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Valverde LRP. Avaliagdo dos efeitos da terapia fotodindmica com
hipericina no tratamento da doenca periodontal induzida em ratos [Tese
de doutorado]. Araraquara: Faculdade de Odontologia da UNESP; 2013

RESUMO

A Terapia Fotodinamica (TFD) tem sido proposta como terapia auxiliar no
tratamento da periodontite, onde um corante n&o-toxico
(fotossensibilizador, FS) reage com o oxigénio dos tecidos e que, na
presenca de luz, € capaz de eliminar ou reduzir 0os microorganismos
presentes nos sitios da doencga. A hipericina (HY) € um pigmento fotoativo
natural muito potente. O objetivo deste estudo foi avaliar os efeitos da
TFD com HY no tratamento da doenca periodontal in vivo. Para isso, 84
ratos foram submetidos a inducéo de peridontite por insercdo de ligaduras
em torno dos 2°° molares superiores. Apos 7 dias, as ligaduras foram
removidas e os animais foram randomicamente distribuidos em 4 grupos
e submetidos aos seguintes procedimentos: Grupo | - Controle, doenca
sem tratamento; Grupo Il - RAR, raspagem e alisamento radicular manual
com curetas periodontais; Grupo Ill - TFD, emprego de HY (10ug/ml) por
5 minutos na bolsa periodontal seguido de irradiagdo com LED 630nm por
4 minutos/dente (35,15J/cm?); Grupo IV- RAR+TFD, associacdo dos
tratamentos dos grupos Il e lll. Sete, 15 e 30 dias apds os procedimentos,
os animais foram sacrificados. Avaliagcédo tridimensional por microCT e
andlise histométrica revelou diferencas significativas entre o grupo

controle e os demais grupos aos 7 e 15 dias poés-tratamento. Analise



imunohistoquimica por TRAP e RANKL apresentou marcacao semelhante
nos grupol, Il e IV. Dentre os limites deste estudo, podemos concluir que
a TFD com hipericina foi capaz de reduzir a progressao da periodontite

induzida in vivo de modo similar ao tratamento mecanico.

Palavras-chave: Fotoquimioterapia, Periodontite, Hypericum,

Microtomografia por raio-x



Valverde LRP. Effects of photodynamic therapy with hypericin in the
treatment of periodontal diseases in rats [Tese de doutorado]. Araraquara:

Faculdade de Odontologia da UNESP; 2013.

ABSTRACT

Photodynamic therapy (PDT) has been proposed as an auxiliary therapy
on the treatment of peridontitis. This technique uses a non-toxic dye
(photosensitizer, PS) that reacts with oxygen of the tissues in the
presence of light, and is able to eliminate or reduce microorganisms on the
sites of the disease. Hypericin (HY) is a very potent photoactive natural
pigment. The aim of this study was evaluate the effects of HY-PDT in the
treatment of periodontal disease induced in vivo. Thus, 84 rats were
submitted to peridontitis induction by placing ligatures around superior 2™
molars. After 7 days, ligatures were removed and animals were
randomically distributed in 4 groups and submitted to the following
procedures: Group | — Control, disease without treatment; Group Il — SRP,
scaling and root planning with manual periodontal curettes; Group Il —
PDT, application of HY (10ug/ml) for 5 minutes in the periodontal pocket
followed by 4 minutes of 630 nm irradiation per tooth (35,15J/cm?); Group
IV - SRP+PDT, association of the treatments of groups Il and Ill. Seven,
15 and 30 days post-treatment the animals were sacrificed. MicroCT
tridimensional evaluation and histometric analysis showed statistical

differences between Control and treatments groups at 7 and 15-days post-



treatment. TRAP and RANKL immunohistochemistry analysis showed
similar marking on groups I, lll and IV. Therefore, HY-PDT was able to
reduce periodontitis progression in vivo in a similar way to mechanical

treatment.

Keywords: Photochemotherapy, Periodontitis, Hypericum, X-ray

microtomography



LISTA DE ABREVIATURAS

HE — hematoxilin and eosin ou hematoxilina e eosina
HY — hypericin ou hipericina

LED - light emitting diode ou luz emissora de diodo
MB — methylene blue ou azul de metileno

microCT — computerized microtomography ou
computadorizada

OPG - osteoprotegerin ou osteoprotegerina

PDT — photodynamic therapy

RAR — raspagem e alisamento radicular

RANK — receptor activator of nuclear factor kappa B

micro-tomografia

RANKL - receptor activator of nuclear factor kappa B ligand

SRP — scaling and root planing
TBO — toluidine blue O ou azul de toulidina O
TFD — terapia fotodinamica

TRAP - tartarate resistante alcaline phosphatase
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1 INTRODUCAO

Doenca periodontal

A doenca periodontal é uma desordem inflamatdria a diversos
microrganismos do biofiime oral os quais se acumulam sobre as
superficies supra e subgengival dos dentes’. Atualmente a periodontite
afeta 10-15% da populacdo mundial, sendo a maior causa de perdas
dentarias em paises desenvolvidos’. A periodontite é uma doenca
inflamatdria multifatorial cujo fator etiolégico priméario sdo as bactérias do
biofilme oral sendo este considerado um dos biofilmes mais complexos
encontrados na natureza®®.

Diversas bactérias periodontopatogénicas encontradas no biofilme
oral sdo responsaveis pela indugcdo e manutengdo da doenca
periodontal®. A periodontite é uma doenca sitio-especifica, clinicamente
caracterizada por inflamacdo, sangramento a sondagem e pronunciada
perda de insercdo>’.

Deste modo, o0 sucesso da terapia periodontal visa a completa
supressdo da patogenia bacteriana e a reducdo dos sinais clinicos da
inflamac&o®™!, assim como a regeneracéo de tecidos que foram perdidos
pela doenca, como ligamento periodontal, osso alveolar e cemento™”.

Fica evidente que o0 sucesso do tratamento periodontal envolve a
descontaminacao da superficie radicular, a fim de eliminar ou reduzir as

bactérias periodontopatogénicas®®. Tratamentos mecanicos, quimicos e
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fisicos tem sido propostos para eliminar 0s microorganismos presentes no
local visando a reducédo dos sinais clinicos de inflamacéo, eliminando os
fatores locais que contribuem para a destruicho dos tecidos
periodontais3’9'1°’26'37’46'48.

O mecanismo de raspagem e alisamento das superficies
radiculares (RAR) € o tratamento convencional para as doencas
periodontais®®. No entanto, anatomias dentarias complexas e
desfavoraveis como regides de furca, grandes invaginacdes e
concavidades, além de bolsas periodontais profundas podem dificultar o
acesso de instrumentos mecanicos as superficies dentarias, além de
exigir habilidade e tempo por parte do profissional®*3.

Assim, muitos profissionais optam por associar 0 uso de
antibidticos locais e sistémicos ao tratamento convencional, visando uma

27,37,53

maior descontaminagcdo das bolsas periodontais Porém, o uso

regular destas substancias pode causar diversos efeitos colaterais nos
pacientes, além de uma possivel resisténcia bacteriana ao

5,21,29,31

medicamento , além da dificuldade em manter concentracdes

terapéuticas dos antibiéticos na cavidade oral®®®,

Assim, parece
apropriada a escolha de tratamento que permita maior eficiéncia
operatOria, auséncia de efeitos colaterais, reducdo do tempo de
tratamento e desconforto do paciente, além de reduzir a indicacdo de

cirurgias a retalho®.
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Terapia fotodinamica

Uma das alternativas terapéuticas ao tratamento das doencas
peridontais é a Terapia Fotodindmica (TFD), do inglés Photodynamic
Therapy, PDT. Esta técnica foi descrita pela primeira vez por Von
Tappeiner e Raab no inicio do século passado, onde os autores
observaram a inativacdo de culturas de paramécios na presenca do
corante laranja de acridina, quando expostas a luz solar*®*®. No entanto, a
aplicabilidade desta técnica foi abandonada devido a popularizacdo dos
antibiéticos na Segunda Guerra Mundial. Devido ao aumento mundial da

23,48

resisténcia aos antibidticos tem havido um renovado interesse em

terapias antimicrobianas, tendo Thomas Dougherty reportado os primeiros
efeitos da TFD com uso de porfirinas™>**,

A Terapia Fotodindmica se baseia na administracdo sistémica ou
tépica de um corante fotossensivel ndo-téxico que, estimulado por uma
fonte de luz de comprimento de onda adequado, reage com 0 Oxigénio
presente nos tecidos produzindo espécies altamente reativas, como

5,23,31,34,48,53

oxigénio singlete e radicais livres Esses produtos toxicos

formados podem modificar as estruturas das membranas plasméaticas ou
até mesmo do DNA por oxidacdo das moléculas biologicas®*e.
Inicialmente a TFD foi aplicada para tratamento de lesGes tumorais
malignas e atualmente é empregada ndo apenas na oncologia, mas
também em diversas areas como na dermatologia, no tratamento de

infeccBes localizadas como, por exemplo, micoses, candida, HPV?® e
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acne, além de desinfeccao de alimentos, de sangue para transfusdo e de
agua para reservatérios’®. Esta técnica oferece a vantagem de ser
altamente seletiva aos microorganismos ou tecido doente pois durante a
TFD, apenas as células com acumulacao seletiva pelo fotossensibilizador
s&o eliminadas®®*°. Além disso, a meia vida do oxigénio singlete é da
ordem de nanosegundos, 0 que nao permite que este atue longe do local
em que foi produzido®®. Esta terapia pode ser repetida diversas vezes,
uma vez que trata-se de um procedimento nao-invasivo que ndo causa
efeitos toxicos cumulativos. Assim, devido ao seu baixo risco, pode ser
usada em pessoas idosas ou debilitadas demais para serem submetidas

a cirurgias®®.

