetil sulfoxido (DMSO), esterilizada por filtragdo em membrana 0,22 pm e
mantida ao abrigo da luz. A solugdo de trabalho foi preparada, diluindo-se a solu¢do de estoque em
tampao fosfato de soédio (pH 7,2), obtendo-se a um preparado de consisténcia semi-solida, de

concentragdo final de 10 pg/mL, onde a porcentagem final de DMSO foi inferior a 1%.
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Técnica de Aplicacao do Fotossensibilizador

Embora o fotossensibiizador apenas seja ativado por uma luz com comprimento de onda
especifico, para que houvesse um maior controle e padronizacdo da técnica, optou-se por manté-lo
protegido de fontes de luz at¢ o momento da irradiagdo com o LED ambar. No dia dos tratamentos,
a sala de cirurgia do Biotério da Faculdade de Odontologia de Araraquara (FOAr) — UNESP
permaneceu em penumbra, com apenas uma luz acesa distante do campo operatorio. Para a
adequada visualisacdo do sulco a ser tratado, foram utilisadas lupas de cabeca com iluminacao
propria, que era desligada assim que a agulha (13%0.45 mm; Becton Dickinson Ind. Cirur. Ltd.,
Curitiba, PR, Brazil) sem corte, que continha o FS fosse posicionada no sulco gengival. No
momento da aplicacdo, em cada animal destinado aos grupos Hipericina-glucamina, ou aPDT, foi
depositado o volume de 1ml, aproximadamente 0,2 mg de pomada de FS no sulco a ser tratado e

manteve-se no escuro, por 10 minutos (tempo de incubagio).

Fonte de Luz

Foi utilisada a mesma fonte de Luz empregada no Estudo 1, descrita no indice 3.3.3.

Obtencao das pecas cirurgicas

Ap0s o periodo experimental correspondente a cada grupo, os animais foram eutanasiados
com sobredose anestésica. As mandibulas foram removidas e fixadas em paraformaldeido a 4%

pelo periodo de 48 horas, lavadas em dgua corrente por 24 horas e armazenadas em alcool 70%.

Avaliaciao por Microtomografia Digital(nCT)

Apo6s o periodo de fixacdo em paraformaldeido, as hemimaxilas foram armazenadas em

alcool 70%, e submetidas a analise por varredura de feixe de raios-X em um sistema de
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Microtomografia digital computadorizada, que avalia a porcentagem de volume 6sseo presente na
regido do segundo molar superior, para a quantificacao da reabsorc¢do 6ssea inflamatdria durante a
doenca periodontal experimental os efeitos das terapias propostas. As pecas foram escaneadas pelo
microtomoégrafo SkyScan (SkyScan 1176 Bruker MicroCT, Aatselaar, Bélgica, 2003), utilizando
cortes de 18 pm (50Kv e 500p), filtro de Al 0.5mm; tamanho do voxel: 17,48um; voltagem de
50KV e corrente elétrica de S00pA. As imagens obtidas pela projecdo dos raios X nas amostras
foram armazenadas e reconstituidas pelo software NRecon (Figura 7A). Essas imagens foram
rotacionadas e reposicionadas em uma orienta¢do padrdo, com o auxilio do software DataViewer
e salvas no plano coronal (Figura 7B). Em seguida, o software CTAnalyser — CTAn (Figura 7C),

foi utilizado para a delimitagdo area de interesse (ROI- Region Of Interest)®>S’.

Como podemos observar nas imagens ilustrativas da Figura 7C e 7D, a estrutura radicular
apresenta similaridade de tons de cinza com tecido dsseo circundante, sendo incluida erroneamente
na medi¢do fornecida pelo programa. Para que essa leitura fosse fidedigna, o presente estudo
utilizou a leitura de dois ROIs para cada pega. O primeiro ROI abrange o segundo molar no sentido
corono/apical da regido do teto de furca até 1.000 micrometros no sentido apical até suas limitagdes
proximais com os dentes vizinhos, como ilustrado na Figura 7C, do qual, foi extraido o valor de
“tecido 6sseo” dado pela leitura do segundo ROI, que possui a mesma delimitagdo anatdmica, mas

circundando apenas as raizes do segundo molar (Figura 7D).
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Figura 7. Quadro ilustrativo para as avaliacdes de pCT. Figura 7A. Software NRecon
(SkyScan, 2011; Versao 1.6.6.0). Figura 7B. Software Data Viewer (SkyScan, Versao 1.4.4 64-
bit). Figura 7C e 7D. Representagdo da delimitacdo das areas de ROI utilizadas para a mensuragao
de tecido 6sseo no Software CTAnalyser — CTAn (2003-11SkyScan, 2012 Bruker MicroCT Versao
1.12.4.0). Em 7C temos o ROI abrangendo toda a regido do segundo molar e suas proximais, do
qual sera subtraido os valores resultantes da medicdo do ROI pertencente as raizes, representado

em 7D.