Fontes de luz na terapia fotodinamica

Quando o laser de baixa intensidade é empregado como fonte de
luz na TFD um efeito benéfico a mais pode ser observado pois além de
produzir morte bacteriana, este aparato favorece a biomodulacdo
tecidual®. Deste modo, o laser é capaz de atuar na cadeia respiratoria
mitocondrial e na sintese de ATP, favorecendo o reparo®, aumentando a
divisdo celular e a sintese de colageno®. No entanto, este ndo é um
aparelho disponivel a muitos profissionais, uma vez que seu custo ainda é
elevado. Assim, recentemente alguns estudos tem avaliado o uso de luz

42,64
D

emissora de diodo (LED)® como fonte de luz na TF , uma vez que
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apresenta baixo custo, facil manuseio, além de grande acessibilidade®*?,

principalmente aos dentistas.

Doenca peridontal e terapia fotodindmica

O crescente interesse na utilizagdo da TFD como alternativa no
tratamento das doencas periodontais se deve principalmente ao crescente
desenvolvimento de resisténcia por parte dos microrganismos aos
antibiticos®*. Por ser altamente seletiva, esta terapia evita efeitos
sisttmicos na flora bacteriana considerada “saudavel” e minimiza os
efeitos colaterais causados pela administracéo de antibiéticos™.

Recentemente a TFD tem sido indicada como terapia
antimicrobiana e muitos termos tem sido associados a esta técnica, tais
como aPDT (antimicrobial photodynamic therapy), PACT (photodynamic
antimicrobial chemotherapy) e PDI (photodynamic
inactivation)18’22'31'42’48'50'52.

Devido a alta seletividade da técnica e auséncia de resisténcia
microbiana, a TFD tem sido estudada como terapia auxiliar do tratamento
mecanico da periodontite®®#8°8:23:0,

Apesar dos beneficios alcancados por esta técnica, alguns estudos
in vitro revelam dificuldades em se atingir microorganismos em camadas
mais profundas do biofilme oral através da TFD'"®*. Porém, esta técnica

produz mais morte bacteriana quando comparada ao uso de antibiéticos

sistémicos?’.
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Sabe-se que bactérias gram-positivas sdo mais susceptiveis a
fotoinativagdo, enquanto bactérias gram-negativas sdo mais resistentes a
acao fotodinamica®. Isso se deve as diferencas estruturais na membrana
externa destes microrganismos, sendo que a camada externa das
bactérias G- atuam como uma barreira funcional®?°33*48 Nas bactérias
G+, a membrana citoplasmatica € circundada por uma camada
relativamente porosa de peptidoglicanos e acido lipotecoico, a qual
permite a entrada do fotossensibilizador®®. O envelope celular das
bactérias G- consiste de uma membrana externa complexa incluindo duas
bicamadas lipidicas, interna e externa, que sdo separadas por
peptidoglicanos. Esta membrana externa produz uma barreira de
permeabilidade, restringindo a ligagdo e penetragdo de diversos
fotossensibilizadores®**°.

Na periodontia, a TFD tem mostrado efeitos positivos contra
bactérias periodontopatogénicas como Porphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, Capnocytophaga gingivalis,
Fusobacterium nucleatum, Prevotella intermedia e Streptococcus
sanguis'**’. Estudos utilizando a TFD como tratamento da periodontite
cronica, periodontite agressiva ou mesmo em modelos de periodontite
induzida por ligaduras em animais tem apresentado resultados
animadores, por exemplo: diminuicdo estatisticamente significante de
bactérias periodontopatogénicas**, reducdo de citocinas pré-inflamatérias

e melhora nos parametros clinicos da doenca®, opcado de terapia auxiliar
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em imunossuprimidos®'®, reducdo de sitios com sangramento em bolsas
maiores ou iguais a 5mm?® e reducéo da perda de tecidos periodontais®.
No entanto, recentes revisdes sisteméticas e meta-analises
observaram auséncia de beneficio adicional da TFD em relagdo a RAR ou
beneficios apenas a curto prazo mas com resultados microbiolégicos

ainda contraditorios®®3,

Ainda, alguns estudos observaram resultados
satisfatorios aplicando a TFD como opcdo de tratamento para a
periimplantite?®*>°®, Com isso, nota-se que o desafio frente & Terapia
FotodinAmica é ajustar os parametros para aumentar a aplicabilidade, a

eficacia e credibilidade desta técnica para que possa ser utilizada em

tratamentos odontol6gicos num futuro préoximo.

Fotossensibilizadores

O primeiro fotossensibilizador aprovado para uso clinico no
tratamento de cancer foi um derivado de hematoporfirina denominado
Photofrin®®. Atualmente, muitos fotossensibilizadores estdo disponiveis
para utilizacdo na TFD, como porfirinas, ftalocianinas e fenotiazinas. Na
area odontolégica, os fotossensibilizadores mais empregados sao as
fenotiazinas, como azul de metileno (MB, methylene blue), azul de
toluidina O (TBO, toluidine blue O) e eritrosing®’8:314%:47:57.58.62.64
Sabe-se que 0 mecanismo da TFD pode atuar por duas vias:

Reacao do Tipo I, com produc¢ao de radicais livres ou Reacao do Tipo II,

com producdo de oxigénio singlete (sendo este o principal agente
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citotéxico responsavel pela foto-inativacdo dos microorganismos e

células)®*3448,

Os hidroperéxidos destas reacbes podem levar a
formacdo de espécies reativas com oxigénio (ROS) e, uma vez que a
reatividade desta molécula ndo é especifica, a multiplicidade de alvos
torna mais dificil para as células desenvolverem resisténcia celular.
Ambos o0s mecanismos podem levar a morte celular e destruicdo do
tecido doente”®,

A fotossensitividade das bactérias tem sido relacionada a carga
dos fotossensibilizadores, sendo que normalmente bactérias Gram
positivas séo inativadas por fotossensibilizadores neutros ou aniénicos. A
afinidade de fotossensibilizadores carregados negativamente por
bactérias Gram negativas pode ser aumentada pelo pré-tratamento com
EDTA e ligagdo de moléculas catibnicas como lisina ao corante e, ainda,
conjugacdo de anticorpos monoclonais®?93334°8  Assim, o estudo de
novos farmacos que apresentem maior eficéncia antimicrobiana tem sido
de fundamental importancia para a obtengéo de resultados cada vez mais

promissores em bactérias G- periodontopatogénicas presentes no biofilme

das doencas periodontais.

Hipericina
A hipericina é um pigmento fotoativo natural extraido de plantas
herbaceas do género Hypericum perforatum, mais conhecida como erva

de Sdo Jodo™®® (Figura 1). Este fitoterpico é utilizado como
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medicamento em quadros de distlirbios psicovegetativos, estados

48
|

depressivos leves/moderados, medo e/ou agitacdo emocional™, sendo

um dos produtos naturais mais consumidos nos EUA*. Introduzido na

TFD ha quase 20 anos para tratamento antitumoral®?