Fonte: Elaboragdo propria

Processamento Histologico

Apds a andlise de microtomografia computadorizada, as pegas foram lavadas em agua
corrente por 24h e submersas em solucdo de EDTA (Marca: Synth 7%; pH=7,2; tamponado de

fosfato de s6dio monobasico e dibasico) para descalcificagdo por um periodo de 8 semanas, com 3
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trocas semanais. Posteriormente, as pegas foram lavadas e desidratadas em alcool e diafanizadas
em xilol. As pecas de hemimaxila foram incluidas em parafina no sentido mésio-distal ao longo do
eixo do dente, para a obten¢do de cortes em micrétomo manual (Marca: Microm; Modelo: HM
360) de 4 um de espessura. Apds desbaste inicial dos blocos de parafina, as 1aminas comegaram a
ser montadas assim que fosse possivel observar a presenga das trés coroas clinicas (1°, 2° e 3°
molar), com um ter¢o de raiz. Foram obtidas para cada hemimaxila, 10 ldminas com 3 cortes cada.
As laminas de numero 2 ¢ 6 ¢ 10 foram coradas pela técnica de hematoxilina-eosina (HE) e

utilizadas nas analises histométricas.

Analise Histométrica
Area de Furca e Area Proximal

A metodologia seguiu o protocolo ja descrito no Apéndice A.

Imuno-histoquimica para Fosfatase Acida Tartarato Resistente (TRAP)

A andlise imuno-histoquimica foi realizada para identificar e localizar a expressdo da
proteina fosfatase acida tartarato-resistente (TRAP). Cortes histologicos com 5 um de espessura
foram montados em laminas silanizadas (Fisher Scientific Superfrost Plus, Fisher, New York, NY,
EUA), seguido de tramitagdo laboratorial de rotina para deparafinizagado e rehidratagdo. Em seguida
os cortes foram submetidos ao bloqueio dos epitopos inespecificos através da aplicagdo de perdxido
de hidrogénio 3% por 30 minutos e da proteina bovina albumina (BSA) a 3% por 2 horas. Logo
apo6s os cortes foram incubados por 16 horas no anticorpo primdrios, na concentragdao de 1:100

(Abcam, Inc. Cambridge, MA, EUA). Como controle negativo, cortes histologicos foram tratados
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por IgG normal (R & D Systems, Minneapolis, MN, EUA), em substitui¢do ao anticorpo primario,
na mesma dilui¢do. Posteriormente, os cortes foram tratados pelo método do complexo avidina-
biotina-peroxidase (ABC) com a utilizacdo do kit ABC Staining System (ABC kit DAKO A/S,
Copenhagen, Dinamarca) segundo as instru¢des do fabricante. Os cortes foram contra-corados com
solu¢do de hematoxilina de Carrazi para visualizagdo dos nucleos celulares. As imagens (50 e
100X) foram obtidas através de uma camera acoplada a um microscopio de luz (Leica-Reichert
Diastar Products & Jung, Wetzlar, Alemanha). A analise de TRAP foi realizada através da
contagem dos osteoclastos marcados que estivessem em contato com o tecido dsseo da regido da
furca ao redor do segundo molar (Pavone et al., 2014). O resultado de cada amostra foi a soma dos
valores dos osteoclastos nas trés regides de interesse. As andlises foram realizadas por um

examinador cego, treinado e calibrado.

Analise Estaistica

Os resultados demonstraram que com um maostra de 5 animais (p<0,05), o poder do estudo
seria de 95%. Para as analises estatisticas foi utilisado o programa Graphpad 5.0 (Graphpad Prism
version 5.00 for Windows, GraphPad Software, La Jolla California USA). Os dados foram
avaliados estatisticamente através do teste de normalidade de Shapiro-Wilk. Para a andlise entre as
hemi-maxilas tratadas e seus controles negativos, os dados foram submetidos ao teste T de Student,
e para a comparagdo entre os grupos tratados, foram submetidos ao teste paramétrico Anova
complementado pelo teste de Tukey. Todas as andlises foram aplicadas com nivel de significancia

de 95%.
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FACULDADE DE ODONTOLOGIA (
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Proc. CEUA n° 07/2012

Araraquara, 13 de setembro de 2017.

Senhor Pesquisador:

A Comissio de Etica no Uso de Animal - CEUA desta Faculdade, procedeu a
andlise do Relatério Parcial do projeto de pesquisa de sua responsabilidade intitulado
“AVALIACAO DOS EFEITOS DA TERAPIA FOT ODINAMICA COM
FTALOCIANINA E HIPERICINA-GLUCAMINA NO TRATAMENTO DA
DOENCA PERIODONTAL. ESTUDO EM RATOS” (Proc. CEUA n° 07/2012), e
considerou-o APROVADO, bem como sua solicitagdo de prorrogagdo no prazo da
pesquisa.

Lembramos que o Relatério Final deste projeto devera ser entregue em
DEZEMBRO/2019.

Atenciosamente.
( % < C-/—‘

Prof. Dr. PAULO SER CERRI
Vice-Coordenador da UA

A
Profa. Dra, ROSEMARY ADRIA
DD. Pesquisador Responsivel NA CHIERICI MARCANTONIO

Departamento de Diagnéstico e Cirurgia

; Comissao de Eticano U ingi
Rua Humait4 n° 1.680~ Ce; 10 Uso de Animais - CEUA
" andar— fonc (16) 33016435 fx (161 im0 203 = Coixa Postal 173315 ARAR G144 eml
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Nao autorizo a reprodugao deste trabalho até 09/12/2019
(Direitos de publicagdo reservados ao autor)
Araraquara, 08 de dezembro de 2017

Paula Delello Macedo