, este pigmento tem
sido associado a uma potente acéo fototdxica antitumor in vitro e in vivo?,
aléem de apresentar propriedades antiinflamatorias, anti-sépticas,

antiinfecciosas, antivirais e antimicrobianas®*,

Figura 1 - Erva de S&o Jodo e a estrutura quimica da hipericina

O poder fototéxico da hipericina tem sido avaliado em muitos

estudos de carater antimicrobiano®>*+®

e na eliminacdo de células
tumorais, induzindo tanto apoptose quanto a necrose de células
tumorais****. Embora n&o tenha sido totalmente elucidado o mecanismo
de acdo da hipericina®, seu efeito bioldgico tem sido associado a

producdo de grande quantidade de oxigénio singlete (reacéo tipo 11)%%%,
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sendo este radical oxidativo extremamente toxico as bactérias.
Atualmente a hipericina € considerada o fotossensibilizador mais potente
encontrado na natureza®*%°°,

A hipericina pode ser sintetizada a partir do Emodin, um precursor
da hipericina, que apds sucessivas oxidacdes e presenca de luz gera a
molécula da hipericina. Este fotossensibilizador € um composto de carater
hidrofébico e, portanto, insolivel em agua. Seu extrato deve ser
dissolvido em solventes como o DMSO (dimethyl sulfoxide), a acetona, o
dietil éter, etc'>3241:5463,

No espectro eletromagnético, a hipericina apresenta dois picos de
absorcdo: 550 nm e 590 nm (Figura 2), com o0 pico maximo de
fluorescéncia proximo a 600 nm. Na TFD-HY a variagdo no comprimento
de onda deve estar em torno de 590 nm, sendo esta informacdo de
extrema importancia para a escolha da luz empregada, seja laser ou LED,

para que o efeito fototdxico da hipericina possa ser eficientemente

ativado®2.
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Figura 2 — Espectro de absor¢cdo da hipericina em DMSO

Terapia fotodinamica e hipericina

De modo geral, poucos estudos de fotoinativacdo de bactérias tem
sido realizadas. E conhecido que bactérias G+ sdo mais sensiveis & TFD.
Alguns estudos relatam que TFD-HY apresenta resultados positivos em
bactérias G+ e resultados negativos em bactérias G-*"®°. Essa falha tem
sido associada as diferencas nas membranas e paredes celulares das
bactérias e, para contornar esta divergéncia e ampliar o poder de a¢éo do
fotossensibilizador, formulagbes catibnicas de hipericina tem sido
introduzidas®*. Em contrapartida, resultados recentes tém mostrado que
hipericina € capaz de inativar tanto bactérias G+ como G- além de cepas
de Candida albicans e Candida Dulbinienses de forma seletiva, ou seja,

sem causar morte celular®,

28



Diversos fatores relacionados a técnica de TFD-HY podem alterar
a eficacia da eliminacdo de microrganismos. Sugere-se que o periodo de
incubacdo € de extrema importancia para a hipericina apresentar seu
efeito citotdéxico, assim como ambientes limitados em oxigénio podem
reduzir o efeito da TFD antimicrobiana®®. Estudos que ampliaram a dose
de luz também revelaram maior eficiéncia da TFD-HY na eliminacédo de
cepas G+ de S. aureus. Ainda, a integridade da membrana revelou ser
dose-dependente em relacdo a concentragdo de hipericina, onde maiores
doses apresentaram mudancas morfoldégicas mais expressivas e maior
taxa de morte bacteriana®.

Neste contexto, acredita-se que a TFD-HY com seu alto
rendimento quantico de formacdo de oxigénio singlete, alta
fotoestabilidade, auséncia de citotoxicidade no escuro e elevada atividade
fotodindmica possa ser empregada para tratamento da periodontite,
embora muitos parametros da técnica e caracteristicas da doenca

periodontal precisardo ser contornadas.
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2 PROPOSICAO

Objetivo Geral
O presente estudo teve por objetivo avaliar os efeitos da terapia fotodinamica
com uso de hipericina no tratamento da doenca periodontal induzida in vivo, como

terapia Unica ou como auxiliar do tratamento mecanico.

Objetivos Especificos
- Capitulo 1: Fazer uma revisdo da literatura sobre o uso da Terapia

Fotodinamica em biofilmes orais;

- Capitulo 2: Avaliar a perfil 6sseo alveolar e processos de reparo pos-
tratamentos por meio de andlise histométrica e por avaliacdo
tridimensional por micro-tomografia computadorizada, assim como avaliar
a expressdo de proteinas relacionadas a reabsor¢cdo Ossea (TRAP e

RANKL) por meio de analise imunohistoquimica.
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CAPITULO 1

In: Photodynamic inactivation of biofilm: taking a lightly colored approach to
stubborn infection

Wanessa CMA de Melo, Milene N de Oliveira, Pinar Avci, Asheesh Gupta, Daniela Vecchio, Magesh
Sadasivam, Rakkiyappan Chandran, Rui Yin, Livia R Perussi, George P Tegos, Janice R Perussi,

Michael R Hamblin.

Photodynamic Therapy in Dental Biofilms*
Clinical studies and applications

Livia Rodrigues Perussi, Janice Rodrigues Perussi

Revisdo submetida e aceita para o

Expert Review of Anti Infective Therapy (IF: 3.28)

* Este capitulo faz parte de uma reivsdo mais extensa, intitulada: Photodynamic inactivation of biofilm: taking a
lightly colored approach to stubborn infection. Anexo B.
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ABSTRACT. Microbial biofilms are defined as accumulations of microbial cells
embedded within a polymeric matrix, typically comprising exopolysaccharide that
together form a complex community. These communities of microorganisms in
biofilms have been found to be responsible for a wide variety of microbial infections
in different parts of the body such as: urinary tract infections, catheter infections,
middle-ear infections, gingivitis, caries, periodontitis, orthopedic implants and so on.
The microbial cells growing in a biofilm have properties and gene expression patterns
distinct from planktonic cells. These differences include phenotypic variations in
enzymatic activity, cell wall composition, and surface structure, which increase the
resistance to antibiotics and other antimicrobial treatments and therefore pose a
major therapeutic challenge. There is consequently an urgent need for new
approaches to attack biofilm-associated microorganisms, and antimicrobial
photodynamic therapy (aPDT) may be a promising candidate. aPDT involves the
combination of a non-toxic dye, termed a photosensitizer, and low intensity visible
light which, in the presence of oxygen, produce cytotoxic reactive oxygen species. It
has been found that many biofilms are susceptible to aPDT, particularly in dental
disease. This review will focus on aspects of aPDT that are designed to increase
efficacy against biofilms, including PS drug design, modalities to enhance penetration

of PS into biofilm, and combination of aPDT with biofilm-disrupting agents.

Key Words: Antimicrobial photodynamic therapy, biofilm, microbial resistance,
extracellular polysaccharide, persister cells, multidrug efflux pump, dental infection,

phenothiazinium dye.
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Photodynamic Therapy in Dental Biofilms

Clinical studies and applications

Livia Rodrigues Perussi', Janice Rodrigues Perussi?
! Faculdade de Odontologia de Araraquara — UNESP, Brazil

2 Instituto de Quimica de S&o Carlos — USP, Brazil

Periodontal diseases are among the most common oral diseases in the world,
leading to tooth loss. Upon poor oral hygiene, constituents of the diet interact with
oral bacteria leading to changes in the local microflora resulting in an upsurge of oral
biofilms that adhere in teeth and soft tissues of the mouth. Thus, bleeding of the
gingiva (gingivitis) can advance and involve supporting tissues of the teeth such as
bone, creating the periodontal pocket (periodontitis). An adequate treatment must be
done in order to stop the advance of the disease. However, due to the complex
biofilm composition, systemic therapy may be associated with conventional therapy
of periodontal diseases.

Chronic use of antibiotics has led resistance to many bacterial strains. Thus,
the development of alternatives therapies is necessary in order to control anaerobic
gram-negative microorganisms in periodontal infections. The large number of reviews
articles on the association of low-power lasers with photosensitizers in periodontal
disease conditions [1-7] reflects the increasing use of PDT in dentistry, which
represents a novel therapeutic approach in the management of oral biofilms.

Early in 1996, Wilson at al has quantitatively investigated the lethal
photosensitization of one of the predominant organisms in dental plaque,

Streptococcus sanguis. When growned as a biofilm under conditions similar to those



36

existing in the oral cavity, using hydroxyapatite as the substratum and artificial saliva
as the nutrient source, S. sanguis was killed using an aluminium disulphonated
phthalocyanine (AIPcS,) as a light-activated antimicrobial agent [8].

In 2002, O’Neill et al used multi-species biofilms of oral bacteria irradiated with
light from a helium/neon laser. The biofilms consisted of extremely large numbers of
bacteria (9.10%) and 97.4% were killed following irradiation with 31.5 J in the
presence of 25 mg/ml toluidine blue O (TBO), concluding that this may be useful in
the treatment of dental plaque-related diseases [9].

Fontana et al, 2009 investigated the photodynamic ability to reduce the
number of dental bacteria in the planktonic phase and in biofiims. The
microorganisms were sensitized with 25 ug/ml of methylene blue (MB) and exposed
to red light for 5 minutes. As results, they observed 63% reduction of bacteria in the
suspension form and only 32% in the biofilms. Thus, the conclusion was that PDT is
less effective in biofilm conditions than in bacteria planktonic phase [10].

Goulart et al, 2010 have evaluated the inactivation of Aggregatibacter
actinomycetemcomitans (Aa), responsible for causing aggressive periodontitis, by
rose bengal (RB) as a model of a reactive oxygen species (ROS) generator, in
planktonic and biofilm cultures. After PDT, the reduction in the biofilm (about 45%)
was significantly dependant on RB concentration and irradiation time and it did not
cause damage to gingival fibroblast cells under the same conditions [11]. In another
study it was compared methylene blue (MB) and erythrosine (ERY) to inactivate Aa.
The results showed that ERY is more efficient at killing these bacterial cells in
planktonic (75%) and biofilm (77%) culture compared with MB (50% and 54%,
respectively). They have concluded that PDT using MB or ERY as a photosensitizing

agent and a dentistry photopolymerizer as a light source could be an efficient option
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for pocket decontamination in aggressive periodontal disease [12]. Table 1

summarizes some important outcomes of each study.

Table 1. In vitro studies outcomes.

Year Authors Bacteria in biofilm PS Light source Effect
1996 Wilson S. sanguis AlPcS2 GaAlAs laser 5 logio reduction
2002 O'Neill Multi-species TBO Helium/neon 97.4%

laser

Dental plaque bacteria | Conjugate Dental plaque

1 . 0,
2003 Soukos™® and Actinomyces clorin 6 Red light Zpiggzllu?%ﬁ?
naeslundii species and pL 99%
2009 Fontana Multi-species MB Diode laser 32%
ERY 7%
2010 Goulart A MB Hand-held 54%

actinomycetemcomitans photopolymerizer

RB (HHP)

45%

As it can be observed, antimicrobial PDT is very effective in periodontal
studies in vitro. However, when biofilms studies are evaluated and even more, when
clinical studies are conducted, PDT results are controversial.

An in vivo study evaluated PDT as a treatment for induced periodontitis in
diabetic rats. PDT was applied once with toluidine blue O (TBO) 100 pug/ml and red
source laser for 133 seconds. Results showed that PDT groups had less bone loss
than group given only the SRP treatment. Even though the animals had a systemic
disease, the therapy was able to decrease the signals of periodontal destruction [13].

A clinical study conducted in 10 patients with diagnosis of aggressive
periodontitis on which they were submitted to SRP or PDT and evaluated in terms of
clinical outcomes. After 3 months, both treatments led to improvements in reducing
the signals of disease, but with no significant statistical differences among them [14].

Another clinical study evaluated 58 individuals submitted to SRP alone, SRP
plus 1 session of PDT and SRP plus 2 sessions of PDT. The two most significant

outcomes measured (probing depth, PB and clinical attachment level, CAL) had no
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statistical difference among the groups. However, bleeding on probing (BOP)
decreased in the groups with the associated therapies [15].

In 2011, a statement released by the American Academy of Periodontology
(AAP) reported that lacks evidence of PDT effectiveness based on the clinical trials,
where only two trials observed great bacterial reduction from out of ten already
published. Therefore, AAP states that PDT is unpredictable and inconsistent in the
ability to reduce bacterial loads compared to SRP alone [16]. However, to our
knowledge, comparisons between PDT clinical studies are difficult to eliminate all
bias. There are PDT applications in many different diseases, such as chronic
periodontitis and aggressive periodontitis. As it is know, the nature and the
pathogenesis of the diseases are different, making difficult to compare the therapies
outcomes. Moreover, the PDT technique has many parameters that can alter
between studies methodologies, such as photosensitizers used, concentrations of
the dyes, time of pre-irradiation and dose of light.

Even though PDT has still a long way to roam in studies related to dental
biofilms, it is already clear that this therapy can be interesting in many clinical
situations due to its unique characteristics [13,14]. PDT applications related to caries,
endodontic infections and dental implants have also been evaluated and promising

results have been achieved [17].

Author’s statement: It is clear that PDT will never be prescribed as a unique
therapy for treating dental biofilms. However, we can affirm that PDT is an effective
and promising complementary therapy in many different clinical situations, especially

in periodontal treatment.
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Abstract

Background: Hypericin has been quoted as a powerful photosensitizer but no reports
of HY-PDT (Hypericin — Photodynamic Therapy) for periodontal diseases to date
have been observed. The aim of this study was to evaluate the HY-PDT effects on
experimental periodontitis in vivo as a monotherapy or as an adjunct to mechanical
periodontal treatment.

Methods: Eighty-four rats had periodontitis induced by cotton ligatures that were
inserted in the subgingival area of maxillary second molars. After seven days, the
ligatures were removed and the animals were randomly divided into the following
treatments groups: Control (C); Scaling and root planning (SRP) with mini-curettes;
PDT (HY 10pg/ml, LED 590nm) and SRP+PDT. Seven, 15 and 30 days post-
treatment the animals were euthanized. The furcation area was evaluated by
immunohistochemical analysis for TRAP and RANKL in the 7-days samples;
histometric and micro-computerized tomography (microCT) analysis for bone loss
observations were performed at all periods samples.

Results: MicroCT and histometric analysis of bone at 7 and 15-days periods showed
significant differences between SRP, PDT and SRP+PDT groups to Control group,
whereas treatments groups revealed more bone repair. At 30-days period, no
differences were found among all groups. PDT and SRP+PDT immunohistochemistry
analysis showed TRAP-positive cells and RANKL-staining similar to Control group.
Conclusion: In this study conditions, HY-PDT as a single therapy or as an auxiliary
treatment of periodontitis in vivo showed similar results to SRP regarding bone loss
at all time points. Therefore, more studies should be performed in optimize the
periodontal outcomes.

Keywords: photodynamic therapy (PDT); hypericin; microCT; periodontitis
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Introduction

Periodontitis is characterized by loss of periodontal tissues due to
accumulation of bacterial biofilm around the structure of the teeth. If untreated, the
biological response leads to inflammation and bone loss.* In order to investigate host
bacteria interactions, the ligature model in rats is a feasible way to evaluate
periodontal therapies in vivo.”*

The conventional treatment of periodontal diseases includes scaling and root
planning (SRP), which is a mechanical procedure indicated to eliminate bacterial
deposits on tooth surfaces in order to diminish signs of inflammation.*> However, the
pattern of the disease, anatomical variations, involvement of systemic diseases and
different therapeutic approaches can make mechanical treatment not sufficient as a
monotherapy.*®® Thus, chemical support in association to SRP is commonly used to
amplify the bacterial reduction and help eliminate clinical signs of periodontitis.
Although antibiotic is commonly an ally, a long-term prescription can lead to
microorganism resistance and many other side effects to the patient.>**

New therapies have been proposed as auxiliary to periodontal mechanical
treatment, such as photodynamic therapy (PDT). This technique requires a non-toxic
light-sensitive dye (known as photosensitizer) that interacts with a specific target cell
in the presence of oxygen and is activated by a visible light of adequate wavelength.
This reaction produces singlet oxygen and other reactive oxygen compounds (ROS)
that are toxic to bacteria.*>*®

Although many studies in vitro and in vivo have already evaluated the efficacy
of PDT in the treatment of periodontitis, results are still contradictory.*’*%°

Furthermore, it is know that many factors related to this technique such as the choice

of the photosensitizer?* and its concentration, the wavelength and dose of light as
P
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well as the interval among the administration of the dye and the irradiation time can
make it difficult to achieve a protocol with 100% efficiency.

It is also important to consider that most of the PDT studies are conducted
with lasers to activate the PS.® ?22® Although they have many advantages as a light
source, this technology is very expensive, limiting the applicability of this technique.
An alternative is the light emitting diode (LED),** which is reasonably less expensive
and may be easily found in a dental office.?>°

Other aspect to emphasize is that most studies associating PDT and
periodontitis uses mainly phenothiazines dyes, like methylene blue (MB) and
toluidine blue O (TBO), which have poor effects against G- microorganisms and can
also stain the teeth as well as implants and restorations.'”?*%2" Hypericin (HY) is a
natural photosensitive pigment that is extracted from various species of the
Hypericum genus, the herbaceous plant known as St. John’s Wort and is on the
market for many years as an anti-depression herbal agent.?®** HY is considered one
of the most powerful photosensitizers found in nature due to the high generation of
superoxide anion and singlet oxygen.’®3%3? Although the phototoxicity of HY on
several tumor cells has been reported, the data concerning its photoactivity on
microorganisms are scarce.**3** A detailed study to obtain the experimental
parameters to achieve satisfactory selective photoinactivation of C. albicans and C.
dubliniensis with hypericin has been achieved.® In another study, HY was showed to
kill E. coli on a similar amount as Zn-phthalocyanine since 12 J cm™ leads to a 7 log
reduction, almost twice the inactivation obtained with rose Bengal and methylene
blue at high concentration and at the same light dose.*® A recent study evaluating
Gram-positive and Gram-negative bacteria in planktonic culture and in biofilm, also

observed selective photoinactivation with hypericin (results not yet published).
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However, antimicrobial-PDT with HY related to oral bacteria was poorly investigated
to date.?®3!

During progression of periodontal disease, bone reabsorption occurs in the
presence of cytokines that are released in the inflammatory sites. Receptor activator
of nuclear factor-kappa B ligant (RANKL) and multinuclear tartrate-resistant acid-
phosphatase (TRAP)-positive cells are related to osteoclast differentiation and
activation, leading to osteoclatogenesis and bone loss. Both cytokines play an
important role in the alveolar bone during periodontitis.?®*"*° To evaluate bone
destruction, micro-computerized tomography (microCT) is a very sensitive technique
providing three-dimensional images such as bone height, bone density and bone

4042 and has been indicated to evaluate periodontal bone modifications.

structures
Regarding previous PDT in vivo studies, there are no reports of bone repair by
means of micro-CT.

A great amount of questions still needs to be answered regarding PDT as a
treatment for periodontal diseases. To our knowledge, there are no reports using HY
for this purpose. Thus, the aim of this study was to investigate the effects of HY-PDT

as a monotherapy or as an adjunct treatment to experimental periodontitis in a rat

model.

Material and Methods *
Sample

Experimental group comprised eighty-four male Holtzman rats (Rattus
Novergicus), weighting 200-250g, maintained in the animal facilities of the

Araraquara Dental School, with controlled temperature (23+2°C), humidity (65-75%),

- * Para metodologia completa, ver apéndice 1.
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and a 12-hour light-dark cycle. Throughout the experimental period, rats were
housed in plastic cages, fed by a standard laboratory diet and given water ad libitum.
The study protocol was conducted according to the recommendations of the National
Council for Control of Animal Experimentation (CONCEA) and was approved by the

Local Institutional Experimentation Committee for Animal Care and Use (Protocol

21/2009). *

Experimental Periodontal Disease Induction

The animals underwent general anesthesia (0.08 ml of ketamine hydrochloride
and 0.04 ml of xylazine per 100g body weight) administered via intramuscular
injection. The ligature model was obtained by placing a cotton thread around the
second maxillary molars at the level of the gingival sulcus. The ligatures were placed
bilaterally and kept for 7 days in order to induce periodontitis. After the 1-week induction

period, the ligatures were removed and the treatments were performed.

Experimental Protocol

At the day of ligature removal, all treatments were performed. The animals
were randomly« assigned into four groups: Control (C, n=21) in which no treatment
was performed; Scaling and root planning (SRP, n=21); Photodynamic therapy (PDT,
n=21); and SRP associated with PDT (SRP+PDT, n=21). On each group, the animals
were divided into three experimental periods: seven, 15 and 30 days post treatment,

with seven animals per period on each group.

Aprovacéo do Comité de Etica: Anexo A

o
A blinded co-autor performed randomization.
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SRP Treatment

The SRP treatment was conducted with mini-five curettes (#7-8, #11-12, #13-
14)« through distal-mesial traction movements in both vestibular and palatine
surfaces of the second maxillary molars. The furcation and interproximal areas were

scaled through cervico-occlusal traction movements with the same curettes.

Photosensitizer

Hypericin was synthesized from emodin according to the literature®® and the
product was checked by *H nuclear magnetic resonance (NMR). The stock solution 1
mg/mL was prepared in dimethyl sulfoxide (DMSO 1%). In order to achieve the
established concentration (10 ug/mL), the stock was diluted in phosphate buffered

saline (PBS, pH 7.4) and kept in the dark to avoid photodegradation®.

Light source

The maximum absorption band of HY is 590 nm and therefore the light source
used to activate the photosensitizer was a yellow LED (light emitting diode) operating
at 590 + 10 nm at an intensity of 115 mW.cm™. The LED apparatus (tip: 1 mm
diameter) was developed by the Optics Group (Research Center for Optics and
Photonics) of the Physics Institute, University of Sdo Paulo - USP, Sao Carlos, SP -

Brazil.

PDT Treatment
Hypericin was inserted into the gingival sulcus at a volume of 0.2 mL using a

syringe (1 mL) and an insulin needle (13 x 0.45 mm), without a bevel, through all

- * Hu-Friedy Co. Inc., Chicago, IL, USA
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faces of the second molars teeth. The photosensitizer remained within the
periodontal pocket for five minutes (pre-irradiation time). The irradiation time was 4
minutes per tooth, where the LED was applied in a parallel position to the teeth

occlusal surface. The fluence delivered was 35.15 J/cm? per tooth.

Experimental Periods

The animals were sacrificed at 7, 15 and 30 days post treatments, by an
overdose of anesthesia administration. After euthanasia, the maxillary jaws were
hemisected. Half of the blocks was separated for histology and immunohistochemical
processing, whereas the hemi-maxillas were fixed in 4% buffered paraformaldehyde
(pH 7.2) for 48 hours and decalcified for 2 months in 7% EDTA (0.1M, pH 7.2) and
embedded in paraffin. The remaining blocks were placed in H,O, for 48 hours in
order to facilitate removal of the soft tissues and, subsequently, stored in 70%

ethanol for alveolar bone analysis by micro-computerized tomography.

Histometric analysis

After decalcification, the specimens were embedded in paraffin, cut into 6um
sections of longitudinal serial slices and stained with hematoxilin and eosin.

For the histometric analysis, a calibrated blinded examiner randomly selected
three histological images from each animal corresponding to the beginning, middle
and end of each sample. The proportion of bone tissue in the furcation area was
assessed using an image analyzer program# The measures of each section were
performed three times by the same examiner within a week interval. The area

analyzed was delimited from the furcation roof to a distance of 1000 ym apically and

# Image J Launcher 1.42q, Bethesda, Maryland, USA
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limited horizontally by the tooth molar roots, according to the methodology described

by César-Neto et al, 2006.**

MicroCT Analysis

The hemi-maxilla samples of seven rats per group and period were scanned
with MicroCT system«. The x-ray generator was operated at 50 kVp, beam current at
500pA, 0.5mm aluminum filter at an image resolution of 12.45um. The images were
reconstructed with specific softwaret in all three spatial dimensions and then, all the
images were orientated and saved in sagittal slices (2000 x 1336) with Skyscan
software . The volumetric measurements were performed after the selection of a 3-
D ROI (region of interest) with CTAn program~. During the drawing of the ROI the
examiner was guided by morphological landmarks. The ROI was delimited from the
most mesial root of third molar to the most distal root of first molar served as endpoint
landmark borders, because the experimental periodontal disease and the maximum
bone loss was evident on the second molar around the furcation and interproximal
area. After the delimited landmarks borders, the contours of the ROI were drawn at
regular intervals with a slice-based method, every 10 planes, resulting in minimum
inclusion of the teeth roots and maximum quantification of alveolar bone. All contours
were drawn beginning immediately below the cemento-enamel junction (CEJ) and
moving 1,5 mm in the apical direction. Thus, the entire bone area of the interproximal

region and the furcation area of the second molar were involved in the ROI. Finally,

o Skyscan, 1176, Aartselaar, Belgium
& NRecon 1.6.1.5 — Skyscan, Belgium
# Data Viewer 1.4.3.1 - Skyscan, Belgium

~ CT Analyser 1.10.1.0 - Skyscan, Belgium
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on the original three-dimensional image, the indices were calculated through the
binarized ROI. The architectural parameter evaluated was bone volume fraction (%)

that represents the volume of the mineralized tissue.

Immunohistochemical analysis

Serial longitudinal sections (4um) were mounted on silanized slidesc and
incubated for 2 hours at 58°C. Briefly, tissue sections were deparaffinized and
rehydrated. No antigen retrieval was performed. The sections were treated with 3%
hydrogen peroxide for 30 minutes at room temperature (RT). Afterwards, sections
were incubated with 3% bovine serum albumin for 2 hours. Therafter, the sections
were incubated with rat TRAP or RANKL polyclonal antibodies raised in rabbit (1:200
dilution for both proteins), in a humid chamber at RT overnight. As negative control,
primary antibody was omitted and incubated with 1% PBS. Following the incubation
period, the sections were washed with 1% PBS and incubated with biotinylated
immunoglobulin for 30 minutes at RT. After washing, sections were incubated by
biotin-streptavidin peroxidase® complex for 30 at RT. Diaminobenzidine/hydrogen
peroxidey was used as a chromogen substrate. All sections were counter-stained
with Carrazi Hematoxylin for 45 seconds and mounted in Permount.

Standardized photomicrographs of the most coronal portion of the furcation
region were taken using a light microscope (20x, original magnification). The area of
the furcation for immunohistochemical analysis was selected as the same

methodology described for histometric analysis.

¢ Dako, Glostrup, Denmark
@® DAKO-LSAB

y DAB - DAKO
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A masked, calibrated examiner analyzed the images. The positively TRAP-
cells around bone tissue were assessed whereas osteoclasts with more than two
nuclei were considered TRAP-positive multinuclear cells. The RANKL marker was
analyzed in the same furcation area by percentages: no marking (0%), weak marking
(<25% of cells), moderate marking (<50% cells) and strong intensity (>50% cells),

according to Garcia et al.*

Data Analysis

The histometric and microCT data distribution were statistically analyzed using
the test of Shapiro-Wilk to assess whether the data were distributed according to the
central theorem of distribution. All groups showed normal distribution of data, and
then the parametric test ANOVA (One Way) supplemented with Tukey test was used
for inter-group analysis of the data. For the histometric data, the paired t-test was
used to intra-groups for comparison taking into account different evaluation periods.
Statistical analysis was performed using GraphPad Prism 5.0°. All tests in this study

were applied with a 95% confidence level (p <0.05).

Results

Histometric analysis

The histometric data showed that on the 7-days analysis, all the treatment groups
(SRP, PDT and SRP+PDT) presented a higher percentage of bone fill in furcation
area when compared to Control group (p< 0.05; p< 0.001). The same observation
was verified at 15-days analysis; all the treatment groups presented a higher

percentage of bone fill in furcation area when compared to Control group (p< 0.05;

° (GraphPad Software Inc., San Diego, CA, USA)
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p< 0.001; p<0.001). However, no statistical differences were observed between the
treated groups.

The intragroup analysis showed that there was statistically significant
difference in the PDT group, between the periods of 15 and 30-days (p<0.05), which

presented greater bone fill in the furcation area at 15-days samples.

f‘ 'l]. []7 Days

I:I 15 Days
;f [ I‘ 30 Days

% Bone Fill

0 1 1 : l:.; 1 L
Control SRP

SRP+PD

PDT

Figure 1. Percentage of bone fill in all groups at the 7, 15 and 30 days experimental

periods.

* Significant differences between Control and PDT group at 7-days and between
Control and SRP group at 15-days (p<0.05). Tukey’s test.

** Significant differences between Control and SRP and SRP+PDT groups at 7-days
and between Control and PDt group at 15-days (p<0.01). Tukey'’s test.

*** Significant difference between Control and SRP+PDT group at 15-days
(p<0.001). Tukey’s test.

# Significant difference between 15 and 30-days period at PDT group (p<0.05).

Paired t-test.
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MicroCT Analysis

The results of bi-dimensional and three-dimensional sagittal micro-computed
tomography views of maxillary molars from each group at 7 days are shown in figure
2a to 2d and 2e to 2h, respectively. Graphs of all experimental periods with the
results of bone fraction volume (BVF) are shown in figure 3a to 3c. Relevant effect on
bone repair, represented by BVF, was evidenced in the control group compared to

SRP, PDT and SRP+PDT groups at 7 and 15-day periods. No significant difference

was evident at 30-day period evaluation between groups (p<0.05).

Figure 2. Images of the maxillary second molars using micro-computed tomography
in a 7-day period. Bi-dimensional (2a to 2d) and three-dimensional (2e to 2g) sagittal
micro-computed tomography views of maxillary molars of different animals according
to the treatment: (a,e) Control; (b,f) SRP; (c,g) PDT and (d,h) SRP + PDT. Note the
repair process on interproximal alveolar bone and furcation area for the treated

groups compared to the control group.
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Figure 3. Figure 3a to 3c — Bone volume fraction in all experimental periods of 7 (a),
15 (b) and 30 (c) days, respectively.
* Significant difference between treatment groups (SRP, PDT and SRP+PDT) and

Control group (p<0.05). Tukey’s test.

Immunohistochemical analysis

The RANKL and TRAP staining patterns demonstrated antibody specificity
(Figure 4). Among the different treatments applied in the animals, RANKL
iImmunoreactivity was strongly more evident at PDT and SRP+PDT groups. The
number of TRAP-positive cells in the animals in the PDT and SRP+PDT groups was

slightly similar to Control group while the SRP group had the lowest number of

TRAP-positive cells (Table 1).
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100 pm 100 pm 100 pm

Figure 4. TRAP and RANKL immunostaining (IS) in the furcation area, 7-days post
treatment in sections from the Control group. Negative control (A) of IS, original
magnification: 5x; arrow indicating RANKL IS (B) and TRAP-positive cell (C), original

magnification: 20x.

Table 1. RANKL Immunostaining and TRAP-positive cells staining on the groups

analyzed.
Control SRP PDT SRP+PDT
RANKL Weak (<25%) to | No marking (0%) Moderate Moderate
Immunostaining moderate - weak marking | marking (<50%) | marking (<50%)
marking (<50%) (<25%)
TRAP-positive 8 3 7 9

cells

Discussion

In this study, clinical signs of inflammation were evident and bone loss was

observed by the tridimensional images after the 7-days induction period of
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periodontal disease. Therefore, the outcomes of the disease model were in
accordance to previous in vivo studies performed in rodents with the same
experimental period for periodontites.%>414°

Photodynamic therapy, initially indicated for treatment of malignant tumors,
recently has been proposed to inactivate bacteria and may also be cited as
antimicrobial or  antibacterial-PDT  (a-PDT), photodynamic  antimicrobial
chemotherapy (PACT) or even photodynamic inactivation (PDI).%126:334547 gince we
did not evaluate bacterial load, the PDT term was used. This therapy has advantages
such as selectivity and lack of resistance development, being a very promising
treatment in association to periodontal mechanical therapy.®*>*#

Periodontitis is an inflammatory disease formed by accumulation of oral
biofilm, mainly formed by periodontopathogenic bacteria, mostly G-. This type of
bacteria possesses an outer membrane that restricts binding and penetration of
many photosensitizers, especially when arranged in a biofilm.*>***® Thus, one of the
challenges to PDT is to find a suitable drug that can penetrate in bacteria walls
appropriately so that the efficiency of the therapy is maximized. This may explain why
PDT for periodontal diseases have less efficient outcomes than reports on other
diseases mainly constituted by G+ bacteria.®>*® Yow et al.*® observed that
combination of HY with light irradiation was able to significantly kill G+ bacteria but
was not effective against G- cells and therefore, the difference of susceptibility of the
PACT was related to the cell walls structures that diverged within the uptake of HY
between the two species analyzed. However, Melo et al.* reported that despite of
HY being a neutral molecule, this PS is able to kill E. coli after irradiation at 630 nm.

The incresase in light dose as well as in the photosensitizer concentration leads to

increase in bacteria inactivation up to 7 log reduction.
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Fontana et al.*®

reported that PDT killed more bacteria in suspension than
when arranged in biofilms. Furthermore, Zanin et al.?® reported that mature biofilms
are less susceptible to PDT. The microCT and histometric results at 7 and 15-days
(Figures 1 and 3, respectively) showed significant differences between Control and
treatment groups (SRP, PDT and SRP+PDT), but without differences among them.
PDT alone or combined to SRP did not reveal a significant greater bone repair
compared to SRP group. The lack of expressive outcomes in the PDT and SRP+PDT
groups may be related to deficiencies on the PDT parameters and as well as on the
hypericin’s characteristics. Some explanations can be cited, such as: hypericin may
have had difficulty in binding to the G- bacteria walls arranged in a complex biofilm in
periodontitis; the pre-irradiation time could have been short; the dose used could not
be sufficient to photosensitize HY on a biofilm in vivo and lastly, the concentration of
HY may have been low. Therefore, the PDT outcomes in this study were not
significant compared to SRP and some modifications in the parameters of HY-PDT
should be made in further studies, such as utilization of nanoparticules to improve
hypericin’s delivery to its targets.

In this study, PDT as a monotherapy or as adjunct to SRP showed similar
results to SRP alone, considered the gold- therapy for periodontitis. To our
knowledge, SRP will never be an option but a sine qua non treatment to diminish
progression of periodontitis and thus, PDT should never be indicated as a
monotherapy.®® SRP should always be performed in order to disrupt the biofilm
structure on teeth surface, although our results revealed outcomes similar to
conventional mechanical therapy, which could suggest substitution of SRP by HY-
PDT. Berakdar et al.>® examined the additional efficacy of PDT to SRP and observed

that after 6 months of clinical evaluation, higher improvements of clinical parameters
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were observed when PDT was applied after SRP. The authors concluded that PDT
as adjunct to SRP should be a treatment option but not a substitute to conventional
therapy by SRP.

Beyond that, the inflammatory character of periodontitis leads to bleeding,
which can alter the concentration and efficiency of the photosensitizer, once
hemoglobin is present on gingival crevicular fluid, reducing the effectiveness of the
PDT.'2® |n this study, in order to avoid this problem, once the cotton ligature was
removed, the bleeding was controleed using a soft gauze. Since all the treatments
were performed immediately after ligature removal, we cannot affirm that blood was
totally removed and thus, did not interfere with the absorbance of the photosensitizer
and efficiency of the therapy. Thus, bleeding and saliva may have interfered in our
PDT outcomes, even though the treatments were carefully conducted. Even more,
our PDT treatments were performed in a single session. Recent studies in carcinoma
cells observed that more applications of PDT can lead to more effectiveness of the
therapy and can also produce more reactive oxygen species (ROS).*!

Photodynamic therapy has two pathways of action and production of ROS:
type | and type Il reactions. Hypericin is mostly related to a high yield of singlet
oxygen formation (type Il reaction) even in low concentrations (<0.1 upg/mL), a
characteristic that makes its photosensitizing effect so powerful*®. Since singlet
oxygen’s action time is very short, this reactive oxygen is only toxic to the organism
in a small range of seconds and in a small radious of action (20 nm), avoiding

interactions with the surrounding tissues.*>!"?°

Therefore, those peculiar
characteristics made HY-PDT a challenge for periodontal treatment.
Our previous in vitro study evaluating different concentrations of HY revealed

that 10 pg/mL was able to eliminate G+ bacteria (results not published) and G-
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bacteria.®® Moreover, it is wise to use low concentrations of HY, since high
concentrations of photosensitizers may lead to aggregation in aqueous medium.?®*
Therefore, HY is considered potentially more effective in lower concentrations so 10
pMg/mL seemed to be a feasible initial parameter in this in vivo study.

To improve even more the HY-PDT outcomes, changes in the settings such
as pre-incubation time, irradiation time, dose and HY concentration should be
evaluated. Nevertheless, future studies should evaluate PDT outcomes in multiple
sessions. With exception of PDT group at 15 and 30-days (Figure 1) which had
significant less bone filling at 30-days compared to 15-days period, the 30-day period
observation between all groups had no statistical significant difference within the
bone repair (Figure 3). One of the explanations may be the re-colonization of the
periodontal pockets.”® Prates et al.® evaluated the short-term of bacterial reduction
after PDT and reported no difference between the initial bacterial load (analyzed
immediately after ligature removal) and 7-days post treatment. The authors
concluded that re-growth or re-colonization may have occurred. Other aspect to
emphasize is that the ligature model involves trauma of the periodontal tissues, like
reported by Li, Amar.”® Although without statistical significant difference, these
observations could explain the tendency of equal bone filling and repair in all 4
groups at the 30-day period compared to groups at 7 and 15-days. Thus, we can
presume that more applications of the therapy could lead to an augmentation of the
bone repair at long term, as well as changes in the parameters of the PDT and on the
delivery system of HY to G- bacteria.

The light source used in this study was selected in accordance to the
maximum absorbance band of HY, which has its peak at 590 nm, the same

wavelength as the yellow LED. There are many advantages of using a LED instead
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of a laser such as low cost, easy configuration and high efficiency.'®%® Furthermore,
this apparatus is available in almost every dental office since it is used in other dental
procedures such as curing composites and dental bleaching. Thus, these features
can make PDT a technique more achievable for dentists and financially more reliable
to the patient as well.

Li, Amar*® comparing three different methods to evaluate bone loss during
periodontitis, observed the peak of leukocyte and osteoclast number at day 7.
However, bone loss had its peak at day 10. These observations are in accordance to
our results since the 7-days period bone filling had a tendency to be lower than the
15-days outcomes. However, in our study, TRAP and RANKL immunostainings
revealed similar averages for PDT and SRP+PDT groups compared to Control group,
where the natural course of the disease was left to progress. Thus, the area analysed
for both cytokines in this study contradicts previous PDT-periodontitis studies
results.**>* Garcia et al.*® evaluated the efficacy of aPDT as adjunct to SRP in
ovariectomized rats and observed more TRAP positive cells in the SRP group than
on the aPDT group. The authors also observed lower number of osteoclasts on the
group associating PDT to SRP. Therefore, our PDT groups revealed more bone
resorption cytokines compared to SRP group, although bone volume fraction
evaluation by microCT and bone fill by histometric analysis revealed better outcomes
than Control group. Therefore, our further investigations should evaluate different
analysis methodologies in order to verify the correct role of TRAP and RANKL in HY-

PDT.
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Conclusion

Within the limitations of this study, hypericin-PDT as a monotherapy or as
adjunct to SRP diminished periodontitis progression in vivo, similarly to conventional
mechanical treatment. Thus, hypericin can be considered a promising
photosensitizing agent. However, more studies are required in order to provide a
more efficient protocol to justify the use of HY-PDT in the treatment of periodontal

diseases.
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4 CONCLUSAO

Os resultados obtidos neste estudo permitem concluir que:

1.

A terapia fotodinamica apresenta resultados in vitro e in vivo promissores;

A Terapia fotodindmica com hipericina, tanto como monoterapia quanto
como terapia adjunta a raspagem e alisamento radicular para o tratamento de

peridontite in vivo foi tdo eficiente quanto o tratamento mecanico;

A TFD-HY pode ser um tratamento auxiliar da doenca periodontal porém
novos estudos in vitro e in vivo devem otimizar os parametros da técnica a fim
de definir protocolos mais eficientes que justifiquem a indicacdo do uso deste

fotossensibilizador perante outros ja estabelecidos na literatura.
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6 APENDICES

Apéndice 1 — MATERIAL E METODO

COMITE DE ETICA
Este projeto foi aprovado pelo Comité de Etica em Experimentacido Animal da
Faculdade de Odontologia de Araraquara — UNESP, dentro dos regulamentos

exigidos pelo CONSEA, sob n° CEEA 21/2009.

AMOSTRA

Neste estudo foram utilizados 84 ratos (Rattus Norvegicus), variacdo albinus,
Holtzman, adultos, com peso variando entre 200-250g, provenientes do Biotério da
Faculdade de Odontologia de Araraquara (FOAr) - UNESP. Os animais foram
mantidos no Biotério da FOAr em gaiolas individuais e tratados com 4gua e racéo ad
libitum antes e durante todo o periodo experimental, mantidos em ambiente com luz
e temperatura controladas. Todos 0s animais serviram como amostras para as

andlises de histometria, microCT e imunohistoquimica.

INDU(;AO DA DOENCA PERIODONTAL

Os animais foram anestesiados por uma combinacdo de Quetamina com
Xilazina, na proporcéo de 2:1, respectivamente (0,08 ml/100g de massa corporal -
Cloridrato de Quetamina e 0,04 ml/100g massa corporal de Cloridrato de Xilazina).
Posteriormente, os ratos foram colocados em posi¢cdo supina na mesa operatoria.
Para ganhar livre acesso aos dentes da regido posterior da maxila, a boca dos

animais foi retraida por um retrator para afastar queixo e lingua, facilitando a
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abertura bucal. Ligaduras (fios de algoddo n°24) foram inseridas através de sonda e
pinca especificas na regido subgengival em volta dos segundos molares superiores
(bilateralmente) para que a doenca periodontal fosse induzida através do acumulo
de placa bacteriana. Apés um periodo de sete dias, as ligaduras foram removidas e

os tratamentos realizados, conforme a figura 3.

DESENHO EXPERIMENTAL

- 7 dias 0 7 dias 15 dias 30 dias
| I I I I
[ [ | | I
Ligadura Tratamento DP Eutandsia Eutanasia Eutanasia

Figura 3. Desenho experimental do estudo

GRUPOS EXPERIMENTAIS
Os animais foram distribuidos randomicamente em quatro grupos, avaliados
em trés periodos experimentais (7, 15 e 30 dias ap0s o tratamento da doenca

periodontal), conforme a Quadro I:

Quadro 1. Animais utilizados nos grupos experimentais.

7 dias 15 dias 30 dias
GRUPO | 7 7 7 21
GRUPO Il 7 7 7 21
GRUPO Il 7 7 7 21
GRUPO IV 7 7 7 21
TOTAL 28 28 28 84
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ESPECIFICAQAO DOS GRUPOS EXPERIMENTAIS
Os animais foram randomicamente distribuidos nos seguintes grupos
experimentais:
1. Grupo I: CONTROLE POSITIVO DA DP (C)
N&o houve tratamento apds a remocgdo das ligaduras.
2. Grupo Il: RASPAGEM (RAR)
Raspagem e alisamento radicular manual supra e subgengival com auxilio de
curetas especificas (Gracey mini-five 7/8, 11/12, 13/14, Hu-Friedy),
englobando toda a superficie vestibular e lingual.
3. Grupo lll: TERAPIA FOTODINAMICA (TFD) =FS + LED
Primeiramente aplicou-se o FS e, depois, o LED.
4. Grupo IV: RASPAGEM + TFD (RAR+TFD)
Associacao dos tratamentos dos grupos Il e Ill. Primeiramente realizou-se a RAR,

depois a TFD foi realizada.

PREPARO DO FOTOSSENSIBILIZADOR (HIPERICINA)

A hipericina usada neste estudo foi extraida e preparada na Universidade
Geral do ABC (UFABC), pela supervisado do Prof. Dr. Anderson Orzari Ribeiro. Por
sua vez, a hipericina estoque foi obtida no Laboratério de Fotossensibilizadores do
Instituto de Quimica da Universidade de Sao Paulo, em Sdo Carlos (IQSC-USP),
gentilmente cedida pela Profa. Dra. Janice Rodrigues Perussi.

Uma vez que hipericina é muito pouco solivel em solu¢do aquosa, a solugcéo
estoque de hipericina foi preparada em solvente apolar, dimetil sulféxico (DMSO) na
concentracdo de 1 mg/mL e esterelizada por filtragdo a vacuo em membrana

Millipore com poro de 0,22 ym. A solugédo foi mantida ao abrigo de luz a 4°C. A
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concentracdo de hipericina empregada nos experimentos foi de 10 pg/mL,
concentracdo em que ndo ocorre agregacgao. Para isso, a solugéo estoque foi diluida
em baldo volumétrico com solugédo salina tamponada com fosfato (PBS) pH=7,4,
sempre no escuro, dentro do fluxo laminar e colocada em recipiente escuro estéril e
com protecdo de papel de aluminio para evitar a entrada de luz e possivel
degradacdo. Nessa concentragdo, a concentracao final de DMSO € de 1%, portanto,

nao causa danos celulares.

APLICAQAO DO FOTOSSENSIBILIZADOR (TEMPO DE INCUBA(;AO)

Para realizacéo da TFD, a hipericina foi inserida dentro do sulco gengival com
ajuda de uma seringa com agulha de ponta romba por todas as faces dos segundos
molares superiores. O tempo de incubacéo dentro da bolsa periodontal foi de cinco
minutos e o animal foi mantido no escuro durante este periodo para evitar a

fotoativacdo do fotosenssibilizador.

FONTE DE LUZ UTILIZADA (LED AMARELO)

Um LED amarelo em formato de caneta fotopolimerizadora foi desenvolvido
pelo Grupo de Otica do CEPOF (Centro de Pesquisa em Otica e Fotonica, do
Instituto de Fisica de Sao Carlos, da Universidade de S&o Paulo - IFSC,USP) sob a
coordenacao do Prof. Dr. Vanderlei S. Bagnato. As caracteristicas do LED utilizado
séo:

Comprimento de onda: 550-630nm
Pico de absor¢cdo maximo: 593-594nm
Area: 0,785 cm?

Diametro da ponta: 1 mm
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Densidade de poténcia: 115 mW/cm?

APLICACAO DA LUZ (TEMPO DE IRRADIACAO)

Para a TFD, apés a incubacéo do fotossensibilizador, a fonte de luz LED foi
aplicada sobre a oclusal dos segundos molares a serem tratados, ficando 4 minutos
sobre esta superficie. A aplicagdo da luz foi feita num Unico momento, simulando
uma unica aplicacéao clinica da TFD.

Deste modo, a fluéncia de energia (FE) da luz utilizada, por dente tratado com
luz, foi de 35,15 J/cm?, de acordo com a seguinte equacao:

FE (J/cm2) =P xt/A , onde:

P = Poténcia (W); T = Tempo (s); A = Area (cm?), onde:
A =T. R? onde:

R = raio.

Assim, aplicando-se os valores conhecidos, obtém-se:
FE=0,115xtx60/0,785

FE = 35,15 J/cm?

OBTENCAO DAS PECAS CIRURGICAS

Apbs os periodos correspondentes os animais foram sacrificados com
sobredose anestésica. As maxilas foram divididas em hemimaxilas, onde cada lado
foi randomicamente separado para histologia e imunohistoquimica ou para microCT.
Deste modo, as hemimaxilas para andlise histométrica e imunohistoquimica foram
removidas preservando-se 0s tecidos moles e fixadas em paraformol tamponado a
4% por um periodo maximo de 48 horas. As demais hemimaxilas tiveram o tecido

0sseo armazenado em agua oxigenada 10%, por 48 h, para remogdo dos tecidos
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moles restantes. Sequencialmente, as pecas foram transferidas para élcool 70%

para posterior analise por microCT.

PROCESSAMENTO HISTOLOGICO

Apbs o periodo de 48 h em paraformol, as pecas destinadas a andlise
histométrica e imunohistoquimica foram colocadas em solu¢cdo de EDTA para
descalcificagdo por um periodo de 2 meses, com trés trocas semanais.
Posteriormente as pecas foram lavadas e desidratadas em concentracdes
crescentes de &lcool, diafinizadas em xilol e incluidas em parafina. Os cortes
histol6gicos foram confeccionados com 4 ym de espessura, de maneira seriada e no
sentido mésio-distal ao longo eixo do dente, num micrétomo rotatério manual e
automatico (Leica). ApGs adesao dos cortes em estufa por uma hora, 0s mesmos
foram desparafinizados, rehidratados e corados pela técnica de hematoxilina-eosina

(HE).

ANALISE HISTOMETRICA

Imagens foram analisadas utilizando um microscopio 6ptico DIASTAR (Leica
Reichert & Jung products, Germany) com objetiva para aumento de 4.0/10 vezes,
captadas com o auxilio de uma camera de video DXC-1107A/107AP (Sony
Eletronics Inc, Jap&o) e enviadas para um microcomputador.

A avaliagdo histométrica foi realizada na regido de furca, utilizando um
software analisador de imagens (Image J). Os valores para a extensao de perda
6ssea para a area 6ssea original foram obtidos em um e pm?, respectivamente, de
acordo com César-Neto et al. 2006. Posteriormente estes valores foram

transformados em percentagem de formacgédo Ossea. A avaliacdo foi realizada em
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triplicata por um examinador treinado e cego para 0S grupos experimentais. As
imagens positivamente marcadas por TRAP foram consideradas onde osteoclastos
ao redor do 0sso na area de furca apresentavam mais de dois nacleos. A marcacao
por RANKL foi avaliada na mesma area, de acordo com as intensidades elaboradas
por Garcia ET al. 2012, onde: nenhuma marcacao (0%), pouca/fraca marcagao

(<25% células), marcacdo moderada (<50%) e intensidade forte (>50% células).

ANALISE TRIDIMENSIONAL POR MICROTOMOGRAFIA COMPUTADORIZADA
Sete hemi-maxilas por grupo e por periodo foram escaneadas pelo microCT
(SkyScan). O gerador de raio-X operou com 0S seguintes parametros: 50KVp,
500pA, filtro de aluminio com 0.5mm e resolucdo de imagem de 12.45um. As
imagens tridimensionais foram reconstruidas em software especifico e imagens
foram salvas em cortes sagitais (2000 x 1336). As mensurac¢fes volumétricas foram
realizadas apds selecdo de imagem de interesse em 3-D (ROI) com o programa
CTan. O ROI foi delimitado pela raiz mesial do 3° molar e rais distal do 1° molar, ja
que a periodontite induzida a ser observada se encontrava na area de furca dos 2°°
molares. ApoOs esta delimitacdo, os contornos do ROI foram desenhados em
intervalos regulares a cada 10 slices, gerando méxima quantificacdo de 0sso
alveolar.todos os contornos comecaram pela juncdo cemento-esmalte (JCE),
movendo 3mm na direcdo apical. Assim, toda area interproximal e de furca do 2°
molar foi envolvida pelo ROI. Finalmente, com a imagem 3-D, os indices foram
calculados com valores de ROI binarizados. O parametro aquitetonico avaliado foi

valor de osso fracionado (BVF) que representa o volume de tecido mineralizado.
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ANALISE ESTATISTICA

Para a avaliacdo histométrica e por microCT, os dados foram analisados por
Shapiro Wilk para verificar a distrubuicdo dos mesmos pelo teorema central de
distribuicdo. Apds verificagdo da normalidade dos dados, o teste paramétrico
ANOVA foi realizado e complementado pelo teste de Tukey para avaliacdo dos
dados entre grupos. Ainda, para a andlise histométrica, o teste t-pareado foi
realizado intra grupo para verificar diferencas entre os periodos analisados. A
analise estatistica foi realizada utilizando o software GraphPrism 5.0. Todos o0s

testes foram aplicados num intervalo de confiangca de 95% (p<0.05).

AVALIACAO IMUNOHISTOQUIMICA

Foi empregado o método de imunohistoquimica para deteccado e localizagcdo
da expressdo das proteinas ligadas a reabsorcdo éssea: ligante do ativador do
receptor de fator kappa B nuclear (RANKL) e fosfatase alcalina resistente ao
tartarato (TRAP). Cortes histoldgicos seriados com 4 um de espessura foram
montados em laminas silanizadas (Dako), seguido de tramitacdo laboratorial de
rotina para desparafinizacdo e rehidratagdo. Em seguida, os cortes foram tratados
pelo método do complexo avidina-biotina-peroxidase (ABC) com a utilizacdo do kit
ABC Staining System (Dako) seguindo as instru¢cdes do fabricante. Anticorpos
primarios anti-RANKL e TRAP (Santa Cruz Biotechnology, Inc.) de rato tiveram
diluicdo otimizada em 1:200. Como controle negativo os anticorpos primarios foram
omitidos. Os cortes foram corados com solugédo de hematoxilina de Carrazi por 45
segundos para visualizagdo dos nucleos. A intensidade e localizagdo de células

positivamente marcadas foram registradas por um examinador cego para 0S grupos

experimentais.
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Anexo A — Aprovacdo do Comité de Etica
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Anexo B — Documentos Comprobatorios

Anexo B.1 — Comprovante de submissao e revisdo do artigo submetido ao Expert

Review of Anti-Infective Therapy, Capitulo 1 deste trabalho
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Review article for Expert Review of Anti-infective Therapy

Photodynamic inactivation of biofilm: taking a lightly colored approach to stubborn

infection
ABSTRACT

Microbial biofilms are defined as accumulations of microbial cells embedded within a polymeric
matrix, typically comprising exopolysaccharide (EPS) that together form a complex community.
These communities of microorganisms in biofilms have been found to be responsible for a wide
variety of microbial infections in different parts of the body such as: urinary tract infections,
catheter infections, middle-ear infections, gingivitis, caries, periodontitis, orthopedic implants

and so on. The microbial cells growing in a biofilm have properties and gene expression
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